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K&V (p. 454) say ‘although (the new wording of Art. 13.1 d) will necessitate several
name changes .... we firmly (believe) that only by this procedure a correct and stable
nomenclature of the agarics could be achieved.’ They also assert ‘It is our firm convic-
tion that only this voluntary self-restraint can lead to a stable nomenclature.” Alas, the
postulated self-restraint is quite rare; we could cite long lists of new names and new
combinations on the basis of mostly quite shaky or, with a view to the ever-changing
rules, quite ephemerous arguments. The lack of restraint of such authors seems to us
matched by the lack of restraint of the rule-changers who, as in the case of Art. 13, did
the voting first and the investigation of the consequences afterwards,

Having stated this, we believe that the discussion of each individual case in Russula is
of secondary importance. Some comments are attached here not in a spirit of contro-
versy, but in order to show that, under the new rules more than under the old ones, final
nomenclatural decisions are dependent on many and often complicated considerations.

1. Russula delica vs. R. exsucca

The interpretation of A. piperatus p exsuccus Pers., Obs. 2: 41 as being typified by
Agaricus giganteus Leyss. Fl. Hal. no. 1213 does not save the epithet defica under the
Sydney rules. In the first place Persoon himself (1801: 429) dropped this quotation,
retaining only Buxb Cent. 4 p. 1 t.1 and his own original diagnosis; secondly if Leysser’s
taxon is indeed considered as a representation of exsuccus, it is either not identical with
Leucopaxillus giganteus (Pers.) Sing. & Sm., or if it is identical, it is in contrast with the
original description, since the lamellae are described as, ‘sparsis, subdistantibus’ while
they are crowded to subclose in L. giganreus. According to Art. 7.8 and 7.17 (ICBN
1983: 7) a neotype has to be chosen to typify Persoon’s and Fries’s (ssp./var.) exsicous
and since according to Art. 8 (l.c.: 9) the type cannot be A. giganteus because it is in con-
trast with the protolog,and ‘the type.... ofa.... intraspecific taxon is a single specimen
... (Art. 9) it is proposed that the specimen F.M. 1030764, Singer C 7671 (F), (as
Russula delica Fr.) be the neotype of A. piperatus §§ exsuccus Pers. This is the only legit-
imate and honest procedure, considering that all Russula specialists tend to interpret A
exsuccus as a Russula of the delica group, most probably identical with R delica Fr.,
and that var. exsuccus Fr. 1821 is sanctioned and based on Persoon (1801).

2. Russula nitida

Russula nitida (Pers. ex Fr.) Fr. and Agaricus nitidus Pers. ex Fr. (or Pers.: Fr)are
now (since 1983) undoubtedly superfluous names in the sense of Art. 63. As sanctioned
name (1821) it should have been typified with A. purpureus Schiff. or A. risigallinus
Batsch (Art. 7.11; 7.13). If the fungus is then called R, purpurea (Schiff.) Quél. (1897)
it becomes a homonym of R, purpurea Gill. (1884). If it is called R. risigallina (Batsch)
K&V it becomes a synonym of one of the species of the R. lutea group. The R. nitida in
the sense of modern monographers, i.e. sensu Singer or sensuJ. Schiaffer, Romagnesi, ete.
is therefore not available anymore. We (Singer & Machol, 1983) have considered it
doubtful whether Art. 63 can supersede Art. 13.1 d, and we still believe that the rules
are not at all explicit or clear about this. K&V think that they are. But the typification
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of R. nitida according to Art. 7.11 can hardly be challenged. It is another question
whether A. nitidus Pers. is a superfluous name. We interpret Persoon’s words as expressing
doubt merely whether A. purpureus Schiaff. is a synonym of A. nitidus (var. nitidus) or
var. afropurpureus, not as doubtful about its identity with the species sensu lato. The
remark may indeed be interpreted differently. Yet it makes no difference whose inter-
pretation is correct unless we admit K&V’s new proposal to change Art.7.17. A meaning-
ful discussion of the consequences and acceptability of the Sydney rules cannot be
made if we do not accept the rules as they are presented to us.

3. Russula atropurpurea vs. R. krombholzii

Neither of the names is directly linked with the Sydney rules but here again we face a
complexity that has caused various conclusions which after a more detailed examination
of the nomenclatural and taxonomical facts appear rather unwarranted.

When Krombholz described the species as A. atropurpurea he was not fully aware of
its variability, and it was only after later specialists included a paler form or variety that
certain synonymies became applicable. It is now believed probable or possible that this
pallescent form is partly or entirely conspecific with R. depallens Pers. and/or Fr.as admit-
ted by R.Maire, Singer, J. Schiffer and Romagnesi. Since R. atropurpurea (Krombh.)
Britz. is but a later homonym of R. atropurpurca Peck, we have to consider calling the
species R. depallens Pers.: Fr. inasmuch as this species is a sanctioned one (Fries, 1821:
58). The present rules make it tempting to designate a neotype in this sense, but Persoon’s
description (more than Fries’s) contains a few data that contradict this interpretation so
that it appears to be prudent to refrain from such typification. However, there is a species
which almost certainly is the same as this pallescent form of R. arropurpurea (Krombh.)
Britz., viz. R. bresadolae Schulzer in Hedwigia 24: 139. 1885. In our opinion there is no
other interpretation possible, and Cooke’s picture of R. depallens is certainly identical.
It is however possible that the pallescent fungus is more than an occasional form or vari-
ety of the tvpically deep purple form(s) but even if such a possibility were considered,
R krombholzii Shaff. would still be antedated by R. atropurpurina (Sing.) Crawshay,
Spore Orn. Russ.: 128. 1930. Just in order to be complete, we also mention the fact
that A. luteoviolaceus Krombh. has been indicated as synonymous with R. arropurpurea
(Krombh.) Britz. by Singer and Romagnesi, in both cases doubtfully. Our present opin-
jon is that this species is specifically different from R. atropurpurea (Krombh.) Britz.
Which then is the correct name of R. atropurpurea (Krombh.) Britz. non Peck? We do
not have the final answer but it is not R. krombholzii Shaff., nor could it be R. depal-
lens Fr.if Art. 7.17 is rescinded as K&V propose.
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ON THE TYPIFICATION OF SOME PERSOONIAN PYRENOMYCETE NAMES
L. HOLM*

The original material of some Persoonian species belonging to the present day

genera Leprosphaeria and Lophiostoma has been revised. Lectotypes are selected

for Sphaeria cristata Pers., S. crenata (Pers.) Fr., 8. diminuens Pers., and S. dolio-
lum Pers.

In connection with the author’s studies on the taxonomy and nomenclature of certain
pyrenomycete genera it was found desirable to lectotypify some Persoonian names.
Thanks to the courtesy of the Mycology Department of the Rijksherbarium I have got
the opportunity to examine the pertinent material preserved in Persoon’s herbarium.
The specimens are listed below with the original names and notes cited, as far as [ have
been able to read them, with some comments added.

Sphaeria compressa Pers., Syn. Meth. Fung. 54

Fr., Syst. Myc. 2: 470. Lophiostoma compressum Ces. & De Not. in Comm. Soc.
critt. ital. 1: 219. 1863. — Platystomum compressum Trev. in Bull. Soc. R. Bot. Belg.
16: 16. 1877.

910.270-356. ‘Sphaeria compressa’ (scr. Persoon). Quite immature,

910.270-358. ‘Sphaeria compressa?”’ (scr. Persoon). This is L. compressum sensu auct.
and was appropriately selected as lectotype by Chesters & Bell (1970: 48).

Sphaeria cristata Pers., Syn. Meth. Fung. 54

Lophium eristatum Crouan & Crouan, Fl. Finistére 29. 1867. — Lophiella cristata
Sacc., in Michelia 1: 337, 1878.

Sphaerta cristata Pers. comprised two infraspecific taxa, viz. « Sphaeria crenata and
8 Sphaeria arundinis. It seems reasonable to take S. crenata as the type variety, the more
50 as this name, not S. cristata, was sanctioned by Fries in Syst. Myc. 2: 469,

Sphaeria crenata (Pers.) Fr., Syst. Myc. 2: 469

910.270-379. ‘Sph. cristata’ (in Persoon’s handwriting). This is L. compressum.

910.270-390. *In cortice Populi fastigiatae Sphaeria??’ (scr. Mougeot). ‘cristata var.?
dehiscens?” (scr, Persoon). This is L. compressum, 100,

910.270-391. ‘Sph. cristata var. crenata’ (scr. Persoon). This is good material of L.
crenatum as generally conceived, and is here proposed as lectotype for Sphaeria
crenata (Pers.) Fr.

* Institute of Systematic Botany, P. Q. Box 541, §-751 21 Uppsala, Sweden.
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910.270-392. ‘Sphaeria cristata § media?’ (scr. Persoon). L. compressum is present,
well developed.

910.270-417. ‘in caulibus umbelliferarum Sphaeria cristata??’ (scr. Mougeot) “var’
(scr. Persoon). This is typical and well developed L. caulium with the appendages sul
visible.

910.270-418. *Sphaeria cristata’ (scr. Persoon). This is Navicella pileata.

Sphaeria cristata § arundinis Pers., Syn. Meth. Fung. 56

Sphaeria arundinis (Pers.) Fr., Syst. Myc. 2: 510.

910.270-367. ‘Sphaeria cristata § arundinis. S. fung. an Spec. distincta. erumpens
inquinans, ostiolo sphaerula . .tiore’ (scr. Persoon). The material is in poor condition
but is appararently L. semiliberum.

910.270-374. ‘Sphaeria cristata § arundinis Pers. S. 54: 103’ (scr. Chaillet). This s
Leptosphaeria grandispora Sacc. sensu Muller = Massariosphaeria grandispora 1euchi-
mann,

Sphaeria dehiscens Pers., Syn. Meth. Fung. 55

910.270-410. ‘in ramulis Pruni Padi Sphaeria cristata? Pers.” (scr. Mougeot). “dehs-
cens’ (scr. Persoon). — Old stromata of a pyrenomycete, probably Eutypella padi.

910.270-610. ‘Sphaeria dehiscens Pers. macrostoma C. 802a’ (scr. Chaillet). Thisis
Navicella pileata, as already suggested by Chesters & Bell (1970: 32).

910.270-635. *Sphaeria dehiscens. Syn. fung. p. 55" (scr. Persoon). No identifisble
fungus found.

As apparent from the protologue §. dehiscens must be considered an obligate synonym
of 8. macrostoma Tode. It has scarcely been used by subsequent authors,

Sphaeria diminuens Pers., Syn. Meth, Fung. 57

Fr., Syst. Myc. 2: 417. — Lophiostoma diminuens Ces. & De Not. in Comm, Soc.
critt. ital. 1: 220. 1863. — Lophidium diminuens Sacc., Syll. 2: 714. 1883.

There are four specimens in the Leiden folder:

910.270-608. ‘Sphacria innata mihi .... diminuens’ (in Persoon’s handwriting). No
identifiable fungus present.

910.270-615. ‘Sphaeria diminuens? sphaerulis immersis, simplicibus, ostiolo crasso
prominente.” This is Lophiostoma compressum, as already pointed out by Chesters &
Bell.

910.270-616. *.... tiges mortes du framboisier’(?) (scr. Mougeot). *Sphacria dimi-
nuens’ (det. Persoon). Very immature, according to Chesters & Bell (1970: 9) = ‘Lophio-
stoma angustilabrum’,

910.270-627. ‘Sphaeria diminuens’ (scr. Persoon). This is Lophiostoma compressum,
as stated by Chesters & Bell (1970: 48). We think that this collection would be the
appropriate lectotype for Sphaeria diminuens which will make this name a taxo-
nomic synonym of Sphaeria compressa. The two names being of equal priority we select
S. compressa (ICBN, Art. 57.2).
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Sphaeria libera (Tode) Pers., Syn. Meth. Fung. 54

Sphaeria macrostoma & libera Tode, Fungi Meckl. 2: 13.1791.

910.267-105. ‘Sphaeria pileata Pers, - macrostoma a. C: 802a” (scr. Chaillet). ‘Sph.
libera?" (scr. Persoon). As stated by Chesters & Bell (1970: 32) this is Navicella pileata.

Sphaeria macrostoma Tode, Fungi Meckl. 2: 12. 1791

Persoon did not adopt this name in the Synopsis.

910.263-1128. ‘Sphaeria macrostoma Tode Prope Parisios’ (scr. Persoon). This matches
the description of L. compressum var. pseudomacrostomum in Chesters & Bell (1970).

910.263-1130. *Gallia. Sphaeria macrostoma Tode. Fries Syst. 2 p. 269" (scr. Persoon).
This is Navicella pileata.

910.269-382. ‘Sphaeria macrostoma Tode in ligno quercino’ (scr. Persoon). As stated
by Chesters & Bell (l.c.: 48), this is L. compressum.

Sphaeria doliolum Pers., Ic. Descr. 2: 39. 1798

Leptosphaeria doliolum (Pers.) Ces. & De Not., Comm. Soc. critt. ital. 1: 234. 1863.

As is apparent from the following account Persoon had a remarkable clear concept of
the species, There are no less than 15 specimens in the Sphaeria doliolum folder in Per-
soon’s herbarium.

910.270-490. ‘Sphaeria Doliolum var. depressa affinis quoque Sphaeriae Lingam
Tode' (scr. Persoon). This is well developed Massaria anomia (Fr.).

910.270-492. ‘Sph. doliolum Pers.’. Material in poor condition but in all probability
itis L. doliolum var. conoidea (Ces. & De Not.).

910.270-501. ‘Sphaeria Doliolum’ (scr. Persoon). This certainly is L. doliolum var.
conoidea, though not in very good state.

910.270-515. ‘Sphaeria Doliolum. Syn. fung.’ (scr. Persoon). It is well developed 1.
doliolum var. conoidea'

910.270-519. *Sphaeria Doliolum var. rimosa Fries 2. 509?" (scr. Persoon). An ana-
morph with bacterioid conidia.

910.270-526. ‘Sphacria Doliolum var.?" (scr. Persoon) ‘in caulibus emortuis planta-
rum variarum’ (scr. Desmaziéres). In bad condition but seems to be L. doliolum var.
conoidea.

910.270-527. *Sphaeria Doliolum Syn. ad caules exsice. umbelliferarum vere’ (ser.
Persoon). Sundry spores have a longitudinal septum, but otherwise it is typical L. dolio-
lum var. conoidea.

910.270-535. *Sph. Doliolum? var. In Artemisia vulgaris’ (scr. Persoon). In very poor
condition, possibly L. doliolum var. conoidea.

910.270-536. ‘Sphaeria doliolum. Tode.” (not Persoon’s handwriting). This is L. doli-
olum var. doliolum.

910.270-537. *Sphaeria-var. Sph. Dolioli? affinis quoque Sph. Herbarum’ (scr. Persoon).
This is well developed L. doliolum var. conoidea.

910.270-538. ‘Sphaeria Doliolum affinis Sph. Herbarum. In caulibus siccis praeser-
tim Angelicae sylvestris.’ Beautiful var. conoidea!
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910.270-609. ‘Sphaeria an ab herbarum distincta’, ‘ad Doliolum accedit’ (scr. Persoon).
‘in caulibus herbarum’ (scr. Mougeot). The material is too old, but the appearance is
suggestive of L. doliolum var. doliolum.

910.270-650. ‘Sphaeria Doliolum’ (scr. Persoon). The host seems to be Urtica, and
the fungus is well developed L. doliolum var. doliolum. This material seems to be an
appropriate lectotype, and is here designated as such.

910.270-661. ‘Sphaeria Doliolum’ (scr. Persoon). ‘in caule arido angelicae sylvestris,
autumno’ (scr. Mougeot). This is beautiful var. conoidea.

910.270-683. ‘Sphaeria Doliolum var. subdepressa’ (scr. Persoon). ‘in caulibus exsic-
catis angelicae sylvestris. aestate Bellovaco’. Empty ascocarps but in all probability L.
doliolum var. conoidea.
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NOTULAE AD FLORAM AGARICINAM NEERLANDICAM-—XII
Small, saprophytic Volvariella species in the Netherlands

T. BOEKHOUT
Rijksherbarium, Leiden*

Characters used in current taxonomy of the genus Volvariella are discussed.

Spore dimensions are a good additional character for distinguishing species, Vol-

variella caesiotincta, V. hypopithys, V. murinella, and V. pusilla are redescribed.

Volvarielle murinella f. brevispora is described and V. raylori is reduced to a
variety of V. pusilla.

The genus Volvariella has been intensively studied during the last decades (e.g. Shaffer,
1957; Orton, 1974; Courtecuisse, 1984). During our investigations, however, we had
problems in identifying small, saprophytic species of Volvariella, such as V. murinella,
V. hypopithys, and V. pusilla. According to Orton (1974), the principal diagnostic fea-
tures of this genus are the colour of the pileus and volva, the morphology of the volva
(two-lobed versus four-lobed), the surface structure of the pileus and stipe, and the
habitat. We carefully studied the material available from the Netherlands and tried to
evaluate the characters used in current taxonomy of this genus.

MORPHOLOGY OF SPORES, VOLVA AND SURFACE STRUCTURES

Our observations indicate that in Volvariella the colour of both pileus and volva is
rather variable. But the dimensions of the spores seem to be a good additional character
for delimitating species (Figs. 1, 2). Volvariella murinella is well characterized by nar-
row. elongate ellipsoid to subcylindrical spores, 5.5- 8.0 x 3.0-4.5 um, Q 1.5-2.3 (Fig.
1). In one collection, the colour of the pileus of this species ranges from entirely white
with a pale grey-brown umbo to grey-brown with a brownish grey centre (Bas 6596, L).
In the same collection the colour of the volva varies from white to ochraceous and was
found 2- 1o 4-lobate.

The spores of V. murinella agree fairly well with those of V. surrecta, which measure
50-70% 3.0 4.0 um, Q 1.5-2.0. The latter species, however, is characterized by its
habitat on basidiocarps of Clitocybe nebularis.

The other Volvariella species with small basidiospores (less than 9.0 um long) have con-
siderably broader spores, e.g. V. pusilla, V. caesiotincta, V. hypopithys, and V. bombycina
(Fig. 2). Volvariella bombycina seems not closely related with the other species men-

* Present address: Centraalburcau voor Schimmelcultures, Yeast Division, Julianalaan 67 A, 2628
BC Delft, Netherlands,
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tioned, because of the large size of its basidiocarps, its habitat on trees, the peculiar mer
phology of its volva, which can be up to 75(-120) mm long and may enclose up to !
the length of the stipe, and its different pileipellis, which is a trichodermium composi
of creeping to ascending hyphae, made up of long and wide elements (¢. 1500 x 40 gm)

Among the remaining species, V. hivpopithys is best characterized by its pale piku
and its entirely pubescent stipe. The volva is saccate, rather thick, whitish but soe
becoming pale ochraccous-buff and 2- to 4-lobate.

The closely related V. pusiila differs mainly from V. Ziypopithys by the mature sip
being nearly glabrous. The stipe of young basidiocarps can be sparsely hairy as is alo
illustrated on Bulliard’s (1787 -1788) plate 330. The volva is saccate, thin, whitish o
occasionally grey-brown and not or 2- to 4-lobate. Persoon (1799: pl. 4, figs. 4. %)de
picted V. pusilla with a distinctly radially striate pileus,

Specimens keyed out with Orton's key (1974) as V. tavlori differ from I, pusil
only by slightly larger basidiocarps, a brown to ochraceous grey, irregularly 1-to 3. (5
lobate volva and a pale buff-grey to grey centre of the pileus. Because the volva and the
centre of the pileus of V. pusilla are occasionally brownish grey and because the margin
of the pileus of V. taylori can be slightly striate, the two taxa are very closc indeed and
the latter species is reduced to a variety under V, pusilla. Our observations agree with
the original description of V. raylori by Berkeley (1860: 140), in which the pileusis
described as striato-rimose from the apex.

Volvaricella caesiotincta is also related to V. pusilla, but differs from that species inits
habitat on wood, a Geranium robertianuwm-like smell and an unpleasant, somewhat 2
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Fig. 1. Scatterdiagram of average spore-sizes of Volvariella murinella §. murinella (%) and V. mu
rinella 1. brevispora (m).
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Fig. 2. Scatterdiagram of average spore-sizes of Volvariella hypopithys (®), V. pusilla var. pusilla
(), V. pusitla var. taylori (&), and V. surrecta (D).

stringent taste. The volva of V. caesiotincta is saccate, thin, greyish brown and 2- to 3-
(5) lobate and the centre of the pileus is rather dark grey-brown.

DESCRIPTIONS OF SOME SPECIES

Volvariella caesiotincta P.D. Orton—Fig. 3

Volvariella caesiotincta P.D. Orton in Bull, mens, Soc. linn. Lyon 43 (Num. spéc.): 319. 1974,

Volvariella murinella var. umbonata J. Lange, Fl. agar. dan, 5: 97, 1940,

Misapplicd name,— Volvariella murinella sensu Kithn, & Romagn., Fl. anal. Champ. sup.
426. 1953,

Selected illustrations.—Bull. trimest. Soc. mycol. Fr. 43, Atl. pl. 21. 1927; J. Lange,
Fl. agar. dan, §, pl. 200B. 1940,

Selected descriptions.—Malengon & Bertault, Flore Champ. Maroc 1: 108, 1970 (as
Volvariella murinella var. umbonata Lange); P, D, Orton in Bull. mens, Soc. linn, Lyon 43 (Num.

péc): 3191974,

Basidiocarps medium-sized, solitary or in small groups. Pileus 30—60(—90) mm, con-
wx to applanate, frequently with low broad umbo, pale greyish cream to grey-brown
(Munsell 10 YR 8/2;2.5 YR 6-7/2), with darker grey-brown centre, dry, densely felted
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esl

Fig. 3. Volvariella caesiotincta. — Habit (x 1), spores (x 1500), and cheilocystidia (x 1000).

hairy at centre, appressed radially fibrillose near margin. Lamellae crowded, free, rathe
broadly ventricose, up to 10 mm wide, whitish when voung, finally flesh-pink, with
whitish flocculose edge. Stipe 3580 x 5—10 mm, cylindrical with a clavate base, upto
¢. 20 mm broad, solid, whitish but soon with a yellowish brown tinge, innately fibrik
lose-striate, entirely pubescent when young, mostly the greater part soon glabrous. Voha
membranous, saccate, up to 30 mm high, with 2—-3(—5) lobes, greyish brown, with su>
tomentose felted outer surface. Context white, becoming pale dingy straw yellow. Smel
faint to rather strong, reminiscent of Geraniwm robertianum. Taste rather strong, unples
ant, somewhat adstringent.

Spores 5.3-7.3(-7.8) x 3.5-4.8 pm, Q = 1.3—-1.8(-20), ellipsoid to elongat,
sometimes tending to elongate-ovoid. Basidia 20-35 x 710 um, clavate, 4.spored.
Cheilocystidia 35—85 x 1530 um, clavate, frequently with apical papilla or with fin-
ger-like appendages (up to c. 20 um long) or ventricose-lageniform. Pleurocystidia rather
rare, 4070 x 1035 pm, clavate to ventricose lageniform, Hymenophoral trama made
up of 5-20 pm wide, cylindrical to subfusiform hyphae. Pileipellis a cutis, made upof
hyphae consisting of cylindrical cells, 60160 x 10-30 pm, with intracellular grey-
brown pigment; hairs at centre of pileus slender cylindrical, up to 300 um long. Hairs at
apex of stipe slender cylindrical, up to ¢. 200 pm long.
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Habitat & distribution.——Epixylous, on decaying trunks of broad-leaved trees
(eg. Fagus); rare, in the Netherlands known from five localities.

Material examined.—NETHERLANDS: prov. Overijssel, Dicpenveen, estate “Nicuw
Rande’, 6 Aug. 1972, G. & H. Piepenbroek: prov. Noord-Holland: Bergen, 1 Aug. 1967, F. A. van
der Bergh: isle of Texel, Oudeschild, 13 July 1983, M. Groenendaal; prov. Zeeland, Axel, Axelse
Bos, 8 June 1981, A. de Meyer 285b; prov. Limburg: Linne, along Viootbeek, 6 Sept. 1963, C. Ph.
Verschueren; ditto, 13 July 1966, C. Ph. Verschueren (all in L).

Volvariella caesiotincta is closely related to V. pusilla var. taylori, from which it dif-
fers mainly by its epixylous habitat. Less pronounced differences are its Geranium
robertignum-like smell and unpleasant taste. As Orton (1974: 320) pointed out, the epi-
xylous V. bombycina differs by its more yellow, distinctly scaly pileus and by larger
spores. We also found differences in the structure of the pileipellis of these two species.
The cutis of V. caesiotincta consists of rather short, cylindrical cells, while that of V.
bombycina is made up of very long (up to 1500 um) cells.

Volvariella hypopithys (Fr.) Shaffer—Fig. 4

Agaricus hypopithys Fr., Hymenomye. eur.: 183, 1874. — Volvaria hypopithys (Fr.) P. Karst.,
Ryssl. Finl, Skand. Halfons Hattsvamp.: 251. 1879. — Volvariella hypopithys (Fr.) Mos., Blitter-
und Bauchpilze. In Gams, KI. Kryptog. FL. 2: 110. 1953 (not val. publ.: no basionym mentioned).
— Volvariella hypopirhys (Fr.) Shaffer in Mycologia 49: 572, 1957.

Volvaria plumulosa Lasch ex Quél. in Bull, Soc. bot, Fr, 24: 320. (1877) 1878. — Volvariella
plumulosa (Lasch ex Quél.) Sing. in Lilloa 22: 401. 1951.

Agaricus pubescentipes Peck in Rep. N.Y. St. Mus. nat. Hist. 29: 39. 1878. — Volvaria pubes-
cenripes (Peck) Sacc. (as V. pubipes), Syll. Fung. 5: 658. 1887. — Volvariopsis pubescentipes (Peck)
Murrill in N. Amer. FL. 10: 141, 1917. Volvariella pubescentipes (Peck) Singer in Lilloa 22: 401.
1951.

Volvaria parvula var. biloba Massee, Brit. Fung. Fl. 296, 1893. — Volvaria pusilla var. biloba
(Massee) J. Lange, FL. agar. dan. 2: 80. 1936.

Misapplicd name.— Volvariella pusilla sensu Kuhn, & Romagn., FL. anal. Champ. sup.: 426.
1953.

Selected i1llustrations.—Dihnke & Dahnke, 700 Pilze: 267 (as V. pusilla). 1979; Konr.
&M, Ic. sel, lFung. 1, pl. 17, fig. 1. 1928 J, Lange, F1. agar. dan. 2, pl. 68D (as V. pusilla var. biloba).
1936; Michael. Hennig & Kreisel, Handb. Pilzfr. 3, pl. 38. 1979.

Selected descriptions.—Kiihn. & Romagn. in Bull. tim, Soc. mycol. Fr. 72: 240. 1956,
P.D. Orton in Trans, Br. mycol. Soc. 43: 384, 1960; Shaffer in Mycologia 49: 5§72, 1957.

Basidiocarps small to medium-sized. Pileus (10-)20-65 mm, at first hemispherical
or conical, becoming plano-convex to plano-concave, with low broad umbo, with inflexed
margin slightly exceeding lamellae, thin-fleshed to rather fleshy, white but centre soon
becoming pale pinkish buff to pale buff (Mu. 10 YR 8/4), dry, shiny, radially fibrillose
with tips of fibrils slightly ascending. Lamellae rather crowded, free, rather remote from
stipe, ventricose, up to ¢. 6 mm broad, cream when young (Mu. 2.5 YR 8/2), finally
pale flesh pink to flesh pink (Mu. 7.5 YR 7/4)), with slightly paler, somewhat fimbriate
edge. Stipe 3065 x 2—6(—10) mm, mostly somewhat broadening towards base, solid,
whitish, but soon becoming pale isabella, entirely pubescent, innately longitudinally
fibrillose. Volva saccate, rather thick, white but soon becoming pale ochraceous buff



202 PERSOONIA — Vol. 13, Part 2, 1986

2

T8
RG
1983

Fig. 4. Volvariella hypopithys. — Habit (x 1), spores (x 1500), and cheilocystidia (x 1000).

(Mu. 10 YR 6-7/4), 2- to 4-lobate, with felted outer surface. Context dull white 1o
pale yellow, in stipe becoming pale brownish. Smell indistinct. Taste weak, slightly
raphanoid or bitterish. Spore-print pinkish brown (Mu. 7.5 YR 6/4).

Spores (5.6-)6.2-7.8(-8.1) x 3.5-5.0 um, Q = 1.35—-1.7(-2.0), ellipsoid to ¢lon-
gate. Basidia 20—30(—40) x 710 um, clavate, 4-spored. Cheilocystidia 40 110( 140
x 1035 um, variable in shape, clavate, fusiform to sublageniform. Pleurocystidia sim-
ilar to cheilocystidia. Hymenophoral trama made up of 5-30 pm wide, thin-walld
hyphae. Pileipellis a cutis made up of short-celled hyphae with cells measuring 50-170
x 530 pm, pigment absent. Hairs of stipe cylindrical, 100450 x 512 um.

Habitat & distribution.-— Terrestrial in broad-leaved forests, on litter, on richor
rather rich soils; fairly frequent, seems to occur in all parts of the Netherlands.

Material examined.— NETHERLANDS: prov. Flevoland: Oostelijk Flevoland, Bidding
huizen, along Strandgaperweg, 8 Oct. 1981, C Bas 7811 Dronten, Bremerbergbos, 10 Oct. 1980,
J. Daams 80-13; Roggebotsbos, 24 Oct. 1976, Langevoord & Boezewinkel; prov. Gelderland: Nie
megen, Heilige Landstichting, 2 Oct. 1955, J. Kalff; Winterswijk, Bekendelle, 19 Oct. 1981, J. Schreurs
310; prov. Utrecht, Bunnik, Fort Rhijnauwen, 22 Oct. 1977, M. van Vuure, prov. Zeeland, Avel
Axclse Bos, 8 Junc 1981, A. de Meyer 302, prov. Limburg, St. Geertruid, Savelsbos, 5 Aug. 1981,
J. Schreurs 596 (all in L).
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Volvariella pusilla is closely related to V. hypopithys, but differs from it by a nearly
glabrous stipe and generally somewhat smaller basidiocarps. White forms of V. murinella
differ from V. hypopithys mainly by their narrow, elongate to subcylindrical spores
(Figs. 1 and 2).

Volvaria plumulosa Lasch ex Quél. (1878: 320) secems conspecific with V. hypopi-
thys. However, the original descriptions of Agaricus plumulosus Lasch could not be
located. Oudemans (1867: 25) cited A. plumulosus Lasch as a synonym of A. parvulus
var. mgjor. If Agaricus plumulosus Lasch, which seems to turn up for the first time in
synonymy of Agaricus parvulus in Fries (1838: 139), is somewhere validly published
and if the original description of A. plumulosus should point to the fungus described
here, then the epithet plumulosa would have priority.

Volvariella murinella (Quél.) Mos. ex Courtecuisse

Volvaria murinella Quél. in C.r. Ass. frang. Av. Sci. (La Rochelle, 1882) 11: 391, 1883, Volva-
rielle murinells (Quél.) Mos., Blitter- und Bauchpilze. In Gams. KI. Kryptog. F1. 2: 110, 1953 (not
val. publ.: no basionym mentioned). Volvariella murinella (Quél.) Mos. ex Courtecuisse in Bull.
Soc. mycol. Nord 34: 19, 1984,

Excluded.— Volvariella murinella sensu Kihn, & Romagn., Fl. anal. Champ. sup.: 426. 1953
(= V. cgesiotincta).

Volvariella murinella forma murinella—Fig. 5

Selected illustrations.—J1, Lange, FL. agar. dan. 2, pl. 67B. 1936; Michael, Hennig &
Kreisel, Handb, Pilzfr. 3, pl. 33. 1979; Quél. in C.r. Ass. frang. Av. Sci. (La Rochelle, 1882) 11, pl.
11, fig. 6. 1883

Basidiocarps small, solitary. Pileus 10—55 mm, conico-convex, convex to applanate,
frequently with low broad umbo, thin-fleshed, whitish grey to grey (Mu. 10 YR 7/2-3),
with a darker grey-brown centre (Mu. 10 YR 4-5/3), dry, hairy at centre, radially silky
fibrillose to subsquamulose towards margin. Lamellae crowded, free, rather remote from
stipe, ventricose, thin to rather thick, pale when young, becoming flesh-pink , with slightly
paler edge. Stipe 15—70 x 1--5 mm, with subbulbose base up to 10 mm broad, solid,
whitish, shiny, entirely pubescent when young, but soon glabrous in lower part, innately
longitudinally fibrillose. Volva thin, membranous, saccate, whitish, but soon sordid
grey-brown, 2—4 lobate, with slightly felted outer surface. Context white to pale grey-
wh, in the stipe slightly turning ochraceous yellow. Smell weak, faintly aromatic herba-
ceous (reminding of Pelargonium). Taste unpleasant, somewhat sourish-acrid fungoid.

Spores 5.5-7.7(-8.3) x 3.0-44 um, Q = 1.5-2.3, elongate ellipsoid to subcylin-
drical. Basidia 20 30(--35) x 710 um, clavate, 4-spored. Cheilocystidia 40- 100 x 10
30(- 50) wm, variable in shape, clavate, fusiform or ventricose-lageniform. Pleurocyst-
ilia similar to cheilocystidia. Hymenophoral trama made up of thin-walled, c. 5- 20 pm
wide hyphae. Pileipellis a cutis made up of short-celled hyphae, 10-20(—35) um wide,
with intracellular grey-brown pigment: hairs at centre of pileus slender cylindrical, up to
230 ym long. Hairs on stipe slender cylindrical, up to ¢. 270 um long.

Habitat & distribution.— Terrestrial on rich soils (e.g. loam, clay) in broad-leaved
ind coniferous forests and in grasslands: not common.
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Fig. 6. Volvariella murinella . brevispora. — Spores (x 1500).
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Material examined.—NETHERLANDS: prov. Overijssel, Deventer, cstate "Wijtenhonst'
15 Nov. 1970, G. & M. Piepenbroek: prov. Gelderland, Winterswijk, 20 Sept. 1975, J Schreurs sa;
prov. Utrecht, Bunnik, Rhijnauwen, 22 July 1954, C Bas 533; prov. Zuid-Holland, Rockang,
Quackjeswater, 12 Nov, 1954, C Bas 616; prov. Zeeland: Axel, Axelse bos, 26 May 1981, A de
Meyer 285; Kruiningen, 21 Nov. 1982, H. Adema: prov. Limburg: St. Geertruid, Savelsbos, 13 Aug
1980, J. Schreurs 434 ditto, 13 Sept. 1980, J. Schreurs 498, ditto, 24 Sept. 1981, J. Schreurs 64
(all in L).

Volvariella murinella is well characterized by narrow, elongate to subcylindrical spores
(Fig. 1) and a generally pale volva. Typical specimens have a rather uniform greyish
pileus. Some of the specimens studied differ by a nearly white pileus (e.g. Schreurs s,
20 Sept. 1975, L). This white variant of V. murinella differs from other white-capped
Volvariella species (e.g. V. hypopithys and V. pusilla) mainly by its narrow spores (Fie.
1). Volvariella cinerescens (Bres.) Mos. scems closely related, but differs by a smooth
surface of the pileus, which is distinctly translucently striate (Bresadola, 1929, pl.82),
Within the material studied we observed a short-spored form which is described below,

Volvariella murinella forma brevispora Bockhout, forma nov.—Fig. 6

A Volvariella murinella {. murinella differt sporis brevioribus, ellipsoideis vel elongatis, 4.8-56x
29-3.6 um. — Holotypus: C Bas 617, lectus in silva decidua solum arenosum occupante, pror
Zuid-Holland, Rockanje, Quackjeswater (L).
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Pileus up to 50 mm, plano-convex with a low umbo, pale brownish grey with a slight
olivaceous tinge, paler towards margin, distinctly radially fibrillose with centre subviscid
and with edge fringed with fibrils. Lamellae free, ventricose, pale flesh pink with slightly
paler flocculose edge. Stipe up to 70 x 69 mm, with clavate, up to 15 mm wide base,
solid, white, shiny, glabrous, finely longitudinally fibrillose. Volva saccate, up to ¢. 27
mm high, white, irregularly lobed, with felted outer surface. Smell not reported. Taste
not reported.

Spores 4.8-5.6 x 2.9-3.6 um, Q = 1.4 2.0, ellipsoid to elongate. Basidia 1925 x
6-7 pm, clavate, 4-spored. Cheilocystidia 4565 x 1220 um, clavate, subfusiform or
ventricose lageniform. Pleurocystidia not observed. Pileipellis a cutis made up of short-
celled hyphae up to 20 pum wide.

Habitat & distribution.—Terrestrial, on sandy soil under broad-leaved trees (e.g.
Betula, Ligustrum, and Quercus); very rare, up to now only known from the type local-
ity.

Material examined. ~NETHERLANDS, prov. Zuid-Holland, Rockanje, Quackjeswater,
12 Sept. 1954, C. Bas 617 (L).

Volvariella murinella f. brevispora is characterized by its small spores. The specimens
differ slightly from typical V. murineila by their subviscid centre of the pileus.

Volvariella smithii Shaffer (1957: 568) seems closely related to V. murinella f. brevi-
spora because of the small spores, the same size of the basidiocarps and the same colour
of the pileus, but differs by its densely pubescent stipe and its ochraceous to pale cinna-
mon volva,

Volvaria nauseosa Romagn. (Romagnesi, 1937: 93) also has some resemblance to V,
murinella f. brevispora because of its small spores (5.7—6.5 x 3.5-3.7 um) and glabrous
stipe. It differs, however, by the white fibrils covering the pileus (Romagnesi compared
V.nauseosa 1o V. hypopithys and V. pubipes!) and the spore morphology. The spores
of V. nauseosa have their largest width in the lower part (see Romagnesi, 1937, fig.
3, Sp2). while those of V. murinella f. brevispora are more ellipsoid and have their
largest width in or near the middle. It remains uncertain whether the unpleasant smell
of V. nauseosa differs from the up to now unknown smell of V. murinella f. brevi-

$pora.

Volvariella pusilla (Pers.: Fr.) Sing.

Amenita pusilla Pers., Obs. mycol. 2: 36. 1799, — Agaricus pusillus Pers.: Fr., Syst. mycol. 1:
m. 1821, Volvariella pusilla (Pers.: Fr.) Quél., Fl. mycol. 189. 1888. — Volvariopsis pusilla
(Pers.: Fr.) Murrill in N. Am. FL. 10: 141. 1917. — Volvariella pusilla (Pers.: Fr.) Sing. in Lilloa 22:
401.1951.

Agaricus parvulus Weinm,, Hymen, Gaster. Rossico: 238, 1836. — Volvaria parvula (Weinm.)
Kumm., Fuhrer Pilzk.: 99, 1871. — Volvariella parvula (Weinm.) Speg. in Boln Acad. nac. Ciénc.
Cordoba 28: 309. 1926.

Aganicus teylori Berk., Outl. Brit. Fungol.: 140. 1860. — Volvaria taylori (Berk.) Gillet, Hyme-
nomycetes: 386, 1878. — Volvariella taylori (Berk.) Sing. in Lilloa 22: 401. 1951.

(For further synonyms see Shaffer, 1957: 570.)
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Fig. 7. Volvariella pusilla var, pusilla. — Habit (x 1), spores (x 1500), and cheilocystidia (x 10001

Volvariella pusilla var. pusilla—Fig. 7

Amanita pusilla Pers. — Agaricus pusillus Pers.: Fr. — Volvaria pusilla (Pers.: I'r.) Quél.
Volvariopsis pusilla (Pers.: Fr.) Murrill.

Sclected illustrations.— Bresadola, Iconogr. mycol. 11, pl. 533, 1929; Konr. & M., lc.«l
Fung. 1, pl. 18. 1927; J. Lange, Fl. agar. dan. 2, pl. 68C. 1936; Michacl, Hennig & Kreisel, Handk
Pilzfr. 3, pl. 35 (as V. parvula). 1979.

Selected descriptions.— Kiuhner & Romagn. in Bull. trimest. Soc. mycol. Fr. 72: 241
1956; Shaffer in Mycologia 49: 570. 1957.

Basidiocarps small, solitary. Pileus 10-35 mm, at first convex, becoming plano-con.
vex, subumbonate, white or occasionally silvery greyish (Mu. 10 YR 7-8/1), finally at
the centre very pale beige (Mu. 10 YR 8/3—4), subviscid when very young, later appres.
sedly silky-fibrillose, with radially sulcate margin. Lamellae crowded, free, up toc. 6
mm broad, ventricose, pale sordid pink (Mu. 75 YR 7/2) when young, later becoming
brownish pink (Mu. 5 YR 6/6), with concolorous, minutely fimbriate edge. Stipe 15~
40 x 1.0-2.5(—6.0) mm, with clavate base, solid, white, when very young with scat-
tered hairs, but soon becoming glabrous, Volva saccate, whitish, sometimes becoming
pgle grey-brown, not or 2- to 4-lobate. Context white. Smell faint, sweet fungoid. Taste
absent.

Spores 5.5-7.2 x 4.1-5.5 um, Q = 1.2-1.5(-1.65), broadly ellipsoid to ellipsoid.
Basidia 20--30 x 710 um, clavate, 4-spored. Cheilocystidia 45- 85 x 1020 um, clavate,
fusiform to ventricose-lageniform. Pleurocystidia similar to cheilocystidia. Hymenopho-
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ral trama made up of ¢. 5—15 pm broad hyphae. Pileipellis a cutis. made up of cylindri-
cal hyphze, ¢. 10-20 pm wide, with very pale intracellular pigment.

Habitat & distribution.—Terrestrial in broad-leaved forests on clayey soil, also in
greenhouses; rare, only known from Amsterdam (Amsterdamse Bos), Loenen (estate
‘Valburg'), and greenhouses in Kortenhoef’.

Material examined.—NETHERLANDS: prov. Gelderland, Loenen estate ‘Valburg', 23
Aug. 1980, J. Wisman s.n.; prov. Utrecht: Kortenhoef, 9 Oct. 1970,J. Daams 7036, ditto 26 May
1971,J. Dagms 384, ditto, 16 Jan. 1973, J. Daams 780 (all in L).

This species is closely related to V. hypopithys, which differs mainly by its distinctly
and completely pubescent stipe. In very young basidiocarps of V. pusilla, however, the
stipe can also be sparsely hairy. Bulliard’s (1787—1788) plate 330 shows that V. pusilla
can be slightly pruinose at the apex of the stipe. His plate also indicates that the basi-
diocarps vary from small to rather small. This is also reported by Berkeley (1860: 140),
who described V. pusilla as ‘very variable in size, from a few lines to 2 inches’, Plate 4,
figures 4 and S of Persoon (1799) illustrate a distinctly radially striated pileus.

Shaffer (1962: 563) reduced V. argentina Speg. (type of the genus) to the synonymy
of V. pusilla.

Volvariella pusilla var. taylori (Berk.) Boekhout, comb. nov.

Agaricus raylori Berk., Outl. Brit. Fungol.: 140. 1860 (basionym). — Volvaria taylori (Betk.)
Gillet. ~ Volvariella taylori (Berk.) Sing.

Misapplied names.— Volvariag parvula sensu Kithn. & Romagn., Fl. anal. Champ. sup.: 426.
1953 in Bull. trimest. Soc. mycol. Fr. 72: 244, 1956.

Volvaria plumulosa sensu Lange, F1. agar. dan. 2: 79. 1936.

Selected illustrations.—Bresadola, Iconogr. mycol. 11, pl. 527. 1929: ). Lange, Fl. agar.
dan. 2, pl. 68A (as V. plumulosa), pl. 68F (as V. taylori). 1936; Michael, Hennig & Kreisel, Handb.
Pilzfr, 3. pl. 34, 1979.

Sclected descriptions.—Kithn, & Romagn. in Bull. trimest. Soc. mycol. Fr. 72: 244,
1936; Shatfer in Mycologia 49: 565. 1957.

Basidiocarps small to medium, solitary or in small groups. Pileus (20—)30—-50 mm,
conical, plano-conical or convex, finally somewhat undulating, with margin inflexed
when young, at centre pale buffy grey to grey (Mu. 10 YR 7/3-4, 8/2-3, 5/3), paler
towards margin, radially silky fibrillose, with margin fibrillosely fringed when young and
not or only vaguely and short-striate. Lamellae crowded to fairly distant, free, some-
times rather remote from stipe, ventricose, up to 8 mm wide, pale to brownish pink
(Mu. 5 YR 7/4-6), with nearly concolorous, entire edge. Stipe (10-)30-70 x (2.0-)
40-7.0 mm, not or somewhat broadening towards base, up to 7—11 mm, solid, white
but soon with ochraceous to buff tinge, very minutely downy at apex (under lens), gla-
brous below. Volva saccate, up to ¢. 13 mm high, brown to ochraceous grey (Mu. 10 YR
§-6-7/4, 6/3), somewhat paler towards base, irregularly lobate with 1—-3(-5) lobes,
with subfelted outer surface. Context white, becoming pale buff in base of stipe. Smell
indistinct. Taste weak, fungoid.

Spores 5.5-7.6(—8.3) x 3.6-4.9(—5.5) um, Q = 1.3—1.8, ellipsoid. Basidia 25--35
(-45) x 710 um, clavate, 4-spored. Cheilocystidia 40—70 x 10-30(—40) pum, clavate
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Fig. 8. Volvariella pusilla var. taylori. — Habit (x 1), spores (x 1500), and cheilocy stidia (x 1000}

to ventricose lageniform. Pleurocystidia similar to cheilocystidia. Hymenophoral tram
consisting of 10-20 pm broad, thin-walled hyphae. Pileipellis a cutis made upof 1-2
pm broad hyphae, with intracellular grey-brown pigment.

Habitat & distribution.—Terrestrial in grasslands on clayey soil (£ A. vande
Bergh sn., 12 June 1972 was collected in a dune area, but there the soil was artificially
raised with clay). Occasionally also gathered from a cellar. Rather rare, known from
Bergen (N.-H.), Drimmelen, 's-Gravenhage, Leiden, Olst, and Texel.

Material examined.— NETHERLANDS: prov. Overijssel, Olst, Henglorder Waarden, §
Oct, 1975, G. & H. Piepenbroek 975; ditto, 19 Sept. 1976, G. & H. Piepenbroek 999, prov. Noord-
Holland: Petten, near Reactor Centre Nederland, 12 June 1972, F. A. van der Bergh s.n.: Texel
Waddijk, 5 Sept. 1982, M. Groenendaal s.n.; prov, Zuid-Holland: "s-Gravenhage, estate ‘Clinges-
dael’, 12 Aug. 1963, M. A. Donk; Leiden, 15 Aug. 1966, R. A. Maas Geesteranus 14532, prov.
Noord-Brabant, Drimmelen, 10 July 1956, }. Rijkhoek s.n. (all in L).

No authentic material of Agaricus taylori is present in the Kew herbarium. We regard
our specimens identical with Berkeley's fungus.

Dutch specimens of Volvariella pusilla var. taylori differ from the typical variety of
V. pusilla by a brown to grey volva, slightly larger basidiocarps and a more brown-grey
centre of the pileus.

Typical V. pusilla has a pileus with a striate margin, while striation has been claimed
to be absent in V. raylori (compare for example Bresadola, 1929, pl. 527 (= V. tavlon)
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and pl. 533 (= V. pusilia)). Berkeley (1860: 140), however, described the pileus of A.
taylori as ‘striato-rimose from the apex’. The original descriptions of Agaricus raylori
Berk. and Amanira pusilla Pers. are compared in Table I.

Table 1. Original descriptions of Amanita pusilla and Agaricus taylori

Am. pusilla Pers. (1799: 36-37) Ag. taylori Berk. (1860: 140)
Pileus 0.5 unc. latus, disco planus, Pileus thin, conical, obtuse, livid,
incarnato-albido, margine reflexus, striato rimose from the apex.

circa umbonem, qui brevis ¢t obtusus,
“depressus, pilus sericeis adpressis et
obtusus, fragilis, et subliquescens
quasi, ob lamellas transparentes,
colore subincarnatus,

Stipes semiunciam ad unciam altus, Stem pale, solid, nearly equal.
cylindricus, candidus, pellucidus.

Volva radicalis caliciformis, persistens, Volva lobed, brown, small.
ut plurimum quadrifidus: lobis erectis,
apice subincurvis, 2 lin. magnis, externe

sericeus.
Lamellae inter se distantes, liberae Gills uneven, broad in front,
s, stipiti vix annexae. attenuated behind, rose-coloured.

The original description of Ag. taviori closely agrees with that of Am. pusilla. The
only differences found are the livid, conical, obtuse pileus, the brown volva, and the
uneven lamellae in the former. We noted a great variability concerning the first character.,
The pileus of V. pusilla var. taylori varies from conical, plano-conical to convex and
finally becomes undulate. The lamellae in both species are similar. Thus, the colour of
the pileus and volva and the slightly larger basidiocarps remain as the main differentiating
characters. It is important to note that Bulliard’s (1787 -1788) plate 330 and Cooke’s
(1883) plate 300 of V. pusilla show a yellowish brown outer surface of the volva. Kithner
& Romagnesi (1956, l.c.) described the volva of V. pusilla as ‘brun ou gris brun a I'exté-
rieur’. while that of V. raylori (as V. parvula) is described as follows: ‘Volve au début
mettement brune ou brun-grisatre, mais souvent palissant’. This is in agreement with our
obsenvations on the colour of the volva of V. pusilla, which can vary from whitish to
gey-brown. According to most authors the pileus of V. raylori is somewhat darker if
compared with the pileus of V. pusilla (Table II).
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Table I1. Descriptions of the colour of the pileus of V. pusilla and V. raviori

V. pusilla V. waylori Source
Whitc, somewhat tinged with yellow or  Livid. (Berkeley.
brown, 1860)
White. Dingy whitish (somewhat darker, livid (J. Lange,
argillaccous at the disc). 1936)

D'un blanc pur, méme au centre scule-  D’abord blanc de neige, mais déja avec le  (Kihner &
ment i la fin légérement jauniou salia  centre légérement touché de gris brunitre  Romagnes,
cet endroit, mais ne présentant pas de trés dilué, puis cette teinte se précise et 1956)
teinte grise. s'entend de plus en plus jusqu'a devenir

brunitre, mais le bord demeure trés long-

temps blanc ct ce n'est que sur les exem-

plaires vétustes que toute la surface est

paille brunitre sale.

White, occasionally tinged with grey, Grey with avellaneous arcas or greyish (Shatfer,

especially on the disc, avellancous overall. 1957)

White, sometimes tinged ivory or pale Paler or darker grey, grey olivaceous (Orton,

cream when old (in key). hazel, sometimes creamy or pale buff at 1974y
centre.

White, occasionally silvery greyish, Centre pale buffy grey to brown-grey, {our

finally at centre pale beige (Mu. paler towards margin (Mu. 10 YR 7/3-4,  observations)

10 YR 8/3 - 4). 8/2-3,5/3).

The colour of the pileus of V. pusilla thus ranges from white to cream, beige, vellow-
ish, or greyish. Whereas in V. taylori it varies from white, greyish, avellancous to livid.
There is hardly a discontinuous range of variation in the colour of the pileus of these
two taxa. Volvariella taylori represents a more pigmented form of V. pusilla. Because of
these great similarities between the two taxa, we reduce V. taylori to a variety of V.
pusilla.
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Ultrastructure of the ascus top and the ascospore wall in
Fimaria and Pseudombrophila (Pezizales, Ascomycotina)

J. VAN BRUMMELEN

Rijksherbarium, Leiden

Morphological and developmental studies on the ascus top and the ascospore
wall of Fimaria theioleuca, F. cervaria, Pseudombrophila obliquerimosa, and P.
deerata were carried out with light and electron microscopy. Ascus tops are
found wath roughly delimited ascostomes and opercula, without indentations,
preformed weakened zones, or subapical rings. Dehiscence of the ascus takes
place in an croded, slightly thinner zone of the outer layer and next to a cor-
responding wrinkled region in the inner layer. This corresponds with the struc-
wre and dehiscence mechanism found in genera of Pyronemataceae studied
thus far. During ascospore development in all species at first a smooth electron-
dense sccondary wall is formed. In F. theioleuca and F. cervaria this layer is
permanent, but in P. obliquerimosa and P. deerata it usually breaks up to form
an ormamentation. The presence of smooth and rough ascospores in the same
species is explzined by assuming a common process of development followed by
a further final nipening in the rough-spored ones. The presence of two types of
septa is recorded from excipular cells and paraphyses of F. theioleuca.

In view of the preparation of a taxonomic revision of the genera Fimaria Vel. and
Pseudombrophila Boud. but the almost complete absence of knowledge about the fine
structure of the species of these genera, a study on the ultrastructure of asci, ascospore
walls, and septa has been undertaken.

The comparative structural study of the dehiscence mechanism of operculate Ascomy-
cetes started with the aid of light microscopy. Especially investigations by Boedijn (1933),
Chadefaud (1942, 1944, 1946), and Le Gal (1946a, 1946b) of living and revived material
yielded the first beginnings of understanding of the structure of this mechanism. As subject
of these first investigations especially representatives of the family Sarcoscyphaceae were
chosen. Here relatively thick walls were found in the top of the asci characterized by a very
strong, but unequal, swelling of the different parts in water and other media.

Especially many of the post-mortem observations on revived exsiccata and on ma-
terial conserved in liquid have led to wrong interpretations of the structure and the
mechanism of the ascus dehiscence. Boedijn’s (1.c.) observations on living asci of Cookeina
adeipes (Berk.) O, K. are contrasting examples of lasting value, The strongly asymmet-
rical structure of the ascus top with an eccentrically oriented operculum in this species
which was also studied by Le Gal (1946a), make it difficult to homologize the struc-
tural details described with those observed in symmetrical asci.

The ultrastructure of the ascus top has now been investigated in more than 40 genera
of Pezizales (e.g. Schrantz, 1970; Wells, 1972; van Brummelen, 1974, 1975, 1978:
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Samuelson, 1975, 1978a—d; Hung, 1977; Bellemére, 1977; Samuelson & Kimbrough,
1978; Kimbrough & Benny, 1978; Samuelson & al., 1980).

Based on the fine structure of the ascus top in the Pezizales van Brummelen (1978)
distinguished eight principal types of asci, while Samuelson (1978d) even concluded
that ‘no two genera share an identical apical apparatus.” Although the latter conclusion
would seem to be somewhat extreme, comparative study of the structure of the ascus
top can certainly help in determining taxonomic affinities at familial and sometimes
even at generic level.

The structure of the ascospore wall and of its ornamentation in Pezizales have been
the subject of extensive studies by Le Gal (1947) with light microscopy and by Merkus
(1973, 1974, 1975, 1976) with electron microscopy. They, however, did not study
species of the genera under consideration here.

In Fimaria and Pseudombrophila there occur taxa with smooth as well as with omz
mented ascospores. In some taxa this character seems to be inconstant. Here smooth
and rough ascospores can be found in the same, apparently homogeneous, collection
The ultrastructure of the ascospore wall may give an explanation for this phenomenon

MATERIAL AND METHODS

For the present study fresh material was collected in the Netherlands, France, and
Italy. The following list gives more details about the specimens and their origins. Fimg
ria theioleuca (Roll.) Brumm. — van Brummelen s.n., on sheep dung, Elspeet, Gelder.
land, the Netherlands, 7 XII 1972 (L); Fimaria cervaria (Phill. apud J. Stevenson)
Brumm. — van Brummelen s.n., on hare dung, Vogelenzang, North Holland, the Nether-
lands, 4 VII 1974 (L); Pseudombrophila deerata (P.Karst.) Seaver — Donadini, o8
sheep dung, Aubagne, Bouche du Rhéne, France, 25 IV 1981 (L); Pseudombrophil
obliquerimosa Harmaja — Lucchini & van Brummelen 6263, on rotten vegetable debms
mixed with cow dung, near Selva di Trissino, Veneto, Italy, 2 V 1981 (L).

Living isolated asci or bundles of gently spread out asci were observed in water orin
a weakly hypotonic solution of glucose in distilled water. The slides were studied with
phase contrast and Normarksi's interference contrast optics.

For light microscopy asci and ascospores were stained with e.g. Congo red, trypn
blue, and methyl blue. For critical observations monochromatic light was used of 1
wavelength equal to that of the maximum absorption value of the stain used. Also, sec-
tions 0.2-0.5 um thick of material embedded in epoxy resin and stained with toluidine
blue proved to be of value.

For electron microscopy, small squares of the hymenium of apothecia at different
stages of ripening were cut and fixed.

One part of the material was fixed for 3 hours in 1% glutaraldehyde buffered at pH
7.2 with 0.2M cacodylate at 4°C. Another part was fixed for 1 hour in 1 1.5 % KMn0,
in distilled water. All material was post-fixed for 1 hour in 1% buffered 0s0, at 4°C.

Fixed material was dehydrated in an ethanol graded series and embedded in Epon.
During dehydration the material was stained for 5§ minutes in a solution of 1% uranyl
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acetate. Longitudinal median sections of asci were cut with a diamond-knife on an LKB
Ultratome I11. The grids were normally contrasted with Reynold’s lead citrate and uranyl
acetate, and occasionally also with barium permanganate. The ultrathin sections were
viewed with an Philips EM 300 electron microscope.

OBSERVATIONS

The ascus top

In the species under observation, structural differentiation in the top of the ascus can
only be observed in mature asci shortly before the moment of spore discharge. At this
stage minor changes in the osmotic pressure of the medium may easily cause the dis-
charge.

In mature undehisced asci the upper ripe ascospore is located in the top just under or
against the apical wall. Since the endospore of mature ascospores in Pezizales becomes
resistant to fixation, embedding, and thin sectioning, it is often difficult to study asco-
spores and apices of asci properly at the ripest stage. Consequently the study of the
ascus top is especially based on ripening asci, on mature asci where the spores have acci-
dentally been retracted from the top, and on dehisced asci.

Since ample material of Fimaria theioleuca from cultures was available, the structure
of the ascus of this species is described and illustrated in the first place.

The shape of the asci is cylindrical with a rounded tip, 150200 x 1315 pm.

In the young ascus and during early ascospore formation, the ascal wall appears to be
still undifferentiated, thicker throughout the lateral face of the ascus and thinner at the
tip (Fig. 1A).

At the inner face of the lateral wall no protuberances are found in the apical or sub-
apical region of the ascus.

In the apical epiplasm, also called acroplasm (Chadefaud, 1942), an apical funnel
continuing as a tract downwards to the first ascospore can be found (Fig. 3A). Some-
times the tract can be followed further downwards along the lower ascospores. These
structures can best be detected with phase contrast or interference contrast optics.

In 0.2-0.5 um thick sections the apical and subapical regions of the ascus wall stain
strongly with toluidine blue, especially after dehiscence.

Also electron microscope observations of asci at different stages of development did
not reveal a subapical ring or protuberances other than lomasomes at the inner face of
the ascal wall.

In young asci of permanganate-0sO,-fixed material the wall at the immediate region
of the tip is 150—170 nm thick, subapically the ascal wall reaches a thickness of 200
500 nm. At the outside of the ascus a thin clectron-dense periascus is present from the
beginning.

During the ripening of the ascospores an inner layer becomes discernible over the full
length of the ascus. This layer is not contrasting much in electron-density with the
outer layer, but it is marked by a contrasting boundary line. The formation of the inner
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layer is completed at the moment of spore maturity. In the apical region, or the futue
operculum, the inner and outer layers are then of about the same thickness, both 100
120 nm, as well in glutaraldehyde-0s0O, as in permanganate-OsO,-fixed material. In the
subapical region there is a considerable but gradual change in the thickness of the asl
wall and in both of its layers. The ascal wall thickens from 240--270 nm closely behiad
the tip to 460—520 nm more downwards. This is due to changes in the thickness of th:
outer layer which increases from 170—200 nm in the upper part to 450-500 nm in the
lower part of the subapical region. Over the same distance the inner layer reducesin
thickness from 70—100 nm near the tip to only 20-25 nm lower down.

In the outer layer of the lateral wall, at some distance behind the apex, two strat:
can be distinguished: an outer stratum 310344 nm thick and an inner stratum [20-
155 nm thick (Fig. 2B).

Even at full maturity no trace of an indentation or a preformed weakened zone
demarcates the place of the future operculum. The only indication of the formation of
an operculum at the top of the ascus is the presence, at a short distance behind the tip,
of a zone with a slightly thinner ascal wall and with some irregular erosion at the surface
of the outer layer, corresponding with a region of wrinkling of the inner layer (Fig. 1B).

The operculum opens forcibly by a fracture in this zone of the outer layer and by
fracture in the inner layer next to the wrinkled region. As a result of this fracture, the
margins of the ascostome (Seaver, 1928) and the operculum look rather irregular and
rough, while in the operculum the outer layer usually overlaps the inner one (Fig. 1D,
2A,C. D).

Abbreviations used in figures. — AS, ascostome; AW, ascus wall; CM, condensd
material; E, epiplasm; EN, endospore; EP, epispore; ER, endoplasmatic reticulum: F, fracturing lins,
FU, funncl; IL, inner layer; IM, investing membrane; M, mitochondrion; N, nucleus: O, operculum:
OL, outer layer; P, periascus; PM, plasma membrane or plasmalemma: PW, primary spore wall §,
ascospore: SP, sporoplasm; SW, sccondary wall; T, tract or funiculus; WZ, weakened zone.

The scale markers in all figures equal approximately 0.5 um.

Fig. 1. Fimaria theioleuca, electron micrographs of ripening and emptied asci. A. Median ec
tion of the distal portion of ripening ascus, fixed in 1% KMnO4 and 1% 0sO4. — B. Detail of apex
of almost mature ascus just before dehiscence, with empty space of fallen out uppermost ascospore,
fixed in 1% glutaraldchyde and 1% 0s04. — C. Apex of emptied ascus without operculum, finedis
1% KMnOg4 and 1% 0s04. — D. Operculum of emptied ascus, fixed in 1% 0sOg4.

Fig. 2. Fimaria theioleuca, electron micrographs of emptied asci. — A, Median section of apexof
emptied ascus with operculum, fixed in 1% glutaraldehyde and 1% 0sO4. B. Transverse séc
tion of lateral wall, fixed in 1% glutaraldehyde and 1% 0s04. C. As A but fixed in 1% KMn0y
and 1% 0s04.— D. Detail of operculum, fixed in 1% glutaraldchyde and 1% Os04.

Fig. 3A, B. Pseudombrophila obliquerimosa, clectron micrographs of ripening asci, fixed in [%
glutaraldehyde and 1% 0s04. A. Detail of apical epiplasm, showing tubular structure of trat
— B. Operculum region.

Figs. 3C~E. Fimaria theioleuca, electron micrographs of ascospore development, fixed in 1%
KMnO4 and 1% 0s04. — C, D. Development of the secondary wall, — E. Id., also showing devel
opment of the endospore and the epispore,
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After the violent discharge of the ascospores the operculum remains attached to the
rest of the ascus by a narrow hinge. In the species studied, the place of the hinge seems
to be fully arbitrary. Even in the hinge the lines of fissuring can often be recognized in
one or both layers (Fig. 2A, C, D). While the layer of the operculum remains more or
less constant in thickness, 85—140 nm, the outer layer may swell up to double its orig-
inal size, from 120 to 280 nm.

In the subapical region, somewhat behind the ascostome, often a zone of irregular
swelling and very low electron-density can be distinguished in the wall (Figs. 2A, (). In
this zone it is difficult to trace the boundary lines between layers and strata. It corre-
sponds exactly with the sites of optimal staining with e.g. toluidine blue in light micro-
scopy.

Also with electron microscopy a funnel and a tract can be distinguished in the apical
part of the epiplasm; both consist of subparallel anastomosing electron-dense tubules
14—17 nm wide (Fig. 3A). In the top of the ascus the tract reaches a diameter of 270~
350 nm.

The asci of Fimaria cervaria, Pseudombrophila deerata, and P. obliguerimosa have also
been studied in detail, showing that, apart from some minor differences in the dimen-
sions of the asci, there are no significant differences between the four species in the
structure of the ascus top and the mechanism of spore liberation.

The ascospore wall

The ultrastructure of these species of Fimaria and Pseudombrophila, with respect to
the development of the ascospores, closely accords with the general process as described
by earlier students of representatives of this group of fungi (e.g. Hawker, 1965 Bracker.
1967; Reeves, 1967; Wells, 1972; Merkus, 1973, 1974, 1975, 1976).

In the very young ascus, directly after nuclear division, each nucleus becomes sur-
rounded by a double membrane separating the nuclei with some sporoplasm from the
epiplasm. The wall of a young ascospore develops as a homogeneous electron-transpar.
ent substance between both parts of this double ascospore delimiting membrane, This
primary wall is of rather constant thickness and remains the most constant part of the
ascospore wall.

On further ripening an extra layer, the secondary wall, develops between the primary
wall and the outer spore delimiting membrane. The aspect of this new wall material is
slightly granular and more electron-dense than that of the primary wall.

At first the substance of the secondary wall is homogeneous, but during further
development more electron-dense material condenses and accumulates locally in this
matrix. The continuous addition of new wall material results in the formation of a dis
tinct ornamentation pattern over the ascospore.

Where new material is formed the outer investing membrane is lifted up. In the end
this membrane is often indistinct or fragmentary,
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Simultaneously with the formation of the secondary wall, differentiation of the
primary wall takes place. In the outer zone of the primary wall a more electron-dense
band is formed. On further ripening of the ascospores two or more electron-dense layers
become visible. The whole complex of thin layers is called the epispore. The remaining
inner part of the primary wall is called the endospore. At times, especially after post-
staining with uranyl and lead salts, also a sublayering of the endospore can be made
visible (cf. Figs. 4 B-D, 5 B, C).

During ripening of the ascospores the epiplasm and the sporoplasm undergo changes.
Especially in the end the epiplasm disintegrates almost completely, losing its original
organels, forming a few very large vacuoles, and remaining only as a thin layer just inside
the ascoplasmalemma and in the tip.

In the sporoplasm the organels remain present and increase in size and electron-den-
sity., Oil-drops are not formed.

Fimaria theioleuca—Figs. 3C-E, 4

In material fixed both in permanganate-OsO, and in glutaraldehyde-OsO,, the pri-
mary wall is of rather constant thickness (290310 nm). The investing membrane sepa-
rates along the whole surface of the primary wall and a secondary wall of strongly vary-
ing thickness with fairly electron-dense contents develops. The investing membrane may
run rather irregularly. Often the secondary wall thickens considerably (up to 500 or
even 1100 nm) and large homogeneous electron-dense masses are formed on the pri-
mary wall (Figs. 3C, E, 4A, B).

During the development of the secondary wall an epispore of about 60 nm thick and
an endospore of 180225 nm thick are formed (Figs. 3E, 4A—F). In the epispore usu-
ally two electron-dense layers can be observed, whereas the endospore may show four
or five zones of slightly higher electron-density alternating with more electron-transpar-
ent ones, Simultancously with changes in the epiplasm and the sporoplasm the second-
ary wall modifies. Within the secondary wall, on the outside of the epispore, a rather
sharply delimited layer with increased clectron-density is formed (Fig. 4B). Gradually
this layer grows to form a layer 120250 nm thick, while the rest of the secondary wall
disappears gradually. At maturity a very fine fibrillar structure can be recognized in this
layer. Sometimes remnants of the investing membrane can be found on its outside (Fig.
4E). The mature ascospores are smooth,

With light microscopy the secondary wall of mature ascospores stains intensely with
methyl blue, showing a thin uninterrupted smooth layer.

Fimaria cervaria—Figs. 5F—]

At first the ascospores in this species develop in the same way as in F. theioleuca. In
the permanganate-0sO,-fixed material, the primary wall is homogeneously electron-
transparent, 330370 nm thick. The investing membrane separates from the primary wall
and the secondary wall is formed in between, consisting of homogeneous and fairly
electron-dense material. The process of secondary wall formation proceeds along the
whole primary wall. Locally the secondary wall thickens enormously, up to 1300 or
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sometimes even 1700 nm. At the same time an epispore (40—60 nm thick) and an ende-
spore (290-310 nm thick) develop and changes in the epiplasm and the sporoplasn
take place. The epispore shows two thin electron-dense layers, the endospore remains
homogeneous.

In the homogeneous matrix of the secondary wall locally and close to the surface of
the epispore areas of slightly higher electron-density appear (Fig. 5G). Gradually thes
areas become more electron-dense and grow together to form a continuous layer withs
wavy outer boundary, 90-336 nm thick (Figs. 5SF, H). During further maturation 22
electron-dense layer of constant thickness (165200 nm) with a fine fibrillar structue
is formed, while the rest of the secondary wall and most of the epiplasm disappear; the
mature spores are smooth (Fig. 5J).

Also with light microscopy, after staining with methyl blue or with interference e
trast optics, the thin secondary wall in mature spores shows as an uninterrupted ad
smooth layer.

Pseudombrophila obliquerimosa—Figs. SA—E

The glutaraldehyde-0s0,-fixed material of this species has especially been studied du
ing the last stages of spore development. The early development is the same as in Fimari
theioleuea and F. cervaria. The primary wall is 380—400 nm thick and has the norml
aspect. Separation of the investing membrane from the primary wall has made formatioe
of the secondary wall possible; this is composed of homogeneous and fairly electron-dens
material. In the following development a two-or multi-layered epispore (65 70 nm thic)
and a sublayered endospore (290330 nm thick) differentiate within the primary wall &
the same time the secondary wall material concentrates as a continuous, rather unifor
layer (120-230 nm thick) of electron-dense material on the epispore (Figs. SA, B}
Together with the main part of the epiplasm, the rest of the secondary wall disappean:

During the last stage of maturation the surface of the rather uniform secondary wil
breaks up to form a series of more or less oblique ridges over the surface of the spor

Fig. 4. Fimaria theioleuca, electron micrographs of ascospore development, fixed in 17 KMalg

and 1% 0s04. — A-C. Condensation of seccondary wall material. — D. Detail of condensed mats
rial. — E-F. Advanced state of ascospore development.
Figs. SA - E. Pseudombrophila obligueri . clectron micrographs of ascospore development

fixed in 1% glutaraldehyde and 1% OsOq4. A. Development of the secondary wall B.C K
also showing develop t of the endosp and the epispore. — D, E. Advanced state in develp
ment of ornamentation, showing the fibrillar structure of secondary wall material.

Figs. 5F-). Fimaria cervaria, clectron micrographs of ascospore development, fixed in 15
KMnO4 and 1% 0s04. F - H. Development of the endospore and the epispore and condensation
of secondary wall material. — 1. Advanced state of ascospore development, showing a smooth lya
of secondary wall material.

Figs. 6A, B. Pseudombrophila deerata, electron micrographs of an advanced state of ascospor
development, fixed in 1% glutaraldehyde and 1% 0sOy4.

Figs. 6C~F. Fimaria theioleuca, clectzon micrographs of septa. — C, D. Septa of excipulas el
fixed in 1% glutaraldehyde and 1% OsOy4. L, I, Plugged scpta in paraphyses, fixed in 17 KMaly
and 1% OsOy.
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(Fig. 5C). In the mature spores an ornamentation of irregular ridges (130490 nm
high) of a fine fibrous structure and with an irregularly eroded surface can be observed.
Usually the furrows between the ridges do not reach the base of the secondary wall,

With light microscopy and methyl blue staining the ornamentation, consisting of occa-
sionally anastomosing oblique striae, can be observed in the major part of the mature
ascospores.

Pseudombrophila deerata—Figs. 6A, B

The glutaraldehyde-0sO,-fixed material of this species shows that the structure of
the primary wall (380—400 nm thick), the epiplasm, and the sporoplasm resemble thos
in the other species of this study. At an early stage an epispore (5560 nm thick) and
an endospore (330 nm thick) arise. At first the endospore is homogeneous and clectron-
transparent. Later the outer part increases in electron-density and forms a complte
extra layer (25-30 nm thick) adjoining the epispore (Figs. 6A, B). The secondary wall
material is fairly electron-dense and homogeneous at the moment when it is deposited
between the primary wall and the investing membrane. At later stages the secondary
wall material partly condenses on the epispore as a homogeneous and compact, rather
smooth electron-dense layer (35—100 nm thick). Finally this layer often breaks up w0
form local protrusions or warts (160280 nm high) over the surface of the ascospore
(Figs. SA, B). The rest of the secondary wall disappears together with the main part of
the epiplasm. The structure of the ornamentation is not quite clear and the surface s
irregular eroded and somewhat fibrous.

With light microscopy the fine warts can just be observed under optimal conditions
with methyl blue staining or with interference contrast optics.

The septa

Especially in Fimaria theioleuca septa have been studied. In glutaraldehyde-0s0,
fixed material, cells of the cortical part of the excipulum show strongly thickened cel
walls and septa with a simple septal plate; each with a single central pore.

Apparently the thickened walls are densely clothed at their inner side with protuber-
ances that are often densely and minutely diverticulate. Also the septum may be thick-
ened in the same way (Figs. 6C, D). One or more spherical, electron-dense Woronin
bodies accompany the septum. The diameter of the Woronin bodies is larger than the
septal pores and often one of them can be found to occlude the poral opening.

This is considered the ‘typical’ ascomycete septal type by Gull (1978). It has been
described from a great number of Ascomycetes and their anamorphs. Even in cells
where the main part of the cytoplasm has already disappeared, Woronin bodies can be
found active at the septal pores (Fig. 6C).

In permanganate-OsO,-fixed material of the same species septa have been studied in
the paraphyses. Here also septal plates with a central pore are formed, but no accom-
panying Woronin bodies are found. The septal pore is closed by a tightly fitting elec-
tron-dense plug (Figs. 6E, F). In a section grazing the edge of the septal pore (Fig. 6F)
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electron-dense flattened sides can be observed at each side of the pore. No central open-
ing in the plug is found,

The septal plug in the paraphyses of Fimaria theioleuca resembles that of Chaero-
mium brasiliensis Batista & Pontual (Rosing, 1981), Chaetomidium arxii Benny (Benny
& Samuelson, 1980), and Neurospora crassa Shear & B. Dodge (Trinci & Collinge, 1973).
It is called the ‘solid pulley-shaped plug' by Rosing (l.c.) or ‘diabolo-shaped plug’ by
Chadefaud (1973).

DISCUSSION

The structure of the ascus top in the species of Fimaria and Pseudombrophila studied
1s very similar, This structure is summarised in a diagrammatic scheme (Fig. 7).

This type of ascus top with a rather roughly delimited operculum and ascostome,
without internal indentation or a prominent ring shows great affinity to the ‘Octospora
type’ of van Brummelen (1978) or with the ‘apical apparatuses’ described by Samuelson
(1978b) for representatives of the ‘Otidea-Aleuria complex’. This type is known from
species of the genera Pyvronema, Anthracobia, Aleuria, Otidea, Coprobia, Cheilymenia,
Scutellinia, Octospora, Sowerbyella, Jafnea, Humaria, and Sphaerosporella; all genera
belonging to the family Pyronemataceae. So the structure of the ascus top in Fimaria
and Pseudombrophila underlines a close affinity with the members of this family.

In several species with this type of ascus a subapical swelling can be observed at the
inner side of the wall at some distance behind the tip. This swelling has the shape of a
more or less constant and regular ring. It is composed of material of the rather thin
inner ascal layer and additional material precipitated from the surrounding ascosplasm,
as may be concluded from the observed local concentration of endoplasmatic reticulum
and the activity of lomasomes.

These rings differ clearly from the thick ring found in the subapical ascal wall in spe-
cies of Ascozonus, which is composed of material of deeper wall layers (cf. van Brum-
melen, 1974; Samuelson, 1978b). The ring in Ascozonus is of a different origin and not
homologous with the subapical ring found in some genera of the Pyronemataceae as sug-
gested by Samuelson (l.c.).

The strong change in affinity of the operculum and the ascal walls in the subapical
region to stains like toluidine blue may be due to local physical changes in the ascal
wall at the moment of the forcible discharge of the spores. The walls in this region are
strongly overstretched and deformed during dehiscence and often swollen afterwards.

The structure in the asci of several species of Pezizales, described as ‘bourrelet sous-
apical’ by Chadefaud (1942, 1946), corresponds exactly with this area of swelling. From
his descriptions it is clear that this ‘bourrelet’ is rather inconstant and often unequally
developed at both sides of the ascus top. Sometimes after strong swelling the constitu-
ent layers or strata become partly loose one from the other. This agrees well with earlier
observations on representatives of the ‘Ocrospora type’ (van Brummelen, 1978), where
this cleavage of the ascal wall is often observed in the swollen region near the asco-
stome.
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Fig. 7. Diagrammatic sections of ascus tops, as scen with clectron microscopy. — A, Almest
mature ascus, — B. Ascus after spore discharge.

The ‘projecting border’ described by Boedijn (1933) as part of the ascus top of Cook
eina sulcipes (fam. Sarcoscyphaceae) relates to the same structure. In the Sarcoscyphs
ceae this subapical region is particularly obvious, because of the very strong swelling of
the inner layer of the ascal wall. The strongly eccentrically placed operculum in species
of Cookeina and some related genera make a comparison with symmetrical forms diffi
cult (cf. Eckblad, 1968, 1972; van Brummelen, 1975; Samuelson, 1975; Samuelson &
al., 1980).

For the same subapical region of the ascus Samuelson (1975) introduced the term
‘suboperculum’, defining ‘the area of the ascus wall immediately below the line of
dehiscence in which transitions in the wall layers are notable.” The upper boundary
well defined by the (future) ascostome, but the lower boundary is more variable, since
the transition in wall layers is often rather gradual at the proximal side, especially when
a subapical ring is not present.

The term ‘suboperculum’ for a certain part of the ascal wall is unfortunate, since the
same term was more or less implied by Le Gal’s (1946a, 1946b) introduction of the
‘Suboperculés’ for discomycetes with a certain type of operculum, Fully parallel with
Le Gal's terminology, Chadefaud (1946) introduced simultaneously his *para-opercule’
for the same operculum model. Moreover the suboperculum of Samuelson is not restrict-
ed to the suboperculates of Le Gal, as he might have expected at first (cf. Samuelsoa,
1975; Samuelson & al. 1980). The prevent further confusion the terms ‘subapical re-
gion’, or ‘projecting border’ can better be used.
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With regard to the development of the ascospore wall, considerable agreement is
found between the species studied. The development of the primary wall and its differ-
entiation into an epispore and an endospore reveal a strong resemblance to the general
process described in other Pezizales (e.g. Wells, 1972; Merkus, 1973, 1974, 1975, 1976).
The perceptibility of the sublayering of the epispore and the endospore depends much
upon the methods of fixation and staining used.

A secondary wall of strongly varying thickness is always formed between the primary
wall and the investing membrane. In Fimaria cervaria local areas of condensed secondary
wall material are formed before this concentrates as a uniform smooth layer on the epi-
spore. In the other species studied this local condensation is not observed and the sec-
ondary wall material seems to concentrate directly as a smooth layer.

In all cases a uniform smooth layer of electron-dense material is formed that on fur-
ther ripening shows more or less clearly a fine fibrous structure. During final maturation
the outer surface of the smooth layer may break up to form a pattern of ornamentation
in all or, at least, a part of the spores. Since this ornamentation arises secondarily from a
smooth layer, there is no fundamental difference between both types of spores. The
formation of rough or ornamented ascospores in Pseudombrophila obliquerimosa and
P. deerata can be considered as a process of final ripening that is not always completed
before their discharge.
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