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FLAVOPARMELIA ECUADORIENSIS, A NEW SPECIES IN
THE PARMELIACEAE (ASCOMYCOTINA)

THOMAS H. NASH III

Department of Botany and Microbiology, Arizona State University, Tempe,
Arizona 85287, USA

JOHN A. ELIX and JEN JOHNSTON

Department of Chemistry, The Faculties, Australian National University, GPO Box 4,
Canberra, ACT, 2601, Australia

ABSTRACT : The species, Flavoparmelia ecuadoriensis Nash, Elix &
Johnston is described as new from Ecuador. It is most closely related to
F. gerlachei (Zahlbr.) Hale, but differs in the occurrence of capitate
soralia and a number of upper surface characteristics.

Introduction

After reducing the genus Pseudoparmelia (Lynge, 1914; Hale, 1976) to four tropical
species, Hale (1986) proposed the genus Flavoparmelia to accommodate 17 former
Pseudoparmeliae that all contain usnic acid. Species of Flavoparmelia (Elix et al. 1986;
Hale 1986) consistently have a black lower surface with simple rhizines, a distinct bare
zone marginal and have larger spores than other segregate of Pseudoparmelia s. lat. The
bifusiform conidia and rotund, broad lobes further separate Flavoparmelia from
Relicinopsis, the only other segregate of this group with usnic acid (Elix et al. 1986).
Flavoparmelia generally contain the protocetraric acid complex in the medulla.

In the course of examining a large collection of Flavoparmelia gerlachei (Zahlbr.)

Hale we found a group of collections from Ecuador that were distinctive. Consequently
a new species is proposed. The lower surface characteristics are quite similar to F.
gerlachei and the cortical and medullary chemistry are consistent with Flavoparmelia.
Throughout the present work chemical constituents were identified by thin layer
chromatography (Culberson 1972; Culberson & Johnson 1982), high performance
liquid chromatography (Lumbsch & Elix 1985) and comparison with authentic samples.

Flavoparmelia ecuadoriensis Nash, Elix & Johnston sp.nov. (Fig.1)

Species cum thallo ut in Flavoparmelia gerlachei sed ab hac specie soraliis capitatis
et superficie superiore differt.
Type. Ecuador. Provincia de Cotopaxi. Cotopaxi National Park, west side of Vulcan
Cotopaxi, 3840m, 00° 42'S, 78" 26'30"W, T.H.Nash 23,854; ASU-holotype, ANUC
-1sotype.

Thallus foliose, saxicolous, adnate to loosely adnate, yellow-green in colour, to 8
cm diam.; lobes rotund, 1.0-2.5 mm wide, becoming laterally imbricate, & contiguous,
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plane to convex. Upper surface broadly undulating, rugose at the centre, dull for the
most part, shiny at the apices, emaculate, sorediate, soralia laminal, orbicular and
becoming strongly capitate, soredia farinose; medulla white; lower surface smooth and
irregularly pitted towards the apices, black with a brown naked rim, sparsely rhizinate,
rhizines short, simple or tufted at the apices, concolorous with the lower surface.
Apothecia and pycnidia not seen.

Chemistry. Cortex K- or K+ faint yellow, medulla K-, C-, KC-, P+ orange; containing
usnic acid, protocetraric acid (major), virensic acid (trace), unknown (lavender
Rfc5-trace), gyrophoric (%), and conprotocetraric ().

Figure 1. A portion of the holotype of Flavoparmelia ecuadoriensis (holotype in ASU).
Scale in mm.

F. ecuadoriensis is distinguished by a unique set of characters, principally the
production of capitate soralia and a combination of upper surface characteristics that
clearly separate it from F. gerlachei, the species it most closely resembles. In F.
gerlachei the soralia are initially pustulate and never become as distinctly capitate as in F,
ecuadoriensis, where the soredia are more finely farinose. Apothecia are fairly common
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in F. gerlachei, but are so far unknown in F. ecuadoriensis. In F. gerlachei the upper
cortex 1s strongly rugose-pitted and 1s usually not cracked, whereas in F. ecuadoriensis

it 1s smooth, frequently strongly convex and irregularly cracked. The center of the
thallus in F. gerlachei is almost always dark-pigmented, but in F. ecuadoriensis 1t 1s
normally concolorous with the lobe apices. The apices of the lobes in F. gerlachei are
tightly attached to the substrate, but in F. ecuadoriensis the tips are frequently free to
slightly ascending. The thallus of F. gerlachei is more tightly adnate than that of F.
ecuadoriensis. In addition F. gerlachei frequently has physodalic acid as a major
medullary constituent but this compound is not known in F. ecuadoriensis. Five other
sorediate species of Flavoparmelia are known: F. caperata (L.) Hale, F. euplecta (Stirt.)
Hale, F. soredians (Nyl.) Hale, F. springtonensis (Elix) Hale and F. subamplexa

(Hale) Hale. All of these are quite different as the lobes are broader. Furthermore, F.
caperata has diffuse soralia, contains caperatic acid and is usually corticolous; F. euplecta
has pustular soredia and contains the medullary pigment, euplectin; F. subamplexa has a
velvety black lower surface and is corticolous; F. soredians has salazinic acid (major),
and F. springtonensis has physodalic acid (major) and is corticolous.

Specimens Examined (Paratypes)

ECUADOR. Provincia de COTOPAXI: Cotopaxi National Park, west slope of Vulcan
Cotopaxi, 4050m, Nash 23,849 (ASU); 3 km E of main road to Quito where the road to
Cotopaxi National Park crosses Rio Saquimala, 3140m, Nash 23,843 (ASU); Provincia
de CHIMBORAZO: 1 km SW of Guano, 2700m, Nash 23,837 (ASU, UPS); 17 km N.
of Riobamba along main road to Quito, 3150m, Nash 23,790 (ASU, ANUC, US).
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SPECIES OF HETEROSPHAERIA (DISCOMYCETES)
AND THEIR ANAMORPHS

ADRIAN LEUCHTMANN

Mikrobiologisches Institut, ETH Zurich,
CH-8092 Zurich, Switzerland

ABSTRACT

In the genus Heterosphaenia Greville eight species
have been accepted: H. alpesinis, H. intewmedia, H.
Lofkae, H. ovispora sp. nov., H. patella, H. pulsa-
tlhae sp. nov., H. veratni and H. varncditingens. A
key to the species described is given. Single-spore-
isolates of six species were investigated in culture
to study the development of their anamorphs and vege-
tative cultural characteristics. The anamorph belongs
to the form-genus Heteropatelfla Fck].

INTRODUCTION

The genus Heterosphaenia (Ascomycetes, Helotiales) was proposed by
Greville in 1824 to accommodate a fungus found mainly on dried stems of
Apiaceae and described previously by Tode (1791) as Sphaeria penetrans
a patelfa. The author recognized its distinct characters (young fruit-
bodies globose, later patelliform depressed, with thick coriaceous
walls) as "different from Sphaerca". The delimination of Heferosphaeria
from Peziza Dill. ex Bull., Phacidium Fr. or Pyrenopeziza Fckl. how-
ever, remained uncertain for a long time. Several species described as,
or transferred to, HefercAphaeria by Fuckel (1870) and Rehm (1912) are
now placed in other genera. The systematic position of Hetercsphaeria
has also long been misinterpreted: Rehm (1896) placed it together with
Odontotrnema Nyl. and Scleroderrnes (Fr.) Bonord. in the family Hetero-
sphaeriaceae, Boudier (1907) in the Patellariaceae and von Hohnel
(1918) considered Pyrencpez<za Fckl. as 1its closest related genus.
Nannfeldt (1932) recognized the taxonomic importance of the typical
structure of the excipulum of Hetferosphaer<a, a tissue of interwoven,
very thick-walled, cartilaginous hyphae covered externally by a thin
cortex of isodiametrical, dark coloured cells. He placed the genus in
the Helotiaceae (now called Leotiaceae) in the monogeneric subfamily
Heterosphaerioideae. Later Korf (1973) added two further genera (Gre-
ves<a Dennis and Pragmopora Massal.) to the same subfamily.
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The anamorph of Hetercsphaenia was first discovered by Tulasne &
Tulasne (1865); it may form beside the asci in apothecia or in separate
conidiomata of almost identical structure. The anamorph belongs to the
form genus Heteropatella Fckl. and is preceeded in some species by a
stage described as Pseudodiscos<a Hosterm. & Laub.

The first cultural studies with Heferosphaeria were done by Brefeld &
von Tavel (1891). Other authors (e.g. Vestergren 1900; Buddin & Wake-
field 1926, 1929; Wollenweber 1931) considered mainly the anamorphic
Heteropatella. A more recent study (Gremmen 1970) deals with the ana-
morph - teleomorph connection of two species in culture.

The distinction of species (or varieties) of Hetercsphaernia by previous
authors was based mainly on external characters of the apothecia and on
the host plant. In the last comprehensive representation of the genus
Rehm (1912) recognized the following taxa: H. pateffa (Tode:Fr.) Grev.
including three varieties and six host forms, of which three taxa (var.
alpestrnas, var. Lojkae and f. compositarum) were raised later to speci-
fic rank by von Hohnel (1918), H. Zinantae (Rabenh.) Rehm on Linarnia
and two further species (now placed in Cenang<ops<s Rehm, Dennis 1962).
The characters used by these authors did not allow a clear separation
of the taxa and made the identification very difficult. In the present
study morphological characters of the apothecia (including the struc-
ture of the excipulum, the margin, as well as the asci and ascospores)
together with anamorph and cultural characteristics are chosen for the
species concept.

MATERIALS AND METHODS

Morphological studies were made on dried herbarium specimens from the
natural substratum, unless otherwise indicated. Squash mounts and hand-
cut sections, using a razor blade, have been examined. The measurements
were taken from specimens mounted in lactic acid. The iodine reaction
of the ascus pore was studied in 4 % KOH by adding Melzer's Reagent.

All the strains used for the present study are single spore cultures,
isolated from fresh samples following the method of Samuels (1979) and
are deposited in the ZT culture collection. Cul tures were grown on 2 %
malt extract agar (MA) and sterile stems of cereals (straw) with vita-
min supplement in erlenmayer flasks, routinely incubated at 15°C under
near UV-light (370 nm) and maintained for up to 1 year to facilitate
fructification. For further details on culture techniques used see
Leuchtmann (1984).

The vegetative growth rates were determined by measuring the colony
diameter for 14 days starting with 1 week old cultures on 2 % MA. The
descriptions of colonies were made on 3-4 week old cultures growing at
the optimum temperature in darkness.

GERMINATION OF ASCOSPORES AND SUCCESSION OF ANAMORPH
FORMATION IN PURE CULTURE

The germination of the ascospores and the subsequent early stages of
development were studied on MA plates and followed in general the
course already described by Brefeld & von Tavel (1891) for Heterosphae-
rnma patella and H. Logkae.
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Fig. 1. a-d. Heterosphaernia alpesinis, anamorph in culture: a. coni-
diogenous mycelium and conidia in culture on MA after 10 days; b. ditto
after 20 days; c. Pseudodiscosdia-synanamorph on straw, vertical section
(100 x); d. Heteropatelfla-conidioma on straw, vertical section (50 x);
- e-f. Heternosphaerta patella (Neotype, ZT): e. vertical section
through half of apothecia (100 x); f. excipulum from the flank.
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Ascospores of most species isolated from freshly collected material
germinate within 12 h by means of one to several germ tubes at the two
ends of the spore. Upon germination the ascospores become much swollen
and wusually 1l-septate, if they were not already two celled. The germ
tubes soon ramify and form a loose, colourless, septate mycelium grow-
ing on the surface of the substrate. Meanwhile the end cells of hyphae
or short lateral branches of the mycelium produce conidia holoblasti-
cally 1in sympodial succession. The first formed conidia are smaller,
aseptate, oblong and often truncate or with an irreqular appendage at
the base. They can produce new conidia by terminal budding. After a few
days a yeast-like, slimy, rose coloured conidial mass covers the myce-
Tium, first 1in the center and later over the whole colony. Generally
after 1-2 weeks a second type of conidium with a similar development
appears. These are usually falcate, septate and in some species equip-
ped with appendages (Fig. 1,a-b).

The germination and subsequent development of H. £Lojkae differ consi-
derably. The ascospores germinate immediately with ellipsoidal, asep-
tate conidia formed by bipolar budding, and numerous additional conidia
are produced from the same conidiogenous locus (Fig. 3,9). These coni-
dia may continue to bud in the same way. Only after several days the
colonies form the mycelium as described for the other species. The
small, ellipsoidal primary conidia, however, remain the only conidial
type observed for this species.

In H. pulsatellae the germination of the finally 3-septate ascospores
occurs only within 36 h after the isolation, and the germ tubes (one at
each end) are straight and very thin, later sparsely ramifying (Fig.
3,1). No conidium formation at all has been seen in this species.

After 1-2 months some strains of H. patefla and H. alpestnis develop
roundish acervular structures, composed of a basal, brown-celled tissue
and hyaline, simple, septate conidiophores producing conidia of the
second type (Fig. 1,c). This synanamorph corresponds to Pseudodiscosia
Hosterm. & Laub. and is known from the host plant only in the case of
Heternosphaenia veratrne. Eventually after several months, preferably on
straw, small, apothecia-like conidiomata of Heferopatetffa may be formed
(Fig. 1,d). However, they often do not mature completely in culture.

TAXONOMIC PART
Heterosphaeria Grev. Scot. crypt. F1. 2:103.1824

Type species: Heterosphaeria patella (Tode:Fr.) Grev.
Anamorph: Heteropatella Fckl.
Helotiales, Leotiaceae, Heterosphaerioidae.

Apothecia solitary, scattered, subepidermal and later erum-
pent, sessile, wusually attached with a short central plug to the sub-
strate, seated on a more or less distinct subiculum of brown, septate
hyphae, which penetrate the host tissue, round to slightly elongated in
outline, up to 1200 pm across, brown to black; apothecial margin at the
beginning enclosing the hymenium, rupturing with distinct teeth or re-
maining even, 1in dry conditions enrolled over the hymenium. E x ¢ i-
pulum 2-layered; outer layer crust-like, composed of dark brown,
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thin-walled, 1isodiametrical cells forming a textura globulosa to tex-
tura angularis, inner layer (at the base and the flanks) cartilaginous,
composed of hyaline, very thick-walled, agglutinated, orientated to
somewhat interwoven and anastomosing, short celled hyphae, toward the
margin turning to thin-walled hyphae forming a textura porrecta, which
may end as short, marginal threads; the inside of the apothecial margin
with few, free hyphal tips or bordered with reqularly arranged, bri-
stle-11ke hyphae; subhymenium composed of a few layers of small, poly-
hedric, thin-walled cells or absent. A s ¢ i 8-spored, cylindric-cla-
vate, with trapezoidal apex and a broad apical pore blued by Melzer's
Reagent. Ascospores biseriate to overlapping uniseriate,
ellipsoidal, ovoid or fusiform to almost acicular, straight or slightly
inequilateral to curved, hyaline, aseptate or l-septate. Par a -
physes filiform, unbranched, hyaline, septate, apex club-1ike
enlarged and hyaline or rarely brownish, exceeding the asci.

Key to accepted species of Heterosphaeria

1 Apothecial margin usually rupturing with distinct teeth, inside not

bordered with reqularly arranged bristle-like hyphae. . . . . 2
1* Apothecial margin + even, usually bright coloured, inside bordered

with regularly arranged bristle-like hyphae. . . . . . . 6
¢ Ascospores submedianly septate when ripe; apex of paraphyses

Drownishs on \WVeratatin, .. . .- ' o ek o et e atlcal o Neratrl
2* Ascospores medianly septate or aseptate; paraphyses hyaline. 9

3 Apothecial margin ending in long, brownish threads; substrate and
parts of fungal tissue blue-green coloured; on Verbascum.
8. H. viriditingens
3* Brownish marginal threads and blue-green staining lacking; pluri-
VOPOUSS: « T ol N & il vt Rl e e e e e L
4 Ascospores ovoid, straight, uniseriate; subalpine. 4. H. ovispora
4* Ascospores ellipsoidal, often slightly inequilateral, biseriate
(AET16asSt fabove ) ia v S v A G e T M SR S e D
5 Apothecia dark with thick excipulum (up to 170 ym); conidia (usually
also on the host) shortly rostrate, without apical appendages; al-
DINE. SPECIES: wo il wil v e w5t awmbiup R palmen il oalcIaIpeSErisS
5* Apothecia usually lighter and with thinner excipulum; conidia with
long, filiform appendages; lowland species. . . . 5. H. patella
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6 Apothecia up to 1000 pm diam.; end cells of the marginal border
short cylindrical; ascospores + cylindrical, often arranged in the
upper part of the ascus; on Adenostyfes. . . . . 3. H. lojkae

6* Apothecia smaller, up to 500 uym diam.; end cells of the marginal
border obpyriform or long tapering; ascospores fusiform to acicu-
lar, arranged in the whole length of the ascus. . . . . . /

7 End cells of the marginal border obpyriform; ascospores narrowly
fusiform to acicular; substrate and parts of fungal tissue blue-
green coloured; on alpine species of Pulsatiflfa. 6. H. pulsatillae

7* End cells of the marginal border long tapering; ascospores fusiform;
no blue-green staining; on Cfematis necta. . . 2. H. intermedia

Descriptions

1. Heterosphaeria alpestris (Fr.) Hohn. - Fig. 2

Sitzungsber. Kaiserl. Akad. Wiss., Math.-Naturwiss. Kl., Abt. 1,
127:573.1918

Bas.: Pnactdium patefla Fr. o alpesines Fr., Elench. fung. 2:133.1828
Syn.: Tympanis patelfa (Tode:Fr.) Wallr. B pezizaegormes Wallr., F1.
crypt. Germ. 2:425.1833
Heterosphaenia patella var. alpestrnes (Fr.) Rehm, Rabenh. Krypt.-
F1. 1(3):203.1896 (1888)
Peziza cha«llet«L Pers., Mycol. eur. p. 288.1822; Fries, Syst.
mycol. 2:144.1823
Peziza sclenopyx«is Pers., Mycol. eur. p. 290.1822
Cenangsum pateflla (Tode: Fr.) Sommerf. [sens. auct.], Suppl. FI.
Lapp. p. 302.1826

Anamorph: Heteropatella sp. - Fig. 2,c-g

Apothecia scattered, sessile, seated on an inconspicious Su-
biculum of brown, septate hyphae, which penetrate the host tissue,
round in outline or slightly compressed, up to 1200 pym across, dark
brown or 1light brown in moist and mature condition; apothecial margin
tearing with distinct teeth. E x c i pul um 2-layered; outer layer
10-25 pm, composed of isodiametrical, brown, thin-walled, 6-10 pm wide
cells, which become rectangular and elongated toward the margin; inner
layer up to 160 pym at the base (later often collapsing), composed of
hyaline, very thick-walled, cartilaginous, elongated, short-celled hy-
phae, toward the margin less wide and turning to thin-walled hyphae
forming a textura porrecta; subhymenium composed of a few layers of
small, hyaline, thin-walled, round to irregularly shaped cells.
A s ci cylindric-clavate, short stalked, with trapezoidal apex and an
apical pore blued by iodine, 50-80 x 7-10.5 ym. Ascospores

irregularly biseriate above, uniseriate at the base, ellipsoidal, often
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slightly inequilateral, hyaline, aseptate or occasionally l-septate,
8-17 x 3-5 ym, usually with one to several small guttules. P ar a -
physes filiform, unbranched, hyaline, ca. 1.5 uym wide, septate,
apex club-1ike enlarged, exceeding the asci.

b
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Fig. 2. Heterosphaenia alpesines: a. ascus and paraphysis; b. asco-
spores (different coll.); c-e. conidia of anamorph (ZT 9635): c. from
conidioma in culture on straw; d. from mycelium in culture on MA; e.
from conidioma on the host plant; f-g. conidiophores and conidiogenous
cells from conidioma on the host plant (leg. Petrini 1982, ZT).

The morphology of the conidiomata 1is almost identical with
the apothecia, but they tend to be smaller in size. Conidiophores are
often formed within apothecia, usually at the marginal part of the
hymenium. Conidiophores cylindrical, straight, up to 70
um long and 2.5-3 pm wide, hyaline, septate, often branched. Conidio-
genous cells holoblastic, sympodial, discrete or integrated with sever-
al conidiogenous loci. Conidia hyaline, fusiform, apex shortly
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rostrate, without appendage, base truncate and rarely with a 1-2 ym
long, excentric appendage, 1-3 septate, 15-30 x 23 um.

Characteristics in culture. - Colonies on MA 3-3.5 cm in diameter after
14 days/15°C; marginal zone (0.5-1 cm) flat, colourless to white, with-
out aerial mycelium; 1inner zone brownish black to dark olive-green,
with usually fibrous and radiating mycelium (pigmentation inconstant,
dependant on the strain, often irreqularly or in sectors, sometimes ab-
sent), surface partly slimy or with scattered pustules of conidia,
aerial mycelium usually sparse and irregularly arranged, fluffy to cot-
tony, white to yellowish or grey, near inoculum more abundant and white
to grey. On straw very little white, often slimy appearing mycelium 1is
formed and the conidial production is usually sparse.

Growth temperatures: minimum 0°C, optimum 15-18°C, maximum ca. 25°C.

The coni1dia formed in culture are usually considerably larger
than on the host, up to 55 x 4 ym, curved and with 1-4 septa. They are
formed both on MA and straw in the mycelium or in acervular structures.
After several months only a few strains (ZT 9635, 9642, 9644) form
small, fully matured apothecia-]like conidiomata. Some strains produced
also apothecia on straw. Most of them, however, remained im-
mature except for one strain (ZT 9635) which formed ripe asci and asco-
spores after 6 months.

Habitat. - Dry stems of (1) Ach«lfea sitrnicta Schleicher, (2) Aconitum
pyramedale Miller, (3) Angelica sdilvestrnis L., (4) Astragalus penduli-
glonus Lam., (5) Chaenophyllum villarsii Koch, (6) Cirnsium eriophorwn
(L.) Scop., (7) C. okleraceum (L.) Scop., (8) Gentiana Lutea L., (9)
Knautia anvenses (L.) Coulter, (10) Lasenpitiun gaudinii Moretti, (11)
Peucedanwn ostruthium (L.) Koch, (12) Pimpinella major (L.) Hudson,
(13) Pulsatcilla sulphurea (L.) DT. & Sarnth., (14) Rhaponticum Ascario-
sum Lam., (15) Seseld £ebanot«s (L.) Koch, (16) Apiaceae; and on other
large subalpine or alpine herbaceous plants (material in ZT).

Material examined. - NORWAY:(16) Valdery, leg. Blytt (Herb. Fries, UPS,
Lectotype of H, patella O alpestris). - (3) Oslo, S¢rkedalen, Finnerud,
20.VIII.1985, 1leg. A.L. (2T, culture 9645). - SWITZERLAND: (2) Kt. BE,
Berner Oberland, Sefinental, Im feissten Boden, 29.VIII.1985, leg. A.L.
(2T, culture 9684). - (8) Kt. BE, Berner Oberland, Sefinental, Pogang-
gen, 29.VIII.19%85, leg. A.L. (2T, culture 9647). - (12) Kt. GL, Braun-
wald, Gumen, 1.VII.1986, leg. A.L. (2T). - (16) Kt. GR, Sufers, Prafal-
va, 1.VI.1983, 1leg. Petrini (2T). - (11) Kt. GR, Lukmanierpass, 12.
VIII.1984, 1leg. A.L. (2T, culture 9635). - (10) Kt. GR, Unterengadin,
Ftan, Prui-Laret, 27.VII1I.1984, leq. Petrini & A.L. (2T, culture 9641).
- (15) Kt. GR, Unterengadin, Ftan, 27.VIII.1984, Petrini & A.L. (ZT,
culture 9642). - (14) Kt. GR, Unterengadin, Ftan, Glui, 27.VIII.1984,
leg. Petrini & A.L. (2T, culture 9644). - (6) Kt. GR, Prdttigau, See-
wis, Ruod, 27.VIII.1985, 1leg A.L. (2T, culture 9646). - (16) Kt. NE,
"in culmo umbelliferarum" (probabely Angelica silvestris), Mougeot in
Herb. Persoon (L, Lectotype of P, chailletii). - (3) sine loc., Chail-
let in Herb. Persoon (L, Lectotype of P, scleropyxis). - (3,7) Kt. OW,
Lungern, Turren, 15.VIII.1984, leg. A.L. (2T, culture 9636, 9637). -
(4,9,12) Kt. OW, Lungern, Schénbiihl, 15.VIII.1984, leg. A.L. (2T, cul-
ture 9638-9640). - (1) Kt. TI, Quinto, Piora, 21.VII1.1982, leg. Petrini
(zTr). - (5,13,16) Kt. TI, OQuinto, Piora, 20.VII.1982, leg. Petrini
(2T). - (4) Kt. TI, OQuinto, Valle Piora, Orello, 19.VII.1983, leg.
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Miller (2T). - (5) Kt. TI, Quinto, Piora, 23.VII.1984, leg. A.L. (2T,
culture 9630). - (11) Kt. TI, Quinto, Piora, 27.VII.1984, leg. Petrini
(ZT, culture 9624). - (13,14) Kt. TI, Quinto, Valle Piora, Cadagno,

27.VII. 1984, leg. A.L. (2T, culture 9627, 9628).

Notes. - H. alpestrncs was often considered to be a variety of H. pa-
tella, because the morphology of the teleomorph is very similar, except
for the usually darker, almost black apothecia with very thick excipu-
lum (up to 170 ym). The morphological differences in the anamorph how-
ever are most striking and justify the specific rank of H. afpestris.
The conidia (both from the host and in culture) differ from those of H.
patella in the shape and in the lack of apical appendages. The species
seems to be restricted to colder climates (alpine and subalpine) and is
very frequent in the Alps on numerous larger herbaceous plants (mainly
Apiaceae and Asteraceae). The anamorph is often formed in apothecia and
can not be correlated with any of the described Hetenopatelfa-species.
A different Heteropatelda with narrow conidia and long, filiform ap-
pendages 1is often found associated with H. afpestnes. According to our
culture experiments this species, described by Lind (1913) as Hetero-
patella cencosperma (Rostr.) Lind and later (Lind 1926) as Heteropa-
tella umbilicata (Pers.) Jaap is not the anamorph of H. alpestrnis. A
possible teleomorph of H. umbificata has been mentioned but not named
by Nannfeldt (1932), but never proved in culture.

The selection of a lectotype for a alpestris Fr. among the collections
of Fries was not easy, as accurate indications on locality, host plant
and anamorph are lacking. The selected type material is labelled "He-
tenosphaernia patella Grev." and includes four stem pieces of an Apia-
ceae, stuck on the same sheet. Only one of them has ripe apothecia, up
to 1 mm in diam., those on the others are immature, somewhat smaller
but show the very thick excipulum typical for H. alpestrcs.

2. Heterosphaeria intermedia Hohn. - Fig. 3,e-f

Sitzungsber. Kaiserl. Akad. Wiss., Math.-Naturwiss. Kl., Abt. 1,
127:572.1918

Anamorph: unknown.

Apothecia scattered, subepidermal and later erumpent, sessile,
seated on a subiculum of brown hyphae, which penetrate the host tissue,
round in outline, up to 650 um across, dark brown; apothecial margin
even or fine fimbriate, usua#ly bright coloured. Excipulum
2-layered; outer layer up to 20 pm thick, composed of brown, thin-
walled, 1isodiametrical, 4-8 pm wide cells, which become rectangular
toward the margin; inner layer up to 50 pm, composed of hyaline, thick-
walled, cartilaginous, short-celled hyphae, toward the margin turning
to thin-walled hyphae, which end above the hymenium as up to 15 pm
long, tapering bristle-like cells; subhymenium forming a hyaline,
small-celled tissue. A s c 1 cylindric-clavate, short stalked, with
trapezoidal apex and an apical pore blued by iodine, 50-60 x 6-7 um.
Ascospores 2-seriate, fusiform to narrow ellipsoidal, hya-
line, aseptate, 8-11 x 2-2.5 uym, with small terminal gquttules. P a -
raphyses filiform, unbranched, hyaline, ca. 2 ym wide, septate,
apex slightly enlarged, exceeding the asci.
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Characteristics in culture. - Species not cul tured.
Habitat. - Dry stems of Clematis recta L.

Material examined. - AUSTRIA: Petrak, Myc. gen. No 1536, Niederdster-
reich, Pfaffstdtten near Baden, V.1939, leg. Petrak (2T). - GERMANY:
Unterfranken, Glissenheim a.d. Werra, 4.V.1918, leg. ADE (FH, Type).

Notes. - H. «ntemnmedia is morphologically close to H. pulsatiflae, from
which i1t differs by the cells of marginal border, the shape of asco-
spores, the lack of a blue-green staining and the host plant, which
however belongs to the same family (Ranunculaceae).

3. Heterosphaeria lojkae (Rehm ex Winter) Schrot. - Fig. 5,d-g
Cohn's Krypt.-F1. Schles. 3(2):160.1908

Bas.: Pyrenopeziza Lojkae Rehm, Ascom. No. 15a, 1870; Winter, Flora
Neue Reihe 30:509.1872

Syn.: Heterosphaenia patelfla var. Lofkae Rehm f. compositarum Rehm,
Ber. Bayer. Bot. Ges. 13:164.1912
Heterosphaenia compositarum (Rehm) Hohn., Sitzungsber. Kaiserl.
Akad. Wiss., Math.-Naturwiss. KIl., Abt. 1, 127:573.1918

Anamorph: Hyphomycetous blastoconidia (cf. Hyafodendron Diddens). -
Fig. 5,9

Apothecia scattered, subepidermal and later erumpent, sessile,
seated on a distinct subiculum of brown hyphae, round in outline or
irregularly compressed, up to 1000 pym across, brown, with a usually
brighter, almost even apothecial margin. E x c i pul um 2-layered;
outer layer up to 30 pum thick, composed of brown, thin-walled, isodia-
metrical, 6-10 pym wide cells, which become rectangular toward the mar-
gin; inner layer up to 70 pym, composed of hyaline, very thick-walled,
cartilaginous, short-celled hyphae, at the flanks turning to thin-
walled, parallel orientated hyphae; margin again wider, composed of
hyaline, isodiametrical cells, at the inner side reqularly bordered
with hyaline, cylindrical, bristle-l1ike cells; subhymenium composed of
thin-walled round to irreqularly shaped cells. A s ¢ i cylindric-cla-
vate, broad and short stalked, with trapezoidal tapered apex and an
apical pore blued by iodine, 50-70 x 6-7 ym. Ascospores ir-
reqularly 2-seriate, often arranged in the upper part of the ascus, +
cylindrical, hyaline, 0-1 septate, 8-14.5 x 2-3 pym, usually with a
small quttule in eachend. Paraphyses filiform, unbranched,
hyaline, 1.5-2 pm wide, septate, apex slightly enlarged, exceeding the
asci.

Conidia occasionally found in young apothecia, produced on ste-
rile elements of the hymenium by budding, ellipsoidal, hyaline, one-
celled, 5-6 x 1.5-2 pm.

Characteristics in culture. - Colonies on MA 3-3.5 cm in diameter after
14 days/15°C; marginal zone (0.3-0.5 cm) flat, white, without aerial
mycelium; 1inner zone brown-black to olive-black, aerial mycelium very
sparse and velvety, light grey to black-grey, surface usually of dry,
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pruinose appearence due to the conidial formation, not slimy, near the
inoculum with more abundant, cottony, grey aerial mycelium.

Growth temperatures: minimum below 0°C, optimum ca. 18°C, maximum 25°C.

The anamorph 1in culture is hyphomycetous: the conidiopho-
res rising from the substrate are hyphal-like, hyaline, branched and
2-2.5 pm wide. The con i dia formed holoblastically, sympodially
or 1in short acropetal chains, which easily separate, are ellipsoidal,
often truncate at the base, hyaline, aseptate, 5-8 x 1.5-2.5 pym and
sometimes bud at one end. Globular or beaked s clerotia are
formed after 2-3 months and are composed of tissues similar to those in
apothecia.

Habitat. - Dry stems of (1) Adenostfyles glabra (Miller) DC. (= Cacalia
alpina L.), (2) A. allrarncae (Gouan) Kerner; according to Schroter
(1908), Rehm (1912) and Petrak (1936) also on uther Asteraceae.
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Fig. 3. a-d. Heterosphaeria ovispora (Holotype, ZT): a. ascus and para-

physis; b. ascospores; c¢. conidia of anamorph from conidioma on the

host plant; d. ditto from mycelium in culture on straw. - e-f. Hetero-

Aphaeria intenmedia (Type, FH): e. ascus and paraphysis; f. ascospores.

- g-i. germinating ascospores: gq. H. fojkae; h. H. alpestnis; i. H.
pulsatillae .
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Material examined. - AUSTRIA:(1) Rehm, Ascom. No. 15a, Niederdster-
reich, am Oetscher, Ochsenhilitte, 18.VI.1869, leg. Lojka (S, Isotype of
P, 1lojkae). - (2) Rehm, Ascom. No. 15b (extra), sub f. fuscoatra

Hazsl., Tirol, Arlberg Passhdhe, VII.1878, leg. Britzelmayer (S). -
SWITZERLAND: (2) Kt. GL, Braunwald, Seblen, 1.VII.1986, leg. A.L. (2T,

culture 9649). - (2) Kt. GR, Engadin, Val Arpiglia, 26.VII.1973, leg.
Miller (2T). - (2) Kt. GR, Engadin, Val Arpiglia, 18.VII.1986, leq.
A.L. (2T, culture 9652). - (2) Kt. GR, Albula, Crap Alv, 22.VII.1986,

leg. A.L. (2T).

Notes. - The definition of H. Zojkae was confused for a long time be-
cause Rehm (1912) reduced his own species to a variety of H. patella.
This variety included several host forms, of which the one on Astera-
ceae (= f. compos«farum) was the type of P. Lojkae. Later, some authors
(e.g. von Hohnel 1918 and Miller 1977) used the name H. compositarun
(Rehm) Hohn. for collections of Heterosphaernia growing on Asteraceae.
Study of the type material and other collections demonstrates that H.
Lojkae 1is a distinct species characterized by its narrow, cylindrical
ascospores, by its wide, apically only slightly enlarged paraphyses and
the almost even apothecial margin, lined inside with reqularly arranged
bristle-l1ike cells. The species is found mainly on Adenosityfes but is
apparently not common.

4. Heterosphaeria ovispora Leuchtmann, sp. nov. - Fig. 3,a-d

Apothecia sparsa, subepidermalia, demum erumpentia, sessilia, In su-
biculo hypharum brunnearum, substratum penetranti insite, patellaefor-
mia, ad 600 pm diametro, atrobrunnea vel nigra; margo in lacinias di-
stinctas dehiscens. Excipulum e duobus stratis compositum: exterius
10-15 pm latum, e textura angulari, atrobrunneum, lateraliter textura
prismatica compositum; Interius ad 55 pm, e textura oblita, hyalinum,
cartilagineum, ad marginem textura porrecta compositum. Asci 8-spori,
cylindracei, breviter stipitati, apice 1iodi ope poro coerulescenti
praedito, 60-70 x 8-9.5 um, Ascosporae uniseriatae, ovoideae, hyalinae,
simplices vel rare uniseptatae, 9.5-13 x 4.5-5.5 um. Paraphyses fili-
formes, eramosae, hyalinae, 1.5 um latae, 1-4 septatae, apice clavato,
excedentes ascos.

Conidia hyalina, fusiforma, apice breviter rostrato, non appendiculata,
base truncata, 1-2 septata, 20-35 x 2.5-3.5 pum.

Hab. in caulibus siccis Umbelliferarum,

HBolotypus: ad Peucedanum ostruthium (L.) Koch, Helvetia, Kt. GR, Albu-
la, Murtel digl Crap Alv, 30.VIII.1984, leg. A.L. & Petrini (2T).

Anamorph: Heteropatelfa sp. - Fig. 3,c-d

Apothecia scattered, subepidermal and later erumpent, sessile,
seated on a subiculum of brown, thick-walled hyphae, which penetrate
the host tissue, round in outline or sometimes slightly compressed, up
to 600 ym across, dark brown to black; apothecial margin rupturing with
distinct teeth. Excipulum 2-layered; outer layer 10-15 pm
thick, composed of isodiametrical, dark brown, 5-6.5 pm wide cells, at
the flanks becoming rectangular (textura prismatica); inner layer up to
55 um, composed of hyaline, very thick-walled, cartilaginous, narrowly
elongated to irregularly shaped hyphae, toward the margin turning to
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thin-walled hyphae forming a textura porrecta; subhymenium composed of
a few layers of small, hyaline, thin-walled, round to irregularly
shaped cells. A s c i cylindrical, base broad and short-stalked, with
trapezoidal apex and an apical pore blued by iodine, 60-70 x 8-9.5 um.
Ascospores uniseriate overlapping, ovoid, straight, hyaline,
aseptate or rarely l-septate, 9.5-13 x 4.5-5.5 pm, with usually sever-
al, small quttules. Paraphyses filiform, unbranched, some-
times anastomosing at the base, hyaline, 1.5 pym wide, 1- to 4-septate,
apex club-like enlarged, excée?ing the asci.

Conidiomata not found on the host plant. Conidi o -
phores sometimes within apothecia, as in H. alpestrnes. Con i -
d i a hyaline, fusiform, apex shortly rostrate without appendage, base
truncate, 1-2 septate, 20-35 x 2.5-3.5 pum.

Characteristics in culture. - Colonies on MA ca. 3.5 cm in diameter
after 14 days/15°C; marginal zone (ca. 0.5 cm) flat, white, without
aerial mycelium; inner zone dark brown, in some sectors often lighter,
surface partly slimy or with scattered pustules of conidia, aerial my-
celium sparse, toward the center and near the inoculum more abundant
and white to light grey. The clear dark brown pigmentation is distinc-
tive for the cultures of H. ovispora.

Growth temperatures: maximum below 0°C, optimum 15-18°C, maximum 25°C.

The <conidia are formed on MA and straw in slimy, rose coloured
pustules and are curved, often with a rostrate base, 1-3 septate, 23-28
X 3.5-4 pm.

Habitat. - Dry stems of (1) Lasenpitium Latigolium L., (2) Peucedanum
ostrutncum (L.) Koch.

Material examined. - SWITZERLAND: (2) Kt. GR, Albula, Murtel digl Crap
Alv, 30.VIII.1984, leg. A.L. & Petrini (2T, culture 9643; Holotype). -
(1) Kt. NE, Creux du Van, 21.VI.1936, leg. Blumer (ZT).

Notes. - H. ovispora is characterized by ovoid, uniseriately arranged
ascospores, and by the distinct textura prismatica of the outer apothe-
cial wall at the flanks. It occurs sometimes on the same substrate to-
gether with H. afpestnes. The apothecia of H. ovispora, however, are
more mat at surface, usually smaller and obviously rare in the Alps,
whereas H. alpestrnes is one of the most common species of the genus.

5. Heterosphaeria patella (Tode:Fr.) Grev. - Fig. 1l,e-f; 4
Scot. crypt. F1. 2:103.1824

Bas.: Sphaerca penetrhans o patelfa Tode, Fungi mecklenb.
2:45.1791

Syn.: Sphaeria patefla (Tode) Pers., Syn. meth. Fung. p. 76.1801;
Sphaeria patelfa (Tode) Fr., Syst. mycol. 2:511.1823
Phacidium patefla (Tode:Fr.) Fr. B8 campestne Fr., Elench. fung.
2:134.1828
Tympanis patella (Tode:Fr.) Wallr. o sphaeriaegormes Wallr., F1.
crypt. Germ. 2:425.1833
non Cenang<um patefla (Tode:Fr.) Sommerf. [cf. H. alpestnis]
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Fig. 4. Heterosphaenia patella: a. ascus and paraphysis (Neotype, ZT);
b-d. ascospores: b. on Daucus (Neotype, ZT); c. on Linardia (leg. Piskor
1923, ZT); d. on Tordylium (Type of Pyrenopeziza fuscoatra, UPS); e-q.
conidia of anamorph: e. from mycelium in culture on straw (ZT 9631); f.
on Linarnca (Isotype of Heteropatella Lacera, G); g. on Barbarea (as
Hetenopatella bonondenii, leg. Eliasson 1932, ZT).

Peziza Linarniae Rabenh., Herb. mycol. I., No. 724.1845
Heterosphaeria £inariae. (Rabenh.) Rehm, Rabenh. Krypt.-F1.
1(3):203.1896 (1888)

Pynenopeziza guscoatra Hazsl., Verh.K.K.Zool.-Bot. Ges.Wien
23:368.1873

Anamorph: Heteropatella Lacera Fckl., Symb. mycol. Nachtr. 2:54.1873

Syn: Excapula bonorndenit Hazsl., Oesterr. Bot. Z. 33:250.1883
Heteropatella bonorndenis (Hazsl.) Lind, Dan. Fungi,
p.473.1913. - Fig. 4,e-g

Apothecia scattered, sessile, seated on a more or less di-
stinct subiculum of brown, septate hyphae, which penetrate the host
tissue, round to slightly elongated, up to 1200 pym across, dark brown
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to black; apothecial margin tearing with distinct teeth. E x c i p u -
l um 2-layered; outer layer 20-25 pym, composed of dark brown, thin-
walled, isodiametrical, 6-12 pm wide cells; inner layer 80-130 um at
the base and the flanks, composed of hyaline, very thick-walled, carti-
laginous short-celled hyphae, toward the margin less wide and turning
to thin-walled hyphae forming a textura porrecta; subhymenium composed
of a few Tlayers of small, polyhedric, hyaline, thin-walled cells.
Asci cylindric-clavate, with trapezoidal apex and an apical pore
blued by iodine, 62-70 x 9.5-10.5 ym. Ascospores irregularly
biseriate above, uniseriate at the base, ellipsoidal, often slightly
inequilateral, hyaline, aseptate or sometimes partly 1l-septate,
9.5-14.5(20) x 2.5-4.5 pm, usually with a large guttule at both ends.
Paraphyses filiform, unbranched, hyaline, 1.5 um wide, 1- to
3-septate, apex club-1like enlarged, exceeding the asci.

Conidiomata scattered, sessile, black, round in outline, up
to 600 pm across; excipulum 2-layered, morphologically similar to the
apothecium, up to 110 pym thick at the base. Conidiophores

hyaline, cylindrical, 1.5 pym wide and up to 30 ym long, septate, often
branched. Conidiogenous cells holoblastic, with several apical conidio-
genous Jloci. Conidia hyaline, fusiform, with a long, filiform,
apical appendage wup to 25 pm, and a truncate base usually ending with
an excentric appendage up to 15 uym, 3-4 septate, 16-24 x 2-3 pm (with-
out appendages).

Characteristics in culture. - Colonies on MA ca. 3 cm in diameter after
14 days/15°C; marginal zone (1-1.5 cm) flat, white, without aerial my-
celium; 1inner zone black-olive, often irregularly pigmented, surface
partly slimy or with scattered pustules of conidia, aerial mycelium
sparse to rather abundant, white, near the inoculum usually abundant.
Colonies are not clearly distinguishable from those of H. afpestnis
apart from the slightly higher maximum growth temperature.

Growth temperatures: minimum below 0°C, optimum 15-18°C, maximum ca.
28°C.

The conidia are formed in the mycelium or later in acervular
structures and measure 20-25 x 2.5-3.5 pym (without appendages). The ap-
pendages are distinct but wusually somewhat shorter than on the host
especially on MA. On straw the formation of small apothecia-1ike coni-
diomata of Heteropatefla was observed after 5 months.

Both strains studied (ZT 9631, 9634) also form apothecia after 2
months, which however do not mature even after one year. The hymenium
composed of differentiated paraphyses produces only occasional Hefero-
patefla-conidia. The formation of asci seems to be suppressed.

Habitat. - Dry stems of (1) Daucus canota L., (2) Barbarea vulganis
R.Br., (3) Linarnia vulgares Miller, (4) Tordylium sp., (5) Apiaceae.

Material examined. - CZECHOSLOVAKIA: (3) Mdhren, Sternberg, VII.1923,
leg. Piskor (2T). - POLAND: (3) Rabenhorst, Herb. mycol. I., No. 724,
near Schwerin, leg. Fiedler (B, Isotype of P, linariae). - RUMANIA: (4)
Soborsin (S&dvirgin), near the river Maros, leg. Hazslinsky (UPS, Type
of P, fuscoatra). - SWEDEN: (2) Reliquiae Petrakianae, No. 183, sub #H,

bonordenii, J&mtland, Are, 16.VI. 1932, leg. Eliasson (2T; teleomorph
and anamorph). - SWITZERLAND: (3) Kt. GR, Puschlav, near Poschiavo,
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Fig. 5. a-c. Heternosphaeria pulsatillae (Holotype, ZT): a. ascus and

paraphyses; b. ascospores; c. vertical section through margin of apo-

thecia. - d-g. Heterosphaenia Lojkae: d. ascus and paraphysis (Holo-

type, S); e. ascospores (different coll.); f. vertical section through

margin of apothecia (Holotype); g. hyphomycetous anamorph in culture on

MA (ZT 9652). - h. Heterosphaernia viniditingens, vertical section
through margin of apothecia (Holotype, W).



277

26.VII.1986, leg. A.L. (2T, culture 9654). - (1) Kt. SH, Merishausen,

Grdatental, 12.VII.1984, leg. Brunner (2T, culture 9631). - (1) Kt. ZH,
Regensberg, Altburg, 7.VIII1.1984, leg A.L. (2T, culture 9634; Neotype
of H. patella). - (5) Kt. ZH, Rudolfingen, 12.XI.1904, leg. Volkart
(2T). - WEST GERMANY: (3) Fuckel, Fung. rhen. No. 2441, sub H, lacera,
Nassau, Oestrich, in spring, leg. Fuckel (G, only teleomorph). - (3)

Fung. rhen., ed. 1I., No. 2565, Nassau, Oestrich, Dornbachsgraben; in
spring, leg. Fuckel (G, Isotype of H. lacera).

Notes. - H. pateffa is a lowland species found mainly on Apiaceae and
is best characterized by its anamorph, whose conidia bear long, fili-
form appendages. This species is rather common, but usually more often
found in its anamorphic state Hetercopatella (see e.g., Dennis 1978).
The type material of H. Linarndiae (Rabenh.) Rehm and the other collec-
tions on Linarda do not differ from H. patella apart from the usually
slightly smaller apothecia. Because the anamorphs and the cultural cha-
racteristics of both species are also indistinguishable, H. £inaxdae is
considered to be a synonym of H. patefia.

Pynenopeziza fuscoatra Hazsl. on Torndyfcum, has somewhat larger (up to
20 x 4.5 pm) ascospores but otherwise can not be distinguished from H.
patella and is also considered synonymous.

Tode's type material of H. pateffa no longer exists (all his mycologi-
cal collections have been destroyed). Therefore one of my own collec-
tions was selected as neotype. According to the protologue the actual
identity of Tode's fungus does not seem to be clearly defined. Greville
(1824), 1in his description of the genus Heterosphaeria questioned the
identity of H. pateflfa, because of the peculiar, globular conidial mass
above the ostioles of the fruit bodies described and figured by Tode
and proposed Sphaenia pateffa Pers. as a basionym. Persoon (1801), how-
ever, saw original material collected by Tode ("in exemplare, ab auc-
tore mecum communicato", Persoon, Jloc. cit.) and his collections of
Sphaen<a pateffa in the herbarium Persoon in L fit the description of
H. patella.

Buddin & Wakefield (1926) described a fungus, parasitic on Antouvthinum
majus, as Heteropatella anthouvthind, for which the teleomorph is not
known. The taxon appears to be closely related to H. £acexra Fckl. on
Linarnia.

6. Heterosphaeria pulsatillae Leuchtmann, sp. nov. - Fig. 5,a-c

Apothecia sparsa, saepe in maculis venetis, subepidermalia demum erum-
pentia, sessilia, in subiculo inconspicuo hypharum brunnearum vel vene-
tarum Insite, patellaeformia, ad 400 pum diametro, atrobrunnea, margine
diluto, fimbriato, Excipulum e duobus stratis compositum: exterius ad 8
pm latum, e textura angulari, brunnea vel veneta compositum; Interius
ad 70 pm, hyal inum e textura oblita, cartilaginea, ad marginem e textu-
ra porrecta desinenti in cellulis extremis, obpyriformibus, 7-14 X
2.5-3.5 pm compositum. Asci 8-spori, clavato-cylindracei, apice angu-
stato, lodl ope poro coerulescenti praedito, 42-52 x 5-6.5 pm, Ascospo-
rae biseriatae, fusiformes, hyalinae, aseptatae, 9.5-16 x 2-2.5 um. Pa-
raphyses filiformes, eramosae, hyalinae, 2 pum latae, 2-3 septatae,
apice leviter amplificato, excedentes ascos.

Hab. In caulibus sicclis Pulsatillae.
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Bolotypus: ad Pulsatillam sulphuream (L.) Dt. & Sarnth., Helvetia, Kt.
BE, Hasliberg, Kdaserstatt, 1.VIII.19%6, leg. E. Miller (2ZT).

Anamorph: absent.

Apothecia scattered, often on blue-green coloured spots, sub-
epidermal and later erumpent, sessile, seated on an inconspicuous subi-
culum of brown or sometimes blue-green stained hyphae, round in out-
line, up to 400 pm across, dark brown with bright coloured, even or
finely fimbriate apothecial margin. E xcipulum 2-layered,
outer layer ca. 8 pm thick, composed of brown, sometimes blue-green co-
loured, thin-walled, isodiametrical, 3.5-5 pym wide cells, inner layer
up to 70 pm, composed of hyaline, thick-walled, cartilaginous, round
(at the base) to narrowly elongated cells, toward the margin turning to
thin-walled, parallel orientated hyphae, which end as hyaline or brown
(outside) marginal threads with regularly arranged, obpyriform, 7-14 X
2.5-3.5 uym end cells; subhymenium not differentiated. A s c i cylind-
ric-calvate, slightly tapered toward the apex, with an apical pore
blued by iodine, 42-52 x 5-6.5um. Ascospores 2-seriate,
narrowly fusiform to acicular, hyaline, aseptate, 9.5-16 x 2-2.5 um.
Paraphyses filiform, unbranched, hyaline, 2 ym wide, 2- to
3-septate, apex slightly enlarged, exceeding the asci.

Characteristics in culture. - Colonies on MA ca. 2.5 cm in diameter
after 14 days/15°C; marginal zone (0.5-1 cm) flat, colourless to white,
without aerial mycelium; 1inner zone first light brown, later with a
concentric ring of intensive blue-green pigmentation (sometimes irre-
gular or in sectors), but pigments not secreted in the substrate,
aerial mycelium sparse, fine cottony and sordid white, near the inocu-
lum more abundant.

Growth temperatures: minimum below 0°C, optimum 15-18°C, maximum ca.
25°C.

No conidial formation has been observed. But after a few weeks numer-
ous, light brown, apothecial primordia are formed in the mycelium;
these primordia, however, mature only after several months.

Habitat. - Dry stems and petioles of (1) Pulsat<lla sulphurea (L.) Dt.
& Sarnth. and (2) P. a€pina (L.) Schrank.

Material examined. - FRANCE: (2) Hautes Alpes, Val Queyras, Aigquilles,

10.VI.1954, 1leg. Miller (2T). - (1) Hautes Alpes, Col de Var, 2400 m,
4.VIIX.1955, leg. Miller & Schiiepp (2T). - (2) Hautes Alpes, Val Quey-
ras, 26.VI.1958, 1leg. Miller (2T). - SWITZERLAND: (1) Kt. BE, Hasli-
berg, Ké&serstatt, 1.VIII.1966, leg. Miller (ZT, Holotype). - (2) Kt.
GL, Braunwald, Gumen, 22.VII.1948, leg. v. Arx (2ZT). - (2) Kt. GL,
Braunwald, Gumen, 1.VII.1986, leg. A.L. (2T, culture 9650, 9651; 3
coll.). - (2) Kt. SZ, Rigi, north-west of Stafel, 17.VII.1974, leg.
Miller (2T). - (1) Kt. TI, Quinto, Piora, 20.VII.1982, leg. Miller &

Petrini (ZT).

Notes. - H. pulsatillae is characterized by the differentiated apothe-
cial margin with striking obpyriform end cells, the shape of the asci
and the narrow, almost acicular ascospores, as well as by the lack of
an anamorph. An additional character of this species is the blue-green
colour, which stains the substrate or parts of the fungal tissue. H.
pulsatillae seems to be host specific on alpine species of Pulsatifla.
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7. Heterosphaeria veratri Nespiak & Muller - Fig. 6
Beitr. Kryptogamenfl. Schweiz 15:44.1977

Anamorph: Heteropatella subfineofata (Thim.) Leuchtmann, comb. nov.

Bas.: Septornia sublineolata Thum., Bull. Soc. Imp. Naturalistes
Moscou 52:128.1877

Syn. : Cylundnosporium vernatrninum Sacc. & Winter, Hedwigia
22:14.1883
For further synonyms see Muller (1977). - Fig. 6,c-e

Apothecia scattered, erumpent from the epidermis, seated on a
dense subiculum of brown, thick-walled hyphae, which penetrate the
often dark coloured host tissue, round in outline or irregularly com-
pressed, up to 1000 pym across, dark brown to black, rough, outermost
layer usually eroding in small groups of cells; apothecial margin rup-
turing with distinct teeth. E xc i pul um 2-layered; outer layer
30-50 pm thick, composed of isodiametrical, dark brown, rather thick-
walled, 6-10 pm wide cells, which become lighter, thin-walled and lar-
ger (14 pym) towards the interior; inner layer up to 160 pm, composed of
hyaline, cartilaginous, very thick-walled, short-celled hyphae, toward
the margin turning to rectangular, thin-walled cells; subhymenium thin,
composed of small, hyaline, thin-walled cells. A s c i cylindric-cla-
vate, broad and short stalked, with trapezoidal apex and an apical pore
blued by 1iodine, 60-85 x 8-11 ym. Ascospores irregularly
2-seriate, long ellipsoidal, often slightly curved, mature spores with
one submedian septum, 12-20 x 3.5-4.5 ym. Paraphyses fili-
form, wunbranched, ca. 1.5 pm wide, septate, apex club-like enlarged (4
pm) and brownish, exceeding the asci.

Conidiomata acervular, formed on living leaves, in light co-
loured, brown bordered spots of different size, or on dry, overwintered
stems and leaves. Conidiophores developing from small
subcuticular groups of stromatic cells, erumpent in small tufts, cylin-
drical, hyaline, septate and often branched, 5-8 uym wide. Conidiogenous
cells holoblastic, sympodial, with one to several apical conidiogenous
loci. Conidia hyaline, fusiform to 1long clavate, wusually
curved, apex rostrate and of different lengths, base truncate, 1-3 sep-
tate, 25-40 x 3-5 pm.

Characteristics in culture. - Colonies on MA ca. 4 cm diameter after 14
days/15°C; marginal zone (ca. 1 cm) flat, white, without aerial myce-
lium; 1inner zone completely black, surface partly slimy or with scat-
tered pustules of conidia, aerial mycelium usually abundant, cottony,
light grey, near the inoculum very dense and abundant. Cultures are di-
stinctive because of the strong pigmentation, the abundant aerial myce-
lium and the relative high growth rate.

Growth temperatures: minimum below 0°C, optimum ca. 20°C, maximum ca.
28°C.

The conidia in culture (see also Gremmen 1970; Miller 1977) are
formed in small, slimy pustules in the mycelium within 1-2 months. They
are at first small and one-celled, later they change to the typical
shape often with a very long tapering apex, 1-2 septa and measure up to
60 x 5 pm. No conidiomata or apothecia have been observed in culture.
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Fig. 6. Heternosphaernia vernatri: a. ascus and paraphyses; b. ascospores

(Holotype, ZT); c-d. conidia of anamorph: c¢. from conidioma on the host

plant (leg. Volkart 1936, ZT); d. from mycelium in culture on MA (ZT

9632); e. conidia and conidiophores from conidioma on the host plant
(leg. Muller 1977, ZT).

Habitat. - Dry stems and leaves of Veratrhum Lobelianum Bernh. (and pos-
sibly also V. afbum L.).

Material examined. - SWITZERLAND: Kt. BE, Berner Oberland, Hasliberqg,
Kdserstatt, 27.VII.1966, leg. Miller (2T, BHolotype). - Kt. GR, Arosa,
Pratschwald, 15.VI.1961 und 15.X.1961, leg. Rahm (2T). - Kt. GR, Albu-
la, Crap Alv, 22.VII.1986, leg. A.L. (ZT, culture 9653, isolated as
anamorph). - Kt. TI, Airolo, Val Nante, 3.VIII.1936, leg. Volkart (2T,
only anamorph). - Kt. TI, Quinto, Piora, 27.VI1.1984, leg. A.L. (2T,
culture 9629, 9632). - Kt. UR, Urnerboden, 4.VI1I1.1976, leg. Miller
(2ZT). - Kt. VS, Aletschwald, old Belalpweg, 15.VI.1963, leg. Miller,
Flora des Aletschwaldreservats (ZT).

Notes. - H. vernatnd differs in several respects from the other species
of the genus. The outer excipulum of the apothecia is much thicker than
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in other species and consists of large cells, the ascospores are always
submedianly septate, often slightly curved, and the paraphyses are
brownish. My observations on the ascus pore (blued with iodine) and the
paraphyses (unbranched) differ from the description given by Muller
(1977).

The anamorph of H. venatnc is formed on living leaves causing brown
spots and is thought to be a pathogen (Muller 1977). The conidiomata
are acervular and do not form the apothecia-like stroma of Heteropa-
tefla. Similar conidiomata are also known from two other foliicolous
Heteropatella-species (H. antvuvihinde Buddin & Wakefield and H. valtel-
Linensis (Trav.) HWollenw.), while its Heteropatella-stage was demon-
strated 1in culture (Buddin & Wakefield 1926, 1929). The anamorph of H.
veratri is therefore transferred to Heferopatelia.

8. Heterosphaeria viriditingens Petr. - Fig. 5,h
Ann. mycol. 34:225.1936

Anamorph: Unknown.

Apothecia scattered on blue-green coloured, Tongish spots of
the substratum, sessile, usually slightly immersed at the base, without
subiculum, round or often elongated in outline, 250-400 uym wide and up
to 800 pm 1long, black; apothecial margin completely enrolled. E x -
Ccipulum 2-layered; outer layer ca. 20 ym thick, composed of iso-
diametrical, dark brown, partly blue-green stained, thin-walled, 5-8 uym
wide cells, toward the margin turning to more elongated cells, which
end as brownish up to 20 ym long, free, marginal threads; inner layer
up to 65 pm, composed of hyaline, very thick-walled, cartilaginous
plectenchyma; subhymenium composed of a few layers of small, isodiame-
trical or elongated, hyaline, thin-walled cells. A s c i cylindric-
clavate, short-stalked, 35-40 x 6-8 um. Ascospores Z2-se-
riate, oblong to fusiform or slightly clavate, hyaline, aseptate, 6-11
X 2-2.5 pym. Paraphyses filiform, hyaline, unbranched, sep-
tate, ca. 2 ym wide, apex slightly enlarged.

Characteristics in culture. - Species not cultured.
Habitat. - Dry, decorticated stems of Verbascum sp.

Material examined. - GREECE: Mazedonien, Rudoka Planina, Alpe Smereka,
4."9’1;1931; lEg. Ade {W; Bﬂ'lntm}-

Notes. - H. vincdditingens is known only from the unripe type collection
(no ascospores have been seen, although Petrak described them), the
evaluation of this species is therefore difficult. Distinct characters
are the very long, brownish marginal threads of the apothecia and the
blue-green colour, which stains parts of the substrate and the fungal
tissue. An additional specimen (on Thollius eunopaeus L., Switzerland,
Kt. TI, Quinto, Piora, 27.VI1.1984, leg A.L.), also unripe, may repre-
sent the same species.
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Doubtful and excluded species

Heterosphaeria brunaudiana Roum., Fungi sel. Gall. exsicc. No. 1949;
Bot. Zeitung 40:254.1882
Type material not studied.

Heterosphaeria galii Gucevicz, Bot. Mater. Otd. Sporov. Rast. Bot.
Inst. Komarova Akad. Nauk SSSR 8:144.1952
Type material not studied:
On Galium mofluge L., Sowjetunion, Crimea.
Apothecia 300-500 pm diam.; asci 55-67 x 9-10 pym; ascospores 13-16 x
4-5 pym, l-septate. Anamorph in ascomata intermixed: Conidia falcate,

l-septate, 15-19 x 2.5 um.

Heterosphaeria laserpitii Gucevicz, Bot. Mater. 0Otd. Sporov. Rast. Bot.
Inst. Komarova Akad. Nauk SSSR 8:144.1952
Type material not studied:
On Laserpctium hisp<dum M.B., Sowjetunion, Crimea.
Apothecia 200-300 pm diam.; asci 72 x 12 pm; ascospores not mature.
Anamorph in ascomata intermixed: Conidia falcate, with 1-2 apical
appendages, 2-3 septate, 24-31 x 2.5-3 pym.

Heterosphaeria morthieri Fckl., Symb. mycol. p. 265.1870; Fung. rhen.
No. 1837
= Pyrnenopez4iza monthiens (Fckl.) Rehm, Rabenh. Krypt.-F1. 1(3):
623.1896 (fide Hiutter 1958).
Isotype in G.

Heterosphaeria phacidioides (Fr.) Fr., Summ. veg. Scand. 2:365.1849
= Pyrenopeziza phacidio<des (Fr.) Rehm, Rabenh. Krypt.-F1. 1(3):
615.1896
Type in UPS. Probably synonym of Pyrencpeziza plicata Rehm

Heterosphaeria poae Fckl., Symb. mycol. p. 266.1870; Fung. rhen. No.
1591
= Naevia poae (Fckl.) Rehm, Rabenh. Krypt.-F1. 1(3):148.1896
(doubtful species).
[sotype in G.

CONCLUSION

As documented 1in this study, Heternosphaernia occurs more frequently in
higher mountainous regions than in lowlands, where it is only repre-
sented by the plurivorous H. pateflfa and the probably host-specific H.
«ntenmedea. Host specificity 1is rather restricted in H. veratrndl (to
Pulsat«lla alpsina and the closely related P. sufphurea), whereas H.
patella and H. alpestrnds are plurivorous. H. Lojkae was found only on
Asteraceae and the rare H. ovispora only on Apiaceae.

The anamorphs are more complex than expressed by the uniform arrange-
ment in the form-genus Heternopatelfa Fckl. For one species (H. pulsa-
t4€Lae) no anamorph could be found; in pure culture it soon forms the
teleomorph. In most species two conidial types develop: microconidia
immediately following germination and macroconidia forming later,
usually connected with conidiomata. Two species behave differently: 1in
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H. veratnt formation of apothecia-like stromata is suppressed (Pseudo-
discos«a synanamorph) and in H. £ofskae no macroconidia are formed.

The vegetative growth of Heterosphaenta in pure culture shows psychro-
philic affinities. All species studied are still able to grow slowly at
0°C. The growth rate is optimal at approximately 15°C or in H. veratr«
at 20°C and decreases rapidly at about 25°C. At 30°C the mycelium of
all species, apart from one strain of H. pateffa (ZT 9634) is killed
irreversibly. These results agree with those for Heteropatella-species
studied by Vestergren (1900) and Buddin & Wakefield (1926), and may
offer an ecological explanation for the preference of Heterosphaeria
for colder climates in the mountains.
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ABSTRACT : The species Xanthoparmelia adleri Nash, Elix &
Johnston, X. argentinensis Nash, Elix & Johnston, X. cotopaxiensis

Nash, Elix & Johnston, X. ferraroiana WNash, Elix & Johnston, X.

villamiliana Nash, Elix & Johnston, and X. wrightiana Nash, Elix &
Johnston are described as new. In addition twelve species previously
unrecorded for South America are reported. The new combination X.
farinosa (Vainio) Nash, Elix & Johnston is made.

Introduction

Xanthoparmelia, originally proposed as a section of Parmelia by Vainio (1890) and
later raised to the generic level by Hale (1974b), is a most prominant group of lichens in
arid and semi-arid regions of the world where they grow luxuriantly on rocks and less
frequently on soil. This yellow-green foliose genus, with apothecial characters typical of
the Parmeliaceae, is characterized by the presence of usnic acid in the upper cortex and a
combination of upper and lower cortical characters that separate it from the other
yellow-green Parmelioid genera of Flavopunctelia (Hale, 1984), Flavoparmelia (Hale,
1986a) and Arctoparmelia (Hale, 1986b), all of which contain at least some saxicolous
species. Flavopunctelia (Hale, 1984b), typically corticolous, is distinguished by
prominent pseudocyphellae in the upper cortex; Arctoparmelia, by the velvety lower
cortex and consistent production of cortical atranorin in addition to usnic acid; and
Flavoparmelia, by the corticolous habitat of most species, broad lobes with a naked
marginal zone on the lower surface and significantly larger spores than these other
genera. Although Arcroparmelia and Xanthoparmelia are apparently uniquely
characterized by the presence of lichenin in the medulla, only Xanthoparmelia reacts
positively in the presence of chloral hydrate (Hale, 1986b). Parmotrema (Massalongo,
1860; Hale, 1974a) and Hypotrachyna (Hale, 1976) also contain a few yellow-green
saxicolous species, but these are distinguished by the presence of broader lobes, larger
spores and +marginal cilia in the case of the former, and by truncated, linear-elongated
lobes and dichotomous rhizines in the latter.

In recent years Xanthoparmelia has been studied extensively in Australasia (Elix, ez
al. 1986), North America (Nash, 1974; Egan and Derstine, 1978; Hale 1984a & 1985) and
southern Africa (Hale, 1971, 1984, 1985 & 1986¢; Knox and Brusse, 1983; Brusse,
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1984). Consequence the number of species is now approaching 300. The well studied
Euroasian flora is particularly poor in species, but the status of South America 1s
essentially unknown due to limited herbarium records. On the basis of literature
(Follman, 1967; Grassi, 1950; Hale, 1984 & 1985; Lamb, 1958; Lynge, 1914; Osorio, 1980
& 1981; and Vainio, 1890), only 20 Xanthoparmelia species are reported for South
America. However, our preliminary investigations indicate that the South American
Xanthoparmelia flora is far richer than previously recognized. Five new species and
eleven new records are reported in the present paper.

Certainly there is a need for further study, but a preliminary key to the known
species 1s included to summarize the present knowledge and stimulate further research.
Although we have examined extensive material of most of the species, a few are included
only on the basis of literature reports. Furthermore, there is a need to: (1) reconsider the
validity of a couple of Gyelnik names that have not been used in recent years; and (2)
critically compare South American material with European and North American material
in cases where northern hemispheric names are applied to South American taxa (e.g. X.
conspersa). Throughout the present work chemical constituents were identified by thin
layer chromatography (Culberson 1972; Culberson & Johnson 1982), high performance
liquid chromatography (Lumbsch & Elix 1985) and comparison with authentic samples.

Xanthoparmelia adleri Nash, Elix & Johnston sp.nov. Fig.1

Species cum thallo ut in Xanthoparmelia constipata sed ab hac specie acido
salazinico et norlobaridone continens differt.

Type. Argentina. Provincia de SALTA, Las Pailas, 2280m, M.T.Adler;
ANUC-holotype, BAFC-isotype.

Thallus foliose, terricolous or muscicolous, rarely saxicolous, adnate to loosely
adnate, yellow-green in colour, to 5 c¢cm in diameter; lobes subirregular to
sublinear-elongate, 1.0-2.0(-3.0) mm wide, imbricate or not so. Upper surface dull ,
tshiny at the apices, emaculate, often black-margined towards the lobe apices,
developing numerous wart-like isidia, isidia laminal, globose at first, appearing granular,
occasionally subcylindrical with short branches, + becoming dense and subcoralloid,
darker at the apices; medulla white; lower surface light tan to pale brown throughout,
sparsely rhizinate, rhizines short, simple, concolorous with the lower surface. Apothecia
not seen.

Chemistry. Cortex K-, medulla K+ yellow then red, C-, KC-, P+ orange ; containing
usnic acid, salazinic acid (major), consalazinic acid (minor), norlobaridone (minor),
protocetraric acid (trace).

In appearance this new species closely resembles Xanthoparmelia constipata
(Kurok. & Filson) Elix & Johnston as both species are generally terricolous, have
comparable thalli and are isidiate. However these species differ in the nature of the isidia
and medullary chemistry. In X. adleri the isidia are globose, squat and wart-like or
developing short, £dense branches (comparable with those of X. scabrosa) while X.
constipata normally develops elongated cylindrical isidia which are extensivesly
coralloid-branched and become inflated at the apices. Furthermore X. constipata contains
medullary loxodin, constipatic acid and protoconstipatic acid in addition to norlobaridone
while X. adleri contains salazinic acid, consalazinic acid and norlobaridone. At present
X. constipata 1s known only from arid central Australia while X. adleri occurs in
Argentina.

This species 1s named in honor of Mrs. Monica Adler, collector of the new species
and currently a doctoral candidate at Universidad de Buenos Aires.

Specimens Examined (Paratypes)
ARGENTINA. Provincia de SALTA: Cachi, 2280m, M.T Adler (ASU, BAFC); Las
Pailas, 2280m, M.T.Adler (ANUC, BAFC).
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Figures 1-4. New species of Xanthoparmelia 1, X. adleri (holotype in ANUC); 2, X.
argentinensis (holotype in ASU); 3, X. cotopaxiensis (holotype in ASU); 4, X.
ferraroiana (holotype in ASU). Scale in mm.
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Xanthoparmelia argentinensis Nash, Elix & Johnston sp.nov. Fig.2

Species cum thallo ut in Xanthoparmelia cordillerana sed ab hac specie colore
subtus nigra differt.
Type. Argentina. Provincia de Mendoza, 3 km east of Cacheuta along route 7,
T.H Nash 23,915; ASU-holotype, ANUC, BAFC, BM, CTES, US-isotypes.

Thallus foliose, saxicolous, adnate to loosely adnate, yellow-green in colour, to 6
cm in diameter; lobes irregular, 2.0-5.0(-8.0) mm wide, imbricate or not so. Upper
surface broadly undulating, shiny at the margins but appearing subgranulate in the
centre, emaculate, often black-margined, developing numerous subpustulate or wart-like
isidia; isidia laminal, small (ca. 0.1mm high and wide) in the centre of the thallus,
simple, globose at first then becoming fissured and bursting open apically so that the
thallus appears isidiose-pustulate; medulla white; lower surface black, shining,
moderately to sparsely rhizinate, rhizines short, simple, black. Apothecia rare, to 6 mm
in diameter, disc convex, brown to dark brown; margin entire, persistent, £ isidiate,
amphithecium smooth or isidiate, spores 8.5-10.5 x 4.0-5.3 pm.

Chemistry. Cortex K-, medulla K+ yellow then red, C-, KC-, P+ orange ; containing
usnic acid, salazinic acid (major), consalazinic acid (minor).

In appearance this new species closely resembles Xanthoparmelia cordillerana
(Gyelnik) Hale as both species have broad lobes, develop subpustulate isidia on the
upper surface and have identical medullary chemistry. However X. argentinensis is
clearly distinguished by the black lower surface. By contrast X. cordillerana has a pale
brown to dark brown lower surface. X. isidiosa (Mill.Arg.) Elix & Johnston also has
some characters in common with this new species - both produce salazinic acid, have
erumpent isidia and a black lower surface. X. isidiosa differs in having a tightly adnate,
small foliose to subcrustose thallus (lobes 0.7-1.5 mm wide) and in producing larger
inflated isidia (to 1 mm) which rarely become erumpent. On the other hand X.
argentinensis has an adnate to loosely adnate thallus, with broad (3-5 mm) lobes and
minute isidia (0.1 mm) which are commonly erumpent.

Specimens Examined (Paratypes)

ARGENTINA. Provincia de BUENOS AIRES: Partido Tornquist, Sierra de 1a Ventana,
Nash 23,882 (ASU, ANUC); Provincia de CATAMARCA: east side of Campo de
Pucara, ca. 1700m, Lamb 5751 (ASU, CANL); Provincia de CORDOBA: adjacent
Lago San Roque at intersection of routes 20 & 28, Nash 23,958 (ASU), 1 km W of El
Durazno, Nash 23,977B (ASU); 27 km W of El Durazno along route 20 at Rio Yuspe
Nash 23,999 (ASU); 19 km S of Villa Carlos Paz and 3 km E of the Astronomic
Observatory, Nash 24,007(ASU, ANUC); north slope of Cerro Pan de Azucar, Nash
24,052 (ASU, ANUC); Provincia de MENDOZA: 1 km W of Cacheuta along route 7,
Nash 23,906 (ASU, ANUC, US); 8 km W of Potrerillos, Nash 23,919 (ASU,
ANUC, BAFC, CTES), 63 km NW of Mendoza, Nash 23,924 (ASU, ANUC); 1 km
below Hotel Villaricencio, Nash 23,930 (ASU, COLO, DUKE); 3 km E of Manzano
Histérico, Nash 23,948 (ASU, ANUC); Las Heras: Cordon de las Higueras, 1380m,
Leal 31,148 (CTES); Provincia de SALTA: Las Pailas, 2280m, Adler pr.p. (ANUC,
BAFC ); near Escoipe, Cuesta del Obispo, Adler (ANUC, BAFC ).

Xanthoparmelia cotopaxiensis Nash, Elix & Johnston sp.nov. Fig.3

Species cum thallo Xanthoparmeliae ulcerosae simili sed ab hac specie lobis et
lobulis diminutis differt.
Type. Ecuador. Provincia de Cotopaxi, Rio Saquimula 3 km W of entrance to Cotopaxi
National Park, T.H Nash 23,847, ASU-holotype, ANUC, US-isotypes.

Thallus small foliose, saxicolous, adnate, yellow-green but darkening with age, to
7 cm in diameter; lobes sublinear elongate, 0.4-1.0 mm wide, sparingly imbricate or
not, developing minute lobulae (0.1-0.2 mm wide) in the centre. Upper surface dull for
the most part, shiny at the apices, emaculate, sorediate, soralia laminal to submarginal,
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orbicular at first then coalescing with age, soredia farinose; medulla white; lower surface
brown to dark brown, blackening apically, smooth, moderately rhizinate, rhizines
simple or rarely branched, brown to black. Apothecia not seen.

Chemistry. Cortex K-, medulla K+ yellow to red, C-, KC-, P+ orange ; containing
usnic acid, salazinic acid (major), consalazinic acid (minor), norstictic acid (trace),
protocetraric acid (trace).

X. cotopaxiensis is characterised by the production of soredia and its adnate thalli
with very narrow lobes and diminutive lobules. In some respects this new species
resembles Xanthoparmelia ulcerosa (Vainio) Hale as both species are sorediate, have a
brown lower surface and identical medullary chemistry. These two species can be most
readily distinguished morphologically: X. cotopaxiensis has small adnate thalli, narrow
(0.4-1 mm) lobes which develop minute lobulae and a dark brown lower surface while
X. r;_dcemsa has large thalli with broad (2-6 mm), elobulate lobes with a brown lower
surface

S ecimens Examined (Paratypes)
ECU ADOR. Provincia de CH[MBORAZO, 1 km SW of Guano, Nash 23,839B (ASU).

Xanthoparmelia ferraroiana Nash, Elix & Johnston sp.nov. Fig.4

Species cum thallo ut in Xanthoparmelia farinosa sed ab hac specie acido psoromico
et acido 2'-O-demethylpsoromico continens differt.

Type. Argentina. Provincia de Mendoza, 18 km south of Potrerillos along road to San
Jose, T.H.Nash 23,940; ASU-holotype, ANUC-isotype.

Thallus foliose, saxicolous, adnate to loosely adnate, yellow-green in colour, to 8
cm in diameter; lobes irregular, 2.0-6.0 mm wide, barely imbricate or not, lobes *
contiguous. Upper surface broadly undulating, rugose at the centre, dull for the most
part, shiny at the apices, emaculate, sorediate, soralia laminal to submarginal, orbicular
at first then coalescing with age, soredia farinose; medulla white; lower surface pale
brown to brown, darker apically, densely rhizinate, rhizines short, mmple: or tufted at the
apices, concolorous with the lower surface. Apar}wcia not seen.

Chemistry. Cortex K-, medulla K-, C-, KC-, P+ yellow; containing usnic acid,
psoromic acid (major), 2'-O-demethylpsoromic acid (minor).

X. ferraroiana is characterised by the production of soredia and medullary
psoromic acid. Morphologically this new species closely resembles Xanthoparmelia
farinosa (Vainio) Nash, Elix & Johnston as both species have broad lobes, develop
farinose soredia on the upper surface and have a brown lower surface. These two
species can be most reliably distinguished chemically: the medulla of X. ferraroiana
reacts K-, P+ yellow due to the presence of psoromic acid; while X. farinosa reacts K+
yellow, P+ yellow-orange due to the presence of stictic acid and associated substances.

This species is named in honor of Mrs. Lidia Ferraro, curator of lichens at CTES,
who provided several of the specimens cited below.

Specimens Examined (Paratypes)

ARGENT]NA Provincia de LA PAMPA: near Parque Luro, Ferraro 1972 (COLO,
CTES); Provincia de MENDOZA: 3 km E of Manzano Histérico, Nash 23,947 (ASU);
5 km W of Cacheuta along route 7, Nash 23,933 (ASU); 3 km E of Cacheuta along
route 7, Nash 23,914 (ASU), 8 km W of Portrerillos, Nash 23,918 (ASU); Las Heras:
Cerro de la Gloria, 800m, Leal 5968 (CTES); Las Heras: Quebrada de 1a Mina Atala,
Leal 5953 (CTES); Provincia de SALTA: Las Pailas, 2280m, Adler (ANUC, BAFC ).

Xanthoparmelia villamiliana Nash, Elix & Johnston sp.nov. Fig.5

Species cum thallo ut in Xanthoparmelia australasica sed ab hac specie arcte
adnatos et acido stictico et acido constictico continens differt.
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Type. Argentina. Provincia de Mendoza, 1km west of Cacheuta along route 7,
T'.H Nash 23,907; ASU-holotype, ANUC, BAFC, US -isotypes.

Thallus foliose, saxicolous, adnate, yellow-green in colour, to 5 cm in diameter;
lobes 1rregular, 2.0-3.0 mm wide, imbricate, apices rounded or shallowly notched.
Upper surface dull or shiny at the apices, rugose, emaculate, moderately to densely
isidiate, isidia laminal, cylindrical, robust (0.1-0.2 mm in diameter and up to 2.0 mm
tall), richly coralloid-branched; medulla white; lower surface black, sparsely rhizinate,
rhizines short, simple, black. Apothecia rare, to 4 mm in diameter, concave, brown ,
margin persistent, amphithecium rarely isidiate; spores colourless, ovate-ellipsoid, 9-11
X 3.5-5.5 pm.

Chemistry. Cortex K-, medulla K+ yellow, C-, KC-, P+ orange ; containing usnic acid,
stictic acid (major), constictic acid (minor), norstictic acid (minor), cryptostictic acid
(trace).

In appearance this new species resembles Xanthoparmelia australasica D. Gall. as
both species have comparable thalli with broad lobes, a black lower surface and produce
robust, cylindrical-coralloid isidia on the upper surface. However they differ in the
degree of adnation, the development of isidia and medullary chemistry. In X.
australasica the 1sidia often extend laminally to form a dense, areolate-isidiate mat, a
growth form not observed in the new species. Furthermore X. australasica contains
medullary salazinic and consalazinic acids while X. villamiliana contains the stictic acid
complex - stictic, constictic, norstictic, and cryptostictic acids.

This new species may be confused with X. conspersa (Ach.) Hale as both are
isidiate, have a black lower surface and comparable medullary chemistry. X.
villamiliana has a more tightly adnate thallus with broader lobes (2-3 mm) and thick,
robust, branched isidia which often become coralloid whereas X. conspersa on the other
hand is moderately adnate, with narrower lobes (1-2 mm) and slender, simple or
sparingly branched, cylindrical isidia.

This species is named in honor of Drs. Carlos Villamil and Paula Villamil,
professors of botany at Universidad de la Sur, whose assistance was invaluable in the
collection of the major set of specimens (with T.H.Nash).

Specimens Examined (Paratypes)
ARGENTINA. Provincia de SALTA: Las Pailas, 2280m, Adler (ANUC, BAFC).

Xanthoparmelia wrightiana Nash, Elix & Johnston sp.nov. Fig.6
Species cum thallo ut in Xanthoparmelia cordillerana sed ab hac specie colore

subtus nigra et acido stictico et acido constictico continens differt.

Type. Argentina. Provincia de Buenos Aires, Partido Tornquist, Sierra de la Ventana,

I'H.Nash 23,878; ASU-holotype, ANUC-isotype.

Thallus foliose, saxicolous, adnate, yellow-green in colour, to 6 cm in diameter;
lobes irregular, 1.0-3.0 mm wide, imbricate or not. Upper surface broadly undulating,
shiny at the margins but appearing subgranulate in the centre, emaculate, often
black-margined, developing numerous erumpent or wart-like isidia, isidia laminal, small
(to 0.3 mm high) in the centre of the thallus, simple, globose or short-cylindrical, at first
entire but ultimately bursting open apically; medulla white; lower surface black, shining,
moderately to sparsely rhizinate, rhizines short, simple, black. Apothecia rare, to 4 mm
in diameter, disc convex, brown to dark brown; margin involute at first, entire,
persistent, £ isidiate, amphithecium smooth or isidiate, spores, ellipsoid, 8-10 x 4-6
pm.

Chemistry. Cortex K-, medulla K+ yellow then red, C-, KC-, P+ yellow ; containing
usnic acid, stictic acid (major), constictic acid (minor), norstictic acid (minor),
cryptostictic acid (trace).

This new species resembles Xanthoparmelia cordillerana (Gyelnik) Hale since both
develop erumpent isidia on the upper surface and have similar thalli, but these species
differ in medullary chemistry and other morphological features. Thus X. wrightiana is
clearly distinguished by the black lower surface - this being pale brown to dark brown in
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X. cordillerana.. Further the lobes of X. wrightiana tend to be narrow and the erumpent
1sidia are not at all sorediate while in X. cordillerana the lobes are broader and the isidia
pustulate. This new species is more likely to be confused with X. argentinensis as both
have a black lower surface and produce erumpent isidia. In this case X. wrightiana can
be distiguished by the narrower lobes (1-2mm), erumpent isidia and the production of
the stictic acid complex. By contrast X. argentinensis has broader lobes (2-5mm),
subpustulate 1sidia and produces medullary salazinic acid.

This species in named in honor of Dr. Jorge Wright, professor of mycology at the
Universidad de Buenos Aires, who has encouraged a number of students to study
lichenology.

Specimens Examined (Paratypes C))

ARGENTINA. Provincia de CORDOBA: 1 km S of Tanti along route 20, ca.. 1000m,
Nash 23,983 (ASU, US); 1 km W of Copina in a narrow canyon with flowing water,
Nash 24,040 (ASU); 15 km E of Copina, Nash 24,012 (ASU); 27 km W of El
Durazno where route 20 crosses Rio Yuspe, Nash 24,000 (ASU); 8 km E of Cerro Pan
de Azucar, Nash 23,043 (ASU); Provincia de SALTA: Las Pailas, 2280m, Adler pr.p.
(ANUC, BAFC ).

New Combination

Xanthoparmelia farinosa (Vainio) Nash, Elix & Johnston, comb. nov.
Basionym: Parmelia farinosa Vainio, ftud. Lich. Brésil, 1, 62 (1890)

NEW RECORDS FOR SOUTH AMERICA

Xanthoparmelia adhaerens (Nyl.) Hale
ARGENTINA. Provincia de BUENOS AIRES: Partido Tornquist, Sierra de la
Ventana, Nash 23,876 (ASU).

Xanthoparmelia alternata Elix & Johnston
ARGENTINA. Provincia de SALTA: Las Pailas, Adler (ANUC, BAFC).

Xanthoparmelia antleriformis (Elix) Elix & Johnston
ARGENTINA. Provincia de CORDOBA, 27 km W of El Durazno along route 20 at
Rio Yuspe, Nash 23,995 (ASU).

Xanthoparmelia australasica D. Gall.

ARGENTINA. Provincia de CATAMARCA: valley of Rio Pisavil near Los Rosas, ca
1660m, on granite, Lamb 5736 (CANL). PERU. Provincia de CAJAMARCA:
Departamento de Cajamarca, between Namorca and Lago San Nicolas, 2600m, P.
Hegewald (GZU).

Xanthoparmelia flavescentireagens (Gyeln.) D. Gall.
PERU. Provincia de HUAMANGA: Ayacucho Department, Cerra Condorcunca, 2 km
above Ayacucho Battle Monument, 3300m, Wasshausen & Encarnacion 561 (US).

Xanthoparmelia huachucensis (Nash) Hale
ARGENTINA. Provincia de NEUQUEN: along route 237 above Embalse Ezequiel
Ramos Mexia and ca. 10 km SSW of Picun Leufu, Nash 24,175 (ASU).

Xanthoparmelia isidiigera (Miill. Arg.) Elix & Johnston
ARGENTINA. Provincia de CATAMARCA: east side of Campo de Pucara, ca. 1700m,
on metamorphic rock, Lamb 5751 (CANL).
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Xanthoparmelia mexicana (Gyeln.) Hale

ARGENTINA. Provincia de CATAMARCA: east side of Campo de Pucara, ca.
1700m, on metamorphic rock, Lamb 5746 (CANL); Provincia de CORDOBA: 27 km
W of El Durazno along route 20 at Rio Yuspe, Nash 23,996 (ASU); 19 km S of Villa
Carlos Paz and 3 km E of the Astronomic Observatory, Nash 24,003 (ASU).

Xanthoparmelia oleosa (Elix & Armstrong) Elix & Nash
ARGENTINA. Provincia de SALTA: Cachi, 2280m, M. T. Adler. (ANUC).

Xanthoparmelia scabrosa (Taylor) Hale

ARGENTINA. Provincia de NEUQUEN: 15 km S of Alumine along Rio Alumine,
Nash 24,082 (ASU, ANUC, BAFC, CTES, US); Lanco Luan, Nash 24,071 (ASU);
along route 237 above Embalse Ezequiel Ramos Mexia and ca. 10 km SSW of Picun
Leufu, Nash 24,179 (ASU).

Xanthoparmelia stenophylla (Ach.) Heug.
ECUADOR. Provincia de TUNGARAHUA: 42 km S of Riobamba along the highway
to Quito, 3100m, Nash 23,787 (ASU, ANUC, US).

Xanthoparmelia tasmanica (J. D. Hook. & Taylor) Hale
ARGENTINA. Provincia d¢ CORDOBA: 3 km W of El Durazno, Nash 23,977
(ASU).

PRELIMINARY KEY TO THE SOUTH AMERICAN XANTHOPARMELIAE

b B 8 ) 8L Y00 (=8 b - § IR e e e e B it L a2 Ny o D O L E LY TN 2
SRS E Yol a3 A1) o =7 | T e e e e S i oot S R e i 8
2 LoWer: SULTACE DlaCK iy i bashns s s s 0% biekadnss i s s os R oS s R s e s o 3
O T U TAC e, DO o v sossvessonsssrassovyaonsarapnmmsensayasreyorwsbensaasiuanas 4
3. Thallus subcrustose, stictic, cONStiCtIC ACIAS....c.ceunvrrerreraienans X. mougeotii
Ssoinallus f1O0H0SE; SAIAZINIC "ACKA. .. ciaevidivinomnsnenssussiasaassasonsons X. microspora
4. Lobes narrow (0.5-1mm), salazinic acid.........ccccceiiieieniencrneneennccesanceeasd
4, Lobes broader (1.5-4mm), lower surface brown, chemistry various.............. 6
5. Thallus adnate, soralia orbicular then spreading, lower surface dark brown.......
........................................................................... X. cotopaxiensis
5. Thallus loosely adnate, soralia capitate, lower surface pale brown......X. wildiae
O=Medulla K-, DSOTOMIC ACIA . . ciseainvssinsisnsssrisnnrsnsvssmonsasess X. ferraroiana
6. Medulla K+yellow or yellow-red, stictic or salazinic acids.........ccccevvevennennn 7
7. Soredia farinose, medulla K+ yellow, stictic acid........cccooeevenrnnns X. farinosa
7. Soredia granular, medulla K+ yellow-red, salazinic acid...............X. ulcerosa
e T T 13 L e A e e e A P A R T e i RS SB i 9
SR bNalNG 1aCkINg 1811, oV i avosansearassonsnehnrerisrssves usatunennas dunsaanas 26
9 rIsidia pustulate Or CrRMPEeNt........cccassvncaansssssnssssancnschovessacsnsnasassnassss 10
O I Ia COTTCALE ) I A o il i icaevassanasstausivennorsnesbvaseshvatenanpennssbns 14
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10.
10.

6 8
11.

12
12.

13.
13.

14.
14,

15.
15.

16.
16.

17.
17.

18.
18.

19.
19.

20.
20.
21.
21.

22
22

23.
23.

24,
24,

25.
25.

26.
26.

IV Y e e ) T R O B N U B O S e g S e B B PR L 11
LOWEL: [SHETACE - DEOWI. v cvnisisiassida s s s i sas die fodsds anan o s sai e e ionons 12
Isidia subpustulate, medulla K+ yellow-dark red, salazinic acid.....................

........................................................................... X. argentinensis

[sidia erumpent, esorediate, medulla K+ yellow, stictic acid.........X. wrightiana
Medulla K-, KC+ rose, norlobaridone........ e I X. scabrosa
Medulla K+ VelIoW 'OF FelOW-TCd. . o c.oressrarasicisseonsssniosrossrssassnsvosussse 13
Isidia subpustulate, medulla K+ yellow-dark red, salazinic acid...X. cordillerana
Isidia erumpent, medulla K+ yellow-pale red, hypostictic acid........... X. kalbii
Isidia wart-like, thallus generally terricolous, salazinic acid, norlobaridone......
.................................................................................. X. adleri
Isidia cylindrical; thallus SAXICOIOUS. i xurersrsrssivssininenstonnsasysrncsasanssssans 15
ower' surface black.......ccoviievinssaonsss S S e o L R 16
R0 ol Y Ty g T o) R AN T Lo SIS CS e A el e 21
Thallus subcrustose, lobes 0.2-1.0 mm Wide........coiiiviiiiiiriiinirncesncsnenns 17
Thallus adnate to loosely attached, lobes 1-5 mm wide.......ccoovvvvivennerennnnn. 18
Medulla K+ yellow, UV-stictic acid.........c.oovvveeniiinnianninnns X. mougeotina
Medulla K-, UV+ blue, alectoronic acid..........cceeevvvnvennnnnnn. X. alectoronica
Thallus loosely adnate, i1sidia branched, dense, salazinic acid....... X. australasica
Thallus “adnate 10 Hehtly  AOATE .. .o srverssssssiossaionsnsnsusanarsssesasaeass P
Medulla K+ yellow-red, isidia simple, sparse, salazinic acid......... X. isidiigera
Medulla K+ yellow, isidia simple or branched, stictic acid..........cccceverrnnn. 20
Thallus tightly adnate, lobes 2-3 mm wide, isidia robust, coralloid.................
.............................................................................. X. villamiliana
Thallus adnate, lobes 1-2 mm wide, i1sidia slender, mainly simple..................
N R T AR 0 e L I e i i (s e X. conspersa
Lobes narrow, 0.5-1 mm wide, i1sidia coralloid, salazinic acid... X. antleriformis
BT ey 7Sl v T ol oY | Ry Ve i i sy e e e S e S e d 22
Medulla- K+ vellow oF YEHOW-TCd....icicciicisivmisisnnncssnssisssnsissanansosnions 23
Y CYo b H el (O e S G e ol e W oS M gl R S R S A 25
Medulla K+ yellow-dark red, salazinic acid..........cccceeeeeeenennnn . X. mexicana
Meaula K PEHOW, "SHUCHE BLIA v i ahmnsopnisnssnissisn s sintnsbosusstins ide s 24
Isidia globose, sparingly branched, apices inflated........................ X. plirtii
Isidia cylindrical, slender, much branched..........ccccccoeevnnnnnnnnn. X. succedans
Medulla containing psoromic acid...........ccceeeeevevicreessnessanenes X. kurokawae
Medulla containing fumarprotocetraric, succinprotocetraric acids..........c..eee.. :
............................................................................. X. subramigera
LR BLINE L OTTICDIONR 1 e coviensstesonsas st cerndnsndonssoessasonyussisdrenuos s ooy 27
D RAIEUS e SARTCOIOMS iy b vtaiivsl same st tnssnsesvnessnbasnshinssant tett b dsscsssssiavesse 33



27. Lobes convolute, revolute or canaliculate at least in part........c..cccvvveeennnnnn. 28

21 50DeR SINOXE oL less Pl AR e e e s e s av e 30
25.-Eobes convolute; -stictic acid. ..o i dai i aNaia sy X. vagans
28 Eobes: OF 1oDUleS  Te VO i i i ivarsaisest i teisvan s Tare s s T s o e s s s N Les 29
29. Primary lobes * plane, lobules revolute, salazinic acid................. X. alternata
29. Primary lobes revolute, lobules terete, stictic acid................... X. molliuscula
30. Lower surface black, stictic acid...........c.ccevevvvvrrnenennn... X . @UUStroamericana

S0 E0UCE: SUTTACE DI OWIL  iii . i Tessavavaasasstinassonesnssn shunisnvrisio e st ns e taes o 31
31. Medulla K-, KC+ rose, norlobaridone.............cccce.e. X. flavescentireagens
31:Medulla K+ yellow Or " YelHOW-Ted. .. oo crcsmeesansensrsorssnsessadatonssnaenses 32
32. Medulla K+ yellow, lobes narrow (0.5-1 mm), stictic acid.......... X. standaertii
32. Medulla K+ yellow-red, lobes broad (1.5-5 mm), salazinic acid.......X. taractica
AT LoWer SUITAce  Black. . icciifiicesiiiiiiiisrossniostimsnsts asesnissdunidnvistrmavonseia. 34
250 Brey 7 o O T T ) ¢ {0317 1 Lomimee sl SRS AL s, SOt TR el et S 37
34. Thallus loosely adnate, salaziniC aCid..........cccceeevvniennnnernnnnenns X. tasmanica
34. " Thallus: adnate, 1acking Sal2ZINIC ACIA. i ceucieturcsdeasseasressnssessostansrnsnssssns 35
35. Thallus subcrustose, lobes 0.5-1 mm wide, psoromic acid.......X. huachucensis

35. Thallus foliose, lobes 1-4 mm wide, psoromic acid lacking.......................36

36. Lobes 2-4 mm, apically rotund, medulla K+ yellow, stictic acid... X. hypopsila
36. Lobes 1-2 mm, elongate, medulla K- or K+ pale brown, fumarprotocetraric acid,
SUCCINPrOtOCeAYIC ACIU. . iviiiiss sorvssvarssnrmsb ooyt bue s mans X. hypomelaena

37::Medulla K4 yellow-red, salazinic-acid...........icccciiiiiiaviiviiinaguseensnis 38
e e T R - e e e St e <ot G e S TS L ot 39

38. Lobes narrow, 1-2 mm wide, elobulate, sparsely rhizinate......... X. stenophylla
38. Lobes broad, 2-5 mm wide, commonly lobulate, densely rhizinate... X. taractica

39. Thallus loosely adnate, medulla KC+ rose, loxodin, norlobaridone.................
...................................................................... X. flavescentireagens

39. Thallus tightly adnate, medulla KC-, constipatic acid, protoconstipatic acid........
.................................................................................... X. oleosa
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DIPLOCLADIELLA APPENDICULATA SP. NOV. A NEW
AERO-AQUATIC HYPHOMYCETE

A. NAWAWI

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

A species of Diplocladiella collected on
pieces of submerged bark from Malaysia is
described and illustrated as D.appendiculata
sp. nov. The 8-celled, Y-shaped, sympodially
produced conidia bear 2 hair-like appendages
at the tip of each arm. A key to the known
species is also provided.

The genus Diplocladiella was erected by Arnaud(1954) with
D.scalaroides Arnaud as the type species. El11is(1976)
validated the taxon by giving it a latin diagnosis. It
appears to be common occurring on a variety of leaf-litter
and has been reported from many parts of the world
including Japan(Tubaki,1958), England(E111s,1976;
Kirk,1982) and Taiwan (Matsushima,1980). Although
D.scalaroides has been recorded mainly from terrestrial
habitats 1its characteristics conidia are of frequent
occurrence in foam samples (G6ncz61,1976; Marvanova,1984;
Shearer & Webster,1985; Nawawi,1985a). These conidia may
have had a terrestrial origin and may well be washed into
a stream in spate from leaf-litter flooded by the risen
water. Ingold(1975) found conidia of this fungus
throughout the year 1in foam from a stream in Kent and
remarked that, "it is 1likely that the fungus is at least
capable of aquatic existence". A second species
D.tricladioides Nawawi, considered as an aero-aquatic was
described from Malaysia (Nawawi,1985b). It was found on
pieces of bark incubated in shallow water. The bark pieces
were originally obtained from a submerged log. Its conidia
have also been seen in a foam sample sent to me from
Bombay, India by Dr. A.M. Kelkar. A third species whose
conidia have been known for some time occurring in foam
samples from several Malaysian streams (Nawawi,1985a) 1is
described in this paper as a new species.
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F1g9.1. Diplocladiella appendiculata, (A-G) Stages in conidial formation from bark; (H)
typical Y-shaped, 8-celled conidia with two appendages at the apex of each arm; one
viewed from above.

Diplocladiella appendiculata sp.nov. (Figs 1-2)

Mycelium partim superficiale, partim 1in substrato,
laevibus, fuscis vel brunneis, ramosis, septatis, 2-3 um
latis hyphis. Conidiophori dispersi, singuli, macronemati,
mononemati, simplices, septati, flexuosi vel dejecti,
laeves, brunnei et in apice brunneoli, 40-90 x 2-3 um.
Cellulae conidiogenae integratae, terminales, geniculatae,
sympodiales, cicatricibus conidiorum in geniculationibus
rotundatis. Conidia holoblastica, solitaria, Y-formata,
fusca vel atrogrisea, ramis 2 divergentibus, symmetrica et
bilateralia, octocellularia, distoseptata; axis
principalis 26-31 um latis, rami apicem versus deminuti 2
um, 26-33 pym 1longi, usque ad 10 um crassi; appendice
apicalibus 20-33 x 1 um.
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Fig.2. Diplocladiella appendiculata. (A-B) Two stages in conidial formation from
gark;zét-n} typical conidia with apical appendages; (E) a conidium germinating.
ars=20 um,

Habitat saprophytice 1in cortice decidui trunci 1in
Gombak flumine immersi, Malaya Universitatis Regionale
Studiorum Centro, Julii 1986, A. Nawawi (IMI 309529

holotypus).

This fungus was found growing and sporulating on
pieces of decaying bark in moist chamber. The bark pieces




3500

were taken from a submerged log of an unidentified tree
along the Gombak river at the University of Malaya Field
Study Centre. On incubation at 20° in a Petri dish with
some water this funqus sporulated continuously for more
than 8 weeks. Conidiophores bearing conidia were formed on
the exposed parts of the substrate.

The mycelium was partly superficial and partly
immersed, composed of smooth, fuscous to pale-brown
septate, 2-3 ym wide hyphae. Conidiophores Scattered,
arising singly, macronematous, mononematous, unbranched,
septate, flexuous to pendent, smooth, brownish, paler at
the apex up to 90 um long x 2.5-3 um wide. Conidiogenous
cells integrated, terminal, sometimes becoming
intercalary, confined to the apex of the conidiophores,
polyblastic, geniculate, sympodial, bearing up to 13
prominent flat to round scars which give the cell a
regularly geniculate, zig-zag appearance. Conidia
holoblastic, produce singly from successive apices, often
remaining attached to the lateral scars, Y-shaped,
8-celled, distoseptate, fuscous to grey-brown, consisting
of a main axis with 2 divergent arms, bilaterally
symmetrical, with the two middle oblique septa separating
the arms. The main axis 1i1s Z2-celled, 26-31 um long
(measured from the truncate base to the curvature of the
arms). The basal cell 1is lighter in colour measuring 6-7
um long x 2-3 um wide. The upper cell is wider and longer
and measures 6-9 um wide at the top. The arms (excluding
the appendages) are 26-33 um long x 8-10 pym wide at the
base, narrowing to 2 um at the lighter coloured apical
cell which forks to give rise to 2 hyaline non-septate
appendages 20-33 um long x 1 um wide. These appendages
curved out and 1lie in different planes to the arms.
Conidia are released by a break in the basal septum.
Detached conidia generally float due to the presence of
trapped air bubbles in the central cells and they seldom
germinate while suspended in water. Conidia germinate very
slowly on 2% MA by producing germ-tubes from the truncate
basal cell and also from the tips of the apical cells or
anywhere along the appendages. On 2% MA colonies are very
slow growing, restricted, compact and dark. No sporulation
occurred.

In terms of conidiogenesis, spore morphology and
colour, D.appendiculata 1S very similar to D.scalaroides.
Arnaud(1954) gave excellent illustrations of the stages in
conidial formation 1in D.scalaroides and these differ
little from D.appendiculata. However, there are essential
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differences between the two species. Conidia of
D.scalaroides are smaller rarely exceeding 30 pm across
between the tips of the extended arms, compares to 48-60
um across (excluding the appendages) and up to 105 um
across (including the appendages) 1in D.appendiculata. The
cells making up the conidium in D.appendiculata are wider
and longer. The other obvious difference is that the
apical cell of each arm in D,scalaroides 1S drawn out into

only one appendage.
Key to the species of Diplocladiella

1. Conidia obpyramidal, measuring 20-23 um across, with
an appendage at each corner cell ...............
D.tricladioides.

1. . Conidia triangular or Y-shaped . :.:c e sanie 2

2. Conidia triangular, measuring 30-35 um across
with an appendage at the apex of each arm.

D.scalaroides

2. Conidia Y-shaped, measuring 48-60 um across, with
two appendages at the apex of each arm..
D.appendiculata

A characteristic feature <common to all three
described species 1i1s that their conidia are 8-celled,
distoseptate with the basal and apical cells lighter in
colour. Whilst the extension of the apical cell in
D.scalaroides 1S seldom referred to as an appendage but
merely as  horns (E111s,1976) or hair-like cell
(Ingold,1975), observations on numerous conidia and
illustrations given by previous workers show that these
unpigmented extensions can be regarded as appendages which
all 3 species posses. Another feature they all have in
common is holoblastic sympodial conidiogenesis from
remarkably similar conidiogenous «cells. Tubaki(1958)
described the growth of bD.scalaroides on 2% MA as very
slow growing, restricted, compact, olive-green to dark 1n
colour, which is quite similar to the growth of
D.appendiculata. D.tricladioides has also similar growth
characteristics.

I thank Professor J. Webster for reviewing the
manuscript and for helpful comments. The technical
assistance of  Mrs. Eugenie Yoon is gratefully
acknowledged.
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DESIGNATION OF TYPE COLLECTIONS FOR LACCARTA PROXTMA,
L. TORTILIS, AND L. TRULLISSATA.l

GREGORY M. MUELLER

Field Museum of Natural History
Chicago, IL 60605-2496, U.S.A.

Neotypes for Laccaria proxima (Boud.) Pat.
and L. tortilis (Bolt.) Cooke and a lectotype
for L. trullissata (Ellis) Peck are designated.

Key words: Agaricales, Laccaria, lectotype,
neotype, naomenclature, type specimen

INTRODUCTION

Several commonly used Laccaria names lack type
specimens. To stabilize the namenclature of Laccaria, it
was necessary to designate type specimens for names that
lacked types, that are generally accepted, and whose
identity could be determined by common usage (Korf, 1982a,
1982b). This is done here for Laccaria proxima (Boud.)
Pat., L. tortilis (Bolt.) Cooke, and L. trullissata
(Ellls) Peck. Neotypes for L. amethystea (Bull) Murrill
and L. pumila Fayod (= L. altaica Sing.) were designated
by Mueller and Vellinga (1986). Names that lack type
specimens, have not generally been used, and are based
only on inadequate descriptions have been treated as nam.

dubium and no attempt at typifying them has been made.
Macromorphological descriptions are based on the
original protologue. Micramorphological descriptions are
based on my observations of the type specimen fol lowing
standard techniques (e.g., Largent et al., 1977).

lBased on a portion of a dissertation submitted to

the Graduate School of the Universtiy of Tennessee,
Knoxville, in partial fulfillment of the requirements for

the degree of Doctor of Philosophy.
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Basidiospore size data are always given without
ornamentation and hilar appendage and were obtained with
the hilar appendage in profile. Width and diameter
measurements for other elements were taken at the widest
point. At least 30 basidiospores, 15 basidia, and 10
terminal cells of cuticular hyphae were measured for each

collection. The fol lowing abbreviations are used: X =
mean, Q = length/width ratio, and Q@ = mean length/width
ratio.

TYPIFICATIONS AND DESCRIPTIONS

1. Laccaria proxima (Boudier) Patouillard, Hymeno. Eur.
p. 97. 1887. [Fig. 1]

Basionym: Clitocybe proxima Boudier, Bull. Soc.
Bot. France 28: 91-92. 1881.

Neotype nov.: France, Montemorency, November 1904,
Boudier s.n. (as C. proxima) (PC!).

MACROMORPHOLOGY (Teste Boudier, 1881): BASIDIOMA:
Pileus convex becoming plane, depressed, covered with
appressed fibrils, hygrophanous, orange rust ("fauve
orange," Boudier); disc becoming squamulose with age;
margin striate when moist. Lamellae distant, rather
thick, pinkish flesh-colored ("rose carne," Boudier),
paler toward margin becoming subconcolorous with pileus,
often covered with a white powder (?spores). Stipe
externally fibrillose, equal or slightly thickened at
base, subconcolorous with pileus.

MICROMORPHOLOGY: PILEUS: Pileipellis interwoven
with scattered fascicles of +perpendicular hyphae;
fascicles usually composed of 10-20 hyphae; terminal cells
of fascicular hyphae 38-64 xX 4.6-9.2 um, undifferentiated
to swollen, subclavate to clavate, occasionally
subcapitate, light yellowish brown in mass; walls up to
0.5 mm thick, pale yellowish brown; contents hyaline.
Trama tightly interwoven, undifferentiated, hyaline, light
vel lowish brown toward cuticle. LAMELLA: Trama parallel;
hyphae 4-12 am diam, mostly 5.5-9.5 pm diam, thin-walled,
hyaline to light yellowish brown; cells long, barrel-
shaped. Subhymenium undifferentiated. Basidia 30.5-43 x
8.7-11.5 nm, Q = 2.88-4.25, clavate, elongate, hyaline;
sterigmata 4, up to 5.2 um long. Pleurocystidia lacking.



305

0P

Fig. 1. Laccaria proxima (Neotype, Boudier s.n., Nov.
1904). A. Typical ellipsoid, finely ornamented basidio-

spores. B. Four-sterigmate basidia.

—

Cheilocystidia not observed. Basidiospores (excluding
ornamentation) 7.8-11 x (6.4-)6.9-8.3(-8.7) um (X = 9.6 +
l1x 7.6 + 0.6 um), Q = (1.05-)1.12-1.49 (Q = 1.3 + 0.1),
usually ellipsoid to amygdaliform, occasionally
subglobose, hyaline, echinulate; spines 0.5-0.9 (-2.3) um
long, sometimes with one or two long spines at apex; hilar
appendage 1.4-1.8 am long, prominent, truncate; plage
present; contents occasionally uniguttulate. BASAL
MYCELIUM: Hyphae mostly 2.5-4 um diam, tightly interwoven,
undifferentiated, hyaline.

OBSERVATIONS: There has been much controversy in the
literature as to the correct name of this species (Mueller
and Sundberg, 1981). Typification of the name L. proxima
should stabilize application of the name and the taxonomy
of the species.

Although collected 23 vears after the original
publication date, this is the only Boudier col lection
labelled C. proxima that could be found at PC, and thus,
it is the only authentic material from which to designate
the type specimen. Spore data of this collection closely
fit those in the original description ("spores ovales,
finement echinulees"). Additionally, although difficult
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to discern with certainty due to possible preservation
artifacts, the sporocarps appear to fit the
macromorphological criteria.

2. Laccaria tortilis (Bolton) Cooke, Grevillea 12: 70.
1884. [Fig. 2]

Basionym: Agaricus tortilis Bolton, Hist. Fung.
Halifax. p. 41, Tab. XII, Fig. A. 1788.

Neotype nov.: Great Britain, Scotland, Yorkshire,
Tanfield Lodge, 6 September 1969, Orton 3642 (as L.
tortilis) (E!).

MACROMORPHOLOGY (Teste Bolton, 1788): BASIDIOMA:
Pileus very small to small, convex, becoming plane to
uplifted, striate, dark reddish brown; margin lobed,
crumpled and distorted. Lamellae dusky color. Stipe 6 mm

long, dusky flesh color.

MICROMORPHOLOGY: PILEUS: Pileipellis interwoven with
widely scattered fascicles of +perpendicular hyphae;
terminal cells of fascicular hyphae (n=5) 32-55 x 6.5-12.5
um, undifferentiated to subclavate, occasionally clavate;
walls up to 0.5 um thick, pale yellowish brown; contents
hyaline to light yellowish brown. Trama tightly
interwoven, undifferentiated, hyvaline, light yel lowish
brown toward cuticle. LAMELLA: Trama parallel; hyphae
3.2-13 um diam, thin-walled, hyaline to light yel lowish
brown; cells long, barrel-shaped. Subhymenium
undifferentiated. Basidia 40-60 x 9-13 um, Q = 3.35-5.64,
clavate, elongate, hyaline; sterigmata 2, up to 11 um
long. Pleurocystidia lacking. Cheilocystidia not
observed. Basidiospores (excluding ornmamentation) 11.5-
14.7(-17) x 11.5-14.7(-17) pm (X = 13.4 + 1.3 x 13.4 + 1.3
um), Q = 1(-1.04) (Q = 1 + 0.01), globose, hyaline,
strongly echinulate; spines 2.3-4 um long, 1.3-1.8 pm wide
at base, crowded to very crowded; hilar appendage 1.3-2.3
um long, prominent, truncate; plage present; contents
occasional ly uniguttulate. BASAL MYCELIUM: Hyphae mostly
2.8-5.5 um diam, tightly interwoven, undifferentiated,
hyaline.

OBSERVATIONS: Agaricus tortilis (Bolton, 1788) is
the earliest name used for the very small, often distorted
Laccaria with large, globose, strongly ornamented
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20 um
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Fig. 2. Laccaria tortilis (Neotype, Orton 3642).
A. Typical large, globose, strongly ornamented basidio-
spores. B. Two-sterigmate basidia.

basidiospores born on 2-sterigmate basidia. Although no
holotype exists and Bolton's description did not give any
micromorphological data, his color plate clearly
illustrated the macromorphological traits of this taxon.
An examination of representative material from the
environs of the type locality shows that Bolton probably
had access to specimens that fit into this
micromorphological form. I agree with the majority of
modern workers (e.g., Dennis et al., 1960; Orton, 1960;
Phillips, 1981; Bon, 1983; Moser, 1983) who use L.

tortilis for this species based on common usage (Knrf,
1982a, 1982Db). Rea (1922), Singer (1950, 1952) and

Clemencon (1984) consider L. tortilis to be a smaller
spored species and Singer and Clémengon have used L.
echinospora (Speg.) Sing. for the taxon that I call L.
tortilis.

To stabilize the application of the name and the
taxonomy of the species, a loan of representative material
of the taxon from the Halifax area was requested from E
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and K. No specimens of L. tortilis from Halifax were
located and no new material could be obtained from the
area due to disruption of the original habitat. Several
collections were sent that were obtained in areas similar
to Bolton's original sites (R. Watling, personal
communication). An examination of these collections
showed them to fit well within the circumscription of the
common usage of the name. One collection (Orton No. 3642)
was designated as neotype. Although the collection lacks
morphological notes, it shows a clear resemblance to
Bolton's plate.

3. Laccaria trullissata (Ellis) Peck, Rept. N.Y. State

Bot. 157: 90-91., 1912. ("trullisata"). [Fig. 3]
Basionym: Agaricus (Clitocybe) trullissatus Ellis,

Bull. Torrey Bot. Club 5: 45. 1874.
Lectotype nov.: USA, New Jersey, Newfield, no date,
Ellis s.n. (as Ag. [Clitocybe] trullissatus) (NYS!).

MACROMORPHOLOGY (Teste Ellis, 1874): BASIDIOMA:
Pileus plano—-convex, becaming depressed, fibrose-squamose,
smoother at disk, fleshy; margin thin. Lamel lae coarse
and thick, unequal, distant, arcuate-decurrent, purple-
violet, becoming dark brick red, white pulverulent. Stipe
club-shaped, radicating, fibrillose, stuffed; flesh
violet—-purple; stipe base tomentose, covered with sand.

MICROMORPHOLOGY: PILEUS: Pileipellis interwoven
with widely scattered fascicles of +perpendicular hyphae,
fascicles usual ly composed of 10-25 hyphae; terminal cells
of fascicular hyphae 33-64.5 x 8.3-13.8(-16) uam, sub-
clavate to clavate, occasionally broadly clavate, light
vel lowish brown in mass; walls up to 0.5 um thick, light
vellowish brown; contents hyaline. Trama tightly
interwoven, undifferentiated, hyaline, light vel lowish
brown toward cuticle. LAMELLA: Trama parallel; hyphae
mostly 6.4-14.7 um diam, thin-walled, hyaline to light
vellowish brown; cells long, barrel-shaped. Subhymenium
undifferentiated. Basidia 30-53 x 9.2-12.4 um, Q = 3.08~
4.65, clavate, elongate, hyaline; sterigmata 4, up to 8.2
um long. Pleurocystidia lacking. Cheilocystidia not
observed. Basidiospores (13.8-)14.7-21.6(—-36.3) x (5.5-)
6-7.8(-8.3) ym (X = 18.9 + 4.0 X 6.8 + 0.7 um), Q = 1.99-
3.31(-6.05) (Q = 2.68 + 0.7), subfusiform to fusiform-
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10 pm
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Fig. 3. Laccaria trul lissata (Lectotype, Ellis s.n., no
date, Newfield, New Jersey). A. Typical subfusiform to
fusiform-ellipsoid basidiospores. B. Four-sterigmate
basidia.

ellipsoid, hyaline, very finely roughened; hilar appendage
1.3-1.8 um long, prominent, truncate; contents
occasional ly uniguttulate, rarely biguttulate. BASAL
MYCELIUM: Hyphae mostly 2.8-14.7 pum diam, tightly
interwoven, hyaline; cells long, undifferentiated to

barrel-shaped.

OBSERVATIONS: There is little confusion over the
correct name for this species. Ellis (1874) did not
designate a type specimen, however, so it was necessary to
designate one. Note that the correct spelling for the
epithet is "trullissata" not "trullisata."

Two possible sources for a type exist: 1) the
col lection at NYS labelled COTYPE which included a note in
Ellis's handwriting giving collection data and stating
that it is a new species and 2) the specimens in Ellis's
exsiccata "Fungi of North America." Since the exsiccata
was not distributed until 1875-1885 (Stafleu and Cowan,
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1976), there is no way of knowing if the included
specimens of A. trullissatus were in Ellis's hands at the
time he deslgnated the species. For these reasons, I have
chosen to designate the NYS collection as the lectotype
and consider the material in the exsiccata as authentic
material.
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ABSTRACT

The description of Entomophthora turbinata is emended with
regard to the number of nuclei in its conidia, conidiophores
and hyphal bodies. Its resting spores were found to be binuc-
leate zygospores produced by conjugation of hyphal body pairs.
E. turbinata nuclei stain with acetoorcein, acetocarmine and
bismark brown Y like those of Neozygites spp., but differently
from entomophthoroid nuclei.

A new family of Entomophthorales is proposed: Neozygitaceae,
to include Neozygites and a newly proposed genus, Thaxterospo-
rium. The family Neozygitaceae is distinguished from the other
families of Entomophthorales by its different nuclear structure
and behavior of components of its mitotic apparatus during
mitosis.

Thaxterosporium, having T. turbinatum comb. nov.(=E.turbi-
nata) as generic type, is distinguished from the tetranucleate
Neozygites by having a basic nuclear number (in hyphal bodies,
conidiophores and conidia) twice as large or larger, and by
lacking the ability to resporulate.

The description of the genus Neozygites is emended and a
new combination is proposed for one species: Neozygites
lecanii (=Triplosporium lecanii).

KEY WORDS: Entomophthorales families; Neozygitaceae fam. nov.;
Thaxterosporium gen. Nov.; Thaxterosporium turbinatum comb, nov,
Neozygites lecanii comb. nov.
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Entomophthora turbinata Kenneth (1977) was first described from in-
fected peach-trunk aphids, Pterochloroides persicae Cholodkowski (Lach-
nidae) in Israel. Its possible identity with a number of unidentified
aphidicolous fungal pathogens mentioned in the literature as attacking
species of Lachnidae was discussed and its morphology was compared with
that of some known entomophthoralean species (Kenneth, 1977).

Remaudiére and Keller (1980) transferred E. turbinata to the genus
Neozygites Witlaczil, without giving any taxonomic explanations for
their transfer, but apparently on the grounds of close morphological
similarity between the resting spores of E. turbinata and those of the
type species of Neozygites, N. fresenii (Nowakowski) Remaudiére & Keller.
However, Ben-Ze'ev and Kenneth (1982 a) arqued that the transfer of
E. turbinata t0 Neozygites was not justified by the extant knowledge of
this fungus. They kept E. turbinata in a 1ist of Entomophthora nomina
provisoria (non Entomophthora sensu stricto) which was proposed as a
repository for entomophthoralean taxa for which characters important at
the generic level were lacking or doubtful.

The generic name Neozygites was given by Witlaczil (1885) to what
he mistakenly considered to be a microsporidian organism. In the Ento-
mophthorales, species belonging to this taxon were first recognized as
a subgeneric group: Empusa subg. Triplosporium Thaxter 1888. Giard
(1889? compared Witlaczil's (1885) fiqures with those of Thaxter (1888)
and concluded that at the subgeneric level Triplosporium and Neozygi-
tes are synonymous. Giard's comments remained rather unnoticed by
students of the Entomophthorales, and eventually Batko (1964 b) eleva-
ted Thaxter's subgenus to generic rank, as Triplosporium (Thaxter) Bat-
ko. Batko's generic description is the core of the emended descrip-
tions published by Remaudiére and Keller (1980) and by Ben-Ze'ev and
Kenneth (1982a). A proposal to conserve the generic name Triplosporium
against Neozygites (Humber et al.,1981) was voted against and rejected
by the Coomittee for Fungi and Lichens, of the International Committee
of Botanical Nomenclature (Korf, 1986).

The diagnosis of Neozygites given by Remaudiére and Keller (1980)
was based mainly on the morphology of primary and secondary conidia,
and even as such it did not fit the conidial shapes of two species in-
cluded by them in this genus: N. fumosa (Speare) Remaudiére & Keller
and ¥. turbinata, both with elongate conidia and non-truncate bases.
The emended description of Neozygites (as Triplosporium) given by Ben-
Ze'ev and Kenneth (1982 a) was based on the morphology and nuclear
numbers of hyphal bodies, conidiophores, primary and secondary conidia.
Characters related to resting spores and their mode of production, as
well as to the absence of rhizoids and cystidia were enumerated in both
of the abovementioned descriptions. The nuclei of Neozygites were men-
tioned as entomophthoroid by Ben-Ze'ev and Kenneth (1982 a) due to
their stainability with acetocarmine and acetoorcein, and the genus was
therefore classified in the family Entomophthoraceae.

The aims of this article are to emend the description of E.turbina-
ta by adding some recently found characters and to reclassify it, to-
gether with the genus Neozygites, in a new family of Entomophthorales.

ENTOMOPHTHORA TURBINATA: EMENDED DESCRIPTION

A Japanese-plum tree was found infested with the aphid pterochlo-
roides persicae in late May 1985, in Rehovot, Israel. A few dead, mum-
mified aphids with their rostra still inserted into the bark clung from
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branches. Aphids freshly killed by mycosis were not found later on,
and the population declined rapidly, apparently due to a prolonged pe-
riod of hot, dry weather. Some of the cadavers contained subspherical
and spherical hyphal bodies, along with conidia and conidiophores of
Entomophthora turbinata, While others contained similar hypﬁa] bodies,
some of which were conjugating in pairs, producing zygospores. Within
the same aphid the zygospores were at various stages, from very small
to almost mature ones, with no conidiophores or conidia present.
Several cadavers were filled with black, mature resting spores similar
to those described by Kenneth (1977) along with apparently immature,
hyaline ones, similar to the largest immature zygospores found in
aphids which contained conjugating hyphal bodies. Dead aphids with
liquefied abdomens, containing resting spores in a liquid matrix were
not found. This symptom, described by Kenneth (1977), is probably a
result of high humidity, lacking during May 1985.

Squash preparations of dead aphids were stained with lactophenol-
cotton blue (LPCB), acetocarmine, acetoorcein or bismark brown Y, and
the various fungal structures were measured and their nuclei counted.

NUCLEI did not stain with LPCB and stained very faintly or not at
all with bismark brown. They stained immediately with acetoorcein,
somewhat less well with acetocarmine, and in general less strongly than
nuclei of Entomophthoraceae. E. turbinata nuclei stained with the
abovementioned dyes appeared uniformly red — unlike entomophthoroid
nuclei, in which granules and vermiform bands stain red against a
translucent, unstained background. In this respect the nuclei of E.
turbinata had the same appearance as those of Neozygites fresenii and
N. floridana (Weiser & Muma) Remaudiére & Keller stained with the same
dyes (Ben-Ze'ev and Zelig, unpublished).

HYPHAL BODIES were subspherical or less frequently spherical in
both the conidial (Fig 1) and the resting spore stages (Figs 3b, 10),
with reddish cytoplasm when viewed unstained, in lactophenol. They ap-
peared to differ in size, being somewhat larger in the conidial stage,
but this was not immediately apparent without measuring, and the diffe-
rence might prove to be statistically insignificant. Measurement of a
statistically adequate sample was impossible due to the scarcity of ma-
terial and to the large quantities of opaque debris found in aphids
stricken by this disease, as already noted by Kenneth (1977). The
length x width dimensions of hyphal bodies of the conidial stage were
16.6 - 27.7 x 13.4 - 20.5 ym (x= 21.1 x 16.7 um; s= 2.6 x 2.5 ym, n=17),
Hyphal bodies in the resting spore stage were 12.6 - 22.1 x 11.9 - 15.8
um (X= 16.3 x 13.9 um; s= 2.8 x 1.7 ym, n= 20). Hyphal bodies in the
conidial stage were found with 7 - 9 nuclei while those in the resting
igure stage contained (4-)6 - 15 nuclei, most frequently 9 - 11 (Table

CONIDIOPHORES originated each as a hyphal outgrowth from a hyphal
body. As the conidiophore elongated, the parent hyphal body became
evacuated of cytoplasm and was cut off by a septum from the former.
Conidiophores elongated apparently with little increase in their cyto-
plasmic content, and additional septa were laid down to cut off empty
compartments toward the base, while the cytoplasm moved forward (Fig 1),
Immature conidiophores, after emerging through the host's integument,
comprised an apical cylindrical conidiogenous cell, 6 - 10 um wide,
containing ca. 10 linearly arranged nuclei (Fig 4). A mature conidio-
phore with an apical conidial bud is a clavate conidiogenous cell at
the tip of an empty, multiseptate, unbranched hypha (Fig 5). The
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Figs 1-3. Thaxterosporium turbinatum (=Entomophthora turbinata).

la, b, and c: Successive stages of conidiophores arising from
hyphal bodies (h.b.) — h.b. in 1b and ¢ are already empty of cyto-
plasm — the basal part of the conidiophore in 1lc is already an
empty compartment; 1d: conidial-stage h.b. — one full, the other
evacuated. 2a: Conidia stained with lactophenol cotton blue;

2b: conidia (at a magnification of ca. x 1000) showing debris
attached to their papillae. 3a: Conjugating hyphal bodies and re-
sulting zygospore — the h.b. are almost empty of cytoplasm, and
their nuclei (which have not been retouched!) appear different from
those in zygospores or in non-conjugating h.b.; 3b: group of h.b.
together with group of young zygospores (3c), some with h.b. rem-
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Figs 4-12, Thaxterosporium turbinatum (=Entomophthora turbinata)
4: Young conidiophore with 12-nucleate conidiogenous cell and empty
compartments at the base. 5: Mature conidiophore with conidial bud
at the apex. 6-7: Conidia with germ tubes growing through their
papillae. 8: Conidium of a fungus close to T. turbinatum, attack-
ing Tuberolachnus salignus in England. 9: Resting spore of the
English fungus, beside its broken episporium. 10-12: Successive
stages in T. turbinatum zygosporogenesis. All figures drawn and
brought to the same scale.

hyphal bodies described by Kenneth (1977) were, in fact, immature coni-
diophores in various stages of development.

CONIDIA were as described by Kenneth (1977), but with 5 - 10 nuclei,
usually 7 - 8 nuclei in each (Table 1 and Figs 2, 6, 7). Nuclei in
hyphal bodies, conidiophores and conidia measured 2.0 - 2.4 ym in dia-
meter. Many of the conidia observed had germinated, invariably through
their papillae, one germ-tube per conidium, and some germ tubes were
more than twice as long as the conidia and contained as many as half of
the nuclei of their parent conidia (Figs 6, 7). Kenneth (1977) men-
tioned that "The outer wall of the conidium sometimes was seen to sepa-
rate from the inner wall along the sides." During the present examina-
tion we did not reencounter such wall separation. The "separation" in
the former study (Kenneth, 1977) was very likely an obscure optical ar-
tifact which appeared when the concave profile of the lower half of
-
nants still attached. (acetoorcein). All figs except 2b ca. x 650.
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Table 1. Thaxterosporium turbinatum (=Entomophthora turbinata):
distribution (n) of nuclear numbers (NN) in conidia, hyphal bodies,
and zygospores.

CONIDIA CONIDIAL STAGE ZYGOSPORE STAGE ZYGOSPORES
HYPHAL BODIES HYPHAL  BODIES
(NN)

()= "~ n.  C(NN) n:_(NN)
7 2 1
8 3 6 2
2 7 3

8
9
total 7 10
Ce— 11
total 40 12
13
14
15

=

N
W& |3

total 69
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total 52

some conidia was in a particular focus. We conclude that E. turbinata
conidia have unitunicate walls: with more than one layer, but not sepa-
rating. No secondary conidia or secondary conidiophores of any type
were found here or in the former study (Kenneth, 1977) although we
looked for them extensively.

RESTING SPORES were found to be zygospores. Each grows from a
1 - 2 um wide conjugation bridge that connects two conjugating hyphal
bodies (Figs 3a, 10, 11). Conjugation bridges were usually very short
and were often obscured by the two hyphal bodies and zygospore. Very
young zygospores had no nuclei; usually two nuclei were observed in
each zygospore that attained at least the size of a hyphal body (Figs 3
a,c,10, 11, 12). Zygospores appeared to have a very thin wall or no
wall at all until they reached full size (compare Figs 3a with 3c, and
11 with 12). Parent hyphal bodies evacuated all their cytoplasm, but
only one nucleus passed from each into the growing zygospore. After
conjugation and zygospore formation the parent hyphal bodies are but
empty sacs with degenerating nuclei which appear as empty vesicles with
dark membranes (Fig 3a). In fully grown zygospores with thick hyaline
walls, there were usually 2 nuclei and rarely 1 or 3 (Table 1);
although of apparently recent hyphal body origin, they were slightly
larger than in hyphal bodies, 2.4 - 3.2 um in diameter, and although
they appeared to be stained red in lower magnifications, at 40 x 25
(objective x ocular), they appeared blue, while nuclei in hyphal bodies
were red at the same magnification (in acetoorcein or acetocarmine)
(compare nuclei in Figs 3a, 10 and 11 for size). Mature resting spores
with black episporia were exactly as described by Kenneth (lg?n?.
Karyogamy within zygospores was not observed.

N. Wilding found in England, in 1976, a fungus attacking aphids,
Tuberolachnus salignus (Lachnidae), as being very similar to Entomoph-
thora turbinata (pers. commun. to R.G.K., 1978) and sent us microscope
slides and herbarium material. Conidia measured 17.7 - 24.1 um in
length (X= 20.9 um; s= 1.8 um; n= 30), matching well that of E. turbi-
nata conidia. Their width, however, was 12.8 - 19.3 um (X= 16.0 um;
s= 1.4 um; n= 30) which is more than 20% larger than that of E. turbi-
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nata conidia, and thus the length/width ratio of the English isolate
was 1.1 - 1.5; x= 1.3 as compared with 1.2 - 1.86; X= 1.52 of E. turbi-
nata. Resting spores examined and measured in 1978 matched well, in
shape and size,those of E. turbinata. Resting spore material was stai-
ned and examined again in 1985. The material contained resting spores
morphologically similar to those of E. turbinata. The nuclei in those
spores did not stain with acetocarmine and acetoorcein. When the spo-
res were squashed between slide and coverslip they seemed to be empty
or with disintegrated contents. Several resting spores were observed
which had less opaque episporia, or the episporia were partly or com-
pletely removed, in which the nuclei did not stain well, but were visi-
ble with phase contrast optics and measured 3.6 um. One nucleus/spore
was observed in two spores, two nuclei were observed in three spores,
one spore contained one, possibly two nuclei (Fig 9). One conidium
with 7 (possibly 9) faintly stained nuclei was found in the same prepa-
ration. It had the brownish-smoky wall characteristic of E. turbinata
but also of most Neozygites species and its shape was intermediate
between E. turbinata and N. lageniformis (Thaxter) Remaudieére & Keller,
with debris attached to and obscuring its papilla (Fig 8).

With regard to its conidial nuclear number, nuclear stain affinity,
and resting spores, the fungus attacking Tuberolachnus salignus in Eng-
land is, very likely, closely allied with E. turbinata; however, they
might not be conspecific, as indicated by their different conidial
widths.

THE FAMILIAL AFFILIATION OF NEOZYGITES

The most prominent criteria for delimitation of three families of
Entomophthorales, namely the ultrastructure of interphase nuclei, their
stain reactions and mitotic mechanisms and performance, have been stres-
sed, but only sketchily in recent literature (Humber, 1981; 1982; 1984;
Ben-Ze'ev and Kenneth, 1982 a). A compilation of ultrastructural stu-
dies dealing with Ancylistaceae, Basidiobolaceae, and very recently
with Entomophthoraceae reveals the following nuclear characteristics of
each familial group: =
1. ANCYLISTACEAE: nuclei without condensed chromatin™: nucleoli, 1-2/

nucleus, are persistent and substantially more electron dense than

nucleoplasm and stain more deeply during mitosis; there is a pair
of spindle-polar-bodies (SPB), each composed of a short cylindrical

(or shaped as a shallow cup or saucepan-like) extranuclear compo-

nent (ENC)** and a saucer-shaped intranuclear component (INC) 1in

which the ends of spindle microtubules seem to be anchored; during
mitosis the nuclear membrane remains intact; the metaphase spindle
is eccentrically located and occupies only a small part of the
total nuclear volume (Moorman, 1976; T.M. Butt and A. Beckett,
pers. commun.+ TEM micrographs. Details of nuclear ultrastructure
of several members of Ancylistaceae are corroborated by TEM micro-
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* Also referred to as heterochromatin, observable as electron-dense,
intermingled bands (in TEM micrographs) or as deeply stained in aceto-
carmine, acetoorcein, bismark brown Y, and sometimes in lactophenol-
cotton blue. Lack of condensed chromatin does not mean that these

nuclei are devoid of chromatin.
** Term used in Butt and Beckett (1984 a; 1984 b), also referred to as

nucleus associated organelle (NAO) e.g. in Murrin et al.(1984).
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graphs published in the following articles: conidiobolus coronatus
— Garrison et al.,1975; c. apiculatus — Lambiase and Yendol, 1976;
C. thromboides — Ohkawa and Aoki, 1980; c¢. obscurus — Latgé et al.,
1982; 19863 Brey et al., 1986).

2. BASIDIOBOLACEAE: nuclei without condensed chromatin; nucleolus sin-
gle, very large, substantially more electron dense than nucleoplasm;
the nucleolus disperses during prophase; there is a pair of short,
cylindrical, extranuclear SPB; chromosomes become condensed and vi-
sible as condensed chromatin at late prometaphase (in both TEM mic-
rographs and in acetocarmine preparations) and disperse again in
late anaphase; during metaphase the dispersed nucleolar material
becomes again very electron-dense, as two large polar caps in which
the spindle microtubules seem to be anchored ( as in the INC of
Ancylistaceae); each polar cap becomes a daughter nucleolus in te-
lophase; during prometaphase the nuclear membrane breaks down to
form vesicles and cisternae around the nucleoplasm — it is fully
restored in telophase; the metaphase spindle is barrel-like and oc-
cupies the entire nuclear volume (Robinow, 1963; Sun and Bowen,
1972; Gull and Trinci, 1974; McKerracher and Heath, 1985).

3. ENTOMOPHTHORACEAE: nuclei characterized by thick, vermiform bands
or aggregates of extensively condensed chromatin during interphase
(with certain exceptions) and during all stages of mitosis; nucle-
oli, 1-2/nucleus, staining less and appearing less electron-dense
than those of the other two families, persistent during mitosis;
SPBs, where observed, are composed of ENC and INC, of similar type,
but larger than in Ancylistaceae, possibly differing in shape among
the different genera; the nuclear membrane remains intact during
mitosis; the metaphase spindle is eccentrically located and occu-
pies a small part of the nuclear volume (Humber, 1981; 1984; Butt
and Beckett, 1984 a; 1984 b; Murrin et al.,1984; 1986. Details of
nuclear ultrastructure of members of Entomophthoraceae are corrobo-
rated by TEM micrographs published or pending publication, e.q.
Erynia neoaphidis — Kobayashi et a1.,1984).

Other characters important at the familial level in this order,

?gcgq§s the mode of zygosporogenesis, have been discussed by Humber
984).

During 1982-1984 it became gradually apparent that the ultrastruc-
ture and mitotic behavior of Neozygites fresenii nuclear components
differs substantially from those of other Entomophthoraceae, and from
those of the other two families as well. One important difference
claimed was the lack of condensed chromatin in N. fresenii nuclei (T.M,
Butt, IIIrd Intl. Colloq. Invert. Pathol., Sept. 1982, Brighton, U.K.,
and study of his electron micrographs; Butt and Beckett, pers. commun.
+ TEM micrographs, 1983), or as quoted in Murrin et a1.(1984): [The
nucleus of N. fresenii] "...does not show features of chromatin or
spindle organization typical of other members of the Entomophthoraceae
(Butt and Beckett, personal communication)."; and "...condensed chroma-
tin in 'interphase nuclei' absent (Murrin et al.,1984, Table 1, quoting
Butt and Beckett, pers. comm.).

Careful scrutiny of TEM micrographs of N. fresenii nuclei (Fig 13)
(and Butt and Beckett's TEM micrographs examined by us) reveals a net-
work of heterochromatic aggregations, substantially less electron-dense
and smaller than those in entomophthoroid nuclei, but in contrast to
the absence of such aggregations in ancylistoid nuclei, Similar hete-
rochromatic material was demonstrated in Neozygites acaridis (Petch)
Milner (Milner, 1985, Fig 3). Butt (cited above) regarded his own
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Fig 13. Neozygites fresenii: Interphase conidial nucleus with elec-
tron-dense nucleolus (no) and aggregations of semi-condensed hete-
rochromatin (arrows). Reproduced from Uziel (1987). X 16000.

findings as lack of condensed chromatin — we hold the view that the
moderately electron-dense aggregates in N, fresenii and N. acaridis
nuclei are better defined as semi-condensed chromatin. This is consis-
tent with the somewhat fainter, but nonetheless visible staining of

N. fresenii and N. floridana (Ben-Ze'ev and Zelig, unpublished) and

N. acaridis (Milner, 1985) nuclei with acetoorcein, acetocarmine, and
bismark brown Y. The staining of E. turbinata nuclei with those stains,
reported here, is similar to that of Neozygites species.

Murrin et al.(1984) concluded that "...characteristics of chromatin
organization and mitotic division at the ultrastructural level in
E.[ntomophaga)] aulicae support the proposal of the Entomophthoraceae
being distinct from the Basidiobolaceae and Ancylistaceae"”. With re-
gard to the recent findings of nuclear characters of Neozygites frese-
nii, they correctly questioned its placement in the Entomophthoraceae.
An analysis of the nuclear ultrastructural features of the three fami-
lies listed above shows that each group differs from the other two in
at least two characters, and all groups are interrelated by shared
characters. Since these three groups are recognized as families mostly
because of their nuclear characters (although other characters are also
useful at this level), we conclude that Neozygites should be removed
from the Entomophthoraceae and deserves its own familial status in the
Entomophthorales:

NEOZYGITACEAE Ben-Ze'ev, Kenneth & Uziel, fam. nov. (Zygomycetes)
Familia Entomophthoralium, differens ab Ancylistaceis, Basi-
diobolacels, et Entomophthoraceis in nucleorum structura et



522

functione in mitosi. Nuclei neozygitoidei per "aceto-carmin” et
"aceto~orcein" moderate colorantur, sed dilute vel nullo modo per
"bismark brown Y". Nucleoplasma observatum per microscopium opti-
cum aequaliter coloratum et sine filamentis crassis heterochroma-
tinis esse videtur. In picturis per microscopium electronicum
reticulum subtile chromatini hemicondensati manifestum est, Fusus
mitoticus centraliter locatus maximam partem nuclei voluminis
occupat.
TYPUS FAMILIARIS: Neozygites witlaczil 1885 [=Triplosporium
(Thaxter 1888) Batko 1964]

Family of Entomophthorales, differing from Ancylistaceae, Basidio-
bolaceae, and Entomophthoraceae in nuclear structure and behavior of
nuclear components during mitosis. Neozygitoid nuclei stain moderately
with acetocarmine and acetoorcein, but faintly or not at all with bis-
mark brown Y. The nucleus viewed with the optical microscope appears
to be uniformly stained and devoid of thick heterochromatic threads.

In electron microscope photographs a fine network of semi-condensed
chromatin is revealed (Fig 13). The mitotic spindle is centrally loca-
ted and occupies most of the nuclear volume. The nucleolus is single,
more or less centrally located, very electron-dense relative to the
nucleoplasm; its fate during mitosis is unknown. No SPBs have been ob-
served yet. The nuclear membrane stays intact during mitosis.*
FAMILIAL TYPE: Neozygites Witlaczil 1885 [FTriplosporium (Thaxter 1888)
Batko 1964].

Since our former emendation of Triplosporium (Ben-Ze'ev and Kenneth
1982 a), new characters have been discovered, along with some flaws in
the older description. Therefore a new emendation is required:

Neozygites Witlaczil 1885, emend., Ben-Ze'ev & Kenneth, emend. nov.

MYCELIUM coenocytic, generally composed of tetranucleate, rarely tri-
nucleate or up to hexa-nucleate hyphal bodies: spherical, oval,
cylindrical or irregularly shaped.

NUCLEI neozygitoid (as defined in the familial description).

CONIDIOPHORES unicellular, simple, each arising from one hyphal body,
and generally with the same number of nuclei.

PRIMARY CONIDIA unitunicate, generally tetranucleate, rarely tri- to
penta-nucleate, spherical-truncate or oval-truncate [Truncata-
lageniformis, acc. to Lakon's (1919) classification] or elongate:
ellipsoid with or without a slight constriction above the papilla.

SECONDARY CONIDIA, if present, are of types Ia or II (capilliconidia),
with the same nuclear number as primary ones.

CAPILLICONIDIA are the more usual secondary conidia, almond-shaped,
with an adhesive haptor at the apex, through which germination
occurs; they are passively detached from a capillary conidiophore.

ACTIVE EJECTION of primary and type I secondary conidia is by some
degree of rounding-off (papillar eversion). All types of conidia
are usually smoky-colored.

RESTING SPORES, usually covered by a dark-colored episporium, arise

either by isogamous conjugation of two hyphal bodies and are bi-
nucleate, or by budding from one hyphal body without apparent con-
Jugation (zygospores and azygospores, respectively).

RESTING SPORE GERMINATION, where observed, has been by a capillary
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* Ultrastructural details have been provided by T.M, Butt (pers. com-
mun.) and have been studied by us in TEM micrographs kindly provided
by Dr. Butt in 1982 and 1983.
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germ-conidiophore upon which a germ-capilliconidium was produced.
PSEUDOCYSTIDIA absent.
RHIZOIDS, absent in all but one species, are simple, without specia-
1ized holdfast at the apex, produced singly from hyphal bodies.
OBLIGATE PATHOGENS of arthropods.

A NEW GENUS OF NEOZYGITACEAE:
THAXTEROSPORIUM BEN-ZE'EV & KENNETH, GEN. NOV.(ENTOMOPHTHORALES)

Species entomopathogenica. CORPORA HYPHALIA sphaerica vel sub-
sphaerica vel ovoidea, 4-15 nucleata, vulgo 7-11 nucleata. NUCLEI
neozygitoidei, comparate mediocres, nucleoplasmate sine filamentis
crassis heterochromatinis, cito sed moderate colorati per "aceto-
carmin" vel "aceto-orcein" sed dilute vel nullo modo per "bismark
brown Y". CONIDIOPHORA simplicia, plus minusve cylindrica et apice
clavata, unicellularia, plus minusve deca-nucleata. CONIDIA PRIMA-
RIA unitunicata, violenter emissa eversione papillarum basalium,
plus minusve 7~8 nucleata, per papillas basales germinantia, sed
nullis conidils secundarils formatis. SPORAE PERDURANTES binuclea=-
tae, a ponte coniugali duorum corporum hyphalium coniugatorum por-
tae. Modus germinationis zygosporarum — ignotus. RHIZOIDEA et
PSEUDOCYSTIDIA — 1ignota.

TYPUS GENERIS: Thaxterosporium turbinatum (Xenneth) Kenneth & Ben-
Ze'ev, comb. nov. BASIONYM: Entomophthora turbinata kenneth,
Mycotaxon 6:388, figs 1-8, 1977. SYNONYM: Neozygites turbinata
(Kenneth) Remaudiére & Keller, Mycotaxon 11:332, 1980.

Entomopathogenic species. HYPHAL BODIES spherical, subspherical or
ovoid, 4-15 nucleate, usually 7-11 nucleate. NUCLEI neozygitoid,
medium-sized (when cnmpared with the usually smaller ancylistoid ones,
or with the larger entomophthoroid ones), with nucleoplasm devoid of
thick heterochromatic filaments, staining quickly but moderately with
acetocarmine and acetoorcein but faintly or not at all with bismark
brown. CONIDIOPHORES simple, more or less cylindrical and clavate at
the apex, unicellular, ca. ten-nucleate. PRIMARY CONIDIA unitunicate,
violently discharged by eversion of basal papillae, more or less 7-8
nucleate, germinating only through the basal papillae but not producing
secondary conidia. RESTING SPORES are binucleate zygospores arising
from the conjugation bridge of two conjugating hyphal bodies. The mode
of zygospore germination is unknown. RHIZOIDS and PSEUDOCYSTIDIA
unknown. This genus is named in honor of Professor Roland Thaxter
(1858 - 1932) and his contribution to the knowledge of Entomophthorales.

From a strictly phenetic point of view, the resting spores of Neo-
zygites fresenii and those of Thaxterosporium turbinatum are very much
alike, and that was probably what prompted Remaudiére and Keller (1980)
to transfer E. turbinata to Neozygites. At that time this was the only
character available that could justify such a transfer. The similarity,
revealed here, in the mode of zygospore ontogeny, appears to strengthen
even more the placement of E. turbinata near N. fresenii in Neozygites.
No doubt, these characters, and the similar stain affinity of their
nuclei, place them together in the same familial group. One of the
strongest generic-level criteria advocated in Batko's (1964 a,b,c)
classification, and in neobatkoan classifications of Entomophthorales
(Humber, 1981, 1984; Humber and Ben-Ze'ev, 1981; Ben-Ze'ev and Kenneth,
1981; 1982 a,b) and partly in that of Remaudiére and Keller (1980) is
the number of nuclei in conidia, conidiophores and hyphal bodies.
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Every single species of Neozygites (=Triplosporium) of the eight listed
in Ben-Ze'ev and Kenneth (1982 a) is known to have conidia and hyphal
bodies containing 4 ¥ 1 nuclei. The same is true for seven of the
eight species listed in Neozygites by Remaudiére and Keller (1980) —

N. turbinata is the exception in their list; Triplosporium lecanii®,
also tetranucleate, is missing in their 1list. The recently discovered
Neozygites acaridis (Milner, 1985) is also tetranucleate.

Our decision to erect a new genus, Thaxterosporium, for T. turbina-
tum, 1S based on two major characters in which this genus diverges from
Neozygites:

1. The basic nuclear number of Thaxterosporium (in conidia, conidio-
phores, and hyphal bodies) is, on the average, double or more than that
of Neozygites. Neozygites appears to be, unlike other plurinucleate
entomophthoralean genera such as Entomophthora Fresenius 1856 sensu
stricto Batko (1964 a), sensu stricto, emend. Remaudiere & Keller
(1980) , Entomophaga Batko 1964, and massospora Peck 1879, a genus in
which individual species did not diverge from their common ancestor
with regard to the basic nuclear number. A strict control over this
basic nuclear number seems to have been inherited from that common an-
cestor and preserved — somewhat like the uninucleate condition in the
conidiogenous cells and conidia of Erynia Nowakowski 1881 and Strong-
wellsea Batko & Weiser 1965, or even in the mycelial cells of Basidio-
bolus Eidam 1886.

2. Thaxterosporium further differs from wNeozygites in its lack of res-
porulation. While the presence vs. absence of certain types of secon-
dary conidia is advocated by us (Ben-Ze'ev, 1980; Ben-Ze'ev and Kenneth,
1981; 1982 a, b) as a criterion of sub-generic importance — the situa-
tion here is different: a total lack of resporulation in Thaxterospo-
rium, against two types (I and II, see Ben-Ze'ev and Kenneth, 1982 a),
exceptionally one (Milner, 1985), of resporulation in Neozygites.

A third character which might be of some importance, although it is
difficult to decide at which level, is the germination of 7. turbinatum
conidia exclusively through their papillae, a character which has as
yet not been shown to occur in primary conidia of Neozygites Spp.

With the description of the new genus Thaxterosporium and the more
comprehensive description of 7. turbinatum, the way is open to reexamine
species that might belong to this genus, such as the one attacking
Tuberolachnus aphids in England, and isolates reported on Lachnidae
elsewhere.
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% Neozygites lecanii (Zimmermann) Ben-Ze'ev & Kenneth, comb. nov.
Basionym: Empusa lecanii Zimmermann, Meded. Lands. Plantent. 44:25-27,
1901. Synonym: Triplosporium lecanii (Zimmermann) Ben-Ze'ev & Kenneth,
Mycotaxon 14:436, 1982,
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Studies on Ectomycorrhizae IX*

Mycorrhizae Formed by Tricholoma sulfureum
and T. vaccinum on Spruce

R. AGERER

Institute for Systematic Botany University of Munich
D-8000 Munich
Menzingerstrafle 67

FRG

Summary: The mycorrhizae of Tricholoma
sulfureum and T. vaccinum on spruce are
comprehensively described. These species
differ in many anatomical, morphological
and chemical features and in
autofluorescence. There seem to be more
mycorrhizal similarities of T. sulfureum
with Dermocybe cinnamomea than with T.
vaccinum. The literature on anatomical
and morphological features of Tricholoma
mycorrhizae is reviewed. A key 1is also
given for all ectomycorrhizae
characterized up to now i1n this series.

Zzusammenfassung: Die Mykorrhizen von
Tricholoma sulfureum und Tricholoma
vaccinum werden ausfuhrlich beschrieben.
Diese beiden Arten unterscheiden sich
hinsichtlich anatomischer,
morphologischer und chemischer Merkmale
und in ihrer Autofluoreszenz. Zwischen
den Mykorrhizen von T. sulfureum und
Dermocybe cinnamomea scheinen mehr
Ahnlichkeiten zu bestehen als zwischen
jenen von T. sulfureum und T. vaccinum.

*) Studies on Ectomycorrhizae VIII: BRAND & AGERER
(1986)
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Alle in der Literatur besprochenen
Mykorrhizen von Tricholoma Arten sind
vergleichend zusammengestellt. Fur alle
bisher in dieser Serie beschriebenen
Mykorrhizen wird ein Bestimmungschlissel
angefuhrt.

Key Words:
ectomycorrhizae-characterization,
-identification, -anatomy, -morphology,
-surface view, -longitudinal section,
-cross-section, inner surface of mantle,
chemical reaction, autofluorescence,
nucleus, siderophilous granulation,
emanating hyphae, rhizomorph, Picea
abies, Tricholoma sulfureum, T.
vaccinum, key.

In this series on anatomical and morphological
studies of ectomycorrhizae, we construct and
expand a key in which all mycorrhizae described in
this series are included. In the future it should
be possible to determine increasing numbers of the
ectomycorrhizae found in natural soil from the
most recent key of this series, which will include
identified ectomycorrhizae as well as those formed
with unknown fungi. Most of these mycorrhizae will
be pictured in the COLOUR ATLAS OF ECTOMYCORRHIZAE
(Einhorn-Verlag, Schwdabisch Gmiund, FRG).

I. MATERIAL AND METHODS

The methods for studying ectomycorrhizae
anatomically and morphologically in this series
are discussed extensively in AGERER (1986) with
additional remarks in BRAND & AGERER (1986) and
AGERER (1987). The value of the features used is
discussed in detail in AGERER (1986a) and AGERER
et al.(1986).

Some additional characters are introduced in this
paper: first, the average tangential length of
tannin and cortical cells, and secondly, the ratio
between their tangential length and radial width.
This is done for cross-sections as well as for
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longitudinal sections. The values are based upon
20 up to 50 and more measurements. Average length
and ratio between length and width have been
already successfully used for characterizing
spores of fungi (e. a. AGERER 1983). These values
are probably more appropriate for characterizing
the cells than i1s theilir range of dimensions.
GODBOUT & FORTIN (1985) used such ratios, too, for
characterizing the proportions of the outer
cortical cells (the so-called elongation-ratio) of
synthesized aspen mycorrhizae. The average
tangential length of tannin cells will be
abbreviated in this study by TC t (CC t: average
tangential length of cortical cells), the average
ratio between tanagential lenath and radial width
by TC g (CC g: average ratio between tangential
length and radial width of cortical cells); only
cortical cells surrounded by the Hartig net on
three or more sides have been measured.

II. KEY FOR THE MYCORRHIZAE DESCRIBED SO FAR IN
THIS SERIES

1 Mycorrhizae of Fagus sylvatica
2 Mycorrhizal mantle plectenchymatous
throughout, laticiferous hyphae lacking; young
mycorrhizae with bright blue-violet tips
Laccaria amethystina (s.
BRAND & AGERER 1986)
2 Mycorrhizal mantle with distinct layers: outer
layer pseudoparenchymatous, inner layers
plectenchymatous; with laticiferous hyphae;
young mycorrhizae without bright blue-violet
tips
3 Mycorrhizal mantle in surface view with
epidermis-like cells; cell walls very thick
and colourless
Lactarius vellereus (s.
BRAND & AGERER 1986)
3 Mycorrhizal mantle in surface view with
angular cells; cell walls only slightly
thick, orange-brown
Lactarius subdulcis (s.
BRAND & AGERER 1986)
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1 Mycorrhizae of Picea abies
4 Mycorrhizae smooth, somewhat hairy only as
seen under a dissecting microscope; rhizo-
morphs lacking or with rhizomorphs possessing
distinct margins
9 Mycorrhizae lacking rhizomorphs; mantle
hyphae strongly gelatinous; hyphae of Hartiag
net in several rows; outer cortical cells
with conspicuous intracellular hyphae
"Piceirhiza gelatinosa''**
(s. GRONBACH & AGERER 1986)
5 Mycorrhizae with rhizomorphs; mantle hyphae
not strongly gelatinous; hyphae of Hartig
net more or less in one row; outer cortical
cells conspicuous intracellular hyphae
lacking
6 Mantle of mycorrhizae with laticiferous
hyphae
7 Surface of mantle with normal hyphae
running more or less parallel to the
surface of the mycorrhizae
Lactarius deterrimus (s.
AGERER 1986a)
7 Surface of mantle with short, obtuse
hyphal ends protruding more or less per-
pendicularly to the surface of mantle
Lactarius picinus (s.
AGERER 1986a)

**) With such binomials we try to name yet
unidentified mycorrhizae unequivocally and thus
intend to avoid confusing designations by letters,
numbers or other symbols. The names are always
accompanied with detailed descriptions and
citations of reference specimens. But we do not
have the intention to designate mycorrhizae in the
sense of the "Botanical Code of Nomenclature', as
it is usual for species of fungi, lichens or
plants. Such names for ectomycorrhizae should only
help to facilitate the international
communication, and they should make it possible to
speak about one and the same mycorrhiza. We do
this with full agreement by Dr. Jim Trappe,
Corvallis.
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6 Mantle of mycorrhizae lackinag laticiferous
hyphae

8 Surface of mantle pseudoparenchymatous,
the cells angular
Russula ochroleuca (s.
AGERER 1986a)
8 Surface of mantle a network of hyphae
Russula xerampelina (s.
AGERER 1986a)
4 Mycorrhizae conspicuously hairy, furnished
with many hyphae; hyphae partly densely inter-
connected to hyphal strands (rhizomorphs)
9 Rhizomorphs of mycorrhizae lacking epi-
membranaceous pigment
10 Mycorrhizae areenish yellow; some hyphae
of mantle surface with brown contents
that turn distinctly dark brown in
Melzer's reagent
Dermocybe cinnamomea (s.
AGERER 1987)
10 Mycorrhizae slightly red or brownish-red;
mantle lackina hyphae with brown contents
that turn distinctly dark brown 1in
Melzer's reagent
Dermocybe sanguinea (s.
AGERER 1987)
9 Rhizomorphs of mycorrhizae with epimembrana-
ceous piament
117 Emanatina hyphae and hyphae of rhizo-
morphs with abundant '"contact-septae';
lackinag "contact-clamps'"; rhizomorph
hyphae of uniform diameter
Tricholoma sulfureum
11 Emanating hyphae mostly lacking "contact-
septae", and lacking "contact-clamps";

rhizomorph hyphae varying markedly in
diameter.

Tricholoma vaccinum




332

III. DESCRIPTION OF THE MYCORRHIZAE

1. Tricholoma sulfureum (Bull.: Fr.) Xumner

Fig. 142 Bl 1, 22

MORPHOLOGICAL CHARACTERS

Mode of ramification: monopodial, sometimes
infrequently ramified; length of unramified ends:
up to 0.2 mm; diameter of unramified ends: up to
0.3 (0.33) mm; shape of unramified ends: straight;
structure of surface: matted and strinagy, with
fan-like rhizomorpns, rhizomorphs sometimes
vellow. Colour of unramified ends: white; colour

of tips: white; colour of older parts: brownish to
shiny dark brown.

ANATOMICAL CHARACTERS OF SURFACE

OUTER SURFACE O MANTLE

Structure: plectenchymatous, intermingled with
short, cylindrical, sometimes distorted end-cells;
dianeter of hyphal cells: 3 - 4 (5) pm; thickness
of cell walls: up to 0.5 pm; surface at the very
tip: plectenchymatous, hyphae often slightly and
rapidly collapsing, 2 - 3.5 pm in diam.
RHIZOMORPHS

Shape in cross-section: more or less flat;
arrangement and diameter of hyphae: loosely woven,
all of nearly the same diameter, without thicker
central hyphae, (2.5) 3 - 4 (5.5) pm; thickness of
cell walls: up to 0.5 pm; colour of hyphae:
pigment epimembranaceous and hyphae slightly

—— * n—

Fig. 1 - Tricholoma sulfureum - a, a': Habit of
mycorrhizae. - b: Surface view of mantle. - c:
Some short emanating hyphae. - d: Surface view of
very tip. - e: Different views of inner surface of
mantle. (All figs. from RA 10712, in Herb. R.
Agerer).
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vellowish from membranaceous pigment; after
storage in FAA hyphae distinctly brownish; septae:

rather seldom with clamps, with very conspicuous
structures resembling dolipores; anastomoses:
present, '"'contact-septae" very frequent.
EMANATING HYPHAE

Shape and diameter: not conspicuously shaped, 3.5
- 5 pm, on the basis 5 - 7 ym; thickness of cell
walls: about 0.3 pm; colour of hyphae: hyaline;
septae: mostly without clamps, with very
conspicuous structures resembling dolipores.
CYSTIDIA

None, except for the above mentioned short,
cylindrical sometimes distorted end-cells.

INNER SURFACE OF MANTLE

Arrangement of hyphae: irreqularly woven, hyphae
short to elongate; diameter of hyphae: 2 - 3 (4)

pm.

ANATOMICAL CHARACTERS, CROSS-SECTION

MANTLE

Thickness and differentiation: (5) 10 (15) pm,
plectenchymatous, without distinct layers, only
the innermost hyphae somewhat more compactly
arranaged, the mantle often enclosing thin,
irregularly shaped lines of probably collapsed
cells of calyptra; cell-shape and dimensions of
different layers: tangentially 3 - 15 (30) pm,
radially 2 - 4 (5) pm, innermost hyphae
tangentially 3 - 7 (15) pm, radially 2 - 4 (5) pm.
TANNIN CELLS

Number of rows: (1) 2 (3); shape and dimensions:
irregularly ovoid, cylindrical or clupshaped,
tangentially (15) 25 - 50 (60) pm, radially (4) 7
- 15 (17) pm, . TC £ = 35.4 pm, TC q = 3.8.

Fig. 2 - Tricholoma sulfureum - a: Emanating
hyphae. - b: Hyphae of rhizomorphs showinag the
"contact-septae" and the very distinct structure
of cross wall, resembling a dolipore. - c:
Rhizomorph; arrow indicates the distal direction.
(All. figs. from RA 10712, in Herb. R. Agerer).
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HARTIG NET

Shape and dimensions of cortical cells: more or
less tangentially oval, tangentially (15) 20 - 35
(45) pm, radially (10) 15 - 25 (30) ym, CC t =
29.4 um, CC q = 1.5; depth of H'net: 4 - 5 cell
rows, inclusive of tannin cells, often including
outer cell walls of endodermis, but always
including radial (= anticlinal) walls of innermost
cortical cells; thickness of H'net: around and
between tannin cells 4 - 6 (8) pm, otherwise 2 - 4
um, remaining walls of cortical cells very
conspicuous, number of hyphal rows of H'net:
around tannin cells 2 - 3, otherwise 1; shape of
H'net cells in section: around tannin cells
irregularly thickset and oval or elongate,
otherwise round or elongate, in surface view:
lobes relatively broad.

ANATOMICAL CHARACTERS, LONGITUDINAL SECTION

MANTLE

Shape and dimensions of the hyphae at the very
tip: mantle lacking distinct layers, relatively
densely plectenchymatous, up to 25 pm thick,
hyphae tangentially (3) 5 - 12 (20) pm, radially 3
- 4 (7) pm; differentiation through older parts of

the mantle: plectenchymatous, without distinct
layers, hyphae next to root cells somewhat more

densly arranged; shape and dimensions of cells in

Plate 1 - Tricholoma sulfureum - a: Cross-section,
from emanating hyphae to endodermis. - b:
Longitudinal section, plain view of Hartia net., -
c: Cross-section, Hartig net from tannin cells to
middle of cortex. - d: Longitudinal section,
emanating hyphae and mantle. - e: Longitudinal
section throuagh the very tip. - f. Longitudinal
section, from emanating hyphae to tannin cells and
outer cortical cells. - g: Longitudinal section,
Hartig net from tannin cells to inner cortical
cells next to the endodermis. - h: Longitudinal
section, from emanating hyphae to inner cortical
cells next to the endodermis. (All fias. from RA
10712, phase contrast, bar = 12.5 pm).
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different layers: tangentially (3) 10 - 30 (50)
pm, radially 3 - 4 pm, innermost hyphae
tangentially (5) 10 - 20 (30) pm, radially (2.5) 3
- 4 (5) pm.

TANNIN CELLS

Shape and dimensions: irreqularly oval or
cylindrical, oriented in an oblique way, sometimes
almost parallel, tangentially (18) 30 - 80 (105)
pm, radially (4) 6 - 14 (17) ym, TC £t = 56.5 pm,
TC I aRi="6%7 -

HARTIG NET

Shape and dimensions of cortical cells:
irregularly oval, cylindical or rhombic, oriented
in a slightly nbllque way, tangentially (20) 35 -
90" (102) am;,; radially (8) 12 - 25 (32) pm,; CC t =
62.2 pm, CC g = 3.1

COLOUR REACTION IN DIFFERENT REAGENTS

Acetic-Fuchsin: --- ; a-Naphtol: ---
Ammonium-Hydroxide: --- ; Brilliant- Kresyl -Blue:
bright-blue, after treatment with water partially
violet-blue; Chlorazol-Black E: greyish blue;
Cotton-Blue: hyphal walls slightly blue;
Erythrosin: slightly pinkish; Fast-Green: greenj;

Formol: ? ; Guaiac: --- ; Iron-Sulfate: --- ; KOH
15%: --- ; Kongo-Red: salmon-red;
Magnesium-Acetate: --- ; Malachit-Green: greenj;
Martius-Yellow: --- ; Melzer's Reagent: --- ;
Phenol: --- ; Phenol-Anilin: --- ; Phloxin B:
slightly pinkish; Stahl's EP-Reagent: --- ;
Sulfo-Vanillin: --- ; Toluidin-Blue: violet-blue.

Plate 2 - Tricholoma sulfureum - a - d: Different
plain views of mycorrhizal mantle, always from the
same position. - a: Surface view of mantle, b:

plain view ca. 5 pm deeper, c: plain view ca. 5 pm
deeper again, d: plain view of the innermost layer

of hyphal mantle, again ca. 5 pm deeper. - e - q:
Different plain views of rhizomorph, always from
the same position. - e: Surface view of

rhizomorph, f: plain view ca. 10 ym deeper, g:
plain view of the middle of the rhizomorph, again
ca. 10 pm deeper. (All. figs. from RA 10712,
Normarski Interference Contrast, bar = 10 pm).
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AUTOFLUORESCENCE

WHOLE MYKORRHIZA

uv 254 nm: --- ;3 UV 366 nm: --- .

MANTLE AND RHIZOMORPHS

UV-filter 340 - 380 nm: distinctly greenish yellow
(in lactic acid); Blue-filter 450 - 490 nm:
distinctly yellow (in lactic acid).

STAINING OF NUCLEI

Mostly one nuclear pair per cell, regardless
whether cells possess clamps or simple septae.
Paired nuclei lying mostly close together.
Proliferation of number of nuclei not seen
(method: aceto-carmine). Occasionally hyphae
possess dense siderophilous granulations.

MATERIAL STUDIED AND METHOD OF IDENTIFICATION

Deutschland, Bayern, Munchen-Allach, Allacher
Forst bei Karlsfeld (MTU), 23. 9. 1984: with Picea
abies; reference specimen of mycorrhiza and
fruitbody RA 10712 in herb. R. Agerer, M. Some
rhizomorphic connections occurred between base of
the fruitbody and mycorrhizae.

COMPARISON OF THE MYCORRHIZAE OF TRICHOLOMA
SULFUREUM WITH THOSE OF T. VACCINUM.

(1) Morphological characteristics

The only morpholgical difference between these
two species seems to be the greater diametzr of
the mycorrhizae in T. vaccinum. While the
diameter of the mycorrhizae of T. sulfureum
reaches up to 0.3 (0.33) mm, the mycorrhizae of T.
vaccinum, in contrast bear tips up to 0.46 (0.59)
mm. The colour of rhizomorphs is also different:
white and sometimes yellow in T. sulfureum, white
and sometimes brownish in T.vaccinum.

(2) Anatomical characteristics
The surface of the mycorrhizae of T. sulfureum

—
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in contrast to that of T. vaccinum , bears
intermingled short, cylindrical cells. All fungal
cells of the mycorrhizae of T. sulfureum - except
those of the very tip of the mycorrhizae - possess
somewhat thicker cell walls than is the case in T.
vaccinum. On the other hand, the hyphae of the
mycorrhizal surface as well as the emanating
hyphae and the hyphae of the rhizomorphs are
thicker in T. vaccinum than in T. sulfureum. One
highly diagnostic difference between these two
mycorrhizae relates to the rhizomorphs. While the
rhizomorphs of T. sulfureum are composed of
similarly shaped hyphae, those of T. vaccinum are
well differentiated, outer hyphae beina thinner
and centrally arranged ones thicker. Regarding the
types of connections between the hyphae and the
hyphal cells, additional differences are obvious.
A high percentage of the rhizomorphic hyphae of T.
sulfureum are interconnected by

"contact-septae" (which are fully developed simple
septae, presumably possessing dolipores), which
seem to have only the function of connecting the
hyphae without making true anastomoses. Therefore
it 1is evident that no efficient pathways across
the different hyphae are formed. Such connections,
however, have the advantage that in case of cells
being ruptured, little cell plasma is lost. The
septum may act then as a barrier. And at least in
one of the connected hyphae the plasmatic
continuity for the transport of water and
nutrients is retained. Similar structures occur on
the already characterized mycorrhizae of Dermocybe
cinnamomea and D. sanguinea (AGERER 1987, see also
below). The cells of the hyphae of T. vaccinum are
more frequently connected by clamps, whereas in T.
sulfureum clampless septae occur more often.

The main direction of mantle hyphae seems to
differ between the two species. This is evidenced
by the different lenath of hyphal cells in
longitudinal sections: In T. sulfureum mainly 10 -
30 pm, whereas in T. vaccinum only 3 - 7 pm.

The tannin cells also show some differences
between these two species. T. vaccinum mycorrhizae
have only 1 or sometimes 2 rows , T. sulfureum has
mostly two but sometimes 3 rows. The "TC q" is
also different: the tannin cells seem to be more
thickset at least in cross-sections in T.
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sul fureum (3.8) than in T. vaccinum (5.7). And in
T. sulfureum the Hartig net grows deeper towards
the endodermis than it does in T. vaccinum. Some
additional differences regard the Hartig net: it
is composed of 2 - 3 neighbouring hyphal cells in
T. sulfureum - at least around the tannin cells -
whereas in T. vaccinum it mostly has only one; the
cortical cells in T. sulfureum have in
cross-section a ratio of 1.5 (3.1 in longitudinal
section), but in T. vaccinum 1.1 (8 in
longitudinal section).

One of the more interesting features of T.
vaccinum is the special appearance of the Hartig
net, tannin cells and cortical cells where the
rhizomorphs are connected with the mantle. There,
the Hartig net grows more deeply towards the
endodermis, 1s composed of more hyphal rows, and
has more tannin cells, which lie more closely to
the endodermis. Consequently, fewer cortical cells
are present in this position. At these junctions
the rootlets and the rhizomorphs are apparently in
closer contact than elsewhere.

(3) Chemical characteristics

The only striking difference is caused by
Guaiac. The mycorrhizal mantle and the rhizomorphs
of Tricholoma vaccinum turn slightly greyish blue
and after treatment with water areen. Testing
Guaiac on the fruitbodies of T. sulfureum and T.
vaccinum MEIXNER (1975) did not produce any colour
changes, whereas,K other species of Tricholoma subg.
Tricholoma sect. Genuina (in which T. vaccinum
belongs) turned blue or greenish, viz.: Tricholoma
focale and T. aurantium. The same is the case with
some species of Tricholoma subg. Tricholoma sect.
Tricholoma and Tricholoma suba. Pardinicutis and
subg. Contextocutis. No such colour changes,
however, could be found by MEIXNER (1975) with
Guaiac in Tricholoma subg. Sericeicutis (in which
T. sulfureum belongs).

The mycorrhizal mantle of T. sulfureum and T.
vaccinum differs slightly in the tints of their
reddish colour, if erythrosin and kongo-red are
used.

(4) Autofluorescence
Fragments of mantle and rhizomorphs observed
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through UV filter are distinctly areenish yellow
in T. sulfureum and greenish blue in T. vaccinum.
Use of a blue filter produced a similar picture
but not equally distinct reaction.

(5) Nuclei

These two species are similar in arranagement
and occurrence of nuclei and in siderophilous
granulation.

T. sulfureum and T. vaccinum mycorrhizae differ in
many ways, but at present the two are compared on
the basis of a single specimen of each only.
Further studies are urgently needed to verify the
differences. The highly diagnostic features such
as the anatomy of mantle and rhizomorphs, however,
will distinguish these two species with certainty.

MYCORRHIZAE OF TRICHOLOMA SULFUREUM AS TREATED IN
THE LITERATURE

No anatomical and morphological studies of the
mycorrhizae of T. sulfureum or other members of
Tricholoma subg. Sericeicutis have been published.

2. Tricholoma vaccinum (Pers.: Fr.) Kummer

Plfe 354, Pls 3, /45

-

MORPHOLOGICAL CHARACTERS

Mode of ramification: monopodial; lenagth of
unramified ends: up to 3.3 (3.9) mm; diameter of
unramified ends: 0.39 - 0.46 (0.59) mm; shape of
unramified ends: straight or occasionally slightly
twisted; structure of surface: matted and strinagy
with fan-like rhizomorphs, some rhizomorphs
brownish. Colour of unramified ends: white; colour
of tips: white; colour of older parts: more or

less umbre brown.
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layers: hyphal walls slightly gelatinous,
tangentially 4 - 20 (70) pm, radially 2.5 - 4.5
(6) pm.

TANNIN CELLS

Number of rows: 1 (2); shape and dimensions:
irregularly oval or cylindrical, near basis of
rhizomorphs up to 3 or 4 rows, only with 1 - 2
rows of cortical cells present there, tangentially
(15) 25 - 50 (60) ym, radially 5 - 11 (15) pm, TC
=400 e PC gl = 1S el

HARTIG NET

Shape and dimensions of cortical cells: more or
less roundish, or tangentially or radially oval,
tangentially (10) 15 - 30 (48) pm, radially (6) 11
- 30 (35) pm, CC t = 21,8 pm, CC q = 1,.1; depth of
H'net: 3 - 4 (5) inclusive of tannin cells, the
cell row next to the endodermis radially (=
anticlinal) to a half or completely free of Hartig
net; thickness of H'net: around tannin cells and
nearby 3 - 5 pym, otherwise 2 - 3.5 pm, near basis
of rhizomorph especially voluminous, remaining
walls of cortical cells not very conspicuous,
number of hyphal rows of H'net: 1; shape of H'net
cells in section: short irreqularly oval or
cylindrical, cells 3 - 5 (12) pm long, sometimes
longer, sometimes beaded, in surface view:
relatively infrequently ramified and lobes
comparatively broad.

ANATOMICAL CHARACTERS, LONGITUDINAL SECTION

MANTLE

Shape and dimensions of the hyphae at the very
tip: plectenchymatous, lacking distinct layers,
hyphae somewhat collapsing, tangentially 3 - 10
(15) pm, radially 2 - 3.5 (4) pm; differentiation
through older parts of the mantle:
plectenchymatous, lacking distinct layers, hyphae
next to root-cells somewhat denser arranged; shape

Fig. 3 - Tricholoma vaccinum - a: Habit of
mycorrhizae. - b, b': Different surface views. -
c, c¢': Different views of inner surface of mantle.
- d: Surface view of very tip. (All figs. from RA

10742, in Herb. R. Agerer).
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and dimensions of cells in different layers: no
distinct layers recognizable, tangentially (2) 3 -
7 (15) pm, radially 2 - 4 (6) pm.

TANNIN CELLS

Shape and dimensions: oval or cylindrical,
oriented parallel or in a slightly oblique way,
tangentially (45) 60 - 105 (120) pm, radially (4)
8 = 13 (12)vuam, TC € =81 pmy TC q = 7.4

HARTIG NET

Shape and dimensions of cortical cells: oval,
cylindrical, oriented in an oblique way,
tangentially 40 - 90 (100) pm, radially (8) 10 -
22027 “pmy v CC &= 73 spm, €CCo.g = 8, hyphae of
Hartig net sometimes arranged in a beaded manner.

COLOUR REACTION IN DIFFERENT REAGENTS

Acetic-Fuchsin: --- ; a-Naphtol: --- ;
Ammonium-Hydroxide: --- ; Brilliant-Kresyl-Blue:
bright-blue, after treatment with water partly
violet- -blue; Chlorazol-Black E: greyish blue;
Cotton-Blue: hyphal walls slightly blue;
Erythrosin: weakly lilac; Fast-Green: greenj;
Formol: ? ; Guaiac: slightly greyish blue, at
least rhizomorphs, after treatment with water

green; Iron-Sulfate: --- ; KOH 15%: =--- ;
Kongo-Red: --- ; Magnesium-Acetate: --- ;
Malachit-Green: green; Martius-Yellow: --- ;
Melzer's Reagent: --- ; Phenol: --- ;
Phenol-Anilin: --- ; Phloxin B: sllqhtly reddish;
Stahl's EP-Reagent: --- ; Sulfo-Vanillin: --- ;

Toluidin-Blue: violet-blue.

AUTOFLUORESCENCE

WHOLE MYKORRHIZA
uov 254 nm: --- ; UV 366 nm: --- .,

Fig. 4 - Tricholoma vaccinum - a: Surface view of
averagely thick rhizomorph. - b: Narrow end of a
rhizomorph. - c¢: Emanating hyphae. Arrows indicate
the distal direction. (All figs. from RA 10742, in
Herb. R. Agerer).
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MANTLE AND RHIZOMORPHS

UV-filter 340 - 380 nm: greenish-blue (in lactic
acid); Blue-filter 450 - 490 nm: yellowish-green
(in lactic acid).

STAINING OF NUCLEI

Mostly one nuclear pair per cell, regardless
whether cells possess clamps or simple septae.
Paired nuclei lying mostly closely toagether.
Centrally arranged, thicker hyphae of rhizomorphs
may have up to four nuclei per cell (or more?,
method: aceto-carmine). Some hyphae possess
occasionally dense siderophilous granulations.

MATERIAL STUDIED AND METHOD OF IDENTIFICATION

Deutschland, Bayern, Buchenau, LKkr.
Furstenfeldbruck, 2. 10. 1984; with Picea abies;
reference specimen of mycorrhiza and fruitbody RA
10742 in Herb. R. Agerer, M. Some rhizomorphic
connections occurred between the base of the
fruitbody and mycorrhizae.

COMPARISON OF THE MYCORRHIZA OF TRICHOLOMA
VACCINUM WITH THOSE OF T. SULFUREUM.
(See T. sulfureum).

Plate 3 - Tricholoma vaccinum - a: Cross-section,
from emanating hyphae to pericycle. - b:
Longitudinal section, plain view of Hartiag net. -
c: Cross-section, Hartig net from tannin cells to
cortical cells next to the endodermis. - d:
Longitudinal section, emanating hyphae and mantle.
- e: Longitudinal section throuah the very tip. -
f: Longitudinal section, from emanating hyphae to

tannin cells and outer cortical cells. - aq:
Longitudinal section, Hartig net from tannin cells
to cortical cells next to the endodermis. - h:

Longitudinal section, from emanating hyphae to
inner cortical cells next to the endodermis. (All.
figs. from RA 10743, phase contrast, bar = 12.5

pm) .






350

MYCORRHIZAE OF TRICHOLOMA VACCINUM IN THE
LITERATURE

Anatomical and morphological studies of the
mycorrhizae of this species could not be found.
This species belonas to Tricholoma subg.
Tricholoma sect. Genu1na. Some mycorrhlzae of this
section are described in the literature (see

below) .

MYCORRHIZAE OF THE GENUS TRICHOLOMA IN LITERATURE

Mycorrhizae of two subgenera (arrangement after
SINGER 1975) of the genus Tricholoma have been
described earlier. Only the more detailed
descriptions will be mentioned below.
( 1 ) Tricholoma subg. Contextocutis:
T. saponaceum and T. sudum.
( 2 ) Tricholoma subg. Tricholoma
(a) sect. Tricholoma:
T. cingulatum, T. flavovirens, T. por-
tentosumr T. sejunctum, T. terreum and
T. virgatum.
(b) sect. Genuina:
T. albobrunneum, T. caligatum, T. flavo-
brunneum, T. focale, T. fulvocastaneum
(this section ?), T. fulvum, (this sect-

Plate 4 - Tricholoma vaccinum - a - d: Different
plain views of mycorrhizal mantle, always from the
same position. - a: Surface view of mantle, b:
plain view ca. 5 pm deeper, c: plain view ca, 5 pm
deeper again, d: plain view of the innermost layer
of hyphal mantle, again ca. 5 pm deeper. - e - f:
Different plain views of an averagely thick
rhizomorph, always from the same position. - e:
Plain view near surface of rhizomorph, b: plain
view ca. 10 pym deeper, near the middle of the
rhizomorph; notice the somewhat thicker central
hyphae. g: Plain view of the middle of a rather
thick rhizomorph; notice the thick hypha with
incomplete cross wall. (All figs. from RA 10742,
Normarski Interference Contrast, bar = 10 um).
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ion ?), T. imbricatum, T. matsutake, T.
pessundatum, T. ponderosum, T. robustum
and T. zelleri.

(1) Mycorrhizae of species of Tricholoma subg.
Contextocutis.

NORKRANS (1949) synthesized the mycorrhizae of
Tricholoma saponaceum with Pinus silvestris and
Betula verrucosa. She emphasized that the pine
mycorrhizae had a parenchyma-like mantle, whereas
the Betula mycorrhizae generally possessed a
looser sheath. In both cases the mantle was rather
thick (up to 55 ym), the mycorrhizae had a very
conspicuous Hartig net between the outer cortical
cells (in each case probably due to the high
concentration of sugar in the medium, compare
DUDDRIDGE & READ 1984, 1984a) and the individual
hyphae of the sheath were about 3 pm in diameter.
NORKRANS (l.c.) noticed intracellular hyphae only
in the Betula mycorrhizae.

PACHLEWSKI & PACHLEWSKA (1974) synthesized the
mycorrhizae of Tricholoma sudum with Pinus
silvestris in agar medium. They showed a
two-layered, hyaline, 20 - 35 uym thick mantle. The
inner part of the mantle was pseudoparenchymatous
whereas the outer region was composed of
individually recognizable hyphae (=
prosenchymatous as termed by the authors). The
well developed Hartig net was restricted to a
single outer row of cortical cells. The photos of
the synthesized mycorrhizae show a very untypical
habit of a pine mycorrhiza. This is probably due
to the agar-medium, in which the mycorrhizae are
submerged completely and deprived of adequate

oxygen.

(2) Mycorrhizae of species of Tricholoma subg.
Tricholoma

GODBOUT & FORTIN (1985) synthesized several
mycorrhizae of different fungi with Populus
tremuloides. They concluded that the special
structures of rhizomorphs and sections of mantle
may 1ndicate a relationship between different
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fungal species, provided these structures are
similar. PACHLEWSKI & PACHLEWSKA (1974) came to
the same conclusion as they compared
cross-sections of synthesized mycorrhizae. For
species of Tricholoma GODBOUT & FORTIN (1985)
emphasized a white, conspicuous extramatrical
mycelium with smooth hyphal strands composed of
centrally arranged thicker hyphae and of an outer
rim of hyphae of smaller diameter. In addition
they stressed the existence of a more or less
double hyphal mantle. The species which they
inves’igated were T. flavobrunneum, T. cingulatum
and T. populinum. The overall similarity of the
mycorrhizae of these species may indicate that
related species form similar mycorrhizae, but the
host species may introduce its own root features.
This, for instance was pointed out by GODBOUT &
FORTIN (1985) for the genus Populus as far as
Hartig net formation is concerned. They
investigated only three species of Tricholoma
subg. Tricholoma, however.

MELIN (1923) synthesized mycorrhizae between
Tricholoma flavobrunneum and Betula pendula. The
white mycorrhizae formed hyphal strands and
pseudoparenchymatous mantles (about 40 ym thick)
with rather small cells and with a Hartig net only
between the outer half of the outermost cortical
cells. MELIN (1923) regarded the mycorrhizae as an
ectendotrophic type. NORKRANS (1949) characterized
the synthesized mycorrhizae of T. flavobrunneum
with Pinus silvestris as having no sheath but a
great Hartig net work.

As shown in the present description of the
mycorrhizae of T. sulfureum (T. subg.
Sericeicutis) , the various Tricholoma species can
produce strongly differing mycorrhizae. It remains
to be determined, however, if this applies at the
species level or at the subgenus level. Tricholoma
sulfureum, stands apart from many other species of
this genus if other taxonomic features are
considered. KuHNER (1980) emphasized some
similarities between T. sulfureum and Dermocybe
cinnamomea. Similarties can also be found in the
features of the mycorrhizae of these two species
(comp. AGERER 1987). The rhizomorphs belonag to the
same type in both species: densely interconnected
hyphae, without centrally arranged broader hyphae.
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The hyphae of the rhizomorphs of T. sulfureum are
connected by "contact-septae'", those of Dermocybe
cinnamomea by "contact-clamps'". These structures
seem to be identical from a functional point of
view (AGERER 1987 and above). On the other hand
HPILAND (1983) judged the similarities between
some speclies of the genera Tricholoma and
Dermocybe as convergences.

PACHLEWSKI & PACHLEWSKA (1974) synthesized some
species of Tricholoma suba. Tricholoma with Pinus
silvestris. As remarked above, the conditions of
synthesis of mycorrhizae in an agar medium are
very unnatural. The mycorrhizal habit thus seems
to deviate strongly from the natural one. This
becomes obvious by the rare occurrence of
dichotomously forked mycorrhizae in this medium,
whereas the naturally arown mycorrhizae of Pinus
species are almost exclusively of a dichotomous
habit. The synthesized mycorrhizae of all
Tricholoma species (T. albobrunneum, T.
flavovirens, T. focale, T. imbricatum, T.
pessundatum, T. portentosum, T. sejunctum and T.
terreum) show a white extramatrical, mostly
conspicuous mycelium. The cross-sections nearly
always indicate a plectenchymatous mantle with an
internal pseudoparenchymatous layer and a strongly
developed Hartig net. Such a Hartig net has
already been mentioned above for the mycorrhizae
of Tricholoma subg. Contextocutis and was also
reported for syntheses by PACHLEWSKI & PACHLEWSKA
(1974) and by NORKRANS (1949).

It was pointed out by NORKRANS (1949) that the
mycorrhizae of T. flavovirens (= T. equestre) on
Pinus silvestris appear very similar to those of
T. saponaceum (s. above). Apart from a very thick
mantle (80 pm) she noticed the absence of a Hartig
net; on Betula verrucosa, however, there was a
discontinuous intercellular mycelium. The
mycorrhizae of T. sejunctum (subg. Tricholoma) on
Betula verrucosa resembled those of T. flavovirens
on the same host (NORKRANS 1949).

LUPPI & GAUTERO (1967) characterized the
mycorrhizae of Tricholoma albobrunneum found on
Quercus petraea and Q. pubescens. The mycorrhizae
were characterized as whitish when young, becoming
hazel-brown when older, surrounded by hyphae to
give a velvety appearance. Under the microscope
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the superficial hyphae were hyaline, in the inner
part of the mantle slightly orange-brown. The
mantle was about 30 pm thick with a
prosenchymatous (= plectenchymatous in our
nomenclature) surface and a pseudoparenchymatous
inner layer. The emanating hyphae were' almost
hyaline and occasionally connected to cords. The
hyphae were swollen near the septae, which mostly
were simple. The rhizomorphs of the fruitbodies
showed uniform hyphae resembling those of the
mantle. No centrally arranged thicker hyphae were
noticed.

MASUI (1927) described the mycorrhizae of Pinus
densiflora, found beneath and connected with the
fruitbodies of T. caligatum. He characterized them
as being small, clavate and enveloped in a white
mycelium becoming darker with age. MASUI, too,
mentioned a thin mantle composed of loosely woven
hyphae. According to his descriptions the inner
layers, however, show more densely arranged
hyphae, resembling a pseudoparenchymatous
structure. The Hartig net - apart from the tannin
cells - comprised only the outer row of cortical
cells. Intrusions into the cortical cells occurred
occasionally. Another description of these
mycorrhizae, but on Cedrus libanotica ssp.
atlanica, originates from OHARA & OGAWA (1982).
The Japanese decription does not allow to get a
distinct impression of these mycorrhizae. The
cross-sections shown, however, indicate that a
mantle is either absent or at the most very scanty
and that there some cortical cells have
intracellular infections. As mentioned by the
authors, the mycorrhizae of this species are
morphologically identical with the mycorrhizae of
T. matsutake on Pinus densiflora.

The mycarrhlzae of Tricholoma matsutake were
described by MASUI (1927) and by OGAWA in various
papers (OGAWA 1975, 1976, 1977, 1981, OGAWA &
HAMADA 1965). A summary of OGAWA'S papers shows
the mycorrhizae of T. matsutake on Pinus spp. and
other conifers are somewhat twisted, not
dichotomously forked but pinnate or witches-broom
like, white but turning to brown or nearly black
with age, and covered with mycelial wefts and even
at full growth lacking a hyphal mantle. There is
no Hartia net but the hyphae grow intercellularly
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and invade cortical cells. MASUI (1927) too,
mentions only a very thin, rather loose hyphal
mantle (7 - 16 pm thick) and intracellular
infections of cortical cells.

OGAWA described mycorrhizae of some additional
Tricholoma species. The mycorrhizae of T.
fulvocastaneum (OGAWA 1977a) on Quercus serrata
and P. densiflora, and of T. ponderosum (OGAWA
1979) on Pinus contorta and Pseudotsuga menziesii
closely resembled those mycorrhizae of T.
matsutake in morphology and anatomy. On the other
hand the mycorrhizae of T. robustum (OGAWA 1981,
1981a) on Pinus densiflora and T. zelleri (OGAWA
1981a) on Pinus contorta resemble each other in
having a thin mantle and possessing a Hartig net,
and differ from the species previously
characterized by OGAWA, in having a mantle but
lacking intracellular hyphae.

MELIN (1924) tried to synthesize the
mycorrhizae of Tricholoma virgatum with Pinus
montana. But he did not succeed in getting a well
developed mycorrhiza.

GILTRAP (1979) synthesized the mycorrhizae of
Tricholoma fulvum with Betula pendula and B.
pubescens. The mycorrhizae were 0.1 - 10 mm long
and 0.25 - 0.5 mm in diameter. Depending on their
position regarding inoculum and roots, the |
mycorrhizae were long, tortuous and highly
ramiformly branched or shorter, straight and
mostly simple. The mycorrhizae were white to light
orange and with glistening to frosty mantle
surface texture. The rhizomorphs and emanating
hyphae showed an orange colour, were directly
attached to the surface of the mycorrhizal mantle,
were highly branched, fine threadlike and reached
0.08 mm in diameter. The mantle varied from 20 -
70 ym thickness and was irregularly developed. It
possessed a prosenchymal structure and the inner
mantle was tightly woven without any gaps, whereas
the outer mantle was composed of loosely woven
hyphae. The Hartig net included only the epidermal
cell layer and was composed of single chains of
cells 2 - 5 pym in diam. It is striking that the
colour of the mycorrhizae including that of the
rhizomorphs is seeminaly similar to the colour of
the fruitbodies (T. f u l v u m) . The
characteristics of the mantle fit well with the
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features shown for the mycorrhizae of T. vaccinum.
The restricted Hartig net is a special feature of
the mycorrhizae of Betula and of other deciduous
trees (GODBOUT & FORTIN 1985).

GILTRAP unfortunately did not describe the anatomy
of the rhizomorphs.

If one summarizes all these descriptions of
mycorrhizae of the genus Tricholoma in context
with our own results, the following may be
emphasized:

Three different groups of mycorrhizae occur in
the genus Tricholoma concerning the contact
between the hyphae and the rootlets.

First, a group consisting of Tricholoma
sulfureum, with rhizomorphs not differentiated
into centrally arranged thicker hyphae and
surrounding thinner ones; second a group includina
most of the other species studied with
differentiated rhizomorphs; and a third group with
frequent intracellular hyphae, lacking a Hartig
net, and with a scanty or absent mantle as in T.
matsutake, T. fulvocastaneum and T. ponderosum.
Whether synthesized mycorrhizae can be compared
with naturally grown mycorrhizae is dubious,
however. Furthermore, most past descriptions are
very scanty, so that more detailed work must still

be done.
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A NEW RUST ON LEGUMINOSAE
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There have been no reports of any rust on Thermopsis
rhombifolia Nutt. ex Rich. .(2) although other species of
the genus in the eastern hemisphere are known to have
rusts (5). Poliomopsis thermopsidis Ramaley nov. gen.
nov. spec. is a rust with 2-celled teliospores found on
Thermopsis rhombifolia in Larimer County, Colorado.

Poliomopsis Ramaley nov. gen. Spermogonia, aecla et uredinia ignota.
Telia hypophylla, subepidermalia, erumpentia, aggregata. Teliosporae
bicellulares, generatae in cellulis sporogenis elongatis, non
pedlcellatae cellulae paene aequales vel inferiorae allquantum
minores; parietes tenues, colorati pallidi fusci, verrucosi; pori non
visi.

Poliomopsis Ramaley nov. gen. Spermogonia, aecia and
uredinia unknown. Telia hypophyllous, subepidermal,
erumpent, clustered. Teliospores 2-celled, born on
elongate sporogenous cells, not pedicellate; cells almost
equal or the lower somewhat smaller; wall thin, lightly
brown pigmented, verrucose; pores not distinguished.

Poliomopsis thermopsidis Ramaley nov. spec. Spermogonia, aecia et
uredinia ignota. Telia hypophylla, subepidermalia, erumpentia,
aggregata; raro pauca telia epiphylla super teliis in foliae pagina
inferiore insidentibus; nigra, aperientia et monstrantia sporas
pallidas fuscas. Teliosporae non pedicellatae, generatae in cellulis
sporocgenis fuscis elongatis maxime pigmentiferis prope paginam
fecundam, bicellulares, 9-(11-13)-15 X 15-(18-22)-27 um; parietes
tenues, pallidi fusci colorati, verrucosi, saepe constricti in septo;
pori non visi; cellulae rotundae vel leviter angustatae in extremo,
inferiorae interdum truncatae in base, aequales vel inferiorae
aliquantum minores. Paraphyses nullae. Hab. in foliis Thermopsis
rhombifolia Nutt. ex Rich.

Poliomopsis thermopsidis Ramaley nov. spec. Spermogonia,
aecia, and uredinia unknown. Telia hypophyllous,
subepidermal, erumpent, clustered; rarely a few
epiphyllous telia above those on the lower leaf surface;
black, opening to expose the 1light brown spores.
Teliospores not pedicellate, born on brown elongated
sporogenous cells most 1intensely pigmented near the
fertile surface, 2-celled, 9-(11-13)-15 x 15-(18-22)-27
pm; wall thin, slightly brown pigmented, verrucose, often
constricted at the septum; pores not distinguished; cells
rounded or slightly narrowed terminally, the lower
sometimes truncate at the base, equal or the lower
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somewhat smaller. Paraphyses absent. On leaves of
Thermopsis rhombifolia Nutt. ex Rich.

Holotype: On Thermopsis rhombifolia Nutt. ex Rich., 0.2
mile from Boy Scout Camp Road, 3.3 miles from the Red
Feather Lakes Road, Larimer County, Colorado, Annette W.
Ramaley, September 1, 1986, BPI. Isotype PUR.

The telia are compact, sharply delimited subepidermal
masses of tissue in which elongate pigmented sporogenous
cells appear at the surface as maturation progresses. The
sporogenous cells are difficult to separate from one
another, but appear to be unbranched and bear only one 2-
celled spore (Fig. 1) at the apex (Fig. 2). Telia measure
up to 200 ym in diameter and are clusterd to form spots
from less than 1 mm in diameter to covering nearly all the
lower leaf surface. Telia in an area bounded by minor
leaf veins mature evenly; in adjacent areas telia may be
younger or older. Rarely a few epiphyllous telia appear
above those on the lower leaf surface. Stipules or young
leaves may have equal numbers of telia on both surfaces.
Telia are occasionally found on very young petioles or
stems.

Existing rust genera are distinct from Poliomopsis.
Puccinia Persoon has pedicellate spores which usually have
pores. Sorataea Sydow, a rust of the Leguminosae (4, 6),
has 2-celled pedicellate teliospores which germinate
without dormancy. Germination has not been seen in fresh
Poliomopsis teliospores. Polioma Arthur (1), a genus not
reported on legumes, has 2-celled teliospores lacking
pedicels. However, Polioma teliospores are smooth,
hyvaline, have pores, germinate with no dormancy, and are
much larger than the spores of Poliomopsis. Sorataea

'\;
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Fig. 1. Verrucose epedicellate teliospore of Poliomopsis
thermopsidis, 1460x. Fig. 2. Sporogenous cell bearing a
single developing terminal teliospore, 1460x.
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differs from Polioma and Puccinia in spermogonial
structure (3) which is not known for Poliomopsis.

When the 1life cycle of Poliomopsis thermopsidis is
completely known, its relationships may be clarified.
Whatever its affinities prove to be, the species is the
first rust of United States legumes with 2-celled, sessile
teliospores.

Acknowledgements: My thanks to Dr. George Cummins for his
review of the manuscript and for his helpful suggestions.
I also thank Dr. Edouard Thai for his help 1in the
preparation of the Latin diagnoses.
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A NEW SPECIES OF TARZETTA (PEZIZALES)
FROM NEW ZEALAND

WEN-YING ZHUANG AND RICHARD P. KORF

Plant Pathology Herbarium, Cornell University
Ithaca, New York 14853 USA

During our studies of the genus Aleurina (Zhuang and Korf, 1986),
more than twenty specimens under the generic name Jafneadelphus were sent
to us from PDD for examination. When we studied them we found that some
specimens cannot be accommodated in Aleurina (= Jafneadelphus) or in
Jafnea. They represent a new species of the genus Tarzetta, which we
describe and discuss here.

Tarzetta jafneospora Zhuang & Korf, sp. nov. (FIG. 1)

Ab Tarzetta speciebus aliis ascosporis fusoideis cum ornamentatione
cyanophilica differens.

Apothecium cupulate, subsessile to substipitate, 4-12 mm in diam when
dry, margin crenate, hymenium yellow to orange, receptacle yellowish beige
when dry, surface strongly pustulate. Ectal excipulum of textura angulars to
textura globulosa, 75-120 pm thick, cells ovoid to isodiametric, hyaline; cells
at margin arranged in long, parallel hyphae which extend beyond the
hymenium; cells of pustules hyaline, ovoid or subspherical, loosely
interconnected, arranged irregularly in chains; a few cylindrical hyphae
growing from outermost cells, septate, hyaline and thin-walled, ca. 5.5-7.5
um wide. Medullary excipulum of textura intricata, 185-220 pum thick,
hyphae hyaline, ca. 5.5 um wide. Subhymenium not clear. Asci 8-spored,
cylindrical, J- in Melzer's Reagent, ca. 325-340 X 13.2-18.3 pum, croziers not
seen. Ascospores uniseriate, subfusoid, biguttulate, uninucleate, nucleus
staining in acetocarmine, 20.5-25.2 X 9.0-10.8 pum, with numerous small
warts, warts less than 0.5 um in diam, often irregularly interconnected.
Paraphyses filiform, slender, 2.0-2.8 jim wide, not exceeding asci.



HABITAT: On sandy soil, rarely on rotten wood.

HOLOTYPE: On sandy soil, Waikareiti Tr., L. Waikaremoana, Ure-
wera Nat. Park, Gisborne, G.J. Samuels, A.P. Hawthorne, P.R. Johnston, E.
Horak, and R.H. Petersen, 2. V. 1981, PDD 49572; CUP 61778 (isotype).

PARATYPES: On sandy soil, Lake Waikaremoana, Urewera Nat. Park,
Gisborne, G.J. Samuels et al., 22. V. 1981, PDD 46049; on sandy soil under
Nothofagus sp., Black Beech Tr., L. Waikaremoana, vic. motorcamp,
Urewera Nat. Park, Gisborne, G.J. Samuels, A.P. Hawthorne, R.H. Petersen,
and P. R. Johnston, 22. V. 1981, PDD 49445, on sandy soil, Waikareiti Tr.,
L. Waikaremoana, Urewera Nat Park, Gisborne, G.J. Samuels, E. Horak,
A.P. Hawthorne, P.R. Johnston, and R.H. Petersen, 24. V. 1981, PDD 42042;
on sandy soil, Aniwaniwa Falls, LLake Waikaremoana, Urewera Nat. Park,
Gisborne, G.J. Samuels, 26. V. 1981, PDD 49494; on sandy soil, Nelson
Lakes National Park, Nelson, G.J. Samuels et al., 13. V. 1982, PDD 45645:
on wood, L. Waikare-iti, L. Waikaremoana, Urewera Nat. Park, Gisborne,
G.J. Samuels and C.E. Samuels, 23. V. 1982, PDD 49800; on Nothofagus sp.,
L. Waikare-iti, Urewera Nat. Park, Gisborne, G.J. Samuels, and C.E.
Samuels, 23. V. 1982, PDD 49801; on sandy soil, Taupeupe Saddle, 15 km
SE Ruatahuna, Urewera Nat. Park, Gisborne, G.J. Samuels, P.K. Buchanan,
and P. R. Johnston, 3. XI. 1982, PDD 49720; on sandy soil, Aniwaniwa, Tr.
to Ruapani, L. Waikaremoana, Urewera Nat. Park, Gisborne, G.J. Samuels,
P.K. Buchanan, and P.R. Johnston, 4. XI. 1982, PDD 49721; on soil, NW
Nelson State Forest Park, vic. Whisky Cr., Nelson, G.J. Samuels, R.E.
Beeber, P.R. Johnston, and R.H. Petersen, 18. IV. 1983, PDD 50183; on soil,
Robinsons Cr., Haast Pass, Mt. Aspiring Nat. Park, Westland, G.J. Samuels,
R.E. Beeber, P.R. Johnston, and R.H. Petersen, 18. IV. 1983, PDD 50184.

NOTES: The genus Tarzetta has been placed in the tribe Jafneeae by
Korf (1972) and in Otideeae by Dennis (1978). Three genera, Geopyxis,
Jafnea, and Otidea, have been thought to be similar to Tarzetta in different
aspects by many authors (Dennis, 1978; Eckblad, 1968; Harmaja, 1974;
Korf, 1972, 1973; Rifai, 1968). These genera can be distinguished on the
basis of the shape and structure of apothecium, the presence of brown hairs
or hyaline hyphae on the receptacle surface, the shape and guttulation of
ascospores, the stainability of nuclei in acetocarmine, and the presence of
spore ornamentations. The species from New Zealand, to a certain extent,
shares the characters of both Jafnea and Tarzetta. It has the pustulate,
substipitate apothecium, crenate margin, a few hyaline hyphae on the
receptacle, angular to globose cells in the ectal excipulum, and the
interwoven hyphae in the medullary excipulum, which are characters of
Tarzetta, but the fusoid, marked ascospores recall species of Jafnea. This
reminds us of the situation in Trichophaea geoporoides, which we treated as a
Trichophaea species though it is similar to Geopora in some ways (Korf &
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FIG. 1. Tarzetta jafneospora (holotype): a. three ascospores with
ornamentations stained in cotton blue in lactic acid, middle spore in optical
section showing guttules and the single, central nucleus staining in
acetocarmine, x1580; b. two paraphysis apices, x1000; c. outer portion of
the ectal excipulum with pustules and hyaline hyphae, x500.
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Zhuang, 1985). In avoiding description of a new genus for this species, we
choose to place more emphasis on anatomical structure than on spore

characteristics, and describe it as a species of Tarzetta, in a genus that clearly
needs to be monographed.
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NOTES ON WOOD=ROTTING FUNGI ON JUNIPERS
IN THE GULF COAST REGION. 1II.

R.L. Gilbertson
Dept. of Plant Pathology, University of Arizona, Tucson, AZ 85721
and
Meredith Blackwell

Dept. of Botany, Louisiana State University, Baton Rouge, LA 70803

SUMMARY

Twenty—-six additional species of wood-rotting
basidiomycetes are reported on junipers in the Gulf
Coast region in an area from Louisiana to northern
Florida. Most of these decay bark or wood on living or
dead branches on living trees. Only three (Coniophora
fusispora, Dacryobolus sudans, and Fomitopsis feei) are
known to cause brown rots. Xenosperma murrillii is
described as new and Hyphoderma albocremeum, H.
obtusiforme, and Hyphodontia nespori are reported from
the United States for the first time. A key to 51
species is provided.

In a previous paper (Gilbertson and Blackwell, 1985) we reported
25 species of wood-rotting basidiomycetes on junipers in the Gulf
Coast region. These reports were based primarily on collections from
Louisiana, Mississippi, and Texas. Further collecting in 1985 in
Louisiana, Alabama, and Florida yielded 26 additional species. Most
of the 1985 collections were from Juniperus virginiana L. (eastern
redcedar), but some were made from J. phoenicea L. (Mediterranean
juniper), an ornamental planted on the LSU campus in Baton Rouge.
According to Little (1971) the natural range of J. wvirginiana does
extend slightly into the northern part of the Florida panhandle, but
does not reach the areas where we collected in 1985. However, J.
virginiana is commonly planted as an ornamental, particularly in
cemeteries, and large trees are generally conspicuous in most cities
and towns in the Gulf Coast region. Juniperus silicicola (Small)
Bailey (southern redcedar) has been considered to range along the
Atlantic Coast from North Carolina to Florida, throughout the northern
half of Florida, and along the Gulf Coast to east Texas (Little,
1971). Adams (1986) found J. silicicola to be circumscribed within
the range of variation encountered in J. virginiana on the basis of
morphological characters and volatile leaf terpenoids. He therefore
recognized the varietas J. wvirginiana var. silicicola (Small) Silba
for the populations from North Carolina along the coast to Northern
Florida and possibly west to Mississippi. Adams considers the
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disjunct populations in southern Louisiana and eastern Texas to be J.
virginiana.

Three of the species included here are brown rot fungi. Of
these, Dacryobolus sudans decays dead, decorticated ©branches,
Fomitopsis feei causes a trunk and butt rot in living trees, and
Coniophora fusispora was generally collected at the base of living
trees near the groundline. A brown heartrot is rather common in
living trees and the most likely cause in the Gulf Coast region is
Fomitopsis feei. In other parts of North America Antrodia juniperina
(Murr.) Niem. et Ryv. is a major cause of brown trunkrot (Gilbertson
and Ryvarden, 1986), but we did not collect it in the Gulf Coast

region.

Of the 26 species reported in this paper, five (Dacryobolus
sudans, Dendrothele incrustans, Exidiopsis calcea, Hyphodontia
spathulata, and Trechispora farinacea) were also found on Arizona
junipers by Gilbertson and Lindsey (1975, 1978).

In addition to the 26 species reported here, new distribution and
host records are given for fungi included in the first paper in this
series, and an expanded key to all 51 species is provided.

Microscopic characters were determined from freehand sections or
squash mounts in phloxine and 2% KOH and in Melzer's reagent.
Drawings were made with the aid of a camera lucida on a Leitz Labolux
microscope.

NEW DISTRIBUTION AND HOST RECORDS FOR FUNGI REPORTED
IN THE FIRST PAPER IN THIS SERIES

The 25 fungi reported in the first paper in this series (Gilbertson
and Blackwell, 1985) were mostly from Louisiana and Texas. Our
collecting over a larger area of the Gulf Coast region has shown many
of these to have a wide distribution. Also, a number of new host
records were obtained from Mediterranean juniper, Juniperus phoenicea
L., on the LSU campus in Baton Rouge. These additional records are
included here. Numbers in the 2000 series are MB collections and
those in the 15000 series are RLG collections.

Ceriporia xylostromatoides (Berk.) Ryv. et Johan. 15652, on J.
virginiana, Ft. Gaines, Dauphin Island, AL; 15735, on J. virginiana,
Gainesville, FL; 15796, on J. phoenicea L., LSU campus, Baton Rouge.

Dendrothele itihummensis Gilbn. et M. Blackwell. This species 1is
evidently one of the main decomposers on juniper branches throughout
the Gulf Coast region. 15645A, Elberta, AL; 15661, Santa Rosa Beach,
FL: 157066, 15768, 15771 aund 2291, 2299  Milton, 'FL: 2279, 2282.
DeFuniak Springs, FL, all the above on J. virginiama; 15789, on J.
phoenicea, LSU campus, Baton Rouge.

Dendrothele nivosa (Berk. et Curt.) Lemke. Definitely the most common
wood-rotting fungus on bark on living trunks and branches of junipers
throughout the Gulf Coast region. Trees without D. nivosa are the
exception. 2247, Houston, TX; 15644, Foley, AL; 15645, Elberta, AL;
15648, Pass Christian, MS; 15652, 15654, Pensacola, FL; 15659, Santa
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Rosa Beach, FL; 15666, Apalachicola, FL; 15673, Sopchoppy, FL; 15682,
15683, Cedar Key, FL; 15685, Hollister, FL; 15692, Palatka, FL; 15694,
15754, Gainesville, FL; 2288, 2289, 15767, Milton, FL; all of the
preceeding on J. virginiana; 15787, 15794, LSU campus, Baton Rouge, on
J. phoenicea.

Henningsomyces candidus (Pers.) O. Kuntze 15684, Cedar Key, FL; 2287,
15762, Milton, FL; all on J. virginiana.

Hyphoderma praetermissum (Karst.) John Erikss. 2292, Milton, FL; on
dead branches of J. virginiana.

Marasmiellus juniperinus Murr. Although the report by us of this
fungus on the LSU campus was the first from the United States, it is
evidently widely distributed and rather easy to find throughout the
Gulf Coast Region. 15660, Santa Rosa Beach, FL; 15665, Panama City,
FL; 15707 Gainesville, FL; 2298, 15760, Milton, FL; all of the
preceeding on J. virginiama; 2302, LSU campus, Baton Rouge, on J.
phoenicea.

Pachykytospora alabamae (Berk. et Curt.) Ryv. 15649, Elberta, AL;
15658, Santa Rosa Beach, FL; 15765, Milton, FL; all on J. virginiana.

Peniophora junipericola John Erikss. 15667, 15670, Apalachicola, FL;
15686, Hollister, FL; 15742, Gainesville, FL; 15777, Milton, FL; all
on J. virginiana.

Schizopora paradoxa (Shrad.:Fr.) Donk 15693, St. Augustine, Fl; 2285,
DeFuniak Springs, FL; the preceeding on J. virginiana; 2305, LSU
campus, Baton Rouge, on J. phoenicea.

Sebacina epigaea (Berk. et Br.) Rea. 2310, LSU campus, Baton Rouge, on
base of living J. virginiana.

Tubulicrinis medius (Bourd. et Galz.) Oberw. 2297, Milton, FL, on J.
virginiana; 2304, LSU campus, Baton Rouge, on J. phoenicea.

Vararia gomezii Boid. et Lanq. This was also reported by us from the
United States for the first time from Baton Rouge, but it is widely
distributed throughout the Gulf Coast region. 15660, Santa Rosa
Beach, FL; 15665, Panama City, FL; 15707, Gainesville, FL; 2298,

15760, Milton, FL, all on J. virginiana; 2302, 15800, LSU campus,
Baton Rouge, on J. phoenicea.

EXPANDED KEY TO FUNGI ON JUNIPERS
IN THE GULF COAST REGION
l. Hymenophore tubular to CUPUlALEe eceesecssssssssesssssccssnssnsss 2
l. Hymenophore smooth, hydnaceous or lamellate ssssesssssssccssses 8
e Basidiocarps consisting of free, single tubes or cupules . 3
2. Basidiocarps with hymenophore consisting of united tubes . 4

3. Basidiocarps cupulate, pale vinaceous gray ... Stigmatolemma taxi
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3.

5.

9.

9.

11.

11.

13.

13.

Basidiocarps tubular, white ««¢ssesseese.. Henningsomyces candidus

4. Basidiocarps stipitate; upper surface and stipe laccate;
basidiospores pigmented, with a double wall .. Ganoderma sp.

4. Basidiocarps sessile or resupinate; basidiospores hyaline,
wall nﬂ't dﬂﬂble B8R R R R R R EER R E R EE R E R R R R R R E AR E e 5

Basidiocarps sessile, perennial; context and tubes rose colored
L BN B BN BN BN OB BN BN BN BN BN B B BN BN BN BN BN B BN B B BN BN BN BN B BN B BN BN BN BN BN B BN BN BN BN N F’D-itﬂ'pﬂiﬂ fEEi

Basidiocarps resupinate, annual; context not rose colored ..... b

6. Basidiospores cylindric, with minute echinulae in rows,
appearing longitudinally striate ... Pachykytospora alabamae

6. Basidiospores subglobose to broadly ellipsoid ssecescscsss 7/

Basidiospores subglobose; hyphae simple-septate
LN B B B BN BN BN B B B B e BN BN BN B B B BN BN B e B B BN BN B B BN ceripﬂriﬂ. xglﬂﬂtrmtﬂ'id'ea

Basidiospores broadly ellipsoid; generative hyphae with clamps
LA BN B B B BN BN BN B BN B B BN BN BN BN B BN BN BN BE BN BN B BN BN BN B BN BN B B BN B B e Sthi:ﬂpnra pﬂrﬂdﬂm

8. Hymenophore lamellate ccecsccosesescsessssssescssnscsscssscsce I
8. Hymenophore smooth or hydnaceous ssesvecessssssncssssnnss lé
Tissue turning green in KOH «...scvvee. Anthracophyllum lateritium
Tissue not turning green in KOH ccccccssccccscssscssscsssssses 10

10. Basidiocarps large, commonly over 5 c¢m in diam, stipitate

® & & 0 8 F & BB EEFPEEE YRR R R R R YA ll

10. Basidiocarps small, mostly less than 1 cm wide,
gessile or stipitate eccecevccsccsvscscosecscssccsnessssnne 12

Fruiting in clusters at the base of trees and stumps
LB B B B BN BN OB BN B B BN B BN BN BN BN BN BN BN BN BN BN BN B B O B BN BN B N By Hﬂmtﬂlﬂ“ faﬂciculﬂre

Fruiting singly ceeescesssssssssssssssss Phylloporus rhodoxanthus
12. Basidiocarps centrally stipitate .«++..... Hemimycena albida
12. Basidiocarps sessile or laterally stipitate ceececsccscses 13

Pleurocystidia thick-walled, heavily incrusted
e PSR e R PR R R RN Eﬂhﬂﬂh‘lﬂhﬂliﬂ ﬂpprﬂ!mnﬂ

Pleurocystidia thin-walled, not incrusted
LB BN BN BN BN BN B BN B BN B B BN B BN BN BN B BN BN B B BN BN BN I BN BN BN BN BN mrﬂa‘.i'Elluﬂ j“ﬂiperiﬂuﬂ
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15.

17.

17.

19.

19.

21.

21.

23.

23,
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14. Basidia vertically septate ccceccssccsscscsssssccssccsses 15
14: Basidia nNoNGEPLALE sssseiessscsssassesnssnsesesssssasasce 18
Hymenial surface with minute aculei +....... Heterochaete shearii
Hymenlal surface SmOOLN cessecscevsnsevsnsssssssnssssnsnssensssss 10
16. Basidiospores thick-walled, ellipsoid ..... Sebacina epigaea
10. Basidiospores thin=walled sessesssssssessssssesssssssssse L7

Basidiospores allantoid; basidiocarps chalky white, on branches
" 828 B B F 8 P E 8 @88 B B8 @ 8B @B BB B B B B B @ B B @ @ B 8 B B @B W Mdinpsiﬂ calcea

Basidiospores ellipsoid; basidiocarps pale buff, at base of
ETUNKS cscecccenccnnes sssssssssssssssnsssssss oebacina incrustans

18.. Hymenophore hydnaceous .:cseesecsassssnossssssssssssssssee 19
18. Hymenophore smooth Or nearly SO .ccssccccscccccscssssscsse 25

Basidiocarps resupinate, hymenial surface white to cream colored
'Dr PE].E bUff & & B & B @ 0 B B @ B BB B F B R R DR R R R AR R R @R R E R R R R R R a8 20

Basidiocarps often reflexed or pileate; hymenial surface
pi“kiﬂh‘bﬂff RS EEE SR ERE SRR RS RS Stﬁcchﬂtinu. ﬂChrﬂceu-

20. Basidiospores echinulate; some hyphae ampullate
N N N R R R R R R TrEChiﬂpﬂrﬂ fﬂrinﬂﬂaﬂ

20. Basidiospores smooth; hyphae not ampullate ssceesseccnsees 21

Teeth with an apical amber droplet; basidiospores allantoid,
e/5=1 pm in diam sescececcccccscscssssscessess Dacryobolus sudans

Teeth not with an apical amber droplet, basidiospores cylindric
tﬂ' BUbglﬂbﬂSE L B B B B B BE B B BN B B B B B B R B BN BN B B BN BN BN BN BN BN BN BN BN B B B BN BN O BN BN B N BN BN B BN B BN 22

22. Basidiospores subglobose; teeth flattened
LN BN B B B B By B B BN B B BN B B BN B B B O B BN B B B T B B B O e B A Hy-phﬁnntia Epathulata

22. Basidiospores cylindric to ellipsoid ccevececcccccceneene 23
BﬂEidiﬂEpﬂrES Cylindriﬂ, 6-?15 X 2-5_3 HM e« sssvessscvcsosnssss 24

Basidiospores ellipsoid, 5=6.5 x 3.5-4 um
& B 8 & &8 8 B 58 B B B R R F B B E 8 EE @ @ @B E 8@ @ AEaR mmantia juniperi

24. Basidiocarps firm and compact; hymenial surface grandinioid
(O BN BN B OB B B B B B BN OB BN BN B B B B B B B B B B B BN BN B B A B B B “y-pmnntia cmﬂtnﬂa

24, Basidiocarps soft and loosely constructed; hymenial surface
ﬂdﬂntiﬂid & & & & & & & B & & &8 B 8 8 B 8 A & B 8 B e e B e B 8BS Hyphodﬂﬂtiﬂ nEﬂpﬂri
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25.

25.

27.

27,

29.

29.

31.

31.

33.

33.

35.

35.

Dextrinoid asterohyphidia, dichohyphidia, or dendrohyphidia

present L BN BN B BN BN BN B B BN B B B B B B BN B B B U B B B B BN B B B BN B O B BN BN B B B B BN B B B BN BN B BN BN B BN BN BN BN 26
Dextrinoid hyphidia not present .s.scescssssssessssssnsssssasss 28

26. Subiculum composed mainly of asterohyphidia
& 88 ® SRS EEE R R EE R PPN “teruﬂtrﬂ“ nusciﬂﬂla

26. Subiculum and/or hymenium with dichohyphidia or
dendrﬂh}'phidiﬂ " 8 BB F RN MR R R R R R R R R R R RE R R R R R R 2?

Dichohyphidia present; basidiospores fusiform ... Vararia gomezii

Dendrohyphidia present; basidiospores globose
sesssssssssssssssssssssssssssss SCytinostroma portentosum

28. Amyloid lyocystidia present ..seveesees. Tubulicrinis medius
28. Amyloid lyocystidia absent ccscssscccsscsscsccsssnsscsnsss 29
Conical, heavily incrusted cystidia present ..cscesccsssssssss 30
Conical, heavily incrusted cystidia absent ssescecssscscncassss 33

30. Basidiocarps very thin and inconspicuous; basidiospores
ZloboSe sessssssssssssvsssssssssss Litschauerella clematidis

30. Basidiocarps thick and conspicuous; basidiospores
Ellipsaid tﬂ Ellﬂntﬂid lili.l'ili.ililiiiil'iI-I'I'l-llll.i‘l 31

Hymenial surface purplish gray to purplish brown; basidiospores
allantﬂid; clamps present @ & & & B & B 8 B B B 8 B 8 B B B B RS BB 8 B YR E B SRR 32

Hymenial surface cream colored to pale buff; basidiospores
ellipsoid; clamps absent «eesssssssses Phanerochaete flavido—alba

32. Hymenial surface dark to pale purplish brown; margin white
. ® R RN ERS R PR R R RS TEERPEREN Peniﬂphura alhbadia

32. Hymenial surface dark purplish gray; margin concolorous
8 8 B 8 B B B OB "R B R B B 8 8 8 B 8 B B8 MR E B8 8 B8 8B PEﬂiﬂphOtﬂ j“ﬂipﬁti:ﬂlﬂ

Gloeocystidia abundant and consSpicCuUOUS seseessscsscscsssssssess 34
Gloeocystidia absent or inconspiCuOuS seesssssscsssssscssscans 36
34. Hymenial leptocystidia present; basidiospores broadly

allantoid; stephanocysts usually present
sesssssssssssnssssssssssnsssssss Hyphoderma praetermissum

34. Hymenial leptocystidia absent; basidiospores broadly
ellipsoid; stephanocysts absent .seseescessssccscsssssssns 35

Basidiospores slightly rough seceececeesees Hypochnicium eichleri

Basidiospores smooth sessvesessssssssss Hyphoderma baculorubrense
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36. Basidiospores amyloid; dendrohyphidia with amyloid
incrustation ssssvsessscssscssssssssss Aleurodiscus botryosus

36. Basidiospores not amyloid; dendrohyphidia, if present,
withﬂut amylﬂid incruﬁtatiﬂn S A RSB MBI ERERARBREEE RN R 3?

37. Basidiospores fusiform, dextrinoid; basidia up to 110 um long
cessssessssssscsssssssssnsnsescssssss Coniophora fusispora

37. Basidiospores not fusiform or dextrinoid; basidia not over
60 ”‘m lﬂng (I I B B OB B B B OB OB RN B B B B B B B B B A B B I B B B O B B B BN B B B B BN B OB B BN BN B B B B R 38

38. Basidiospores pigmented, asperulate to echinulate «.eesee 39
38. Basidiospores hyaline, smooth or minutely verrucose «.... 40

39. Basidiocarps pileate; hyphae simple-septate
LN I B BN B B BN O B BN B R B B N B BT B BN BN BN BN BN BN OB B B B B B BN B TtlElephora ﬁ“tiﬂ“lﬂriﬂ

39. Basidiocarps resupinate; hyphae with clamps
e s sstinssdenssabsentnresesessessesee domentella EEPErulﬂ

40. Catahymenium with finely branched dendrohyphidia present

RS EE R FEREE R E TR RE RS E R z"l

40. Euhymenium present; dendrohyphidia absent seeecescccccses 45

41. Basidiospores up to 27 uym long and 21 um wide, echinulate
LB B B B BN B B B B BN BN B U BN BN BN B BN BN BN BN BN BN BN BN B BN B BN BN BN B BN BN BN B B mndrnthEIE nivﬂ'ﬂa

41. Basidiospores up to 15 um long and 8 ym wide, smooth sevsvsees 42
42. Basidiospores biapiculate ..ssss... Dendrothele itihummensis
42. Basidiospores ellipsoid to globoSe seeessccssssnsssssssss 43

43. Basidiospores narrowly ellipsoid to cylindric-ellipsoid,
9-5-12 X 5-6 MM s s s s s ssssssnssnssnnsse Dendrﬂthﬂle pﬂth,ﬂterig.ﬂtﬂ

43. Basidiospores broadly ellipsoid to globoSe seevvvsvrccennsnnas 44
44, Basidiospores globoSe «csessssesessss.. Dendrothele incrustans

44, Basidiospores broadly ellipsoid to subglobose
L O B B B T BN BN BN B B BN B N B O BN B B BN B BN B B BN B B BN B BN B B B MndruthE]-E grisencﬂnﬂ

45. Basidiospores triangular to stellate +ss¢s+« Xenosperma murrillii
45. Basidiospores not triangular to sStellate .seeecesscssccccsscnss 46
46. Basidiospores with thickened walls ceevevsssccncscscssense 47
46. Basidiospores thin-walled ceceecerscscsssvsssassssvsnnsss 49

47. Basidiospores subglobose, finely verrucose
sessssssssssssssnssssnssssssssss Hypochnicium punctulatum
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a?- BESidiﬂﬂpﬂrEE Ellipﬁﬂid, Emﬂﬂth T E R EE R G O T T T T T R T T T ETYTTT &8
48. Basidiospores 8.5-11 x 6-8 um +..... Hypochnicium bombycinum
&B- BﬂBidiﬂBpﬂtEE 6-? b4 5_5-5 UM s s s s sess H?pﬂﬂhniCiul 1““&&1111

49. Basidiospores 4.5-5.5 x 3.5-4.5 um; capitate cystidioles present
R R R T T T T E?phﬂdﬁr-ﬂ Eﬂﬂb“ti

&g- BEBidiuSpatEﬂ aver B um ldng Bnd 5 um WidE TR R R Ty 50

50. Basidiospores 8-9.5 x 5-6 um; cystidia absent
R R T T T T T T T T T Y " YY" Erphﬂder-ﬂ ﬂlhﬂﬂt&lﬂﬂl

50. Basidiospores 11-14 x 5.5-7 um; cylindric cystidia present
@ & & 8 & 8 B 8 8 B B " 8 B B 8 8 & B E S 88 S 8 8 & 8 8B E 8 e a8 Eypwem ﬂbtuﬂif'ﬂ'm

ASTEROSTROMA MUSCICOLA (Berk. et Curt.) Massee, J. Linn. Soc. Bot.
25:154. 1889.

Basidiocarps resupinate, effused up to 15 cm, soft and spongy or
felt-like; hymenial surface smooth, light pinkish brown to ochraceous,
with a thin whitish pruina visible at 50 X; margin fimbriate with
coarse whitish hyphal strands and thicker pinkish buff rhizomorphs,
hyphal strands and rhizomorphs also conspicuous in the lower subiculum
and in the bark below the basidiocarp; subiculum soft and spongy or
floccose under a more compact surface layer, pinkish-buff, up to .5 mm
thick; hyphal system consisting of generative hyphae and
asterohyphidia; generative hyphae hyaline, thin-walled,
simple-septate, with occasional branching, 1.5=-5 um in diam;
asterohyphidia of lower subiculum with 4-7 main rays up to 5.5 um in
diam at the base and tapering to a pointed apex, up to 60 um long,
frequently dichotomously branched, rarely with three or more branches;
asterohyphidia of surface reglon smaller, with short main rays up to
5=20 um long, these mostly with 1-2 dichotomous branchings; cystidia
frequent, thin-walled, clavate to bluntly fusiform, 40-60 x 8-11 um;
basidia clavate or with a swollen base, mostly 2-sterigmate, rarely
b-sterigmate, simple-septate at the base, 25-32 x 6-8.5 um;
basidiospores globose, strongly ornamented with rounded tubercules up
to 2 um long,. hyaline, amyloid in Melzer's reagent, 6.5-9 um in diam,
with a prominent blunt hilar appendix. Associated with a white rot.
2276, DeFuniak Springs, Walton County, FL, on bark of 1living J.
virginiana. Asterostroma muscicola occurs on other substrates in the

Gulf Coast region, commonly on dead standing hardwoods, especially
oaks.

CONIOPHORA FUSISPORA (Cke. et Ell.) Sacc., Syll. Fung. 6:650. 1888.
Basidiocarps annual, resupinate, effused up to 5 cm, usually
developing in small patches of mycelium, soft and fragile, easily
separated from substrate; hymenial surface dingy c¢ream at Ffirst,
becoming brownish with maturation of spores, smooth; margin white to
cream colored, with coarse hyphal strands; subiculum composed of
loosely 1interwoven hyphal strands, soft; hyphal system monomitic;
hyphae of strands thin-walled, hyaline, mostly simple-septate, but
some with single, double, or multiple clamps, the larger hyphae with
multiple clamps up to 18 um in diam, the others 4-=7 um 1in diam;
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Fig. 1. Asterostroma muscicola (MB 2276). a, subicular
generative hyphae; b, asterohyphidia from lower subiculum;
¢, asterohyphidia from hymenial region; d, cystidia; e,
basidia; f, basidiospores.
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subicular hyphae mostly simple-septate, with occasional branching,
thin-walled, hyaline, 3-9 um in diam; slender cylindric hyphidia
present in hymenial region, thin-walled, occasionally septate, not
incrusted, 90-110 x 3-5.5 uym, simple septate at the base; basidia
elongated, cylindric, with a narrowed base, 2-4 sterigmate, with large
guttules in the cytoplasm, 90-110 um long and 10-12 ym in diam at the
widest point, simple-septate at the base; basidiospores fusiform,
slightly to strongly curved at the basal end, thick-walled, smooth,
golden brown in KOH, dextrinoid in Melzer's reagent, 15-17.5 x 5.5-7
pm. Associated with a brown rot, fruiting near the base of living
trees or on dead, fallen trunks of J. virginmianma. 15643, Fort Gaines,
Dauphin Island, Mobile County, AL; 15740, 15741, 15749, Evergreen
Cemetery, Gainesville, Alachua County, FL. The basidiocarps are
generally small, poorly developed, and inconspicuous, and are probably
frequently overlooked. This 1is a circumglobal species and widely
distributed in North America (Ginns, 1982).

DACRYOBOLUS SUDANS (Fr.) Fr., Summa Veg. Scand. p. 404. 1849.

Basidiocarps annual, resupinate, effused up to 10 cm; margin
abrupt; hymenial surface pale buff, hydnaceous with short cylindrical
teeth, smooth surface between teeth also covered by hymenium, teeth
with a small amber-colored apical droplet that often breaks away and
leaves a small crater; hyphal system monomitic; subicular hyphae thin-
to thick-walled, with clamps, 2.5-4 pym in diam; large rhomboidal
crystals abundant in subiculum; cystidia clustered at apices of teeth,
cylindric, with secondary septa, 50-70 x 4-6 pm; basidia narrowly
clavate, 4-sterigmate, 13-17 x 3-4 um, with a basal clamp;
basidiospores narrowly allantoid, hyaline, smooth, negative in
Melzer's reagent, 5-7 x .75-1 um. Associated with a brown cubical
rot. 15775 and 2296, Milton, Santa Rosa County, FL, on dead branches
of J. wvirginiana. Dacryobolus sudans was also reported on Arizona
junipers by Gilbertson and Lindsey (1975).

DENDROTHELE INCRUSTANS (Lemke) Lemke, Persoonia 3:366. 1965.
Basidiocarps annual, resupinate, effused in small patches up to 2
cm long and 8 mm wide, cracking deeply on drying; hymenial surface
ivory to buff, smooth, margin abrupt; hyphal system monomitic;
subicular hyphae difficult to discern, thin- to firm-walled, with
clamps, 1.5-3.5 pm in diam; cystidia absent; dendrohyphidia
inconspicuous, very fine and obscured by crystalline material; basidia
broadly clavate, apparently 2-4 sterigmate, 20-38 x 9-12 jm;
basidiospores globose to subglobose, hyaline, smooth, negative in
Melzer's reagent, 8-11 x 8-10 um. Associated with a white rot of dead
branches. 2318, F. Roberts property, Clinton, East Feliciana Parish,
LA, on J. virginiana. Although all the specimens cited by Lemke
(1964) are from the Pacific Northwest, this specimen agrees well.
Also reported on Arizona junipers by Gilbertson and Lindsey (1975).

EXIDIOPSIS CALCEA (Pers.) Wells, Mycologia 53:348. 1961.

Basidiocarps resupinate, annual, arid and crustose, effused in
small, sometimes confluent patches up to 1.5 cm; hymenial surface
white to cinereous, smooth to slightly tuberculate; margin abrupt,
fertile, sometimes separating on drying; hyphal system monomitic,
subicular hyphae with clamps; dendrohyphidia present, much branched
and contorted, 1.5-4 um in diam, hypobasidia globose to ovoid,
2-celled, with a vertical septum and a basal clamp, 15-20 x 10-12 um,
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Fig. 2. Coniophora fusispora (RLG 15740). a, simple-
septate subicular hyphae; b, subicular hyphae with double
or multiple clamps; ¢, hymenial hyphidia; d, basidia; e,
basidiospores.
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Fig. 3. Dacryobolus sudans (MB 2296). a, subicular
hyphae; b, cystidia; ¢, rhomboidal crystals; d, basidia;
e, basidiospores. -

epibasidia tubular, up to 40 pm long, 2.5-4 um in diam; basidiospores
broadly allantoid, hyaline, smooth, negative in Melzer's reagent,
15-19 x 6-8 um. 2295, Milton, FL, on J. virginiana; 15791, LSU
campus, Baton Rouge, East Baton Rouge Parish, LA, on J. phoenicea.
Associated with a white rot. Also reported on Arizona junipers
(Gilbertson and Lindsey, 1975).

FOMITOPSIS FEEI (Fr.) Kreisel, Univ. Habana Ser. 4, Cienc. Biol.
16:83. 1971.

Basidiocarps perennial, sessile to effused-reflexed, pilei single
to imbricate, up to 4 cm wide; upper surface dark brown, matted
tomentose to scrupose, faintly concentrically sulcate and zonate,
becoming blackish-brown in older specimens; pore surface pale rose
colored when fresh, darkening to vinaceous brown with age, the pores
5-8 per mm, circular, with thick, minutely tomentose dissepiments;
context pinkish brown to dark dull brown, firm-fibrous, azonate, up to
4 mm thick; tube layers dull rose brown, older layers of tubes stuffed
with white mycelium, single layers up to 4 mm thick. Hyphal system
trimitic; contextual skeletal hyphae thick-walled, nonseptate, with
rare branching, 3-5 pym in diam; contextual binding hyphae
thick-walled, often branched, nonseptate, 2-4 pm in diam; generative
hyphae thin-walled, with clamps, 2-3.5 ym in diam; fusoid cystidioles
present, 15-20 x 4-5 um; basidia clavate, 4-sterigmate, 14-17 x 4.5-6
pm, with a basal clamp; basidiospores oblong, hyaline, smooth,
negative in Melzer's reagent, 4.5-6 x 2-2.5 pm. 2237, Avery Island,
Iberia Parish, LA; 2278, DeFuniak Springs, FL; 15752, Gainesville, FL;



@QCO% ¥

Fig. 4. Dendrothele incrustans (MB 2318). a, subicular
hyphae; b, basidia; ¢, basidiospores. Fig. 5. Exidiopsis
calcea (MB 2295). a, dendrohyphidia; b, basidia; c,
basidiospores.

15780, Milton, FL; 2345, St. Joseph Catholic Cemetery, Baton Rouge,
LA; all on J«. wvirginianma. Previous collections of Fomitopsis species
with rose colored tissue on J. virginiama in the Southeastern U.S.
have been identified as F. rosea or F. cajanderi (USDA Host Index,
1960). Our specimens are certainly neither of those species. F.
rosea has straight, cylindric spores and is a boreal fungus. F.
cajanderl has a wide range but differs morphologically in having
slender, allantoid spores. Previous records of F. feei have all been
on hardwoods (Carranza-Morse and Gilbertson, 1986).

GANODERMA SP. RLG 15764

Basidiocarp annual, laterally stipitate; pileus dimidiate, 1.8 x
2 x 1 cm; upper surface of pileus pale buff to light reddish brown,
laccate and shiny, shallowly sulcate at the base and near the margin;
margin rounded, fertile below; stipe lateral, cylindric, dark
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Fig. 6. Fomitopsis feei (MB 2237). a, generative hyphae;
b, binding hyphae; ¢, skeletal hyphae; d, cystidioles; e,
basidia; f, basidiospores.

mahogany, laccate, 2 cm long and 0.8 em in diam, with a rough,
non-laccate hypogeous extension 3 cm long, inner tissue ivory to pale
buff with scattered longitudinal pits or pockets lined with white
tissue; pileus context white immediately under the laccate cutis, pale
buff to pale brown elsewhere, soft-fibrous, azonate, up to 4 mm thick;
tube layer pale brown, up to 6 mm thick; hyphal system dimitic;
contextual generative hyphae difficult to discern, thin-walled, with
clamps, 2-3.5 mum in diam; contextual skeletal hyphae hyaline,
thick-walled, nonseptate, becoming dendritically branched with long
tapering apices, often sinuous or wavy, main branches 2.5-4 um in
diam, tapering down to apices less than | um in diam; tramal hyphae
similar; cutis -of pileus and stipe composed of a palisade of
pilocystidia covered by the varnish layer, on the pale pileus surface
pilocystidia are thin-walled, clavate, weakly amyloid, on the dark
stipe surface pilocystidia are closely packed, clavate, rarely
branched or 1lobed, thick-walled, moderately amyloid, 30-77 x 7.5-14
pm; hymenial cystidia none; basidia broadly clavate to sub-globose,
b-gterigmate, 17-21 x 9-12 um; basidiospores cylindric to narrowly
ellipsoid, pale brown in KOH, negative in Melzer's reagent, with a
double wall, walls separated by indistinct interwall pillars, apex
truncate with a germ pore, 9.5-14 x 4-6 pm. 15764, Milton, FL, on
roots of J. wvirginiana. This small Ganoderma basidiocarp has a
combination of characters unlike that of any member of the Ganoderma
lucidum complex recognized in North America. The narrow, often
cylindric spores are highly unusual in the group. Ganoderma zonatum
Murr., a southern species restricted to palms, has relatively narrow
spores, but its pilocystidia are quite different from our unidentified
specimen (Gilbertson et Ryvarden, 1986). As we were unable to get a
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culture, we prefer to wait until additional collections are made and
cultural characters are known before making any decisions regarding
the taxonomy of this specimen.

Fig. 7. Ganoderma sp. (RLG 15764). a, tramal generative
hyphae; b, contextual skeletal hyphae; ¢, pilocystidia; d,
cross section through pilocystidia; e, basidia; f,
basidiospores.
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HEMIMYCENA ALBIDA (Murr.) Singer, Sydowia 15:61. 1962.

Basidiocarps annual, centrally stipitate, single or in small
clusters; pileus circular, up to 1.5 cm wide, flat or with a shallow
central depression, cream colored ¢to pale buff, dry, glabrous,
azonate, becoming wrinkled on drying; margin concolorous, acute,
curving under on drying; stipe up to 4 cm long and 2.5 mm thick,
glabrous, pinkish buff, hollow and usually twisting and splitting on
drying, appearing cartilaginous when dry; context cream—colored, up to
«9 mm thick, uniformly soft-fibrous; gills free to slightly adnexed,
pale pinkish buff, edges entire, rather thick, crowded; hyphal system
monomitic; contextual hyphae thin-walled, interwoven, mostly 4-10 um
in diam but some inflated up to 16 gam, clamps present but
inconspicuous, also some simple septa; tramal hyphae similar,
parallel; gloeoplerous hyphae also present, refractive in Melzer's
reagent and staining brightly in phloxine; pleurocystidia infrequent
to abundant, narrowly to broadly clavate, thin-walled, mammillate,
28-45 x 7-14 pm; basidia clavate, 4-sterigmate, 25-30 x 6-8 pm, with a
basal clamp; basidiospores cylindric to navicular, with a pointed base
and narrower toward the apex, hyaline, smooth, with a single large
guttule, negative in Melzer's reagent, 9-12 x 3.5-4.5 pum. 15745,
15755, Evergreen Cemetery, Gainesville, FL, on J. virginiana; 2311,
15788, 15790, 15795, 15797, LSU campus, Baton Rouge, LA, on J.
phoenicea. H. albida fruits near the ground line at the base of
living junipers. The variation in the incidence of pleurocystidia is
striking. They are always present but extremely abundant in some
specimens and difficult to find in others.

HOHENBUEHELIA APPROXIMANS (Pk.) Sing., Lilloa 22:255. 1951.
Basidiocarps annual, sessile with a narrowed lateral base, up to
2 cm long and 1.5 cm wide, petaloid to broadly spathulate; upper
surface tan to pale brown, glabrous, smooth, azonate; lower surface
with radial lamellae; lamellae cream—colored, drying pale buff,
crowded, decurrent on lateral narrowed base, up to 0.7 mm deep, edges
entire, all surfaces clearly cystidiate under a 30 X lens; hyphal
system monomitic; context with a sharply defined gelatinous layer of
interwoven hyphae under a thin cuticle, gelatinous layer 65-100 um
thick; hyphae of lower context and gill trama hyaline, thin-walled,
with clamps, 3-6 um in diam, walls gelatinizing and swelling in KOH;
small ventricose cheilocystidia present, 15-24 x 4-5 um;
pleurocystidia of the metuloid type, abundant, thick-walled,
ventricose, tapering to a rounded apex, most incrusted over the upper
portion with coarse crystalline material, hyaline, faintly dextrinoid
in Melzer's reagent, originating from hyphae in the central part of
the gill trama, 55-70 x 12-18 um; basidia clavate, 4-sterigmate, 22-26
x 6-7 um; basidiospores ovoid to cylindric-ellipsoid, hyaline, smooth,
negative in Melzer's reagent, 6-9 (-11) x 3.5-5 pm. Associated rot
unknown. 15733, 15738, 15743, Evergreen Cemetery, Gainesville, FL, on
J. wvirginiana. Previous reports of H. approximans by Coker (1944)
from North Carolina and Thorn and Barron (1986) from Ontario and New
York were on hardwoods. Coker (1944) described two new species on
"cedar" in North Carolina, Pleurotus elegans and P. crustosus, but
both differ in numerous respects from our specimens. Both of these
Coker names are illegitimate because no Latin diagnosis was given.
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Fig. 8. Hemimycena albida (RLG 15797). a, gloeoplerous

hyphae; b, contextual hyphae; ¢, pleurocystidia; d,
basidia; e, basidiospores.

HYPHODERMA ALBOCREMEUM (Hoehn. et Litsch.) John Erikss. et Strid, in
John Erikss. and Ryv., Cort. N. Europe 3:453. 1975.

Basidiocarps annual, resupinate, effused in small patches up to
1.5 cm, membranous, easily separated from substrate; hymenial surface
white, smooth, cracking to expose a white, arachnoid subiculum; hyphal
system monomitic; subicular and subhymenial hyphae thin- to
firm-walled, closely septate with clamps at all septa, profusely
branched, commonly with ampullate or swollen cells that branch into
two hyphae, 5-10 um in diam; cystidia absent; basidia in large,
complex candelabra, narrowly clavate or almost <c¢ylindric,
4-sterigmate, 21-28 x 5-7 pm, evidently repetitive and arising from a
mass of disorganized and collapsed hyphal walls that are apparently
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Fig. 9. Hohenbuehelia approximans (RLG 15733). a,
contextual hyphae; b, pleurocystidia; c¢, cheilocystidia;
d, basidia; e, basidiospores.

the remains of collapsed basidia; basidiospores ellipsoid, hyaline,
smooth, negative in Melzer's reagent, 8-9.5 x 5-6 um. 2301, LSuU
campus, Baton Rouge, LA, on J. phoenicea. This fungus apparently has
not been reported from North America. It deviates somewhat from the
description of H. albocremeum in Eriksson and Ryvarden (1975) in
having hyphae with a more irregular branching pattern, spores without
a prominent apiculus, and a disorganized sub-basidial layer. However
it differs from the only other similar North American species,
Hyphoderma terricola (Burt), in lacking cystidia and having larger
spores. Julich (1975) proposed a new genus, Conohypha, for these two
species and perhaps our fungus represents a third.
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HYPHODERMA BACULORUBRENSE Gilbn. et M. Blackwell, Mycotaxon 20:89.
1984.

Basidiocarps resupinate, annual or persisting, effused up to 5
cm; hymenial surface cream colored or with a distinct greenish tinge
from associated algae, smooth to slightly tuberculate; subiculum less
than 1 c¢m thick; hyphal system monomitic; subicular hyphae
thin-walled, with clamps, 2.5-6 um in diam, with frequent branching
and irregular swellings; rhomboidal crystals abundant, 6-20 um wide;
gloeocystidia frequent, mostly imbedded but some projecting beyond
hymenium, variable in shape and size, some broadly ellipsoid, others
elongated and often with a fusiform apex, thin-walled, highly
refractive in Melzer's reagent and staining brightly in phloxine,
38-70 pm long and 8-13 um in diam; basidia clavate, 4-sterigmate,
25-30 x 9-10 pm, with a basal clamp; basidiospores broadly ellipsoid,
smooth, hyaline, negative in Melzer's reagent, 8-9.5 x 5-6.5 um.
15761, 15770, 15778, Milton, FL, on J. virginiana; 15793, LSU campus,
Baton Rouge, LA on J. phoenicia. Associated with a white rot. This
fungus was previously known only on live oak (Quercus virginiana
Mill.) and was collected by us on that host in St. Augustine (15697)
and Chiefland (15679) in FL.

HY PHODERMA OBTUSIFORME John Erikss. et Strid, in John Erikss. and
Ryv., Cort. N. Europe 3:493. 1975.

Basidiocarps resupinate, annual, very thin, soft, reticulate-
porose, effused to 1 cm; hymenial surface grayish-white, smooth,
farinaceous under a 30 X 1lens; hyphal system monomitic; subicular
hyphae hyaline, thin-walled, with frequent branching and clamps at all
septa, often branching from a clamp or immediately adjacent to a
clamp, 3.5=5 uyum in diam; cystidia cylindric to narrowly clavate,
thin-walled, not incrusted, 40-50 pm long, mostly 6-8 uym in diam but
some up to 12.5, with a basal clamp; basidia broadly clavate with a
narrowed base, 4-sterigmate, 23-36 x 8-14 pm, with a basal clamp;
basidiospores cylindric-ellipsoid, hyaline, smooth, negative in
Melzer's reagent, 11-14 x 5.5-7 um. Associated with a white rot,
fruiting in contact with a basidiocarp of Steccherinum ochraceum.
2281A, DeFuniak Springs, FL, on J. virginiana.

HYPHODONTIA CRUSTOSA (Fr.) John Erikss., Symb. Bot. Upsal. 16:1, p.
104. 1958.

Basidiocarps annual, resupinate, effused up to 5 cm, tough,
compact and adherent; hymenial surface odontoid with small, scattered
aculei less than 1 mm long, some specimens nearly smooth, cream
colored; margin white, abrupt to finely fimbriate; subiculum white,
compact, less than 1 mm thick, often with greenish spots due to
associated algae; hyphal system monomitic; subicular hyphae thin- to
firm-walled, with clamps, often brached, 2.5-4 pym in diam; cystidia
absent, fusoid hyphal ends present in hymenium and clustered at apices
of aculei, 30-55 x 3-5 pm some lightly incrusted; basidia clavate,
often with a median constriction, 4-sterigmate, 24-28 x 4-5.5 ym, with
a basal clamp; basidiospores cylindric, hyaline, smooth, negative in
Melzer's reagent, 5-7.5 x 2.5-3 um. 15664, Panama City, Bay County,
FL; 15668, 15671, Apalachicola, Franklin County, FL; 15694, 15696, St.
Augustine, St. Johns County, FL; 2294, Milton, FL. All on bark or
wood of dead branches of J. virginiana. Associated with a white rot.
There is some variation in length of spores in the group of specimens
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but they are macroscopically similar with very short scattered aculei
and their other microscopic structures are similar.
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Fig. 12. Hyphoderma obtusiforme (MB 2281A). a, subicular
hyphae; b, cystidia; ¢, basidia; d, basidiospores. Fig.
13. Hyphodontia crustosa (RLG 15671). a, subicular
hyphae; b, fusoid hyphal ends from hymenium; c, basidia;
d, basidiospores.

HYPHODONTIA NESPORI (Bres.) John Erikss. et Hjortst., in John Erikss.
and Ryv., Cort. North Eur. 4:655. 1976.

Basidiocarps annual, resupinate, effused up to 10 ecm, soft, with
a loosely tomentose texture; hymenial surface white to cream colored,
odontioid, with crowded, short aculei; margin white, thinning out,
floccose to arachnoid; subiculum white, soft, less than | mm thick;
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hyphal system monomitic; subicular hyphae loosely arranged, with
clamps at all septa, frequently branched, thin-walled, 2.5-4 pm in
diam; cystidia absent, capitate cystidioles present; hyphoid elements
projecting in clusters from the apices of aculei, lightly incrusted,
with coarse crystals, often with clamps, 3-5 pym in diam; basidia
narrowly clavate with a median constiction, 4-sterigmate, 18-20 x 4-5
um, with a basal c¢lamp; basidiospores cylindric, hyaline, smooth,
negative in Melzer's reagent, 5-6 x 2-2.5 pym. 15784, Milton, FL, on
decorticated dead branch of J. virginiama. Associated with a white
rot. Spores of H. nespori are similar to those of H. crustosa. The
loose, cottony texture of H. nmespori basidiocarps, the densely crowded
aculei, and the apical clusters of projecting hyphal ends are
characters that distinguish it from H. crustosa.

HYPHODONTIA SPATHULATA (Fr.) Parm., Consp. Syst. Cort. p. 123. 1968.

Basidiocarps annual, resupinate, effused up to 15 cm; hymenial
surface cream colored, becoming hydnaceous, the aculei tending to
become flattened, often branched at the tip, crowded, up to 1l mm long;
subiculum thin, cream colored; hyphal system monomitic; subicular
hyphae thin to firm-walled, with clamps at all septa, often branched,
2.5-4 ym in diam; cystidioles capitate, up to 34 uym long and 4.5 pm in
diam, also some rare sterile moniliform elements in hymenium, up to 30
um long and 5 um in diam, staining brightly in phloxine; basidia
clavate, 4-sterigmate, 15-17 x 4-5 uym, with a basal clamp;
basidiospores broadly ellipsoid to subglobose, hyaline, smooth,
negative in Melzer's reagent, 4.5-5.5 x 4-5 pm. Associated with a
soft, spongy white rot. 2280, DeFuniak Springs, FL, on dead,
decorticated branches of J. virginiana.

HYPOCHNICIUM BOMBYCINUM (Sommerf. :Fr.) John Erikss., Symb. Bot.
Upsal. 16:1, p. 101. 1958.

Basidiocarps annual, resupinate, effused up to 3 cm; hymenial
surface cream colored ¢to pale buff, smooth; margin concolorous,
abrupt; subiculum thin; hyphal system monomitic; subiculum appearing
disentegrated in KOH and in Melzer's reagent and individual hyphae
difficult to discern, hyphae thin-walled, with clamps, 3.5-7 um in
diam; cystidia absent; basidia clavate, 4-sterigmate, 30-38 x 7-9 pum;
basidiospores ©broadly ellipsoid, hyaline, smooth, wall slightly
thickened, negative in Melzer's reagent, 8-11 x 6-8 um. Associated
with a white rot. 15701, Gainesville, FL, on dead, decorticated
branch of J. wvirginiana. This species differs from H. lundellii,
which also occurs on dead juniper branches, in having larger spores.

HYPOCHNICIUM PUNCTULATUM (Cke.) John Erikss., Symb. Bot. Upsal. 16:1,
pe 101. 1958.

Basidiocarps resupinate, effused up to 8 cm, soft-fibrous and
easily peeled from substratum; hymenial surface ivory white, smooth,
cystidiate under a 30 X lens; subiculum ivory-white, floccose or
felty, up to 200 pm thick; hyphal system monomitic; subicular hyphae
hyaline, with clamps at all septa, frequently branched, firm to
moderately thick-walled, 3-6 pm in diam; cystidia abundant,
subcylindric, tapering to the tip, thin-walled, not incrusted, 80-120
X 6-9 um, completely to partially imbedded but some projecting to 50
um; basidia clavate, often with a median constriction, 29-40 x 7-8 um,
with a basal clamp; basidiospores subglobose to broadly ellipsoid,
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Fig. l4. Hyphodontia nespori (RLG 15784). a, subicular
hyphae; b, hyphoid elements from apices; ¢, capitate
cystidioles; d, basidia; e, basidiospores. Fig. 15.
Hyphodontia spathulata (MB 2280). a, subicular hyphae; b,
cystidioles; ¢, moniliform element; d, basidia; e,
basidiospores.

hyaline, finely verrucose, thick-walled, 6-=7 x 5=5.5 (=6) pm.
Associated with a white rot. 15781, Milton, FL, on J. virginiana.
Some of the subicular hyphae of this specimen have distinctly
thickened walls like those described by Parmasto (1967) and Eriksson
and Ryvarden (1976) for Hypochnicium caucasicum Parm. However as most

hyphae are relatively thin-walled it is best to assign this collection
to H. punctulatum.




392

A s e
isas

\J

Fig. 16.

Hypochnicium
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Hypochnicium bombycinum (RLG 15701).
subicular hyphae; b, basidia; ¢, basidiospores. Fig. 17.
punctulatum

c, ba

(RLG 15781). a, subicular

sidia; d, basidiospores.



393

LITSCHAUERELLA CLEMATIDIS (Bourd. et Galz.) Erikss. et Ryv., Cort. N.
Europe 4:839. 1976.

Basidiocarps annual, resupinate, effused in small patches up to 4
mm wide, appearing under a 30 X lens as a thin, grayish white film
with abundant and conspicuous cystidia; hyphal system monomitic;
subicular hyphae hyaline, thin-walled, with clamps, often branched,
2-3.5 pm in diam; lamprocystidia abundant, conical-fusoid, incrusted
and appearing thick-walled, often with several hyphal branches at the
base and appearing rooted, 60-85 pm long and 10-16 pym in diam at the
base, wall negative in Melzer's reagent, contents or perhaps inner
wall surface weakly dextrinoid; basidia terminal or lateral, some
pleurobasidia appearing as if a lateral hypha developed after basidial
formation, broadly cylindric or slightly urniform, sometimes with a
median constriction, 4-sterigmate, 17-32 x 9-13 um; basidiospores
globose to subglobose, hyaline, thin-walled, appearing smooth at 600 X
and finely asperulate at 1500 X, negative in Melzer's reagent, 8.5-11
pm in diam. 15763, Milton, FL, on J. wvirgimiana. Associated with a
white rot. There are some unresolved problems in the taxonomy of
Litschauerella.  The main species involved are Peniophora clematidis
Bourd. et Galz. and P. abietis Bourd. et Galz. Bourdot and Galzin
(1928) distinguished these species on spore size, with P.clematidis
spores described as 4-5 pm wide and P. abietis spores as 6-11 pm wide.
It is of interest that Bourdot and Galzin reported P. abietis '"sur
sapin pectin et genevrier". Boidin (1958), Weresub (1961), and
Liberta (1962) considered the two names as synonyms with P. clematidis
having priority. Liberta also transferred P. clematidis into the
genus Xenasma. Litschauerella was proposed by Oberwinkler (1965), who
transferred P. abietis into it as the only species. He also proposed
the genus Tubulicium and the new combination Tubulicium clematidis.
The basis for Oberwinkler's separation of these species into different
genera was the presence of pleurobasidia in L. abietis and terminal
basidia only in T. clematidis. Eriksson and Ryvarden (1976) concluded
that basidial morphology was similar in types and other specimens of
the two species. They also observed that spores of the Corbiere
specimen of P. abietis cited by Bourdot and Galzin (1928) have a
different type of ornamentation and are ellipsoid rather than globose.
Because this specimen does not agree with the lectotype of P. abietis
designated by Weresub (1961), they chose to describe it as
Litschauverella sp. until more specimens are available for study. In
view of the uncertainty that still prevails concerning this genus, we
prefer to apply the broad interpretation of L. clematidis to our
specimen.

PHYLLOPORUS RHODOXANTHUS (Schw.) Bres., Fung. Trid. 2:95. 1900.
Basidiocarps centrally stipitate, fleshy, pileus 3.5 cm wide,
upper surface convex, dry, minutely squamulose, pale yellowish brown;
hymenophore radially lamellate, lamellae decurrent, crowded, pale
yellowish brown, appearing finely cystidiate under a 30 X lens, edges
entire; context yellowish buff, staining bluish; stipe pale buff to
yellowish brown, 4 cm long and .5-.7 cm in diam, base connected to
masses of pale buff mycelium between flakes of outer bark; contextual
hyphae thin-walled, simple-septate, 6-11 pm in diam; pleurocystidia
and cheilocystidia abundant, cylindric to clavate, thin-walled,
hyaline, 55-80 x 9-16 um; basidia clavate, 4-sterigmate, 35-43 x 7-9.5
um, simple-septate at the base; basidiospores <cylindric to
subnaviculate, smooth, pale brownish in KOH, negative in Melzer's
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Fig. 18. Litschauerella clematidis (RLG 15763). a,
subicular hyphae; b, cystidia; ¢, basidfia; d,
basidiospores.

reagent, 10.5-14.5 x 4-5.5 pwm. 15677, Sopchoppy, Wakulla County, FL,
on base of living J. virginiana. This is probably not a wood rotting
fungus, and was fruiting from mycelium between the layers of rather
thick, dead outer bark. It is placed in the Paxillaceae, a family
that contains some wood-rotting species, by current authors (Smith et
al. 1979; Miller 1972). We also collected P. rhodoxanthus fruiting on
the base of a living palm tree in Gainesville, FL.

SEBACINA INCRUSTANS (Fr.) Tul., J. Linn. Soc. Bot. 13:36. 1871.
Basidiocarps annual, resupinate, effused up to 8 cm, tough and
adherent; hymenial surface cream colored to cream-buff, smooth; margin
abrupt to thinning out; subiculum white, up to .8 mm thick; hyphal
system monomitic; subicular hyphae thin-walled, simple-septate, with
frequent branching, 2.5-4 pm in diam; much branched dendrohyphidia
present, hyaline, not incrusted, 1.5-3 pym in diam; hypobasidia
subglobose to ellipsoid, becoming vertically septate and 2-4 celled,
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Fig. 19. Phylloporus rhodoxanthus (RLG 15677). a,
contextual hyphae; b, cystidia; ¢, basidia; d,
basidiospores.

15-20 x 11-15 pm, epibasidia 2-4, elongated, cylindric, up to 35 um
long; basidiospores ellipsoid to ovoid, hyaline, smooth, negative in
Melzer's reagent, 11-12 x 6.5-8.5 pm. 15747, Gainesville, FL, at base
of living J. virginiana. Sebacina 1incrustans 1is similar to S.
epigaea, which also occurs on junipers in the Gulf Coast region. The
latter species differs in its more fragile, membranous basidiocarp.

STECCHERINUM OCHRACEUM (Pers.:Fr.) S.F. Gray, Nat. Arr. Brit. Pl.
1:651. 1821.

Basidiocarps annual, resupinate to slightly reflexed, effused up
to 3 cm; upper surface tomentose, pinkish-buff, azonate; hymenial
surface pinkish-buff, hydnaceous, the teeth crowded, cylindric, up to
l mm long; margin fertile and concolorous or sterile, white,
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Fig. 20. Sebacina incrustans (RLG 15747). a, subicular
hyphae; b, dendrohyphidia; ¢, basidia; d, basidiospores.

tomentose, up to 1 mm wide; hyphal system dimitic; generative hyphae
thin-walled, with clamps, 2-3 pm in diam; skeletal hyphae
thick-walled, nonseptate, with rare branching, 2-4 pm in diam;
skeletocystidia imbedded in trama or projecting from the hymenium,
thick-walled, heavily incrusted, incrusted portion up to 10 pm in
diam; basidia clavate, 4-sterigmate, 15-20 x 4-4.5 um; basidiospores
ovoid to oblong, hyaline, smooth, negative in Melzer's reagent, 3.5-4
X 1.5-2 ym. 2281, DeFuniak Springs, FL, on J. virginiana.

STIGMATOLEMMA TAXI (Lév.) Donk, Persoonia 2:342. 1962.

Basidiocarps annual, sessile or substipitate with a narrowed
base, cupulate, dorsally or laterally attached, individual fruiting
bodies up to 1.5 mm wide and | mm deep, shrinking on drying, usually
fruiting in large numbers on areas up to 1 meter long; outer surface
pale vinaceous gray, farinaceous under a 30 X lens, inner surface dark
brownish; hyphal system monomitic; tramal hyphae thin-walled, hyaline,
with clamps at all septa, occasionally branched, 2-4 um in diam;
hyphae on outer surface giving rise to much branched and contorted
dendrohyphidia with slender, pointed wultimate branches, loosely
incrusted with small crystals, up to 75 um long, main branches 3-7 um
in diam; cystidia or other sterile hymenial elements absent; basidia
clavate with a distinctly narrowed base, &4-sterigmate, 24-36 x 7-8.5
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Fig. 21. Steccherinum ochraceum (MB 2281). a, generative

hyphae; b, skeletal hyphae; ¢, cystidia; d, basidia; e,
basidiospores. Fig. 22. Stigmatolemma taxi (MB 2274 and
2283). a, contextual hyphae; b, dendrohyphidia; ¢,

basidia; d, basidiospores.
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pm, with a basal clamp, the sterigmata stout, up to 2 um in diam at
the base and 5 um long; basidiospores angular with 4-6 elongated,
tapering lobes, often appearing diamond-shaped in outline, hyaline,
negative in Melzer's reagent, up to 1l um wide between opposite lobes.
2274, 2283, 15776, DeFuniak Springs, FL; 15651, Pensacola, Santa Rosa
County, FL; 2344, St. Joseph Catholic Cemetery, North St., Baton
Rouge, LA. All of the above on J. virginianma, fruiting on bark on
trunks of living trees. Coker (1921) also reported this fungus (as
Cyphella cupulaeformis Berk. et Rav.) from North Carolina.

THELEPHORA CUTICULARIS Berk., Hooker's Lond. J. Bot. 6:324. 1847,
Basidiocarps annual, sessile to substipitate, dimidiate or
forming circular rosettes with a narrowed base, up to 4 cm wide; young
pilei and marginal zone of older ones dingy gray, becoming almost
black with age, radially fibrillose, faintly concentrically zonate;
hymenial surface dark purplish brown, smooth, appearing minutely
tomentose under a 30 X lens; context Drab to Hair Brown, soft-fibrous
to spongy, azonate, up to 3 c¢m thick; hyphal system monomitic;
contextual hyphae hyaline, thin-walled, simple-septate, 3=6 pm in
diam, with occasional branching; cystidia none but hyphoid sterile

Fig. 23. Thelephora cuticularis (RLG 15751). a,
contextual hyphae; b, hyphoid sterile elements; ¢,
basidia; d, basidiospores.
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elements present between basidia in hymenium, these thin-walled,
simple-septate, 3.5-4.5 um in diam; basidia clavate, &4-sterigmate,
45-62 x 9-12 um, simple-septate at the base; basidiospores ellipsoid
or reniform to subglobose, pale brownish, strongly echinulate,
negative in Melzer's reagent, 9-13 x 6.5-8 um. Associated rot
unknown. 15751, Evergreen Cemetery, Gainesville, FL, on bark at base
of living J. virginiana.

TOMENTELLA ASPERULA (Karst.) Hoehn. et Litsch., Sitzungs. Kaiserl.
Akad. Wissensch. Wien, Math.-Naturw. Klasse 115:1570. 1906,

Basidiocarps resupinate, annual, effused up to 4 cm; hymenial
surface smooth, pale brown to dark dull brown, margin white to cream
colored, fimbriate to arachnoid with fine mycelial strands; subiculum
thin, white to pale brown; hyphal system monomitic; subicular hyphae
pale brownish to hyaline in KOH, thin- to firm—walled, with clamps and
frequent branching, 4-8 um in diam; cordons present but not abundant
in subiculum; cystidia absent; basidia broadly clavate, 4-sterigmate,
37-45 x 9-11 pm, with a basal clamp; basidiospores globose to broadly
ellipsoid or reniform, echinulate to aculeate, pale brownish in KOH,
negative in Melzer's reagent, 7.5-9 x 6-7 pm. 2314, LSU campus, Baton
Rouge, LA, on J. virginiana; 15691, Palatka, Putnam County, FL, on J.
virginiana. Larsen (1974) reports T. asperula to be widely
distributed on several substrates, including juniper.
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Fig. 24. Tomentella asperula (RLG 15691). a, subicular
hyphae; b, basidia; ¢, basidiospores.
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TRECHISPORA FARINACEA (Pers.:Fr.) Liberta, Taxon 15:318. 1966.

Basidiocarps annual, resupinate, effused up to 3 cm, soft and
fragile, easily separated; margin cream colored, thinning out,
arachnoid; hymenial surface pale buff, hydnaceous with crowded
cylindric teeth up to +8 mm long; hyphal system monomitic; subicular
hyphae thin-walled, with abundant clamps, with frequent branching,
often ampullate, mostly 2-5 um in diam with ampullations up to 13 um,
some ampullations nearly spherical; cystidia absent; basidia clavate,
often with a median constriction, 4-sterigmate, 11-13 x 4-5 pym, with a
basal clamp; basidiospores ovoid to subglobose, hyaline, strongly
echinulate, negative in Melzer's reagent, 3-4.5 x 2.5-3 um. RLG
15773, Milton, FL, on brown-rotted wood on dead branch of J.
virginiana.
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Fig. 25. Trechispora farinmacea (RLG 15773). a, subicular
hyphae; b, basidia; ¢, basidiospores. Fig. 26.
Xenosperma murrillii (RLG 15748). a, subicular hyphae; b,

basidia; ¢, basidiospores.

XENOSPERMA MURRILLII Gilbn. et M. Blackwell, sp. nov.

Fructificatio effusa, tenuissima, alba vel cremea, haud
conspicua; hyphae fibulatae, 1.5-2.5 pm in diam; cystidia nulla;
basidia clavata vel cylindracea, interdum biradicosa, 25-28 x 8-10 um,
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sterigmata 2-4, crassa, usque ad 9 x 3 um; basidiosporae hyalinae,
tenuitunicatae, triangulatae vel stellatae, usque ad 18 um inter
apices. Holotypus: 1leg. R.L. Gilbertson, No. 15748, ad ramos
Juniperus virginiana, Gainesville, FL, Aug. 10, 1985; in herb National
Fungus Collections, Beltsville, MD (BPI).

Basidiocarp annual, resupinate, thin and inconspicuous, effused
up to 1.5 cm; hymenial surface white to cream colored, smooth; margin
thinning out, with some fine white hyphal strands; hyphal system
monomitic; subicular hyphae with clamps, thin-walled, with frequent
branching, 1.5-2.5 um in diam; cystidia absent; basidia clavate to
subcylindric, some of the pleurobasidium type, biradicate at the base,
2-4 sterigmate, 25-28 x 8-10 um; sterigmata stout, up to 3 um wide at
the base and 9 um long; basidiospores angular with 3-4 pointed lobes,
shark tooth shaped to stellate, hyaline, thin-walled, negative in
Melzer's reagent, up to 18 um wide from tips of opposite 1lobes.
Associated rot unknown. 15748, near the grave of W.A. Murrill,
Evergreen Cemetery, Gainesville, FL, on J. virginiana. This 1is an
extremely distinctive fungus microscopically. The only other species
of Xenosperma is X. ludibundum (D.P. Rogers et Liberta) Oberw. It
differs in having smaller, 2-sterigmate basidia and smaller spores
(Liberta, 1962; Oberwinkler, 1965).
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NOTES ON ENTOMOPHTHORALES (ZYGOMYCOTINA)
COLLECTED BY T. PETCH:

ITI. ERYNIA SUTURALIS SP, NOV. AND OTHER
ERYNIA SPECIES RECORDED ON COLEOPTERA

ISRAEL S. BEN-ZE'EV*

Agriculture Canada, Research Branch, Research Station
Harrow, Ontario NOR 1GO0 Canada

ABSTRACT

T. Petch's collection of Entomophthora anglica was found
to contain two different Erynia species, on different Coleop-
teran hosts. Erynia anglica (Petch) Ben-Ze'ev, on Agriotes
sputator (Elateridae) and on an unidentified beetle was dis-
cussed in part I. The second species, Erynia suturalis Sp.
nov., described here, was found on Lochmaea suturalis (Chry-
somelidae) and possibly on another, unidentified beetle, but
not on A, sputator. While E, anglica belongs in the subgenus
Zoophthora, E. suturalis belongs in subgen. Neopandora and 1is
characterized by uninucleate, bitunicate, subpapillate, obovoid
to ellipsoid primary conidia averaging 17.5 X 10.6 pm, with
a length/width ratio of ca. 1.7 and narrow papillae. It has
wide, monohyphal rhizoids, some of which are fasciculate at
the base and have dichotomously lobed holdfasts. Pseudocys-
tidia are long, narrow and tapering toward sharp apices.

The ten species of Erynia recorded on Coleoptera are com-
pared. It is concluded that each deserves its own specific
status. Although species in several families of Coleoptera
have mycoses caused by Erynia species, the host range of each
fungal species is, according to presently available data,
restricted to a single coleopteran family, and within that,
to species belonging to one or two genera.

KEY WORDS: Entomophthorales; Erynia suturalis Sp. Nov.;
E. anglica; Coleoptera; Lochmaea suturalis; Agriotes Sp.;
Entomopathogenic fungi.

Two different species of Erynia Nowakowski, emend. Humber & Ben-
Ze'ev (1981) were found during a reexamination of T. Petch's material
annotated Entomophthora anglica Petch. The first part of this study
(Ben-Ze'ey, 1986) dealt with one of them: Erynia anglica, subgen.
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Present address: Department of Plant Pathology and Microbiology,
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Rehovot 76 100, Israel.
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Zoophthora Batko 1966*. The second species, described here, Erynia
suturalis, belongs in another subgenus, Neopandora Ben-Ze'ev & Kenneth
1982, and attacks hosts different from those of E. anglica.

The methods and the material examined are essentially the same as
in part I (Ben-Ze'ev, 1986). E. suturalis was found in Petch's speci-
men R-1228 (Entomophthora anglica Petch, on Lochmaea™* suturalis, Edin-
burgh, R.W.G. Dennis, 3 June, 1939). A fungus very similar, possibly
identical with E. suturalis was found in specimen R-775 (Entomophthora
anglica Petch, on a beetle, Hornsea, 14 July, 1931). The host in this
second specimen was annotated in Petch's article (1944) as "beetle
(? Plateumeris)" and later (Petch, 1948) as "cantharis". The specimens
were kindly lent by The Herbarium, Royal Botanical Gardens, Kew.

With the description of E. suturalis, the number of coleopterous
species of Erynia rises to ten. The second purpose of this report is to
provide a comprehensive comparison of these ten species, as suggested by
BaYazy (1981).

RESULTS AND DISCUSSION

Specimen R-775, from which two microscope slides were prepared
(R-775a, b) was apparently at the beginning of sporulation when collec-
ted, judging by the small number of conidia found in the slides, and by
the lack of secondary (or tertiary) conidia (Table 1). This specimen
was less well preserved than specimen R-1228 which justified preparation
of several microscope slides (R-1228a-d). It contained many conidia,
some of which were resporulating — producing secondary conidia (or ter-
tiary ones if the parent conidia were secondary), still attached to the
empty, parent spores. These cecondary or tertiary conidia differed in
shape from most conidia found in both specimens. Therefore, other de-
tached conidia that were similar in shape to the attached secondary or
tertiary conidia, were listed separately, in the third column of Table
1. The conidia in specimen R-775 were obovoid to ellipsoid, re-
sembling Erynia nouryi Remaudiére & Hennebert (1980), with a marked con-
striction between the papilla and the rest of the conidium. Similarly
shaped conidia in specimen R-1228 had a less marked constriction or
lacked it, and had larger diameters and thus, smaller 1/d ratios (Table
1). These dissimilarities between the two specimens can be explained
in several possible ways: a) The conidia in both specimens belong to
the same species, but those in R-775, being less well preserved, shrank
irreversibly in diameter and therefore gained in 1/d — such shrinking of
conidia was observed by the author in preparations of Erynia phytonomi,
affecting the diameter of conidia but not their length, and emphasizing
their papillae. Similarly, in E. anglica, the most pronounced papillae
were associated with the less well preserved conidia (Ben-Ze'ev, 1986).
b) The ovoid to ellipsoid conidia in both specimens belong to the same
species and are mixtures of primary and secondary conidia, with more
primary conidia in R-775 than in R-1228. c¢) If the host in specimen
R-775, annotated as "a beetle (? Plateumeris)" in the collection and as
(cantharis) in Petch (1948), is different from the host in R-1228 (roch-
maea suturalis), it is not impossible that each specimen contains a dif-
ferent fungal species. It should be mentioned, however, that although
both specimens were annotated by Petch "Entomophthora anglica", the

* For author citations of coleopterous Erynia species see Table 2.
** Erroneously spelled "rochnoea" in Petch's collection and followed in

the literature (Petch, 1944; Ben-Ze'ev, 1986).
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Comparison of conidial dimensions of Erynia suturalis sp. nov.

on Lochmaea suturalis from specimen R-1228, and a similar fun-
gus on an unidentified beetle, tentatively annotated 'a beetle
(? Plateumeris) from specimen R-775, both from T. Petch's col-
lection annotated "Entomophthora anglica'.

PYRIFORM CONIDIA

DIMENSIONS OBOVOID CONIDIA | OBOVOID CONIDIA
(primary & secon-| (primary § secon-|(secondary & ter-
MEASURED dary ?) prep. dary ?) prep. tiary ?) prep.
R-775a; n= 37 R-1228d; n= 93 R-1228d; n= 8
m
LENGTH (pm)
min. - max. 13.74 - 21.76 14.31 - 24.62 13.17 - 15.46
X 18.1 17.54 14.31
S 19 1o di7
most frequent 14.9-18.9 (88%)
DIAMETER (um)
min, - max. 6.78 - 13.74 8.02 - 16.6 9.73 - 11.45
X 8.87 10.59 11.01
s 1.37 1.46
m.f. | 9.2-12.0(ca.88%)
/D RATIO
min. - max. 1.5 = 2.7 1.33 - 2.28  §0 05 ) TR T
X 2.06 1.67 13
& 0.3 0.21
m.f. 1.4-1.9 (ca.80%)

PAPILLAR PROPORTIONAL LENGTH (papillar length as % of conidial length)
5.3 - 20.0% 8.3 - 12.0%

min. - max. 5.6 - 11.8%
X l_ 7.15% J 9.2% _J 9.5%
PAPILLAR PROPORTIONAL WIDTH (papillar width as % of conidial diameter)
min. - max. 24 - 63% 35 - 45%
X 44% it} 40%
NUCLEAR SIZE
ellipsoidal ) 4,6-5.7x5,7-6.9 | 3.4-5.7x4.6-6.9 3.4 x 4.6
spheroidal ™ | 4.6-6.3 | 4.6-6.9 | 4.6

fungus in R-775 is not that species, but is much more similar to E.sutu-
ralis, The following description of E. suturalis is based on specimen
R-1228 alone, to exclude the possibility of mixed species and, if the
two specimens contain one species, to exclude conidial dimensions which
might have been distorted by poor preservation.

ERYNIA SUTURALIS BEN-ZE'EV, SP. Nov., SUBGENUS NEOPANDORA,
ENTOMOPHTHORALES : ZYGOMYCOTINA
CONIDIA PRIMARIA (ET SECUNDARIA ?) hyalina, uninucleata, bitunicata,
plerumque multivacuolata, obovoidea, plerumgque subpapillata, raro
papillata aut epapillata [ secundum Lakoni (1919) systema), 14,3-24.6
X 8.0~16.6 um (plerumque 14.9-18.9 X 9.2-12.0 um, med. 17.5 X 10.6
um) . CONIDIORUM NUCLEI entomophthoroidei, elliptici, 3.4-5.7 X 4.6~
6.9 um, vel globosi 4.6-6.9 um diametro. CONIDIA SECUNDARIA (ET
TERTIARIA ?) pyriformia vel ovoideo~pyriformia, 13.2-15.5 X 9.7=-11.5
um (med. 14.3 X 11.0 um) conidiophoris brevibus ex conidiis prima-
riis (et secundariis ?) lateraliter orientibus portata.
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Figs 1-6: Erynia suturalis Sp. nov. on Lochmaea suturalis.
1. Primary, secondary and possibly tertiary conidia.
5,6 in the upper row, left to right, and 2,3 in the lower row are
from specimen R-775 — their belonging to E. suturalis 1s possible

Conidia nos.

but doubtful (see text). The last two conidia in the upper row
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CAPILLICONIDIA non observata. CONIDIOPHORA PRIMARIA ramosa, digi-
tata, determinata, ad 15 um lata. SPORAE PERDURANTES non observa-
tae praeter una, hyalina, subglobosa, 24.0 X 25.2 um, pariete leni,
2.3 um crasso. PSEUDOCYSTIDIA 2-3 septata, simplicia, 150-200 um
longa, basibus 15-20 um lata, ad acutos apices gradatim angustata,
RHIZOIDEA numerosa, filiformia, unihyphalia, interdum 1n parte me-
dia ad 30 pym lata et infrequenter ramosa, apice dichotomico-ramosa.
In adultis mortuis Lochmaeae suturalis (Thunbergqg) (Coleoptera; Chry-
somelidae) in Britannia.

TYPUS: Exsiccati no.R-1228, et lamina per microscopium Erynia sutu-
ralis R-1228 (a - d) designata, Reg. Bot. Herb,, Kew, Britannia,

PRIMARY (AND SECONDARY ?) CONIDIA hyaline, uninucleate, bitunicate, ob-
ovoid or ellipsoid, most of them subpapillata type, with some epapil-
late and some papillate ones [acc. to Lakon's (1919) classification],
14.3-24.6 x 8.0-16.6 pm (%= 17.5 x 10.6 um), with a length/diameter
ratio of 1.3-2.3 (X= 1.67). Most conidia are multivacuolate, about 1/3
have 2-3 vacuoles and 6% are univacuolate. Conidial papillae are nar-
row, mostly less than half of the conidial width (Table 1 and Fig 1).
CONIDIAL NUCLEI are entomophthoroid, stain well with acetocarmine, and
are mostly ellipsoidal (58%), the rest are spheroidal (Table 1 and Fig
2 arrow). SECONDARY OR TERTIARY CONIDIA are of type I (Ben-Ze'ev and
Kenneth, 1982 a), produced by resporulation on short secondary conidio-
phores arising laterally from primary or secondary conidia, and ejected
by papillar eversion. They are pyriform or ovoid-pyriform, 13.2-15.5

X 9.7-11.5 um (X= 14.3 x 11.0 pm? with a 1/d ratio of 1.2-1.4 (Xx= 1.3)
(Table 1 and Fig 1 extreme right). CAPILLICONIDIA were not observed,
CONIDIOPHORES are digitately branched but not profusely so, with 3-7
uninucleate conidiogenous cells up to 15 um wide, and with plurinuc-
leate subtending cells (Fig 2). HYPHAL BODIES are short hyphal seg-
ments, up to ca. 120 um long, with rounded ends, usually not branched,
plurinucleate, with nuclei closely and unilinearly arranged (Fig 3).
RESTING SPORES were not observed except for one, hyaline, subglobose,
24.0 x 25.2 um, with a smooth wall 2.3 um thick (Fig 4), Structures
that resemble very much PSEUDOCYSTIDIA of other Erynia (subgen. Neopan-
dora) species were observed in slide R-1228 d, among conidiophores, but
their position relative to the host's cuticle was not observed. They
were ca. 15-20 um wide at the base and ca. 150-200 um long, tapering
gradually toward sharp apices. They were 2-3 septate, with empty com-
partments, sometimes with cytoplasm in the apical cell. Petch (1944)
did not mention pseudocystidia in his description of Entomophthora
anglica. However, Waterhouse (1975) and Waterhouse and Brady (1982)
described for the same species "...cystidia ? long, narrow". As such
pseudocystidia are very probably absent in E. anglica (Ben-Ze'ev, 1986),
those observed by Waterhouse were probably those of E, suturalis in
Petch's material on rLochmaea suturalis. RHIZOIDS were many, emerging
in fascicles that appeared as pseudorhizomorphs, but diverged into

"'—— ———

and last one in the lower row are secondary or tertiary (lactophenol-
cotton blue). 2. Conidiophores showing septa and nuclei, and a coni-
dium with stained nucleus at the lower right corner (acetocarmine).

4. Resting spore (lactophenol-cotton blue). 5. Fascicles of rhizoids
diverging into monohyphal ones. 6. Single, flattened rhizoidal threads
and dichotomously lobbed holdfast (arrow). Bar (in Fig 6) represents
50 um in Figs 1 and 4; 100 um in Figs 2 and 3; and 200 um in Figs

S5 and 6.
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Table 2. A comparison of ten species of the genus Erynia recorded on coleop-
ERYNIA PRIMARY CONIDIA | SECONDARY CONIDIA:
species Length X Width (um)|L/W ratio Papalla:'typ$ﬂ Type
- in, - max. min.-max. roportiona
subgenus I o i=mﬂ A % P 5idth RHIZOIDS s
phy tonomi || _ Ia and II
ég:t:;rlll-!un 19.7-32.4 x 5.5-7.9| 3.0-5.0 papillate monohyphal and
1981, subgen)|23.7-27.4 x 6.2-6.8| 3.5-4.2 | av. 653 [ Pseudorhizomorphs
Zoophthora
Erynia Sp. : Ia (and I1 ?)
(unnfod yet)17.5-27.5 x 7.5-12.0 £ 2:g1llate Eonchyotial (ana ?
soophthora?|  21.1 % 9.2 2.3-2.6 | 50 - 65% pseudorhizonorphs ?)
E. anglica . [a and 11
%Z?:Ehigggn- 24-36 X 7-13 2.4-4.4 papillate monohyphal and
“sc o lor6-32/0:%:8.7-10.0 2.9-3.6 | av., 5% |Pseudorhizomorphs
Zoophthora
E.crassituni4 25-36 X 8.,5-12 ? papillate Ia and 11
cata Keller
£ 5 present but
égﬂﬂﬁth;r; 31.8 X 9.8 3.2-3.3 est. 65% undescribed
E.cole?pte-h S RA D ) Sst. & Ia, others unknown
rorum (Petc .6-44.0 X 8,0-15, .5-4.5 papillate to| , "
Humber & Be av. est. | subpapillate hyphgl E?EciC1E§ ”
Ze'ey 1981, ? 3.5 ca. 50%5 | (pseudorhizomorphs ?)
Erynia s.lat
?. nebriae) est. unknown
Raunkiaer 28-37 x 10-13 2.5-3.5
Humber & Ben undescribed prﬁsent_zuz
Ze'ey 1981, ? ? HINCEEEQ VS
Erynia s.1.
Erynia Sp. |[18.6-23.7 X 9.3-12.0| av. est. | papillate to| Ia, others unknown
(unnamed yet subpapillate | numerous fasciculate
19.5-22.8 X 9.6-11.6| 2.0-2.4 3.8-4.8 um (pseudorhizomorphs ?
RS wide, 25-30%
E. brahminae est. la
(Bose & Meh-|| 18-22 x 11-15 1.2-2.0 | subpapillate | monohyphal, 14-24 um
ta) Remaud. & to papillate | wide, with discoidal
Henneb. 1980, ? ? est. 30-50% | holdfast, 100-160 um
Neopandora g ? diameter
E.zafrii Roz unknown
?7-29.0 X 7 =18, - x i
g:?:v ;xKEEE 29.0 18.0| av. est papillate present but
neth 1982, 25.0 X 14.0 1.8 ? undescribed
Neopandora
E. suturalis subpapillate | Ia F
Ben-Ze'ev 14.3-24.6 x 8.0-16.6| 1.3-2.3 | (some epapil- | fascicles diverging
this report, late, some into monohyphal rhi-
S 17.5 X 10.6 1.6-1.7 |pa 1llate) zoids with dichoto-

Neopandora

(24 )44(-63%)

mous ends (holdfasts)
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CONIDIOPHORES

PSEUDOCYSTIDIA

RESTING SPORES
Description
Diameter: (um) min. - max.
R
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HOSTS / REFERENCES

— — ——— — S E—

digitate, iérmi-
nally clavate

absent

subhyaline-yellowish, smooth
episporium, zZygo- Or azygo-
spores, 24.5 - 44.2
globose, 33.4 ym

digitate, termmi-
nally clavate

light greyish to yellowish-
brown, verrucose episporium,
Zygo- or azygo- 27.5 - 44.0

e T

Hypera postica, H. punctata
larvae (Curculionidae)/(Ben-
Ze'ev & Kenneth, 1980, and
references within: Humber
and Ben-Ze'ev, 1981)

H. postica larvae (Curculio-
nidae)/(Harcourt et al1.,1974;
1981; Ben-Ze'ev & Kenneth,

absent spores, globose 1980; Tyrrell et a1., 1981,
5 > 34.0 pm and pers. commun.)
digitate subhyaline, smooth episporium,|Agriotes sputator, A.obscurus

unknown or absent

? azygospores,

globose, 27.0 - 34.5

29.4 - 32.3 um

adults (Elateridae)/(Petch,
1944; Ben-Ze'ev, 1986, and
refs. within)

unbranched or very
sparsely branched

unmentioned,
? absent ?

brown, smooth, globose,
35 - 56

43.5 um

digitate

10 um at base,
tapering upwards

dark brown, densely verrucose,
thick-walled (up to 6 um),

globose, 35 - 50 um or broadly
oval, 48 - 52 x 44 - 46 um, or
pyri{urm, 56 x 44 um

branched, septate,
with claviform
tips, 11-15 um wide

unmentioned

hyaline to brownish, smooth
episporium, globose, produced
as azygospores outside host's

body 30 - 50 um

? Malthodes sp.(Cantharidae)/
(Keller, 1980)

Sitona flavescens & other co-
leopteran larvae (Curculioni-
dae)/(Petch, 1932; 1944; Ben-
Ze'ev, 1986)

Nebria brevicollis adults
(Nebriidae)/(Petch, 1944;
Ben-Ze'ev, 1986)

richly branched,
long —— 6 um wide,
as long ac c-phores
, obtuse ends

in culture: delicately rough,
hazel-brown episporium, glo-
bose azygospores, ,,3 _ 33 n

Rhagonycha lignosa adult
(Cantharidae)/
(Balazy, 1981)

septate, digitate,
8-9 um wide

unmentioned

hyaline to pale yellowish,
spiny episporium, globose
Zygospores, 22 - 39

29 um

bifurcately bran-
ched ——14-18 um
wide, 300 um long,
bulbous base,
tapering upwards

dark brown, smooth or verruco-
se episporium, globose with
thick walls, produced outside
& inside host's body,

33 - 44 um

Brahmina SP., Anomala rufi-
ventris adults (Scarabeidae:
Rutelinae)/

(Bose & Mehta, 1953)

Zabrus tenebrioides larvae
(Pterostichidae)/
(Rozsipal, 1951; Ben-Ze'ev
& Kenneth, 1982 b)

digitate, 3-7 bran-
ches ——150-200 um
long, 15-20 um at
base, tapering,

2-3 septate

only one, immature observed:
hyaline, smooth, globose,

24.0 x 25.2 um

Lochmaea suturalis adults
(Chrysomelidae)/
(Petch, 1944; This study)
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individual, monohyphal threads, up to 35 um wide when flattened, some-
times branching at the middle, with dichotomically lobed holdfasts (Figs
5, 6). Pathogen of heather beetles (adults), rLochmaea suturalis (Thun-
berg) (Coleoptera: Chrysomelidae).

TYPE: exsiccatum-no. R-1228 and slides nos. R-1228a-d. Other material
possibly containing the same species is exsiccatum R-775 and slides
R-775a, b — all deposited at The Herbarium, Royal Botanical Gardens,
Kew.

The distribution of conidial length, diameter, and L/D ratios in
unmixed spore populations of Erynia species is a normal, bell-shaped
curve (Ben-Ze'ev, 1980; Ben-Ze'ev and Kenneth, 1982 a). This is not the
case with the conidial sample of E. suturalis examined here. There are
indications that the conidial population examined is a mixture of prima-
ry, secondary and possibly tertiary conidia. Even when the small, pyri-
form conidia are listed separately (Table 1), the rest of the population
gives a skewed curve. As a result, conidia were described above as
“primary and secondary" and as "secondary and tertiary".

Of 52 species of Erynia published to this day, only nine have been
recorded from coleopteran hosts; of these nine, host ranges appear so
far to be restricted to a number of families of Coleoptera, but each
pathogen has been recorded only in a single family. E. suturalis was
compared with those nine Erynia species (Table 2) and found to be diffe-
rent enough from each of them to justify its description as a new spe-
cies. Furthermore, all the species listed in Table 2 differ in at least
two characters from each other and thus all of them deserve independent
status. Confusion about the possible conspecificity of E. coleopterorum
and Tarichium punctata Garbowski with Erynia phytonomi, as assummed by
Batko (1966), was dealt with recently (Ben-Ze'ev and Kenneth, 1980; Ben-
Ze'ev, 1986); Table 2 reveals that the two Erynia species clearly dif-
fer from each other. Erynia elateridiphaga (Turian) Humber et al., con-
sidered by some to be very close to the two abovementioned species (Ba-
lazy, 1981) is now a synonym of E. anglica. A debate about the true
identity of E. phytonomi (Harcourt et al.,1974; Ben-Ze'ev & Kenneth,1980)
revealed the existence of two different Erynia species: E. phytonomi and
a species yet to be named (possibly related to E. phytonomi at the sub-
generic level — no. 2 in Table 2)(Harcourt et al., 1981; D. Perry, D.
Tyrrell and D.M, MacLeod, pers. commun. and examination of their unpub-
lished data). Another yet unnamed Erynia sp. (Balazy, 1981), attacking
Rhagonycha lignosa in Poland (no.7 in Table 2), appears to be different
enough from the other nine species to warrant its validation as a new
species.

Balazy (1981) doubted the broad host range of Entomophthora anglica,
as listed by Petch (1944; 1948): agriotes sputator, Lochmaea suturalis,
(? Plateumeris), Cantharis Sp. and Galerucella tenella larvae, and an
unidentified Staphylinid beetle. Table 2 reveals that each coleopterous
Erynia species seems to be restricted to one or two host species, belon-
ging in one or two genera in a single family of Coleoptera. This is
true as well for the two Erynia species found in Petch's "Entomophthora
anglica" collection; the broad host range of the latter is split be-
tween the two. The specimens of "E. anglica" recorded on Cantharis Sp.,
on Galerucella, and on the Staphylinid beetle were not received from the
Herbarium and are assumed to be missing — it is impossible to determine
which fungal species attacked these hosts, but one should not exclude
the possibility, especially in the light of other mixtures of fungal
species in Petch's collection (Ben-Ze'ev, 1982; 1986), that cantharis
sp. was infected by a different fungus, possibly Balazy's unnamed Erynia
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Sp. Or Erynia crassitunicata (see Table 2). One of the two specimens
annotated "? plateumeris" contained E. anglica while the second contain-
ed a fungus resembling E. suturalis, however, Petch himself (1944) re-
garded these host identifications as doubtful and in his later 1list
(1948) he changed the host identification to cantharis, while in his
collection the same specimens are annotated simply as "beetle".

There are still several unsolved nomenclatural problems concerning
coleopterous Erynia species. One, concerning the naming of Erynia Sp.
on Hypera postica larvae, was discussed in detail elsewhere (pp.:463-464
in Ben-Ze'ev and Kenneth, 1982 b). A solution to this problem is cur-
rently being studied with the help of the Type of Tarichium punctata
(R. Humber, pers. commun.). Erynia Sp.ONn Rhagonycha lignosa remains un-
named, awaiting a clarification of its possible conspecificity with
Tarichium rhagonycharum Balazy (Balazy, 1981; and pers. commun.). The
doubtful association between the Erynia and Tarichium states of E. cole-
opterorum was discussed in detail by Ben-Ze'ev (1986). One way to deal
with such doubtful associations between Erynia and Tarichium States was
demonstrated with E. zabrii (pp.: 463-465 in Ben-Ze'ev and Kenneth,

1982 b) where its speculative association with 7. jaczewski Zapr. in
Jacz. & Jacz., as proposed by Batko (1964) was rejected.
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SPHAEROBOLUS: RECORD OF A NEW GENUS OF GASTEROMYCETES
FOR MEXICO

TEOFILO HERRERA
AND
EVANGELINA PEREZ - SILVA

Laboratorio de Micologia, Departamento de
Botdnica, Instituto de Biologia, UNAM
Apartado Postal 70-233, 04510 México,D.F.

ABSTRACT

The first report of Sphaerobolus stellatus Tode: Pers. (Sclerodermatales:
Sphaerobolaceae) in México is discussed as well as the habitat, distribution
and biological importance.

INTRODUCTION

The Gasteromycetes are well represented in México; notwithstanding, in
this country the taxonomic studies on genera of the group started only a few
decades ago by Herrera (1950, 1964), Guzmdn and Herrera (1969) and Guzman
(1970). Until now no record on Sphaerobolus has been reported.

The continous recent changes in taxonomy permit us, in accord with modern
authors, to place the family Sphaerobolaceae in the Sclerodermatales
(Demoulin, 1968; Demoulin and Marriot, 1981; Ing, 1984) instead of the
Nidulariales where it was classified before (Coker and Couch, 1928).

DESCRIPTION OF THE SPECIES
Sphaerobolus stellatus Tode: Pers.

Peridium globose, fleshy, scarcely 2 mm. in diameter; after the dehiscen
ce the peridium remains divided in six triangular lobules. Gleba shining and
viscid, white, later yellow or chestnut brown, with many gemmae sprouting to
form hyphae densely filled with granules. Spores hyaline, smooth, elliptical,
5.1-6.8 x 3.4 um borne on the basidia irregulary disposed in sectors of the
gleba.

Habitat: On rotten wood, litter, and fallen branches of Abies religiosa
(H.B.K.) Cha. & Schl., solitary or gregarious.

Studied material. State of MEXICO, Km 25.5 of the road Toluca to Temas-
caltepec, PEREZ-SILVA, SANCHEZ and CASTRO, September 23, 1984 (MEXU 18266).
HIDALGO: Municipio de Omitldn, Vicente Guerrero; C. LEON, July 5, 1986 (MEXU
20108). MORELOS: road Lagunas de Zempoala to Chalma, PEREZ-SILVA, CHINCHILLA,
SAMANIEGO and LEON, August 14, 1984 (MEXU 19613).

Discussion: This fungus is often rare and difficult to collect because
of the small size of the species, but it has a wide distribution. It is well
know from the United States, Europe, South America, and the Antilles but not
from Mexico (Coker and Couch, 1928; Pilat, 1958, Courtecuisse, 1985; Martinez,
1956, Reid, 1977; Demoulin and Mariot, 1981; Brodie, 1972). It is important
because the mycelium of its species grows easily in the laboratory and can be
used to show phototropism in the fungi, and for the study of the interesting
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mechanism of throwing the gleba as a cannon ball to a distance up to 6 m
(Buller, 1933; Ingold, 1971, 1972; Ingold and Peach, 1970).

The accumulation of polysaccharide has been determined as very important in
this mechanism for the ejection of the glebal mass (Walker and Anderson,
1925; Flegler, 1982).
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CAMAROPS BIPOROSA SP. NOV. FROM FRENCH GUIANA

Jack D. Rogers
Department of Plant Pathology
Washington State University
Pullman, WA 99164-6430
and
Gary J. Samuels
The New York Botanical Garden
Bronx, NY 10458

Camarops biporosa sp. nov. 1is described from a French
Guiana colTection. It differs from all other Camarops
species in having a germination pore at each end of the
ascospore.

A collection of a Camarops superficially resembling C.
ustulinoides (P. Henn.) Nannf. prnved on closer examina-
tion, to be an undescribed species. It is described here.

Camarops biporosa J.D. Rogers & Samuels, sp. nov. Fig. 1-6.

Stromata pulvinata, connectivis latis vel attenuatis,
in totis ad 1.7 cm lata X 5 mm crassa, extus atra, intus
nigra. Stratum extimum 0.5 mm crassum, durum; contextus
ligneus. Superficies praeter ostiola levis. Perithecia
ca. 0.5 mm diam X 1-2 mm alta. Ostiola leviter elevata,
inconspicua. Asci saepe biseriate octospori, cylindrici
vel clavati, stipitati, 74-85 ym longitudine tota X 7-8 um
crassi, partibus sporiferis 63-70 ym, apparatu apicali 1in
liquore iodino Melzeri haud caerulescente, minutus. Asco-
sporae brunneae, unicellulares, ellipsoideo-
inaequilaterales, leves, 8.8-10.3 X 4.4-5(-5.9) pym, poro
germinativo in quoque extremo. Status anamorphosis
ignotus.

Stromata pulvinate on broad or narrowed connectives,
up to 1.7 cm diam X 5 mm thick, externally dull black,
internally satin black. Outermost layer ca. 0.5 mm thick,
carbonaceous, interior woody. Surface smooth except for
ostioles. Perithecia ca. 0.5 mm diam X 1-2 mm high.
Ostioles barely raised, inconspicuous. Asci 8-spored, the
spores somtimes arranged in biseriate manner, cylindrical
to clavate, stipitate, 74-85 ym total length X 7-8 um
broad, spore-bearing part 63-70 ym, with apical ring not
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staining in Melzer's iodine reagent, minute. Ascospores
brown, unicellular, ellipsoid-inequilaterial, smooth, 8.8-
10.3 X 4.4-5(-5.9) um, with germ pore in each end.
Anamorph unknown.

COLLECTION EXAMINED: FRENCH GUIANA: Vicinity of Saul,
elev., ca. 200, on well-rotted log in primary forest, G. J.
Samuels 3407, 3-16 Feb 1986 (NY, HOLOTYPE; CAY, ISOTYPE).

The taxon described here differs from all other
Camarops species in having a germ pore at each end of the
ascospores. It differs from most other Camarops species
in having ascospores that are not more or Tess flattened
and in the relatively large size of the ascospores (see 1
and 2). In other respects it seems a typical Camarops and
not worthy of forming the type of a new genus. We were
unfortunately unable to obtain cultures from our material.
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Figs. 1-6. Camarops biporosa. 1. Stromata, ca. X 3. 2.
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photomacrography. Figs. 3 and 4 by darkfield phase
microscopy. Figs. 5 and 6 by brightfield microscopy.
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PRELIMINARY KEYS TO THE TERRESTRIAL STIPITATE HYDNUMS OF
NORTH AMERICA

K.A. Harrison and D. W. Grund
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Wolfville, N.S. BOP 1XO

ABSTRACT

This paper presents keys to the stipitate hydnaceous
fungi of North America known to the authors. Genera in-
cluded are Bankera, Hydnum, Hydnellum, Phellodon, and
Sarcodon with sixty nine species and varieties.

INTRODUCTION

The following are keys to the terrestrial stipitate
hydnums of North America known to us. These are being made
available ahead of the detailed descriptions of species
which are now in preparation for a monographic treatment of
the family. The hydnums are a fascinating group, sensitive
to the microclimate of their surroundings. Many are long
lived and mature specimens usually are strikingly different
in appearance from when they were actively expanding. Many
species appear to be endemic to different regions of the
continent and these keys will only be explicit for the
regions where it has been possible to collect over a period
of several weeks when the common species of the area were
present. In the keys, an (E) or (W) indicate East and West
respectively. Plate numbers designated thus: *(Pl. 3),
refer to the plate numbers with discussions published in
the companion article with this paper (Differences in
European and North American Stipitate Hydnums). We do not
cite references in the text of this paper, but do provide a
list of "selected references" that offer descriptions for
the taxa presented in the keys.
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Key to the Genera

Basidiocarp supporting positively geotropic spines bearing
the hymenium,

3.

W W

SPOXes DYOWN ;. EUDEYCULALE . o v cn et ssosénens s ssesesesnesd
Spores white; smooth or echinulate.ccccecccosccscccscnied

2. Context of basidiocarp tough; scissile
I--l-i--ll-lI'In-ll-ll-l-lllllll-l-l--l-l--llIlllill'lii--l.H!dnE]-lm
2. Context of basidiocarp fleshy, brittle.....Sarcodon

Spores smooth; context fleshy....cceeeecceceees..Hydnum
Spores tuberculate to echinulate.ccccecccecccccccscccncecd

4' Cﬂntext flEshY--------n-------------;-------Bankera
4‘ Cnntext tﬂughlllilliillIIII-"I-III'I'II-IIIIIIPhEIIGdD'n

Key to the species of BANKERA (Coker & Beers.) Pouz.

Pileus glabrous, surface layer soft with debris adher-
ing to it conspicuously....B. fuligineo-alba (Schmidt:
Fr.) Pouz. *(Pl.1)

Pileus glabrous to scaly, surface not holding debris
conspicuously.......B. violascens (Alb.& Schw. : Fr.)
Pouz. * (Pls. 2,30)

Key to the species of PHELLODON Karst.

Cﬂntext withﬁut clamPSI--llIll-.-III"IIII‘.I‘...."‘..Z
Context with clamps (E)ececcccses .P. fibulatus K. Harr.

2., Pileus strongly zonate............P. tomentosus
(L.: Fr.) Banker *(Pl. 6)
2s. Plleup not strongly. ZoNate.iceessssssensesssssnesd

Stipe slender, usually under 4 mm in di@.cecececcccccead
Stipe stout, usually over 4 mm in dilacccecssssesccccced

4, Pileus brownish-black, amyloid-like inclusions in
cutis hairs, spines stain brownish upon brusing
P. melaleéucus (Sw. apud Fr.: Fr.) Karst. *(Pl. 5)
4, Pileus bluish-black, no amyloid-like inclusions in
cutis hairs, spines stain blackish upon bruising
() S ik s ois vis siare sl slee uiole s nis. s vins ve'n's Ba- ALTACUS K HATY S

Spines not over 2 mm long, pileus tomentose, tan,
becoming gray, finally brown; flesh not black, hyphae
not dark in Melzer's reagent (E.) cccecccssscssas
cessisssnesesssssssvele confluens (Pers,) Pouz. *{(Pl.4)
Spines up to 4 mMmm lONG ccccccssccncssssnscsscscsssssnnnsbd

6. Pileus deep purplish-black when young, black to
brownish in age; flesh and surface hyphae dark in
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Melzer's reagent (E.) .ecc....sP. niger (Fr.: Fr.)
Karst. *(Pl.6)

6. Pileus whitish when young to dark brown in age;
flesh dark, cutis hyphae not dark in Melzer's
Reagent (E)..P. niger var. alboniger (Pk.) K. Harr.

Key to species of HYDNUM L. : Fr,

Pileus tan, pinkish-cinnamon, or dull Orang€...csssees2
Pileus white to creamy with tints of tan.c.ceccecccccscceeed

2., Pileus convex, color pinkish cinnamon to apricot-
buff; spores 6-7 x 7-8.5pm..H. repandum L:Fr. *(Pl,
6,8)

2, Pileus usually under 7cm; rusty-orang€.c.ccsecscssees3

Spores 6-7 x 7-8.5pum.....H. rufescens Fr. ¥*(Pl. 9)
Spores larger, pileus variably colored..ccccecccccccestd

4, Pileus tan to rusty-orange; umbilicate; spores 6-7.5
X 8-9.5 PMececscesssascscseaecssssH, umbilicatum Pk.

4, Pileus color similar to H. repandum; spores 6-9.5 x
7-10(117) pM seeeveesesses.H. washingtonianum E & E.

Pileus usually over 6 cm; surface viscid; late fall
species; spores 3.5-5 x 6-7 pm ....H. albomagnum Banker
Pileus smaller; surface dry; summer SpeCieS..cccceesasbd

6. Pileus rarely up to 7 cm dia.; spores 3-4 x 4-6 pum
Gosssinecaeaessiaseienalsneseaesesesesssiy gibldum Pk,

6. Pileus 3-9 cm or smaller; spores 6-7 x 7-8.5 pm
cessscsssssssssssH. repandum var. album (Quél.) Rea

Key to the genus SARCODON Karst.

Pileus glabrous to slightly scaly, may crack deeply in
agEiI.lliiIilIlil.-II-Iil'l'll--ll'll'Ilillllll'ill‘ll.l'l'.-lz

Plleus soon AlStinCrLly B8CaAlY ssessssncsansssncsssessonenall

2, Pileus or spines fawn, yvellowish to orange-cinna-
poNnY  fusaed isTipDes COMMON v isivinelsasaseeseeeveesss

lIll-llIIIIIIII'I-II-I'I-Il-lll-l-l'll'l-'llllI'I-'I"I'I-I-I'l‘lll.“'3

2. Plleus or SpDIiNes NOL a8 BDOVE .. se'scienis e salenses s sissed

Pileus fawn, spines with a trace of yellow; taste

sharply acrid; resembles a hydnellum (E)ecececcccccsccasse
cessssssssscsssssscnsssscssSe plperatus (Coker) Maas G.
Pileus cinnamon to grayish; spines orange-cinnamon....4

4, Pileus cinnamon, young spines orange-cinnamon,
becoming darker; odor unpleasant, taste farinaceous
cessssssssS. Versipellis (Fr.) Quel. *(Pls. 29,30)

4, Pileus graylsh to brown, spines apricot; taste and
odor strongly farinaceous ..........5. martioflavus




422

5. Pileus or context or both shaded with indigo, violet,
Or lilac I-lll-illii-lillI-I-'Ill-'ll-llll-l.'.-.'.-‘-'--"-"‘6

5. Pileus gray or brown or tinted olivaceous; context not

aS abﬂve |..‘.l»----t.--.ltliii-illllllllli#i#iliiiilllg

6.
6.

Pileus with shades of indigo; context shaded lilac.
lI-lI.Ill-l-ll-lll.l-.l'l'llll.llI.l.l‘.llllil'lllll.lii7

Pileus drab to brownish; context lilac to vinaceous

.-Ill..'III'-Il-llll-ll'll.-I'III'II-llIllilll.-.-l‘.‘-‘"--"-a

7. Context indigo to vinaceous violet; no clamps (W).
e'alninin o leie s aioin sraela vie naneviuscoindicus (K. Harr.) K. Harr.
7. Context indigo to violet; clamps present (W) ..cceceecs

B ele wieTa m s Rl eI n e e o v i Oyanel lus s (K Harrs) K. Harxy,

8.

8.

Pileus brownish; context vinaceous; blue-green in
KOH & & & & & & ® & 0 8 @& B 8 8 lllliil-‘lilililllll.ll-llllll1124
Pileus with ecru-drab spots; context not blue-green
in KOH, but cuticular layer blue-green (W) ...cec..
ceessssS. rimosus (K. Harr.) K. Harr. ¥(Pl. 32)

9. Pileus shades of dull or dark brown; odor farinaceous
OX MEALCINA LS e s s m:0s 50 0'e aie ninBIssereie;sie s 8o 8:0 e 0le 4.0 cis e e 0
9. Pileus grayish to olivaceous or fawn-drab; odor not
P INACEOUB s o svo o 6o eioveesiessseenednesena seansaesesls

10

10.

Taste bitter; stipe and pileus usually irreqular,
cespitose (E).S. subfelleus (K. Harr.) K. Harr.
Taste mild, resembling a smooth S. imbricatus;
gregarious or in arcs of fairy rings (E)eececccccescs
eesssSe ustalis (K. Harr.) K. Harr. *(Pl. 28)

11. Pileus fleshy, spores 5-6 x 4.5-5 pm, coarsely
tuberculate; resembles a hydnellumM,. cceccecscccccccscsnsss
- B B & @ & & 8 5 8 & & & 8 & & % & & = 8 P B & 5 F & B 82 8w SI BterEﬂ'Earc_:Lnﬂn wehml

11. Pileus subfleshy, indeterminate growth; spores 4.5-5.5
X 4-5 pm,coarsely tuberculate (E)ecsccccccscssscccccncscs
'l-llll-.l‘-'-iliiiilliliil'!-lél Lj—EeratuE (aner) Maas G-

12.

5 B4

Pileus drab, smoky-buff or grayish with olive
tintsiill.lll'lllII'IIIIllll‘-l---l--l-lllllliilllll

13
Pileus various shades of gray to fawn......es...14

13, Pileus drab to smoky-buff, darkening in age, taste
bitter.....S. atroviridis (Morgan) Banker *(Pl. 40)

13. Pileus drab-gray to flesh color; stipe often eccentric;
context turns slowly olive-green in herbarium (E)......
cescsssssssssssS, Scabripes (Pk.) Banker *(Pl. 40)

14.

14,

Spores small, 4-5 x 3.5-4.5 pm; odor pungent (W)
when fresh.........S. calvatus (K. Harr.) K. Harr.
Spores as above; odor fragrant W) .eveccesccccccesce

..++0..8, calvatus var.odoratus (K. Harr.) K. Harr.
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15. Taste strongly.bitter after Arvingsissscssssciosssseasses
«++S. leucopus (Pers.) Maas G. & Nannf. *(Pl. 28)

15 Taste mild, "slighlly ‘BALEY e inssoncthssinscsssnssanasns
sssscsvcssssesesss Se excentricus (Coker & Beers) Baird

16: Plleus strigose to wWoolly,; BCAlY cseescancaasssecsssaetl
16. Pileus moderately scaly to imbricate scaly.eeeeceses.18

17. Pileus grayish; taste and odor farinaceous, then
slowly acrid ..ceceesese..S. lanuginosus K. Harr.

17. Pileus yellowish; taste acrid, southeastern ....
sessessssssssensssessssSe Crigstatus (Pers.) Banker

18, Taste mild or slightly bitter in age; clamps present
lllIllllllllllll.IIllI-I"l".II-l-.ll-'.lll-l-l-'lll'l'lll-l-ll19

18. Taste bitter or intensely nauseous; clamps absent in
cantext Illl'l'.'I'l-ll'l-l-l-'ll-l-.-l'llllI-I-I-'I"I-IIIIII-l'li.il"il'.'l'-zo

19. Pileus brown, imbricate- scaly; under conifers ..
««+S. imbricatus (L. : Fr.) Karst. *(Pl. 26)

19 Pileus pallid-brown; fibrillose; under pines .....
esssssssacessssscsessese Ustalis (K. Harr.) K.Harr.

20‘ Base Gf Etipe Glive-blaCk 'I-IlllIllllllllillillllllill21
20. Bage of Stipe Not Oli1Ve-Dlack ,ceenceeesacevessvessssid

21, Pileus brown, sometimes with vinaceous shades;
spines coarser than following; taste bitter; in
coniferous woods. .S. scabrosus (Fr.) Karst.
*(Pl.34)

21, Pileus light brown; spines fine, close;taste ex-
tremely bitter; in deciduous WOOAS .cececcacccncses
cesssssscsssssssds Underwoodii Banker *(Pl. 36)

22. Pileus brown with purplish tint, surface black, subcu-

tis: blune-grean In . KOH (W) caaeeavie e visien sesdanvelemnesise
cesssscssssscssssssSe Subincarnatus (K. Harr.) K. Harr.

22. Surfaﬂe blue—grEEH in KGH (w) & =8 8 8 B 8 B 8BS 8 SR S S "B
sscesssessssssnsse sonnicus (Karst.) Karst. *(Pl. 31)

23. In conlferous WOOA cccccsccsssssvsnsscsccsssscasss
S. fuligineo-violaceus (Kalchbr.) Pat. *(Pls. 38,39)
23. In deciduous wood (E) ....S. joeides (Pass.) Bat.
*(Pls. 3k7,40)

Key to the Genus HYDNELLUM Karst.

1. Pileus, context or spines orange or with shades of

Grange I'l'lIII-'l“I".-.-lll.II-I-I---.-llill-li-lllllllllis

1 PlLISus SOmMe: OLNEr COLOX: sivisienivianios b sse e st s cois e oee o

2. Pileus and spines sulphur yellow when young, dull
in age ...H. geogenium (Fr.) Banker *(Pl. 24)
2 Pileus or spines not as abOVe.ceeecececsncccnsse3
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3.

Se

10.

11.

i fli B

Context of stipe with bluish or mauve shades or zones
{if rEd juj-ce present EEE 16) " B B & & & & & 8 B @ B 8 BR8N & B 'I'I-I-lll4
Context of stipe ferruginous to buff,..ceesesssessssce s

4, Context not with blue shades until dried (E).[also
see key lead 13] ..¢ecvee.....H. ferrugipes Coker

4, Context and margin of pileus bluish (E) ..ccc.e oo
oiousiniesie vininiele e esieeieiseeeneees sele Atachuanum Murr.

Pileus bright salmon, spines a lighter shade on tips,
context of stipe buff to ferruginousS...ccccccececesecsbd

Pileus as above, but may have orange or yellowish
tints in spines or on base Of stipe .cceccccccccacesall

6. Pileus infundibuliform, rarely over 6 cm, context
thin (W) ..H. conigenum (Pk.) Banker *(Pl. 12)
6. Pileus colliculose, complicate, often thick ....7

Pileus in age often spreading and brown with uneven
surface or remaining solid and compact, spores 6-7 x
5-6 um, margin and tips of spines white ...cccececccces
.+ +He aurantiacum (Batsch. : Fr.) Karst, *(Pls. 11,12)
SPOXres 'BMALLEY: s eesonscnenss S P U PSP N SRSy -

8. Pileus surface markedly scrobiculate, spines per-
sistently orange, brownish when very old, growing
under Pinus resinosa .......H. chrysinum K. Harr,

8. Similar to above, in deciduous or mixed woods ..9

Pileus usually scrobiculate, rarely smooth, spines when
young with bright yellowish tips becoming brown, dried

flesh brittle (E) ccceceeccsccacese.H. €arlianum Banker
Pileus usually imbricate, clusters from a single stipe,
dried flesh rather tough (E) .....H., complicatum Banker

Growing margin of pileus and spines pale yellowish;
traces of yellow mycelium on base of stipe
(Michlgan) .aseeesies ...H. septentrionale K. Harr.
10. Very similar in stature and dried appearance but
without traces of yellow (Nova Scotia) eceeceesasscs
sesessssssenuas sessesssssssssssHe IXoOndosum K. Harr,

Pileus or stipe or context blue or with some bluish
tint & & ® F 8 8 ®# ® § B 8 8 8 B N 8 B8 l-ll-lllllll-'l'l--ﬁl"i‘i'i'-ii#"'-‘lz

Pileus or stipe or context some other color .c.eeees.18

12, Pileus white when young, stipe violet, odor frag-
rat........H. suaveolens (Scop. : Fr.) Karst. *(Pls.
15,16) :

12. Pileus some other color, young spines bluish, can
DAELAANET v oianinsiaie sia asinie s s lea sinie s v inianisieeresisipm: e s el S
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13. Pileus bluish when very young becoming tan, context
zoned With DblUe ..cccecssasssssecssnsossssssnssssssssess
«..++H. caeruleum (Hornem. ex Pers.) Karst. *(Pls. 13,14)

13« "NOT "BE BDOYE ciais o &eowi i e aiaies s omte)e s e minhitieals vieele elev ik

14, Pileus usually greyish, generally irregular, stipe
rooting, context and surface brownish, spines
PIULBN: s cuve e onisninivseenisnresssBe- CYARCAOR K. Harr,

14, Stipe color not as above, pileus margin with red
AYXODLEEE "3 o vioen u o o aalerd o -anloln e sere sie s e es eanld

15. Stipe thick (sclerotoid), white myceliocid-éver a bluish
SUTLACE (E) . :ecsossanssssssseshe SClaropodium K. Harr,
15- Stipe Elender' rﬂnting 'Il-'I-'I-I--l-lll-"lllllllllli'l-‘l-l-I-16

16. Pileus tan to greyish, fibrous and pitted by de-
pressions where red droplets exuded (E) .ceeeececes
cssessssssssssesscssssssnssssssHes Cruentum K. Harr.

16 PLI1EUS NOL BB ADOVE s sasacssonsossnsiesesssnesll

17. Pileus tinted with bluish .....H. cyanopodium K. Harr.
17. Pileus connate, brownish with hoary appearance, small,
stipe not rooting (E) .¢¢eceee...H. Subzonatum K. Harr.

18. Pileus and stipe brown to reddish brown, KOH gives
violet flash before turning context black ......25

18. Pileus variably colored, KOH reactions not asso-
ciated with violet f£lash sessassescssssssssesnsasltd

19. Pileus white with red droplets when young, darkening
and scrobiculate in age, dark matted cuticular mycelium
'apparent amyloid' (W) ...H. peckii Banker *(Pl. 10)

19« NOL A8 GDOVE s sesssosainssssessossnssrevessesnsstsessdl

20. Pileus velutinous, with red droplets, cuticular

hyphal mycelium not 'apparent amyloid'...cceeceees
L BN B BN B BN O B B BN e B I B O N IEI diabOJ-us BankEr *(Pl- 10)
20. Pileus hlackish liii‘liiiiiiil‘ii.lllll‘-lillliiizli

21. Pileus large, velutinous young, purplish black, stipe
DYoWnNish (W) ccdescesecscscsscsnsessacsals xegium K. Harr.
21" " PLIeus - Libr1illo80 .tccinsrassansennssinssernenensnsenvnls

22. Pileus small, greyish black with hoary appearance
III-I--I-I-I-IIIliiliilliiiiiiillliﬁj nigEllum KI Harrl
22. Plleus variously colored .csevessnssssssnscessssssld

23. Pileus low and squat, surface strigose exuding coffee
colored droplets .H. mirabile (Fr.) Karst.¥*(Pls. 17,18)
23‘ Nﬂt as ahﬂve !I'IIlll-lI'-I'l'lll-'ll.llllﬁlllll‘lll'lllIl1124

24, Pileus brown, complexly imbricate, occas-

lonal single SPOXOCATDS (E) ceecssssacssosasesvess
llll."l.‘l.‘l..l“l.llili-.IHI multicEpB Kl Harrl

24, Pileus drab, fleshy context, acrid (E) eccececcccens
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24. Pileus drab, fleshy context, acrid (E) cccccccccee
csesssssssssssssssarcodon piperatus (Coker) Maas G.

25. Pileus connate, context and stipe thick, deeply scro-
biculate ..H. scrobiculatum (Fr.) Karst. *(Pls. 18,19)

25 Pileus usually thinner with surface not or rarely scro-
DICULALE ccasnnnsnonsseesessssessssesnsssnsessensssssnsdd

26. Pileus usually convex, rarely complexly imbricate
l.iii..lliliH. cumulatum KI Harrl *{Pli 20)
26, Pileus individually developed or concrescent ...27

27. Pileus with bulbous stipe from thick layer of tomentum,
under oaks (E) ..H. spongiosipes (Pk.) Pouz. *(Pl. 22)
2?‘- Pileus Withﬂut bulbﬂus Stipe -'i--i----.--.---1-1\-.--28

28. Pileus as individual sporocarps, usually under
Pinus spp.(E) ...H. pineticola K.Harr. *(Pl. 21)
28, Pileus often concrescent, zonate ...cececcccccsssl?d
29, Pileus thin, strongly zonate, context Ary.ceeccccccsceces
..H. scrobiculatum var. zonatum (Batsch : Fr.) K. Harr.
*(P1l. 19)
29, Pileus similar but context with yellowish juice (W)
s esiseseneesnsnseseeesssuensesesssHs SUbsuccosum K. Harr,
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ABSTRACT

This paper evaluates the plates in Die Terrestrischen
Stachelpilze Europas published in 1975 by R. A. Maas
Geesteranus, for use when identifying North American spe-
cies of stipitate hydnaceous fungi. The figures in the
plates are compared with Harrison's collection of Koda-
chrome slides of hydnums found in North America. Some of
the illustrations of European species in this book are not
recognizable as the taxa known under the same name in North
America, while others are typical.

INTRODUCTION

The stipitate hydnums are a conspicuous part of the
North American fleshy fungus flora and are widely collected
by mycologists. At present there is not a comprehensive’
treatment of the group; thus, most identifications are
based on the European literature. Dye L RabAg Maas
Geesteranus (1975) published a monograph for Europe that
includes Kkeys, descriptions in German, and abstracts in
English, as well as forty colored plates taken from paint-
ings by van Os and the author. This monograph, Die
Terrestrischen Stachelpilze Europas (The Terrestrial
Hydnums of Europe) is today a standard reference for North
American mycologists examining the hydnums.

One problem with this approach is that some of the
illustrations of European species in the book are not
recognizable as the taxa known under the same name in North
America. Unfortunately, neither Maas Geesteranus nor we
have Dbeen able to study the hydnums fresh, in the other's
country. It is certain that there are many additional taxa
in North America remaining to be studied and described
before there can be an agreement on the species present in
the two regions.

There is always a problem with the color reproduction
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of plates, and it is possible that this happened in this
publication. In any event, if the illustration is mislead-
ing, this must be known if accurate identifications are to
be made,

The following analysis of each plate is based upon
Harrison's extensive Kodachrome collection of North Ameri-
can stipitate hydnums, and his field records based upon
over 50 years of collecting these fungi across North
America.

DISCUSSION

PLATE 1 Bankera fuligineo-alba (Schmidt : Fr.) Pouz. Fig.
a 1is a typical illustration of this species as known in
North America, while b and ¢ illustrate peculiar varia-
tions. The malformation of ¢ is undoubtedly the result of
insect feeding. The taxon recognized as this species 1in
North America usually has the regular outline of a mush-
room. In Nova Scotia it has been collected in stands of
Pinus resinosa from under the layers of pine needles.

PLATE 2 and 3. Bankera violascens (Alb. & Schw.:Fr.) Pouz.
Figs. b and ¢ are similar to fresh and dried specimens of a
taxon in North America that is known as B. carnosa (Banker)
Pouz. Plate 2, figs. a and Plate 3 are unlike it. The
taxon named Phellodon carnosus by Banker is common on this
continent but is usually much darker in color. However, it
has been possible to examine a collection of B. violascens
from Sweden which contained sporocarps that are as dark as
North American material, and it is accepted that we are
dealing with a species that is more variable in Europe that
in North America.

PLATE 4. Phellodon confluens (Pers.) Pouz. Figss "a, b;
and ¢ bear 1little resemblance to fresh North American
specimens of this species. The dried material shown in
fig. d can be recognized as such, but is too light colored
to be typical. The upright sporocarp (fig. a ) does not
illustrate the normal habit for this species in North
America, where the spined surface is normally parallel to
the surface of the soil. Fig. e, Phellodon melaleucus
(Sw.: Fr.) Karst. occurring in North America does not have
a deeply infundibuliform pileus and is much darker on the
disc than illustrated. Our material is so different that
it would appear that we have another species. Our taxon 1is
relatively common in north- eastern North America and is
abundant in the pine forest of northern Michigan along the
shores of Lake Superior. After one season's experience
with the Phellodon species growing in the southern
Appalachian mountains, it was felt that this genus will be
understood in North America only after intensive work for
several seasons in that region.

PLATE 5. Not one of the figures in this plate resembles
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North American taxa included under the names given for
these illustrations. P. melaleucus is illustrated by figs.
a, b; -and €. Fig. @ has a slight resemblance to
P.tomentosus (L.: Fr.) Banker, but does not have the
characteristic stipe of P. tomentosus ; fig. b appears to
be an overgrown form of fig. a; fig. ¢ is dark on the disc
but the margin is unusually light colored to be Phellodon
niger (Fr.) Karst. The three sporocarps marked d do not
illustrate the species recognized under this name in North
America. They do not show the characteristic thick, tomen-
tose-felty stipe and do not have the normal gray-black
pileus. The violet shade of the youngest pileus has not
been found on the hundreds of sporocarps seen in Nova
Scotia. Fig. e of dried material is a beautiful painting,
but illustrates something different from the species consi-
dered to be P. niger in Nova Scotia or North Carolina.
Possibly it comes closer to representing P. niger var.
alboniger, but Canadian sporocarps of that taxon are larger
with longer, thickly felted stems, also the colors of the
pileus are not typical. P. niger var. niger and var.
alboniger (Pk.)K. Harrison are closely related taxa which
can Dbe separated by the differences in color of growing
basidiocarps. In age, after weathering, they are similar.

PLATE 6. P. niger. Fig. b slightly resembles the North
American taxa labelled with this species name, but the
pileus 1is thin and split in the European species, a
condition unknown here, because the context of our taxon is
thick and the sporocarp stout. Fig. a resembles one of the
larger forms of P. tomentosus found in the Pacific
Northwest, P. tomentosus fig. ¢ 1is recognized as a
beautiful picture of this common species. Fig. d is not an
illustration of this taxon as it grows in North America.
It is not known here as an imbricate species.

PLATE 7. Hydnum repandum L.: Fr. Figs. a, b, and c are
all recognizable. Fig. a appears to represent a normal
sporocarp, but the red spines are unknown here. The spines
on fig. b are most unusual as they seem to be arranged in
windrows. In fig ¢, the specimen shown, if collected in
North America, would be suspected as being infested with
nematodes. The colors of this plate are too light a shade
to represent typical North American material.

PLATE 8 Hydnum repandum. The illustrations in this plate
are very light colored, but there is a distinctive late
fall form with 1light colors in Michigan that partially
matches them, but is a much larger fungus.

PLATE 9. Hydnum rufescens Fr. It is interesting to see
such light colored illustrations of this, one of the most
controversial species. This species can be much darker in
Europe. The colors and appearance as presented are
similar but too light colored to be the American Hydnum
umbilicatum Pk., which has larger spores. The darker
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reddish brown form considered to be H. rufescens in this
continent has only been collected two or three times, but
Dr. A,H. Smith informs us that it was found many times
under ocaks in southern Michigan in 1980.

PLATE 10. Hydnellum peckii Banker, (H. diabolus Banker has
been considered a synonym in Europe). Fig. £ resembles H.
peckii as found in the Pacific Northwest but H. diabolus in
the east is quite different. Figs a, b, and c of young
material are too whitish to be typical for H. peckii. The
red drops are the character in common with H. diabolus,
which is a strigose, brownish species in North America. In
fig. d the context of the stipe and pileus is too 1light
colored. The outline of fig. a with the long spongy stipe,
is so sharp and clear that there is no doubt all details
are shown, yet it does not look like any of the hundreds of
specimens seen over the years on this continent. This
plate supports our concept of two distinct North American
species.

PLATE 11. Hydnellum aurantiacum (Batsch : Fr.) Karst,
This 1is a beautiful plate of variations found in this
species. Larger sporocarps are the rule in North America
but often take up too much space to be used for illustra-
tions. The figs. e, £, and g show a deeply infundibuliform
species that 1is unknown in most of this country but has
been found several times in Alaska. Hydnellum conigenum
Pk., a western species, is similar but the fruit bodies are
smaller and the spores distinctly smaller.

PLATE 12. Hydnellum aurantiacum. Figs. a and b illustrate
further easily recognized forms of this variable species,
Hydnellum auratile (Britz.) Maas G., figs. ¢, d and e.
There has been some question whether H. conigenum is a
synonym of this taxon. These figures are sharp and detail-
ed, showing red streaks on the pileus. These are not pres-
ent on North American material either dried or fresh. The
two appear similar otherwise but distribution patterns and
microscopic differences indicate two species are involved.

PLATE 13. Hydnellum caeruleum (Hornem. : Pers.) Karst.
This is a long-lived and extremely variable taxon in North
America that sometimes must be cut open to examine the
characteristic 2zoned flesh before one is certain of the
species. Fig. a 1is typical of young Canadian material
except that the mycelial subiculum at the base 1is too
brightly colored. Fig. c¢ is too rough on top. North
American material wusually has a smooth surface even when
the sporocarps reach the size shown in figs, b and c.

PLATE 14. H. caeruleum, fig. a (upper left) shows the
typically colored subiculum around the base of the stipe of
the North American form; in fig. a (upper center) the subi-
culum is too white, These two are obviously of young ma-
terial but the color of the caps is not 1like any
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North American forms that we have seen, Fig. b illustrates
an old specimen that has almost reached the condition found
in the type of Hydnellum humidum (Banker) Banker. Fliga . ©C
illustrates the zonate bands in the context of the pileus
and stipe of H. caeruleum when young.

PLATE 15. Figs. a represent Hydnellum suaveolens (Scop. :
Fr.)Karst., but fig. b must be something else. No collec-
tion of this species to our knowledge in North America has
the appearance of this figure. Older material in Canada
has a dull dirty gray shade and a water-soaked appearance.
Fig. a on the right, is a somewhat closer representation of
typical specimens found in Nova Scotia. Our young fruit
bodies are white except for the blue stipe. Some varia-
tions, such as violet tints on the spines occur in age on
some collections.

PLATE 16. H. suaveolens. Fig. a 1s a section that shows
the typical zonations found in the context of pileus and
stipe. H. compactum (Pers.: Fr.) Karst. Figs. b and ¢ and
plate 17, fig. a represent a species unknown to us.

PLATE 17. Hydnellum mirabile (Fr.) Karst., figs. b. These
could never be recognized as the species known by this
name in North America. The colors are too white, even for
extremely young material. In North America, the coffee
colored droplets of exuded juice soon discolor the strigose
hairs and the pileus is only white when slugs have eaten
the outer layer and secondary growth has occurred.

PLATE 18. H. mirabile., Fig. a is a large, tan, imbricate
form with white spines. A most unusual specimen, and too
light colored to be given this name in North America.
Hydnellum coalitum Maas G., fig. b. These are two beauti-
ful illustrations of an interesting form that might be
confused with H. mirabile in North America. Our H.
mirabile is not acrid and has abundant sweetish juice in
the stipe. Hydnellum concrescens (Pers.) Banker. Figs. c
illustrate young material, snow white on the margin with a
deeply depressed scrobiculate center. In our Ho
scrobiculatum-zonatum complex, there are no sporocarps this
white in the youngest pedicellate stages.

PLATE 19. H. concrescens. Fig. a illustrates a strange
zonate-imbricate species with a white margin unknown in
North America but slightly resembling Hydnum humidipes K.
Harrison = Sarcodon piperatus (Coker ex Maas G.) K.
Harrison (1984). Figs. b and d are easily recognized as
similar to variations collected in North America that can
only be separated into H. scrobiculatum (Fr.) Karst. or its
var. zonatum (Batsch: Fr.) K. Harrison after careful study
of the spores. Fig. b with minute crystalline granules on
the pileus is a familiar form. Coker made the combination
H. 2zonatum forma vespertilo stressing this character.
Fig.c 1is the form found under bracken in coniferous woods;
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d is another form, with a depressed scrobiculate center,
that is common in northeastern North America.

PLATE 20. Hydnellum cumulatum K. Harrison. Figs. a illus-
trate a small, brown imbricate species.,. It is suggested
that the fungus illustrated by Maas Geesteranus be given
another name since its habit of growth and appearance 1is
not typical of any of the forms found in Nova Scotia (the
type locality). In 1979 during a rainy season, H.
cumulatum was found as a thick solid sporocarp with context
4 cm thick, but the surface still had the broad convex
lumps typical of the cumulus effect seen on clouds.
Hydnellum ferrugineum (Fr.) Karst. Figs. b, ¢, and d has
not been recognized in North America, but figs ¢ and d
appear similar to Hydnellum pineticola K. Harrison, except
that the latter does not have the white young stage shown
in fig. b, nor is it found in concrescent clumps as illus-
trated in Plate 21., fig. a.

PLATE 21. H. ferrugineum. Figs. b and c show a dis-
tinctive European species. The colors and surfaces are
different from anything found in North America. It 48
maintained that H. pineticola, which has been considered a
synonym, is a distinct species because it does not exude
red droplets. It does have red juice at times and is
distinctly reddish brown in the youngest stages. The dead
sporocarps of this species persist over winter in Nova
Scotia and finally disappear during the following summer.
It is the most rot-resistant Hydnellum known in North
America and 1is closely followed in this character by H.

spongiosipes (Pk.) Pouz.

PLATE 22. Hydnellum gracilipes (Karst.) Karst. Fig. a
shows 1little about the surface of the pileus, the stipe,
and the spines and stipe base are lacking. (What is 1it?)
H. scrobiculatum figs., b, ¢ and d. These nice illustra-
tions are instantly recognized as the taxon with the same
name in North America, except the figs. d have unusually
long stipes to be this species. H. spongiosipes, figs. e
and £, nicely represent the young growth forms of the
species; f 1is especially accurate for this North American
taxon but has a bewildering resemblance to the forms illus-
trated in the figs. d on this page.

PLATE 23. Hydnellum spongiosipes (Pk.) Pouz. Fig. a
represents a common form of this species found in North
America; fig. b 1is unusual as obviously it is a regrowth
over an earlier sporocarp that persisted over winter or
whose development was checked by dry weather; fig. ¢ is not
a typical picture of H. spongiosipes, but does resemble H.

pineticola rather closely. The two can be rather difficult
to tell apart. Hydnellum tardum Maas G. figs. d. These
could illustrate young actively growing basidiocarps of H.
scrobiculatum. The section key (p. 94) contains "immature
spines pale purplish" and the discussion (p. 99) compares
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the species with H. cyanodon K. Harrison. The illustration
has no resemblance to H. cyanodon. The color of the spines
might lead to H. subzonatum K. Harrison, another species
that is distinctly different. H. tardum, as illustrated
and described, is unknown in North America.

PLATE 24, Hydnellum geogenium (Fr.) Banker, Figs. a, b,
and ¢ are recognizable but rather pale colored. The older
parts are distinctly darker in Nova Scotian specimens and
the margin and spines can be a much brighter yellow.
Sarcodon imbricatus (L. : Fr.) Karst, Figs. 4, e, and £
are not helpful for the identification of this magnificent
species. The young are too pale and the dried specimen is
only a dried specimen (of what?).

PLATE 25. S. imbricatus. Fig. a, is a most unusual lace-
rated form that is unknown in North America; fig. b (lower
one), the scales illustrated on this specimen show why
early North American mycologists misnamed so much S.
scabrosus as S. imbricatus; fig. b of the sectioned sporo-
carp shows the characteristic center that develops in ma-
ture specimens, especially when maggots are present. The
pileus in age can be smooth and infundibuliform after heavy
rains have removed the scales. This has never been seen by
most collectors in this continent. Harrison first saw it

in 1971 in North Carolina and again in Nova Scotia 1978.

PLATE 26. S. imbricatus. Fig. a is easily recognized as
the North American form of the species, although the trun-
cated central scales indicate a very young sporocarp. Fig.
b matches dried material nicely.

PLATE 27. Sarcodon leucopus (Pers.) Maas G. & Nannf., is a
sporocarp from Switzerland. This is much too brown to be
typical of North American material and our sporocarps are
not usually as thick in stipe and context,.

PLATE 28. S. leucopus. Fig. a is very light colored for
this variable species; b and c are of dried specimens, but
North American material is not as dark as fig. ¢, and also
has a grey-violet cast not shown here. The easiest test
for this species is a bitter taste of the dried flesh. The
typical spores separate it from several other large fleshy
hydnums of the Pacific Northwest.

PLATE 29. Sarcodon versipellis (Fr.) Quel, Fig. a is of
dried material and is too light in color to be typical of
North American material; also there are no traces of the
greyish violet color that is found on dried specimens of
this taxon and S. leucopus (syn. H. laevigatum Fr.). Figqg.
b is quite typical of the taxon that Harrison named H.
crassum = H. versipellis in Nova Scotia.

PLATE 30. S. versipellis fig. a. Typical dried material

should show traces of the greyish violet color that devel-
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ops after standing in herbaria for a year or more. Fig. b,
typical form, but tan color is a bit off shade. The color
should be identical with that of Albatrellus confluens
(Alb. & Schw. : Fr.) Kotl. & Pouz., often found in the same
habitats in North America.

PLATE 31. Sarcodon fennicus (Karst.) Karst. Figs. a, b,
and ¢, 1llustrating dried specimens, appear to be of three
different species. Fig. a does not show innate scales
while b and ¢ do not have dark stipe bases. These have not
been recognized in North America amongst the numerous forms
that exist here. S. glaucopus Maas G. & Nannf. fig. d is
not duplicated by North American material known to us.

PLATE 32. Sarcodon lepidus Maas G., fig. a, fresh, is not
in North America if the colors are correct. S. regalis,
figs. b and ¢, fresh, is a distinct species. The descrip-
tion 1is similar to that of S. rimosus (K. Harrison) K.
Harrison especially in the color of the stipe, but cap
color as illustrated is too light a shade for S. rimosus,
which on this continent is darker, especially in wet wea-
ther.

PLATE 33. Sarcodon regalis fig. a. S. rimosus has a cap
fissured as in this painting. Sarcodon scabrosus (Fr.)
Karst, figs. Db, ¢, and d. It is doubtful if any North
American mycologist familiar with the species would guess
that these represented S. scabrosus. They might suspect
because of the blackish base on the stipe of fig. b.

PLATE 34. S. scabrosus. Fig. a is not typical for the
species as it lacks a blackish base; fig. b is a good
illustration of old material occuring in sandy pine forests
of Nova Scotia and Michigan, but the spines are usually
darker when they reach this stage of maturity.

PLATE 35. H. scabrosus. Fig. a (top of plate). Why is
this not S. fennicus (Karst.) Karst.? Fig. a, lower figure
on the plate, is a beautiful picture of typical material as
found in North America. Fig. b is a strange sporocarp to
picture as S. scabrosus. The scales are abnormally far
apart.

PLATE 36. Sarcodon cyrneus Maas G., fig. a, S. lundellii
Maas G. & Nannf., fig. b, and S. underwoodii Banker, fig. c
are all dried and all could be paintings of variations
found in S. underwoodii in North America. S. underwoodii
fig. d. This form was common in North Carolina in 1971.

PLATE 37. Sarcodon martioflavus (Snell, Harrison, &
Jackson) Maas G. figs. b and c¢. The pileus color is nicely
illustrated, but in North America, spines and margins are
orange brown. Figs. b were made from Dr. Snell's holotype
and are authentic for dried material. Figs. ¢ are of fresh
European material and do not illustrate the species as
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known here. Figs. a show an interesting taxon resembling
some conditions of S. joeides (Pass.) Bat.

PLATE 38. Sarcodon fuligineo-violaceus (Kalchbr.) Pat.
North American material is not as stout, but colors are
accurate. Very rare here.

PLATE 39. S. fuligineo-violaceus figs. a. Only two col-
lections from North America are known that match the
colors shown here., Sarcodon joeides (Pass.) Bat., figs. Db
and ¢, the flesh is the correct color but the cap in North
America is the color of last season's beech leaves. Common
in northeastern North America but difficult to find.

PLATE 40. S. joeides. It is a problem recognizing fig. a
as this species, but the color of the dried flesh might
give it away. Sarcodon atroviridis (Morgan) Banker. A
nice illustration of a dried specimen, with the typical,
slowly developing, dark olive-green flesh color of Section
Virescentes Maas G. In North America S. fumosus Banker
and S. scabripes (Pk.) Banker are look-alikes after storage
in the herbarium. It is unfortunate that the species was
not illustrated in its distinctive fresh color.
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ABSTRACT

Phoma glomerata (Corda) Wollenweber and Hochapfel, is described and
1llustrated from collections made in Europe, North America, and Turkey.
Detalls of its cultural characteristics in vitro, pycnidial wall anatomy,
micropycnidial development, and dictyochlamydospore ontogeny are docum=-
ented.

INTRODUCTION

Nine species of Phoma Sacc., are known to produce chlamydospores
(Dorenbosch, 1970; Boerema et al., 1977; Sutton, 1980; Morgan-Jones and
White, 1983) As mentimed in previously published papers in this series
(Hhite and Morgan-Jones, 1983 ; 1986), seven of these bear dictyochlam-
ydospores, namely; P. americana Hﬂrgan—Janes and White, P, ehrysanthem-
ieola Hollds, P, epicoeceina Punithalingam, Tulloch and Leach, P.
glomerata (Corda) Wollenw., and Hochapf., P, jolyana Pimzynski and
Morgan-Jones, P, pomorum Thimen and P. sorghina (Sacc.) Boerema,
Dorenbosch and van Kesteren. To date we have provided comprehensive,
modern descriptions of three; P, americana, P. pomorum and P. sorghina
(Morgan-Jones and White, 1983; White and Morgan-Jones, 1983; 1986). In
recent years we have also had opportunity to study a number- of 1isolates
of P. glomerata from diverse geographical origins and these form the
subject of this paper.

Phoma glomerata, together with P, jolyana and P, pomorum, comprise a
group of taxa classified at one time or other in the genus Peyronellaea
Goidanich, because of possession of so-called "alternaroid" chlamydo-
spores, These are dictyochlamydospores [a term first applied to them by
Luedemann (1959)] borne in chains that superficially resemble the conid-
ia of Alternaria Nees, especially those of Alternaria alternata (Fr.)
Keissler, its type species. Boerema et al. (1965) provided arguments in
favor of incorporation of taxa classified in Peyronellaea into Phoma,
particularly the close similarity of the pycnidia of the type species of
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two genera, Peyronellaea glomerata (Corda) Goidanich and Phoma herbarum
West., respectively. The presence of dictyochlamydospores was not consid-
ered to be a sufficlently significant and stable criterion to warrant
segregation of those species possessing them in a separate genus. This
view of generic concepts in the complex has been upheld by Morgan-Jones
(1967), Sutton (1980) and White and Morgan-Jones (1983, 1986).

Considerable confusion has arisen over the years in the matter of
application of binomials to Phoma-like pycnidial fungi which produce
dictyochlamydospores. Even separate binomials have been proposed, largely
as a result of a misunderstanding of their true nature, for the chlamydo-
spores alone. Names such as Alternaria fumaginoides Peyronel, A. hominis
Agostinl and Tredici, and A. polymorpha Planchon, were erected on the
false assumption that the chlamydospore state on which these are based is
essentially identical to the dictyoconidia of Altermaria. Goldanich (1946)
transferred twenty epithets into Peyronellaea, from such genera as
Aposphaeria Sacc., Coniothyriwn Corda, as well as Phoma, even though only
seven of these were known, from their published descriptions, to have
dictyochlamydospores. Further species, such as Peyronellaea musae JOly
[now Phoma jolyana)], P. nainensis Tandon and Bilgrami [a synonym of P.
Jolyanal, P, nicotiae Leduc [a synonym of P, pomorum], and P. stipae
Lacoste [a synonym of P, glomerata], were subsequently added to the genus.
Following a thorough review of the literature, including consideration of
the pioneering work of Wollenweber and Hochapfel (1936), and examination
of a large number of original cultures, Boerema et al. (1965) concluded
that the plethora of names extant for Phoma-like pycnidial fungi producing
"alternaroid" dictyochlamydospores were based on only three distinguish-
able entities. They pointed out that a narrow species concept, based pri-
marily on recognition of minor discontinuities in morphology and cultural
expression, or on host differences, was untenable, impractical in its
application, and resulted in chaos. Chodat (1926) had earlier demonstrated
single spore isolates of strains of these fungl to vary considerably in
their cultural characteristics. Boerema et al. (1965) adopted the names
Phoma glomerata, Phoma prunicola (Opiz) Wollenw. and Hochapf. [now P,
pomorum], and P, musae, for the taxa alluded to above.

Phoma glomerata 1s a commonly encountered species that is ubiquitous on
a wide range of substrates and cosmopolitan in distribution (Boerema et
al., 1965; Morgan-Jones, 1967; Sutton, 1980). It is known to occur on
close to a hundred host plant genera and has been assoclated with a number
of disease symptoms in man and animals (Benham, 1931; Agostini and Tredici,
1937; Sutton, 1980). As a plant pathogen its role appears to be predomin-
antly as a secondary invader (Boerema et al., 1965).

This fungus, as is the case with the related Phoma pomorwn (Boerema et
al., 1977; White and Morgan-Jones, 1986), has an extensive nomenclature.
As can be expected from its widespread occurrence on a variety of hosts a
large number of different names have been applied to it. Added to thils the
fact that it is quite variable n vitro and 1t 1is easy to understand the
reasons for the speclies concept being, historically, illdefined and conf-
used.

PLATE 1. Phoma glomerata. A, two-week-0ld colony on PDA at 25C; B, vert-
ical section of pycnidium; C-D, chains of dictyochlamydospores; E, solit-
ary, terminal dictyochlamydospores; F, dictyochlamydospores mounted in
water showing detachment of outer wall (indicated by arrow-heads).
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TAXONOMIC PART

Phoma glomerata (Corda) Wollenweber and Hochapfel, Z. Parasitkde 8: 592,
1936 (Plates 1, 2 & 3).

Coniothyrium glomeratum Corda, Ic. Fung. 4: 39, 1884,

Pe%zg::rnezzaea glomerata (Corda) Goidanich, Rec. Accad. Lincel 1: 455,
1946.

[For full synonymy see Boerema et al., 1965, 1968, 1971, 1977 and Boerema
and Dorenbosch, 1973]

Colonies on malt extract agar [Difco] variable in appearance, generally
with rather sparse aerial mycelium but sometimes becoming dense and woolly
in places, olivaceous—-gray or gray, attaining a diameter of 50mm at 20C
after 6 days, 55mm at 25, and 10mm at 30C; those with abundant aerial myc-
elium frequently sectoring to produce areas with sparse growth bearing
numerous pyenldla and chlamydospores, those predominantly sparse producing
pycnidia abundantly and sometimes with denser, woolly sectors. Conidial
masses at first pale-buff to salmony, later darkening and becoming oliva-
ceous to ollvaceous-brown. Reverse dark olivaceous to blackish beneath
sectors with dense aerlal mycelium, paler eleswhere. Colonies on potato
dextrose agar [Difco] (Plate 1, A) generally similar in appearance to those
on MEA, occasionally with a single sector bearing numerous chlamydospores,
attaining a diameter of 60mm at 20C after 6 days, 67mm at 25C and 1llmm at
30C. Colonies on catmeal agar usually woolly, frequently becoming sooty-
black due to production of masses of chlamydospores. Aerial mycelium
composed of septate, branched, subhyaline to pale brown, smooth, 2-6um
wide hyphae; hyphae sometimes aggregated into cleosely appressed strands.
Pycnidia usually solitary, very occasionally coalescing, partly immersed
or superficial on agar, subglobose to obpyriform, with necks of various
lengths, brown to black, with one ostiole or, sometimes, with two, 100-
300um in diameter. Pycnidial wall three to five layers thick, 8-12um wide,
frequently up to 18um wide, six cells thick, in the vicinity of the ostiole:
when young (Plate 2, B) composed of two easily discernible cell types [a
single layer of large, pale brown, cylindrical to narrowly ellipscid, 5-10
X 2.5um cells on the outside and an immer layer of smaller, thinner-walled,
flattened, somewhat rectangular, hyaline cells]; when old (Plate 2, A)
cells of each layer inflated, ellipsoid in shape, and with lrregular accu-
mulations of dark brown, granular material occurring between them (indic-
ated by arrow-heads). Conidiogenous cells (Plate 2, B: indicated by arrow-
heads) monophialidic, hyaline, smooth, simple, ampulliform to doliiform,
with a short, narrow neck, mostly discrete, borne on the imner cells of
the pycnidial wall. Micropycnlidia (Plate 2, C: indlacted by arrow-head)
fertile, formed from the aerial mycelium or, frequently, arising from a
single dictyochlamydospore cell, 20-50um in diameter, more or less globose
or flask-shaped, uniostiolate, with a wall composed of one or two layers
of subglobose to ellipsoid cells. Conidia (Plate 2, D) enteroblastic,
hyaline, smooth, ellipsoid or oblong to short cylindrical or narrowly ob-
ovate, sametimes very slightly curved, usually biguttulate, occasicnally
tri- or tet ttulate, obtuse at each end, continuous or, very rarely,
one-septate, 4.,5-9 X 1.5-3um; swelling and becoming pale olive-brown with
age (Plate 2, D: indicated by arrow-head) and appearing to be minutely
roughened [probably due to deposition of dark-brown material on the conld-
ial wall (Plate 2, A: indicated by arrows)]. Conidia with such wall depos-
its tend to adhere to one another, forming densely aggregated masses.
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PLATE 2. Phoma glomerata. A, anatomy of pycnidial wall of mature pyc-
nidium showlng dark, granular, extra-cellular deposits; B, anatomy of
pycnidial wall of young pycenidium showing conidiogenous cells; C, vert-

ical section of dictyochlamydospores and micropyenidium; D, conidia,
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Dictyochlamydospores (Plate 1, C-F; Plate 3, A-H) single, or, more frequent-
ly, in branched or unbranched chains, where solitary, usually terminal and
somewhat Stemphyliwnm-like in gppearance, mid to dark-brown, at first pale-
brown and smooth-walled, later appearing irregularly roughened due to part
detachment and ruffling of outer wall layer, borne intercalarily or, more
often, terminally on aerial or, sometimes, immersed hyphae, or originating
from hyphal cells proximal to the walls of older pycnidia, where single
becoming botryose with age, otherwise ovold to obclavate, or obpyriform,
dictyosporous, with up to eight transverse septa and several oblique or
longitudinal septa, with some peripheral cells becoming markedly inflated
when mature, individual cells having discrete walls within an outer, all
encompasing wall layer, 30-65 X 15-20um, with individual cells 4-10um or,
with age (Plate 3, G-H), 7-15um in diameter.

Plurivorous; cosmopolitan.

Collections examined: 1solated from stem of Solanwm melongena L., Bornova-
Izmir, Turkey, 1970, CBS, AUA; isolated from roots of Picea mariana (Miller)
Britton, Sterns and Poggenburg, northern Ontario, Canada, June 1982, R.
Sumnerbell, TEX, AUA; isolated from twig of Olea europaea L., Madrid, Spain,
May 1984, P. Melgarejo, TEX, AUA; isolated from stem canker of Elaeagnus
angustifolia L., Mandan, North Dakota, U.S.A., July 1984, J. Krupinsky, TEX,
AUA.

The anatomy of the pycnidial wall of Phoma glomerata (Plate 2, A & B), 1is
noticeably different from that of other diectyochlamydosporic specles of
Phoma with which it can sometimes be confused. The presence of an outer
layer, composed of a single row of comparatively large, cylindrical to ell-
ipsold cells, is partticularly distinctive, as is the irregular deposition
of granular, pigmented material between wall cells in mature pycnidia. The
pycnidial wall of Phoma pomorwn (see White and Morgan-Jones, 1986) is much
narrower and its outer cells are cylindrical but appreclably more slender
than those of P, glomerata. The wall of Phoma americana, in vertical sect-
ion of pycnidia (see Morgan-Jones and White, 1983), also has an unique app-
earance, as does that of Phoma sorghina (see White and Morgan-Jones, 1983).
The outer part of the pycnidial wall of P, americana 1s composed of two or
three rows of more or less identical, flattened, angulated cells, giving
the tissue a more even appearance., In P, sorghina the presence of highly
inflated, ellipsoid cells, scattered randomly throughout the outer layer of
the pycnidial wall is a hallmark characteristic. The distinctions in pyecn-
idial wall anatamy between taxa in the complex underlines the importance of
documentation of this characteristic and its usefulness as a criterion in
defining species. Had more attention been paid to this in the past much of
the confusion surrounding specles concepts in the genus Phoma could, perhaps,
have been to some degree avoided.

The dictyochlamydospores of P, glomerata, in common with those of P,
pomorum and P, sorghina, are complex in structure and can be considered to
be distoseptate, sensu Luttrell (1963). Constituent cells are surrounded by
individual, separate, discrete walls, distinct from the outer wall, and
true septa, such as those occurring in the euseptate dictyochlamydospores
of P. americana, are lacking (Plate 3, H). The internal organization of the
dictyochlamydospores is not dissimilar to that of the conidia of the pycnid-
ial fungus Camarosporiwn obiones Jaap (Dickinson and Morgan-Jones, 1966) and
the ascospores of the pyrenocarpous lichen genera Anthracotheciwn Hampe,
Pyrenula Ach., and Trypetheliwn Spreng. (Morgan-Jones, 1973). In the latter,
discrete endoascosporic cells are formed within individual ascospores which
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PLATE 3. Phoma glomerata. A-D, ontogeny of dictyochlamydospore chain;
E~-F, detachment of dictyochlamydospores; G, mature dictyochlamydospore
showing dark inclusions; H, section of mature dictyochlamydospores.
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can be released followling fracture of an encampasing wall or epispore. The
occurrence of similar cells in the conidia of Drechslera sorokiniana (Sacc.)
Subram. and Jain [as Helminthosporiwn sorokinianum Sacc.] was documented by
Luttrell (1963), who also showed that all cells of the conidia of Drechslera
avenacea (Curt,) Shoemaker [as Helminthosporium avenacewn Curt.] were capa-
ble of producing germ tubes. Morgan-Jones (1973) speculated that each of the
endoascosporic cells within the ascospores of the above mentioned lichen
genera might also be capable of germination and that, in nature, these could
be released following breakdown of the epispore, thus increasing the number
of propagules, It seems possible that the individual cells within the dict-
yochlamydospores of Phoma glomerata might function in the same manner.

When mature dictyochlamydospores of P, glomerata are mounted in water for
microscopic examination, the outer wall inflates and frequently tears away
from the cells within (Plate 1, F: indicated by arrowheads). It can be seen
similarly detached in sections of the dictyochlamydospores (Plate 3, H).
Luedemann (1959) noted that the endogenous component cells of mature dictyo-
chlamydospores are loosely associated and may separate from each other foll-
owing application of pressure when mounted under a coverslip. He also noted
that, prior to germination, these cells swell and rupture the outer wall.
Sections of dictyochlamydospores prepared during the course of the present
study also reveal the presence of what appears to be a tertiary wall swr-
ounding protoplasts within camponent cells (Plate 3, H: indicated by arrows).
These inclusions frequently appear as dark, globose bodles, considerably
smaller than the lumen of the cells containing them (Plate 3, G).

In the process of formation of chains of dictyochlamydospores the apical
cell of a parent entity elongates and ruptures the enveloping outer wall
distally (Plate 3, A). Transverse septa are first lald down, followed by
longitudinal septa in the medlian cells. Individual dictyochlamydospores in
a chain become detached from one another by a circuscissile break in the
outer wall (Plate 3, E), leaving behind frills at the truncated ends (Plate

3, F).

Pycnidia of P, glomerata are occasionally produced directly from a dictyo-
chlamydospore. A single endogenous cell inflates, rupturing the outer wall,
and, following a number of subsequent cell divisions, a pycnidial primodium
is elaborated. Such pycnidia are generally much smaller (Plate 2, C) than
those normally produced directly from hyphae and are therefore referred to
in the above description as micropycnidia,
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ABSTRACT

Stellomyces suidafrikanus Morgan-Jones, Sinclalr and Eicker, a new
genus and specles, 1s described and lllustrated from a collection made
on decorticated wood in the Transvaal, South Africa,

INTRODUCTION

During the course of collecting and describing hyphomycetes from
decorticated wood in South Africa we have encountered a number of novel
taxa, same of unique morphology (Morgan-Jones, 1982; Morgan—Jones and
Sinclair, 1980a, 1980b, 1983; Morgan-Jones et al., 1983, Sinclair et al.,
1983; Sinclair and Eicker, 1985). Among those not yet named or document-
ed In the literature is a striking denticulate anamorph bearing conidio-
phores whose apices have a stellate morphology.

TAXONOMIC PART

Stellomyces gen. nov.
Deuteromycotina; Hyphomycetes..

[Etym, L stella, star, et Gr. mykes, fungus]

Coloniae effusae, sparsae, incoloratae. Mycelium plerumque immersum ex
hyphls hyalinis, laevis, ramosis, septatis compositum. Conidiophora macro-
nemata, mononemata, ex hyphls mycellalibus lateraliter et terminaliter
producta, simplicia vel ramosa, cylindrica, erecta, recta vel saepe
curvata, continua vel septata, hyalina, apicem versus denticulis numerosis
praedita. Cellae conidiogenae polyblasticae, in conidiophoris et in ramis
incorporatae, ad instar stellae, apicibus inflatis, denticulatis. Conidia
holoblastica, ex denticulls successivis singulatim producta, unicellularia,
ellipsoidea vel navicularia, tenuitunicata, hyalina,
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Species typica: Stellomyces suidafrikanus Morgan-Jones, Sinclair et
Eicker.

Colonies effuse, sparse, colorless. Mycelium predominantly immersed in
the substratum, composed of hyaline, smooth, branched, septate hyphae.
Conldiophores macronematous, mononematous, produced as lateral branches of
and termminally on the mycelial hyphae, simple or branched, cylindrical,
erect, straight or slightly curved, continucus or septate, smooth, hyaline,
with numerous long denticles situated distally. Conidiogenous cells poly-
blastic, integrated in the main axis or discrete as a lateral branch, dent-
iculate, in the form of a star at the apex. Conidia holoblastlec, produced
singly from a succession of denticles, unicellular, ellipsold or boat-
shaped, thin-walled, hyaline,

Stellomyces suidafrikanus sp. nov. (Plate 1, figure 1)

Coloniae effusae, sparsae, incoloratae. Mycelium partim superficiale,
plerunque immersum, ex hyphis hyalinis, laevis, ramosls, septatis,
flexuosis, tenuitunicatis, 1-1.5um crassis compositum. Conidlophora
macronemata, mononemata, dispersa, ex hyphis superficialibus singulatim
oriunda vel gregaria, simplicia vel interdum ramosa, cylindrica, attenuata,
erecta, recta vel saepe curvata, continua vel septata, laevia, hyalina,
apicem versus denticulis numerosis praedita, usque ad 35um longa, l-2um
crassa, basl saepe ad 3um inflata. Cellae conidiogenae polyblasticae, in
conidiophoris et ramis incorporatae, indeterminatae, ad instar stellae,
aplcem versus latiores, cum denticulis cylindricis longibus incrassis,
Conidia holoblastica, ex denticulis successivis, singulatim producta,
E:_'licellularia, ellipsoidea vel navicularia, tenuitunicata, laevia, hyalina,

In ligno emortuo, Dullstroom District, Transvaal, South Africa, April
18, 1983, H.M. Smith, AUA, holotypus.

Colonies effuse, sparse, colorless. Mycelium partly superficial but
predominantly immersed in the substratum, composed of hyaline, smooth,
branched, septate, flexuous, thin-walled, 1-1.5um hyphae. Conidiophores
macronematous, mononematous, scattered, arising singly from superficial
mycelium or gregarious, somewhat thicker-walled than the vegetative hyphae,
simple or sometimes branched, cylindrical, attenuating gradually towards
the distal end, erect, straight or slightly curved, continuous or, more
frequently, septate, smooth, hyaline, bearing numerous denticles towards
the apex, up to 35um long, 1-2um wide, usually slightly swollen to 3um
wide at the base. Conlidiogenous cells polyblastic, integrated, terminal,
or discrete as a lateral branch which is sometimes not delimited by a
septum, indeterminate, broader towards the apex and swollen to 5.5um in
diameter, with the distal inflated portion assuming a more or less globose
shape and bearing numerous, radiating, narrowly cylindrical, attenuated,
thin-walled, straight or slightly curved, horm-like, non-cicatrized dent-
icles, 4=Tum in length, giving a star-like appearance; sometimes continu-
ing growth to produce additional inflated extensions which assume a some-
what lateral posture and also become denticulate. Occasionally the inflated
terminal portion of a conidiogenous cell gives rise to a secondary cylind-
rical extension which itself becomes swollen distally and 1s eventually
fertile, Conidia holoblastic, produced singly from a succession of dentic-
les, unicellular, ellipsold or boat-shaped, slightly asymmetrical, frequen-
tly guttulate, thin-walled, smooth, hyaline, with no discernmible basal
SE&I‘, 8""10 x 3""511"-1-
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On decorticated wood; South Africa.

Collection examined: Dullstroom District, Transvaal, Republic of South
Africa, April 18, 1983, H.M. Smith, AUA, PREM, type.

Several genera have been considered as possible options for accommodat-
ing this fungus. Stellomyces 1s essentially similar to Daectylaria Sacc.,
in overall morphology and method of conidiogenesis from distinct, cylind-
rical denticles. It approximates such species as Dactylaria wniiseptata
Matsushima and D. quadriguttata Matsushima in pattern of growth of the
fertile portion although in Stellomyces this 1is much more restricted and
less obvlously sympodial. The denticles of Stellomyces are, however, much
longer than those of Maetylaria. The stellate morphology, resulting from
the substantial swelling of the conidiogenous cell apex and the length
and radial arrangement of the denticles, gives Stellomyces an unique
appearance and, in addition, the possession of nonseptate, navicular
conidia separates it readily from Dactylaria. Calearisporiella de Hood
and Calcarisporium Preuss are other genera having apical clusters of long,
conidium-bearing denticles on their conidiogenous cells. Again, however,
the strikingly different appearance of Stellomyces precludes classifica-
tion in either of these genera. Olpitrichwn Atkinson produces spiniform
or fusiform denticles from slightly inflated conidiophore apices but it
also differs from Stellomyces in detailed morphology.

The shape and size of the conidia and the resemblance of the denticles
to sterigmata led us to also consider the possibility of basidiomycete
affinity. The genus Spiniger Stalpers, an anamorph of the Aphyllophoral-
es with ocedocephaloid conidiophores, has some resemblance to Stellomyces
but if has blastic-synchronous conidia which originate simultaneously
from shorter, sharply-attenuated denticles on determinate conidiogenous
vesicles. It seems very doubtful that Stellomyces is related to this

genus .,
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