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STUDIES IN AMANITA—I

Some species from Amazonia

C. Bas

Rijksherbarium, Leiden

Eight species of Amanita from tropical lowland forests around Manaus, Brazil,

are described, seven as new and one under @ provisional name: A. campinaranae,

A. coacta, A. craseoderma, A. crebresulcata, A. lanivolva, A. phaea nom. prov., A.

sulcatissima, and A. xerocybe. Information is given on the types of Amanitopsis

plumbea Rick and Collybia sulcatissima Rick, both remaining insufficiently

known taxa. A very sketchy grouping of South American Amanitas on ccological
grounds is discussed.

The number of spccw:s of Amanita reported from South America is relatively low. Even if
wo dly imp species (A. ia and A. and some. insufTiciently
known taxa, such as the several species and varieties ibed by Rick, are included, it is
just over 25. This remarkable paucity has alrcady been mentioned by Gilbert (/94/: 11)
when he discussed Rick’'s Amanitas. It has been demonstrated again e.g. by Dennis (/970:
50) in his ‘Fungus Flora of Venczuela' in which only 3 species of Amanita are included.

In the natural Amanita flora of South America it scems possible roughly to distinguish
three clements:

(i) Mycorrhizal species from the Nothofagus region in the South (A. austro-olivacea Rai-

b oalloids

telh.!, A. diemii Sing., A. gayana sensu Sing., A. de ta Raitelh., A. umbrinella sensu
Sing., and A. ushuaiensis Raitelh.), and from the Quercus region in the North (A. humboldtii
Sing.).

(ii) A group of about 8 species all belonging to section Lepidella, probably partly mycor-
rhizal and partly non-mycorrhizal, occurring in fields (‘pampa’), savannas and anecto-
trophic? forests (See Bas, /969) from northern Patagonia to Brazil and Bolivia.

(i) Species from tropical lowland forests. Till recently only one such species was known
(A. antillana Dennis from Trinidad), but in the present paper eight more are described.
Probably all these species are mycorrhizal.

' The species enumerated under (i) are known to me only from literature.
 According to Singer & Moser (/965: 130) an uec(olmphnc forest is not devoid of mycorrhiza but not
by phs ( Pl ing of trees and their ectotrophic-mycorrhizal

fungs).
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It is difficult to say where the seven taxa of Amanita described by Rick fit into this still very
sketchy picture. Firstly because Rick’s information on habitats is very poor and the ecologi-
cal heterogeneity of Rio Grande do Sul, where Rick did nearly all his collecting, is very
great (Singer, /953: 61); and secondly because the identity and taxonomic position of se-
veral of Rick’s Amanita taxa is uncertain.*

The poor representation of Amanita, a genus almost certainly for the greater part mycor-
rhizal, in the tropical lowland of South America scems to agree with information on the
ecology of ectotrophic mycorrhiza in South America given by Singer & Morello (/960) and
Singer & Moser (/965). According to these authors the dominantly ectotrophic mycorrhizal
forest in South America would be restricted to the Nothofagus region in the South, the
Quercus area in the North (Columbia) and the Alnus zone along the Andes. Outside these
areas the anectotrophic condition of tree and shrub vegetations would be prevailing; ecto-
trephic mycorrhiza would mainly occur as so-called cicatrizing mycorrhiza in places where
the natural climax forest is damaged.

From a recent publication by Singer (/978: 421) it appears however, that the situation is
more complex. He found also the ina and ion in the tropical low-
land of Amazonia (Brazil) to be h d i forest ities with Amanita
species among the fungal components.

Dr. Singer very kindly enabled me to examine his Amazonian Amanita collections. His
material was found to comprise seven undescribed species and one probably undescribed
(fru|(~body still without spores). From these eight species three have been found in campina
and ana i four in dary rain forest and one in primary rain forest.
The I'runl—bodms of four species were found to be connected with ectotrophic mycorrhizae,
but from their taxonomic position it may be assumed that all eight species are mycorrhizal.
Among the tree-partners in mycorrhiza are Neea (Nyctaginaceae) and Psychotria (Ru-
biaceae).

The species described on the following pages are distributed over different habitats as
follows:

Primary forest A. craseoderma
Secondary rain forest A. coacta
! A. crebresulcata
! A. lanivolva

A. phaea
Campinarana vegetation ! A. campinaranae
! A. xerocybe
Campina vegetation A. sulcatissima

Species of which the names in the list above are preceded by an exclamation mark are
proved to be mycorrhizal by Dr. Singer and his collaborators.

* Singer (/953: 64, 95) reported on three of them, excluding one from the genus; Bas (/969. 561)
discussed one and recently studied material of two (see p. 12 and p. 17).
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From the results of Dr. Singer's observations it looks as if the tropical lowland clement
‘category iii on p. 1) in the South American Amanita flora can be subdivided. It is, how-
2ver, too carly for that, as of most of the species in this paper only very limited material is
available, so that very little can be said about the consistency in their choice of habitat.

It was necessary to compare the types of two of Rick’s species, viz. Amanitopsis plumbea
Rick (non Schaefl) and Collybia sulcatissima Rick, with the material in hand. The results of
‘hese comparisons are given on respectively p. 17 and p. 12.

I am very much indebted to Dr. R. Singer for putting his Amanita collections from around
Manaus (Brazil) at my disposal. My sincere thanks are also due to Dr. A. Schnem, Sio
Leopoldo, for the loan of two types from Rick’s herbarium, to the Director of the Kew
Herbarium for the loan of the type of A. antillana, to Dr. R. A. Maas Geesteranus for
correcting Latin diagnoses, and to Mr. P. K. C. Austwick, London. for improving the Eng-
lish text.

PRELIMINARY KEY TO AMAZONIAN AMANITAS

1. Spores amyloid*. Margin of cap (usually) smooth (subgenus Lepidella).

2. Cap white to greyish pallid (pigment indistinct) with grey volval crust at centre and patches on
limb, Stem with abrupt bulbous base with + broken volval grey rim on top. Spores 5.5-7.5 x 5.5
6Sum o < s . . A. campinaranae, p. 4
2. Cap very dark hrown (pngmem vacnnlur aud very dlslmcl) lﬂlh scnll:rtd small greyish warts and
patches. Stem with subturbinate base with scattered small volval warts. Spore characters un-
known. . . « « « « «A.phaea,p. 6

1. Spores inamyloid. \{arg,m of czp (usually) sulwle (subgcnus Amanlm)

3. Stem with bulbous to subbulbous basc. Volva friable or felted-submembranous. Ring present or

absent (scction Amanita).
4. Cap very dark brown and with smooth margin (See under 2).
4. Cap whitish, ochraceous, bull or ochraccous brown and with sulcate margin.

5. Cap sordid whitish to ochraccous with brownish ochraceous centre, dry, with adnate sub-
flocculose-subgranular gilvous volval remnants. llmg prvsenl but deciduous. Gills distant.
Clamps absent. Spores 8-9x7.5-9 ym. . . . A xerocybe, p. 7

S. Cap ochraceous brown at centre to greyish bun' nl mnr;m mlh Iarxe. pale, brownish grey
crust-like volval patch(es). ng absent. Gills crowded. Chrnps present. Spores 8-9 x 6-7
um. - . A sulcatissima, p. 9

3. Stem wuhom bual bulb Volva sawalc |o mbmcmbmnous renm more rarely friable. Ring ab-
sent (sect. Vaginatae).

6. Volva saccate or submembranous-felted and tending to break up into felted patches.

7. Volva saccate, i grey | on outside of limb. Clamps present.
Cap bronze brown with depressed centre more reddish brown. Stem white. Spores 7.5-9.5
x55-Tum.. . . < . A lanivolva, p. 12

7. Volva saccate or submcmbmnous-rclled wlnle lo p:le bun‘ or gxcynsh felted to, at most,
appressedly fibrillose on outside of limb. Clamps absent.
8. Volva membranous, narrowly saccate, white, leaving no remnants on cap. Stem grey in
the middle. Spores 8.5-10.5x 7-8.5 um. Volval tissue with 45-90 x 35-75 um large cells.
A. crebresulcata, p. 18

* Spore characters of A. phaca, nom. prov., unknown; this species therefore keyed out in both sub-
genera,
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8. Volva felted-submembranous, tending to break up into small appressed flat grey patches

at base of stem and around centre of cap. Stem white. Spores 8.5-10 x 6.5-7.5 um. Vol-

val tissue with 20-35 um large cells. . . . A. coacta. p. 15

6. Volva friable, forming a dark grey-brown subl‘loucos: bcll .u baw of su:m and evanescent
small dark brown warts on dark brown cap. Spores 7.5-9%7-8 um. Pileipellis consisting of
2.5-25 um wide hyphae. . . . . . . . A craseoderma, p.20

Amanita campinaranae Bas, spec. nov.—Figs. 1-6

Pileus c. 60 mm latus, convexus, dein centro depressus, tenuis, margine laevis nec appendiculatus, albus
vel griseo-pallidus, viscidus, fragmentis volvae griseis crustiformibus vel applanatis ornatus. Lamellae
liberae, subconfertac, angustae, albae; lamellulae attenuatae. Stipes c. 80 x §-10 mm, sursum attenuatus,
pallide griseus, bulbo abrupte globom sordide ochrnccu alboque praeditus, margine bulbi fragmentis
volvae is in circulo disp Annulus apicalis, tenuiter membra-
naceus, pendulus, supra albus levisque, infra pallide gnscus Caro alba, immutabilis, inodora. Sporac
5.5-1.5x5.5-6.5 ym, forte volvae cellulis terminalibus, brun-
neolis, globosis vel late clavatis hyphisque + erectis wmpoum Fibulae absentes. Typus: ‘R. Singer B
10602, 3 11 1978, Brasil, Amazonas, Manaus-Caracarai’ (INPA, L).

Fruit-body (Fig. 1) medium-sized, rather slender, solitary. Cap about 60 mm wide in mature
specimens, thin, convex, later with depressed centre, with smooth, non-appendiculate mar-
gin, white to greyish pallid, viscid, without distinct fibrillose structure, with grey, dense,
subfelted volval remnants crust-like at centre but forming isolated patches on limb. Gills
free, between close and crowded, often forked in both dxrccuons. narrow, white, turning
cream to yellow when freshly dried, in exsiccates with entire, + ‘concolorous edge; short
gills attenuate. Stem 77 x 8 (at apex)-10 (above bulb) mm, slightly tapering upward, with
globose rather abrupt, 20 mm wide bulb, pale grey but bulb dirty ochre and white, gla-
brous, with greyish subfloccose-subverrucose volval rim on transitional zone between bulb
and stem giving bulb a submarginate appearance. Ring apical, thin-membranous, pen-
dulous, with white and smooth upperside and very pale grey underside. Flesh white, un-
changing, inodorous. Spore print not available.

Spores [10/1] 5.6-6.7 x 5.5-6.5 um, length-breadth ratio 1.0-1.15 (average 1.05), globose
to subglobose, often sllghlly tapering lomrds apiculus, with very slightly thickened wall,
very pale h when ked in NH OH (particularly the oil-drops), usually
I-guttulate, slrungly amyloid (Fig. 2). Basidia (hg 3) 21-23(-25) x 6.5-8.5 um, 4-spored,
sometimes containing yellowish (in NH OH) droplets, clampless. Marginal tissue (Fig. 4)
consisting of scaucrcd usually solitary, globosc cclls 11-25% 10-22 ym, with slightly but
distinctly thickened walls with y (in NH OH) droplets against inside of
wall. Trama of gills bilateral; subhymemum broad and céllular. Pileipellis (near centre):
suprapellis an ixocutis about 50 ym thick; infrapellis a cutis, about 140 um thick and made
up of 5-12 um wide, interwoven to subradial, straight hyphae; pigment difficult to localize;
scattered yellowish oleiferous hyphae present; at surface with scattered inflated cells of volva
even where pileipellis seems glabrous under hand-lens. Volval remnants on cap (Figs. 5. 6)
consisting of — (i) very abundant, nearly always terminal, globose, spheropedunculate,
obovoid, cllipsoid to broadly clavate or piriform cells, 30-75 x 25-60 um, with pale brown
vacuolar pigment and slightly thickened walls, — (ii) abund: 4-14(-16) pm wide, colour-
less to very pale brownish, branching hyphae (the thicker basal ones sometimes with a fine
incrustation), — (iii) a few clongate large cells, and — (iv) some oleiferous hyphae; in radial
section of cap near centre the elements, particularly the hyphae bearing the inflated cells, in
a predominantly erect position. Volval remnants on bulb similar to those on cap but in-
flated cells somewhat larger (up to 90x 75 um). Trama of stem acrophysalidic; acrophy-
salides measuring up to 300 x 35 gm; some scattered oleiferous hyphae. Clamps not found.
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000 D,

OO,

Figs. 1-6. Amanita campinaranae. — 1. Fruit-body (after ficld sketch and dried material; x0.5). — 2.
Spores ( x 1250). — 3. Basidia and subhymenial cell ( x 500) — 4. Cells of marginal tissue of gill ( x 500)
— 5-6. Tissue of volval wart on cap (x 250). — 5. In crushed mount. — 6. In situ on radial section of
cap. (All Figs. from type.)

HABITAT AND DISTRIBUTION, — Terrestrial in Campi ion under L
and Sap in A forming phi hiza,

COLLECTION EXAMINED. — Brasil, Amazonas, road from Manaus to Caracarai, km 45, 3
Feb. 1978, R. Singer B 10602 (holotype INPA; isotype L).

OnstRVATION. — In view of the slightly thick-walled and in NH OH somewhat yellowish-
brownish spores, it is possible that the spore print of this species is slightly coloured.

Amanita campinaranae finds its place in section Validae because of its small, amyloid spores
combined with a friable volva, a non-appendiculate margin of the cap, a distinctly gelati-
nized pileipellis, and a membranous ring.

Within section Validae it is well ct ized by its small, spores, its thin
white to greyish pallid cap with grey, crust- to patch-like volval remnants, and its globose
bulb decorated with a greyish volval rim giving the bulb a submarginate appearance.
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AMANITA PHAEA, nom. prov.—Figs. 7-8

Fruit-body (Fig. 7) (cap just opened) large, terrestrial, solitary. Cap 65 mm wide and 45 mm
high, conical with broadly rounded apex and inflexed smooth margin, uniformly
spadiceous-sepia (‘Hudson seéal’ Maerz & Paul®, Munsell + 5 YR 3/1), somewhat lubricous,
in dried specimen shiny and very dark with only at margin a slight fibrillose structure vis-
ible, speckled with scattered small (in dried cap up to 3 mm wide), greyish-whitish volval
warts and patches. Gills free, crowded, moderately broad, white (in dried specimen sordid

h with pallid subfl Il edge under lens); short gills subtruncate (very short
ones) Lo attenuate. Stem 135x 7 mm, subcylindrical with pointed subbulbous base, solid,
annulate, white above and grey below ring but white at base, fibrillose all over but par-
ticularly in upper half, glabrescent below, with scattered small whitish volval scales on lower
part of subbulbous base. Ring apical, ample, pendulous, thin-membranous (in dried speci-
men entirely sticking to stem), white, smooth, with somewhat lacerate-fimbriate edge. Flesh
white, unchanging, inodorous. Spore print not available.

Spores (lacking). Basidia clampless. Subhymenium cellular. Pileipellis a thin ixocutis of
2.5-7.5(-10) pm wide, subradial to fairly interwoven, dark brown, clampless, thin-walled
hyphae with dark brown vacuolar pigment and rather closely embedded in colourless gel
tinous matter. Remnants of volva on cap (Fig. 8) consisting of abundant 3-8 um wide
branching + ascending hyphae carrying abundant + erect, terminal, often pale brown,
inflated cells mainly ellipsoid measuring from 20x 16 to 75x 55 um but also quite a few

Figs. 7-8 Amanita phaea, — 7. Fruit-body (after field sketch and dried material; x 0.5). — 8. Crushed
tissue of volval wart on cap ( x 300). (Both Figs, from Singer B 9791.)

* Checking this colour in Muerz & Paul I found it a very dark slightly purplish-brownish grey.
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fusiform, elongate or s ing from 40x 18 to 125x35 um. No clamps
observed.
Hamirat.—Terrestrial and solitary in secondary growth tropical forest (found only once).
COLLECTION EXAMINED.— Brasil, Amazonas, Manaus, grounds of INPA, 1977, R. Singer
B Y9791 (INPA, L).

Although the spore characters of A. phaca arc unknown, this species almost certainly be-
longs to section Validae (smooth non-appendiculate margin, friable volva and attenuate
short gills). It bears some resemblance to A. morrisii Peck (U.S.A.) and A. spissaceae Imai
(Japan), two species however with a temperate distribution and a stronger developed uni-
versal veil. Amanita tristis Corner & Bas (Malaya) and A. fritillaria (Berk.) Sacc. (S.E.
Asia) bear a certain resemblance 1o the present species also but seem to have a heavier
universal veil and, in addition, a striate ring.

Amanita xerocybe Bas, spec. nov.—Figs. 9-13

Pileus 40-70 mm latus, coni vel conv margine sulcmus pnmo sordldc
albidus denique och centro by h siccus, volvae
formibus gilvis dense ornatus. Lamellac liberae, remotae, latae, albidae vel cremeae: Iamcllulne ra-
rissimac, uunczlnc Stipes ¢. 90x 5 mm, basi ¢. 9 mm latus, anguste farctus, annulatus, gilvus vel
minute fl ! bulbo I‘usnl’orml volvae reliquis tenuiter floccosis obtectus. Spo-
rac 8-9x 7,S 9 pm, volvae cellulis turgidis, terminalibus, brun-
neis i lusmi: erectis i hbulue absentes. Typus: ‘H. St. John & R. Singer
B 10730, 28 11 1978, Brasil, Amazonas, Manaus-Caracarai’ (INPA, L).

Fruit-body (Fig. 9) medium-sized, fairly slender, fleshy, rather fragile, solitary. Cap 40-67
mm wide, from conico-convex with broadly rounded apex to convex and soon flattened
around a low, obtuse umbo, with widely sulcate-striate margin (0.25-0.35 R; radial mar-
ginal ridges 1.8-2 mm broad) and crcnulale edge, at first sordid whitish, later becommg

at centre yellow to och brown (‘Chi to
‘Antique brown' M. & P.; Munsell between 10 YR 5/6 and 5/8 to + 7.5 YR 5/6), subfelted-
subflocculose, entirely decorated (densely at centre to sparsely at margin) with minute gil-
vous adnate granular-subflocculose dots of volval origin®. Gills distant, free, somewhat in-
tervenose, broad, whitish but soon (parucularly on drymg) becoming cream, in dried speci-
mens buff with mi ly subfloce edge; short gills very scarce,
truncate, sometimes partly adnate to Iong gills. Stem up to 90 x5 mm, equally thick but
with lower quarter enlarged to slenderly fusiform, up to 9 mm wide bulb, annulate, nar-
rowly stuffed, gilvous to ochraceous tan (in dried material pallid with fine, flocculose,
brownish bufl to ochraccous brown cavcnng) bulbous part cnurcly covered with an ap-
pressed, thin, flocculose (in dried sordid b covering of volval
remnants forming a narrow fragmented rim around upper part of bulb (hardly visible in
dried state). Ring apical, easily wp.ndlmg and f.allmg do\\n, lhlcklsh and flufly, smooth,
concolorous with surface (dried: felted. at i ly granular at up-
perside). Flesh white to creamy, unchanging, inodorous. Spore print not available.

Spores (Fig. 12) [10/1] 7.8-9.1(-9.7) x 7.6-9.1(—9.5) um, length-breadth ratio 1.0-1.05,
globose 1o subglobose, often attenuate toward normal or rather broad apiculus, smooth,
with very slightly thickened wall, one- to multiguttulate, non-amyloid. Basidia 35-45x 9.5~
11 pm, 4-spored, clampless. Marginal tissue (Fig. 13) forming a rather broad, (in NH OH)

“ In the ficld-notes the volval remnants are described as ‘cottony-Mufly gilvous patches’.
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13

Figs. 9-13. Amanita xerocybe. — 9. Fruit-body (after field sketch and dried material; x0.5). — 10.
Subhymenial cells and basidia (x 560). — 11. Tissue of volva near centre of cap in radial section
(% 300). — 12. Spores ( x 1400), — 13. Cells of marginal tissue of gill ( x 550). (All Figs. from type.)
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pale yellow-brown strip of globose to ellipsoid, often pedunculate, sometimes broadly cla-
vate, colourless to pale brown cells, 28-50(-60) x 24-34 um, often with slightly thickened
wall and sometimes with pale amorphous substance on outside. Tmma of gills (vcr) loose
and therefore difficult to section when dried); subh ium (Fig. 10) posed of rather
small (12-20 zm), mainly spheropedunculate cells. Pllelpellls wnhou\ gelatinized suprapellis,
merely a denser layer of ¢. 3-6 um wide hyphae between adnate volval tissue and trama of
cap. Volval remnants on cap (Fig. 11) a relatively thin broken layer in upper 3 quarters
consisting mainly of erect inflated terminal cells and in lower quarter mainly of more or less
crect hyphae; inflated cells 28-62 x 24-54 um, abundant, broadly ellipsoid to obovoid, more
rarcly broadly clavate or globose, with brown vacuolar pigment and slightly thickened walls
terminal on 3-8 um wide, colourless hyphae with thin to slightly thickened walls. Volval
remnants on base of stem similar to those on cap but with more hyphae and somewhat
more clongate elements. Ring made up of crowded globose to ovoid or piriform usually
pedunculate, pale brown cells, 28-60 gm long, on 2.5-6 um wide hyphae in upper layer but
with relatively more hyphae and smaller inflated cells in lower layer. Trama of stem with
abundant, up to 280 x 35 um large acrophysalides. Covering of stem consisting of narrow
hyphac carrying terminal, spheropedunculate to broadly clavate, brownish, often mucronate
cells. Clamps not found.

HABITAT AND DISTRIBUTION.—On raw humus under trees in campinarana vegetation in
Amazonces, forming ectomycorrhiza with Sap and/or 1

COLLECTION EXAMINED.—Brasil, Amazonas, road from Manaus to Caracarai, km 45, 28
Feb. 1978, H. St-John & R. Singer B 10730 (holo-type, INPA; isotype, L).

On account of its friable volva, its non-amyloid spores, the sulcate margin of its cap and the
bulbous base of its stem A. xerocybe belongs to section Amanira. In this section there are a
number of species with globose to subglobose spores under 10 um, but only very few of them
have a flocculose-granular to powdery volva, a fruit-body without bright colours and a not
or only slightly gelatinized suprapellis, viz. A. farinosa Schw. (U.S.A.) and A. obsita Corner
& Bas (Malaya). However, bot have smaller spores (6-8 x 5-8 um) and are ringless. Amanita
subvaginata (Clel. & Cheel) E. J. Gilb. (Australia) seems to have the right size of spores
(7.5-9 um) but has no ring either, and its cap is ashy grey.

Amanita sulcatissima, another member of section Amanita described in this paper (p. 9)
differs from A. xerocybe a.0. by ellipsoid spores (8-9x 6-7 um; 1/b 1.2-1.4, average 1.3),
the presence of clamps, more crowded gills and the absence of a ring.

For a comparison of A. xerocybe with Collybia sulcatissima Rick, sce the discussion on A.
sulcatissima (p. 12).

Amanita sulcatissima Bas, spec. nov.—Figs. 14-18

Pileus . 40 mm latus, plano-convexus, margine longe et crebre ;ulcalo-slm(us (c. 0.5 R), centro brun-
neus, margine grisco-bubalinus, in parte volvae reliquiis tenuibus, sub

pallide brunnco-griseis obsitus. Lamellac liberae, confertac, angustac, pallide griseo-bubalinae; lamel-
lulae infrequentes, truncatae. Stipes ¢. 45x 4.5 mm, sursum atenuatus, deorsum bulbosu: solidus (in

sicco cavus), exannulatus, griseus, basi reliquiis volvae griseis, vel sub-
mcmbmnnccxs ornatus. Caro alba vel ulb)da immutabilis, subcarnosa, inodora. Sporac 8-9 x 6-7 um,

vel Fi a volvae hmhls. 3.5-7(-11) um latis, cellulis-
que praccipue globosis, 28-60 x 25-52 um, pallide g b Fibulae fre-

quentes. Typus: ‘R. Singer 10123, 25 VII 1977, estrada Mnnans-Caracnrm km 45, Amazonas, Brazil®
(INPA, L),
Etymology: sulcatissima, most grooved.
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Fruit-body (Fig. 14) rather small and short-stemmed, solitary. Cap 40 mm wide, plano-
convex with slightly fattened centre, with broad (0.45-0.55 R), densely sulcate-striate (14—
18 grooves per 10 mm of circle half-way sulcate zone) margin, at centre fairly dark, slightly
olivaceous tinged ochraceous brown (M. & P. 14 J 8 ‘maple sugar’; Muns. ¢. 10 YR 5/6
6/6) to slightly paler and slightly more reddish ochraceous brown (M. & P. 14 ] 9 ‘mummy’;
Muns. 7.5 YR 5/6-10 YR 5/6), at margin pale buffy grey (M. & P. 11 C 3 ‘sheepskin’;
slightly more grey than Muns. 2.5 Y 8/4), with pallid interstriation, in dried state matt to
somewhat shiny and (even under strong lens) without visible fibrillose structure, over about
1/4 of surface covered with a thin, pale brownish grey (M. & P. 13 B 6 ‘almond’; Muns. c.
7.5. YR 6/4), large volval patch (in dried state minutely tomentose and tending to disrupt
into vague small patches with very pale arachnoid edges). Gills free, crowded, narrow, pale
greyish buff (M. & P. 11 E 4 ‘maple’; slightly darker than Muns. 2.5 Y 8/4), in dried state
with slightly darker (brownish ochraceous) edge; short gills 0-1(-3), scarce, truncate. Stem
45x4.5 mm, tapering upward, with rather abrupt, slightly flattened subglobose basal bulb
¢. 7 mm high and 10 mm wide, solid (but in dried state hollow), exannulate, grey (M. & P.
13 C 4 *hamadan’; Muns. 10 YR 6/4-5/4) with paler apex, minutely fibrillose. Volval re-
mnants at base of stem arising from upper part of bulb, appressed, pale brownish grey, with
subtomentose-sublanose surface, at one side of stem forming a thin submembranous limb
up to 10 mm above bulb, but for the rest forming thin vaguely delimited patches not reach-
ing so high as limb; lower part of bulb rather glabrous, whitish with small ochraceous-
brown spots. Flesh white or whitish, unchanging, inodorous.

Spores [10/1/1] 8-9x 6-7(-7.5) pm, length-breadth ratio 1.2-1.4 (average 1.3), broadly
cllipsoid to ellipsoid, thin-walled, colourless, smooth, usually with one large oil-drop, non-
amyloid (Fig. 15) Basidia [10/1/1] 32-43 x 12-14 um, 4-spored, with clamp. Marginal tissue
made up of scattered, subcylindrical-subclavate to broadly piriform, colourless, thin-walled
cells, 15-35 % 10-30 um, on broad septate hyphae (Fig. 18). Trama of gills probably bila-
teral (difficult to reinflate in type), with very thick subhymenium (25-30 xm) and narrow
central plate of proper trama; subhymenium cellular. Pileipellis a cutis of up to 5 um wide
interwoven, poorly pigmented hyphae surmounted with a thin ixocutis of embedded, 3-4.
um wide, interwoven hyphae with clamps: pigment probably vacuolar, but a slight incrus-
tation seemingly present on some narrow hyphae. Volval tissue on cap a very loose tissue of
disorderly arranged, long-celled, clamped, 3.5-7(~11) pm wide hyphae with very slightly
thickened, slightly yellowish wall and terminal, mostly globose but also broadly ellipsoid to
pyriform, pale grey-brown cells, 28-60 x 25-52 um, with very slightly thickened wall and
often with one or more small refractive bodies against inside of wall; a few hyphae and
inflated cells with golden yellow oleaceous contents (Fig. 16, 17). Volval tissue on base of
stem similar to that on cap, but inner layer of submembranous limb a rather dense layer of

bund: often h hyphae and scattered inflated cells. Trama of stem
acrophysalidic, with cells up to 440 x 40 ym. Clamps abundant in all parts studied.

Phenol reaction on flesh very dark reddish brown (M. & P. 7 L 12 ‘caldera’, to 8 L 12
‘mandalay’; from slightly darker than Muns. 2.5 YR 4/6 to slightly darker and more red
than 5 YR 4/4).

HammaT anD DISTRIBUTION. 7ln (Jmpma vcgclauon on humus under trees (Humi-
riaceae, C and Sar in Ama-
zonian area.

COLLECTION EXAMINED.— Brazil, Amazonas, estrada Manaus-Caracarai km 45, 25 VII
1977, R. Singer (& I. Araujo) B 10123 (holotype. INPA; isotype, L).

OBSERVATIONS.— It is remarkable that the volval limb, present only at one side of the
base of the stem, has a thin but distinct membranous inner layer which is completely absent
from the volval remnants elsewhere. A possible explanation for this is that this layer main-
tains its individuality only there where the volva loses its contact with the pileipellis in an
carly stage, whereas in other places where this contact is maintained longer the inner volval
layer, slightly gelatinizing itself, merges in the gelatinizing pileipellis.
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Although A. sulcatissi b yloid spores with an exannulate stem, this spe-
cies belongs to section Amanita because even the mature stem shows the presence of a basal
bulb. It strongly resembles A. farinosa Schw. (U.S.A.) which differs however by smaller
(6.5-8 x 5.5-8 um) and, on average, less elongate spores (1.0-1.3) and probably also in lack-
ing or having infrequent clamps (Jenkins, /977: 33). Morcover the volva at the base of stem
in A. sulcatissima is somewhat limbate because of a thin membranous inner layer which
seems to be lacking in A. farinosa, where the volval remnants on the top of the bulb are
strictly pulverulent.

Two other related species are A. obsita Corner & Bas (Malaya) with smaller spores (6-7.5
x 5-7 um) and A. subvaginata (Clel. & Cheel) E. J. Gilb. (Australia) with, according 1o the
original description. globose spores

Dr. Singer (in lit.) drew my attention to Collybia sulcatissima Rick (1938: 275), a species in
his opinion possibly identical with or related to the present species. The lectotype of Rick’s
species was studied by me and found to be in a rather poor condition. It turned out to be
impossible to study the basidia for clamps and to analyse the structure of volval remnants
and pileipellis. The following data, including those from Rick’s protologue, are now avail-
able:

Fruit-body solitary, terrestrial. Cap about 30 mm in diam., plano-convex with depressed
centre, sulcate-striate from margin nearly up to centre (in type marginal striation now hard-
ly visible), brown-grey with darker centre, pulverulent. Gills moderately crowded, adnate.
white. Stem 10 x S mm, with subbulbous base, white with reddish granules, exannulate.

Spores [20/1/1] 8.5-10 (~10.5) x 7-8.5 um, (1.05-) 1.1-1.3(~1.35) with 1.2 for average, sub-
globose to broadly ellipsoid, thin-walled, coulourless, smooth, with short abrupt apiculus,
inamyloid. Pileipellis with a thin gelatinized layer at surface. Clamps not seen (but cells very
difficult to reinflate).

CoLLECTION EXAMINED.—Brazil, Rio Grande do Sul, Sao Leopoldo, 1932. J. Rick 12.372
(lectotype of Collybia sulcatissima Rick; PACA).

If Collybia sulcatissima is run down in the key on p. 3 with the data available, one arrives at
5, where the choice is between A. xerocybe and A. sulcatissima. The colour of the cap and
the length of its marginal sulcation, the absence of a ring and the shape of the spores agree
with A. sulcatissima, the width of the spores and the possible absence of clamps point to-
ward A. xerocybe. Considering the dition of the type coll and particularly the fact
that no information on its volval structure could be gained from it, I am convinced that it is
impossible to know the true identity of Collybia sulcatissima Rick (although it certainly is a
species of Amanita). Therefore 1 prefer to describe Amanita sulcatissima as a new species
based on recent material collected and annotated by Dr. Singer.

Amanita lanivolva Bas, spec. nov.—Figs. 19-24

Pileus 50-75 mm latus, pl , centro late interdum margine longe
sulcato-striatus (0.4-0.6 R), aenco-brunncus, centro rufo-brunneus, glaber, subviscidus. Lamellac hi-
berae, confertae, .mgu;l.n: dlbac vel pallide griscae; lamellulae truncatae. Stipes 75-100x¢. 5-6 mm,
sursum volvatus, albus, glaber. Volva saccata, membranacea,
anguste ocreata vel sub grisea, I Caro alba, inodora. Sporac 7.5-9.5 x
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5.5-7 yum, subelli vel cllipsoid loideac. Fibulae freq Typus: ‘R. Singer B
9543, 1977, Manaus, Amazonas, Brazil (INPA 66.715, L).
Etymology: lana, wool.

Fruit-bodies (Fig. 19) solitary, medium-sized, fairly slender, fragile. Cap 50-75 mm wide,
plano-convex with broad central depression, subumbonate or not, with broad sulcate-striate
marginal zone (0.4-0.6 R), moderately dark slightly olivaceous tinged brown (bronze; M. &
P. 15 C 2 ‘clove’; Muns. 7.5 YR 4/4-5/6) with centre slightly more reddish brown (M. & P.
8 H 11 ‘congo’; Muns, 5 YR 4/4-4/6), with white i iation at margin, g sub-
viscid; in dried specimens matt to somewhat shiny particularly at centre, outside centre
slightly innately radially fibrillose under strong lens. Gills free, crowded, narrow, white to
pallid greyish, probably with concolorous edge; short gills (0-1) truncate to obliquely trun-
cate; in dried state edges pale buff to pale ochraceous brown. Stem 75—100 x ¢. 5-6 mm,
tapering upward, with slightly bulbous base, hollow, exannulate, white, fragile, smooth and
glabrous. Volva saccate, membranous, loosely sheathing basal 30-35 mm of stem, grey to
fuscous grey (M. & P. 15 A 7 ‘soaptone’ to 15 C 8 ‘chukker brown'’; Muns. 7.5 YR 5/4-

00000, %@ﬁ

Figs. 19-22. Amanita lanivolva. — 19. Fruit-body (after colour slide; x 0.5). — 20. Spores ( x 1250). —
21. Cells from outer layer of volval limb ( x 250). — 22. Basidia and subhymenial cells ( x 500). (All
Figs. from type).
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4/4), but lower half paler to whitish, lanose; in dried speci cylindrical to
somewhat ventricose, adnate to lower 8-10 mm of stem, with internal volval limb a fim-
briate, 1-—1.5 mm wide rim situated in angle between external volval limb and stem (‘uni-
tangent volva’). Flesh white, unchanging, odourless.

Spores [20/2/2] 7.5-9.5x 5.5-7 pum, length-breadth ratio (1.2-)1.2°-1.6(-1.6%) (averages
1.3-1.5), broadly ellipsoid to ellipsoid, with apex often rounded subconical, thin-walled,
colourless, smooth, usually with one oil-drop, with small apiculus (Fig. 20). Basidia [20/2/2]
27-36 x9-11 pm, 4-spored, with clamp. Marginal tissue (Figs. 23, 24) a fairly broad brown
strip of two types of cells: outer strip consisting of small, empty. basidiform cells, 12-30 x 4-
9 um, on irregularly shaped hyphae, and between this layer and hymenium an irregularly
broad strip of globose, ellipsoid and broadly clavate cells, 20-30 x 14-22 um, with shgh(lv
thickened walls and often granular in Melzer ab
yellow oil-drops along edge (not in ammonia). Trama of gills bilateral, with conspicuously
broad cellular subhymenium (up to 45 um thick), with large inflated cells up to 40 um long.
Pileipellis a cutis of (1.5-)3-5(~7) um wide, interwoven to radial hyphae with clamps and
vacuolar brown pigment surmounted with a thin (on limb) to fairly thick (at centre) ixocutis
with 1.5-3.5 um wide distant colourless interwoven hyphae. Volval limb made up of a 50-80
pm thick inner layer (of 2-6 um wide hyphae) of which 20-40 um thick layer at inner
surface gelatizinzing, and a 400-500 um thick outer layer (Fig. 22) of very loosely inter-
woven 2.5-7(-12.5 ... 27) um wide clamped hyphae with very slightly thickened, colourless
to slightly yellowish walls and globose, obovoid and piriform, terminal (very rarely in rows
of two) cells, 30-70 x 26-60 pm, with fairly dark grey-brown to pale or rarely colourless
contents. Trama of stem acrophysalidic: acrophysalides up to 290 x 50 um. Stipitepellis a
thin layer of 2.5-4 um wide pale brownish hyphae with slightly thickened walls.

Phenol on flesh: first dull pink (M. & P. 6 J 4; Muns. 5 R 4/6), soon purple (M. & P. 55 )
2; Muns. 10 RP 4/6), then brown (M. & P. 15 C 11 ‘cocoa brown’; Muns. 7.5 YR 4/4-5 YR
4/4), eventually darker (deeper than M. & P. 8 H 10 ‘chocolate’; Muns. 10 YR 3/4). For-
maline on flesh: slowly lilac or violet.

HABITAT AND DISTRIBUTION.—Fairly common on the ground in secondary tropical rain
forest, near Neeca (Nyctaginaceae; Singer B 9897 definitely shown to be connected with
short roots of Neea spec.), with nearby Rubiaceae, Sapindaceae, Euphorbiaceae, Legumi-
nosae, Flacourtiaceae and Palmae, in Amazonian arca.

COLLECTIONS EXAMINED.—Brazil, Amazonas: Manaus. near INPA, 1977, R. Singer B 9843
(holotype, with colour slide, INPA 66.715; isotype, L): ditto, 29 May 1977, R. Singer
B 9897 (INPA 66.716).

Note.—Dr. Singer (in lit.) reports that A. lanivolva is fairly dary forest
around Manaus. More material than the two collections sludned here hdb bcen collected and
is preserved at INPA

Because of the greyish lanose-tomentose outside of the narrowly saccate volva, A. lanivolva
is a very characteristic species. Moreover, the occurrence of two types of sterile cells in the
marginal tissue (Fig. 23, 24) of the gills is so far a unique feature.

It is, however, not fully certain that A. lanivolva belongs to section Vaginatae. On a col-
ourslide of the type specimen as well as in the dried fruit-body of Singer B 9897 it seems
that the lower part of the stem where the volva is adnate, is somewhat enlarged and forms a
very small subglobose bulb. A study of very young stages will show if a primordial bulb is
present in this species and if consequently A. lanivolva has to be placed in section Amanita.

Also in section Amanita A. lanivolva would stand apart on account of its lanose-tomen-
tose volva and its marginal tissue with two types of cells, but still more so because of the
truly saccate nature of its volva.
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Figs. 23 24. Amanita lanivolva; marginal tissue of gill ( x 500). — 23. In situ. — 24. In crushed mount.
(Both Figs. from type.)

Amanita coacta Bas, spec. nov.—Figs. 25-28

Pileus ¢. 40 mm latus, demum concavus, nurpne longe sulcato-striatus (0.4-0.5 R), umbrinus, volvac
. coactis parce ornatus. Lamellae liberae, confertac,
sublatae, albae; lamellulae truncatae. Snpes (A 70x3 mm, sursum attenuatus, cbulbosus, exannulatus,
albus, basi (c. 10 mm) volvlc fragmentis lpphmus. griseis, coactis vestitus. Caro alba, inodora. Sporae
8.5-10 % 6,5-7.5 pm, ellj volvae cellulis globosis, 20-35 um diam.,
brunncis, terminalibus atque hyphis, $-7(-12.5) um hns, inconditis composita. Fibulae absentes. Typus:
*R. Singer B 10160, 27.V.1977, Manaus, Amazonas, Brazil (INPA, L).
Etymology: coactus, felted.
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Fruit-bodies (Fig. 25) solitary, small, slender. Cap ¢. 40 mm wide, concave without or with
a very slight umbo, with broad rather densely sulcate-striate marginal zone (0.5 R according
to field-notes; in dried specimens 0.25 to 0.45 R; 12-14 grooves per 10 mm of circle half-
way sulcate zone), umber with pallid interstriation at margin, matt in dried state and then
under strong lens with fibrillose structure only visible on dark marginal ridges, around
centre with a few irregularly shaped, paler grey-brown, felted, thin volval patches with on
their surface a few very small darker warts (under lens). Gills free, crowded, fairly broad.
white, probably with concolorous edge: short gills very scarce, truncate. Stem ¢. 70 x 3 mm,
tapering upward, without bulb, exannulate, white, in dried state (under strong lens) sub-
flocculose. Volva at base of stem up to ¢. 10 mm high, thin, felted-submembranous, +
broken into partly clearly separated, partly still more or less connected, felted, grey patches
with at their surface (under strong lens) appressed paler to nearly whitish short fibrils. Flesh
white, unchanging, inodorous.

Spores [10/1/1] 8.5-10 x 6.5-7.5 um, length-breadth ratio 1.2%-1.4 (average 1.3), (broadly
ellipsoid to) ellipsoid, with broadly rounded (not conical) apex, thin-walled, colourless,
usually with one oil-drop, with small apiculus (Fig. 26). Basidia [10/1/1] 32-45x 10.5-11.5
um, 4-spored, clampless. Marginal tissue a rather broad, interrupted strip of colourless, very

' Qooe
gzs . zs

Figs. 25-28. Amanita coacta. — 25. Fruit-body (after field sketch and dried material; x0.5). 26.
Spores (x 1250). — 27-28. Tissue of volval patch on cap. — 27. In crushed mount (x 250). — 28.
Separated clements (x 500). (All Figs. from type.)
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thin-walled, casily collapsing, inflated cells measuring up to 35 um and hyphae, hard to
dissociate. Trama of gills impossible to study in type: subhymenium cellular; cells often
globose but sometimes irregularly shaped, up to 25(-35) um. Pileipellis composed of 3-5.5
um wide, densely interwoven hyphae, without or with only a very thin ixocutis on top, with

d volval under pe (but these not visible under hand-lens); brown
pigment vacuolar but in addition seemingly at places a slight incrustation present also. Vol-
val patches on cap (Figs. 27, 28) a rather dense tissue of (i) abundant, fairly broad, 5-7
(-12.5) um wide, relatively short-celled branching hyphae with very slightly thickened, col-
ourless or slightly coloured walls with slight incrustation, (ii) abundant globose, more rarely
ellipsoid or somewhat ovoid, brown cells, 20-35 pm. terminal or more rarely in terminal
rows of two, and (iii) a limited number of clongate to subcylindrical inflated cells. Volval
patches at base of stem similar to those on cap but with on outer surface a coarse net of
thick bundles of 3-7 um wide rather straight hyphae with slightly thickened, pale yellowish
walls evidently encrusted with amorphous matter (yellowish in ammonia), and some large
globose, piriform and elongate cells up to 55 um long and up to 35 um wide, particularly in
meshes of that net. Trama of stem which acrophysalides measuring up to 300 x 30 pm.
Clamps absent from all parts examined.

HARITAT AND DISTRIBUTION.—Found once on the ground in secondary tropical rain forest
n A ian area: all panying trees and shrubs except Neea and Psychotria with
non-cctotrophic roots.

COLLECTION EXAMINED.—Brazil, Amazonas: Manaus, on grounds of INPA, 27 May 1977,
R. Singer B 9728 (holotype, INPA 66.714; isotype, L).

In the ficld the type-specimen of A. coacta was mistaken for another collection of A. lani-
volva (see p. 12). The former can be easily distinguished from the latter, however, by the
absence of clamps and the small inflated cells in the volval tissue (20-35 ym against 30-70
um in A. lanivolva). In addition the grey volval limb of A. coacta is thinner, less coherent
and not lanose-tomentose on the outside, alth
fibrils are evident under a hand-lens.

The volva of A. coacta is so incoherent that in the type a few small volval patches are to
be seen around the centre of the cap and the volval limb tends to break up into patches.
(This may be different, however, in more vigorous fruit-bodies, the only specimen available
being a very tiny one.)

As the stem has no bulbous base, A. coacta belongs to section Vaginatae. Its volva is
much less friable than that of A. crascederma (sce p. 20), a species occurring in the same
region and with (subjglobose spores and up to 25 ym wide pigmented hyphae in the pi-
leipellis.

h in the type-speci PP whitish

Amanitopsis plumbea Rick™ (1937 309), very inadequately described by its author, seemed
sufliciently close 1o A. crebresulcata and A. coacta to justify a loan of the type. Unfor-
tunately the type material turned out to be in such a poor condition that not much infor-
mation could be derived from it. Only a very roughly drawn portrait of Rick’s species is
available now:

Terrestrial. Cap 30-40 mm in diam., grey, with (short?-) sulcate margin, rarcly with a vague
small paler volval patch. Gills crowded, white. Stem up to 70 mm long, without bulb, white.
Volva + saccate, grey-white. Ring absent.

" Rick undoubtedly intended to describe a new species under this name, thus creating a later homonym
of Amanitopsis plumbea (Schaeff. ex Purton) Schroeter.
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Sporcs lI5/3/l} 9 ﬁl() S(-11)x6.5-7.5 um (1/b 1.3-1.5% (-1.6°), average 1.4), cllipsoid.
i smooth, with ubrupl apiculus. Basldla clamplcss (only a
few complclcly seen). Pllelpelhs at s Y of 2.5-45 ym
wide clampless hyphae. Volval remnants consisting of 3-5 ym wide hyphae in somewhat
coiled bundles at surface, probably with inflated cells present underneath. Trama of stem
acrophysalidic.

CoLLECTION EXAMINED.—Brazil, Rio Grande do Sul, Porto Alegro, 1930, J. Rick 12.220
(lectotype of Amanitopsis plumbea Rick, PACA).

With help of these data one arrives in the key presented in this paper (p. 3) at 8, where the
choice has to be made between A. crebresulcata and A. coacta.

Size and shape of the spores of Rick’s species agree best with A. coacta, but the colour of
its cap is grey against umber in A. coacta. Unfortunately 1 was unable to measure the
inflated cells in the volval tissue, which are characteristically small in A. coacta. Amanita
crebresulcata has somewhat broader spores (I1/b 1.1-1.4 with 1.1°-1.3 for averages), a dark
brown cap and a grey stem.

As it appears impossible to satisfactorily match Rick’s species with one of these two
species from Amazonia, a third species may be involved. In view, however, of the scanty
information available on Amanitopsis plumbea Rick, it seems better to refer it to the in-
sufficiently known taxa once and for all.

Amanita crebresulcata Bas, spec. nov.—Figs. 29-32

Pileus 50-75 mm latus, initio subacute postea pl s, planus vel
plano-concavus, centro obtuse umbonatus, margine longe et crebre sulcato-stnatus (0.45-0.65 R), um-
brinus vel fusco-sepiaceous, subzonatus, glaber. Lamallac liberae, confertae, angustae, albac, acie con-
colore vel brunnea; lamellulae infrequentes, truncatae. Stipes usque ad 120 x 10 mm, sursum attenuatus.
cavus, haud bulbosus, exannulatus, volvatus, glaber, griseus, basi albus, apice saepe pallidus atque
interdum innate I Volva saccata, b anguslc ocreata, alba. Caro alba vel albida,
inodora. Sporac 8,5-10.5 x 7-8.5 ym, subglobul, vel el loid: Fibulac absentes.
Typus: ‘R, Singer B 9680, 19.X.1977, Manaus, Amazonas, Brazil (INPA 667I0 | A I
Etymology: creber, close; sulcatus, grooved.

Fruit-bodies (Fig. 29) medi sized, slcndcr. sohlury or subgregarious. Cap 50-75 mm
mdc in the only young peci with rather acute umbo, later

1o flat or pl with low obtuse umbo, with broad densely sulcate-
slrmlc margin (0.45 to 0 65 R; in dried specimens 14-16 grooves per 10 mm of circle half-
way sulcate zone), dark umber to fi pia at umbo, hat paler around umbo but
with narrow darker fuscous zone® at margin of slightly paler sulcate zone, glabrous, in dried
caps matt to somewhat shiny (particularly at centre) and without or with very fine innate
fibrillose structure under lens. Gills free, crowded, narrow, white, with concolorous edge or
(more often?) with a very fine brown line along entire edge or only near margin of cap:
short gills rather scarce, truncate. Stem up to 120 10 mm, tapering upward, hollow, with-
out bulb, exannulate, with saccate volva, grey (M. & P. 15 C 7 ‘racquet’; Muns. 7.5 YR
5/4-5/2) with white base and often paler apex, glabrous and smooth, at apex sometimes

* In the dried specimens examined this dark zone has disappeared.
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minutely innately punctulate. Volva saccate, thin, y higher
than broad, white to cream or in places pale buff, minutely felted (not at all powdery or
Noceulose), under lens locally with minute bufl’ patches; volva in dried specimens up to 25
mm high and 14 mm wide, with not or hardly faring margin, adnate only to lower 5-10
mm of stem and (where visible) with a narrow. fringed internal limb on inner surface of
external limb, 2-3 mm high above place of attachment to stem (‘volva bitangent’, Fig. 31).
Flesh white 1o whitish, inodorous,

Spores [70/7/4) (8-)8.5-10.5(~11) x (6.5-)7-8.5(-9) um, length-breadth ratio (1.0%)1.1-1.4
(averages 1.1°-1.3), subglobose to broadly ellipsoid, rarely ellipsoid, thin-walled, colourless,
smooth, usually with one large oil-drop, non-amyloid (Fig. 30). Basidia [10/1/1] (28-)34-38
% 11-12 um, 4-spored, clampless, Marginal tissuc a rather broad strip of chains of very
thin-walled, soon collapsing inflated cells, up to 40x 28 um, and hyphae, both parallel to
edge of gill; in hymenium near edge a few 18-32 pm wide sphcropcdunculalc cells observed:
pigment hard to localize. Trama of gills p ium cellular, rather
thick. Pileipellis a ¢. 100 um thick brown cutis of 2-5(-8) um wide interwoven to subradial
hyphae with vacuolar pigment, intermixed with some 4-9 um wide yellowish oleiferous hy-
phae, surmounted with a 25-50 um (at centre of cap 90-125 um) thick ixocutis with 1-3.5
um wide distant hyphae. Limb of volva consisting of a tissue of branching, interwoven, 2-5
pum wide hyphae with scattered, globose, subglobose, ellipsoid and ovoid terminal colourless
cells, 45-90 x 35-75 um; its outer surface covered by a thin layer (inflated cells shining
lhrough) of loosely interwoven, 3.5-7 um wide, slightly thick-walled, colourless hyphae sur-

d with d ss running ¢. 50-60 um wide bundles of more straight and
parallel hyphae and with palchcs of brown, granular, extracellular matter; its inner surface
with very thin layer of gelatinized, 2-5 um wide hyphae. Trama of stem acrophysalidic, with
cells up to 300 x 35 um: hyphac and acrophysalides at surface with vacuolar brown pigment,
Clamps absent in all parts examined.

31

Figs. 29-31. Amanita crebresulcata. — 29. Fruit-body (after colour slide; x 0.5). — 30. Spores ( x 1250).
~ 31. Sectioned volva of dried specimen showing position of internal volval limb ( x 1). (Fig. 29 from
Singer B 9796, 30 from Singer B 9680, 31 from Singer B 9654.)
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Phenol reaction on flesh of stem at first greyish-reddish lilac, then reddish brown to cop-
per, finally dark grey-brown.

HABITAT AND DISTRIBUTION.—Fairly common on the ground in mixed secondary growth
tropical rain forest, growing near Neea (Nyctaginaceae; in one case mycorrhizal connections
definitely established) and Psy, mlrm (Rubnaccac) also present Sapindaceae, Euphor-
biaceae, L Palmac, and Violaceae, in Amazonian
area,

COLLECTIONS EXAMINED.— Brazil, Amazonas: Manaus, near INPA, 19 May 1977, R. Sin-
ger B 9680 (holotype, INPA 66.710; isotype, L); ditto, 20 May 1977, R. Singer B 9684
(INPA 66.713); ditto 27 May 1977, R. Singer B 9729 (INPA 66.711); ditto 1977, R. Singer
B 9796 (with colour-slide; INPA 66.712).

Amanita crebresulcata is a rather typical member of section Vaginatae. It can be recognized
by the broad, very densely sulcate margin of its cap, its small ellipsoid spores, its coloured
but glabrous stem and its rather insignificant thin membranous volva. In the field a dark
zone on the cap adjacent to the sulcate part of the margin may be a helpful character, but
in the herbarium specimens available this zone has disappeared.

For a comparison between A. crebresulcata and Rick’s Amanitopsis plumbea, see the dis-
cussion on A. coacta (p. 18).

Amanita craseoderma Bas, spec. nov.—Figs. 32-35

Pileus ¢. 60 mm latus, centro i margine longe sul i (c. 05
R). fuscus, volvae reliquiis verruciformibus phacis, minutis perparce obsitus. Lamellac confertae, per-
pallide griseae; lamellulac infrequentes, truncatae. Stipes ¢. 110x 7 mm, subcylindraceus, haud bul-
bosus, exannulatus, fuscidulo-griseus, basi reliquiis volvae subflocculosis, griseis, anguste annulifor-
mibus ornatus. Caro tenuis, fragilis, inodora. Sporae 7.5-9x 7-8 um, globulosae vel subglobulosac,
non-amyloideac. Fragmenta volvae cellulis globosis vel piriformibus, 28-53 x 23-48 um, brunneis, hy-
phisque composita. Cellulae pileipellis heterogencac, 2.5-25 um latae. Fibulae absentes. Typus: *R. Sin-
ger B 10160, 30.1X.1977, 30 km N. of Manaus, Amazonas, Brazil (INPA, L)."

Etymology: xpzai1C, the mixing, the blending: épua, skin (on account of the variously shaped cells in
the pileipellis).

Fruit-body (Fig. 32) medium-sized, slender, solitary. Cap about 60 mm wide, plano-convex
with subumbilicate centre and broad sulcate-striate margin (0.5-0.6 R), very dark brownish
grey (M. & P. 8 A 8; Muns. 10 YR 3/2) with pale marginal grooves, with very few, small,
dark grey-brown, irregularly shaped, wart-like volval remnants, in dried state shiny and
with no fibrillose structure visible under lens. Gills free, fairly crowded, very pale greyish:
short gills very rare, (obllqucl)ﬂ) truncate. Stem c. IIO % 7 mm, subeylindrical, without basal
bulb, grey, sub; to glab but under lens in dried speci-
men darkly punctate on upper part and with very / fine short dark fibrils on lower part.
Volva forming one nearly complete narrow, dark grey-brown, subfloccose belt about 6 mm
above base of stem and a whitish (near upper margin somewhat greyish), adnate, subfloc-
cose layer on lower 3 mm of stem. Flesh relatively thin, very fragile, inodorous.

Spores [10/1/1] 7.5-9 x 7-8 um, length-breadth ratio 1.0%-1.1% (average 1.1), subglobose,
colourless, lhm-wnllcd smooth, often with  one large oil-drop, inamyloid (Fig. 34). Basidia
[5/1/1] (only a few with found: h over- 7) 44-48 x 10.5-12 ym, 4-
spored, clampless. Marginal tissue not found (disappeared?). Trama of gill bilateral near
edge, irregular near base; subhymenium cellular, + 25-35 um wide. Pileipellis (Fig. 35) a
near centre of cap 50-70 um thick cutis of agglutinated (but not distant) 2.5-25 uym wide
hyphac and chains of inflated cells with very conspicuous, in dried material unevenly distri-
buted, vacuolar brown pigment; cells disorderly arranged at centre, subradially on limb:
without colourless superficial ixocutis; with rather abundant up to 10 ym wide oleiferous
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Figs. 32-35. Amanita craseoderma. — 32. Fruit-body (after field sketch and dried material; x 0.5). —
33. Crushed tissue of volval wart on cap (% 250). — 34. Spores (% 1250). — 35. Pileipellis from above
(% 500). (All Figs. from type.)

hyphae. Remnants of volva on cap (Fig. 33) composed of abundant, 2-7 um wide, fre-
quently branching and i bund: septate hyphac (colourless, but narrow
ones often distinctly encrusted with a hyaline substance) and abundant, terminal (rarely in
rows of two or three), mostly globose but also ovoid, ellipsoid and obpiriform cells, 28-53
x23-48 um, with conspicuous brown vacuolar pigment and slightly thickened wall; ele-
ments disorderly arranged. Volval remnants at base of stem: in grey belt similar to those on
cap with hyphae 3-6 um wide and inflated cells measuring 20-40 ym; in whitish covering of
extreme base inflated cells scarcer and paler or colourless, and hyphae very abundant and
locally intricately branching. Trama of stem acrophysalidic; acrophysalides measuring up to
390 um long and 45 ym wide; with hardly differentiated cortex of 2-4 um wide longitudinal
hyphac and at surface d strands of + il brown hyphae. Clamps absent in
all parts studied.
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HABITAT AND DISTRIBUTION. —Terrestrial in primary I'orcsl in the Amazonian area; in ter-
ra firme forest on y il hylaca, with L and other dicotyle-
donous trees, few Palmnc.

COLLECTION STUDIED.—Brazil, Amazonas, 30 km N. of Manaus, 30 Sept. 1977, R. Singer
B 10160 (holotype, INPA; isotype, L).

Amanita craseoderma belongs to a small group of species in section Vaginatae characterized
by a friable volva forming warts on the cap and belts on the base of the stem, and by a
gelatinized pileipellis.

In this group A. inaurata Secr. (Europe; spores 10-14 pum), A. cinctipes Corner & Bas
(Malaya; spores (8-)9-11 um), and A. antillana Dennis (Trinidad; type studied; spores 11-
13.5x9.5-11.5 um, /b 1.1-1.3% average 1.2) all three have larger spores and a normal
pileipellis.
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NOTES ON MICROASCACEAE WITH THE DESCRIPTION OF
TWO NEW SPECIES

J. AL VON Arx

C 1b voor Schimmelcultures, Baarn

The Microascaceae are briefly discussed and a key to the accepted genera is
given. The new \pmcs described are Pithoascus langeronii with an arthric ana-
morph (Arth l and Perriellidium fimeti with a 1p lik
h. Pure culmre ipti are given of the psychrophilic Leuconeuro-
spora pulcherrima and also of Faurcling elongata which has an arthric anamorph
with 2-celled conidia.

The Microascaceae represent a group of Ascomycetes related to the Ophi Xy-
lariaceae, and Sordariaceae (including Chactomiaceae). Malloch (7970) restricted the family
to genera characterized by ascospores with one or two germ pores and included the genera
Microascus, Kernia, Lophotrichus, Petriella, Petriellidium. Von Arx (1963a, b) removed some
species without germ pores from Microascus and placed them in a separate genus Pi-
thoascus. Udagawa & Furuya (/973) considered the genus Leuconeurospora, comprising two
species with ornamented ascospores without germ pore, to belong to the Microascaceae. A

fungus similar to the second species, L. el was ibed by Locquin-Linard (/975)
as the type of the genus Faurels An additional genus, £ pus, has recently been
described by Locquin-Linard (/977). 1t is ch ized by a iolate ascoma with an

apical tult of hairs and by the presence of an hyphal ‘capillitium’ surrounding the asco-
spores.

The position of some of these genera in the Microascaceae is questionable. If it is accep-
ted that the family is comprised of species with ascospores which may or may not have one
or two germ pores, then the genera would have to be distinguished by the following key
characters.

la. Ascospores smooth, less than twice as long as broad, with 1 or 2 germ pores . 4\ 2
b. Ascospores ornamented or smooth and more than twice as long as broad, wuhonl nhsﬂvablc gcm\
pores
2a. Ascomma wilh a wull of 'lexmr- epldcrmoidea' ascospous wilh 2 g:rm pon:s anlmorphs Gm-
phium, Scedosporium, or Arthrographis .
b. with a d wall of ungulnv. dark v:ells asccsporcs wnh l or 2 germ
pores, hs absent or S it 3 4
3a. Ascomata ostiolate, ascospores reddish- brown ol\en asymmﬂnul o 4 Pemclla
b. Awom-m usually non ostiolate, ascospores aymmemul yellowish, rarely neddxsh . Pertriellidium
4a. bedded in a hyphal " when mature, about 12x9 um, with a single, pro-
minent germ pore . T Y e . Enterocarpus
b. Ascospores smaller or wllh 2 gcrm pom % .5

23
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A ostiolate, ical, with a single germ pore . . . . Microascus
. Above characters not combined .
. Ascomata usually ostiolate, with an apncnl |uf| of |h|ck»wnllcd hmrs. ascosporcs nbmu K 5 % 7 5 pm.
with two germ pores, yellowish or brownish . . . 5 5 Lo,:hnnuhu\
Ascomata non-ostiolate, with or without tufts of hairs, uuo>polc> nl' dlchrcnl size, with | or 2
germ pores, hyaline, yellowish, brownish or reddish. . . . .+« « . . Kernia
B Auusporc; smooth, ascomata thick- walled dark, ostiolate or non- osllulale e . Pithoascus
4 nscomuln late, but with an casily disarticulating wall .
8a. A ata spherical, d nearly hyaline, with anastomosing ridges;
catenulate . Soats bu SR s BF 55 i& 3 afy g .. Leuconeurospora
b. \vcrln.ally often pustulate, P rcddnsh-bnmn ﬁn:ly striate; asci cate-
nulate, in vertical rows .. . . it oW . Faurelina

Eo?
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Monographic studies exist for most of the genera, e.g. Microascus (Barron, Cain & Gilman,
1961b; von Arx, 1975), Petriella (Barron, Cain & Gilman, 196/a), Petriellidium (von Arx,
1973b), Pithoascus (von Arx, 1973b), Kernia (Malloch & Cain, /971; Locquin-Linard, /977).
The genus Lophotrichus is close to Kernia and the three species L. ampullus R. K. Benjamin,
L. martinii R. K. Benjamin and L. bartletii (Massee & Salmon) Malloch & Cain (= Lopho-
trichus brevirostratis Ames) are close to each other. In the last mentioned species the as-
comata arc usually non-ostiolate.

In this paper new species are added to the genera Pithoascus and Petriellidium and the
species of the genera Leuconeurospora and Faurelina are described and discussed from pure
cultures,

Pithoascus langeronii v. Arx, spec. nov.—Figs. 1, 4a, d.

Coloniac in agaro farina maydis addita 25°C vix 1| mm in dies crescunt, in obscuritate pro | maxima

parte submersae, ex h)phns plus minusve hyalinis constant, 14-20 dicbus fus-

cescentes. As vel raro i globosa, primum flava, maturitate nigrescentia,

non ostiolata, 75-160 um diametro, pariete ¢ ccllulns hyphalibus 2-4 um crassns et strato interno cellu-

larum applanatarum, 7-13 um diametro, demum vel amorpho. Asci

numerosi, in sericbus radiantibus dispositi, ellipsoidei, clavat vel c)lmdncn. nonnumquam pedicellati,

lenuuumc.m fere persnslcmcs. 8-spori, 8-13 x4-7 pum; ad primum
leves, poris ionis carentes, 3.5-5.0 % 2.0-2.5 ym.

Typus: CBS 203.78, contaminatio culturae Petriellidii fimeti CBS 129.78.

Colonies on cornmeal agar at 25 C with a daily growth rate of less than | mm, in darkness
fMat, mainly of i d, hyaline or hyphae, with no aerial mycelium,
becoming dark duc to the ascomata which ripen within 2-3 weeks; initials compact, 17-24
um in diameter, composed of a central cell surrounded by swollen, 5-7 pym hyphal cells,
soon becoming covered by a number of radial hyphae; ascomata immersed, rarely super-
ficial, spherical, yellowish when young, black when ripe, non-ostiolate, 75-160 ym in dia-
meter, with a wall composed of 2—4 um broad hyphal cells and an inner layer of flattened.
7-13 pm cells, outer wall later bcv.ommg dark, cnu’ualcd and nearly amorphous: asci nu-
merous, arranged in radi rows, ellip I, clavate or cylindrical, sometimes
stalked, thin-walled, rather persistent, 8-spored, 8-13 x4-7 um; ascospores fusiform-navi-
cular, dextrinoid when young, straw-coloured or yellow-brown when ripe, smooth, without
germ pores, 3.5-5x 2-2.5 um (Fig. 4a).

Colonies incubated in daylight form aerial hyphac and bufl- or tan-coloured, downy or
powdery conidial tufts; vegetative hyphae hyaline, septate, 1.5-3 um broad, forming chla-
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Fig. | Pithoascus langeronii. — a. Initial. — b. Ascomata wall. — c. Asci and ascospores. — d. Chla-
mydospores. — e. Arthroconidia.
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mydospores and often disarticulate into arthroconidia; chlamydospores terminal or lateral,
single or occasionally in chains, spherical or obovate, smooth, hyaline, thin-walled, 3.5-5.5
pm: conidiogenous hyphut 2-3 ym brodd usually erect and branched, forming short syn-
or basi rows of dry arthr dia; ar or swollen, cla-
vate when apical, hyaline, 1-celled, rarely septate, without dlbllnCl disjunctive structures, 3-7
%2-3.5 um (Fig. le).
Type—CBS 203.78, received as a contamination in the fresh isolate of CBS 129.78, Pe-
trietlidium fimeti.

Von Arx (1973b) disti hed six Pithoascus species, ized by dark, thick-walled,
ostiolate or iolate as by without germ pores and by the absence
ol anamorphs (conidial states). Pithoascus langeronii is the first species of the genus with an
anamorph and can also be distinguished by its small and only slightly pigmented asco-
spores, and the dark ascomata wall which is nearly amorphous with age. These differenti-
ating characters would probably allow the fungus to be classified in a separate, undescribed
genus. The initials of Pithoascus langeronii are similar 1o those of Petricllidium boydii
(Shear) Malloch (= Allescheria boydii Shear).

Pithoascus lang ii is the tel ph of the h y i as Arth iphi;
langeroni Cochet (1939), Oidiodendron kalrai Tcw:m & M.u.pherson (1971) and Arlhra-
graphis kalrai (Tewan & Macpherson) Sigler & Carmichael (1976). Only the conidial state
was present in most of the subcultures, ascomata were mainly obtained on oatmeal agar
incubated in the dark at 25°C,

Arthrographis langeroni is keratinophilic, usually isolated from humans but also from soil
and dung. The description of the anamorph given by Sigler & Carmichael (/976) is incom-
plete: the chlamydospores, the swollen arthroconidia and the clavate apical conidium are
not mentioned. An anamorph rather similar to that of Pithoascus langeronii is known in
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Fig. 2. Petwriellidium fimeti. — a. A wall. b. Ascus and ascospores. — ¢. Graphium ana-
morph. — d. Chlamydospore.

Perriellidium desertorum v. Arx & Moustafa (von Arx, /973h). a related species with larger
and darker ascospores with two germ pores.

Sigler & Carmichacl (/976) treated Geotrichum microsporum Smith [= Coremiella cu-
boidea (Sacc. & Ellis) Ciferri & Caretta] as a second species of Arthrographis. However, this
cellulolytic and fast growing fungus forms compact synnemata and the short cylindrical
arthroconidia develop from the conidi hyphae in unbranched long chains and sep-
arate from cach other by disjunctive structures. This fungus without doubt is not close to
the Arthrographis anamorph of Pitheascus langeronii and should be maintained in Co-
remiella or Briosia (von Arx, 1972).

Petriellidium fimeti v. Arx, Mukerji & N. Singh, spec. nov.—Fig. 2

Coloniae in agaro farina avenacea addita 25 C in dies 3-4 mm crescunt, primum albidae vel grisellae,
mycelio aerio floccoso vel lanoso obtecta, deinde grisco-brunncac. Ascomata immersa vel fere super-
ficialia, globosa, fusca, glabra vel nonnullis hyphis fuscis, incrustatis, 50-130 um longis, 2-3 ym latis
obtecta, non ostiolata, 230-360 um diametro, paricte 5-8 um crasso, ¢ cellulis viridibrunncis, 2-4 um

latis, i ito (textura cpi i Asci clavati, sacpe breviter pedicellati, fasciculati,
i vel fere i 8-spori, 40-70 x 18-25 um: ascospore cllipsoideac, pri-
mum dextrinoi 1 i vel brunneae, duobus poris germinationis praeditae, 11-13

% 8-10 um: conidia seu Graphii modo seu vel formata.
Typus: CBS 129.78, isolatus ¢ fimo antilopae Nilgai dictae, in horto zoologico Delhiensi in India a
K. G. Mukerji lecto, 1977,

Colonies on oatmeal agar with a daily growth rate of 3-4 mm at 25°C, at first whitish or
greyish with a floccose or lanose aerial mycelium, later becoming grey brown; ascomata
i d or nearly superficial, spherical, dark, glab or covered with some dark, en-
crusted, 50-130 ym long and 2-3 um broad hyphac, non-ostiolate, 230-360 um in diam.,
with a 5-8 um thick wall of greenish brown, 2-4 um broad hyphal cells (textura epider-
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moidea); asci clavate, often with a short, broad stalk and fasciculate, thin-walled, evenes-
cent or rather persistent, 8-spored, 40-70 x 18-25 um; ascospores ellipsoidal, hyaline and
dextrinoid when young, later straw coloured or light brown, a germ pore at both ends, 11-
13 x8-10 um; conidia of 2 types: (1) Graphium-state: coremia brush-like, with a 25-120 ym
long and a 5-8 um broad, brown stalk, composed of parallel, septate, 2-3 um broad hy-
phac; conidiogenous brush 70-90 um broad; conidi cells di lindrical, hy-
aline, 12-25 x 1.5-2.5 um; conidia basipetal or percurrent, ellipsoidal or shghlly clavate, api-
cally rounded, with a truncate base, hyaline, 5-12 x 2-4 um; (2) chlamydospores ellipsoidal
or nearly spherical, hyaline or brownish, 5-7 ym in diam., rather thick-walled, usually aris-
ing laterally on short stalks from septate, branched, hyaline or brownish, 2.5-4 um broad
hyphae.

Typr.—CBS 129.78, isolated from nilgai dung, collected in Delhi Zoo (India), sent by Dr,
K. G. Mukerji.

Petriellidium desertorum v. Arx & Moustafa is similar in the size and shape of the asco-
spores, but differs by its smaller, 80-110 um sized ascomata and by the formation of an
arthric anamorph.

Faurelina elongata (Udagawa & Furuya) v. Arx, comb. nov.—Fig. 2, dc, ¢

Leuconeurospora elongata Udagawa & Furuya in ). Jap. Bot. 48: 112, 1973. (basionym).

Colonies on oatmeal agar with a daily growth rate of 1-1.5 mm at 25°C, soon becoming
dark brown, with irregular tufts of aerial mycelium; vegetative hyphae thick-walled. hvaline
or light brown, usually 4-15 um thick, often composed of swollen, up to 25 um thick cells;

arthroconidia in aerial tufts, mainly formed on thinner, aerial hyphae, cylindrical or slightly
swollen, 1- to 2-celled, hyaline, with truncate ends, separating from cach other by disjunc-
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Fig. 3. Faurelina elongata, arthro- and blastoconidia.
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tive structures, 15-30 x4-6 um; blastoconidia mainly formed on arthroconidia either di-
rectly or on shorter or longer stalks, davdlu. wuh a truncate base, hyaline, 3-5x 1.5-2.5
pm; ascomata immersed at the base, h ical or broadly clavat late, rounded
above, smooth, 180-250 gm in diam., 170-300 um high, wall of the

at base light; in the superficial parts green to black, composed of vertical rows of clongated,
5-7 pm broad, thick-walled, encrusted hyphal cells; asci in fasciculate chains (vertical rows),
formed in basipetal succession, spherical, clavate, ellipsoidal or |rr¢gular m shapc. rather
thin-walled, 8-spored, 12-18 x 8-12 um; fusifor or 1, light
brown, with some furrows, finely striated by irregular, usually longitudinal thickenings of
the wall, without germ pores, 6-8 x4-5.5 um (Fig. 4¢).

Fresh isolates could be d with some S d on herbivore dung in India
and with the type specimen (2 slides) of Leuconeurospora elongata. The preceding descrip-
tion is based on CBS 126.78, isolated from goat dung, received from K. G. Mukerji (Delhi
University).

Faurelina fimigenes Locquin-Linard, the type species of the genus Faurelina, is very close
10 Faurelina elongata. 1t can be distinguished by its more thick-walled and slightly larger, 7
10 x4-5.5 pm sized ascospores and by the absence of an anamorph with 2-celled arthroco-
nidia. A small dried specimen and the type strain (CBS 352.78) of Faurelina fimigenes could
be studied.

The anamorph of Faurelina elongata could be observed only in pure culture (CBS 126.78
and CBS 301.78, isolated from cow dung, Nainital, Delhi, India) and nol on the spocxmun;
on dung; the anamorph is rather close to the Arthrographis state of F lang,
but differs by much larger, usually 2-celled arthroconidia with distinct disjunctive structures.

A detailed description of the devel of the of Faurelina fimig has
been given by Parguey-Leduc & Locquin-Linard (1976). The classification of the genus Fau-
relina in the Mi is not y, but no closer taxa are known in the Asco-
mycetes.

LEUCONEUROSPORA PULCHERRIMA (Winter) Malloch & Cain

Eurotium pulcherrimum Winter in Vid. Meddr. dansk naturh. Foren. 1876: 311. 1877. — Cephalotheca
pulcherrima (Winter) Hohnel in Annls Mycol. 15: 360, 1917, — Leuconeurospora pulcherrima (Winter)
Malloch & Cain in Can. J. Bot. 48: 1820. 1970.

Colonies developing at temperatures between 0 and 15°C, with a daily growth rate of less
than 1 mm at 6 C, white or greyish, often without acrial mycelium, often developing white
mycclml tufts; hyphac regulurly branched and septate, 2-3.5 um thick, sometimes forming

clavate or obpyriform, with a truncate base, thin-walled,
7-11x4-5 | pm; Imll.lh uoxlcd composed of 2-3 um broad hyphal cells; ascomata ripening
within 2-4 months at temperatures between 4 and 10" C, scattered, superficial, initially light

Flg. 4. Scanning clmuon micrographs. — a. Pithoascus langeronii. ascospores, x 4200, b.
x 3500, <. Faurelina elongata, ascospores, x 6000, — d
Puhmmu- qukrmnu ‘omdnoxencus hyphae nnd conidia, x 1600. e Faurelina elongata, conidio-
genous hyphae, x 900.
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CHL STATE. inioides Preuss in Deutschl. Fl. (Pilze) (ed. J. Sturm) 25~
26: 21. 1848. — Mycogone puccinioides (Preuss) Sacc. in Syll. Fung. 4: 184, 1886.

RerereNcEs.— Tubaki (1955), Gams & Hoozemans (1970), Arnold (1971b).

Colentes filling the petri-dish within 3 days, appunng l'lun“y lanose, wuh thin, subercct lufl\
about 1-2 cm hlgh pun:ly white, later often b locally o
formation of reverse pale och on oalmenl agar. Conidiophores frag-
ile. hyaline, smooth- and thin-walled, ascending to suberect, occasionally over 5 mm long
but more often profusely branched without a main stalk, lower branches 6-8 um wide, the
cells being 100-250 pm long, bearing 1-2 lateral branches just below 2ach septum; ultimate
branches arising singly or in pairs, at wide angles, 4.5-7 um wide at the base, slightly taper-
ing towards the apex, with 0-3 septa every 30-60 um, cach with a terminal fertile cell.
Conidiogenous cells straight, cylindrical, 45-70 um long, widest (3.5-5 pm) at the base,
tapering towards the 1.5-2.5 um wide apex, monoblastic, forming conidia by inflation of
th tp; each subsequent comdnum being initiated just below the previous one; the con-
cell thus grad shorter with a wider apex. Conidia one-, rarcly two-
celled, hydlmc smooth- and thin-walled, cylindrical with a rounded apex, 20-28 x 5-7.5 um,
with a prominent, butt-shaped hilum. Often multi-celled, rather thick-walled, verrucose, pale
reddish-brown chlamydospores present.

The preceding description is of CBS 828.69 on mushroom agar at 20-22°C. The type strain
of C. apiculatum, CBS 174.56, still sporulates rather well.

Cladobotryum apiculatum is the only Cladobotryum species with rough-walled chlamydo-
spores. Though it is morphologically markedly different from C. verticillatum, both species
are very similar in their cultural characteris

Cladobotryum asterophorum de Hoog, spec. nov.—Fig. 2

Eurasina spec., Matsushima, Ic. Microf. a Matsushima lect. 71. 1975,

Coloniae rapide expansae, laxe lanosae, ad 1-2 ¢m altae, candidae; reversum in agaro farina avenacea
decocto dilute rubrum. Conidiophora fragilia, hyalina, levia, tenuitunicata, adscendentia vel fere crecta,
saepe plus quam 5 mm longa, ad 8 um lata, intervallis 30-60 um septata, plus minusve verticillata.
Cellulae conidiogenae rectae, subulatae, 17-35 um longae, prope hasm 3-4.5 um latae, ad 1.0-1.5 ym
sursum angustatae; conidia fere diali I'ormaln parvam rels conidia
levia, idea ad clavata, basi truncata, 14-23 x 5.5-7.5 um.

Typus: CBS 676.77, isolatus ex agarico quodam a T. Matsushima prope Hachioji urbem in Japonia,
Maio 1966.

Colonies spreading, appearing fluffy lanose, with thin, suberect tufts about 1-2 ¢cm high,
purely white; reverse on oatmeal agar pale crimson. Conidiophores fragile, hyaline, smooth-
and thin-walled, ascending to suberect, often over 5 mm long. up to 8 um wide, septate
every 30-60 um; branching pattern cymose, whorls on main stalks containing up to 4 co-
nidiogenous cells, usually wuh 1-2 plagi P hes which repeatedly branch in the
same way, often leading to d id b hing; all lateral b hes about the same size,
internodal cells 15-30 x 3.5-4.5 um, lower conidiogenous cells first formed, branching later
becoming more extended and profuse. Conidiogenous cells straight, subulate, 17-35 um




e HooG: Notes on fungicolous Hyphomycetes 45

CLADOBOTRYUM MYCOPHILUM (Oudem.) W. Gams & Hoozemans

Dactylium mycophilum Oudem. in Archs néerl. Sci. 2: 42. 1867. — Cladobotryum mycophilum (Oudem.)
W. Gams & Hoozemans in Persoonia 6: 102. 1970.
PERFECT STATE—Hypomyces odoratus G. Arnold

Possible synonyms in check-list under elegans, majus, ternatum.

RerFerENCES.—Fassatiova (/958), Amold (/964), Barron (1968), Gams & Hoozemans (1970), Mat-
sushima (7975).

In Cladobotryum strains with broadly ellipsoidal, two-celled conidia, morphologically two
approximate groups can be distinguished by relatively large or small conidia, fitting C. my-
cophilum and C. varium respectively. In many strains the conidia vary greatly in shape and
size, hence the differences between the species are only gradational. In each of the species
very similar perfect states were demonstrated (Plowright, /882; Nicot & Parguey, 1963; Ar-
nold, 7964; Gams & H 1970). C 1son of the descriptions of these states, given
by authors who actually proved a connection (Table I: taxa separated on the basis of the
conidial states), indicates that the differences in spore size are insufficient for the discrimi-
nation of the species. Remaining key-features are the crimson colony reverse and camphor
smell of C. mycophilum, C. varium being odourless and having an ochraceous colony re-
verse.

TABLE 1
COMPARISON OF CONIDIUM AND ASCOSPORE DIMENSIONS OF TWO CLADOBOTRYUM SPECIES AND
THEIR HYPOMYCES PERFECT STATES (THE LATTER IN BRACKETS)

REFER C. varium C. mycophilum
(H. aurantius) (H. odoratus)
Plowright (1882)* 16-18 x8-10
(15-24 x 4-0)
Tubaki (1955) 12.5-228x7.4-11.4
Nicot & Parguey (/963) 12.2-18.5 x 7.5-10.5**
(14-16x 3)

20.6-40.0x 10.0-12.7
(25.8-34.4x6.0-7.7)

A:nold (1964)

Gams & Hoozemans (1970) 10.5-16.0 x 5.0-7.0 15.0-32,0x 7.5-12.0
(23.0-26.0 x 3.7-4.0) (18.0-24.0 x 4.5-6.0)

Matsushima (7975) 10.0-24.0 x 6.0-9.5 14.0-34.0 % 6.5-10.0

* Mecasurements confirmed in authentic material (K).
** Measurements from CBS 621.77 = PC 1664, not mentioned in the publication.
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CLADOBOTRYUM VARIUM Nees ex Steud.

Cladobotryum varium Nees, Syst. Pilze Schwimme 56. 1816; ex Steud., Nomencl. bot. 118, 1824, —
Botrytis variosperma Link in Mag. Ges. naturf. Fr. Berl. 7: 36, 1816 (namc change); ex Pers., Mycol.
eur. 1: 35. 1822, — Borrytis varia (Nees ex Steud.) Duby, Bot. gall 2: 919. 1830. — Dactylium varium
(Nees ex Steud.) Fr., Syst. mycol. 3: 414. 1832. — Cladobotryum variospermum (Link ex Pers.) Hughes
in Can. J. Bot. 36: 750. 1958.

Dactylium melleum Berk. & Br. in Ann. Mag. nat. Hist,, Ser. IV, 11: 345. 1873, — Diplocladium
melleum (Berk. & Br.) Sacc. in Syll. Fung. 4: 177. 1886.

Dactylium rennyi Berk. & Br. in Ann. Mag. nat. Hist., Ser. IV, 11: 346. 1873, — Diplocladium rennyi
(Berk. & Br.) Sacc, in Syll. Fung. 4: 177. 1886.

Diplocladium penicillioides Sacc. in Syll. Fung. 4: 177. 1886.

PERFECT STATE.— Hypomyces aurantius (Pers. ex Gray) Tul.

Fig. 7. Cladobotryum il

agar. — a. CBS 424.67. — b. CBS 535.77.



ok HooG: Notes on fungicolous Hyphomycetes 47

Possible in check-list under cy/i minus, roscum, ternatum

ResrrENCEs.— Tubaki (/955), Fassatiovi (/958), Barron (7968), Nicot (1962), Nicot & Parguey (1963),
Gams & Hoozemans (1970), Matsushima (/975).

The type specimens of Dactylium melleum (K) and Diplocladium penicillioides [Plowright’s
(1882) material of the conidial state of Hypomyces aurantius (K)] could be re-identified as
Cladobotryum varium. A specimen of Dactylium rennyi collected by J. Renny figures in the
herbarium M. C. Cooke (K) and is probably authentic for the name. The synonymy with C.
varium, as published by Massce (/893), could be confirmed.

Matsushima (/975) described and depicted the species ly and also
Cladobotryum spec., which differed from C. varium by having disc-shaped connections bc-
tween many comidia. In his strain MFC 1816 (=CBS 675.77) these discs are not always
present, but i very promi the conidial ities in SEM studies appearing
to be alate with minute longitudinal furrows, The character is insufTicient to warrant the
description of a separate taxon.

CLADOBOTRYUM VERTICILLATUM (Link ex Gray) Hughes—Fig. 7

Acremomum verticillatum Link in Mag. Ges. naturf. Fr. Berl. 3: 15. 1809; ex S. F. Gray, Nat. Arrang.

Br. Pl 1: 550. 1821. veogone verticillata (Link ex S. F. Gray) Spreng., Linn. Syst. Veg. 4: 555,

1827, — Cladobotryum verticillatum (Link ex S. F. Gray) Hughes in Can. J. Bot. 36: 750. 1958,
Verticillium lactarii Peck in Rep. N.Y. St. Mus. nat. Hist. 35: 140, 1882,

Possible synonym in check-list under agaricinum.

Reverinces.—Fassatiova (/1958), Gams & Hoozemans (1970), Amnold (1971b).

Colonies spreading, appearing fuffy lanose, with thin, suberect tufts about 1-2 cm high,
purely white; reverse on oatmeal agar pale ochraccous. Conidiophores fragile, hyaline,
smooth- and thin-walled, ascending to suberect, often over S mm long, up to 12 um wide,
sparsely septate; the cells being up to 800 ym long: branchmg pattern verticillate; whorls on
main stalks containing up to 4 smaller, plagi hes; ultimate b hes bearing
fertile cells ortho- or plagiotropically, wmcnllalcly in whorls of 1-3(-4); terminal conidio-
genous cells first formed, branching later becoming more profuse. Conidiogenous cells
straight if’ terminal, usually slightly curved upwards if lateral, subulate, 20 -35 um long,
widest (5-6.6 um) just above the base, tapering towards the 1.5-1.8 um wide apex,
monoblastic, forming conidia by inflation of the tip, cach subscqucm conidium being
initiated just below the previ one; the idi cell thus b ing shorter with a
wider apex. Conidia one—ccllcd. smooth- and thin-walled, hyaline, broadly ellipsoidal. 12-20
x7-11 pm, with protruding basal scars. Often multi-celled, smooth-walled, hyaline to
subhyaline chlamydospores, present, which occasionally form irregular clusters resembling
small sclerotia.

The preceding description is based on CBS 535.77 on mushroom agar at 20 -22°C.

Septum formation is often retarded. Terminal whorls of branches may be formed without
any septa, but these do appear later, with several being formed concurrently in one part of
the system. There does not seem 1o be a fixed order in which the septa arise. Branching may
also be irregular, ultimate branches being before or after the lower branches.



48 PERSOONIA— Vol. 10, Part |, 1978

Colletoconis de Hoog & van der Aa, gen. nov.

C i vel pult i setis carentia, hyalina, ¢ prosenchymate basilan,
parenchylnnlc medio et hymcmo denso phialidum cylmdncarum constant, Conidia continua, levia, seu
hyalina, sub seu fere dilute brunnea et late cllipsoidea.

Species typica: Gloeosporium aecidiophilum Speg.

Conidi flat or pulvinate, mel i without setae, hyaline, consisting of basal
prosenchyma, intermediate parenchyma, and a hymenium of parallel, cylindrical conidio-
genous cells which form conidia in basipetal succession. Conidia one-celled, smooth-walled,
of two types: thin-walled, hyaline, subcylindrical, and rather thick-walled, pale brown,
broadly ellipsoidal.

TYPE SPECIES.—Gloeosporium aecidiophilum Speg.

The conidial dimorphism is the key-feature in Colletoconis. Both types of conidia are pro-
duced from identical conidiogenous cells in the same fruitbody. In this respect the genus
differs from Glocosporidiella Petrak e.g., in which spermatia are produced from filiform
fertile cells, the main type of conidiogenous cells being more or less conical, and from Cryp-
tosporiopsis Bubak & Kabat, in which spermatia are formed on smaller conidiogenous cells,
in addition to secondary conidia formed by buddmg of the primary conidia. Crypto-
sporiopsis also differs by often having i lar fruitbodies and by fusiform
primary conidia.

The type species of Colletoconis occurs in association with a rust fungus, but pure cul-
tures of the species without any host fungus are able to sporulate abundantly over many
years.

Colletoconis aecidiophila (Speg.) de Hoog, van der Aa & U. P. Singh, comb. nov.—Fig. 8,9

Gloeosporium aecidiophilum Speg. in An. Soc. Cienc. Argent. 22: 203, 1886 (basionym).

Conidiomata on the natural in or adjoini idi dosori of rustfi Mat
or pulvinate, often irrcgular in outline, about 100-300 um in diam, melanconiaccous,
hyaline: basally, paniculurly between host tissue cells, consisting of prosenchyma composed
of thin-walled, strongly interwoven, 4 6 um WIdc hyphae, gmdauonﬂlly passing into 5 -15
cells (10-40 um) thick of thin-walled, hyaline,
isodiametrical cells 3-12 um in dmm mixed with ruslsporcs in various stages of
disintegration; uppermost cell-layer 10-40 pm thick, composed of hyaline, lhm walled,
short-cylindrical cells 10 -25x 2-5 um, in parallel ar bearing the i

cells.

Colonies attaining a diameter of 3- 6 mm in 14 days: ultimate diameter 20 mm but oc-
casionally 45 mm; colonies initially smooth, more or less volcano-shaped, with a central
slime droplet due to abundant sporulation, outer part almost flat, with sharp margin, pale
bufl, later often being covered with flat, silky white aerial mycelium; colonies later becom-
ing irregularly, radially furrowed at the centre, with white, uniform or slightly zonate aerial
mycelium; the outer parts remaining pale buff, with minute concentric furrows; reverse pale
ochraceous near the margin, ochraceous to cinnamon at the centre. Colonies developing
from swollen conidia which become septate and give rise to a cluster of inflated cells,
smooth- or rough-walled, often rather thick-walled, hyaline, with some scattered conidio-
genous cells. Hyphae arising from most of the swollen intercalary cells as plagiotropic
branches, more or less radially oriented, smooth- and rather thin-walled, hyaline, straight or
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Fig. 8. Colletoconis aecidiophila, herb. CBS 759 on the natural substrate.
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flexuose, regularly 1.2-2.5 um wide, remotely septate, soon forming a tough and compact
mycelium. Conidiogenous cells more or less vertical, densely packed around the less compact
centre which is irregular in outline, arising laterally or i ortho- or plagiotropicall

from undifferentiated hyphae, smooth- and thin-walled, hyaline, often basally swollen with
a cylindrical neck, straight or flexuose, widest (2.5-4 um) near the base, slightly tapering
towards the 1.5-2.5 um wide, truncate apex, forming conidia in basipetal order, rarcly

Fig. 9. Colletoconis aecidiophila, CBS 155.78 on oatmeal agar.
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some minute annellations being discernible. Conidia one-celled, smooth-walled, of two types:
thin-walled. hyaline, cylindrical, slightly tapering towards cach obtuse end, 11-14x3-4.2
um, and thin-walled and subhyaline but finally becoming rather thick-walled and pale
brown, broadly ellipsoidal or subglobose, 7-9 x 4.5-6 um, with hardly discernible basal scars.

MATERIAL EXAMINED. — CBS 273.67 = ATCC 18400, isolated by J. L. Cunningham from
Puccinia spee. on Hyptis capitata, Dominica, West Indies, Dec. 1966; CBS 155.78 = herb.
CBS 759, isolated by H. A. van der Aa from uredosori of Puccinia spec. on leaves of
Arachis hypogaea, U. P Singh & M. Lal, Varanasi, U.P., India, Oct. 1977.

The preceding description is based on CBS 155.78 (=Herb. CBS 759) on the natural sub-
strate and on malt agar at 20-22°C.

The identity of the examined specimens with the type of Gloeosporium aecidiophilum was
confirmed by J. A. von Arx (pers. commun.). Several other melanconiaceous fungi para-
sitizing rusts have been described. Twberculina persicina (Dit.) Sacc. has a purplish hy-
menium of cylindrical conidiogenous cells with an abruptly tapering apex and producing
globose, verruculose conidia. According to von Arx (1970) Gloeosporium aecidiicola Ranoj.
is probably the same species. Colletotrichum aeciicola Tehon, C. aecidiicola Negru, and C.
uredimophilum Hulea all have conidiomata with large, dark brown, pluriseptate setac.

DENTICULARIA Deighton

Denticularia Deighton in Trans. Br. mycol. Soc. 59: 421. 1972

Colonies on the natural substrate forming small pustules, greyish-white to pale ochraceous.

Conidiophores subhyaline, thin-walled, suberect, fasciculate; branching pattern irregular.

Conidiogenous cells cylindrical, podial, with d, conical denticles. Conidia arising

in short chains, subhyaline, more or less fusiform, continuous or septate.
Tyree speCies.—Cladosporium modestum H. Syd.

KEY TO THE SPECIES

la. Conidia lemon-shaped. . . . . . 5t ey et e e e w w8 i Dedimoniformis:
b. Conidia fusiform . 5w e el e TR Ve (e Fel (WS e e 8 R |
2a. Conidia one-celled . . . . o Brans ok B o seiler W w e o iDimiodesta,
b, Conidin olten'septasers & v 4 s jor v ois 0w b AT S 5d

3a. Conidia 0-l-septate . . . AR & s W RORE A ey vy R
b. Conidia 1- 6-scptate . . g v o e o wm aeem & e o wDleriia

DEnTICULARIA F1C1 Deighton

Denticularia fici Deighton in Trans. Br. mycol. Soc. 59: 423, 1972,

Denticularia limoniformis de Hoog, spec. nov.—Fig, 10

Mycelium in substrato naturali pustulatas, ad 300 -500 ym altas, 200 um diametro, dilute ochraceas
I«rmuns Hyphae in medio pustularum 3—4 um Inlae whhyllmne ad dilute brunncae, leves, fere

sursum et ramosa Cellulae conidio-
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genae cylindricae, flexuosae, 20 - 40 x 2-3 um, in apice nonnullos denticulos conidiiferos conicos ad 1.5
um longos sympodialiter proferentes; denticuli cicatrice applanata modice pigmentata 0.8 ym diametro
terminati. Conidia levia vel i fere i dilute brunnea, utrinque angus-
tata et saepe acuminata, 9-12 x 3.8- 4.5 um, brevibus catenis connexa.

Typus: in Hyphodontia breviseta in trunco Piceae abietis, in parochia Viisterlanda, prov. Bohuslin in
Suecia, J. Eriksson & T. Hallingback, in Herb. CBS 292,

Mycelium on the natural substrate consisting of conical pustules 300 -500 um high, about
200 um in diam., pale ochraceous. Hyphae in the core of the pustules 3-4 ym wide, subhy-
aline to palc browmsh smoolh- and ralhcr thin-walled, aplcaII) splaymg out and forming
irregularly b cells 20-40 x 2-3 pm, flex-
uose, sympodial, in the apical region wnll few scattered, conical denticles up to 1.5 ym
long: denticles nearly upright, angle subtended by the abaxial side almost being 180, ad-
axial angle-acute; with a slightly pigmented, flat scar about 0.8 um wide. Conidia smooth-
walled or irregularly verruculose. rather thin-walled, pale brown, tapering towards the base

and the apex, often di at both ., 9-12x 3.8-4.5 um, single or
catenulate, frequently a basal as well as an nplcal scar bemg dlsccrncd
Type sPECIMEN.—Herb. CBS. 292, with Hyph i (Karst.) J.

Erikss. on fallen trunk of Picea abies, Visterlanda parish, Torrgirdsvallcn. Bohunslan,
Sweden, J. Eriksson & T. Hallingback, 20 Aug. 1975.

The species occurs rather freq ly on old fruitbodies of Hyphodontia brevi in Sweden
(J. Eriksson, pers. commun.). Attempts to grow the fungus in pure culture remained un-
successful. Conidia were detached quite easily. Considering the promi ities of

most conidia it may be assumed that they arise in short chains, though these were never
actually seen.

Denticularia limoniformis is similar to Pseudohansfordia meliolae, but differs by forming
pustules, by short conidiiferous rhachides and by more narrow conidia. By its probably
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Fig. 10. Denticularia limontformis, herb, CBS 292 on the natural substrate.
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hyperparasitic nature, it is more close to Pseudohansfordia than to the remaining plant
pathogenic Denticularia species. The genus laria is close to laria Unger, merely
differing by the presence of conical denticles in the former.

DENTICULARIA MODESTA (H. Syd.) Deighton

Cladosporium modestum H. Syd. in Annls mycol. 37: 252. 1939. — Denticularia modesia (H. Syd.)
Deighton in Trans. Br. mycol. Soc. §9: 422. 1972

DENTICULARIA TERTIA (Chupp & Greene) Deighton

Cercospora tertia Chupp & Greene in Am. Midl. Nat. 34: 269. 1945, — Denticularia tertia (Chupp &
Greene) Deighton in Trans. Br. mycol. Soc. 61: 115. 1973,

Engyodontium de Hoog, gen. nov.

Coloniae albae. C h hyalim\. ituni repentia vel dentia, plus
minusve icil } ('ellnlllt ad i i
obtusos vel capil vel rhachid S, idia hyalina, parva, continua.

Species typica: Rhinotrichum parvisporum Peich

Colonies cobweb-like, white. Conidiophores hyaline, thin-walled, creeping to suberect;
branching pattern subverticillate to verticillate. Conidiogenous cells subulate to cylindrical,
polyblastic, forming holoblastic conidia on butt- to hair-shaped denticles on clongated rha-
chides. Conidia hyaline, small, one-celled.

TyYPE SPECIES.— Rhinotrichum parvisporum Petch

Engyodontium albus (Limber) de Hoog, comb. nov.

Tritirachium album Limber i Mycologia 32: 27. 1940 (basionym). — Beauveria alba (Limber) Saccas in
Revue Mycol, 13: 64. 1948,

RererENCES.—Limber (/940), de Hoog (/972), Matsushima (1975).

By excluding the species from Beauveria Vuill., this genus becomes more homogencous,
being restricted to species with dense clusters of short branches and fertile cells on un-

{t i hyphae, disi only when the strains are grown on artificial media.
Tritirachium Limber differs by pigmented colonies and regularly geniculate conidiiferous
rhachides with flat conidial scars.

Engyodontium parvisporum (Petch) de Hoog. comb. nov.—Fig. 11
Rhinotrichum parvisporum Petch in Trans. Br. mycol. Soc. 16: 244. 1931 (basionym).
Mycelium formmg a cahwcb«llke felt on remains of mites on the abaxial sides of leaves,

white 1o Hyphae ping, smooth- and thin-walled, hyaline, 1-1.8 um
wide, irregularly branched, in part fertile, intermingled with suberect, hyaline conidiophores
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10oum

Fig. 1. Engyodontium parisporum, Petch R-400 on the natural substrate.

with slightly thickened walls; conidiophores often over 200 ym high, regularly 1.5 -2 um
wide, septate every 25-50 um, with whorls of (1-)2-3(-5) plagiotropic conidiogenous cells
just below the septa, the apical whorl being the largest, sometimes with one or two lateral
branches of similar structure as the main stalk. Conidiogenous cells scattered or in whorls,
straight, cylindrical, when arising from differentiated conidiophores often very slightly taper-
ing towards the tip, the broadest part just above the base: basal part 10-20x 1.2-1.8 um,
\‘thhlS straight or flexuose, 0,8 ym wide, densely covered with hair-shaped conidiiferous

icles 1-2 um long; idi cells on undifferentiated hyphae entirely covered with
denticles, sometimes mlcrv:alary Comdm hyaline, smooth- and thin-walled, subglobose to
guttuliform, ly with base, 1.2-3x 1.2-1.5 um.

MATERIAL EXAMINED.— Petch R-400, on Aspidiotus and Lecanium on Hevea brasiliensis. De-
walakande, Sri Lanka, Jan. 1928 (type of R. parvisporum, K). Petch R-494, on cocoon,
Nuwara Eliya, Sri Lanka, July 1928 (K): Petch R-599, Sri Lanka, Sept. 1928 (associated
with Gibellula spec., K); Petch(without number), on Aleyrodes on mango (associated with
type of Gonatorrhodiella coccorum Petch, K); Petch R-301, on fly, Nuwara Eliya, Sri Lanks
(K).

The p ding description is of dried il Petch R-400 (K) on the natural substrate.
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The species is close to Engyodontium album in its thin, white colonies, the slightly differen-
tiated, verticillate idioph and the liform conidia. The general structure of E.
parvisporum is, however, somewhat more irregular, the lcngth of the basal parts of the
conidiogenous cells being variable with equally wide, lly i y rhachides. The
main feature for distinction of both species is the rhachis, wh:ch is cylindrical, slightly
flexuose with ly thin denticles in E. parvisp , but iculate with butt-shaped
denticles on the edges in E. album.

HELMINTHOPHORA Bon,

Helminthophora Bon., Handb. allgem. Mykol, 93. 1851, — Dactylium Nees sect. Helminthophora (Bon.)
Sacc. in Syll. Fung. 4: 190. 1886.
Eurasina G. Arnold in Z. Pilzk. 35: 305. 1969.

Colonies spreading, white or ncarly white. (omdxophorcs h)almc thin-walled, erect;
branching pattern verticillate. Cy cells often proliferating
laterally to form a straight or slightly flexuose rhachis with a few scattered conidium-bear-
ing denticles. Conidia hyaline, large, usually septate.

Tyek sPECIES.— Dactylium sphacrocephalum Berk. (= Helminthophora tenera Bon.).

The process of conidiogenesis was studied by means of culture chambers slightly modified
after Cole & al. (/969). Each conidiogenous cell first blows out at the apex to form a
conidium holoblastically. It takes several days for the conidium to fully mature. The conidia
may remain attached to the supporting cell for a long period, even after formation of a
basal septum. Often, however, the terminal conidium is pushed aside by a lateral growing
point which again blows out holoblastically at its apex. The new outgrowth usually leads to
a short, straight or slightly flexuose rhachis with up to 4 large denticles at acute or nearly
right angles. Each of the denticles forms one idi only. The idi cell was
rarely seen to proliferate on or through the scar of a previously seceded conidium (Fig.
12¢). More often the idi cell prolife before producing any idi so that
a constriction of the cell remained visible (Fig. 12d), as was also shown by Gams & Hoo-
zemans (1970).

Helminthophora tenera Bon., the first species described in the genus, was listed as a poss-
ible synonym of Cladobotryum dendroides by Gams & H (1970). However, the
unbranched conidiophore stalks with regular whorls of subulate conidiogenous cells in
Bonorden's (/85/) figure 137 doubtlessly point to their Cladobotryum leptosporum (Sacc.)
W. Gams & Hoozemans, for which the older synonym Dactylium sphaerocephalum Berk.
has now been found. Moreover, H. tencra was described as occurring on rotten wood, the
same substratum as that of the type specimens of C. leptosporum (PAD) and D. sphaero-
cephalum (K), whereas C. dendroides is usually found on mushrooms.

In the above sense the genus Helminthophora is close to Pseudohansfordia G. Arnold, but
differs because of its verticillate branching pattern and the inconspicuously sympodial co-
nidium formation. Calcarisporium Preuss is also similar, but differs in having clusters of
small conidium-bearing denticles at the apices of the fertile cells. Sibirina G. Arnold also
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has a verticillate branching pattern and subujate conidiogenous cells, but the latter are
monoblastic, forming conidia singly or in basipetal succession (Gams, /973).

Helminthophora sphacrocephala (Berk.) de Hoog, comb. nov.—Fig. 12

Dactylium sphaerocephalum Berk. in Ann. Mag. nat. Hist. 6: 347. 1841 (basionym). — Mucrosporium
sphaerocephalum (Berk.) Sacc. in Syll. Fung. 4: 190. 1886.

Helminthophora tenera Bon., Handb. allgem. Mykol. 93. 1851. — Dactylium tenerum (Bon.) Sacc. in
Syll. Fung. 4: 190. 1886.

Dactylium dendroides (Bull. ex Mérat) Fr. var. leptosporum Sacc. in Michelia 2: 576. 1882. — Dac-
tylium leptosporum (Sacc.) Lentz in Mycopath. Mycol. appl. 32: 14. 1967. — Cladobotryum leptosporum
(Sacc.) W. Gams & Hoozemans in Persoonia 6: 106. 1970.

Eurasina bondarzewiae G. Arnold in Z, Pilzk. 35: 305. 1969.

Possible synonyms in check-list under agaricinum, fusarisporum.

REFERENCES. —Lentz (1967), Arnold (1969, 1971a), Gams & Hoozemans (1970).

Colonies attaining a diameter of 25- 40 mm in 14 days, appearing lanose, about 3 mm high,
with some thin, suberect tufts about | cm high and some flat, dense mycelium at the centre,

@@m

Fig. 12. Helminthophora sphaerocephala, CBS 974.73 on mushroom agar. — a. Branching pattern. —
b-¢. Fertile structures.
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purel\ white: reverse on oatmeal agar pale ochraceous; often forming some hyaline exudate.

h arising orthotropically from fragile, hyaline, smooth- and thin-walled, 5 -7
um wide, acrial hyphae, suberect to erect, main stalk with slightly thickened walls, 200 -700
um long, 4-7 um wide at the base, 2.5-3.5 pm wide near lhc apex, septate every 30-50 pum;
branching pattern verticillate, whorls on main stalks (247 cells,
sometimes also with a short lateral branch. Conidiogenous cells straight, subulate, 20-35 um
long, widest (3.2-4 um) just above the base, tapering towards the 1-1.5 um wide apex,
initially monoblastic, forming conidia singly by inflation of the tip, at a later stage pro-
liferating sympodially, leading to a short, flexuose rhachis with 1-4 scattered, butt-shaped
denticles on the edges. Conidia 3-4-celled, smooth- and thin-walled, short-cylindrical with
broadly rounded extremities, 17-25 x 5.5-7.5 um, often with a slightly prominent scar at the
base.

The preceding description is based on CBS 974.73 on mushroom agar at 20 -22°C.

PSEUDOHANSFORDIA G. Arnold

Pseudohansfordia G. Arnold in Z. Pilzk. 35: 307. 1969 (non Pseudohansfordia Reddy & Bilgrami in
Nova Hedwigia 26: 152. 1975).
Sympodiophora G. Amold in Nova Hedwigia 19: 301. 1970.

Colonies spreading, purely white or p.llc greyish, on lhc naluml substrate forming a dense
felt. Conidi hyaline to y ; branching pattern sub-
verticillate or irregular. Conidi cells subulate to cylmdneal, polyblastic, with usually
remote loci on a flexuose rhachis, each locus forming holoblastic conidia singly or retro-
gressively. Conidia hyaline, continuous or septate.

TYPE SPECIES.— Pseudohansfordia irregularis G. Arnold

In the type species, P. irregularis, the mode of conidiogenesis is essentially the same as in
most species of Cladobotryum. The first idium blows out it then
delimited by a septum, below which a narrow zone swells to give rise to the second co-
mdium. On the young inflation the scar of the previous conidium often remains visible, ma-
ture conidia showing two scars on the basal region. After completion of a short series of
conidia, the conidiopt tip proli with a new fertile growing point, thus
leading to a flexuose rhachis with blunt conidium-bearing denticles on the edges.

In the type species of Sympodiophora, S. stereicola G. Arnold, the same phenomena oc-
cur. In this case, however, the inflating zones are narrow, the inflations being almost re-
stricted to the scars of the previous conidia. When directly observed in a petri-dish the
conidia are sessile and form small asterisk-shaped clusters on the fertile denticles. Sympo-
diophora didyma Deighton & Pirozynski is similar to S. stereicola, but the conidia form
singly on each locus. Hence a number of sympodial species, forming one conidium on each
denticle and described by Deighton & Pirozynski (1972) in Sympodiophora, are here in-
cluded in Pseudohansfordia.

Pseudohansfordia in the above sense differs only slightly from Pseudofusarium Mat-
sushima. The latter genus now comprises only two species, but Blastotrichum aranearum
Petch, Nodulisporium didymosporium Nicot and several taxa of the section Arthrosporiella
sensu Booth of Fusarium are closely related. Many of these are frequently found in asso-
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ciation with other fungi, possibly being weak hyperparnsucs Thcy mainly differ from
Pseudohansfordia by having more densely cl ium-bearing denticles, the rhachis,
if present, being non or hardly flexuose. The conidi cells of Pseudoh lia species
are cither indeterminate, or become intercalary, in which case they bear only one or two
denticles at the most. S) dioph lensis Deighton & Pirozynski is intermediate
between the two groups.

Pseudoh dia is also ini of some Pseudocercospora-like fungi [e.g. Elletevera
parasitica (Ellis & Everh.) Deighton], which, however, all differ by having flat, slightly pig-
mented, conidial scars.

The description of Pseudohansfordia Reddy & Bilgrami is poor. The type specimen (CMI)
of the only species, P. hughii Reddy & Bilgrami, the causative agent of leal spots on Psi-
dium guajava L., comprises a small piece of a dried culture, which is nearly smooth, hyaline,
with dark olivaceous pustules of about 120x 90 um. The sympodial conidia are hyaline,
one-celled, broadly clavate and are borne in small numbers on the tips of cylindrical co-
nidiogenous cells. The fungus is close to sporodochial genera, such as Hadrotrichum Fuckel,
Pseudoepicoccum M. B. Ellis and Asperisporium Maublanc, but the poor condition of the
herbarium material, possibly due to severe heating during drying, does not allow further
identification.

KEY 10 THE SPECIES

la. Conidia all continuous. . . . . . P.meliolae
b. Conidia septate, a small numbcr ofconlmuom wmdu somcumcs bemg prescnl v o v B
2a. Conidia predominantly 4-celled, with acute apex . . . . . : v 3
b. Conidia (1-)2(-3)-celled, with rounded apex J 4
3a. Conidiophores single, with scattered, pimple-shaped dmlldcs wmdu u>uall) over 5 S ;xm wnlc
P. tenus
b. Conidiophores fasciculate, with conic denticles partly in loose groups; conidia usually less than 5.5
um WOE & & ro a5 e % e 8 B g Ak . P. venezuelensis
4a. C cells soon scplale lnlcnahry eells bemg about 5 um long;
secondary conidia may be present . . . P. varanasiensis
b. Conidiogenous cells, when mlemlnry over 10 ym Icng m:nndu) cnmdm Ibscnl : 9 5
Sa. Conidia with rounded base . . S
b. Conidia with acuminate base . . . . . . . . . . . g e e oo
6a. Cq cells, i it about 20-45 pm long: denticles meristematic
P. irregularis
b. Conid cells, hachides, about 100-150 pm long, denticles cach forming a single
conidium . . . . 5 T : .. . . . P.mycophila
7a. Conidia about 8- ll x34-4. S pm . v % s ik .« « « « . P puichella
b. Conidia about 15-25x 5-7 ym . . %= S LS LY L L Ty |
8a. Denticles meristematic. . P O i & s s s Pustereicola
b. Denticles each forming a smgle comdmm e TR R .« .« . P.didyma

Pseudohansfordia didyma (Deighton & Pirozynski) de Hoog, comb. nov.

Sympodiophora didyma Deighton & Pirozynski in Mycol. Pap. 128: 63, 1972 (basionym).
The species is very similar to Sympodiophora stereicola; it is merely distinguished by the

q4

p ion of only one conidium per denticle.
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PSEUDOHANSFORDIA IRREGULARIS G. Arnold—Fig. 13

Pscudohansfordia irregularis G. Arnold in Z. Pilzk. 35: 308. 1969.
REFERENCES.—Arnold (1969, 1971a).

Colonies attaining a diameter of about 20 mm in 10 days, appearing powdery to finely
lanose with 4 smooth margin, about | mm high, purely white; reverse on oatmeal agar pale
olivaceous. Conidiophores hyaline, smooth- and thin-walled, suberect, crowded, about 100 -
200 pm high, 4-5.5 um wide, septate about every 3050 um, usually without a distinct
mmn stalk, hranch:d morc or less verticillately in the apical part; each whorl containing 1-3

idi cells. Conidic cells rather straight if terminal,
often sllghlly curved upwards if lateral, cylindrical, basal part 15-40x3.5-4.5 um; co-

Fig. 13. Pseude ia i laris, CBS 459.71 on h agar.
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nidiiferous rhachis sympodial, flexuose with blunt denticles (about 2,5 x 1.5 um) on the edges;
denticles forming conidia by inflation of the tip; each subsequent conidium being initiated
just below the previous one. Conidia 1-2(~ 4)-celled, smooth- and thin-walled, broadly ellip-
soidal to broadly clavate, 13-20x 6 -9 um, with broadly rounded bases, either with one
central, slightly prominent scar or with two flat scars on both sides of the basal extremity.

The above description is based on the type strain CBS 459.71 on mushroom agar at 20 -
22°C. The same strain was used by Arnold (/969). In the latter publication, the conidio-
genous cells were depicted as being rather short and firm; the ratio length/width of these
cells was described as being 2.5-8. In the present study this ratio was found to be about
7.5-17.5. In his second article on the species, Arnold (/97/a) repeated his first description,
but the illustration showed much more clongate fertile cells, having a length/width ratio of
about 7-11. Two availak i were then ioned, but no indi was made as
to which of these was depicted.

Pseudohansfordia meliolae (Stev.) de Hoog, comb. nov.

Acremonium meliolae Stev. in Bot. Gaz. 65: 234. 1918 (basionym). — Sepedonium meliolae (Stev.) Cif. in
Sydowia 9: 335. 1955. — Sympadiophora meliolac (Stev.) Deighton & Pirozynski in Mycol. Pap. 128:
73. 1972,

REeFEReNCES.—Hansford (/946), Deighton & Pirozynski (1972).

Its lemon-shaped conidia remind one of the hyperparasite Denticularia limoniformis, but the
conidial apparatus of the latter species is much more dense and stocky, and the probably
catenulate conidia often have a pigmented scar at each end.

Pseudohansfordia mycophila (Tubaki) de Hoog, comb. nov.—Fig. 14

Dactylaria mycophila Tubaki in Nagaoa 5: 17. 1955 S dioph veophila (Tubaki)
Deighton & Pirozynski in Mycol. Pap. 128: 72. 1972,

REFERENCES. —Tubaki (1955), Deighton & Pirozynski (/972), Matsushima (/975).

The type strain CBS 175.56 still sporulates rather well on mushroom agar. The conidia are
formed in strict sympodial order, the rhachis often being straight or nearly straight. Each
conidial peg only forms one idi The chlamydospores, often b ing rounded, may
be liberated as large globose cells, and are very similar to those of Pseudohansfordia irre-

gularis.

Pseudohansfordia pulchella (Deighton & Pirozynski) de Hoog, comb. nov.

Sympodiophora pulchella Deighton & Pirozynski in Mycol. Pap. 128: 64. 1972 (basionym).
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Fig. 14. Pseudok dic hila, CBS 175.56 on hi agar.

Pscudohansfordia stercicola (G. Arnold) de Hoog, comb. nov.
Sympodiophora stereicola G. Arnold in Nova Hedwigia 19: 302. 1970 (basionym).
REFERENCES.—Armnold (1970), Deighton & Pirozynski (1972).
Pseudohansfordia tenuis (H. Syd.) de Hoog, comb. nov.
Eriomycopsis tenuis H. Syd. in Annls mycol. 25: 137. 1927 (basionym). — Ramularia tenuis (H. Syd.)
Toro apud Seaver & Chardon in Sci. Survey P.R. and Virgin Isl. 8: 222. 1932 (non Ramularia tenuis J.

J. Davis in Trans. Wis. Acad. Sci. Arts Lett. 21: 261, 1924). — Sympodiophora tenuis (H. Syd.)
Deighton & Pirozynski in Mycol. Pap. 128: 70. 1972,

RErFERENCES.—Sydow (/927), Deighton & Pirozynski (/972).

Pseudohansfordia varanasiensis (Deighton & Pirozynski) de Hoog, comb. nov.

Sympodiophora varanasiensis Deighton & Pirozynski in Mycol. Pap. 128: 68. 1972 (basionym).
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The one-celled conidia, described by Deighton & Pirozynski (/972) as possibly immature,
are actually secondary conidia formed at the apices of the septate conidia, which con-
sequently often have a scar at each end. No tertiary conidia were observed.

Pseudohansfordia venezuelensis (Deighton & Pirozynski) de Hoog, comb. nov.

Sympodiophora venezuelensis Deighton & Pirozynski in Mycol. Pap. 128: 66. 1972 (basionym).

SPOROTHRIX Hektoen & Perkins

Sporothrix Hektoen & Perkins in J. exp. Med. §: 77. 1900; Nicot & Manat in Mycopath. Mycol. appl.
49: 61. 1973,

The genus was recently revised by de Hoog (/974). Some insect pathogenic species with
scattered denticles on more or less flexuose rhachides, e.g. S. ghanensis de Hoog & Evans,
remind one of Pseudohansfordia but are usually smaller and have continuous conidia. They
may also bear similarity to Denticularia species which, however, have firmer, subhyaline
conidiophores and conidia arising in short chains. The generic limits are arbitrary.

Sporothrix guttuliformis de Hoog, spec. nov.—Fig. 15

Coloniae in agaro farina avenae dicto temperatura ambiente 10 diebus ad 10 mm diametro, planac,
primum leves, hyalinae, cito farinosac in medio, albac; margo regularis, vage delimitata, hyalina. Re-
versum albidum, in medio cremeum. Exsudatum abest, neque olet, Hyphae submersae hyalinae, leves,
tenuitunicatae, juvenes omnes radiantes, dichotomae, raro septatae, constanter 2.5-3 um latac, deinde
ramos laterales 0.8-1.5 ym latos dcnsos profenml, rami latiores subinde densius septali et raro disrupti.

Hyphae acriac tenues, cellulas Cellulae

laterales vel i i inac hyphis basilaribus similes, i : ter
minales et laterales conidia in -pm P ¢ cicatri modice p: ibus haud pig-
mentatis. Conidia hyalina, i levia, i ia, hilo et ci i is pracdita,

singula, plerumque 2.8-3.5x 2-3 um, sacpe 1-3 conidia secundaria ¢ primariis majoribus, 3.5-6 x 2.5
3.4 ym, oriuntur.
Typus: CBS 437.76, isolatus cx solo in Malaysia ab T. Furukawa.

Colonies on oatmeal agar attaining a diameter of 10 mm in 10 days, appearing flat, initially
smooth, hyaline, soon becoming farinose at the centre, white; margin straight, rather vague,
hyaline. Reverse whitish, cream at the centre. Exudate and odour absent. Submerged hmhac
hyaline, smooth- and thin-walled, running in a radial direction when young, dich
branched, sparingly septate, regularly 2.5-3 um wide, soon bearing 0.8-1.5 ym wide lateral
branches and forming a compact mycelium. The wider branches finally become septate at
wregular dlstanms and vcry rarely l‘ragmcnl into separate cells. Aerial hyphae thin, with

cells i y or free, cylindrical, of the same width
as the supporting hypha and of variable length; Ialeml and terminal cells usually produce a
small group of conidia at the apex; scars slightly prominent, unpigmented. Conidia hyaline.
smooth- and thin-walled, guttuliform, with an inconspicuous hilum, mostly 2.8-3.5x23
pm, single or with 1-3 on ramo-conidia measuring 3.5-6 x 2.5-3.4 um: apical scars of the
latter hardly discernible.
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Fig 15. Sporothrix gunuliformis, CBS 437,76 on oatmeal agar.

Type CULTURE (living and dried).—CBS 437.76, amylase producing strain, isolated from
soil, Malaysia, sent by T. Furukawa, Japan.

On V-8 juice agar the colonies attain a diameter of 30 mm in 10 days. On this medium
optimal sporulation is obtained, the incidence of conidia on free hyphal tips being rather
high. On other media the great majority of the conidia are formed laterally on intercalary
cells. Colonies on malt agar are nearly or letely cols ss, and d with minute,
less than | mm high, hyphal strands at the centre. On the latter medium the submerged
mycelium is slightly elevated and shows regular radial furrows.

Sporothrix guttuliformis is similar 10 S. schenckii but differs by less prominent denticles
ond by the lateral and terminal conidia being identical in shape and size, whereas in S.
schenckii lhcy are lacrymoid to fusiform and (sub-)globosc respectively. In addition, the

lativel dich b hed. In this respect the

sub is wide, often
species is similar to S. ramosissima Armn. ex de Hoog, but the latter has distinct conidio-
phores. Conidial states of Ophiostoma stenoceras (Robak) Melin & Nannf., fitting the con-
cepl of Sporothrix schenckii (pro parte) and of S. pallida (Tubaki) Matsushima, may be

ished by their spreading, lanose colonies. In its cultural characteristics S. guttuli-
formis resembles S. fungorum de Hoog & de Vries, from which it differs by a much lower
incidence of secondary conidia.




64 PERSOONIA — Vol. 10, Part 1, 1978

—

Fig. 16. Sporothrix rectidentata, CBS 641.74 young culture on oatmeal agar.

S hri . M b

) de Hoog, comb. nov.— Fig. 16

Tritirachi ima, lc. Microf. a Matsushima lect. 160. 1975 (basionym).
Acrodontium album Kushwaha & Agrawal in Mykosen 20: 97. 1976,

Matsushima’s (/975) clnssu' cation of this spocx« in Tritirachium Limber was based on its
verticillate b his L all pted Tritirachium species have pigmented colonies,
more distinct conidiophores and regularly flexuose rhachides on which the scars are discern-
ed with difficulty (de Hoog, 1972). Acrodontium de Hoog has pigmented conidiogenous cells
with denticulate rhachides, the scars being little pi d. Sporothrix rectide forms
conidia singly, rarely in small sympodial clusters on the apices of the conidiogenous cells.
When at least one terminal conidium is formed, new conidia may be initiated much lower
down. Consequently the major part of the process of conidiogenesis is more or less re-
trogressive. The lateral conidia are strictly ble to the lled chlamydosp of
many Sporothrix species, and classification in this genus is thought to be more apt.

Sporothrix sclerotialis de Hoog, spec. nov.—Fig. 17

Coloniae in agaro farina avenacea decocto post S dies 32 mm diametro, planae, leves, in medio mycelio
aerio crispatae, hy-lmxe. oclmseenles. demdt sclerotiis copiosis by -griseac, Cellulac i

sparsae, recte vel modice flexuosae, sacpe sursum modice angus-
tatae, plerumque 12-25 um longae et diametro 1.5-2.5 ym hypha basilari similes; rhachis conidiifera
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sympodialis brevis, denticulata; denticuli truncati, 0.2-1.5 um longi. Conidia hyalina, levia. tenuitu-
nicata, ad [ basi 4.0-6.4x1.8-3.0 um.

Typus: CBS 312.77, isolatus ¢ radicibus Lolii perennis in prato prope Wageningen in Neerlandia, ab
0. Gerritsma, 9 Mart. 1977,

Colonies attaining a diameter of 32 mm in 5 days, appearing flat, smooth or nearly smooth

Ve 7 0N
(\T\ J %, / “ Tﬁ | L// %ﬂ(/\

Fig. 17. Sporothrix sclerotialis, CBS 312.77 on oatmeal agar.
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at the margin, with thin, crisped aerial mycelium near the centre, hyaline, centrally becoming
whitish to pale ochraceous, finally dark brownish-grey due to abundant formation of scle-
rotium-like bodies; occasionally alternate dark and lighter sectors formed: margin sharp and
regular. Submerged mycelium loose, consisting of hyaline, smooth- and thin-walled, re-
motely septate, regularly 2-3.5 um wide hyphae, which later 1on'n hyphal fascicles; hyphae
soon branched with thinner, flexuose b hes: the i ing tough; irregular
swellings on the branches formed, leading to compact clcus of partly swollen hyphal cells;
m addition, clusters of n.gularly inflated hyphal cells grow out to form tough, pseudoparen-

stromata P of dull brown. thick-walled. broadly clllpwlda cells
mcasurmg about 7-15x6-13 um. Conidi cells lly in incon-
spicuous whorls of 1-2(-3), arising orth i or h | ly from un-

differentiated hyphae, often also in a terminal pouuon or m(egr.ued into short lateral
branches, straight or slightly flexuose, cylindrical but often slightly tapering towards the tip,
mostly about 12-25 um long and as wide as the supporting hypha (1.5-2.5 um); apical part
forming conidia by sympodial growth, consisting of a loose cluster of conidium-bearing
denticles which may form a short rhachis; denticles blunt, nearly flat or pimple- to volcano-
shaped, 0.2-1.5 um long. The idi cell often proli at or hat below
the apex and gives rise to another cluster of denticles or a conidiogenous cell, which may in
turn become intercalary. Conidia hyaline, smooth- and thin-walled, obclavate to fusiform
with acuminate bases, 4 -6 x 1.8-3 um.

TypE CULTURE—CBS 312,77, isolated by O. Gerritsma from roots of Lolium perenne
mcadow, Wageningen, under No. 770309-054, sent by J. W. Veenbaas-Rijks; second strain,
CBS 163.77, from the same source.

The species differs from all known Sporothrix species by having dark, multi-celled sclerotial
bodies. The sympodial state is similar to S. ghanensis de Hoog & Evans, but has less flex-
uose fertile cells and a different branching pattern; S. schenckii and the conidial state of
Ophiostoma epichloes (Guerrero) de Hoog are mostly much smaller. Denticularia species
have conidiophores in small bundles and conidia arising in short acropetal chains.

Sporothrix vizei (Berk. & Br.) de Hoog, comb. nov.—Fig. 18

Verticillium vizei Berk. & Br. apud Vize, Micro-fungi brit. 247. 1880 (basionym).

Colonies forming minute whitish patches; hyphae hyaline, smooth-walled or finely warted,
2.5-3.5 um wide, septate every 10 -20 pm, loose, forming an ascending, profusely ortho- or
somewhat plagiotropically branched conidial apparatus in which no main stalks can be dis-
cerned. Conidiogenous cells in whorls of 1-3 on conidiophores, cylindrical, often slightly
tapering towards the apex, 10-20 x 1.8-2.5 um, apical part forming conidia by sympodial
growth, consisting of a slightly inflated, up to 4 um wide cluster of conidium-bearing den-
denticles flat, blunt, less than 0.5 um long, often hardly prominent at all. The co-

cells may proli at or below the apex, leading to a short, nodose
conidiiferous rhachis. Conidia hyaline, smooth-walled or finely warted, obconical, with
rounded apex, one-celled or with aseptum below the middle, 6 -9 x 2.5 -3.5 um, basal scar
0.5 um wide.

The preceding description is based on exsiccate specimens (Vize, Micro-fungi brit. 247,
MANCH, PAD) on sori of ferns.

The nearest neighbour of this species is Sporothrix ramosissima Amn. ex de Hoog, which
also shows rough-walled hyphae, marked orth It hing and blunt conidium-bear-
ing denticles. These characters are all rather unusual in the genus Sporothrix. The present
species deviates from all other species of the genus by the conidia often being two-celled.
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Fig. 18. Sporathrix vizei, Vize, Micro-fungi brit. 247 (MANCH) on the natural substrate.

Doubtful genus

CYLINDROPHORA Bon., Handb. allgem. Mykol. 92. 1851. — Original species: Cylin-
drophora verticillata Bon., C. alba Bon., C. tenera Bon.

The first listed species is a name change for Verticillium cylindrosporum Corda, of which
the type specimen is lost. Possibly Verticillium fungicola (Preuss) Hassebr. was concerned.
Bonorden’s (/851) collections are all lost. Judging from his figures, C. alba may be close to
Cladobotryum apiculatum, and C. tenera to Acremonium strictum W. Gams.

Epithets: alba, albedinis, apicule . candida, epitrichia, fagi. hoffmannii, lin-
daviana, tenera, verticillata, virgata.

Check-list of specific and subspecific names
accidiophila. — See Colletoconis aecidiophila.

agaricina. — Bourytis agaricina Link in Mag. Ges. naturf. Fr. Berl. 3: 15. 1809; ex
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Pers., Mycol. cur. 1: 34. 1822. — Cladobotryum agaricinum (Link ex Pers.) Steud., Nomencl.
Bot. 118. 1824. — Verticillium agaricinum (Link ex Pers.) Corda, lc. Fung. 2: 15. 1838.

According to Gams & Hoozemans (/970) the original material is lost. Referring to
Ditmar’s (in Sturm, 7817) table 51, which was probably drawn from authentic material, they
listed the species as a synonym of Cladobotryum verticillatum (Link ex Gray) Hughes. Fries
(1832), who also examined an original specimen, mentioned it under Dactylium dendroides
(Bull. ex Mérat) Fr. (syn.: Cladobotryum dendroides), which, however, is now known as a
species with multi-celled conidia. Gams & H. (1970) also ioned the bi ial
Cladobotryum agaricinum (Link) Nees, although Nees (/816) did not effectively publish the
combination in Cladobotryum.

agaricinum. — Sporotrichum agaricinum Link in Jb. GewichsKde 1: 170. 1818; ex
Link, Linn. Spec. plant., Ed. 4, 6: 7. 1824. — Monosporium agaricinum (Link ex Link) Bon.,
Handb. allgem. Mykol. 95. 1851.

The type material at Berlin (B) does not allow proper identification (Gams & Hoo-
zemans, /970). The latter authors treated the species as a synonym of Cladobotryum verticil-
latum, on the basis of Bonorden's (/85/) figure 112. It remains uncertain, however, whether
Bonorden's (/857) and Link’s (/824) specimens are identical, since the former author de-
picted a species with obclavate conidia which were said to be only initially globose, whereas
the latter mentioned merely globose conidia. Bonorden's material is not known to be pre-
served.

agaricinum, Trichothecium agaricinum Bon., Handb. allgem. Mykol. 99. 1851.
Dactylium agaricinum (Bon.) Sacc. in Syll. Fung. 4: 189. 1886,

According to Gams & Hoozemans (/970) the type material is probably lost. The species
was thought to be close to Cladobotryum alendrunle.\ by Saccardo (/886) and Gams & Hoo-
zemans (/970), but the narrow, subul cells of B den’s (/851) figure
114 are more suggestive of y with Helminth sphaere

s

alba. — Cylindrophora alba Bon., Handb. allgem. Mykol. 92. 1851.

No type material is known to be preserved. Bonorden's (/85/) figure 131 shows a Clado-
botryum-like species with cylindrical conidia, possibly identical to C. apiculatum. According
to Saccardo (/886) it occurred inside a Tuber species.

albedinis. — Cylindrophora albedinis Killian & Maire in Bull. Dir. Agric. Colon. Serv.
Bot. 73: 97. 1930 (nomen provisorium); Fusarium albedinis Killian & Maire ex Malengon in
C.r. hebd. Séanc. Acad. Sci., Paris 198: 1261. 1934. — Fusarium oxysporum Schl. var. al-
bedinis (Killian & Maire ex Malengon) Malengon in Rev. Mycol., Suppl. colon. 15: 45.
1950. — Fusarium oxysporum Schl. forma specialis albedinis (Killian & Maire ex Malengon)
Gordon in Can. J. Bot. 43: 1310. 1965.

This Fusarium specics is the causative agent of a serious disease of Phloenix dactylifera L.
Killian & Maire (/930) described it tentatively from cultures showing chlamydospores and
microconidia. Malengon (/934) was the first to recognize its affinity to macroconidial Fu-
sarium species and validated the name by giving a short description. The original publi-
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cation of Cylindrop was i y referred to in Petrak’s List and by nu-
merous subsequent authors.

album. — See Engyodontium album and Sy hrix rectide

aleuritidis. — Cladobotryum aleuritidis Sawada in Spec. Publ. Coll. Agric. nat. Taiwan
Univ. 8: 184. 1959 (without Latin diagnosis).

No material was available for study. Referring to the original publication, Deighton
(1972) listed the name as a synonym of Hansfordia pulvinata (Berk. & Curt.) Hughes.

apiculatum. — Sce Cladobotryum apiculatum.

aranecarum. — Cylindrophora aranearum Petch in Trans. Br. mycol. Soc. 27: 85. 1944,

The species was described as the conidial state of Torrubiella albolanata Petch. In the type
specimen (K) it forms a white, compact felt covering spiders. The hyphae are hyaline, thin-
walled, becoming verrucose in areas with fertile cells, the latter occurring scattered or in
small clusters, being flask-shaped to subulate and 7-13 x 2.4 -3.0 um. Each conidiogenous
cell mono- or polyblastically gives rise to bacilliform to sickle-shaped conidia, 8-12x0.8-1.0
um (Fig. 19b).

Fig. 19. Granulomanus aranearum on the natural substrate. a. leg. H. C. Evans. — b. type specimen at
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Similar conidial structures also occur in several species of Gibellula (Samson & Evans,
1977); occasionally they are found sporulating independently. The fungi superficially re-
semble Aciculariella foliicola Arn,, which was invalidly published without a Latin diagnosis,
no authentic material is known to be preserved. Pseudomicrodochium aciculare Sutton is
also similar, but distinctly hialidic. Ce

these fungi, and hence the followmg is proposed.

q y no generic name is available for

Granulomanus de Hoog & Samson. gen. nov.

Coloniae albac. Conidi indisti hyaling, i S4EPC VEITUCOSa, repentia
vel ad dentia. Phialides i ad i rostris idii singulis vel col-
laro inconspicuo praedita. Conidia continua, hyalina, parva, plus minusve bacilliformia.

Species typica: Cylindrophora aranearum Petch.

Colonies p white. Conidioph diff i hyaline, thi 11
rough-walled, creeping to suberect. thllde; ﬂd>k~shapcd o Lylmdnv.al uplwll) prowd
with one to several conidiiferous protrusions with i Conidia lled,

hyaline, small, more or less bacilliform.
TyPE SPECIES.—Granulomanus aranearum (Petch) de Hoog & Samson, comb. nov. (ba-
sionym: Cylindrophora arancarum Petch in Trans. Br. mycol. Soc. 27: 85. 1944).—Fig. 19.

asterophorum. — See Cladobotryum asterophorum.
australe — Cladobotryum australe Viégas in Bragantia 6: 365. 1946.

No material was available for study. Referring lu the original publication, Deighton
(1972) histed the name as a of Hansfordi

binatum. — See Cladobotryum dendroides.

boletorum. — Sporotrichum boletorum Ehrenb., Sylvac mycol. berol. 22. 1818; ex
Steud., Nomencl. bot. 401. 1824. — Dactylium boletorum (Ehrenb. ex Steud.) Sacc. in Syll.
Fung. 4: 190. 1886.

The type material is lost. Judging from the description, it is probably Cladobotryum den-
droides, as was already pointed out by Fries (/832) and Gams & Hoozemans (1970).

bondarzewiae — See Helminthophora sphaerocephala.
candida. — Cylindrophora fagi Oudem. var. candida Bres. in Annls mycol. 13: 106. 1915.

The type specimen (S) consists of compact, whitish mycelial dots 1-3 mm in diam. on branch-
lets and necdles of Pinus sylvestris; it can be described as follows. Hyphae hyalmc thin-

walled, fragile, usually 4 -5 ym wide, reg septate, p ly b hed. C
cells arising from undifferentiated hyphac’ flask-shaped to fusiform, 6 -8 x 2.8-3.8 ym, api-
cally beaked. with a minute, i hialidi )|} which is about | um wide.

Conidia adhering together in packets, hyahm. thin-walled, cylindrical with slightly acu-
minate base, 4-celled with ultimate cells smaller than central cells, 13-16 x 1.8-2.0 um (Fig.
20).

The variety resembles the monotypic genus Uncigera Sacc., which has erect to suberect
conidiophores with sterile tips. Cylindrodendrum Bon., of which C. album Bon. was first
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Fig. 20. Pseudomicrodochium candidum, herb. S on the natural substrate.

mentioned and treated by Kendrick & Carmichael (in Ainsworth & al., 1973) as lectotype of
the genus, was described as having Uncigera-like conidiophores with sterile, hooked apices.
The genus is probably an earlier synonym of Uncigera, but since Bonorden's (/85/) material
is lost, this cannot be ascertained. Some living CBS-strains of Uncigera-like fungi, after a
few transfers rapidly lost their differentiated conidiophores and became similar to Cylin-
drocarpon Wollenw. A genus with sc: 4, Mask-shaped 1di cells on the natural

b is Pseudomicrodochium Sutton, of which all the species described to date differ
from Cylindrophora fagi var. candida by having only two-celled conidia and more pro-
nounced collarettes. Some species of Harposporium with cylindrical conidia, ¢.g. H. sicyodes
Drechsl., are also close. All these taxa need more thorough study in order to fully clear the
generic limits. Pending such a study, Harposporium Lohde is here taken as being restricted
1o nematophagous species, Uncigera 1o species, on the natural substrate having differen-
uated conidiophores, and Pseudomicrodochium to species with only scattered conidiogenous
cells. Bresadola's taxon should then be referred to as Pseudomicrodochium candidum (Bres.)
de Hoog, comb. nov. (basionym: Cylindrophora fagi Oudem. var. candida Bres. in Annls
mycol. 13: 106. 1915).

candidum. — Trichothecium candidum Bon. (as ‘Link'), Handb. allgem. Mykol. 99. 1851
(non Trichothecium candidum Wallr., Fl. cryptog. Germ. 2: 285. 1833).

Bonorden (/857) listed the name as *Trichothecium candidum Link’, although Link (1824)
did not include this binomial in his account of the genus. Gams & Hoozemans (1970) sup-
posed the name to be based on Sporotrichum candidum Link, the type of which (B) is un-
identifiable. In the diagnosis of the latter species the conidia were described as being glo-
bose, whereas Bonorden (/85/) depicted a species with clearly cylindrical conidia.
Bonorden’s material is now lost. Referring to his figure 167, Gams & Hoozemans (/970)

listed 7. candidum Bon. as a possible synonym of Cladobotryum dendroides. The type ma-
terial of 7. lidum Wallr. is probably lost. A dary collection on leaves and branch-
lets of Hedera tpec (PAD) deunbcd by P. A. Saocando in Syll. Fung. 4: 179 and F. ital.
fig. 955, ins an lating, pale y ish-white Ramularia-like species
mixed with small patches of a 1rulwllmmm species. The latter has conidia about 19-27
% 10-12 pym and is ly identical to the later described 7. lutewm Petch, which was

fully redescribed by Rifai & Cooke (1966).
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capitatum. — Cladobotryum i Raybaud in C.r. Soc. Biol. 84: 798. 1921.

No original material is preserved at PC or MARS. The fungus was described as having
pale pigmented, erect conidiophores with whorls of flask-shaped conidiogenous cells over
their entire length, cach cell producmg an apical cluster of small, globose, hyaline conidia
on denticles. This bination of ch is only found in the genus Costantinella Matr.
No mention was made, however, of any curved conidiogenous cells; the species is therefore
regarded as doubtful.

clavariarum. — Diplocladium penicillioides Sacc. var. clavariarum Pat., Cat. rais. Pl
cell. Tunesia 130. 1897,

No authentic material is preserved at PC. The reddish colonies and the fusiform, con-
stricted, two-celled, rather large conidia mentioned in the diagnosis, may point to Cylindro-
carpon or a similar genus.

cordac. — Verticillium cylindrosporum Corda, le. fung. 1: 20. 1837. — Cylindrophora
verticillata Bon., Handb. allgem. Mykol. 92. 1851 (name change). — Acrocylindrium cordae
Sacc. in Syll. Fung. 4: 161. 1886 (name change).

Probably no authentic material has been preserved. Corda’s (/837) figure 275 shows a
Verticillium species close to V. fungicola (Preuss) Hassebr. When changing the name, Bonor-
den (/851) mentioned ‘Verticillium cylindroph Corda’ as a synonym of his Cylin-
drophora verticillata, referring to Corda’s V. eylindrosporum.

curvatum. — See Cladobotryum curvatum.

cylindrophorum, cylindrosporum. — See this list under cordae, under ro-
seum.,

cylindrosporum. — Diplocladium cylindrosporum Ellis & Everh. in Bull. Torrey bot.
Club 27: 58. 1900.

No type material was available at NY. The fungus grew on dead leaves and was de-
scribed as forming hyaline bundles of conidiophores, branched in the apical region, with
one-septate conidia 40-50 x 4-5 um. Boedijn & Reitsma (/950) treated it as a synonym of
Cylindrocladium scoparium Morgan.

dendroides. — See Cladobotryum dendroides.

didyma. — Sec Pseudohansfordia didyma.

elegans. — Cladobotryum elegans Arn. in Bull. trimest. Soc. mycol. Fr. 68: 191. 1952
(without Latin diagnosis).

No original material is known to be preserved. The species was listed by de Hoog (1974)
4s synony with Calcarisporium arbuscula Preuss.

¢legans. — Diplocladium elegans Bain. & Sartory in Annls mycol. 11: 359. 1913,
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No material is preserved at PC. The clear drawing in the original publication is suggestive
of identity with Sibirina fungicola G. Arnold. Gams & Hoozemans (/970) listed it under
Cladobotryum mycophilum, which, however, has shorter and stouter conidiogenous cells.

epitrichia. — Cylindrophora epitrichia Ramsb. apud Gibbs, Contr. Phytogeogr. Arfak
Mount 190. 1917.
No type material is preserved at BM, CMI or K: no literature was available for study.

fa g1 — Cylindrophora fagi Oudem. in Ned. Kruidk. Archf, Ser. 3, 4: 900. 1903.

The type material (L) only consists of a drawing. The fungus was described as being
sporodochial, with dark basal hyphae and hyaline, cylindrical conidia, in part arising from
the tips of thread-like hyphae: it is of doubtfu! identity.

Fi¢i. — See Denticularia fici.

fusarisporum. — Mucrosporium fusarisporum Peyronel, Germi atmosfer. Funghi con
Micelio 26. 1912.

No authentic material is known to be preserved. The species was described as being
purely white, with ascending to erect, verticillately branched conidiophores and fusarioid
conidia arising from small heads. This description reminds one of Helminthophora
sphaerocephala.

gelatinosum. — Cladobotryum (?) gelatinosum Fuckel in Jahrb, nassau. Ver. Naturk.
23-24: 360. 1870.

The binomial was first published as a nomen provisorium, but later included without the
question-mark by Fuckel (/871). Four authentic collections (F. rh. 227 at K, L. NY, and S)
were examined. All contained putrid Pepulus wood on which old Cytospora-like fruitbodies
were found. In most samples remains of minute, pale pinkish-brown acervuli, more or less
ftung the diagnosis, were also present. The conidia of the latter fungus were one-celled,
hyaline or nearly hyaline. finely warted, ellipsoidal, 17-24 x 8-12.5 um, with inconspicuous
basal scars, and were reported to be sympodially produced (Fuckel, 1870). A Cryptocline-
like species was possibly concerned, but the conidiogenous cells were too poorly preserved
to allow proper identification. The species was reported to be associated with the disco-
mycete Niptera (?) microcarpa Fuckel [= Mollisia microcarpa (Fuckel) Sacc.). Two authentic
collections (F. rh. 2381 at L and S) contained sterile apothecia of a similar structure to the
above-described Cladobotryum gelatinosum.

gregarium. — Diplocladium gregarium Bres. in Annls mycol. 1: 127. 1903.

The type specimen (S) consists of some small pieces of Pinus sylvestris bark with nu-
merous discrete, penicillate conidiophores, which can be described as follows. Conidio-
phores mononematous, erect, up to 800 um high, stipe uniform throughout, hyaline, with
walls up to 2 um thick, densely covered with globose or confluent warts 1-3 um in diam,
stipes 10-12 septate, constricted at the cross-walls which are slightly thinner than the outer
walls: cells 40-70 x 28-38 um: stipes branched at the apex with 2-3 primary metulae; each
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Fig. 21. Cylindrocladium gregarium, herb. S on the natural substrate.

metulus bearing 2-3 y metulae; more profuse in the apical
region of the fertile head; 5-6 series of metulae in all; metulae of first to fourth order
coherent, slightly rough-walled, firm; metulac of higher order splaying out, smooth- and
thin-walled: ultimate metulae each bearing 1-4 conidiogenous cells. Divergent part of co-
nidial apparatus about 120 um wide and 70 um high, covered by a hyaline mass of conidia.
Conidiogenous cells cylindrical, 20-25 um long, 2.2-3.0 um wide just above the base, slight-
ly tapering towards the tip, with an apical phialidic channel, 1.8 ym wide. Conidia hy-
aline, smooth- and thin-walled, one- or two-celled, straight or slightly curved, cylindrical to
cucumber-shaped, 12-23 x 4-5 um, with a truncate, slightly prominent, basal scar (Fig. 21).

Mononematous, hyaline, rough-walled stipes bearing a head of phialides are known in
Gloiosphaera Hohn. However, the only species accepted in this genus, G. globuligera Hohn.
(Wang, /971), has a unique structure, the stipe being unbranched with numerous metulae
and phialides in the apical region. The b hing pattern of Diplocladium gregarium, on the
contrary, is similar to that of Leptographium Lagerberg & Melin and Phialocephala Ken-
drick, but colourless, rough-walled stipes are not known in either of these genera. Cylindro-
cladium Morgan has hyaline conidiophore stalks bearing penicillately arranged phialides in
their uppermost parts. Branching is usually much looser than in the present specics. the
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conidiophores terminating in a sterile tip; in most species the conidia are strictly cylindrical.
Some species with comparatively short conidia, e.g. C. parvum Anderson, have a branching
pattern similar to Phialocephala and may lack sterile tips (Malsushlma. 1971). Cylindro-
cladium peruvianum Batista & al. often has rough-walled idiop stalks. C 1
the species at h.md should be referred to us Cylindrocladium gregarium (Bres.) de Hoog
comb. nav. (basionym: Diplocladium grega Bres. in Annls mycol. 1: 127. 1903).

guttuliformis. — See Sporothrix guttuliformis.

heterocladum. — Verticillium heterocladum Penz. in Michelia 2: 462. 1882; F. ital. t.
1193, 1882 (non Verticillium heterocladum Penz. sensu Fawcett, Fungi paras. Aleyrodes citri
23. 1908. — Verticillium cinnamomeum Petch in Trans. Br. mycol. Soc. 16: 233. 1931 (non
Verticillium heterocladum Penz. sensu Fron in Bull. trimest. Soc. mycol. Fr. 27: 486. 1911).

Cladobotryum heterocladum (Penz.) Petch in Trans. Br. mycol. Soc. 16: 233. 1931.

No type material is known to be preserved. The species was described and depicted as
having hyaline, ascending conidiophores with whorls of conidiogenous cells, the latter bear-
g apical heads of conidia on denticles. Possibly a meagre Calcarisporium species was con-
cerned, as was suspected by Gams (/971): see also this list under ovalisporum. The fungus
described by Fawcett (1908) as V. heterocladum had profusely branched conidiophores and
lacked idium-bearing di | it should be retained in Verticillium. Fron's
(1911) specimen was probably V. lecanii (Z|mm ) Viegas.

hoffmannii — Cylindroph hoff i D. ka in Bull. Soc. Bot. Genéve, Ser. 2,
4: 286. 1912,

The type strain CBS 110.13 only contained l-uaaruun oxysporum Schl. and was discarded
from the CBS collection in 1965 as a ion. The original description and

figure of C. hoffmannii, however, are those of a poorly developed microconidial state of a
Fusarium species close to F. oxysporum. In the CBS records the typical purplish agar pig-
ment of this species was mentioned immediately after receipt of the strain in 1913,

hydrangaec. — Diplocladium hydrangae Togashi & Onuma in Bull. Morioka imp. Coll.
For. Agric. 17: 51. 1934,

No type specimen was available for study. The original drawing showed pale brown,
branched conidiophores very similar to those of Hansfordia pulvinata, but the conidia were
described as being cylindrical and two-celled. There is no Hansfordia-like species known
with such conidia. Possibly a mixture of fungi was described.

irregularis. — See Pseudohansfordia irregularis.
lactarii — See Cladobotryum verticillatum.
leptosporum. — See Helminthophora sphaerocephala.

leptosporum. — Mucrosporium leptosporum Peyronel, Germi atmosfer. Funghi con
Micelio 26. 1913.
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No original material was available for study; the description points to a Cylindrocarpon-like
species.

limoniformis. — Sce Denticularia limoniformis.

lindaviana. — Cylindrophora lindaviana Jaap in Verh. Bot. Ver. Prov. Brandenb. 58:
37. 1916.
No type material is preserved at B, BP, E, F, HBG, L, or PC; the species is doubtful.

macrospora. — See Cladobotryum dendroides.

major. majus. — Diplocladium majus Bon., Handb. allgem. Mykol. 98. 1851 (as “ma-
Jor’).

The type material is probably lost. The greater part of Bonorden's (/85/) figure 168
clearly points to Cladebotryum mycophilum, but in addition to Cladobotryum conidiophores
loose, dark, four-celled conidia were depicted and described as being blackish. Since the
conidia of C. mycophilum are hyaline and more one- to two-celled (rarely up to four-celled:
Matsushima, /975), D. majus was probably based on a mixture of fungi. It should con-
sequently be rejected as a nomen confusum. Saccardo’s (/886) description under this name
was based on another specimen (PAD), which was indistinguishable from C. my

il

meliolae. — See Pseudohansfordia meliolae.
melleum. — See Cladobotryum varium.

minor, minus. — Diplocladium minus Bon., Handb. allgem. Mykol. 98. 1851 (as “mi-
nor').

No type material is known to be preserved. Bonorden's (/857) figure 119 points to sy-
nonymy with Cladobotryum varium or C. mycophilum. Though no conidial dimensions were
given, the epithet “minus’ makes the first supposition the most likely (compare this list under
majus). Saccardo’s (/886) specimen (PAD; F. ital. fig. 711) could be reidentified as C. va-
rium.

modesta. — See Denticularia modesta.
multiseptatum. — See Cladobotryum multiseptatum.

mycophila, mycophilum. — See Pseudohansfordia mycophila, Cladobotryum my-
cophilum.

ovalisporum. — Cladebotryum ovalisporum Petch in Trans. Br. mycol. Soc. 16: 233.
1932

The type specimen Perch R-69 and a secondary collection Perch R-558 on insect remains
are preserved at K; they can be described as follows. Mycelium effuse, flat, loose, overgrow-
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Fig. 22, Caicarisporium ovalisporum, herb. K on the natural substrate, — a. Petch R-69. — b. Petch R-
558.

ing remains of small insects at the abaxial surface of leaves, purcly white. Conidiophores
ascending 1o erect, hyaline, fragile, thin-walled. usually 200-300 pm long, of equal width
throughout (1.6-2.2 ym), septate every 10-20 pum, in the upper part bearing 3-6 whorls of
1-5 conidiogenous cells: the latter béing subulate, 5-12 um long; the widest part 1.4-1.8 just
above the base, tapering towards the tip to about 0.8 um; apically provided with an unswollen
or slightly swollen cluster of pimple- to spine-shaped denticles up to 1.2 um long, less than
0.3 pm wide. Conidia one-celled, hyaline, smooth- and thin-walled, ovoidal, navicular or
fusiform, 3-5x 1.2-1.8 gm, with an acuminate base and rounded apex (Fig. 22).

In both collections the fungus was associated with other hyphomycetes; consequently its

nature is ble. The species was described as new by Petch (/932),

since he was unsure about the identity of the probably similar species, Verticillium hetero-
cladum. Petch’s material represents a typical Calcarisporium species; hence the name Caleari-
sporium ovalisporum (Petch) de Hoog, comb. nov. (basionym: Cladobotryum ovalisporum
Petch in Trans. Br. mycol. Soc. 16: 233. 1932) is d for its dation. It differs
from the closely related C. arbu.rculn by being considerably smaller and by having less mar-
kedly diff iated idi Sp hrix setiphila (Dclghton & Pirozynski) de Hoog
has about the same comdlal i but has i, linear, idi cells.

parvisporum. — See Engyodontium parvisporum.
penicillioides. — See Cladobotryum varium.
preussii. — See this list under uniseptatum.
pulchella. — See Pseudohansfordia pulchella.

rectidentata. — See Sporothrix rectidentata.
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rennyi. — See Cladobotryum varium.

roseum. — Alytosporium roseum Ehrenb., Sylv. mycol. berol. 11. 1818; ex Steud., No-
mencl. bot. 55. 1824 [ non Sporotrichum roseum (Rebent.) Pers., Mycol. eur. 1: 81. 1822;
non Sporotrichum roseum Link in Mag. Ges. naturf. Fr. Berl. 3: 35. 1816: non Sporotrichum
merdarium Link var. roseum Link, Linn. Spec. plant., Ed. 4, 6: 13. 1824; non Chrysosporium
merdarium (Link) Carmichael var. roseun W. Gams & Domsch in Nova Hedwigia 18: 6.
1968). — Sporotrichum cylindrosporum Link, Linn. Spec. plant.,, Ed. 4, 6: 14. 1824 (name
change). — Acrocylindrium roseum (Ehrenb.) Bon., Handb. allgem. Mykol. 98. 1851.

No original material has been preserved. Saccardo (/886) listed the species on page 161 as
being related to Cladosporium varium, but on page 719 both A. roseum and S. cylindro-
sporum were treated as synonymous with Fusarium longum (Wallr.) Sacc. Fries (1832) and
Gams & Hoozemans (/970) listed it as a possible synonym of C. varium.

The identity of the various taxa described as Sporotrichum roseum is doubtful, since for
not one of these has authentic material been preserved. The taxonomic position of Chryso-
sporium merdarium var. roseum will be discussed elsewhere.

schlechtendalianum. — See Cladobotryum dendroides.
sclerotialis. — See Sporothrix sclerotialis.
sphaerocephalum. — See Helminthophora sphaerocephala.
stereicola.— See Pseudohansfordia stereicola.
tenellum. — Dactylium tenellum Fr., Syst. mycol. 3: 413. 1832. — Mucrosporium tenel-
lum (Fr.) Sacc. in Syll. Fung. 4: 191. 1886.

No authentic material is preserved at UPS. Judging from the original description.
possibly Cladobotryum dendroides was concerned.
tenera. — Cylindrophora tenera Bon., Handb. allgem. Mykol. 92. 1851.

The type material is probably lost. Judging from the original description and figure, an
Acremonium species close to A. strictum W. Gams might have been concerned.
tenera. — See Helminthophora sphaerocephala.
tenue. — Diplocladium renue Rostr. in Dansk bot. Ark. 2: 43. 1916.

No authentic material is preserved at C. Judging from the original article, which shows a
verticillately branched fungus with two-celled, fusiform conidia measuring 8-11x 2.5 pm,
possibly a Verticillium species close to V. falcatum (Petch) W. Gams was concerned.

tenuis. — See Pseudohansfordia tenuis.

ternatum. — See Cladobotryum dendroides.
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ternatum. — Cladotrichum ternatum Bon., Handb. allgem. Mykol. 78. 1851. — Didy-
mocladium ternatum (Bon.) Sacc. in Syll. Fung. 4: 187. 1886.

The type material is probably lost. Referring to the original diagnosis and illustration,
Gams & Hi (1970) susp d with Cladobotryum varium. lIsolates de-
scribed by Tubaki (/955) and Nicot & Parguey (/963) as D. ternatum were also reidentified
as C. varium.

terrigenum. — See Cladobotryum dendroides.
tertia. — See Denticularia tertia.

theobromae, — Fusarium theobromae Luz in Bull. Soc. bot. Fr. 53: 50. 1907 (*1906")
(non Fusarium theobromae Appel & Strunk in Zentbl. Bakt. ParasitKde, Abt. 2, 11: 635.
1903). — Diplocladium theobromae (Lutz) Sace. & Trott. in Syll. Fung. 22: 1309. 1913,

The species was listed by Booth (/971) as a synonym of F. decemcellulure Brick. It out-
dates the latter by a year, but was invalidly p as a later h of F. theob
Appel & Strunk, which is F. solani (Mart.) Sacc. according to Booth (/971).

bliched

thucemenii. — Cladobotryum thuemenii Sacc. in Michelia 1: 272. 1878: F. ital. fig. 709.
1881,
The type speci (PAD) was reidentified by Gams & H, (1970) as Athelia.

uniseptatum — Mucrosporium uniseptatum Preuss in Linnaca 25: 728. 1852. — Di-
plocladium preussii Sacc. in Syll. Fung. 4: 177. 1886 (name change).

The scanty type material (B) contained a fungus with mainly two-celled conidia, probably
wdentical to Cladobotryum varium.

varanasicensis. — See Pseudohansfordia varanasiensis.
variospermum, varium. — See Cladobotryum varium.
venczuclensis. — See Pseudohansfordia venezuelensis.

verticillatum. — Sce Cladobotryum dendroides, C. verticillatum and see this list under
cordae.

virgata. — Cylindrophora virgata Bon. in *Bot. Zeit. 62: 202, 1. VIII, Fig. 5.

The type specimen is probably lost. No description could be found with the above ref-
erence from Saccardo (/886); possibly it ins a misprint. S do (/886) described a
Cladobotryum-like fungus occurring on Glocosporium fructigenum Berk. (=stat. con. Glome-
rella cingulata (Stonem.) Spauld. & v. Schrenck: v. Arx, 1970).

vizei — See Sporothrix vizei.
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SIDEROPHILOUS GRANULES IN THE BASIDIA OF HYMENOMYCETES

H. CLEMENGON

Institut de Botanique Systématique de ' Université de Lausanne, Suisse

granules of i basidia are protein filled vesicles derived
from the endoplasmic reticulum capable of binding relative large amounts of me-
tal ions thus standing out with high opacity in the clectron microscope and be-
coming stainable with or for light mi They
range from very small, submicroscopic, single and rare particles to casily ob-
servable granules almost filling the basidium. The number and size of the gra-
nules can be used to describe five types of granulation, the crypto, micro, oligo,
mucro, and gigas type. The pe is for the
Lyophylleae, and 1t scems that lhc mww type has uuonomnc significance in the

and the R

Historically, the siderophilous granules are a key character of the genera Lyophyllum (in-
cluding Tephrocybe) and Calocybe. Here they are C:ISI]) observed mlh the light mu.roscopc
But investigation with the electron mi d that hil are
more widely distributed in Hymenomycetes, bnl frequently are too small to be readily iden-
tified with the light microscope.

LIGHT MICROSCOPY

When heated with iron-acetocarmine the mature basidia of several agarics belonging to
different genera are seen to contain many small, intensely stained granules. This is the
‘granulation carminophile’ of Kiihner (7938), described from species of the genera Lyophyl-
lum and Calocybe. These granules contain basic proteins capable of binding large amounts
of metal ions, such as iron, cobalt, osmium, copper, lead. hafnium, thorium, uranium, and
others. The carmine only acts as an indicator for the presence of these metals, giving dark
purple to blackish complexes when heated in acid solutions. It may be replaced by other
relevators, such as sodium sulphide or hematoxylin. Based on the fact that it is the metal
rather than the carmine that is responsible for the positive staining reaction the term ‘sider-

ophilous” has been proposed to replace ‘carminophilous” (Clé 1967, 1969).

To intensify the staining and to obtain clean ions exempt of precipitations Clém-
engon (1968a) introduced a method which separates the application of metal ions from the
staining with ine. The folowing is a simplified method iding the

and dangerous thorium nitrate and the not always available zirconyl chloride. These two
metals enhance somewhat the final staining, but for routine observations they are not
necessary. It should be noted that this method gives good nuclear staining well suited for

83
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phase py. Other siderophil . such as some spore walls (e.g. in Rhod-
ophyllus, Lyophyllum) are equally well stained.

(1) A small fragment of a gill of living material or of a hcrbanum specimen is immersed in a

few drops of the foll 2 fixing and danting sol
Ferric chloride, 109, sol. in aceticacid 50% . . . . . . . . 5ml
Copper acetate, 10% sol. in aceticacid50% . . . . . . . . 5ml
Picric acid, saturated sol. indist. water . . . . . . . . . . 5ml
Formaldehyde, saturated sol. indist. water . . . . . . . . 5ml
Lead acetate, 17, sol. inaceticacid50%, . . . . . . . . . Iml

The lead acetate solution is added last, drop by drop while stirring constantly. The final
solution is stable for years.
Fix for a few minutes.

(2) Pick up the fragment, blot ofl the excess of the fixing and mordanting solution and
transfer directly into acetocarmine. Add one or two small pieces of broken porcelain or
brick to avoid explosive boiling, and heat gently over a small flame. Keep boiling for | or 2
minutes. The solution should turn dark from the metal-carmine complexes formed.

Small Pyrex beakers with a capacity of 1 ml are ideally suited for this step, but other
small rccipicnls may of course bc uscd as well.

C y do not work well because of low carmine
content, Prepare your own solutions by bmhng under reflux a few grams of carmine (e.g.
Merck 2233) with 200 -300 ml of 50%, acetic acid for 2-3 hours. Filter next day.

(3) After boiling, the entire content of the small beaker is poured onto a paper towel. The
fungus fragment is picked up with a needle and transferred into a solution of chloral hy-
drate prepared from 70 g chloral hydrate and 30 ml of distilled water. Here the fragment is
rinsed and infiltrated for a few minutes.

Avoid chloral hydrate solutions older than a few months. They will destain the granules
and nuclei very rapidly.

(4) Mount in chloral hydrate solution between slide and coverglass, squash, and observe
with high lution optics. For p mounts use Hoyer's medium. Here the stain is
durable for many years (in my collection preparations more than 10 years old did not fade
appreciably). but do not expose them to frost.

For the preparation of Hoyer's medium see Cunningham (/972).

Figs. 1-3. Types of siderophilous granulation in maturing basidia, x 50.000. — |. Macro type, Astero-
phora lycoperdoides. — 2. Gigas type at the very beginning of its growth, the granules still being
irregular in shape. They will grow up to 2-3 um and form hollow spheres. To the right of the three
young granules there is a mature granule in very tangential section (arrow). — 3. Micro type, Lactarius
griscus. Some granules indicated by arrows.
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Tams |
GlGas MACRO oLIGO MR CRYPTO
Size range. ym*) 2-3 02-06 0206 005-0.1% 0.05-0.15
Extreme size (rare), ym 14 1 0304 unknown
Frequency low very high low very high extremely low
Distribution in the
basidium uniform uniform basal uniform peripheral anywhere
Visibility, light microscope striking very good very good from none to good none or overlooked
Lindineria trachyspora
Tylopitus felleus Sellews
Lyophylium leucophacatum  connatum
(incl. Tephrocybe) Javret wlmarium
fumosum
anthracophilum
Culocybe gambasa
tonides
Asterophora Iycoperdoides
Rhodophy ihus ( Entoloma) bicolor
.
hirtipes
incanus
wrci
virtdulus
Rhodocybe suburens nitellina paritis
leucopaxilloides
Clémengon 77/73
Russula fragits
sardomia
adusta
Lactarius maculutus
griseus
Melanoleuca albofivida
Agmqa.- praecox

Normal size range of full-grown granula. Since the formation of s Sty after kayryogamy, there are always very
small granules present in 4 mature besides the ones that reached fina

ELECTRON MICROSCOPY

In in sections si phil les can casily be identified. They are dense fibrillar
bodics, mostly circular to elliptic, rarely irregular in outline, surrounded by a unit mem-
brane, and of high clectron oplclly dﬂer staining with uranyl acetate and lead citrate. They
are formed by the endopl: in ion with the nuclear cycle. The first
granules can be seen at the time of karyogamy. Their number and size increase during the
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ripening process of the basidium. The nature and significance of this correlation are still
unknown (Clémengon, /968b).

Vesicles derived from the endoplasmic reticulum (called ERV) occur in every agaric so far
studied (over 200 species) and seem to be a common feature of the meiotic and postmeiotic
basidium. Siderophilous granules differ from common ERYV in their ability to accumulate
greater amounts of mclal nons. thus. slandmg out with high electron density and with their
light mi P y di i above. Siderophilous granules are a special kind of
ERV.

TYPES OF SIDEROPHILOUS GRANULES

Usmg lhc light and electron microscope several lypes of siderophilous granules may be

d ding on the size, and ion in the b It is evident
from the observed material and from Table 1 that the types do not represent isolated clas-
ses. They intergrade to some extent, but still proved usefull in my laboratory.

i e

(A) THE MACRO TYPE

il 1

This 1s the classical siderop g ion found in Lyophyllum, Calocybe, and Astero-
phora. Mature basidia contain very numerous, heavily stained, mostly round granules 0.2~
0.6 pm in size, rarely reaching 1.5 ym. The granules are more or less uniformly distributed
in the basidium, but mostly leaving a zone of lower density just above the middle of the cell.
Because of the high number, size, and good stainability they are easily seen and identified
with the light microscope.

This type of granulation occurs outside the Lyophyllcac in three closely related species of
Rhodocybe, actually classified in the Rhodophyllaceae. This lead Clémengon (/968¢) to
transfer two of them into Lyephyllum (Trich ap ition that has not been
accepted by Singer (/975). Since sid hil 1 ly occur in Rhodophyl
laceae, 1 see no objection in placing the species in question in the genus Rhodocybe. These
are Rhodocybe suburens and R. leucopaxiiloides. The third species, my collection 77/73 could
not be identified yet and represents perhaps a new species close to Rhodocybe alutacea Sin-
ger.

There is some variation in the final size and form of the siderophilous granules. In most
species they stay moderately small and round or even spherical, but in Lyophyllum section
Difformia they grow bigger and become elongate-difform in age. It is quite possible that this
behaviour is taxonomically significant.

(B) THE OLIGO TYPE

Itis well known that in basidia of Lyophyllum wimarium there may be none or only very few

iderophil les, a situation that is frequent in an unrelated species, L. connatum. If
well dcvclopcd granules are present, they are not very numerous and are situated in the
lower part of the basidium. The granules are of the same size and form as in the macro
type, but they develop later and rather unwillingly.
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There is considerable hesitation about the generic distinction of Lyophyllum ulmarium and
Hypsizygus tessulatus, the latter mainly differing in the absence of siderophilous granules. |
am not at all convinced that *Pleurotus ulmarius’ is a Lyophylfum; rather would I admit that
there is a Hypsizygus type of siderophilous granulation. The other species with the oligo
type, L. connatum, is not a typical member of Lyophyllum, and perhaps should be removed,
100.

For the time being | refrain from proposing taxonomical changes waiting for culture
work to give better answers.

(C) THE GIGAS TYPE

In 1975 Clémengon reported siderophilous granules in the basidia and cystidia of American
Tyiopilus felleus. At first the few granules are small and easily overlooked, but in the cys-
tidia and in some basidia they grow very large and become striking features of the cell.
Frequently the very big granules are hollow.

A very similar though not hollow granulation occurs in the basidia of quite unrelated a
fungus, Lind! h (Ap! ! Here they have been described as cya-
nophilous granules (e.g. Frlksson & Ryvarden, 1976). They are more or less uniformly dis-
tributed in the basidium and measure up to 2-3 gm. It is not unfrequent that the granules
become somewhat difform, especially in Tylopilus felleus, and then obscure entire parts of
the cell.

(D) THE MICRO TYPE

It is a known fact that many species of Rhodophyllus (Entoloma) show distinct but small
siderophilous granules in some of their very mature basidia (e.g. Moser, 1978). It was there-
fore not very surprising to find nice si phi granules in almost every mature basidium
of that genus so far studied. In comparison with the macro type the granules of the micro
type are rather small, the typical size ranging from 0.05 to 0.18 gm. But it is not infrequent
1o see isolated granules reaching a diameter of 0.3 or even 0.4 um, thus overlapping some-
what in size with the macro type. Therefore they are sometimes easily seen with the light
but very freq ly they are overlooked or go
T'he distribution of the micro type si i fes in the basidium may be uniform
in the cell, including the sterigmata and even the young spore, but frequently they take a
predominantly peripheral position, as in many species of the section (or subgenus) Entoloma
of Rhodophyllus.
Siderophilous granules of the uniformly distributed micro type have also been detected in
Rhodocybe nitellina.

Figs. 4. 5. [ of micro type in mature basidia. — 4. Distribution
mainly peripheral. In the center there are small groups of small granules. The peripheral granules are
Just wisible in the light microscope. The two rectangular bodies just below the center are cristals of
uranyl acetate used to stain the section. Rhodophylius (Entoloma) bicolor, x12,500. — 5. Micro type
more or less uniformly distributed in the basidium. Russula adusta, » 25,000.
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Fig. 6. Micro type siderophilous granulation with peripheral and central distribution in the basidium of
Melanoleuca alboflavida, x 25,000. Arrows indicate some granules. The three big membrane bound
bodies in center are postmeiotic nuclei

Figs. 7, 8. Micro type I with uniform distriby x 50,000, 7. Rhodophyllus ncanus.
8. Russula sardonia.
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It came as a big surprise that every species of Russula and Lactarius so far studied has
plenty of uniformly distributed siderophilous granules of the micro type in mature basidia.
It seems that in some species the ability to bind metal ions is somewhat attenuated, giving
less intense staining in the light microscope and less clectron opacity in the electron micro-
scope. Thus some of the Russula type sidl hilous granules may i with

ERV, and then become totally undetectable with the light microscope. In most species,
however, the ERV are quite typical and strongly stained micro siderophilous granules.

It may be mentioned here that in Melanol lboflavida from Michi US.A. the
mature basidia contain siderophil les of the micro type, arranged per-
ipherally. Unfortunately I do not have data on other species, but my research continues in
this direction.

(E) THE CRYPTO TYPE.

When the micro type of siderophilous granules becomes sparse, so that there remain only a
few isolated, single granules in a basidium, then they are very hard to discover. Common
ERV usually arc present in these basidia, differing strikingly from the isolated, dark and
small siderophilous granules. So far, this type has been detected in two quite unrelated
agarics, Rhodocybe parilis and Agrocybe praecox, both from Michigan, U.S.A. The main
difference between the micro type and the crypto type is the paucity and rare occurrence of
the latter in the cell.

Actually, since this type 1s easily overlcoked, it may be more frequent than our experience
suggests.

General considerations

It is a fact that vesicles derived from the endoplasmic reticulum and filled with fibrillar
masses are formed in every meiotic and postmeiotic holobasidium so far studied. In most
species these ERV have no special affinity for metal ions and therefore do not exhibit en-
hanced electron density after treatment with uranyl acetate and lead citrate, nor do they
stain with acetocarmine or hematoxylin. In some species, however, they do accumulate large
amounts of metal ions and then they stand out with high contrast both in the electron
microscope, and in the light mi pe. These sid. hil g range from very
small to very large (approx. 0.05-5 um) and their fuquency in a baidium goes from very
low (a few granules per basidium) to very high (the basidium seems ‘filled” with granules).
If only very few granules are present they may go totally undetected with the light mi-
croscope if they stay very small (crypto type), but they may become very conspicuous if they
grow very large (gigas type). It is therefore not surprising to observe both types in the same
carpophore, as in Tvlopilus felleus. Here the crypto type is propably merely an carly phase

Figs. 9. 10. Micro type siderophilous granulation with uniform distribution, x 50,000. — 9. Russula
Jragilis. — 10. Russula adusta.
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of the gigas type. In other fungi, e.g. Agrocybe praecox, the granules never grow big enough
to be seen, and the crypto type stays that way all the time.

For taxonomical mycology the easily observable macro type certainly is of significance. |
think that the micro type is of equally high importance for Rhodophyllus (Entoloma) and for
the Russulaceae.

For the moment being, I do not believe that the crypto type, the gigas type and the oligo
type have bl weight, h here more observations could give valu-
able help for taxonomists on the specific level. It is certainly worth while to continue this
work.

Collecting data of the fungi mentioned

Lindtneria trachyspora (Bourd. & Galz.) Pilat, J. Kubicka, Sept. 2, 1976, Switzerland, Bulle FR, Bois de
AU, Fi ium C|

Tylopilus fellus (Bull. ex Fr.) Karst.,, A. H. Smith & H. Clémengon, U.S.A., Michigan, Aug. 1, 1968
(LAU, 68081 N).

Lyophyllum leucophacatum (Karst.) Karst., H. Clémengon, September 1962, Switzerland, Belp BE,
Grofle Au. (LAU, Fungarium Clémengon).

Lyophyltum favrei Haller & Haller, H. Clémengon, September 1962, Switzerland, Belp BE, Grofie Au,
(LAU, Fungarium Clémengon).

Lyophyllum fumosum (Pers. ex Fr.) Kithn. & Romagn., H. Clémengon, Aug. 21, 1973, Biel BE, Bo-
zingenberg (LAU, 73/42).

Lyophylium anthracophilum (Lasch) M. Lge & Silvertsen, H. Clémengon, Nov. 25, 1967, US.A., Mis-
souri (LAU 671125 A).

Calocybe gambosa (Fr.) Donk, H. Clémengon, May 6, 1973, Switzerland, Bremblens VD (LAU,
73/11).

Calocybe ionides (Bull. ex Fr.) Kiihner, H. Clémengon, September 1962, Switzerland, Belp BE, Grofie
Au. (LAU, Fungarium Clémengon).

Asterophora lycoperdoides (Bull.) Ditm. ex S. F. Gray, H. Clémengon, July 7, 1968, U.S.A., Michigan
(LAU, Fungarium Clémengon).

Rhodophyllus prumuoides (Fr.) Quél. H. Clémengon, Switzerland, Lausanne, Bot. Gard., May 18,
1971 (LAU, 710518).

Rhodophyllus hirtipes (Schum. ex Fr.) Quél., H. Clémengon, May 9, 1973, Switzerland, Le Mont sur
Lausanne, Les Liaises (LAU 73/13).

Rhodophyllus incanus (Fr.) Quél., H. Clémengon, July 12, 1967, U.S.A., Michigan (LAU, Fungarium
Clémengon).

Rhodophyllus turci (Bres.) Romagn., H. Waridel, April 24, 1975, Switzerland, Lausanne (LAU, 75/2).

Rhodophyllus viridulus Herink,. H. Clémengon, June 24, 1977, Switzerland, Le Mont sur Lausanne,
Les Liaises (LAU 77/43).

Rhodophyllus bicolor (Murr.), H. Clémengon, July 4, 1967, U.S.A., Michigan (LAU, 670704 A).

Rhodocybe suburens (Clemeng.) Sing. & Clémeng., H. Clémengon, July 26, 1967, U.S.A., Michigan
(LAU, 670726 O).

Rhadocybe leucopaxilloides (Smith & Bigelow) Sing., H. Clémengon, July 24, 1967, U.S.A., Michigan
(LAU, 670724 C).

Rhodocybe spec. Cléemeng. 77/73, F. Marti, Aug. 18, 1977, France, Klingenthal-Rothbach (LAU).

Figs. 11, 12. Crypto type siderophilous granulation, x 50,000. — 11. Agrocybe praccox, ¢ indicates a
common ERV. — 12. Rhodocybe parilis. — Arrow indicates the isolated siderophilous granule.
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Rhodocybe parilis (Fr.) Sing., H. Clémengon, July 19, 1967, U.S.A., Michigan (LAU, 670719 B).

Russula fragilis (Pers. ex Fr.) Fr., H. Clemengon, July 21, 1967, U.S.A., Michigan (LAU, 670721 A).

Russula adusta Fr., H. Clémengon, July 21, 1967, U.S.A., Michigan (LAU, 670721 B).

Russula sardonia Fr. em. Romagn., H. Clémengon, June 30, 1967. US.A., ”khlgﬂn (LAU, 670630
B).

Lactarius maculatus Peck, H. Clémengon, July 30, 1967, U.S.A., Michigan (LAU, 670730 A).

Lactarius griseus Peck, H. Clémengon, Aug. 14, 1967, US.A., Michigan (LAU, 670814 D).

Melanoleuca albaflavida (Peck) Murr., H. Clémengon, June 25, 1967, U.S.A., Michigan (LAU, 670625
Q). -~

Agrocybe praccox (Bolt. ex Fr.) Sing., H. Clémengon, April 19, 1967, U.S.A., Missouri (LAU, 670419

).
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CONNECTED AND DISCONNECTED CHAINS OF PHIALOCONIDIA AND
SAGENOMELLA GEN. NOV. SEGREGATED FROM ACREMONIUM

W. Gams

Centraalbureau voor Schimmelcultures, Baarn

Subramanian’s concept of true and false chains of phialoconidia 1s rejected and
replaced by a d between and chains. In con-
nected conidial chains the primary comidial wall is strongly thickened at both
uuls and a conncctive is formed. This eriterion allows the dmmcuon bem:en
or d) and i

I idia. The of conidi is is described. On
the basis of this criterion, the species of the Acremonium diversisporum series as
well as the anamorph of Sagenoma viride Stolk & Orr with connected chains are
transferred from Acremonium to the new genus Sagenomella 1o which four new

species are added.

The concept of Acremonium Link ex Gray as an admittedly artificial and heterogencous
genus (Gams, 1971) has received some criticism. The GC-contents of DNA have been found
to be discordant even within sections .md series (Kedrova & al., 1973), but as only a few

species have been ined no lusions can be drawn. The inclusion of Glio-
mastix Guéguen in Acremonium has repeatedly been criticized because some species of Glio-
mastix with pi; d conidia are pi and casily recognizable, in contrast to the

species of Acremonium with hyaline conidia. None of the critics, however, could disprove
the fact that some species with hyaline conidia (c.g. A. longisporum and A. persicinum) are
most closely related to dark-sporcd spccxcs ol' this section, thus rendering the generic distinc-
tion on the basis of conidial icable. An anal case is the distinc-
tion between pigmented Slmlubulrys Corda and hyaline Hyalostachybotrys Srinivasan
which is now abandoned by most mycologists (Jong & Davis, 1976).

The present paper is concerned with another aspect of the section Gliomastix which was
so far unnoticed. This section was characterized by Gams (/97/) as having chondroid hy-
phae and (or) pigmented conidia. It is now apparent that the admission of species with
pigmented conidia and thin-walled hyphac introduced too much h geneity into this sec-
tion. This conclusions was reached after critical consideration of Subramanian’s (1971,
1972a, 1972b; Subramanian & Pushkaran, 7976) studies on chain formation in phialidic
Hyphomycetes.

jan (7971) disti hed between dry-persistent and loose chains and he sub-
sequently (/972a) specified these as ‘false’ and ‘true’ chains. True chains (as in Aspergillus
niger) were characterized by the fact that ‘the wall around the successive conidia in the
chain is a continuum’. True chains were said to occur in Penicillium corylophilum, P. clavi-

97
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Jorme, Aspergillus niger, Paecilomyces, M iell hialom) and in Sub ian’s
(1972a) new genus Sagrahamala. An nrburary sclocuon I'rom the species treated by Gams
(1971) in Acremonium was transferred 10 S h l i 1972a; Sub

& Pushkaran, /976), while other similar speclcs passed unnoticed. The type species, S. lu-
zulae (Grove) Subram. (Fig. 7e, f), was taken from section Gliomastix together with four other
species, including Sagrahamala murorum (Corda) Subram., which is considered as a variety
of the type species of Glic ix by other mycologists (e.g. Dicki 1968) or ly
synonymous with it (Gams, /971). Surprisingly, the hyaline counterpart of Acremonium mu-
rorum, A. persicinum (Nicot) W. Gams, was regarded as having false chains and therefore
representative of Acremonium, while four species of the section Acremonium were transfer-
red to Sagrahamala. In addition, four species treated by Onions & Barron (/967) in the
monophialidic Paecilomyces and by Gams (1971) in the A. striatisporum series of sect. Glio-
mastix were d to Sagrah la, although the phialidic nature of the
cells in S. striatispora (Omons & Barron) Subram. has been questioned (Subramanian &
Pushkaran, 1976).

ULTRASTRUCTURE OF THE CONIDIAL CHAINS

According to numerous studies with ission electron mi py (TEM), phialo-
conidia are g duced end ly within the phialide tip and the conidial wall is
formed de novo (Colc & Samson, 1979). The new wall formation involves the apposition of
wall material along a zone which b progi hick d within the phialide tip
(thus always * i " sensu i 19720) The newly formed conidium is
cut off at its base by a septum, along which schizolytic liberation sooner or later takes place
(Fig. 1). The ease of separation depends on various modifications of the conidial ends:
rounded or truncated shape, exudation of slime, or d of wall

Fig. 1. Schematic representation of the ontogeny of conidial chains on phialides. Note the progressive
wall apposition inside the phialide tip.
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Contrary to Subramanian (/97/, 1972a). many mycologists principally consider basipetal
chains of phialoconidia as ‘false chains’ (if a distinction from “true chains’ is required at all),
since each conidium is completely cut off before the next one is formed and the primary
conidial wall is not continuous within the chain but incorporates a new layer with cach
conidium formed, see Fig. 1. In this sense, true chains can only be acropetal with a con-
siderable continuity of wall and cell contents during the development of the whole chain.
There may be a thin, electron-dense, continuous, outer layer which encloses all the conidia
of a phialidic chain, but this amorphous layer is exuded secondarily and does not represent
a proper wall layer.

TAXONOMIC IMPLICATIONS

Subramanian includes some discordant d:.mcnls in his culugory of true chains: the bulk

doubted!; phs of Tri (E particularly the genera
Penicillium nnd Aspergillus. No telecomorph connections are known in Sagrahamala. Mem-
nomiella is very close to Stachybotrys which is known to be connected with the
sphaeriaceous Melanopsamma Niessl (Booth, /957 Jong & [).:\n 1976) The distinction

between trich and hypoc! phs is a pro-
blem so far unsolved and, therefore, the abovc criteria .md some additional Lhdh’.ltlLIS
were tested for their suitability in distinguishing trich from other, sph;

phialidic conidia.

CONNECTED AND DISCONNECTED CHAINS

As is evident from previous studies on Acremonium (Gams, /971), both true and false conidial
chains, as defined by Subramanian, would occur in the sections Acremonium and Gliomastix.
The relative width of the delimiting septum which determines the truncate, rounded, or pointed
shape of the conidial ends and often also the persistent character of a chain, is not regarded asan
important criterion in classification.

A suitable character, however, is found in the structure of the connectives. Connectives
remain when during conidial maturation the contents round off and become surrounded by
a secondary wall (Fig. 2¢). During this process the primary wall forms a narrowed but more
or less thickened structure at either end of the conidium and this is generally termed the
connective. Persistent chains of conidia provided with connectives at both ends are character-
istic of the Trichocomaceae Fischer sensu Malloch & Cain (/972; = Eurotiaceae Clem. &
Shear), and are here termed connected chains (cf. Fig. 2¢). Persistent or caducous
chains without connectives or with basal apiculations only (e.g. Metarrhizium, Hammill,
1972), are found in the Hypocreaceae, Sphaeriaceae, Ch i and other py
cetous families, and are termed disconnected chains. Examples are listed in Table
1. Genera and species with slimy conidial heads are often closely related to the latter group.
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a b c d
Fig. 2. Sch it ion of the of caduc (b) and persistent (¢, d) phialidk
chains. The delimiting septum (a) may round off (b) or remain more or less broadly connected and then
either form by further di ion of the conidial wall (c) or retain a uniform wall

thickness throughout (disconnected, d).

From Table 1 it is evident again that Acremonium sensu Gams (1971) is a heterogencous

genus. The A. striatisp series is distinguished by il< d chains as well as by i
connection with Sagenoma Stolk & Orr (I974) of lhc Tri The other cleistocar-
us tel phs known in Ac llopsis van Beyma, and Nigrosabulun

Malloch & Cain, do not affect this conclusion, since they do not belong to the Trichoco-
maceae.

Since a renewed study of Acremonium sagenomatis Stolk & Orr also showed connected
conidial chains and the [requent occurrence of reduced, irregularly swollen or sympodially
proliferating phialides, like in the A. striatisporum series, all these species are regarded as
related and removed from Acremonium.

Sagenomella W. Gams, gen. nov.

Genus Hyphomycetum Acremonii simile. Coloniae lente crescentes, conidiis pulverulentae, albae, gn-
seae, viridulae vel brunneae. Conidiophora plus minusve distincta, erecta, plerumque phialides sim-
plices, raro verticillatas proferunt; phialides aculeatac vel sacpe in medio paulo inflatae, saepe irregul-
riter sympodialiter proliferentes. Conidia continua, hyalina, vel pigmento incrustata et ornamentata, o
catenis longis vel brevibus persistentibus connexa, utrinque connectivo terminata.
Species typica: Sagenomella diversispora (van Beyma) W. Gams.

A genus of Hyp close to f Colonies sl Ily not ex
ceeding 10 mm diam. in 10 days at 20-23°C on MEA, powdery due o lhc conidial chains,
white, grey, greenish or brown. Conidiophores not much differentiated from the vegetative
hyphae, erect, usually ending in a simple phialide or rarely bearing several whorls of phia-
lides; phialides aculeate but often centrally swollen, in old cultures often sympodially prolif-
crating. Conidia one-celled, hyaline, or with pi; 4 incr and

coherent in long or short persistent chains, with connectives on both cnds.
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EXEMPLES OF ANAMORPHIC GENERA WITH CATENULATE PHIALOCONIDIA

(TELEOMORPHIC CONNECTIONS IN PARENTHESIS)

Connected chains

Disconnected chains

4 ium striatisp series (S¢ Ac fum p. max. p. Metarrhizium
Torulomyces Monocillium indicum (Niesslia) Mariannaea
illus (Emericella, Eurotium, ctc.) iella (? Mel C ia (Chaetosphaeria)

Penicillium (Eupenicillium, Talaromyces, etc.)

Thysanophora

Paecilomyces p.p. (Talaromyces,
Thermoascus, Aphanoascus
sensu Udagawa, Hamigera)

Acrophialophora

Phialomyces

Phialotubus

Polypaecilum (Dichotomomyces,

Thermoascus)
Septofusidium herbarum

Riclaretia (?= Stachybotryna)
Nt or G o

Sporoschisma (Chaetosphaeria)
Eschatara

P / )

Aonilash

;
Fusarium (Gibberella, Cal ia)

Paecilomyces p.p. (Byssochlamys)
Septofusidium

Chalara (Ceratocystis, Cryptendoxyla)
Sporendocladia

(Soh »
Penicillifer

(Chaetomium)

(Thielavia terrestris)

Scopulariopsis (Microascus, Kernia)
Wardomyces (particularly Gamsia)
(Microascus)

sararfwoydoSgy snojonSunf uo sajon SKVD)

11
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KEY 10 THE SPECIES

la. Conidia (at least partly) dmmclly plgmemed ornamented . § ol 2
b. Conidia not or faintly d or slightly d i 4
2a. Conidia in short chains (up to 7), covered with irregularly arranged coarse vuns . . 8. oligospora
b. Conidia in long chains, ornamented with longitudinal ribs or rows of warts . " 3
3u. Conidia variable, onion-shaped to fusiform, always ribbed . o mmmp.w
b. Conidia of two distinct kinds, onion-shaped, pxgmcmed and coarscly warlcd or ;mullcr fusiform,
hyaline and smooth-walled . . . 8. diversispora

4a, Dark brown chlamydospores formed slmgly orin shorl dums moslly lermmul conidia ovoid
S. humicola
s

b. Chlamydospores absent or paler brown and in chains; conidia mostly fusiform.
Sa. Colonies greyish green due to theconidia . . . . . . . . . . . . . . s K 6
b. Colonies white . . . 7
64. Young colonies grcy-ollvacwus plmllldcs gtncmlly whlnry chhm)ﬂospores ubscnl. even n old
cultures . . 8. griseovirudis
b. Young colonies glxnu:ous o gn:ynsh cnvmc-gmn phulndu oﬁen in V\hork uhlumydosperu often
abundant in old cultures, pale brown, often in long, intercalary chains . . 8. verticillata
7a. Osmophilic hyaline sclerotia present; conidia provided with a conical apml rcl'nngcm connective,
odour often suggesting actinomycetes . . . . . e A 5 . . 8. sclerotialis

b. Not osmophilic: sclerotia absent 5

8a. Conidia provided with short truncate connectives al euher :nd ’ .5~ 3 5 x I S 2.2 I'm oduur pungent
S. sagenomatis
b. Conidia with narrow prominent connectives, 3.0-4.5 x |.2-1.7 um; odour absent . . . S ulba

Sagenomella striatispora (Onions & Barron) W. Gams, comb. nov.Figs. 3¢, d

Paccilomyces striatisporus Onions & Barron in Mycol. Pap. III7 19. 1967 (banonyml Acremonyim
striatisporum (Onions & Barron) W. Gams, Cephalosp. 97. 1971 — Si la stric
(Onions & Barron) Subram. in Curr. Sci. 41: 49. 1972,

Sagenomella diversispora (van Beyma) W. Gams, comb. nov.— Figs. 3a, b

Scopulariopsis diversispora van Beyma in Zentbl. Bakt. ParasitKde (Abt. 2) 96: 430. 1937 (basionym). —
Acremonium diversisporum (van Beyma) W, Gams, Cephalosp. Schimmelp. 97. 1971,

Paccilomyces variabilis Barron in Can. J. Bot. 39: 1576. 1971. Sagrahamala variabilis (Barron)
Subram. & Pushkaran in Kavaka 3: 87, 1976,

Sagenomella humicola (Onions & Barron) W. Gams, comb. nov.

Paecilomyces humicola Onions & Barron in Mycol. Pap. 107: 20. 1967 (basionym). — Acremanium
humicola (Onions & Barron) W. Gams, Cephalosp. Schimmelp. 99. 1971. — Sagrahamala humicola
(Onions & Barron) Subram. in Curr. Sci. 41: 49. 1972

Sagenomella griseoviridis (Onions & Barron) W. Gams, comb. nov.— Figs. 4a-¢
Paccilomyces griseoviridis Onions & Barron in Mycol. Pap. 107: 2. 1967 lhasmnym) - Arumunun

griseoviride (Onions & Barron) W. Gams, Cephalosp. Schi 99. 1971, e
seoviridis (Onions & Barron) Subram. & Pushkaran in Kavaka 3: 89. 1976.
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Fig. 3. Scanning electron micrographs of phialides and conidia. — a, b. Sagenomella diversi
354,36 (Fig. a, x 2880; Fig. b, x2520). — ¢, d. Sagenomella siriatispora, CBS 429.67 (Fig. ¢, x2520;
Fig. d, x 3600). — ¢, I. Sagenomella oligospora, CBS 615.76, x 2880.
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Fig. 4. Scanning clectron micrographs of phialides and conidia. — a-c. Sagenomella griseoviridis, CBS
426.67 (Fig. a. x 6050; Fig. b, x6300; Fig. ¢, x6050). — d. Sagenomella sagenomatis, CBS 114.72,
x 8100, ¢. Sagenomella alba, CBS 167,74, x 6000 (with detail x 8000).
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Good growth occurs in the range 18-30 C, with the optimum at 27°C.

ADDITIONAL ISOLATES EXAMINED.— CBS 155.76 and CBS 470.78, isolated from B-horizon
of mature Pinus sylvestris forest and clear-cut forest, respectively, Jidraas, Prov. Gistrik-
land, Central Sweden, B. E. Soderstrim & E. Badth, 1975 and 1977,

Sagenomella sagenomatis (Stolk & Orr) W. Gams, comb. nov.—Fig. 4d
Acremonium sagenomatis Stolk & Orr in Mycologia 66: 676. 1974 (basionym).
TELEOMORPH.— Sagenoma viride Stolk & Orr, Lc.

Sagenomella oligospora W. Gams & Luiten, spec. nov.— Figs. e, . 5

Coloniae in agaro maltoso vel rarma nvcnucea addita post 15 dies 20~25 C ad 36 mm diam., albidae, exigue

floccosae, tarde conidiis Hyphae leves, 1-3 um latae. Phialides

gul hyphis p: i hyalinae, leves, 7-17 um Iongm: ©2-3 um in ventro ad
1 um apicem lum versus Conidia catenis
brevibus (1-7) connexa, ituni ivis piy is basilari comco prominente et
apicali breviore praedita, episporio i vel l ds 6.5-8.5

%4.5-6.0 um. Chlamydosporae absunt.

Typus: CBS 168.74, isolatus ¢ terra agresti prope Naaldwijk in Neerlandia, B. van der Pol-Luiten,
1974
Colonies on 2%, MEA or OA reaching 24-36 mm diam. in 15 days at 20-25°C, whitish,
thinly floccose, tardily becoming pale olivaceous-grey due to scanty conidia. Vegetative hy-

Fig. 5. Sagenomella oligospora. — a. CBS 615.76. — b. CBS 168.74.
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phac hyaline, smooth-walled, 1-3 um wide. Phialides arising singly from prostrate hyphae,
erect, flask-shaped, hyaline, smooth-walled, 7-17 um long, tapering from 2-3 ym in the

swollen venter to 1.0 um at the strongly ch hilic tip, only p y proliferating.
Conidia formed in short chains of 1- 5( 7) comdla. subglobose, Ihlck-wallcd with a very
pronounced basal and a shorter apical pi by a P
brown warted or irregularly spreading incr i 6.5-8.5 (i ing the ives)
% 4.5-6.0 um (including the i Chlamyd;

absent.
Good growlh occurs in the range 15-33°C with the optimum nl 30°C and very little
growth occurring at 36°C.
ADDITIONAL ISOLATES EXAMINED. —CBS 404.76, isolated from human nail, comm. O. Fas-
satiovit, Prague, 1976. CBS 615.76, isolated from composted chicken manure, Braun-
schweig, comm. K. H. Domsch, 1976.

10 gm

a

Fig. 6. Sagenomella verticillata. — 3. Well-developed conidiophores. — b, Proliferating phialides (CBS
414.78). — ¢. Chlamydospores (CBS 160.76).



Gawms: Notes on fungicolous Hyophomycetes 107

Sagenomella verticillata W. Gams & Soderstrom, spec. nov.—Figs. 6, 7a, b

Coloniae in agaro maltoso post 10 dies 20-30°C 6-10 mm diam., pulverulentae vel minute tomentosae,
primum glaucac vel citrino-virides, margine angusta hyalina cucumdame deinde ohvnsctnlts. reversum
primum album vel deinde yp e veg
hyalinae, leves, 1.0-2.5 um latae, in coloniis vetustis Ci hora erecta,
ab hyphis vegetativis vix diversa, plerumque pluries ramosa et nonnullos verticillos binarum ad quater-
narum phialidum proferentia; phialides ¢ ventro plus minusve cylindrico, 7-14 x 2-3 um, et apice lati-
tudine ad 0.5-1.0 um diminuto, 5-12 um longo constant. Alterae phialides breviores, forma vanabiles et
saepe sympodialiter proliferentes. Conidia longis catenis connexa, fusiformia, utrinque truncata et mi-
nute apiculata, hyalina ad subhyalina, levia \el minute incrustata, 3.4-4.0 x 1.5-2.2 um. Chlamydo-
sporac in colonus vetustis pl que copiosac, 1 vel i vulgo plus mi-
nusve elongatae, leves, subhyalinae ad brunneae, 3.0-5.5(-9) um diam.
Typus: CBS 414.78, isolatus ¢ terra pineti in Succia.

Colonies on 2% MEA reaching 6-10 mm diam. in 10 days at 20-30°C, powdery due to the
conidia, smooth or slightly tufted in the centre, in young cultures glaucous to greyish cit-
ellow with a narrow hyaline margin, later becoming olivaceous-grey: reverse at first
white or amber, later becoming tardily brown in the centre. Vegetative hyphac hvalmc

smooth-walled, 1.0-2.5 ym wide, in old cultures partly b ing brown. idi
erect, hardly diffe iated from the vegetative hyphae at the base, usually repeatedly bran-
ched and bearing several whorls of 2-4 phialides. Well developed phialides diffc d

into an almost cylindrical or somewhat inflated venter, 7-14 x 2-3 um, and a tapering neck
which is 5-12 gm long and 0.5-1.0 um wide at the tip; atypical phialides appearing in old
cultures, shorter and of irregular shape and often sympodially proliferating. Conidia coher-
ing in long chains, fusiform, with slightly apiculate and truncate ends, hyaline, to slightly
pigmented, smooth-walled or very finely encrusted, 3.5-4.0 x 1.5-2.2 um. Chlamydospores
usually abundant in old cultures, intercalary or terminal, often in chains, more or less elon-
gate, smooth- and thick-walled, subhyaline to brown, 3.0-5.5(-9) um diam.

Good growth occurs in the range 18-33°C with the optimum at 27°C; no growth occur-
ring at 36 C.

ISOLATES EXAMINED.—CBS 450.71, isolated from agricultural soil, Wageningen, J. H. van
Emden, 1971. CBS 119.72 (71-48), CBS 120.72 (71-52), CBS 145.72 (71-50), all isolated
from soil, Francis Park, Vancouver Island, B.C., Canada, J. Paden, 1972. CBS 985.73, iso-
lated from vaginal fluor of a patient at Zeist, Netherlands, comm. Dr. Rebholz. CBS
481,74, isolated from B-horizon soil, Lago Indio, Tierra del Fuego, Argentina, A. Godeas.
Jun. 1973 (527). CBS 160.76, isolated from B-horizon of mature pine forest (Pinus syl-
vestris), 1975; CBS 414.78 (type strain) and CBS 417.78, isolated from A,-horizon of a
clear-cut pine forest, 1977 and 1976; CBS 415.78 A and B, and CBS 416.78, isolated from
B-horizon, of clear-cut pine forest, 1977, all collected at Jidrads, Prov. Gistrikland, Central
Sweden, B. E. Siderstrom & E. Biidth.

Sagemonella verticillata has for some years been confused with S. griseoviridis, until it was
realized that the absence of chl dosp. and the ly solitary phialides in the
latter were quite constant features. Morcover, SEM studies confirm their distinction, in that
no trace of a longitudinal ornamentation could be found in conidia of S. verticillata. The
verticillate arrangement of the phialides in this species is similar to that in Paecilomyces
Bain. (Samson, /974), but the more or less basitonous ramification of the hardly differen-
tiated conidiophores distinguishes it from this genus. The biapiculate conidia and the fre-
quent irregular sympodial proliferation show its affinity to other species of Sagenomella.
The species can thus easily be recognized even i chlamydospores are almost absent as in
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Fig. 7. Scanning clectron micrographs of phialides and conidia. — a, b. Sagenomella verticiilata, CBS
414,78, x 1600. — c, d. Sagenomella sclerotialis, CBS 366.77 (Fig. ¢, x 3000; Fig. d, x3600). — e, f
Acremonium luzulae, CBS 494.67 (Fig. ¢, conidial chains, x 3000; Fig. f. phialide, x 2400). — g. Toru
lomyces lagena, CBS 185.65, x 3000.
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CBS 120.72, CBS 415.78 A and B, and CBS 417.78. It dlITers from S. humicola, which can
also form verticillate phialides, by having P and fusiform
conidia.

Sagenomella sclerotialis W. Gams & Breton, spec. nov.— Figs. 7c. d. 8

Coloniae in agaro maltoso 15%, saccharosio addito lente crescunt 25 C, sed multo melus 33-36 C,
albae, Moccosae, deinde sclerotiis granulatae. Hyphae vegetativae leves, (1-)2-3 um latac, nonnumquam
ad $ ym inflatae. Phialides plerumque simplices ex hyphis repentibus submersis vel aeriis oriundae, 5-15
um longae, ¢ 1.2-1.8 um sursum ad 1.0 um modice angustatae, rectae vel flexuosae: phialides bre-
vissimae saepe septo basilari carent. Conidia longis catenis connexa, ovoidea, basi truncata, apice acuto
refringenti praedita, 3.0-4.5 x 1.5-2.0 ym. Chlamydosporac absunt, sclerotia plus minusve globosa, fir-
ma, alba, 125-350 um diam. in coloniis velustis copiosa.

Typus: CBS 366.77, isolatus e pabulo Lolii, Montoldre in Gallia, ab A. Breton & P. Zwaenepoel,
1976.

Colonies on MEA with 15%, saccharose reaching 12 mm diam. at 24°C and 25 mm at 33

36 C, white, somewhat lanose, later becoming gmnular du¢ to sclerotia. Odour suggesnng
actinomycetes in colonies grown at 27 C or above. Veg hyphae th-walled, (1-)
2-3 um wide, sometimes inflated to 5 um. Phialides mostly arising singly from proslra(c
submerged or aerial solitary or l‘asclcululc hyphae, 5-15 _pum long, slightly lapenng from

1.2-1.8 pm to 1.0 um, straight or fl the shortest lides often not deli d from
the subtending hypha by a basal septum. Conidia oohcrmg in long chains, ovoid, with a
truncate base; the apical d into a cone which

collapses when dry (Figs. 7c, d), 3.0-4.5x 1.5-2.0 gm. Chlamydospores absent; sclerotia
abundant in old cultures, more or less globose, firm and almost smooth-walled but sur-
rounded by some loose hyphae, white, 125-350 um diam., consisting of isodiametric cells 4
10 pm diam.

Q
o

10 um

Fig. 8. Sagenomella sclerotialis, CBS 366.77.
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10 ASY

/~

Fig. 9. Sagenomella alba, CBS 210.74.

Growth on MEA with 15%, saccharose or Czapek's agar with 207, saccharose is better than
on 2% MEA, no growth occurring on MEA with 12%; NaCl. Growth is scanty at 18-21'C
but Tuxuriant at 30-36°C.

This species was commonly isolated from fodder of Ray-grass and lucerne in the region
of Montoldre, 03-France, in 1976 and 1977, on malt and Czapek agars at 24 C.

Sagenomella alba W."Gams & Soderstrom, spec. nov.—Figs. 4e, 9

Coloniae in agaro maltoso post 10 dies 20-23"C 6 mm diam. (30° C rnon crescunt), pulverulentae, albae.
Hyphae vegetativae leves, 1.0-2.5 um latae. I’hlahdcs onhclwpuac vel lu’mmak’s cx hyphis submersis

oriuntur, p simplices sed aculeatae,
saepe inflatac in medio, 12-30 um longae, 2 um latac in medio et nd 05 1.0 jm sursum angustatac.
Conidia longis catenis connexa, hyalina, levia, fusi ia vel p

3.0-4.5 % 1.2-1.7 um. Chlamydosporae et sclerotia absunt.
Typus: CBS 167.74, isolatus ¢ terra piceeti in Suecia, B. E. Soderstrom, 1974,

Colonies on 2% MEA reaching 6 mm diam. in 10 days at 20-23°C (no growth at 30°C),
pure white, powdery Odour absent. chcldlm. hyphac hyallm,, smooth-walled, 1-2.5 um
wide. Phialides arising orthotropi fro d submerged hy-
phae, usually simple but i larl lly liferating, aculeate, often
centrally swollen, 12-30 um long. 2 um wide at the widest parl and tapering to 0.5-1.0 ym
at the tip. Conidia cohering in long chains, hyaline, smooth-walled, fusiform or lemon-
shaped due to the prominent connectives, 3.0-4.5x 1.2-1.7 gm. Chlamydospores and scle-
rotia absent.

Good growth occurs in the range 15-21"C, none at 27°C or above.

ISOLATES EXAMINED.—CBS 167.74 (type strain) and CBS 210.74, isolated from A.-
horizon of planted spruce forest (Picea abies), Prov. Skine, South Sweden, B. E. Sod-
erstrom, 1974,
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Discussion

Apart from the ligos and S. scleratialis, Sagenomella seems to be
a rather homogencous genus Whl(,h is distinct from Acremonium not only by the connected
conidial chains but also by the sympodially proliferating and often centrally swollen phia-
lides. Whilst in Acremonium an apiculation of both conidial ends may be indicated in some
rare cases, this feature is visible in Sagenomella in all but the terminal conidia.

The similar genus Torulomyces Delitsch has very conspicuously connected conidial chains
but conidiophores which are regularly differentiated into a slender stalk cell and a flask-
shaped phialide, thus warranting the generic distinction (Fig. 7g).

The recognition of connected conidial chains in this study is based on both light-micro-
scopic and SEM observations. In 8. sagenomatis and the other pale species, the former
technique gives more conclusive evidence than the latter. Further TEM work will be nec-
essary to verify the assumptions made in this study.

The conidial chains of Acremonium luzulae (Figs. 7e, f) and the remaining species of sec-

tion Glic ix are regarded as i. 1t might be predicted that a sphacriaccous
teleomorph could be connected with these species. Consequently Sagrahamala Subram. is
regarded as a of Ac ium section Glic ix. Once again it is emphasized, that

Wallrothiella subiculosa Hohn. (anamorph known as Gliomastix protea Sacc.) is not related
to species of this section, since the hyphae are pigmented and the conidial pigment is loca-
lized in the wall itself and not superficially encrusted as in typical Gliomastix. The species
hitherto placed in Paecilomyces also require further study in the light of these conside-
rations.
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THE OPERCULATE ASCUS AND ALLIED FORMS*

J. VAN BRUMMELEN

Rijksherbarium, Leiden

The features of the operculate uscus and allied non-operculate forms are dis-
cussed. An outline of the results of recent research on fine structure and function
of the different types of asci in Pezizales is presented.

When the Crouan brothers (/857, 1858) discovered the operculum at the top of asci, they
placed all species with asci opening by such a structure in the genus Ascobolus.

Boudier (/879. 1885) was the first to gnize the importa of the op late mode of
ascus dehi for the classification of the Discomy . A dingly he divided the cup
fungi on the base of this character into two groups, (i) the Operculatae and (ii) the In-
operculatae.

It is a notable fact that none of Boudier's contemporaries (¢.g. Quélet, Karsten, Fuckel,
De Notaris, Schroeter, Saccardo, Rehm, Cooke, Phillips, Lindau) accepted this division. It
became accepted only much later by Gaumann (/926), Seaver (1927, 1928), Nannfeldt (/932),
and Le Gal (1947, 1953).

A subdivision of the cup fungi based on the mode of ascus dehiscence is now accepted by
most mycologists.

All operculate Discomycetes belong to the order Pezizales, but on the other hand, not all
fungi arranged within the Pezizales show operculate asci.

Alrcady more than a ccnlury ago Boudlcr (1869) described the typical operculat cus
with an apical ring-shaped i iting the operculum. But he also found in Peziza
cunicularia (Boudier, /869) asci opening at their tips by a bilabiate split.

Shortly afterwards Renny (/871. 1873) described several such fungi, which he placed in
Ascobolus section Ascozonus.

Other non-operculate asci were studied and described in Thelebolus and allied genera (Zukal,
1886: Ramlow, 1906, 1915; Kimbrough, /966, 1972; Kimbrough & Korf, /967). Here mature
asci open by an irregular tear in the apical part of the ascus wall.

A special type of operculate ascus has bccn dcscnbcd by Chadcfaud (1946) and Le Gal
(1946a, 1946h) as ' " and s T pectively. They regarded this

* Paper read 30 Aug. 1977 at the Symposium *Ascus, form and function’ held at the Second International
Mycological Congress, Tampa, Florida.

"3
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structure important enough to distinguish a separate order or suborder between Inopercu-
latac (Helotiales) and the inder of the Op

The published terminology for structural details of this type of ascus is rather confusing
as both French authors used mostly different terms for the same detail and sometimes shightly
altered ones for quite different clements (cf. Le Gal, /946b; van Brummelen, 1975).

The term ‘subop ascus’ as i duced by Le Gal has been generally accepted.

The subop late ascus was idered the most important character of the Suboper-
culati. It is defined by the “coussinet apical’, which Le Gal described as an interrupted ring
located in the ‘chambre apical’ in the top of the ascus.

However, both Eckblad (/968, 1972) and I (van Brummelen, /975) could not find sufficient
evidence for the existence of the sub-operculate ascus in the original sense (cf. also Samuelson,
1975).

From the drawings published by Le Gal (/946b) it was possible to conclude that the

inet apical’ rather rep dille structures in the top of the ascus.

Although the ascus of Sarcoscypha and a few related genera may represent a special type
of operculate ascus within the Pezizales, there is little left of the hypothesis that the Sub-

P lati (or Sarcoscyphi should a taxon intermediate between Inopercu-
latae and Operculatae.

THE ascus

The shape and the structure of the asci in Pezizales show a wide range of possibilities. The
shape of the asci depends on their number within cach fruit body, the number of spores per
ascus, as well as the pressure exerted upon the ascus by the surrounding hymenium and

I In closed (cleistohy ial) fruit bodies with a single ascus this shape is often
subglobular (e.g. in Thelebolus stercoreus, Trichobolus zukalii, Lasiobolus monascus). Obovoid
asciare found in specxes with only a I'cw asci within each fruit body (e.g. in the genera Thelebolus,
Leptokalpion, A is, Saccobolus). Clavate and cylindrical asci, however, are
most frequently met with in the Pezizales. As a rule the clavate forms prevail in the smaller fruit
bodies which have a less developed lateral excipulum, whereas cylindric ones occur in the larger
fruit bodies.

The ascus demonstrates a clear polarity in the distribution of its contents, which even changes
during development. After the formation of ascospore nuclei from the diploid nucleus two zones
can be distinguished: the upper part which becomes the sporogenous zone and the basal part
filled with ; ing reserves like glycogen. The of the latter was described
by Schrantz (/968).

The ultrastructure of the ascoplasm varies considerably. As shown by the studies of Merkus
(1975, 1976), in some genera and groups of species it is more complex than in others, while the
presence of electron-dense globular structures in the epiplasm seems to be correlated with the
formation of oil drops in the \poroplasm

Dunng >porogcnesns and the npcnmg of the ascospores the epiplasm becomes con-

ly more glycogen and organels are disappearing. Only at the
end of this stage the ascus is ripe and ready to discharge its spores.
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In most asci of the Pezizales one meiosis and two mitoses take place to form eight nuclei,
each of which initiates the formation of a unicellular ascospore. In a few species of some
unrelated genera four-spored asci seem to be a constant character (cf. Eckblad. /968). In
some of these, four of the eight spores degenerate.

Cytological investigations by Berthet (I%l) revealed that in most operculate Disco-

mycetes the P are ! save in S ph and Morchell where
the spores are plurinuclear with maturity, and in Helvellaceae, where they are tetranuclear.
In several genera of coprophilous Thelebol meiosis is followed by more than two mi-

toses, resulting in asci having 16 to over 4000 spores.

THE ASCOSPORES.

A is of late Discomycetes was studied with electron microscopy in Sac-
(UIIUI"\ Iu'ruwm by Carroll (1966, 1967, 1969), \n Ascodesmis sphaerosporus by Moore
(1963) and Carroll (1966), in Ascodesmis nigricans by Bracker & Williams (/966), in Py-
ronema by Reeves (/967) and Griffith (7968), in Ascobolus immersus by Delay (1966), in
Ascobolus viridulus by Oso (1969), in Ascobolus stercorarius by Wells (1972), and in Pustu-
laria cupularis by Schrantz (1966, 1967).

While the P of the Inop I are always smooth, many operculate Disco-
mycetes develop a more or less complex spore sculpturing.

Le Gal's (1947) detailed sludlcs on ascospore ornamentation with the aid of light microscopy,
have ised a [ hi 1 on the y of the op late Discomy . She
described a great variation of the patterns of ornamentation, of which the development often
seemed to be extremely complex.

Submicroscopical investigations in this field were rather fragmentary and not focused on
Laxonomic comparison.

Recently a comparative study of the ultrastructure and development of ascospore orna-
mentation with the Pezizales was published by Merkus (1973, 1974, 1975, 1976). She de-
monstrated that, in principle, the devel of the is a single
common process with a certain number of variations.

In smooth-spored species an initial ornamentation is formed, which disappears again dur-
ing further npcmng of the mcospnrcs In a few other smooth-spored species a permanent
smooth is di ited on the S wall (Merkus, /976).

It 1s clear from these studies that the ascospore ornamentation should be used with great
caution in the delimitation of genera or families.

MATERIALS AND METHODS

Up to now over 45 species of Pezizales belonging to about 30 genera have been studied by
me with light and clectron microscopy to analyse the dehiscence mechanism of their asci.
The light microscope revealed information about the structure and function of the living
ascus. Vital and subvital observations have been made in squash mounts in a slightly hy-
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potonic solution of glycose in distilled water. The slides were examined with phase contrast
and Nomarski’s interference contrast optics. Of special value proved to be the observition
of unstained asci with polarized light. For light microscopy asci were also stained with a
wide variety of dyes, of which Congo red. acid fuchsin, trypan blue. methyl blue, and me-
thylene blue gave satisfactory results. Also, sections about 0.5 um thick of material fixed
glutaraldehyde and osmium ide and in epoxy resin proved to
be of great value. These sections were stained with loluxdmc blue.

When using Congo red as a stain for wall matenal one should be aware that this stain shows
two staining mechanisms: one which is by chemical linkage (a “true staining’), and a second
which is by physical adsorption of the long dipolar molecules by the surfaces of microfibrillae
where there is sufficient space for them to penctrate.

For clectron microscopy material was fixed as usual in buffered glutaraldehyde or in KMnO,
and postfixed in 19, OsO, (cf. van Brummelen, /974).

For studices of the ascus wall, material fixed in KMnO  proved to be most valuable.

OBSERVATIONS

The lateral wall of the operculate ascus consists of at least two layers. The outer layer is
usually rather thin and strongly birefrigent. It stains red with Congo red and bluish violet
with toluidine blue. The inner layer is usually thicker, less rigid and only weakly aniso-
tropic. It stains reddish with toluidine blue and does not stain with Congo red. In the clec-
tron microscope the inner layer is more electron transparent in permanganate-OsO -fixed
material.

It is my experience that the outer layer is the more variable in appearance. In young axi
its surface is usually sharply delimited, but under other circumstances it may sometimes
become swollen and mucilaginous with a rather diffuse delimitation at the outside. This is in
agreement with recent findings of Reisinger & al. (/1977) on the ultrastructure of hyphal
walls of A and Basidiomycetes. In asci with thick walls (e.g. Thelebolaceae) or in
strongly swollen layers (e.g. some Sarcoscyphaceae) a sublayering or lamellation 1s often
visible.

In many Operculates the ascus wall is covered by an extra-ascan layer, the periascus of
Chadefaud, which is usually more apparent in the apical part of the ascus. In genera with
the ascus wall staining blue with iodine, this reaction is strictly confined to the mucil-
genous substance of the periascus.

During ripening, the apical wall of the ascus develops certain structures to form an open-
ing mechanism. The apical part of the wall tends to become more complex and may consist
of three to four Ll)trb Certain parts of the apical \ull may become weakened by the for-
mation of inds lines and } d zones or by local breakdown or gela-
tinization of the wall. In other, often adjoining, parts the wall may become strengthened
and more rigid. The moment at which these changes in the wall become manifest differs
greatly, Sometimes they are scarcely visible before the moment of ascus dehiscence. The
study of emptied asci is always necessary to decide with certainty on the structure and the
mechanism of ascus dehiscence.
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TYPES OF ASCl
The following principal types of asci can be distinguished in the Pezizales.

(1) Ascosorus 1yee [=The traditional standard model of the operculate ascus].—

Operculum very large, sharply delimited by a circular internal indentation just at the inner
side of a hened ring. The operculum and region under the ascostome are strength-
ened and rigid. This causes the typical sinuous outline of the apex. Ascostome smooth,
Periascus of rather uniform thickness; staining blue with iodine. Funiculus present.
Examples: Ascobolus furfuraceus (Fig. 1), A. sacchariferus, Saccobolus glaber (Figs. 2, 3),
Thecotheus spec. (Fig. 5), Boudi hinulata (Fig. 4), and lodophanus carneus (Fig. 6).

V.

Figs. 1-6. Diagrammatic sections of ascus tops, as seen with electron microscopy. — Fig. 1. Ascobolus
Jurfuraceus. — Fig. 2. Saccobolus glaber. — Fig. 3. The same, as seen with light microscopy in sections
stained with toluidine blue. — Fig. 4. Boudicra echinulata. — Fig. S. Thecotheus spec. — Fig. 6. lodo-
phanus carneus.
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(2) PEZIZA TYPE—
Operculum sharply delimited by a circular internal indentation just at the inner side of a
weakly developed ring. The operculum and a region under the ascostome are strengthened
and rigid. Wall structure rather complex. Ascostome smooth, Periascus strongly developed,
with ring-shaped thickening over the ascostome, tapering towards the base; staining blue
with iodine. Funiculus present.

Examples: Peziza badia, P. succosella (Fig. 7), P. depressa, P. ammophila (Fig. 8), and P,
cered.

(3) ASCODESMIS TYPE.—

Operculum very large, sharply delimited by a weak i ion and a circular zone of two-
sided wall desintegration. Ring only weakly developed. Opercul hened but not
rigid. Ascostome smooth. Periascus very thin; not blued with iodine. Funiculus and funnel
absent.

Examples: Ascodesmis nigricans (Fig. 9) and A. microscopica (Fig. 10).

Figs. 7-10. Diagrammatic scctions of ascus tops, as scen with electron microscopy. — Fig. 7. Peziza
il Fig. 8. Peziza lla. — Fig.9. de nigricans. — Fig. 10, Ascodesmis microscopica.
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(4) OCTOSPORA TYPE..—

Operculum rather roughly d without 1 or i ring,
strengthened at its inner side by an clectron-transparent layer. Aptcal wall with lhlrnble-shupcd

electron-dense lamina interrupted by a thick ring-shaped el P zone. Det
takes place in a weakened zone between the elect P ring and the hened
If the lum is not hened the lum may be torn irregularly.

Cleavage of wall and operculum along the thimble-shaped lamina above the clectron-trans-
parent ring is rather frequent after dehiscence. Ascostome rough. Periascus thin if present; not
blued with iodine. Funiculus present.

Examples: Pyronema halodes (Fig. 11), Anthracobia maurilabra (Fig. 12), Aleuria
aurantia (Figs. 13, 14), Otidea onotica, Coprobia gramdata (Figs. 15, 16), Cheilymenia pul-
cherrima, C. vitellina (Fig. 17), Scutellinia armatospora (Fig. 18), Octospora musci-muralis
(Fig. 19), and Sowerbyella unicolor (Fig. 20).

Figs. 11-16. Diagrammatic sections of ascus tops, as seen with electron microscopy. — Fig. 11. Pyronema
halodes. — Fig. 12 h bra. — Figs. 13, 18, Aleuria aurantia.
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|
wl
Figs. 15-16. Diagrammatic sections of ascus tops, as seen with clectron microscopy. Coprobia granu-
lata.

(5) HELVELLA TYPE—

Operculum sharply delimited at its basal side by a ring-shaped breaking-line just at the
inner side of a narrow, scarcely proliferating ring. Apical wall with a thimble-shaped elec-
tron-dense lamina, which is only interrupted by the proliferating ring. Ascostome smooth.
Periascus very thin; not blued with iodine. Funiculus present.

Examples: Helvella crispa (Fig. 21) and Geapyxis carbonaria (Fig. 22).

(6) URNULA TYPE.—

Operculum rather roughly delimited by an external ring-shaped zone of wall desintegration,
without ind ion or proli ing ring, not d. In the inner wall layer of the
top a thimble-shaped electron-dense lamina is formed, which is intercepted at the apex by a
broad ring-shaped clectron-transparent zone. Near the upper margin of this zone the oper-
culum 1s torn loose. Ascostome rather rough. Periascus very thin, not staining blue with
iodine. Funiculus not yet recorded.

Example: Urnula platensis (Figs. 23, 24).

(7) SARCOSCYPHA TYPE.—

Operculum very thick, rather narrow, centrally or obliquely placed, sharply delimited in the
inner layer and more roughly in the outer layer. Inner layer strongly swollen, often stratified
and laminated, forming a thick lenticular body (opercular plug) at the top. Ascostome
smooth. Periascus clearly developed; not blued with iodine. Funiculus present.

Examples: Sarcoscypha coceinea (Figs. 25, 26: cf. van Brummelen, 1975), Pithya cupressina
(Fig. 27). Pseudoplectania nigrella (Fig. 28), and Desmaczierella acicula (cf. also Samuelson,
1975.).
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(8) THELEBOLUS TYPE.—

Operculum absent in ispored asci or rather roughly delimited in some 8-spored asci.
Usually opening by an irregular tear or with a bilabiate split starting from the margin of a

small, rigid, apical disk. Sometimes external forces produce a more or less circular tear

Figs. 17-20. Diagrammatic sections of ascus tops. as seen with electron microscopy. — Fig. 17
Cheilymenia vitellina. — Fig. 18. Scutellinia armatospora. — Fig. 19. Octospora musci-muralis. — Fig.
20. Sowerbyella unicolor.
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Figs. 21-22. Diagrammatic sections of ascus tops, as seen with clectron microscopy. — Fig. 21 Helvella
crispa. — Fig. 22. Geopyxis carbonaria.

(Leptokalpion). A usually p d ring in the wall prevents the tear to pass this level.
Ascostome rough (if present). Wall thick and often strongly stratified or laminated. Periascus
and funiculus absent.

Examples: Thelebolus stercoreus (Figs. 29-32), *Rhyparobius’ myriosporus (Figs. 33-38),
‘R crustaceus (Fig. 39). *R." caninus (Fig. 40), “Ascophanus’ coemansii (Fig. 41), Coproms
spec., Lasiobolus monascus (Fig. 42), L. pilosus (Fig. 43), and Ascozonus woolhopensis (Fig.
44).

The Thelebolus type of ascus covers a wide range of possibilities, many of which have been
studied in detail by Kimbrough (/966, 1972) and Kimbrough & Korf (1967).

As our knowledge about ascus-structure in the genera of the Pezizales is still very incom-
plete, it is well possible, and even probable, that further types of asci will turn up in future.

A more detailed study of the Thelebolaceac will almost certainly lead to a further sub-
division of the Thelebolus type.

A great deal of information on the structure of the ascus top is still required from many
important genera, especially from those with a tropical distribution.

Most of the Tuberales should be classified among the Pezizales, but as these fungi have
lost their mechanism of ascus dehiscence it is not possible to fit them in on this character

CONCLUSIONS

If we consider the i and pare the different structures it is possible
to recognize certain affinities and trends. This has led me in the first place to distinguish the
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Figs. 23-28. Diagrammatic scctions ol ascus lops, as seen with electron microscopy. — Figs. 23, 24.
Urnula platensis. — Figs. 25, 26. Sarcoscypha coccinea. — Fig. 21. Pithya cupressina. — Fig. 28.
Pseudoplectania nigrella.
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Figs. 29-40. Di; i [ asci and ith el i if not otherwise
stated). — h.s &Sz. Thelebalus stercoreus (with ovu 1000 spores). — Fig. 29. Very young stage, before
as seen with light mi in sections stained with toluidine

blue. — Fig. 31. Rlpﬂlllll ascus. — Fig. 32. Maturc ascus. — Figs. 33-38. * Riyparobius’ myriosporus (128~
512spores). — Fig. 33. Ripening ascus (with about 256 spores). — Figs. 34, 35. Asci (with about 512 spores),
as scen with light microscopy, stained with Congo red. — Figs. 36-38. Ripening and mature asci (with about
256 spores), vital observation. — Fig. 39. *Rhyparobius’ crustaceus (with about 64 spores). — Fig. 40.
*Rhyparobius’ caninus (with about 32 spores).
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Figs. 41-44. Diagrammatic sections of ascus tops, as seen with electron microscopy. — Fig. 41. *As-
cophanus’ coemansii. — Fig. 42. Lastobolus monascus. — Fig. 43. Lasiobolus pilosus. — Fig. 44. As-
cozonus woolhapensis.

cight types described above, and in the second place to visualize their possible i
ship in a scheme (Fig. 45).

The following trends can be recognized.—

(1) All asci with "amyloid walls’ studied thus far form a compact and closely related group.
(2) The Ascadesmis type takes a rather isolated position.

(3) There is a rather complete scale of structures ranging from Thelebolus via Lasiobolus
and Coprotus via Pyronema — Aleuria ~ Coprobia — Cheilymenia — Octospora — Scutellinia -
Sowerbyella to of the b

(4) No direct relation with the asci of Inoperculatae has been detected.
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Thelebolus Ascozonus
(incl. Rhyparobius)
Lasiobolus
Coprotus
Saccobolus |
Ascobolus Pyronema
Boudiera Anthracobia
Thecotheus Aleuria o
Iodophanus Coprobia
Cheilymenia
Scutellinia Geopyxis
Octospora TR
Sowerbyella Helvella
Peziza

Sarcoscypha

Pithya
Pseudoplectania
Desmazierella

Fig. 45. Tentative scheme of possible interrelationships between different types of opening mechanisms
of asci in Pezizales.
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ABBREVIATIONS USED IN TEXT-FIGURES

A, ascostome; AD, apical disk; C, cleavage of ascus wall; F, line or zone of fracturing; I.indentation of ascus
wall; IL, inner layer of the ascus wall (The boundary between inner and outer layer is indicated by a
continuous line.); ITL, interrupted thimble-shaped lamina (indicated by a dotted line); O, operculum; OL,
outer ldycr oflhc ascus wall; OP, opercular plug; P. periascus (extra-ascan layer); R, prominent ring: RZ,

hi zone of the ascus wall; SL, sublayering of the ascus wall (usually indicated
by dollcd Imcﬁ) ST, strengthened layer; SW, strongly swollen wall region; TL, thimble-shaped lamina
(indicated by a dotted line); WZ, weakened zone.
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ADDENDUM

Just after receiving the galley proofs, three studies on the ascus structure of Pezizales came to my notie

Kimbrough & Benny (1978) studied the ascus structure in Lasiobolus monascus.

Samuclson (1978a) published on the structure of iodine-positive asci in Pr.'l- succosa, Ascoboly

Thecotheus pelletieri, and lode is. He

1978b) also published on the usci of the so-called Otidea-Aleuria complex. He studied the “apical apparatu’
of usci in Otidea leporina, Jafnca fusicarpa, Humaria hemisphaerica, Sphaerosporella brunnca. Alces
aurantia, h seutellata, Geopyxis majalis, and
Sowerbyella imperialis.

Although most of their results and illustrations agree with my findings, some of their interpretations are
strikingly different.
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CLAMP CONNECTIONS AT THE CHEILOCYSTIDIA

IN MYCENA

R. A. MAAS GEESTERANUS

Oegsigeest

Clamp at the ystidia in Mycena are with
their presence in other elements of hymenium and subhymenium. In some species of
the genus clamped Ch:llm)slldla occur in both the four- and two-spored forms; in
others, the cheil are clampless in the pored form. Two of the sections
examined are shown to comprise species with clamped and species with clampless
cheilocystidia, suggesting that the presence of clamps at the cheilocystidia is a
character of specific rather than sectional importance. Two examples are given to
illustrate the value of clamps at cheilocystidia as a distinguishing character. Mycena
Jacobi and M. niveipes, long regarded as being identical, arc here considered to
represent Iwo separate species.

The incidental observation of a clamp connection at the base of cheilocystidia in some
species of Mycena and the apparent absence in others elicited a more directed investigation,
the result of which seems worth recording. Before presenting my own findings, a brief sur-
vey of the literature should precede.

Josserand (/937) reported on various species of Omphalia which were subsequently transfer-
red to Mycena by Kihner. Josserand neither described nor depicted clamps at the cheilocystidia,
although they are known to be present in Mycena gracilis (Quél.) Kiihn.

Kuhner in his monograph (/938) occasionally did observe clamps, usually at the septa of
hyphac, but did not accord special importance to them. In figure 94 (page 299) one of the
cheilocystidia (depicted by R. Maire) is shown to possess a clamp. In his chapter on cystidia
(pp. 77-84) Kiihner did not mention the presence of clamps.

Smith (/947) was reticent about clamp connections, and so was Favre (1955, 1960).

A change took place with the appearance of the publications of Kiihner & Valla (1972)
and Malengon & Bertault (/975) in that these authors described and depicted clamps whenever
they saw them, sometimes at septa of hyphae, sometimes at hymenial elements. But, whereas
Malengon & Bertault ignored the significance of the clamps, Kiihner & Valla frequently used
them for the distinction of two closely resembling species.

The above review is by no means an exhaustive one, but suffices to show that if clamp
connections were noticed at the cheilocystidia, the observation was rarely and only quite
recently put to use with a view to facilitate the distinction between species.

Inthecourse of my investigation I found that the ible lack of clamp hecheilocystidi

129
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in mature basidiomata was not necessarily evidence of their absence also in a younger stage."
During, or perhaps in the later stages of, the devel oftheh ial region, the y
tidia in some species would appear to lose every trace of the earlier presence of a clamp
connection at their base. It may be reminded that a similar phenomenon is also known in the
basidia of some species of Rhodophyllus. Clamp connections found to occur at the younger
basidia may be hard to distinguish at a later stage. To avoid uncertainties of a similar nature in
the work | had undertaken, the investigation was extended to include also other hymenial
elements. It was found that in all species examined the presence or absence of clamps at the
cheilocystidia is invariably correlated with their presence or absence at the basidia and at the
septa of the subhymenial hyphae. This was to be expected since cheilocystidia and basidia both
arise from subhymenial hyphae, but I wanted confirmation of my assumption. This principle
sometimes facilitates the search for clamps at the cheilocystidia (since clamps at the septa of
subhymenial hyphae are less subject to change) and may, under circumstances, prove the only
means of demonstrating the presence or absence of clamps.

The next question that arose was whether the presence (or absence) of clamps at the
cheilocystidia would or would not depend on the species being in its four-spored or two-
spored form. Four- and two-spored forms of the same species are known (or reputed) to
occur in various sections throughout the genus Mycena. The following species were selected
for closer inspection. They are arranged according to the sections and subdivisions as in-
dicated by Kithner & Romagnesi (/953), while their nomenclature follows the Check List by
Dennis & al. (1960).

1. Filipedes: M. filopes (Bull. ex Fr.) Kummer (Figs. 1, 2), M. metata (Fr.) Kummer (Figs. 3
5), M. sepia J. E. Lange (Figs. 6-8).

2. Rigidipedes: M. galericulata (Scop. ex Fr.) S. F. Gray (Figs. 9-11).

3. Adonidae § Hiemales: M. hiemalis (Osb. apud Retz. ex Fr.) Quél. (Figs. 12-14), M. olida
Bres. (Figs. 15-18).

4. Adonidae § bili: - M. flavoalba (Fr.) Quél. (Figs. 19, 20).

5. Adonidae § Lacteae: M. lactea (Pers. ex Fr.) Kummer (Fig. 21: for illustration of the
cheilocystidia in the four-spored form, see Kiihner & Valla, /972: fig. 111 3).

Examination showed the species of sections 1, 4, and S to possess clamps at the cheilocys-
tidia in both the four- and two-spored forms. The species of sections 2 and 3 were found to
possess clamped cheilocystidia in the pored form, cl; heil dia in the two-
spored form.

Yet another species, which does not figure in the above enumeration, is M. delcctabilis
(Peck) Sace. It was regarded by Kiihner & Romagnesi (/953: 118) as a member of the genus
Delicatula, but afterwards restored in Mycena by Kithner & Valla (1972: 48). Like in e.g.
M. galericulata of section 2, the four-spored form has cheilocystidia with clamps, the two-
spored form has clampless cheilocystidia (Kithner & Valla, 1972: 48-49).

" In this respect | am and have been constantly aware of the truth of the admonition: ‘Absence of
evidence is not evidence of absence.”
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Figs. 1, 2. Mycena filopes, cheil idia. — 1. Two-spored form; W
benoord, 23 Oct. 1976, C. Bas 7106 (L). — 2. Four-spored form; Netherlands: Breda, 15 Nov. 1964 P
B. Jansen (L).

Figs. 3-5. Mycena metata, cheil idia. — 3. Two-spored form; Neth; ds: Oost-Flevoland, 9 Dec.
1976. F. & G. J. M. G. Tjallingit (L). — 4. Four-spored form; as preceding. — $. Four-spored form;
Sweden: Fgi exs. suec. praes. upsal. 119 (UPS).

Figs. 6-8. Mycena sepia, cheilocystidia. — 6. Two-spored form; Netherlands: Drongelens kanaal, | Nov.
1970, P. B. Jansen (L). — 7. Four-spored form; Netherlands: Kootwijkerveld, Oct. 1970, G. S. de Hoog (L).
— 8. Four-spored form; Denmark: Silkeborg, Qsterskov, 24 Oct. 1947, M. Lange (C).

Figs.9-11. Mycena galeri heil idi ——91’ pored form; ds: Laag Si , 27 Sept.
1976, R. A. Maas 15510(L; note ab 10.T i foron: Netharlioits B rktn:
15 Apr. 1977, W. Gams (L). — 1. Four-spored form; Nclhﬂhnds Koning’s Hof, § Dec. 1976, J. van
Brummelen 5162 (L.) — All figures x 2800.
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From these observations the fact emerges that two kinds of two-spored forms appear to
exist one which has clamp i at the cheilocystidia, and another which has
cheilocystidia devoid of clamps. The cytological, genetic, and taxonomic implications would
scem well worth investigating, but are beyond the scope of the present note. The urgency of
such an investigation is the more pressing since matters may well prove more complicated
than they appear on the outside. A. H. Smith (/934) published a paper on pored forms
in various species of Mycena. His investigations, however, rather more concerned the nu-
clear behaviour of the basidia, offering no clue in answering the questions posed in the
present note. Kithner (/938: 125), in his chapter on parthenogenetic forms in Mycena, stat-
ed that *... la forme bisporique de M. galericulata posséde des hyphes sous-hyméniales et des
basidioles @ un scul noyau ..." He prou:eded hy referring to A. H. Smith who "..a eu le
merite de montrer que les l'ormcs 4 basidi leees que l'on dans h nature,
ne sont pas forcéments bisporiques... mais qu’elles peuvent présenter, sur le méme chapeau

.. des basides 2-, 3- et 4-sporiques, ou méme des basides en majorité tétrasporiques ..." As
an example for the last named Kiihner mentioned M. mnnamurgmam which, as wnII be
shown p has cl d ial The dition of the basidia
.apparcnlly does not n«cssanly imply that the basidia (and the cheilocystidia) must be de-
void of clamps. Would it be too bold a thought to assume that some of the uninucleate
species of Mycena, irrespective of the number of spores produced per basidium, may present
themselves as a dikaryotic population (with clamped cheil idia) or a yotic one
(with clampless cheilocystidia)? It scems we still have a long way to go.

A further question which required investigation was whether it would be correct to as-
sume the character to have general applicability if within a section of four-spored species
some of its randomly selected members are found to possess clamps at the cheilocystidia,
The ‘Fragilipedes typiques’ (Kiihner & Romagnesi, /953: 106) is a case in point. Of this
group, M. abramsii Murrill (2 North American collections, L), M. aetites (Fr.) Quél. (3
Dutch coll., L: I Swedish coll., UPS), M. alcalina (Fr. ex Fr.) Kummer (3 Dutch coll., L; 2
Danish coll., C: 2 Swedish coll., UPS), M. jacobi Maire* (2 Dutch coll., L; sec also Ma-
lengon & Bertault, 1975: 279, as M. niveipes), M. leptocephala (Pers. ex Fr.) Gillet® (6 Dutch
coll., L; | Swedish coll., C: 2 Swedish coll., UPS), M. praccox Vel. (2 Dutch coll., L: 3
Czechoslovakian coll., L), and M. zephirus (Fr. ex Fr.) Kummer (1 Austrian coll., L) have
cheilocystidia with clamps. Two others, M. niveipes Murrill* (2 North American coll., L)
and M. strobilicola Favre & Kiihn. (1 Swiss coll., L), have their cheilocystidia devoid of
clamps.

* It may cause some surprise that M. jacobi and M. niveipes, regarded as being identical ever since
Kiihner (/938: 486), are here taken to represent two independent species. In view of the preceding,
however, | do not wish to exclude the possibility that these two taxa, both of which are four-spored,
are specifically different, precisely because of the presence of clamps in the former and the lack of
clamps in the latter. This seems the more prudent course as long as there is no knowing what exactly
the presence of clamps portends.

3 There seems 1o be a growing, but unwarranted, tendency to use the name M. chlorinella (). E. Lange) Sing.
for this species.
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Figs. 12-14. Mycena hiemalis, cheil — 12. Two-spored form; A Am-

sterdamse Bos, 10 Oct. 1977, J. Reynders (L). — 13. Two-spored form; Sweden: Fgi exs. suec. pracs.
upsal. 1746 (UPS). — 14. Four-spored form: Netherlands: Fortmond, Duursche Waarden, 18 Dec.
1977, G. & H. Picpenbrock 1074¢ (L),

Figs. 15-18. Mycena olida, cheilocystidia. — Two-spored form; Netherlands: St. Odiliénberg, Mun-
nicksbos, 7 Oct. 1962, C. Bas 2839 (L). — 16. Two-spored form; Czechoslovakia: Moravia, Zdrava
Voda ncar Zirosice, 5 Sept. 1945, V. Vacek (PRM 13465). — 17. Four-spored form; Netherlands:
Overveen, Elswout, 7 Nov, 1974, E. Kits van Waveren (Herb, v. W.). — 18. Four-spored form; Great
Britain: Wales, Lake Vymwy, 2.Sept. 1960, £. Kits van Waveren (Herb. v.W.).

Figs. 19, 20. Mycena flavoalba, cheilocystidia. — Two-spored form; Netherlands: De Lutte, 30 Oct,
1948, H. S. C. Huijsman (L), — 20. Four-spored form; Netherlands: Heusden, 19 Nov. 1976, P. B.
Jansen (L).

Fig. 21. Mycena lactea, cheilocystidia, — Two-spored form; Netherlands: Kuinderbos, 9 Oct. 1976, P. B.
Jansen (L), — All figures x 2800.
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The group of species designated by Kiihner & Romagnesi (/953: 104) as the “second
group of the Calodontes’ may serve as another instance. Of the species examined, Mycena
atromarginata (Lasch) Kummer (1 Belgian coll., L) has cheilocystidia without clamps. My~
cena capillaripes Peck (2 Dutch coll., L), M. citrinomarginata Gillet (2 Dutch coll., L), M
olivaceomarginata (Massce apud Cooke) Massee (4 Dutch coll., L), M. purpureofusca (Peck)
Sacc. (1 Belgian, 1 Polish coll., both L), M. rubromarginata (Fr. ex Fr.) Kummer (1 German
coll., L; 2 Swedish coll., UPS), and M. seynii Queél. (2 Dutch coll., L) all possess clamped

cheilocystidia.
Thus, it would seem from the few examples examined that the presence of clamps at the
chcllo«.ysudm (or their absence, as the case may be) is a character of specific rather than
The following cases are ded to the value of the

character.

Mycena leptocephala and M. vitilis (Fr.) Quél. are both common members of the genus,
and yet of cither species there may be found forms which are hard to recognize. Kihner
(1938: 468) described the former species as M. merata sensu Schroeter, the latter (504) as M.
Jilopes sensu Schroeter. Although his descriptions do show points of difference. there is
ample occasion for the two taxa to be confused on account of the many characters they
have in common. It is true that Kithner & Romagnesi (1953: 107) placed M. leptocephala in
section Ifmg:hpcdu and M. vitilis in sccnon Rigidipedes (108), but a great deal of experience
is required to appreciate such a quali h as is the rigidity of a slender stipe in
fresh condition, let alone the dlﬂuully of judgment once the material is dried. However,
there is one infallible di I ch: - M. L lamped cheil
tidia, whereas those of M. vitilis are clampless.

As a second example | may refer to the remark accompanying Kiihner's description of M.
polygramma f. ambigua (1938: 503): *Cette forme relie le M. polygramma au’ M. filopes [= M.
vitilis] et serait peut-étre mieux placée comme forme de cette derniére espéce, dont elle ne différe
guére que par le pied strie.” I do not know this form but if its cheilocystidia should prove 10
possess clamps, the taxon definitely belongs to M. polygramma.
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