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Published by the RiJksherbarium. Leiden 
Volume 13. Part 2. pp. 189 t92 ( 1986) 

THE NOMENCLATURE OF RUSSULA SPECIES AND THE SYDNEY RULES 

R. SINGER• & R. MACHOL .. 

A paper by Th. W. Kuyper & M. van Vuure shows general agreement with 
an carhcr paper by Singer & Macho! on many nomenclatural problems and on 
che number of Russula species affected b)' the new star ting point rules. A few 
manor disagreements wich regard to contradiction between i\r ts. 13.1 and 63 are 
mentioned, and those regarding R. delico. R. nirido and R. orropurpureo are ex­
plamcd. We conclude (contrary to Kuyper & V3n Vuure's conclusions) that thei r 
scacements confirm that Art . t3.l as it now St3nds is detrimental to stability in 
nomencl3ture of Basidiomycetes. unsettling as weU as burdensome to the 
\\Orking taxonomist. and should be changed according to Proposal42 now before 

the Nomencl:nure Committee. 

In a paper on the nomenclature of Russula species, Kuyper & van Vuure ( 1985) - here­
aftcr K&V have invited 'comments on the nomenclatural . ... conclusions arrived at in 
this paper.' In the majority of cases they agree with Singer & Macho! (1983) - hcrcaftcr 
S&M. In one case where they disagree (R. aurea Pers.), we now concede that they are 
correct. In a few cases, taxonomical or nomenclatural interpretations differ sUghtly, a 
consequence not of oversight by either K&V or S&M, but of the difficulties arising from 
the new rules (Art. 13.1, Sect. 4 of the ICBN 1983). We would therefore have refrained 
from further comment, had K&V not chosen to draw conclusions with regard to the 
presem rules that are not only in contrast to our proposals (Singer & al., 1984) but to 
K&V's own nomenclatural statements. They admit that the new Art. 13.1 (1983) causes 
'temporary' instability of nomenclature. In fact , it also causes new, otherwise unneces­
sary library ·research', controversies such as the ones we have to deal with at present , 
new proposals to clarify the rules, and endless proposals to conserve and reject. AJI this 
not only makes the new rules less clear and more difficult than the ones that were 
accepted for 75 years. but also causes steri le extra work, expense, and publication. K&V 
recognite the necessity to check almost any name in Russula (and, of course, other 
genera) for newly appearing homonyms (such as R. rosea Qucl.); they apparently recog­
nize that since 1983 it has become impossible to 'reject the usc of names which may 
cause error or ambiguity or throw science into confusion' ( ICBN, Preamble); and they 
acknowledge the fact that most working mycologists arc reluctant to accept the conse­
quences of illegitimacy which has increased under the new rules. 

• F1cld of Natural History. Chicago, Illinois, U.S.A. 
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K&V (p. 454) say 'although (the new wording of An. 13.1 d) will necessitate ~\eral 
name changes . . . . we firmly (believe) that only by this procedure a correct and st3ble 
nomenclature of the agarics could be achieved.' They also assert 'It is our firm ~om,c· 

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 ne\\ 
combinations on the basis of mostly quite shaky or, with a view to the ever-chang1n~ 
rules, quite cphcmcrous 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 Rmlula is 
of secondary imponance. Some comments arc attached here not in a spmt 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. 

I . Russula delica vs. R. exsucca 
The interpretation of A. piperatus {3 exsuccus Pcrs., Obs. 2: 41 as being typified by 

Agaricus gigantcus Leyss. Fl. Hal. no. 12 13 docs not save the epithet clelico under the 
Sydney rules. In the first place Persoon himself ( 180 I : 429) dropped this quotation. 
retaining only Buxb Cent. 4 p. I t. I and his own original diagnosis; secondly if Lc} S)Cr's 

taxon is indeed considered as a representation of exsuccus, it is either not identical \\ith 
Leucopaxil/us gigallteus (Pers.) Sing. & Sm .. or if it is identical, it is in contrast with the 
original description, since the lamellae :~ re described as, 'sparsis. subdistantibus' Y. hi!e 
they are crowded to subclose in / .. gigonteus. According to Art. 7.8 and 7.17 (ICB~ 
1983: 7) a neotype has to be chosen to typify Persoon's and Fries's (ssp.fvar.) ('\ SIICI.'tts 

and since according to Art. 8 (I.e.: 9) the type cannot be A. gigonteus because it 1s in1.'lln· 
trast with the proto log, and 'the type . ... of a .... intraspecific taxon is a single specimen 
... .' (Art. 9) it is proposed that the specimen F. M. I 030764, Singer (.' 7671 (I·'). (3s 

Russula clelico Fr.) be the neotype of A. pipcrotus {3 cxsuccus Pers. This is the onl} legit· 
imate and honest procedure, considering that all Russula specialists tend to uuerprct A 

exsuccus as a Russula of the dclica group, most probably identical with R tlrlica Fr.. 
and that var. ex succus Fr. 1821 is sanctioned and based on Persoon ( 180 I). 

2. Russula nitido 
Russula nitido (Pers. ex Fr.) Fr. and Agaricus nitidus Pers. ex Fr. (or Pcrs.: rr.) art 

now (since 1983) undoubtedly superfluous names in the sense of Art. 63. As sanctioned 
name (1821) it should have been typified with A. purpureus Schaff. or A ri!.tgal/imts 
Batsch (Art. 7 . II ; 7 .13). If tlte fungus is then called R. purpureo (Schaff.) Qucl. (1 897) 
it becomes a homonym of R. purpureo Gill . (1884). If it is called R. risigollmo (B:usch) 
K& V it becomes a synonym of one of the species of the R. lutca group. 'J he R nirit!o in 
the sense of modern monographers, i.e. sensu Singer or sensu J . Schaffer. Romagnesi . CI~. 
is therefore not available anymore. We (Singer & Macho!. 1983) have considered it 
doubtful whether An . 63 can supersede Art. 13.1 d, and we still believe th3t the rules 
are not at all explicit or clear about this. K&V think that they arc . But the t}' pi fi~JIIon 
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of R. nitida according to Art. 7 .I I can hardly be challenged. It is another question 
whether A.nitidus Pers. is a superOuous name. We interpret Persoon's words as expressing 
doubt merely whether A. purpureus Schaff. is a synonym of A. nitidus (var. nitidus) or 
var. otropurpureus, 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 otropurpurea vs. R. krombltolz ii 
:-leither 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. atropurpureo he was not fully aware of 
ils 1'3Jiabilily, 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 thjs 
pallescent form is partly or entirely conspecific with R. depollens Pers. and/or Fr. as admit­
red b}' R. Maire, Singer, J. Schaffer and Romagnesi. Since R. otropurpureo (Krombh.) 
Britz. is bul a later homonym of R. otropurpureo Peck, we have to consider calling the 
species R. depollens 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 contradicl this interpretation so 
thai il appears to be prudent to refrain from such typification. llowever, there is a species 
which almosl certainly is the same as this pallescent form of R. otropurpureo (Krombh.) 
Britz .. viz. R. bresodoloe Schulter in Hedwigia 24: 139. 1885. ln our opinion there is no 
other interprelation possible, and Cooke's picture of R. depollens is certainly identical. 
II is however possible that the pallescent fungus is more than an occasional form or vari­
ety of rhe typically deep purple form(s) but even if such a possibility were considered , 
R. krombholzii Shaff. would still be antedated by R. otropurpurino (Sing.) Crawshay , 
Spore Orn. Russ.: 128. 1930. Just in order to be complete, we also mention the fact 
that A. fllleo••ioloceus Krombh. has been indicated as synonymous with R. otropurpureo 
(Krombh.) Britz. by Singer and Romagnesi, in both cases doubtfully. Our present opin­
ion is that this species is specifically different from R. otropurpureo (Krombh.) Britz. 
Which then is the correct name of R. otropurpureo (Krombh.) Britz. non Peck? We do 
nor have the final answer but it is not R. krombholzii Shaff., nor could it be R. depol­
ltiiS Fr. if An. 7. 17 is rescinded as K& V propose. 
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ON THE TYPIFICATION OF SOME PERSOONIAN PYRENOMYCETE NAMES 

L. IIOLM• 

The outunal material o r some Persoonian spec1es belong~ng to the pre'lent day 
~cncrJ L~ptosphonio and IAJphiostomo has been revised. Lectotypes are selected 
tor Sphatrio cristo to Pcrs., S. crena to (Pcrs.) Fr., S. diminuens Pers .• and S. dolio-

lum Per). 

In connectton 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 counesy of the Mycology Department of the Rijksherbarium I have goL 
the opponunity 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 I have 
been able to read them, with some comments added. 

Sphaeria compressa Pers., Syn . Met h. Fung. 54 
Fr .. Syst. Myc. 2: 470. Lophiostoma compressum Ces. & De ot. in Comm. Soc. 

cntt. Jtal. I: :! 19. 1863. - Platystomum comprcssum Trev. in Bull. Soc. R. Bot. Belg. 
16. 16.1877. 

910.270-356. 'Sphaeria compressa' (scr. Persoon). Quite immature. 
910.270-358. 'Sphaeria comprcssa?' (scr. Pcrsoon). This is/ .. comprcssum sensu auct. 

and was appropriately selected as lectotype by Chesters & Bell (I 970: 48). 

Sphaeria cristata Pers., Syn. Meth. Fung. 54 
l.ophtwn cnstafllm Crouan & Crouan , Fl. Finist~re 29. 1867. - l .ophiclla cristata 

Sacc .. 10 Mu.:helia I : 337. 1878. 
Spltumll cristo to Pers. comprised two infraspecific taxa, viz. <¥ Sphoerill crenata and 

6 Sphacna arwrdinis. It seems reasonable to take S. crena to as 1 he type variety. the more 
so as this name. not S. crista to , was sanctioned by f-ries in Syst. My c. 2: 469. 

Sphaeria crcnata (Pcrs.) Fr., Syst. My c. 2: 469 
9 1 0 .~70-379. 'Sph. cristata' (in Pcrsoon's handwriting). This is 1 .. compressum. 
910.:!70-390 . ' In cortice Populi fastigiatae Sphacria??' (scr. Mougeot). 'cristata var.? 

dch1sccns?' (scr. Pcrsoon). Thjs is L. compressum , too. 
910.270-391. 'Sph. crista ta var. crenata' (scr. Persoon). This is good material of L. 

cmratum a~ generally conceived, and is here proposed as lecto type for Splraerio 
cmr:Jia (Pcrs.) fr . 

• '"'lHU l~ ut Sy, tcmauc notJn). P.o . Bo ll. 541. S-7 51 21 Uppsala, $\\Cdcn. 
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910.270-392. ·sphaeria cristata fj media?' (scr. Persoon). L. compress1m1 a prc~cnt. 
well developed. 

9 10.270-417. 'in caulibus umbelliferarum Sphaeria cristata??' (scr. Moug,eot) '\·:n 
(scr. Pcrsoon). This is typical and well developed L. caulium with the appcnd:~~c) )liD 

visible. 
9 10 .270-418. 'Sphaeria cristata • (scr. Persoo n). This is Noa•icella pilcoto. 

Sphaeria cristata fj arundinis Pers., Syn. Met h. Fung. 56 
Spllocrio onmdinis (Pcrs.) Fr .• Syst. Myc. 2: 510. 
910.270-367. 'Sphaeria cristata fj arundinis. S. fung. an Spec. distincta . crumpens 

inquinans, ostiolo sphaerula .. tiorc' (scr. Pcrsoon). The material is in poor condation 
but is appararently L. semilibenun . 

910.270-374. 'Sphaeria cristata fj arundinis Pers. S. 54: 103' (scr. Chaillct). Thas IS 

l.eptospltoerio grondisporo Sacc. sensu Muller = Mossoriospltoerio grand1spora I cucht· 
mann . 

Sphacria dehisccns Pcrs., Syn. Met h . Fung. 55 
9 I 0.270-410. 'in ramulis Prunl Padi Sphaeria cristata? Pcrs.' (scr. Muugcot ). 'de Ius. 

ccns' (scr. Pcrsoon). - Old stromata of a pyrcnomyccte, probably Euryprlla pm/1. 
9 10.270-610. 'Sphacria dchisccns Pcrs. macrostoma C. 802a • (scr. ('h:ullct) Thas is 

Naa•ic:el/o pi leota, as already suggested by Chesters & Bell ( 1970: 32). 
9 10.270-635. 'Sphaeria dehiscens. Syn . fung. p. 55' (scr. Persoon). 1\o idcntiliJblt 

fungus found . 
As apparent from the protologue S. deltiscens must be considered an obhgatc ~> non~m 

of S. macrostomo Tode. It has scarcely been used by subsequent authors 

Sphaeria diminuens Pers., Syn . Meth . Fung. 57 
Fr.. Syst. Myc. 2: 417. - Loplliostomadiminuens Ccs. & De ~ot. in Comm. Soc. 

critt. ita I. I : 220. I 863. Lophidium dimiuueus Sacc., Syll. 2: 7 14. 1883. 
There arc four specimens in the Leiden folder: 
9 I 0 . 270-608 . 'Sphaeria innata mihi . . . . diminuens' (in Persoon 's hand" rat IIIJ!). ~o 

identifiable fungus present. 
910.270-61 S. 'Sphaeria diminuens? sphaerulis immersis, simplicibu~ . ostaolo crasso 

prominente.' This is Lopltiostomo compressum, as already pointed out br Chc)tus &: 
Bell. 

9 10.270-616. ·... . tigcs mones du framboisicr'(?) (scr. Mougeot). ·Sphaeria dimi· 
nuens' (det. Persoon). Very immature , according to Chestcrs & Bell (I 970 9) = ·t.op/u()o 
stoma ongustilobnun'. 

910.270-627. 'Sphaeria diminucns' (scr. Persoon). This is Loplliostoma compmsum. 
as stated by Chesters & Bell (1970: 48}. We think that this collection would be the 
appropriate Ic c t ot y p e for Splloerio diminuens which will make this name a aaxo· 
nomic synonym of Splloerio compressa. The two names being of equal praonty "e select 
S. compresso {ICBN, Art. 57.2). 
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Sp"-ria Iibera (Tode) Pcrs., Syn. Meth. Fung. 54 
Sphaeria macrosroma 6 Iibera Tode, Fungi Meek I. 2: 13. 1791. 
910.257-105. 'Sphaeria pileata Pers. - macrostoma a. C: 802a' (scr. Chaillct). 'Sph. 

Ubera?' (scr. Persoon). As stated by Chestcrs & Bell ( 1970: 32) this is Nal'icella pileata. 

Spbaeria macrostoma Tode,Fungi Meckl.2: 12. 1791 
Persoon did not adopt this name in the Synopsis. 
910.263-1128. 'Sphaeria macrostoma To de Prope Parisios' (scr. Persoon). This matches 

the description of L. compressum var. pseudomacrostonmm in Chcsters & BcU (1970). 
910.263-1130. 'Gallia. Sphaeria macrostoma Todc. Fries Syst. 2 p. 269' (scr. Persoon). 

This is Noricel/a pi/eo to. 
910.269-382. 'Sphaeria macrostoma Tode in ligno quercino' (scr. Pcrsoon). As stated 

by Chesters & Bell (I.e.: 48), this is L. compressum. 

Sphaeria doliolum Pcrs., I c. Oeser. 2 : 39. 1798 
Leptosplloeria doliolum (Pers.) Ces. & De Not., Comm. Soc. critt. ita I. I : 234. 1863. 
As is apparent from the following accoum Persoon had a remarkable clear concept of 

the species. There arc no less than 15 specimens in the Splwerio doliolum folder in Per­
soon's herbarium. 

910.270-490. 'Sphacria 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 
it is L. dolioltm1 var. conoid eo (Ces. & De Not.). 

910.270-501. 'Sphaeria Ooliolum' (scr. Persoon). This certainly is L. doliulum var. 
COIIOidea, though not in very good state. 

910.270-515. 'Sphacria Doliolum. Syn. fung.' (scr. Persoon). It is well developed L. 
doliolum \'ll r. conoidea! 

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

910.270-526. 'Sphacria Ooliolum var.?' (scr. Persoon) ' in caulibus emortuis planta­
rum variarum· (scr. Ocsmazicrcs). In bad condition but seems to be D. doliolum var. 
conoid ea. 

910.~70-517. "Sphaeria Dotiolum Syn. ad caulcs cxsicc. umbcllifcrarum vcre' (scr. 
Persoon). Sundry spores have a longitudinal septum, but otherwise it is typical / •. dolio· 
fum var .conoid eo. 

910.270-535. 'Sph. Ooliolum? var. In Artemjsia vulgaris' (scr. Persoon). In very poor 
condition, possibly / .. doliolum var. conoidea. 

910.270-536. 'Sphaeria doliolum. Todc .' (not Pcrsoon's handwriting). This is L. doli­
o/um var. doliolum. 

910.270-537. 'Sphaeria-var. Sph. Dolioli? affinis quoque Sph. llerbarum' (scr. Persoon). 
This 1s well developed L . doliolum var. conoidea. 

910.270-53 . 'Sphacria Doliolum affinis Sph . Herbarum. Jn caulibus siccis praeser­
tim Angclicae sylvcstris.' Beautiful var. conoidea! 
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9 10.270-609. 'Sphaeria an ab herbarum distincta', 'ad Doliolum accedit' (scr. Persoon). 
'in cauUbus herbarum' (scr. Mougeot). The material is too o ld , but the appearance is 
suggestive of /J. 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. do/iolum . Tltis material seems 10 be an 
appropriate I e c t o t y p e, and is here designated as such. 

910.270-661. 'Sphaeria Doliolum' (scr. Persoon). 'in caule arido angelicae sylwstris. 
autumno' (scr. Mougeot) . This is beautiful var. conoideo. 

9 10.270-683. 'Sphaeria Doliolum var . subdepressa' (scr. Persoon). 'in caulibus exsic· 
cat is angelicae sylvestris. aestate Dellovaco'. Empty ascocarps but in all probability L 
dolinlum var . conoid eo. 
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NOTULAE AD FLORAM AGARJCINAM NEERLANDICAM- Xll 

Small ,saprophytic Volvariclla species in the Netherlands 

T. BOEKHOUT 

Rijksllcrbarium. Leiden• 

<.'hJrJctcr< u'iCd m current lJxo numy of the 11cnu ~ Vo/variefla arc discu~sed. 

Spore dtm.:nston~ arc a good addtuon~J charac te r for di stinguishing )pccic). Vol· 
1antlla coesiorincto, V. llypopitllys. V murinella, and V. pusilla arc redcscn bcd . 
l 'o/l'orie/lo 1111/rillt //Q f. brt l'iSpOTQ I< dCSCrt bcd and V. (Q)'/Ori I~ reduced tO a 

variety o f V. pusillo. 

The genus Jlollwiello has been intensively studied during the last decades (e.g. Shaffer, 
1957: Orton, 1974; Courtecuisse, 1984). During our investigations, however, we had 
problems in tdentifying small, saprophytic species of Voil•oriello, such as V. murinello, 
V. llypopuhys, and II. pusi/lo. According to Orton (1974), the principal diagnostic fea­
tures of tillS ~,;enus are the colour of the pileus and volva , the morphology of lhe volva 
(t~o.lobed versus four-lobed) , the surface structure of the pileus and stipe, and the 
habitat. We carefully studied the material available from the etherlands and tr ied to 
e~11luate the characters used in current taxonomy of this genus. 

MORJ>JIOLOGY 01· SJ>OJUS. VOI.Vt\ AND SURFACE STRUCTURES 

Our observations indicate that in Vohwiella 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. I , 2). Voh•orie/la 1mm'nello is well characterized by nar­
roll clnng:s te ellipsoid to subcylindrical spores, 5.5 8.0 x 3.0 4.5 J.llll , Q 1.5- 2.3 (Fig. 
1). In one collect ion, the colour of the pileus of this species ranges from entirely white 
11ith a pale !(rcy·brown umbo to grey.brown with a brownish grey centre (Bas 6596, L). 
In the S:~mc collection the colour of the volva varies from white to ochraceous and was 
found 2· hl .t.Jobate. 

The ~pore~ of V. murine/In agree fairly well with those of V. su"ecro , which measure 
5.0 7 0 x 3 0 4.0 J.Lrn, Q 1.5 2.0. The latter species, however. is characteriJed by its 
habtt3t on basidtocarps of Clirocybe nebuloris. 

The other l'oli'Oriella species with small basid iosporcs (Jess than 9.0 JJ1l1 I on&) have con· 
sidcrably IHoJder pores. e.g. V. pusillo. V. <"oesio tincto. V. hypopirhys. and V. bombycina 
(F1g. ~). l 'o!J·or iello bombycino seems not closely related with the other species men-

• PrNnt .u.ldrc": C'entraalburcau voor Sdtimmclcullurc$. Yc:ISt Divtsion, JuhaMilJn 67A. 2628 
8C 1)111 \~th~rl.tnd\ 
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tioned, because of the large size of its basidiocarps, its habitat on trees. the peculiar me-r· 
phology of its volva. which can be up to 75( 120) mm long and may enclose up to luj 

the length of the stipe, and its different pileipellis, which is a trichodermium composd 
of creeping to ascending hyphae. made up of long and wide clements (c. 1500 x 40 l!flll 

Among the remaining species, V. llypopirllys is best characterized by its pak p1k~ 
and its entirely pubescent stipc. The volva is saccate. rather thick. whitish but soo; 
becoming pale ochraceous-buff and 2- to 4-lobate. 

The closely related V. pusillo differs mainly from V. llypopitllys by the ma1urnt1p1 
being nearly glabrous. The stipe of young basidiocarps can be sparsely hairy as is ~!so 
illustrated on Bulliard's {1787 1788) plate 330. The volva is saccate. thin. whnish ~· 
occasionally grey-brown and not or 2- to 4- lobate. Persoon {1 799: pl. 4. fig~. 4 . ~ l d~< 

picted V. pusillo with a distinctly radially striate pileus. 
Specimens keyed out with Orton's key ( 1974) as V. toy lori differ from 1'. pus:/!; 

only by slightly larger basidiocarps, a brown to ochraceous grey, irregularly J. h> J. (5·) 
lobate volva and a pale buff-grey to grey centre of the pileus. Because the \'Oiva 3nd tht 
centre of the pileus of V. pusi/lo arc occasionally brownish grey and becnuse the mar~Jl 
of the pileus of V. toylori can be slightly striate, the two taxa are very close i nc.lc~d 1nd 
the latter species is reduced to a v-Jriety under V. pusilla. Our obscrv-Jtion) agr~~ w1th 
the original description of V. ray Iori by Berkeley ( 1860: 140). in wh1ch the p1lcuSIS 
described as striato-rimose from the apex. 

Volvariclla caesiotincra is also related to P. pusilla, but differs from that spcc1cs 111 iu 
habitat on wood, a Geranium robertianum-likc smell and an unpleasant. some\\ hat Jd. 

4 * * * 
* * 

* * * * * * * 
** 

* • 

3 
a•fn~ spo«~· 

5 6 7 8 }'• 

Fig. I. Scaucrdi3gram of :IVcragc spore-sizes of Vo/vorielto murine/to f . murim:llo (* ) Jnd I' ""' 
rinelto f. brevlsporo ( •>· 
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f l! 2 cJtterd1a~ram of average >pOrC·MlC' of Vol~ariclla hypopirhys ( • ), V. pusilla v:u . pusil/a 
(0). I ~ p:tsilla var raylori ( 6 ). and V. surrecra (0). 

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

DESCRIPTIO 'S OF SOME SPECIES 

Volvariella caesiotincta P. D. Orton- Fig. 3 

l'ol•·t:ntlla t·aesiorincra P. D. Orton in Bull. mens. Soc. hnn. Lyon 43 (1 um. ~pee . ): 319. 1974. 
l'olrtmrlla murinella var. umbotwla J . Lange. Fl. :.g:ar. dan. 5 : 97. 1940. 
\l 1' 3 p p 11 c d n am c. Vo/Pariel/a mt1rmclla sensu Kuhn. & Romagn .. n. anal. Champ. sup. 

426. 195l 
Sele.: t cd lllu<tr a uon s.-Bull . trm1c, t. Soc. mycol. Fr. 4 3. Atl. pl. 21. 1927: J. l angc, 

A. ~ar. dan. 5. pl. 2008 . 1940. 
Sc1c( t,•d dc,criptions. Malcn~on & Ucmult, Flore Champ. Maroc 1: 108. 1970 (a~ 

J'o/lqrirlla murinclla var. umbonata Lan~tc): P. D. Orton 111 Uull. mens. Soc. linn. Lyon 43 ( •um. 
!;~((.). 319 1974 

BlSJdJocarps medium-si£ed, solitary or in small groups. Pileus 30- 60(-90) mm, con­
\t>. to applanate. frequently with low broad umbo, pale greyish cream to grey-brown 
(Munsell 10 YR /2; 2.5 YR 6 7/2), with darker grey-brown centre, dry, densely fe lted 
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Fig. 3. Volvon'ella catsiotincta. - llnbll (x l ), spores (X 1500). and chcil01:ystidm (>. 1000) 

hairy at centre, appressed radially fibrillose ncar margin. Lamellae crowded. free. rJthtt 
broadly ventricose, up to 10 mm wide. whitish when young. finall y ncsh-pink. 11ia 
whitish nocculose edge. Stipe 35- 80 x S- 1 0 mm, cylindrical with :t clavate base. up to 
c. 20 mm broad , solid, whitish but soon with a yeUowish brown tinge, tnn:J tel}' fibril­
lose-striate, entirely pubescent when young, mostly the greater part soon glabrous. Vo~1 
membranous, saccate, up to 30 mm high, with 2- 3(- 5) lobes, greyish brown, \\ tth su> 
tomentosc felted outer surface. Context whjte, becoming pale dingy straw yeiiO\\ s~• 
faint to rather strong, reminiscent of Geranium robertiomun . Taste rather strong.unpleu­
ant , somewhat adst ringent. 

Spores 5.3- 7.3(- 7.8) x 3.5-4.8 pm, Q = 1.3- 1.8( 20). ellipsotd to clongm. 
sometimes tending to elongate-ovoid. Rasidia 20- 35 x 7- 10 JJI11 , clavate. 4-)porecl. 
Cheilocystidia 35- 85 x 15- 30 JJI11. clavate, frequently with apical p:tpilla or wtth fU'r 
ger-like :Jppcndages (up to c. 20 JJI11Iong) or ventricose-lageniform. Pleurocysttdt3 t3ther 
rare , 40 70 x 10- 35 JJI11. clav;tte to ventricose lageniform. Hymenophorallrama madt 
up of 5 20 j.lln wide, cylindrical to subfusiform hyphae. Pileipellis a cutis. madeup of 
hyphae consisting of cylindrical cells, 60 160 x I 0 30 JJI11, with intraccllul3r gtt}· 
brown pigment; hairs at centre of pileus slender cylindrical. up to 300 j.llll long. I bunt 
apex of stipe slender cylindrical. up to c. 100 JJI11Iong. 
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Habitat & distributio n.- Epixylous, on decaying trunks of broad-leaved trees 
(e.g. Fagus); rare, in the Netherlands known from five localities. 

M ater~al cxamincd.- NETHER LANDS: prov. Ovcrijssc l. Dicp<:nvccn. esta te ' Nicuw 
Rande', 6 AUJ.1. 1972. G. & fl. Piepenbroek ; prov. cord-Ho lland: Bergen, I Aug. 1967. F. A . ~an 
duBugh: r(le of Texel. Oudeschild. 13 July 1983. M. Groenendaal; prov. Zeeland. Axel. Axelse 
8os, 8 June 1981 , A. de Meyer 285b; prov. Limbu rg: Linne, along Vloo tbcek, 6 Sept. 1963. C: Ph. 
Vtft(huewr; ditto, 13 July 1966. C. Plr. Vcrsclmeren (a ll in L). 

Vofrariello coesiolinc/o is closely related to V. pusi/la var. 1aylori, from which it dif­
fers mainly by its epixylous habitat. Less pronounced differences are its Geranium 
robmianum·likc smell and unpleasant taste . As Orton (1974: 320) pointed out , the epi· 
xylous V. bombycino diffe rs by its more yellow, distinctly scaly pileus and by larger 
spores. We also found differences in lhe structure of the pileipeUis of these two species. 
The cutis of V. coesiotincla consists of rather short , cylindrical cells, while that of V. 
bombycino is made up of very long (up to 1500 J.Ull) cells. 

Volvariella hypopithys (Fr.) Shaffer- Fig. 4 

AgaricuslrypopitJrys Fr .. Hymenomyc. cur.: 183. 1874.- Vol~aria hypopithys (Fr.) P. Karst., 
Ryssl. Fin!. Skand. Halfons Hatt.svamp.: 251. 1879. - Vol~ariella hy popitlrys (Fr.) Mos., Blatter· 
und Bauchprltc. In Gam~. Kl. Kryptog. Fl. 2 : I I 0. 1953 (not val. pub!. : no basionym mentioned). 
- Volr•aritlla lrypopirhys (Fr.) Shaffer in Mycologia 49: 5 72. 1957 . 

l'ofr•anaplumulosa Lasch ex Que!. m Dul l. Soc. bot. Fr. 24: 320. ( 1877) 1878.- Vol~ariello 

pbmwlosa (Lwh ex Que!.) Sing. in Lilloa 22: 40 I. 1951 . 
Agaricru pubesccntipes Peck in Rep. N. Y. St. Mus. nat. Jhst. 29: 39. 1878. - Volvaria pr1bes· 

ctnriptS (Peck) Sacc. (as V. pubipes). Syll. l~ung. 5: 658. 1887. - Volvariopsis pubescentipes (Peck) 
Murrill in N.1\mer. Fl. 10: 14 1. 191 7. Volvariclla pubescentipcs (Peck) Singer in Li lloa 22: 40 1. 
1951. 

l'o/1·orio pa~ula var. biloba Massce, Brit. Fung. Fl. 296. 1893. - Vol~aria pusilla var. biloba 
(MaSlCc) J. L:m~c. Fl. agar. dan. 2: 80. 1936. 

~I rs a p pI i c d n am c.- Vo/variella pusilla ~cnsu Kilhn. & Romagn .. Fl. anal. Champ. sup.: 426. 
1953. 

Se lecte d llluHration~.-Dahnke & Diihnkc, 700 Pi lze: 267 (as V. pusilla). 1979; Konr. 
U l .. k. ~el l·ung I , pl. 17. llg. I. 1928: J. Lange, Fl. agar. dan. 2, pl. 680 (as V. pusilla var. biloba). 
1936:Michael. Hennig & Kreisel, Hand b. Piltfr. 3. pl. 38. 1979. 

Selected d c >c rip t ion s. Kiihn. & Rornagn. in Bull. u im. Soc. mycol. Fr. 72 : 240. 1956: 
P. D. Orton in Tram. Br. mycol. Soc. 43: 384. 1960: Shaffer in Mycologin 49: 572. 1957. 

Basidiocarps small to medium-sized. Pileus (I 0- )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 
beooming pale pinkish buff to pale buff (Mu . I 0 YR 8/4) , dry, shiny, radially fibrillose 
with tips of fibrils slightly ascending. Lamellae rather crowded , free , rather remote from 
stipe, ventricose, up to c. 6 mm broad, cream when young (Mu . 2.5 YR 8/2), fi nally 
palt Oesh pink to flesh pink (Mu . 7.5 YR 7/4)), with slightly paler, somewhat fimbriate 
edge. Stipe 30 65 x 2-6(- 10) mm, mostly somewhat broadening towards base, solid, 
·~hitish . but soon becoming pale isabella, entirely pubescent. innately longitudinally 
fibrillose Volva saccate. rather thick, white but soon becoming pale ochraccous buff 
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Fig. 4 . Volvariclla hypopirhys. Habit (X 1), spores (X 1500), and chc•locysudJ3 (X 1000). 

(Mu. 10 YR 6 7/4), 2· to 4·lobate, with felted outer surface. Context dull white to 
pale yellow , in stipe becomin g 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 J..Ull, Q = 1.35-1.7{- 2.0), ellipsoid to elon­
gate. Basidia 20- 30{- 40) x 7- 10 J..Ull, clavate, 4-spored . Cheilocystidia 40 110( 140) 
x 10- 35 1Jll1 , variable in shape. clavate, fusiform to sublageniform. Pleurocystidt3 sir.l­
ilar to cheilocystidia. Hymenophoral trama made up of 5 30 J..Uil wide. thtn·"'lllt.i 
hyphae. Pileipellis a cutis made up of short-celled hyphae with cells mea!>u ring 50- liO 
x 5- 30 J..Ull . pigment absent. Hairs of stipc cylindrical. 100- 450 x 5 12 JJITl . 

Hab itat & distributio n. - Terrestrial in broad-leaved forests, on litter. on nchor 
rather rich soils; fairly frequent, seems to occur in all parts of the Netherlands. 

Ma tcrlal cx3mined. NETHERLANDS: prov. Flcvol3nd: Oostclijk F lcvnland. U1ddmt 
huizcn, along Suandgapcrwcg, 8 Oct. 1981 . C Bas 7811 : Dronten. Oremerbc rgbo~. I 0 Oct 1980, 
J. Daams 80- 13 ; Roggcbotsbos, 24 Oct. 1976, Lan11evoord & Boezewinke/ ; prov. Gddl·rla nd: ).t 
mcgcn, HciJjgc Landstichting. 2 Oct. 1955,1. Kalff; Winterswijk, Be ken delle, 19 Oct. 1981. J. Schrnm 
310: prov. trcc ht, Bunni.k. Fort Rhijn3U\\CO, 22 Oct. 1977, M. van Vuure . prov Zccland.A\tl 
Axclsc Bo~. 8 June 1981, A. de Meyer 302; prov. Limbu rg, St. Gecruu1d. Savclslx>~. S AuJ!. 1981. 
J. Schr~n 596 (all in L). 
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Vol1·ariella pusil/a 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. lzypopithys m:Jinly by their narrow, elonga te to subcylindrical spores 
(Figs. I and 2). 

Vollwia plumu/oS(] L:Jsch ex Quel. ( 1878: 320) seems conspccifi c with V. hypopi· 
thys. Howe\'er, the original descriptions of Agaricus plumulosus L:Jsch could not be 
located. Oudemans (1867 : 25) cited A. plumulosus Lasch as a synonym of A. pam1lus 
VJr. major. If Agaricus plumulosus Lasch, which seems to 1 urn up for the first time in 
synonymy of Agaricus panru/us in Fries {1838: 139), is somewhere validly published 
and if the original description of A. plwnu/osus should point to the fungus described 
here,then the epit hct plumulosa would have priority. 

VolvaricUa murinella (Quel.) Mos. ex Courtecuissc 

VolrarU/murindla Que I. m C.r. A~s. fran~. Av. Sc i. (La Rochelle, 1882) II : 39 1. 1883. Volva-
rirl/4munncl/a (Qucl.) Mos., Bl;i ttcr· und Bauchp•lzc. In Garn~. Kl. Kryptog. Fl. 2: 110. 1953 (no t 
I'll publ.: no OO!.ionym mentioned). Vo/variella murlnella (Qucl.) Mos. ex C'ourtcl·ubsc in Bull. 
Soc m)·col. 'ord 34: 19. 1984 . 

EHiudcd. Volvarit lla murinella sensu Kuhn. & Rom:l!ln .. f l. anal. Champ. ~up . : 426. 1953 
f• I~ tQmonncta). 

Vol v::~riella murinella forma murinclla- Fig. 5 

Sd(ctcd Il lu s tr a t io n s. J. Lange, H . ag:•r. don. 2. pl. 678 . 1936 ; Michael, Hennig & 
Krt1•d . Uandb. Pilzfr. 3, pl. 33. 1979: Qucl. in C. r. As~ fran~. Av. Sci. (La Rochelle. 1882) II. pl. 
ll.fpt. 6. 18 3 

&sidiocarps small, solitary. Pileus 10- 55 mm, oonico~onvcx , convex to applanate, 
frtquemly with low broad umbo, thin-fleshed , whitish grey to grey (Mu. 10 YR 7/2- 3), 
v.ith a da rker grey·brown centre (Mu. J 0 YR 4 5/3). dry, hairy at centre, radially silky 
fibrillose to suhsquamulose towards margin. Lamellae crowded, free , ra ther remote from 
stipt, ventricose. thin to rat her thick, pale when young, becoming flesh-pink , with slightly 
paler edge. Stipe 15- 70 x I 5 mm. with subbulbose b::~se up to I 0 mrn broad. solid, 
whitish, shiny. entirely pubescent when young, but soon glabrous in lower part , innately 
longitudina lly fibrillose . Volva thin, membranous, saccate. whitish, but soon sordid 
glt)'·brown. :!- 4 lobate, with slightly felted outer surface. Context white to pale grey. 
ISh, in the Stipe slightly turning ochraceous yellow. Smell weak , faintly aromatic herba· 
ceous (reminding of Pelargonium). T::~ste unpleasant , somewhat sourish-acrid fungoid. 

Spore:. 5.5 7.7(- 8.3) x 3.0- 4.4 Jlrrl , Q = 1.5- 2.3, elongate ellipsoid to subcylin· 
drkal. B3sidiJ 20 30( 35) x 7- 10 PJn, clavate, 4-sporcd. Cheilocystidi:J40 100 x 10 
30( 50) pm. variable in shape. clavate, fusiform or ventricose.Jageniform. Pleurocyst· 
idi2 simd3r to cheilocystidia. Hyrncnophoral trama made up of thin·walled. c. 5- 20 J.Lrn 
11idt hyphae. Pilcipellis a cutis made up of short· celled hyphae, I 0- 20( 35) J..llll wide, 
'ilith mtraccllular grey-brown pigment: hairs at centre of pileus slender cylindrical. up to 
!30 ;.:rn long. It airs on stipe slender cylindrical. up to c. 270 Jlrrllong. 

HJbita l & d is t r ibu t io n. Terrestrial on rich soils (e.g. loam, clay) in broad-leaved 
mJ coniferous forests and in grasslands: not common. 
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Ftg. S. Volvan't llo mun'ntTio f. murlnt llo. ll3blt (X I ). spores (x I 500). and chealo.:)~udu t( 
1000). 

Ftg . 6. Volvan'ello mun'nella f. brevisporo.- Spores (X 1500). 

M 3tera:~l CA3mined.- NETHLRLA OS. prov. Ovc rij)se l , Oevcntcr.cst3tc'\\tjt~nho:~~· 
IS Nov. 1970. G. & II. Plept nbroek: prov. Gcldcrland, Winters~ijk , 20 Sept 1975. J &hr(llrH.L 
prov. Utrecht, Bunnik. Rhijnouwen. 22 July 1954, C Bas 533: prov. Zuid · Holla nd. Rocl anJC, 
QuackJc,wa tc r. 12 Nov. 1954. C Bas 616: prov. Zee la nd : Axel. Axei)C bos. 26 MJy 198 1. Adt 
Meyer 285: Kruiningcn, 21 ov. 1982. fl. A dtmo: prov. Ltm burg: St. Ccertruid , Suvchho, , I) AUC. 
1980. J. Schreurs 434 : ditto, 13 Sept. 1980. J. Schreurs 498: ditto. 24 Sept. 1981. J. Schreurs641 
(all in l). 

Volvoriello murinello is well characterized by narrow, elongate to subcylindrical spores 
(Fig. I) and a generally pale volva . Typical specimens have a rather uniform grt}isb 
pileus. Some of the specimens studied differ by a nearly white pileus (e .g. Srhrwrnn , 

20 Sept. 1975, L). This white variant of V. murinella differs from other "httc-cappcd 
Volt•oriel/o species (e.g. V. lzypopirhys and V. pusil/a) mainly by its narrow spor~s (frt 
I). Voh•artclla cinerescens (Bres.) Mos. seems closely related. but dtffers by a smooth 
surface of the pileus, which is distinctly translucently striate (Bresadola. 1 9~9. pl. 8!~ 
Within the material studied we observed a short-spored form which is described ~low. 

Volvarielln murinella forma brcvispora Boekhout.[ormo 110 1'. rig. 6 

A Volvon'ella mun'nello f. mun'11ello dtffcrt sporis brevioribus. ellipsoidcis vel etongaus. 4.8 S.6x 
2.9 3.6 #m. - llolotypus: C Bas 617. lcctU\ m ~tlva decidua solum arcno•um th.'.:upantt. pt" 
7uid·l lolland. Rock3n)e. Quackjcs"atcr ( l ). 
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Pileus up to SO mm, plano-convex with a low umbo, pale brownish grey with a slight 
otivaceous tinge, paler towards margin, distinctly radiaiJy fib rillose with centre subviscid 
and with edge fringed with fibrils. Lamellae free, ventricose, pale flesh pink with slightly 
paler Oocculose edge. Stipe up to 70 x 6- 9 mm , with clavate, up to I 5 rnm wide base, 
sotid, white, shiny, glabrous, fine ly longitudinally fibrillose. Volva saccate, up to c. 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 pm, Q = 1.4 2.0, ellipsoid to elongate. Basidia 19- 25 x 
6- 7 pm. clavate. 4-spored. Cheilocystidia 45 65 x 12 20 JJill , clavate, subfusiform or 
ventricose lageniform. Pleurocystidia not observed. PiJeipeUis a cutis made up of short· 
celled hyphae up to 20 pm wide. 

Habitat & dis t rib u t io n.- Terrestrial, on sandy soil under broad-leaved trees (e.g. 
Betula. Ligustmm, and Quercus); very rare, up to now only known from the type local­
ity. 

Mateoa l cx3mi n e d . NETHERLANDS. prov. Zuid- Ho lland, RockanJC, Quackjcswatcr, 
12 Scpt.19S4. C Bas617(L). 

Voll'ariella murinella f. brevisporo is characterized by its small spores. The specimens 
differ slightly from typical V. murinella by their subviscid centre of the pileus. 

Vofl·oriella smithii Shaffer ( 1957: 568) seems closely related to V. murinella f. brcvi­
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. 

Vofl·orio nouseosa Romagn. (Romagnesi, 1937: 93) also has some resemblance to V. 

muriJICllo f. brevispora because of ils small spores (5.7- 6.5 x 3.5- 3.7 pm) and glabrous 
stipe. It differs, however, by the white fibrils covering the pileus (Romagnesi compared 
V.mmseosa to V. hy popitlrys and V. pubipes!) and the spore morphology. The spores 
of V. uouseoso have their largest width in the lower part (see Romagnesi, 1937. fig. 
3. Sp2). while those of V. murine/fa f. brevispora arc more ellipsoid and have their 
largest width in or near the middle. It remains uncertain whether the unpleasant smell 
of I( nouseosa differs from the up to now unknown smell of V. murinella f. brevi· 
sporo. 

Volvariella pusilla (Pers.: Fr.) Sing. 

AIPI411ita pusilla Pcrs .. Obs. mycol. 2: 36. 1799. - A garicus pusillus Pcrs.: Fr .. Sy~t. mycol. I : 
219. t821. Volvarielfa pusilla (Pcrs. : Fr.) Qucl.. Fl. myco l. 189. 1888. - Volvariopsis pusifta 
(Ptrs.: Fr.) Murrill in . Am. Fl. I 0: 14 1. 19 17. - Volvariella pusilfa (Pees.: Fr.) Sing. in Ulloa 22: 
~1.195 I. 

ilg11ric11S patvulus Wcinm., Hymen. Caster. Ro~)ico: 238. 1836. - Volvoria parvula (Wcinm.) 
Kumm .. Fuhrer Pilzk.: 99. 187 1. - Volvarielfa parvula (Wcinm.) Spcg. in Ooln Acad. nac. Ctcnc. 
Cordob3 18: 309. 1926. 

Af.'tklls taylori Beck., Outl. Brit. Fungo!. : 140. 1860. - Volvaria tay lo ri (Bcrk.) Gillet . llymc· 
IIOIII}cttcs. 386. 1878. - Volvarie/la tay lo ri (Beck.) Sing. in Lillua 22: 40 I. 195 1. 

(for runhcr ,ynonym~ sec Sharrer. 1957: 570.) 
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f-ig. 7 . Volvarielfa pusilla var. pusilfa. - Habit (X I). spores (x 1500), and chctlo~ystid l3 (>' IOCIQI 

Volvariella pusilla var. pusilla- Fig. 7 

Amanita pusillo Per~. Agaricus pusillus l'crs. : Fr. Volvllfio pusilla (Pers l·r) Qucl 
Volvariopsls pusilla (Pcrs.: Fr.) Murrill . 

ScI c c 1 c d iII us t r a 11 on s. Bresadola, lcono~r . mycol. II. pl. 533. 1929. Konr. & ~1 .. k .ld. 
Funs. I, pl. 18. 1927: J . LJngc. Fl. agar. dan. 2. pl. 68C. 1936; MJchacl, l l cnm~ Krchcl. lbnd~ 
Pilzfr . 3. pl. 35 (as V. parvula). 1979. 

Sele c ted de scriptions. Kuhner & Romagn. in Rull. trimc~l . Soc. m)'col. l r. i 2 142 
1956: Shaffer in ~i ycologja 4 9: 5 70. 195 7. 

Basidiocarps small, solitary. Pileus I 0 - 35 rnm , at first convex, becoming plano·con· 
vex, subumbonate, white or occasionally silvery greyish (M u. 10 YR 7- 8/ 1). finally at 
the centre very pale beige (Mu . I 0 YR 8/3- 4), sub viscid when very young, later apprrs­
scdly silky.fibriiJose, with radially sulcate margin . Lamellae crowded, free. up to c. 6 
mm broad, ventricose, pale sordid pink (Mu. 75 YR 7/ 2) when young, later becomu:, 
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· 
tcrcd hairs, but soon becoming glabrous. Volva saccate, whitish, sometimes becommg 
pale grey.brown , not or 2· to 4·lobate. Context white. Smell faint , sweet fungo id. Taste 
absent. 

Spores 5.5 - 7.2 x 4.1 - S.S J..Ull, Q = 1.2 1.5( 1.65), broadly ellipsoid to ellip>Oid. 
Basidia 20- 30 x 7 I 0 J..Ull , clavate, 4·sporcd . CheiJocystidia 45 85 x 10 20 pm. cla1'3tt. 
fusiform to ventricose.Jagcniform. Pleurocyst idia similar to chcilocystid•a. Hymenopho· 
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raJ trama made up of c. 5- 15 pro broad hyphae. Pileipellis a cutis. made up of cylindri· 
cal hyphae. c. 10- 20 fJJTI wide, with very pale intracellular pigment. 

Habita t & distrib ution.- Terrestrial in broad-leaved forests on clayey soil, also in 
gretnhouses; rare, only known from Amsterdam (Amsterdamse Bos), Loenen (estate 
·valburg'), and greenhouses in Kortenhoef. 

Materi a l examined.-NFTHERLANDS: prov. Ccldcrland. Loencn estate "Valburs·. 23 
AU!. 1980, J. Wisman s.n.: prov. U trec ht: Kortenhocf, 9 Oct. 1970.J. Dooms 70- 36: dino 26 May 
1971 ,1. Dooms 384 : diuo, 16 Jan. 1973, J. Daams 780 (all in L). 

This species is closely related to V. hypopithys, wh.ich differs mainly by its distinctly 
a.nd completely pubescent stipe. In very young basidiocarps of V. pusillo , however. the 
stipe can also be sparsely hairy. Bulliard's (1 787 - 1788) plate 330 shows that V. pusilfo 
can be slightly pruinose at the apex of the stipe. His plate also indicates that the basi­
Jiocarps vary from small to rather small. This is also reported by Berkeley (1860: 140), 
who described V. pusilla as 'very variable in si.t:e, from a few lines to 2 inches'. Plate 4, 
figures 4 and S of Persoon (1799) iUustrate a distinctly radially striated pileus. 

Shaffer {1962: 563) reduced V. argentina Speg. (type of the genus) to the synonymy 
of 1'. pus ilia. 

Volvariella pusilla var. taylori (Berk.) Boekhout, comb. nor'. 

A1,0ricus raylori Bcrk .. Oull. Brit. fungo!.: 140. 1860 (ba~ionyrn). - Volvorio taylori (Bcrk.) 
G~kt. l'ob•ariella taylori (Berk .) Sing. 

MiHp plrcd nam es. Volvaria parvula sen u Kuhn. & Romagn .. fl. anal. Champ. sup.: 426. 
1953:m Bull. trimest. Soc. mycol. Fr. 72: 244. 1956. 

~OI•·orio plumulosa sensu Lange. Fl. agar. da.n . 2: 79. 1936. 
Selcca c ll illustru tions.-Brcsadol3. 1conogr. mycol. II, pl. 527. 1929:J . Lange. f.l. agar. 

d1ll 2. pl. 68A (as V. plumulosa). pl. 68F (as V. ray/on"). 1936: Michael. Hennig & Kreisel. llandb. 
Pllzfr. 3. pi.J4. 1979. 

Sr lenr d d esc riptions.-Kuhn. & Romagn. in Bull. uimcst. Soc. rnycol. fr. 72: 244. 
19>6:Shaitrr rn Mycologia 49: 565. 1957. 

Bas1drocarps small to medium, solitary or in smaiJ groups. Pileus (20- )30-50 mm , 
conical, plano<onical or convex, finaUy somewhat undulating, with margin in Oexed 
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, wit h 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 ) 
4.0-7.0 mm, not or somewhat broadening towards base, up to 7- l l mm, solid, wrute 
but soon with ochraceous to buff tinge, very minutely downy at apex (under lens), gla­
brousbclow. Volva saccate, up to c. 13 mm high, brown to ochraceous grey (Mu. 10 YR 
S-6-7/4. 6/3), somewhat paler tOwards base, irregularly lobate with 1- 3( - 5) lobes. 
with subfeltcd 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) !-IJ11, Q = 1.3- 1.8, ellipsoid. Basidia 25 - 35 
( 45) x 7- 10 f.JJTI , clavate, 4-spored. Cheilocystidia 40- 70 x 10- 30( - 40) pm. clava te 
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Fig. 8 . Volvarl~lla pusilla var. taylori. - lbbit (x I), spores (x 1500), and chcilocy)tu.hJ (x iOOO~ 

to ventricose lageniform. Pleurocystidia similar to chcilocystidia. Hymcnophoraltraau 
consisting of I 0 20 jJil1 broad, thin-walled hyphae. PiJeipellis a cutis made up of I :!0 
J .. Ull broad hyphae, with intracellular grey-brown pigment. 

ll ab itat & distr ibution .- Terrestrial in grasslands on clayey soil (F 11. a·a11dfl 
Bergh s.n., 12 June 1972 was collected in a dune area, but there the soil was artificillly 
raised with clay). Occasionally also gathered from a cellar. R:Hher rare, known from 
Bergen (N.- 11 .), Drimmclen, 's-Gravenhage, Leiden, Olst, and Texel. 

Maten:ll examined .- NETHERLANDS: prov. Ovcrij ssel. 01\t. ll cnr,ford~r \\'mdtn. S 
Oc t. 1975. G. & II. Pi~penbro~k 975; dmo. 19 Sept. 1976, G. & II. Piepenbroek 999. pruv Noord· 
ll o ll and: Pctten. near Reactor Cenuc Nederland. 12 June 1972, F. A. van der 8tr!11r '" . Tnd. 
\\'addiJk, 5 Sept. t982. M. Gr(){'lletrdaal s.n .. prov. Zuid -Ho lland: 's-Cravenhaj:c. ~'t~t~ ·n,r­
dacl', 12 Aug. 1963. M. A. Donk. Lcidcn, 15 Aug. 1966, R. A. Maas Gcestcran11s /4bJ~. p:Cif 
, oord·Drabant. Dnmmelen, 10 July 1956. H. Rijkltock 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 Voh•ariello pusilla var. 10ylori differ from the typical \"JriCt) of 
V. pusillo 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 hcen claimed 
to be absent in V. taylori (compare for example Bresadola, 1929, pl. 527 (= I' taylon) 
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and pl. 533 (= V. pusilla)). Berkeley (1860: 140), however, described the pileus of A. 
taylori as 'striato-rimose from the apex'. The original descriptions of Agaricus taylori 
Serle. and Amanita pusilla Pers. are compared in Table I. 

Table I. Original dc~criptions of Amon ito pusillo and Agaricus taylori 

Am. pusilla Pcrs. (1799: 36- 37) 

Pileus 0.5 unc. latus. disco planus, 
incamato-a1bido, maiginc rcncxus, 
circa umboncm, qui brevis ct obtu~us. 

·depressus, pilus sericeis adp ressis c t 
obtusus, fragilis, et subliquesccns 
qua\i, ob lamellas transparen tes. 
colore subincarnatus. 

Stipes scmiunciam ad unciam altus, 
cylindricus, candid us, pellucid us. 

Volv:t radicalis caliciformis, pcrsistcns, 
ut plurimum quadrilidus: !obis erccti~. 
apicc subincurvis, 2 lin. magnis. externc 
~riCCU). 

Lamellae inter sc di.)tantes. libcrac 
s. stipiti vix annexac. 

Ag. taylori Berk . ( 1860: 140) 

Pileus thin, conical, obtuse. livid, 
striato rimose from the apex. 

Stem pale, solid , nearly equal. 

Volva lobed, brown, small. 

Gills uneven, broad in fron t, 
attenuated behind, rose-coloured. 

The original description of Ag. taylori closely agrees with that of Am. pusillo. The 
only differences found are the livid , conical, obtuse pileus, the brown volva, and the 
une1-en lamellae in the former. We noted a great variability concerning the first character. 
The pileus of V. pusillo var. toy lori varies from conical, plano-con ica l to convex and 
flll3Uy becomes undulate. The lamc!Jae 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 13u!Jiard's (1787 1788) plate 330 and Cooke's 
(1883) plate 300 of V. pusilfa show a yellowish brown outer surface of the volva. Kuhner 
& Romagnesi (1956, I.e.) described the volva of V. pusillo as 'brun ou gris brun a l'exte· 
ritur'. while that of V. toylori (as V. pam1/a) is described as follows: 'Volve au debut 
nettement brune ou brun-grisatre. mais souvent palissant '. Thjs is in agreement with our 
obscr.ations on the colour of the volva of V. pusilfa, which can vary fro m whitish to 
grey-brown. According to most authors the pileus of V. taylori is somewhat darker if 
compared with the pileus of V. pusilfo {Table U). 
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T3ble II . Description of the colour of the ptleus of V. pusilla and V. raylori 

V. pusill:t 

White. somewhat tinged with yellow o r 
brown. 

White. 

O'un blanc pur. meme 3U ccnue scule· 
mcn t 3 In rm lcgcrcrncnt j;,uni ou S3li :i 
cct cndroit . mais nc prcscntant pas de 
te inte p isc. 

White. occastonally tinged wi th g11:y, 
especially o n the disc. 

White, sometimes tinged ivory or pale 
cream when old (in key). 

V. taylori 

livid. 

Dingy whitish (somewhat darker, livid 
argJJJnceous at the disc). 

O'abord blanc de ncige. matS deja avec lc 
cenu c legeremcnt touche de gris brun:itrc 
UeS diJUC, puiS CCIIC tcintC SC pr0:cisc Cl 

s'cntend de plus en piUSJUMJu 'a dcvcnir 
brunauc, maislc bord demeure t ri:s lonj!· 
temps blanc c t cc n'cst que sur lcs cxcrn· 
pin ires vc tustcs que toute Ia surface est 
p:ulle brunauc ale. 

Grey with aveUaneous areas o r grc}' tsh 
:tvcllancous overall. 

Paler o r darke r grey, grey o livaceou. 
hazel. sometimes creamy or pule buff at 
eenuc. 

(B,•rl,,·k~ . 

1860) 

(J . l J !lfC. 
1936) 

(Kuhn~r & 
RornJ~nt!l. 

195(>1 

(Shatfcr. 
195,1 

(Ortll n, 
197-1 ) 

White. occasionally silvery greyish. 
fi nlliJy at centre pale beige (Mu. 

Centre pale buffy grey to brown·grey. (our 

10 YR 8/3 4). 
paler towards mar~tin (Mu. 10 YR 7/ 3- -1 . ubSCI'\JliOns) 
8/ 2- 3. 5/3). 

The colour of the pileus of V. pusil/o thus ranges from white 10 cream. hcige. yellow. 
ish, or greyish. Whereas in V. toylori it varies from white, greyish , avell3ncous 10 livid. 
There is hardly a discontinuous range of variation in the colour of the pileus of the~t 
two taxa. Vollloriello toy lori represents a more pigmented form of V. pusillo. Be ause oi 
these great similarities between the two taxa, we reduce V. toylori to a varict} of V. 
pusillo. 
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Ultrastructure of the ascus top and the ascospore wall in 
Fimaria and Pseudombrophila (Pezizales, Ascomycotina) 

J. VA~ BRUM~IELEN 

RiJksh~rborium. l~iden 

Morphological and dcvclopmcni3J studies on the ascu top and the 3scospore 
ull of Fimorio tlrtiolf!U CJJ, F. cervorio. Pseudombropltilo obllquerimoso, :~nd P. 
dtttDto were carried out wit11 light :~nd elecu on mic roscopy. Ascus tops are 
found ~1th roughly dehmlled :~~ostomes :~nd opercula, w lthout indentations. 
preformed \\c:akened tones. or sub:ap1~l nnt;.s. l>ehtseence of the :~scus takes 
plact m an eroded. sl~h tly thinner zone oi the outer b ycr and next to a cor· 
rtspondang ""nnkled region in the inner l :~yer. This correspond~ wi th tl1e s truc· 
turc and dehiscence mechanism found in 1\Cncra of Pyroncmatnccac stud1cd 
t11us far. During u>Cosporc development in ull specie~ at fir~t a ~mooth electron· 
dcn~e secondary wa ll i~ formed. In F. tlrl'ioleuca and F. cervarla th iS 13ycr IS 
permanent. but m P. obllqu~rlmosa a nd P. duroto It u<u311y breaks up to form 
an urnamcnuuun T he prc.cncc of 'mooth and rough :~scosporcs In the same 
src-.:1c' I' C;\pt: mcd by Jssummg :1 commo n process of development fo llowed by 
a further final npcmng tn the rough·sporcd ones. The presence of two types o f 

St'pta is rc<orded from exclpular cells ond p:uaphyscs of r: tlrt'ioln iCJJ. 

In 1iew of the preparation of a taxonomic revision of the genera Fimaria Vel. nnd 
Ps.:udombropltila Boud. but the almost complete absence of knowledge about the fine 
suucture of the species of these genera, a study on the ultraslructure of asci. ascospore 
t.alls.and septa has been undertaken. 

The comparative structural st udy of the dehiscence mechanism of operculate Ascomy. 
tries stamd with the aid of light microscopy. Especially investigations by Boedijn (1933) , 
Cludefaud (1942, 1944, 1946), and LeGal {1946a, 1946b) of Jiving and revived material 
) itldcd 1hc first beginnings of understanding of the structure of this mechanism. As subject 
of these first investigat ions especiaiJy representatives of the family Sarcoscy phaceae were 
dloscn. Here relatively thick walls were found in the top of the asci chnracterized by a very 
urong. but unequal, swelling of the d ifferent parts in water and other media. 

Esptcially many of the post·mortem observations on revived exsiccata and on rna. 
ltri31 consen·ed in liquid ha,•e led to wrong interpretations of the structure and the 
mtehanism of the ascus dehiscence . Boedijn's {I.e.) observations on living asci ofCookeina 
sulc1pi'S (Beck.) 0 . K. arc contrasting examples of lasting value. The s1rongly asymmet· 
rica! suuc1ure of the ascus top wit h an eccent rically oriented operculum in this species 
llhich was 3lso studied by LeGal { 1 946:~), make it difficult to homologiLe the struc­
tunl dmils described with those observed in symmetrical asci. 

The ult ra tructure of the a cus top has now been investigated in more than 40 genera 
or PtZIIJ!es (e g. Schrant7, 1970: Wells, 1972: van Brummelen, 1974, 1975. 1978: 

2t3 
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Samuelson. 1975, 1978a- d; Hung, 1977; Bellem~re, 1977; Samuelson & Kimbrougl;. 
1978; Kimbrough & Benny, 1978; Samuelson & al., 1980). 

Based on the fine structure of the ascus top in the Pez.izales van Brummelen ( 1 9~8) 

distinguished eight principal types of asci, while Samuelson ( 1978d) even condudtc! 
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 detemlining taxonomic affinities at familial and somctilllfs 
even at generic level. 

The structure of the ascospore waiJ and of its ornamentation in Pclit.ale~ have! beta 
the subject of extensive studies by Lc Gal (1947) with light microscopy and b) Merklli 
(1973, 1974, 1975, 1976) with electron microscopy. They, however, diu not ~tuJ) 
species of the genera under consideration here. 

In Fimaria and Pseudombropltifa there occur taxa with smooth as well as w1th onu· 
mcntcd ascospores. In some taxa this character seems to be inconstant. llerc smooth 
and rough ascosporcs can be found in the same, apparently homogeneous, collecuon 
The ultrastructure of the ascospore wall may give an explanation for th is phenomenon 

MATERIAL AND METHODS 

For the present study fresh material was coiJectcd in tllc Netherlands. haniX. anJ 
Italy. The following list gives more details about the specimens and the1r ongms. Fillll} 

rio theioleuco (Roll.} Brumm. - van Bnunmefen s.n., on sheep dung. l;lspcct. Gcllk1· 
land, the Netherlands, 7 XII 1972 (L): Fimorio cen•ario (Ph ill. apuu J . Ste,ensonl 
Brumm. - 1'011 Bnmmzelen s.n., on hare dung, Vogelenzang, North llolland . the :-:ether· 
lands, 4 VII 1974 (L); h eudombroplzifa deerata (P. Karst.) Seaver - Donodzm. on 
sheep dung, Aubagne, Bouche du RhOne, France, 25 IV 1981 (L); Pseudombraplu!J 
obliquerimosa Harrnaja - Luccltini & 1'011 Bnmzmelen 6263, on rotten vegetable tlebns 
mixed with cow dung, near Selva di Trissino, Veneto , Italy. 2 V 198 1 (L). 

Living isolated asci or bundles of gently spread out asci were observed in water or ll! 
a weakly hypotonic solution of glucose in disti lled water. The slides were ~tutlicd 11ith 
phase contrast and Normarksi's interference contrast optics. 

For light microscopy asci and ascospores were stained with e.g. Congo red. tr}p.lll 
blue, and methyl blue. For critical observations monochromatic light was ustd oi 1 

wavelength equal to that of the maximum absorption value of the stain used. Also. sec· 
tions 0.2-0.5 JJ1l1 thk k of material embedded in epoxy resin and stained wuh tolurdlJl( 
blue proved to be of value. 

For electron microscopy, small squares of the hymenium of apothccia at differen1 
stages of ripening were cut and fixed . 

One part of the material was fixed for 3 hours in J% glutaraldehyde buffered at pH 
7.2 with 0 .2M cacodylate at 4 ° C. Another part was fiXed for I hour in 1 I.S % KMnO, 
in distilled water. All material was post ·fixcd for I hour in I% buffered Os04 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 I% uran~i 
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acetate. Longitudinal median sections of asci were cut with a diamond-knife on an LKB 
Ultratome Ill. The grids were normaiJy contrasted with Reynold's lead citrate and uranyl 
acetate, and occasionally also with barium pcrmanganate. The ultrathin sections were 
\iewed 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 t11e ripest stage. Consequently the study of the 
ascus top tS 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 cyUndrical with a rounded tip, I 50- 200 x 13- 15 J.l.ffi. 
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 (Ftg. I A). 

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 epiplasrn. 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 cont rast optics. 

In 0.2-0.5 pm thick sections the apical and subapical regions of the ascus waU stain 
strongly'' ith 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 
tht ascal wall. 

In young asci of permanganate-Os04 -fixed material the wall at the immediate region 
of the tip is 150- 170 nm thick, subapicaiJy the ascal wall reaches a thickness of 200-
500 nm. At the outside of the ascus a thin electron-dense periascus is present from the 
btgtnntng. 

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 futwt 
operculum. the inner and outer layers are then of about the same thickness, both 100 
120 nm, as weU in glutaraldehyde·Os0 4 as in permanganate·Os04 . fixed material. In the 
subapical re&ion there is a considerable but gradual change in the thickness of the 35al 
wall and in both of its layers. The ascal wall thickens from 240- 270 nm closely behillt 
the tip to 460- 520 nm more downwards. Th.is 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 tilt 
lower part of the subapical region . Over the same distance the inner layer redu.-es 111 

thickness fro m 70- 100 nm ncar the tip to only 20 25 nm lower down. 
In the outer layer of the lateral wall, at some distance behind the apex, two wall 

can be distinguished: an outer stratum 310 344 nm thick and an inner stratum 120-
155 nm thick (Fig. 28). 

Even at full maturity no trace of an indentation or a preformed weakened zont 
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 a t the surfact 
of the outer layer, corresponding with a region of wrinkling of the inner layer (Fig. I B~ 

The operculum opens fo rcibly by a fractu re in this zone of the outer layer and byl 
fracture in the inner layer next to the wrinkled region. As a result of this fractur~. tht 
margins of the ascostome (Seaver, 1928) and the operculum look rather irregular 3n~ 
rough, while in the operculum the outer layer usually overlaps the inner one (Fi~. 10, 
2A , C, D). 

Abbrev ia ti o n s u se d in fi gu re s. - AS. ascostome: AW. :~scus wall. CM. <'und~~ 
material : E. cpiplasm: EN. endospo re: EP. epispo re: ER. cndoplasmatie re ticulum: 1·. lr3Cturinf !art. 
FU. funnel : IL. inner layer; IM, inve~ting membrane; /11 , mitochondrion: . nuclcu' : 0. opcr01l.m 
OL. ou ter Ioyer: P. periao;cus: PM. plosmn membrane or plnsmnlcmrna: J>W, pnm;uy 'l>orc "~II. S. 

ascospore: SP. sporoplasm: SW. sccondnry waU; T. uact or funiculus; wz. weakened zone. 
The ~cak m3rkers in 311 figures equal approximntcly 0.5 Slm. 

Fig. I. Fimori.a theiolet~co. electron micropaphs of ripemng and cmpued asci. A. ~kdran * 
t ion of the distal portion of ripening ascus. fixed in I% K Mn04 3nd I% Os04 • U. Oetail of1pu 
of a lmost mature 3Scus just before dehiscence. with empty space of f:~Jicn out uppermn,t.t«:ospou, 
fixed in I% glutaraldehyde and I% Os04. - C. <\pcx of emptied a~u' Without opcr.:ulum. lhfdu: 
I% KMn04 nnd I% Os04. - D. Orcrculum of emptied ascus, fixed in I% Os0 4. 

Fig. 2. Fimorio tl!eioteuco, electron micrographs of emptied a~i. A. Median ~ecuon of 3pc~ of 
emptied ascus with operculum. fixed in I% t~ lu taraldehyde and I% 0>04 . B. Tranwcr<t 1(1.' 

tion of lateral wall. fixed in I% ~luta raldeh)•dc and I % 0 >04. C. As A but fixed 10 I '' 101"01 
and I% Os0 4 .- D. D.: tall of operculum. fixed in I% ~tlutaraldchydc and I % Os04. 

Fig. 3A. B. Pseudombrophilo obllquerimOSIJ. c lccu on micrographs of ripcmn~ asci. ll\cd in 1\ 
glutaraldehyde und I% Os04. A . Detail of apical cpiplasm, ~ho" in& tubul;u 'uu~·ture of l/JCl 
- A. Operculum region. 

Figs. 3C- F.. Fimorio theioleuco. electron micrographs of ascospore dc\'Ciopm~nt. fi\cd •~ J\ 
KMn04 and 1% Os04.- C. D. Deve lopment of the ~condny wall. - F.. ld .. also <ho"in~dt''f~ 
o pmcnt of the endospore and the cpisporc. 
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After the violent discharge of the ascospores the operculum remains attached to th~ 
rest of the ascus by a narrow hinge. In the species studied, the place of the hinge sc~ms 
to be fully arbitrary. Even in the lUnge the lines of fissuring can often be recognited in 
one or both layers (Fig. 2A, C, D). Whlle the layer of the operculum remains more or 
less constant in thickness, 85-140 nm, the outer layer may swell up to double tts orig· 
inal size, from 120 to 280 nm. 

In the subapical region, somewhat behind the ascostome, often a zone of 1rregular 
swell ing and very low electron-density can be distinguished in the waiJ (Figs. 2A. C). In 
this wne it is difficult to trace the boundary tines between layers and strata . It corre· 
sponds exactly with the sites of optimal staining with e.g. toluidine blue in light nucro· 
scopy. 

Also with electron microscopy a funnel and a tract can be distinguished in the apical 
part of the cpiplasm; both consist of subparallel anastomosing electron-dcnst: tubules 
14- 17 nm wide (Fig. 3A). In the top of the ascus the tract reaches a diameter of ~70-
350 nm. 

The asci of Fimaria cervaria. Pseudombropllila deerata, and P. obliquerimosa 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 fo ur species in tht 
structure of the ascus top and the mechanjsm of spore liberation. 

The ascospore wall 

The ultrastructure of these species of Fimaria and Pseudombropllila , with respect to 
the development of the ascospores, closely accords with the general process as described 
by earlier st udents of representatives of thls group of fungi (e.g. Hawker. 1965: Bracker. 
1967: Reeves, 1967; \Vells, 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 thr 
epiplasm. The wall of a young ascospore develops as a homogeneous electron-trampar· 
ent substance between both parts of this double ascospore delimiting membrane. This 
primary wall is of rather constam thickness and remains the most constant part of tht 
ascospore wall. 

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

At first the substance of the secondary waJJ 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 enJ 
this membrane is often indistinct or fragmentary. 
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Simultaneously with the format ion of the secondary wall , differentiation of the 
primary wall takes place. In the outer zone of the primary wall a more electron-dense 
~dis formed. On further ripening of the ascospores two or more electron-dense layers 
b«ome visible. The whole complex of thin layers is called the epispore. The remaining 
mner par1 of lhe primary wall is called the endospore. At times, especially after post­
Staimng with uranyl and lead salts, also a sublaycring of the endospore can be made 
~isible (cf. Figs. 4 8- D, 5 8, C). 

During ripening of the ascospores the cpiplasm and the sporoplasm undergo changes. 
Esptcially in lhe end the cpiplasm disintegrates almost completely, losing its original 
organels, forming a few very large vacuoles. and remaining only as a thin layer just inside 
til( ascoplasmalcmma and in the tip. 

In the sporoplasm the organels remain present and increase in size and electron-dcn­
slly. Oil-drops are not fonncd. 

Fimana tlleioleuca- Figs. 3C E, 4 
In material fixed both in permanganate-Os04 and in glutaraldehydc-Os04 , the pri­

mary wall is of rather constant thickness (290- 310 nm). The investing membrane sepa­
rates along the whole surface of the primary wall and a secondary wall of strongly vary­
mg thickness with fairly electron-dense contents develops. The investing membrane may 
run rather irregularly. Often the secondary wall thickens considerably (up to 500 or 
e1tn 1100 nm) and large homogeneous electron-dense masses arc formed on the pri­
mary wall (Figs. 3C, E, 4A, B). 

During Lhe development of the secondary wall an epispore of about 60 nm thick and 
an endospore of 180- 225 nm thick are formed (Figs. 3E, 4A- F). In the epispore usu­
ally t11o electron-dense layers can be observed, whereas the endospore may show four 
or fhe zones of slightly higher electron-density alternating with more electron-transpar­
ent ones. Simultaneously with changes in the epiplasm and the sporoplasm the second­
ary waU modifies. Within the secondary wall , on the outside of the epispore, a rather 
sharply delimited layer with increased electron-density is formed {Fig. 48). Gradually 
this byer grows to form a layer 120 250 nm thick, while the rest of the secondary wall 
dis3ppears gradually. At maturity a very fine fibrillar structure can be recognized in this 
byer. Sometimes remnants of the investing membrane can be found on its outside (Fig. 
4E). The mature ascospores are smooth. 

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

Fimarta cenaria- Figs. 5F- J 
At ftrst the aseospores in this species develop in the same way as in F. theioleuca. In 

the pcnnanganatc-Os04-fixed material, the primary wall is homogeneously electron­
transparent, 330- 370 nm thick. The investing membrane separates from the primary wall 
and th~ secondary wall is formed in between, consisting of homogeneous and fairly 
eltctron-dense material. The process of secondary wall forma tion proceeds along the 
"hole 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 end.> 
spore (290- 31 0 nm thick) develop and changes in the epiplasm and the sporopb111 
take place. The epispore shows t 11'o thin electron.dense layers. the endospore rerrult.l 
homogeneous. 

In the homogeneous matrix of the secondary wall locally and close to the surfaced 
the epispore areas of slightly higher electron.density appear (Fig. SG). Graduall) t~ 
areas become more electron·densc and grow together to form a continuous layer "'itha 
wavy outer boundary, 90- 336 nm thick (Figs. SF, H). During further matur3tionu 
electron·dense layer of constant thickness (1 6S - 200 nm) with a fine fi brillar structurt 
is formed, while the rest of the secondary wall and most of the epiplasm d1sappear;lht 
mature spores are smooth (Fig. SJ). 

Also with light microscopy. after staining with methyl blue or with interferenct 001-

tr:lst optics. the thin secondary wall in mature spores shows as an uninterrupted ul 
smooth layer. 

Pseudom brophilo o bliq ucn moso- Figs. SA E 
The glutaraldehyde·Os0 4 ·fixed material of this species has especially been stud1eddll!· 

ing the last stages of spore development . The early development is the same as in Fm141W 
thriolcuco and F. cen •orio . The primary wall is 380- 400 nm thick and has the norrml 
aspect. Separation of the investing membrane from the primary wall has made formltu 
of the secondary wall possible; this is composed of homogeneous and fa irly electron·deu 
material. In the following development a tWO· or muJti.Jayered epispore (6S 70 nm tlOOI 
and a sublayered endospore (290 330 nrn thick) differentiate within the pnmJr)' \\ .ill.AJ 
the same time 1hc secondary wall material concentrales as a continuous,ratherunifcn 
layer ( 120- 230 nm thick) of electron.dense material on the episporc (rigs. SA, B~ 
Together with the main part of the epiplasm, the rest of the secondary wall d1SJpptm. 

During 1he last stage of maturation the surface of the rather uniform secondary ·~'21 
breaks up to form a series of more or less oblique ridges over the surface of the SJIOI! 

Fq:. 4 . Nmaria thciol~ca. electron micrograph~ of .s-.co•purc development. liwd sn I K \1~ 
and l ',l Q,04. A- C. Condensa tion of secondary wall materi31. - D. Detail o t conden-ed 1111:1-

rial. ~ F. Advanced state of ascospore development 
h p. SA h. Ps~dombrophila obliqu~rimosa . electron microp ophs of as~osporc dc,dop~ 

li"cd in I ~ t~luuraldchydc and I $ Os04. A. Development of the second lily wJ II B. C I! 
also showmg development of the endospore and the cpssporc. - D. F. Adv~nl'\!d 'we sn dt\'dct 
ment of ornamenution. V!ow in~t the librillar suucturc of secondary "'a.U mateml 

FU\~. SF J. Fimaria u rvaria. clccu on m1erogzaphs of ascospore development. r.,~J ua If 
K Mn04 and I% Os0 4. F II. Development of the endospore lind the cpisporc and condtn>~ltl 
of :.econdary wall mate rial. - I. Advanced state o f osco>pore development, showmr J ' muo1h bjcr 
of secondary wall material. 

Fill ' · 6A. U. Pseudombrophila decrata . elec tron m1crographs of an advanced state of 3.CO!f'Ol 

development. lixcd in I % glu t:u aldchydc and I% 0~04 . 
Ft!='· 6C- r . Fimaria tlleioleuca. elccu on nucro~ophs of scptll. - C. D. Septa o l ~\cipulucdt. 

liM:d in I '1 ~luuraldchyde and I ~ Os0 4. E. I'. Plussed scpu in paraphyse~. f1\cd 10 I K \1~ 

and I '~ Os<4 . 
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(Fig. 5C). In the mature spores an ornamentation of irregular ridges ( 130 ~90 nrn 
high) of a fine fibrous structure and with an irregularly eroded surface can be obsen'td. 
Usually the furrows between the ridges do not reach the base of the secondary wal l. 

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 rnawre 
ascospores. 

Pscudombrophila deerata- Figs. 6A, B 
The glutaraldehyde-Os04 -fixed material of this species shows that the structure of 

the primary wall (380-400 nm tltick), the cpiplasm, and the sporoplasm resemble thoSt 
in the other species of this study. At an early stage an epispore (55 - 60 nrn th1ck)ar.d 
an endospore (330 nm thick) arise. At first the endospore is homogeneous and clewon· 
transparent. Later the outer part increases in electron-density and forms J complttt 
extra layer (25-30 nm thick) adjoining the cpisporc (Figs. 6A, B). The )econdar) v.'1D 
material is fairly electron-dense and homogeneous at the moment when 11 1s deposnrd 
between the primary waU 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 to 
form local pro trusions or warts (160 280 nm high) over the surface of the ascosport 
(Figs. 5A, B). The rest of the secondary wall disappears together with the main JXlrl of 
the epiplasm. The structure of the ornamentation is not quite clear and the surfa~'t is 
irregular eroded and somewhat fibrous. 

With light microscopy the fine warts can just be observed under optimal cond11tons 
with methyl blue staining or with interference contrast optics. 

The septa 

Especially in Fimorio thciolcuco septa have been studied. ln gJularaldehydc-OsO~· 
fixed material, cells of the cortical part of the cxeipulum show strongly thickened eeU 
wa lls 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 divcrticulatc. AJso the septum may be thkk· 
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 th( 
septal pores and often one of them can be found to occlude the poral opening. 

This is considered the ' typical' ascomycete septal type by Cull ( 1978). It has bttn 
described from a great number of Ascomycetes and their anamorphs. Even in cells 
where the main part of the cytoplasm has already disappeared, Woronin bod1es can bt 
fo und active at the septal pores (Fig. 6C). 

In pcrmanganate-Os04 -fixed material of the sa me species septa have been studied ill 
the paraphyses. Here also septal plates with a central pore arc formed, but no accom· 
panying Woronin bodies arc found . The septal pore is closed by a tightly fJttmg eler­
tron-dense plug {Figs. 6E. F). In a section grating the edge of the septal pore {fig. 6E) 
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electron·dense flattened sides can be observed at each side of the pore . No central open· 
ing ln the plug is found. 

The septal plug in the paraphyses of Fimaria theioleuca resembles that of Chaeto· 
mizmr brasiliensis Batista & Pontual (Rosing, I 981 ) , Clraetomidium arxii Benny (Benny 
& Samuelson, 1980), and Neurospora crassa Shear & B. Dodge (Trinci & Collinge, 1973). 
h is called the 'solid puUey·shapcd plug' by Rosing (I.e.) or 'diabolo·shaped plug' by 
Chadefaud (1973). 

DI SCUSSION 

The structure of the ascus top in the species of Fimaria and Pseudombrophila studied 
is \'cry similar. This struct urc is summarised in a diagrammatic scheme (Fig. 7). 

This- type of ascus top with a rather roughly delimited operculum and ascostomc , 
without internal indentation or a prominent ring shows great affinity to the 'Ocrospora 
type' of van Brummelcn (1978) or with the 'apical apparatuses' described by Samuelson 
(1978b) for representatives of the 'Otidea·A leu ria complex'. This type is known from 
species of the genera Pyronema. Antlrracobia. Aleuria. Otidea. Coprohia. Cheily menia. 
Scrmllinio. Ocrospora. Sowerbyella. Jafnea. Humaria. and Splraerosporella: all genera 
belonging to the fam ily Pyronemataceac. So the structure of the ascus top in Fimaria 
and Pseudombroplrila 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 ascallayer and additional material precipitated from the surrounding ascosplasm, 
as may be concluded from the· observed local concentration of endoplasmatic reticulum 
and the activi ty of lomasomes. 

These rings differ clearly from Lhe thick ring found in the subapical ascal wall in spe· 
cies of Asco:onus, which is composed of material of deeper wall layers (cf. van Brum· 
me len, 1974: Samuelson, 1978b ). The ring in Ascozonus is of a d iffcrcnt origin and not 
homologous with the subapical ring found in some genera of the Pyronemataceae as sug. 
gested by Samuelson (I.e.) . 

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 thjs region arc 
strongly overstretched and deformed during dehiscence and often swollen afterwards. 

The structure in the asci of several species of Pcz.izalcs, described as ' bourrelet sous· 
apical' b>· 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 
de1·elopcd at both sides of the ascus top. Sometimes after strong swelling the constitu· 
tnt 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. 0 1agummauc )CCUons of ascus top . :I\ seen with clccuon m•cro)(:Op) 
m3turc 3SCU . - B. Ascu after \pore diSCh:uge. 

The 'projecting border' described by Boedijn ( 1933) as part of the ascus top of Cook· 
cino sulcipes (fam. Sarcoscyphaccac) relates to the same structure. In the Sarcoscypha· 
ccae this subapical region is particularly obvious. because of the very strong swclhng of 
the inner layer of the ascal wall. The strongly eccentrically placed operculum in sptoo 
of C()()keino and some related genera make a comparison with symmetncal forms diffi­
cult (cf. Eckblad, 1968, 1972; van Brummelen, 1975; Samuelson. 1975. Samuelson & 
al.. I 980). 

For the same subapical region of the ascus Samuelson (1975) introduced the ltrlll 
'suboperculum'. defining 'the area of t~e ascus wall immeduuely belo"' the hnt of 
dehiscence in which transitions in the wail layers arc notable.' The upper boundary IS 

well defined by the (future) ascostome, but the lower boundary is more vanable.stnct 
the transition in wall layers is often rather gradual at the proximal side. cspcc1ally whto 
a subapical ring is not present. 

The term 'suboperculum' for a certain part of the ascal wall is unfortunate. )mce tl;( 
same term was more or less implied by Le Gal's ( 1946a, 1946b) introducuon of t~.t 
'Subopercuh!s' for discomycctcs with a certain type of operculum. Fully parallel with 
Lc Gal's terminology, Chadefaud ( 1946) introduced simultaneously his 'para·opcrcuk' 
for the same operculum model. Moreover the suboperculum of Samuelson is not rtstrl<t· 
ed to the subopcrculates of LeGal, as he might have expected at first (cf. SJmurlso~. 
1975; Samuelson & al. 1980). The prevent further confusion the terms ·subapical rt­
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 walland 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 
11'311 and the investing membrane. In Fimaria cen'Oria local areas of condensed secondary 
nil 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 ripenmg 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 pan 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 rouglt or ornamented ascospores in Pseudombrophila obliquerimosa and 
P. drerata can be considered as a process of final ripening that is not always completed 
before their discharge. 
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K. Esser. Kryptogomen. Cyanobaktcricn, A/gen. Pilze. l-1cchten. Praktikum tmd Lehr· 
buch. 2. Aun. (Springer-Verlag, Berlin , Heidelberg, New York , Tokyo. 1986.) Pp. 
XXII t 566,310 Text -figs. Price: OM 98.-. 

The first edition of this book was published in 1976. In this second , revised edition 
especially the chapter on Dcutcromycctes has been changed and extended with more 
examples. The book is an introduction into the fie ld of thallophyta, intended to be used 
as a guide for more extensive ('classical') university courses on this group of cryptogams. 

It is well-illustra ted with many drawings, photomicrographs, and schcmcsof life.cyclcs. 
In the theoretical pan the principles of reproduction cycles are discussed . The part on 
technical methods gives 3 selection of cultural methods and microscopical staining proce­
dures. The major part of the book is devoted to practical information on the main classes, 
orders. and families of the thallophyta. Appropriate objects are listed, certain tasks for 
students arc set, and info rmation is given on the structures to be observed. 

P.Konrad & A. Maublanc. leones selectac Fungonuu. Vol. Ill. (Reprint edition. Librcria 
cditricc Giovanna Biella. Saronno (It .). 1986.) llundred Col. Pis. and accompanying 
text-pages. Price: Lire 110.000. 

The th1rd volume of the very well-done and all ract ively bound reprint edition of the 
'classical' mycological iconography of Konrad & Maublanc. For more details sec Pcrsoonia 
13: 134. 1986. 

J. Rammcloo (Editor) . leones mycologicac. Jardin Botaniquc National de Belgique . 
Mcbc. l'ricc: Ser. I . 4 . and 6 B. Frs. 800 .-; ser. 2, 3, and 5 B. Frs. 600.-. 

Thts work is delivered since 1982 in 3 number of series, of which six have been pub· 
Ushed till now. Each series consists of a varying number ( 16-20) of loose-leafed plates 
with accompanying descriptions and legends. Each plate with text has his own author. 

The first series ( I 18. 1982) contains 13 Russula's by L. Imler. The second (J 9- 34 , 
1983) and the third series (35 - 54, 1984) contain respectively 13 and 18 Myxomycetes 
(Trichialcs) by J. Rammcloo. The founh series (55- 74, 1984) con tains 6 myxo's by 
J. Rammeloo and 8 agarics (Ooletaceac) by L. lmler. The fifth series (75- 92. 1985) con­
tains 8 Galcrina's by A. uc Haan. The sixth series (93- 11 0, 1986) contains I 0 agarics by 
L Imler. and 3 agarics and 5 myxo's by J . Rarnmcloo. 

The plates arc of high quali ty and well printed. They show scanning electron micro­
graphs (St::M) of the myxo's and coloured habit drawings wit h line drawings and some­
umes St::M-graphs of the agarics. 
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