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Examination of four collections of Psathyrellafru.stuknta sensu A. H. Smith and 
four of P.fru.stultnln sensu Romagn. revealed that the former species is distin­
guished from the Iauer by its strongly developed veil and habitat (woods) and 
that there nrc considerable microscopic differences between the two (spore 
size, number and shape of pleurocystidia, paucrn of cellular lining of gill 
edge). The former species is to be regarded as conspecific with Agaricus fru.s­
tulentus Fries, the Iau er as conspecific with P. diveruis (Berk. & Br.) P. D. 
Orton. his argued that the name P.jibrillosa was misapplied by J. E. Lange 
and A. H. Smith to a species for which the name P. jrUsii is introduced. 
Descriptions of P. fmsii, P. jru.stuknJo, P. clivensis, and P. obtusata nrc given. 

In the autumn of 1976 we had the good fortune of finding three species of Psathyrella, 
which enabled us to clear nomenclatural problems row1d P . .fibrillosa (Pers. ex Fr.) 
sensu J. E. Lange and sensu A. H. Smith, P. Jrustulenta (Fr.) A. H. Smith sensu 
A. H. Smith, P.Jrustulenla (Fr.) A. H. Smith sensu Romagn., and P. obtusata (Fr.) 
A. H. Smitll. Smith himself already stated that P . .fibrillosa docs not have a clear and 
widely accepted concept in Europe by present-day mycologists, reason why he used 
the name tentatively. Close comparison of the Friesian descriptions of Agaricus 

.fibrillosus with the descriptions furnished by Lange and by Smith disclosed that the 
epithet 'fibrillosus' is misapplied by the latter authors. A new name, P. friesii, is 
introduced for the species they describe illldcr that name. 

We were enabled to compare our own four collections of P. frustulenla scn~u 
A. II. Smith with material of four collections of P.Jrustulenla sensu Romagn. which 
Prof. Romagnesi very kindly sent us from his own herbarium. Through the courtesy 
of Dr. R. Watling we received from rhe herbarium of the Royal Botanic Garden 
Edinburgh the material of the two collections of P. eliven.sis (Bcrk. & Br.) P. D. Orton, 
mentioned by Orton ( 1960: 369) in his description of that species, so that we were 
able to include tllis species in our study also. 

For our methods of examining the fruit bodies, particularly the microscopic 
characters, the reader is referred to our previous papers (Kits van Wavcren 1968: 
132; 1971a: 249; 1972: 24). Spore measurements arc given both as a range and 
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as a mean value added between brackets. For the description of the colours of the 
macroscopic structures and the spores (mounted in water, NH 40H 10% or KOH 5% 
and studied with oil immersion in a rather strongly lit field of view) we used the 
Munsell Soil Color Charts, edition 1971 (abbreviated in the text to M.}, and the 
code designating its colours. 

With regard to the pigmentation of the fruit bodies we have, as previously, con­
fined ourselves to studying only the pigmentation of the hymenophoral trarna for 
reasons given in our earlier paper (Kits van Wavcrcn, 1976: 346). Again we em­
phasize the importance of paying special attention to the pattern of the cellular Lining 
of the sterile gill edge. Doing this turned out to be particularly rewarding in P. 
obtusata and P. cliuensis, where this pattern is very characteristic. 
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Psathyrella friesil Kits van Wav., spec. nov.-Figs. t, 6-to 

Psathyra langei Sing. in Collect. Bot. I 3 : 244- 1947 (not validly published). 
M!SAPPI..IIID Nl\loiU.-Agaricusfibrillosus (Pcrs. ex Fr.) sensu Lambottc in Fl. mycol. Beige 1: 

2 16. 188o.- Psathyrafibrillosa (Pers. ex. Fr.) sensuj . E. Lange, Fl. agar. dan. 4: 94. pl. 152 D. 
1939.- Psatltyrellajibrillosa (Pen. ex Fr.) Maire sensu A. H. Smith in Mcm. N.Y. bot. Gdn 24: 
233· 1972; non Agaricusfibrillosus Pcrs., Syn. fung. 424· 18ot; non Agaricusfibrillosus Pcrs. ex 
Fr., Syst. mycol. 1: 297· t82t; Epicr. 233· t8g8; Monogr. Hym. Succ. 1: 442· 1863; Hym. 
cur. 3o8. 1874. 

Sl!l.I:!CTED DESCR!PTIOiiS AND tL.LUSTRAnoss.-Rickcn, BHitterp., pl. 67, fig. t. 1913 (as 
Psathyrafibrillosa).-J. E. Lange, Fl. agar. dan. 4: !)4, pl. 152 D. 1939 (as Psathpafibrillosa).­
A. H. Smith in Mcm. N.Y. bot. Gdn 2-f : 233, pl. G4b and 6gb. 1972 (as Psathyrtllafibrillosa). 

Carpophora parva vel statura media, terrcstria, solitaria. Pileus 15-25 mm latus, c para­
boloidco convcxus, badiofuscus, hygrophanus, haud roscatus. Velum album, insigne, maturi­
tate etiam appendiculatum. Lamellae griseo-sepiaceae, purpurco-tinctae, late adnatae, acie 
albae. Stipes 4o--75 X 2- 4 mm, haud radicans, albus. Sporae 7· 7-8.1 X 4-1-4-511-m, in 
cumulo purpurco-nigrae, sub micr. badiofuseac. Plcurocystjdia 4o--55 X to--1411-m, numer­
osa, fusiformia vel sublageniformia, pcdicellata. Cheilocystidia 27- 45 X 11- 1811-m. Cellulae 
sphcropcdunculatac et clavatae 17·5-30 X8-12 fUll, numerosac. Trama hymcnophori 
colorata. 

TvPus: The Nerherlands, prov. Overijssel, Oldenzaal, estate 'Roderveld', 12 Oct. 1976, 
E. Kits uan W~U~Uen (L). 
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Cn!EF CHARACTERISTICS. - Carpophores small to medium sized, solitary, terrestrial. 
Cap 15~5 mm in diam., paraboloid, later more convex, dark reddish brown, hygro­
phanous, without pink, with white, very distinct and in mature specimens often even 
appendiculate veil ; gills greyish brown with trace of purple, broadly adnate, with 
white edge; stem 4o-75X2- 4mm, not rooting, whi•e; spore print purplish black; 
spores 7.7-8.1 X4.1- 4.5 (LI'Tl, in water and NH.OH 10% fairly dark reddish brown; 
pleurocystidia 4o-55 X 1o-141Lffi, numerous, fusiform to sublageniform, pedicellate; 
cheilocystidia 27- 45 X 11- 18 !J.m, moderately numerous to scallcrcd; spheropedunculate 
and clavate cells 17·5- 30X8-12.5 (LI'Tl, numerous; hymenophoral trama coloured. 

MAcROSCOPIC CHARACTERS. - Cap 15~5 rnrn in diam., paraboloid, later more 
convex, with small and vague or fairly distinct umbo (up to 7 mm in diam.), striate up 
to 2/3 from margin upwards, dark reddish brown (M. 5 YR 3/2), in ~ina! area 
dark brown (M. 7·5 YR 4~} , soon ju~t brown all over, hygrophanous, drymg ouc to 
pale brown (M. 10 YR 7/4 without pink, at centre at first ochre (M. 7·5 YR 5/4), 
fmally pale ochre (:Vl. 7·5 R 7/6), dry surface rugulose, slightly micaceous. 

Veil white, very distinct, lcavmg many very small networks and patches of bundled 
fibrils reaching up tO half-way from margin upwards, in some caps even up to umbo 
often distinctly appendiculate, forming dcnticlcs and Oocci at margin even in matt1rc 
specimens, contrasting sharply against brown colour of cap; surface of stem covered 
along its entire length-except for apex-with loose, small velar fibrils and bundles 
of fibrils (no sc.'l.lcs). 

Gills 3- 4 mm broad, ventricose, ascending, broadly adnatc, greyish brown (M. 
10 YR 5/'2}, browner towards base (M. 10 YR 5/3), both colours mixed with a trace 
of purple, with white, minutely fimbriate edge. 

Stem 40-7~X 1.5-3 (a(?Cx) X2-4 (just above base) mm, thickening towards slightly 
swollen base up to 5 rnm), straight, not rooting, hollow, white, minutely longitudinally 
striate, with s ny surface and pruinosc apex. 

Flesh of cap up to 2 mm tluck in centre, dark brown (M. 10 YR 3/3) with some 
reddish (:vi. 5 YR 4/2); flesh of stem pale brown, darkening tO\\fards base, at base 
brown (M. 7·5 YR 5/4), with white, thin, superficial layer. Smell none. 

Spore print in thin layer dark reddish purple, in thick layer purplish black. 
Trama of 'washed' gill, mounted in NH.OH 10% under binocular lens brown 

(M. 10 YR 5/4) in a fairly narrow zone along base, remainder of trama pale brown 
(M. 10 YR 6/3), very pale brown (M. 10 YR 7/3) near and at rdge. 

MICROSCOPIC CHARACTERS.-Spores 7·7-8.1 X4.1- 4.5 !J.ffi (average 8 X4.5 (LI'Tl), 
ellipsoid-amy~daliform, in water and ·H40H 10% fairly dark reddish brown (M. 
2.5 YR 3/6), m KOH 5% dark brownish grey (±M. 10 YR 4/2), not opaque, with 
small (± 1.5 1-Lm) but distinct, not truncate apical germ pore, small hilar appendix. 

Basidia 2~2 X 8-9 !J.ID, 4-spored. 
Pleurocystidia 4o-55 X 1o-14 !J.m, numerous, very uniform, fusiform to sublageni­

form with fairly sbort and ttsually rather IJroad pedicel and acute to sub-obtuse apex, 
thin-wallec.l, colourless, without mucus or crystals. 

ChcilOC)'stidia 27- 45 X 11 - 18 !J.m, mod<:ratcly numc:rous to scattered, ratlter thick­
set, fusiform to sublageniform, thin-walled, colourless, without mucus or crystals, 
intermixed with large numbers (~% of total number of marginal cells) of oficn 
rather large spheropedunculate and clavate cells, 17·5- 30X8- 12.51Lffi· Gill edge 
sterile. 

Caulocystic.lia (apex of stem) 4o-OOX 1o-15 (LI'Tl, fairly numerous, isolated or in 
small clusters, sublageniform. 

Pigmentation of hymenophoral trama under microscope ('washed' gill mounted in 
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NH40H to%) pale brown from membranal pigment, paler towards edge, very pale 
near and at edge, neither yellow hypha! septa nor encrustations. 

Cuticle of cap celluJar, 1--2 cells deep layer of colourless, globose or subglobosc, 
vesiculosc cells, 16-40 run in cliam. 

Clamps on hyphae of strm and caulocystidia. 

HABtTAT.-Solitary, terrestrial in grass a longside footpath in mixed coniferous and 
deciduous wood. 

COLLECTION EXAMINED.-T H E NET 11 ERLAND s: prov. Overijsscl, Oldcnzaal, 
na ture reserve ' Het Rodervcld', 12 Oct. 1976, E. K. v. W. (holotypc, L). 

In keying out the species described by us above, one arrives with both Lange ( 1939: 
94) and Smith ( 1972: 233) a t P.jibrillosa, their descriptions corresponding sufficiently 
and well with ours. 

With Lange P. jibrillosa is a medium sized fungus (cap 20 35 mm in diam., stem 
± So mm long) of which the cap is loosely-fibr illose towards the edge, no scaliness 
being mentioned. In contradistinction to Fries's description of A.jibrillosus the colour 
of the cap is called 'watery brownish-grey, \tmbo of a purer brown' and on plate 152 
D this colour is even distinctly reddish brown (M. -1- 2.5 YR 5/4). The colour of the 
gills is called ' dark fuscous' and on plate 152 D it is brown-purplish (M. ± 10 R 6{2, 
5{2; 2.5 YR 5{2), whereas with Fries it is purpl ish black, no brown being mentioned. 
The colour of the spore print is 'dark bistcr to sepia' ( = some shade of very dark 
brown with a slight reddish hue) and with Fries black-purple. Lange's plate is 
sufficiently in accordance with our species as described above. 

Fig. 1. Psothyullofritsii, 12 Oct. 1976. - II a bit sketch ( x o.s). 
Figs. 2- 4. Psothyrellofrustukntn.- 2. 11 Oct. 1976.- 3· 13 Oct. 1976. - 4· 27 March 1977-

- Habit sketches ( x o.s). 
Fig. 5· Psothyrello obtuso/Jz, 21 Oct. 1976.- Habit sketch (xo.s). 
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Lange described the marginal cells as somewhat boule-shaped with a shorter neck, 
and plate 152 D shows lagcniform cystidia. The plcurocystidia, however, were 
described as sparse and roundish, which- we feel- must have been an erroneous 
observation as roundish plcurocystidia arc unknown in the genus Psathyrella and 
as-if both cheilo- and pleurocystidia arc present- the Iauer always roughly of 
the same shape as the chcilocystidia. 

Singer ( 1947: 244), realising that P. jibrillosa (Pers. ex Fr.) sensu Lange did not 
represent A. jibrillosus Fr. , without giving a description renamed it Psathyra langei 
"ing., but this name was not validly published. 

With Smith ( 1972: 233) the cap of P.jibrillosa is at fi rst covered with small fascicles 
of whitish fibrils but soon glabrous, and the stem is at first covered with scattered 
fibrils in squamules or patches and also soon glabrous. This description, however, is 
rather an understatement as the photographs of P. jibrillosa on plate 64 b and 6g b 
show a strongly developed and even appcndiculate veil in tl1c young specimens, and 
in mature specimens distinct velar remnants at and even up to some distance from 
the margin of the cap. T his is in full agreement ,~;th Fries's descriptions of A.jibrillosus, 
b11t the colour of the cap is called 'buckthorn brown' to 'cinnamon brown' fading to 
'grayish-buff to pallid' against 'lividus' with Fries ( r874: 3o8). Smith called the 
colour of the gills ' pallid buff, becoming dark bistcr and finally nearly fuscous' 
against 'purpurco-nigris' with Fries ( t874: 3o8). The habit of P.jibrillosa as shown on 
plate 64 b and 69 b corresponds with Lange's description and his plate 152 D (less 
velar development, however, with Lange) and our own description. With Smith the 
pleurocy:;tidia arc fusoid-ventricosc and not vesiculosc-clavalc (sec Rieken below). 

For Fries, who already in Ius Obscrvationcs Mycologicac ( tOrs : 18 1) adopted 
Pcrsoon's A .jibrillosus (tOo r : 424), th<' outstanding character of this species must have 
been the strongly developed, even scaly velar coating of both <:.-"lp and stem (e.g. in 
1815: 181 cap 'squarnis a Ibis fibrillosus stipitis instar veslitus', stem 'tot us fcrc squam­
ulis villoso-f.'\Scicula tis a Ibis obsitus'; in 1863: 442 cap 'intcrdum primitus squamu­
losus', stem 'undiquc squamul is fibrilloso-faseiculatis patulis, albis'). The words 
'squamosa' and 'squamuloso' being used by Fries for both cap and stem, warrants the 
conclusion that the species must have been coarsely scaly. 

But Fries called the cap very pale greyish to even whitish even in the young stage 
(e.g. in rOr5 : 181 cap 'junior albus, dcin sordidus albidus 1. lividus'; in 1063: 442 
cap ' lividus I. albesccns') and the colour of the gills grey in the beginning, later 
purplish black, no brown being mentioned (e.g. in rBrs: 181 gills 'primo cincrco, 
de in purpurasccmi-nigricantes'; in r063: 442 gills 'cincrco nigro-purpurascentcs'). 
The colour of the spore print was called black or black-purple. 

At one time we believed that- because of the strong development of the veil, 
described by Fries-he might have been dealing wiili what we nowadays know as 
P. squamosa (Karst.) Moser. Other reasons for this a~umption were that in P. squamosa 
the a ttachment of the gills also is very broad and that a fungtrs corresponding with 
P. squamosa figures in none of Fries's publications, whereas it is hard to believe that 
it did not occur in those days in Sweden (the species is quite common in the Nether-
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Figs. 6-to. PsathyrtUafritsii, 12 Oct. 1976. - 6. Plcurocystidiogram (X 575). - 7· Chcilo­
cystidiogram (X575)· - a. Caulocystidiogram (X575)· - g. Sporogrnm (x 1210). -
10. Basidiogram ( X 575). 

lands and was described from Finland). But in P. squamosa the colour of the gills is 
distinctly brownish and the colour of the cap also is not in agreement with Fries's 
descriptions of the colour of the cap in A. jibrillorus. 

Authors in recent literature either abstained from giving an interpretation of A. 
jibrillorus Fr. or described a species which they named P. jibrilwsa but in some im-
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portant respects distinctly differed from Fries's species. Kuhner & Romagnesi's 
descriptive key (1953 : 353) for the genus Psathyrella (Drosophila) does not comprise 
P.jibrill4so, and Dennis, Orton & Hora ( 1960: 186) excluded P.jibrillosa 'pending 
clearer definition' . 

In conclusion, from the above it is clear that for reasons of distinct differences in 
colour of cap, gills and spore print A. jibrillosus Pers. ex Fr. cannot be conspecific 
with P. jibrillosa sensu ]. E. Lange and sensu A. H. Smith, the latter species fully 
corresponding with the species described by us above a nd therefore as a new species: 
P.jriuii. 

The description given by Rieken (1913: 258) for Psalhyra jibrillosa agrees with 
Fries's descriptions in the sizes of·eap and stem, in the colour of the cap ('grau', 
provided 'grau' is taken in the sense of sord id grey and not of sordid brown) and in 
the description of the veil. But the gills with Rieken are narrowly ad nate and on hls 
plate 671 the colour of the cap is sordid brown (M. 1 o YR 5/4). Moreover it is stated 
in italics that the cap is furrowed (hence the Gcrrnan name 'g<:furchter Faserling') 
and that the colour of the gills is chocolate-reddish ( !) . With Rieken the cellular 
lining of the gi ll edge does not consist of lagcniforrn cells as with Lange and Smith, 
but ofvesiculose-clavate cells, like in P. spadiuo-grisea. fndced, Rieken states that the 
presence of a veil in P. jibrillosa (on his plate 67 1 shown as concentric zones of small 
whitish non-appendiculate flocci up to half-way the centre of the cap) is almost the 
sole difference with P. spadiceo-grisea. From these data it is clear that P. jibrillosa sensu 
Rieken is neither conspecific with A. jibrillosus Fr., nor with P. jibrillosa sensu]. E. 
Lange and sensu A. H. Smith, alias our new species (sec also observations on P. 
oblusala). Moser's description (1967: 221 ) of P. jibrillosa is obviously copied from 
Rieken; unfommately Moser did not mention the shape of the marginal cells. 

The literature contains many descriptions under the epithet fibrillosa of the species 
here under discussion, but they are either copies or summaries of the Friesian des­
criptions or not in sufficient agreement with the species as described by Fries. 

As a matter of course we felt having to base the above considera tions and particu­
larly the colours of cap, gills and spore print in the descriptions of Fries, Lange and 
Smith on the Iitteral texts. The process of drying in many species of Psathyrella, 
however, sets in so quickly that the colour of the cap, which at the onset is distinctly 
dark reddish brown, very often has already turned into some shade of (sordid) brown 
when the specimens arc collected, the dark reddish hue a lready having disappeared 
(see Kits van Waveren 1976: 346). Lange's description of P. jibrillosa and his plate 
152 D furnish a good example. I n his description he called the colour of the cap 
'brownish gray, umbo of a purer brown' but on plate 152 D the caps are distinctly 
reddish. \Ale very much doubt whether the 'buckthorn brown to cinnamon-brown' 
colour of the cap, fading to 'grayish cinnamon-buff to pallid' as reported by Smith is 
the true colour of the caps of P. jibrillosa sensu Smith in its fresh stage. These colours, 
however, still differ from and are distinctly browner than the colours mentioned by 
Fries for A.jibrill4sus, who in none of his descriptions mentioned any shade of brown. 
In the really fresh stages the colour of the caps of the species as described by Smith i§ 
a lmost certain to having been darker and more reddish brown. 
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The descriptions of the colour of the gills, given by Fries, 'purpureo-nigris', 
distinctly differ from those given by Rieken (chocolate-reddish), Lange (dark fuscous 
and on plate 152 D even reddish brown), Smith ('pallid buff, dark bistcr, finally 
nearly fuscous') and us (greyish brown with a trace of purple). 

11 

12 

14 15 

Figs. 11- 15. Psathyullafru.stuhnla, 13 Oct. 1976. - 11. Plcurocystidiogram (X 575).- 12. 
Chcilocystidiogram (X575). - 13. Caulocystidiogram (X575). - 14. Sporogram (x 1210). 
- •5· Dasidiogram ( X575). 



Kin VAN W.1WEREN: Notes on PsathyuUa-VI 

The only author to mention the colour of the spore print is Lange, who called it 
dark bistcr to sepia (= very dark brown with a reddish hue). With Fries the colour 
of the spore print of A.jibrillosus is 'atro-purpur' ( 1838, t8H) or black (1815). The 
correct assessment of the colour of the spore print in Psathyrella, however, depends on 
whether the colour is taken from a thin or very thick layer of spores. In our own 
collection the colour was very dark purple, almost black, when taken from the ridges 
of the spore print formed between the gills, but distinctly dark reddish purple along­
side these ridges. We do not know how and from what part of the spore print Fries 
took his colours. 

PsATIIYRELLA PRUSTULENTA (Fr.) A. II. Smith 
Figs. 2- 4, ••- •8 

Agaricusfrustulentus Fr., Epicr. 209. r8~8; Monogr. Hym. Succ. r : 442. 1857; Hym. europ. 
307, 1874· - Pannw:iafrustuknta (Fr.) P. Kant. in Bidr. Kann. Fin!. Nat. Folk 32 :513. 1879. ­
Psatlzyrafrustulenta (Fr.) P. Karst. in Medd. soc. fenn. s: r8. r879. - Drosophilafrustulenta (Fr.) 
Que!., Enchir. 117. 1886.- Psathyrellafrustulento. (Fr.) A. H. Smith i1 Contr. Univ. Mich. 
Herb. s: 45· 1941. 

TYPB LOCALITY: Sweden. 
ExcLUDED.-Drosophila frustuknto. (Fr.) Que!. sensu Rornagn. in Bull. Soc. mycol. Fr. gr : 

r8g. 1975 (=Psathyrella cliotnsis (Bcrk. & Br.) 1'. D. Orton. 

SELECTED DI!SCRIPTIONS AND ILLUSTRATIONS.-Rickcn Bliittcrp. 259· 1913. -j. E. Lan~;c, 
Fl. agar. dan. 4 : 95, pl. 151 D. - Bresadola, Icon. mycol. r8 : pl. 866'. 1931 (excluded spore 
sizes and cys1idia).- Moser in Gams KryptogFI. 220. 1g67.- A. H. Smith in Mem. 1\.Y. bot. 
Gdn a.f: 217. 1972. 

CrrmP CHARACTERtsncs.-Carpophorcs small to wcclium sized, terrestrial against 
small pieces of wood, in woods, solitary; cap ro-30 mm in cliam., paraboloid, later 
convex without or with vague to fairly dininct umbo, reddish brown, h)-grophanous, 
dry cap pale brown without pink; veil strongly developed; gills whitish when young, 
later conspicuously brown with whitish edge; stem •S-30X2-3·5 mm, not rooting, 
white; spore print brown; spores 6.3- 7. 7(-8. 1) X 3·6 ·4·51J.ffi, in water and ='IH,OH 
10% light brown with distinct germ pore (callus); pleurocystidia 4o-70 X to-t6 fJ.m, 
very numerous, fusiform; cheilocystidia ( 15-)22-47(-55) x •o-•7·S!J.ffi, numerous and 
intermixed with variable numbers ofsphcropedunculatc cells, 12.5-30 X 7·5- •7·5 !J.m; 
hymenophoral Lrama distinctly coloured. 

MACROSCOPIC CH.ARACTERS.-Cap in young stages ( 10 mm in diam). paraboloid, 
later up to 30 mm in cliam. and spreading to convex and plane without or with vague 
to fairly distinct umbo, striate up to t(4-half-way from margin upwards, dark reddish 
brown (M. 5 YR ~/2) with margina area reddish brown (M. ~ YR 4/3, 4/4, 5/4), 
hyfVOphanous, drymg out to pale greyish brown or pale brown (M. 10 YR 7/4, 6f3, 
6/~) and at centre at first ochreous (M. 7·5 YR 6/6, 10 YR 7/6) but in the end very 
pale ochre; dry surface rugulosc, sli~htly micaceous and without pink. 

Vei l white, strongly developed, m young specimens cap covered up to even at 
centre with a dense coating of fibrils, network~, patches and adpresscd flocci of fibrils, 
rendering the surface in some places even white from the veil, which in places may be 
al?pendiculate; stem also covered with a thick velar coating; in mature specimens 
suU many very distinct radially arranged velar fibrils and velar networks up to 3-5 mm 
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from margin on the cap, and lower 1/3 of stem showing many bundles of fibrils and 
usually also some flocci which may feign an annular zone. 

Gills 3-~(-7} mm broad, in young stage' whitish to c.xcccdingly pale brown (M. 
10 YR 8{3), in mature stages strikingly brown (M. 5 YR 4/4> 7·5 VR 5/4} in basal 
half, somewhat paler towards edge, ventricose, ascending, narrowly to fairly broadly 
adnate, somewhat crowded, with white and minutely fimbriate edge. 

Stem 25- 50 x 2- 3.5(-5} mm, cylinrlrical but very slightly tnickening towards base, 
straight, no: rooting, hollow, minutely longirudinally striate, white, wim slightly 
pruinose apex. 
Fl~h of cap 2- 3 mm thick at centre, dark reddish brown (±M. 7·5 YR 4/21, later 

dark brown (M. 10 YR 3{3) ; flesh of stem light brown with thin white ~-upcrficia layer. 
Smell none. 

Spor<. print strikingly pale reddish brown (M . 5 YR 5/3). 

16 

17 

18 

Figs. 16, 17. Psathyrtlla frustulmta, 11 Oct. 1976. - 16. Pleurocystidiogram ( x 575) . -
17. Cheilocystidiogrnm (X 575). 

Fig. 18. PsathyrtUafrustultnla, 27 March 1976.- Pleurocystidiogram ( X575). 
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Trama of'washcd' gill, mounted in ~H40H 1 o% under binocular lens, conspicuously 
coloured but degree and hue variable; either equally golden yellowish brown from 
base to edge (M. 10 YR 5/4 or paler) or dark yellowish brown (M. to YR 5/6) in basal 
third, yellowi~h brown (M. to YR 5/4) in cen1ral part and pale brown (M. 10 YR 6/3, 
7/4) towards a:td a t edge (brown colour of gi lls chiefly due to pigmentation of trama). 

MlCROSCOPIC CHARACTERS. -Spores 6.3-8.1 X 3.6- 4.5 tJ.m (averages 6.!)-7.6 X 4- 4:f 
!J.ffi), ellipsoid-amygdaliform and distinctly phaseoliform, in water and NH4011 10% 
strikin~ly pale brownish yellow with a reddish hue (M. 7·5 YR 6/6), in KOH 5% pale 
yellowrsh brown (slightly pal=r than 10 YR 5/6), not opaqce, with indistinct, practically 
absent germ pore {callus) and small hilar appendix. 

Basidia I 7, 5--29 X 7. 5-I 0 !J.ffi, 4-spored. 
Pleurocystidia 4o-70 X 1o-16 !J.m, very numerous, fusiform to subfusiform with 

distinct pedicel and subacute to obtuse apex, thin- or very s)jghtly thick-wal led, 
colourless, without mucus or crystals. 

Chcilocystidia ( 15-)22-47( -55} x 7·5 17.5 ~J.m, numerotrs, fusiform, the vast majority 
more thick-set and with broader and shorter pedicel than the plcurocystidia, thin­
walled, colourless. without mucus or crystals; intermixed with fatrly large but locally 
sometimes smaller numbers of spheropcdunculate cells, 12.5- 30X 7·5- 17.5 !J.m, ve.ry 
few with slightly thickened walls. Gill edge strrile. 

Caulocyslidia (apex of stem} 27- 47 X Jo-17.5 !J.ffi, fairly numerous, isolated or in 
small clusters; shape and size very variable; similar to chcilocystidia; few spheropedun­
culatc and clavate eels. 

Pigmentation of hymcnophoral trama u nder microscope {'washed' gill mounted 
in II OH ro%} distinct ly brown from membranal pigment throughout the entire 
gill, cofour hccoming fa inter tO\\ards edge; quite a number of yellow hypha! septa, 
very few very small encrustations. 

Cuticle of cap cellular, 2-~ cells deep layer of colourless globose or subglobosc 
vtl.iculosc cells, 24- 48 tJ.ffi in d1am. 

Clamps on hyphae of stem and caulocystidia. 

HABITAT.-Solitary, terrestrial al(<linst small pieces of wood, in woods. 
CoLLECTIONS EXA~UNED.-T 11 E N £ T 11 £ R LAN o s: prov. Ovcrijsscl, Olden7.aal, 

estate 'Rodcrveld', 1 t Oct. 1976, E. K. u. W. (L); Delden, estate 'Twickcl', area 
'Brccriet', 13 Oct. 1~p6, E. K. u. W. (L); prov. Noorrl-B1abant, Hooghalcn, t6 Oct. 
1976, P. B. Jansen (herb. J ansen} ; \ >lijmen, 27 March 1977. W. HQ!Ilgraaff (herb. 
Hancgraaff}. 

Already on examination of the gi.lls with the binocular lens and microscope this 
species can easily be recognised by the following striking combination of characters : 
(i) the golden yellowish brown colour, usually equable from base to edge of the 
'washed' gill mounted in :-ni40 H 10% and viewed w1dcr the binocular lens against 
a well lit white background, (ii) the small phaseoliform and pale spores, (iii) the 
absent to scarcely noticeable (callus} germ pore, and (iv) the striking abundance of 
the pedicellate fusiform pleurocystidia (in P. clivensis utriform). 

Fries described A.frustul~niUJ for the first time in Epicrisis (1838: 209), giving a full 
description in Monographia ( r8s7: 442} and a s)jghtly abbreviated one in Hym. 
curop. ( 1874: 307). T he outstanding features of this species as described by him arc: 
(i} the fairly pale rust-red colour of t.he cap ('aquosc fcrrugincus'}, (ii) the at first 
white, then pale yellowish brown but finally brown colour of the crowded gills {in 
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1857: 442 gills 'aquosc cinnamomco fusccsccntcs', in 1874: 307 gills 'ex albo aquosc 
cinnamomcus'), (iii) the rather strongly developed veil (in 1857: 442, c.'\p 'margine I. 
circa margincm albido-fioccosus', stem 'fibrillosus I. fiocculis albis ad'>pcr..us'; in 
1874: 307, cap 'circa margincm albo-Aoccoso, stem 'Aocculoso'), (iv) the dark rust­
brown spore prim ('fuscoferrugineus') and (v) the habitat in woods (1857: 'ad 
glcarum silvaticarum'). Fries at fi rst ( 1838) placed the species in the subg<•nus 
Calera because of the colour of the spore prim; in 1857 Fries stated that the species 
stands between the Dcrmini and Pratclli; in 1874 that the species is abnonnal 
because of its dark rust-brown spore print, the watery structure and 'collorc hyaline' 
of the Psathyras, and that among the species of the subgenus Calera there arc none that 
arc related. 

Our notes, made immediately after having collected this species on Oct. 13th 1976, 
correspond in every way with Fries's descriptions : (i) the cap we described as 
'reddish brown (M. 5 YR 4l3) ', (ii) the gills of the young specimen as 'crowded and 
\Vhitish to extremely pale brown', those of the mature specimens as 'brown, -:: ~1. 
7·5 YR 5/4', (iii) the veil of the young specimen ru. 'a very d(:nse velar coating from 
fibri ls and networks of fibri ls which in places ca\tses the cap to be white and in one 
place even is appcnd.iculate', (iv) the colour of the spore print as 'brown, ?.1. 5 YR 
5/3' (=reddish brown, and (v) the habitat as under Quercus in a d(·ciduous wood. In 
all respects this collection agreed with the Friesian descriptions and so do the other 
three which later came at our disposal. 

The descriptions and interpn•tations of Fries's species in the literature show 
considerable uniformity. ' "'ith Rieken ( 19 13: 259), who called P.fruslulenta a well 
defined species and whose description of the species agrees with the ones given hy 
Fries, the gills and spore print are cinnamon-brown, the spores arc small and almost 
round (6-7 X4.5 !lm), and the cystiwa fusiform. Buch's (1952 : 268) description is 
in accordance with Fries's; with him the spores also arc small (6 7 X5( 6) fLm). 
Lange's description (1939 : 95) also agrees with the Friesian ones ; with him the 
spores are oval and, as depicted on plate 151 D, distinctly phaseoliform (not mention­
ed in the text), measuring 7 X 4.25 flm, the chcilocystidia sparse and boule-shaped, 
no pleurocystidia mentioned. The young specimen depicted on his plate 151 D 
shows a rather dense velar coating on both cap and stem. \'\lith Bresadola (1931 : 
pl. 8662) the gills arc not crowded but 'subd.istantes', but otherwise his description 
agrees with the ones given by Fries. Both Bres.1.dola's description and plate picture 
the stem as densely fiocculosc-scaly from velar remnants. With Bresadola, however, 
the spores arc larger, 8- t oX 4·5 fLlTl, and the cystidia arc said to be 'clavato-vcntri­
cos-1., substipitata'. Moser (1967 : 220) rcfrrrcd to Lange's plate 151 D and from his 
descriptive key it is clear that he regarded P.frustulenla as a species having a copious 
vei l, a medium sized ( t<HZ5 mm in diam.) cinnamon to weak colfcchrown cap, pale 
brown gills and small spores (7-8 X 4-5 fLlTl). 

A. H. Smith's recent description of P.frustulmta ( 1972: 217) is in accordance with 
the descriptions mentioned above. In describing the colour of the cap he used 
several designations for the various shades of cinnamon-brown, stating that some-
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times old remoistened caps arc 'russet (dark cinnamon brown)', which for us is a 
strong indication that in really fresh specimens the colour of the caps (as in our own 
matrrial) must have bern reddish brown. With Smith the gills arc crowded and when 
young white or whitish, later they become ' russet' to 'cinnamon brown', and the 
entire surface of the cap is a t fir..t covered by a superficial coating of white fibrils, 
which become arranged into recurvcd ~calcs, margin sometimes appcnd.iculatc with 
patches of the broken veil, lower part of stem covered with squamules or patches of 
white fibrils, which made Smith rank the species with subgenus Pannucia! This 
description of the veil agrees remarkably wclJ with our own findings. Smith did not 
give the colour of the spore prior, but going by his description of the colour of the 
gills and the cinnamon-ochraccous colour of the spores in KOJ I under ll1e microscope 
it mmt have been brown. With Smith UlC spores also arc small, 7-8.5 X 4·5- 5·5 (oLin, 

but he did not mention a phaseoliform shape. The pleurocystidia arc abundant and 
'broadly fw.oid-vcmricosc'. \\'ith his description of the macroscopical characters 
Smith is in complete agreement with fries's descriptions of this because of its 
brown colours- remarkable and in the field striking species, which according to 
Smith il> to be found in woods ('under ferns on conifer needles') . 

From the data in the literature it is difficult to form an opinion about the true 
habit of P. fruslulmla sensu Smith, which-as in our own matcrial~ccms to be 
rather variable. The sizes of the cap, as given in the literature, arc fairly uniform, viz. 
between 10 and go mm, exactly our own figures. The figures for the sizes of the 
stem, however, vary somewhat, viz. from so x 1 1.5 mm (Moser) to 30 gox2.5 -4 
mm (Smith}, our own figures being 25- 50 X 2-3.5(-s ) mm. P.frustulenta sensu Smith 
is very closely related to P. clilimsis, and the habit of the Iauer species is beautifully 
dcmonstrat('d on Cooke's plate rr8s'g6g. 

Romagncsi ( 1975: t8g) published a different interpretation of Agaricus fmstulenlus 
Fr. He stated that on account of the information provided by Orton ( 1960: 369) 
about J>. clilitnsis (Bcrk. & Br.) P. D. Orton he had concluded that that species is 
conspccific with his version of A. frustulentus Fr., and also that his interpretation of 
Fries's species differs from the one given by Smith ( 1972: 217). With both conclusions 
we fully agree. The question then of course rises whether P.frustulmta sensu Romagn. 
( = P. clivtnsis} or whether P. fmstultnta sensu A. II. Smith represents the true A. 
(rustultntus Fr. ln trying to solve this question one has to go solely by the macroscopic 
characters (the microscopic characters of both species arc completely different as 
will be shown later). Of these Romagnesi statrd that the sole detail, not being in 
accord with his interpretation is that Fries cal led Ute gills of A.jruslulenlus 'confcrtis', 
whereas Romagncsi in his material found them to be 'pcu scrrces ou cspacccs'. We 
fully agree with Romagnesi that the crowdcdncss of the gills is a minor detail, the 
crowdcdncss of the gills in several species of Psathyrtlla varying will1in one and the 
same species. 

There arc, however, we think two major differences between A. frustulenlus as 
described by Fries and Drosophilafrusiulmta as described by Romagnesi: 

( 1) The veil, as described by Romagncsi, must be regarded as rather rudimentary 
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as it was merely found reduced to a few sparse plushcs at the margin of the cap in 
only one specimen (Romagnesi 1975 : r8g), no velar remnants being described for 
the stem. Later, however, we learned from Prof. Romagnesi (in lit.) that in his 
original description of his best collection he had described the veil as 'Beau voile 
marginal blanc pur mouchetant Ia marge, relativement asscz fourni, mais tr~ fugace 
et vitc compli:tcmcnt disparu; les primordiums sont pourvus d'w1 voile marginal 
blanc de ncigc qui nc couvrc pas le sommct'. This description, we feel, still does not 
cover the velar development as it was described by Fries and the strong velar devel­
opment we noticed in our own collections, in which sometimes semi-mature speci­
mens showed velar fiocci even reaching the centre of the cap (in two collections some 
specimens even showed an annular zone on the stem). Romagnesi's description of 
the veil is in line with the rudimentary velar development in P. divensis (considered 
conspccific with P.fru.stulenta sensu Romagn. by Romagnesi) as described by Orton 
(in the original description of P. clioensis by Berkeley & Broome the presence of a veil 
is not even mentioned). 

(2) In our opinion there is a very distinct difference in habitat between A.frustu­
kntu.s Fr. and Drosophila frustulenta sensu Romagn. According to Fries A. Jrustulentus 
grows along gravel roads in woods ('ad glarcam viarum silvaticarum') and Smith's 
specimens and ours also were found in woods. P. Jrustuknta sensu Romagn. on the 
other hand grows according to the author in the grass and moss of grassland and 
waste land on chalk soil, usually outside woods, which is precisely the habitat given 
by Orton for P. cliutTz.ris ('chalk grassland'). Romagncsi believes there i~ no real 
difference between the~ two habitat~, ~tr~sing that both come down to open 
ground. We cannot agree with thi~ statement, believing that it is the substrate in 
which the carpophores grow that matters, and not whether the place where they 
grow is open or not. 

Having ascerta.ined on the basis of the macroscopic characters (development of 
the veil and habitat) that A. Jrustulentu.s Fr. and P. frustulenla sensu Romagn. ( = P. 
clivensis) very probably arc two different species, we can now turn to the microscopic 
characters. These proved to be totally difl'erent for the two species. 

Prof. Romagnesi very kindly sent us for examination a full specimen of his col­
lection 719 and fragments of his collections 219, 980 and 1004 of P. Jrustulenta sensu 
Romagn. Plcurocystidia (fairly abundant in Romagntsi 719 and 1004), basidia and 
spores were found in all four collect ions, marginal cells only in Romagnui 719 and 
1004 (abundant). Orton ( rg6o: 369) examined the type specimens of P. cliveTISis and 
found the characters of the spores and the original description of the macroscopic 
characters in full agreement with those of a PsaJhyrella found fa irly frequently on 
chalk grassland in Surrey. From the Herbarium Royal Botanic Garden Edinburgh 
we received on loan the two collections mentioned by Orton ( 1960: 369). The 
microscopic characters of the four collections of P.Jrustulenla sensu Romagn. and the 
two of P. cliveusis turned out to be fully identical and totally different from those of 
our four collections of P.Jru.stulenla sensu A. H. Smith. 

The spores of P. fru.stulenta sensu Romagn. measure according to Romagncsi 
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8.5-10.5 X5·7- 6.5 !Lm (our own measurements: 8.1- 10.8X5.4 6.3 !Lm}, those of 
P. clivtnru according to Orton g-11 (-12) X5.5-Q.s(-7) !Lffi (our own measurements: 
8.1- 10.8 X5·4 6.3 !Lffi). The spores of P.frostuknta sensu Smith arc distinctly smaller 
(with Smith 7-8.5 X 4·5-5·5 !Lffi; our own measurements: 6.8-7.2 X 4.1-4.5 !Lm) and 
distinctly phascoliform, whereas in Romagncsi's material of P. frostulrota sensu 
Romagn. and in Orton's material of P. clioenris we only rarely came across a dubiously 
subphascoliform spore (accordingly Romagncsi called these spores subphaseoliform 
and Orton called them 'rarely slightly phascoliform'). The spores depicted by 
Romagn<.·si have a distinctly bulging adaxial face. 

The pleurocystidia in Romagnesi's collections of P.fmstulenta sensu Romagn. are 
distinctly utriform and in Romagnesi 719 many cystidia arc even capitate; their 
shape however varies a great deal (sec Figs. 27, 28, 29) and they arc only moderately 
numerous. Orton described the shape of the plcurocystidia in P. clivenris as rather 
obtusely lagcniform or fusiform but in the material we examined we found them to 
be utriform (sec Figs. 19, 24) and moderately numerous as in P. frostulenta sensu 
Romagn. In our collections of P.fmstulen/a sensu Smith on the other hand we found 
the plcurocystidia, as dcscrilx:d by Smith, fusiform or fusoid-vcntricosc (sec Figs. 1 1, 
16) and very numerous. 

The marginal cells in both collections of P. clivmsis and in the two collections 
(No. 719 and 1004) of P.frostulenta sensu Romagn. in which a gill edge was obtained, 
consisted almost exclusively of sphcropcdunculatc and clavate cells, intermixed with 
only very few to scarcely any plcurocystidioid cheilocystidia (Orton even mentioned 
for the marginal cells only clavate or pyriform cells). On the other hand, in our four 
collections of P. Jrostulmta sensu Smith these chcilocystidia were numerous, imer­
mixcd with fairly large but locally smaller numbers of spheropedunculate cells. The 
overall picture of the cellular lining of the gill edge of P. frustulenta sensu Smith and 
P.frostulrota sensu Romagn. arc thus very different. 

In conclusion we believe that because of its strongly developed veil and habitat 
(woods} P. frostulenta sensu Smith fully answers Fries's original descriptions of A. 
frostulmtus, and therewith represents that species. P. frostulenta sensu Rornagn., 
although in all other macroscopic features greatly resembling Fries's species differs 
from it by it~ much lesser development of the (rudimentary) veil and by habitat. 
Comparison of the two taxa showed that very distinct microscopic differences also 
exist (spore size and shape, shape and number of plcurocystidia, pattern of cellular 
lining of gill edge). The macroscopic and microscopic characters of P. frostulenta 
sensu Romagn. turned out to be identical with those of P. cliunsis, with which species 
P. fmstulmta sensu Romagn. is conspccific, as already pointed out by Romagncsi 
(1975= 191). 

On account of the description in the 'Flore analytique' (Kuhn. & Romagn. 1953: 
363) of P. tmpyreumatica (Rcrk. & Br.) Kuhn. & Romagn. we fully agree with Romag­
nesi (1975: 191 ) that the species described under that name, ranked in a section of 
subgenus Psathyra with little veil, growing in grassland and having spores measuring 
8.5- 10.2 x 5.2-6 !Lffi, is also conspecific with P. clivensis. The description in the 
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'Flore' does not mention the colour of the spore print (it must have been brown as 
the spores are stated to be remarkably pale under the microscope) and the shape of 
the pleurocystidia. The original Agaricus empyreumaticus Berk. & Br. is a different 
species again (see Orton 1960 : 37 1). 

As we had suspected from the description Orton ( 1960: 369) gave of his P. corti­
narioides, our examination of the type material revealed this species to be identical 

19 

Figs. 19-23. Psathyrtlla diomsi.s, 10 ov. 1958.- 19. Plcurocystidiograrn (X 575). - 20. 
CheilocysLidiogram (X 575). - 2 r. Caulocystidiogram (X 575). - 22. Sporogrnm ( X 1210). -
23. Basidiogmm ( x 575). 
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with P.frustulen/a sensu Smith. Y!acroscopically (crowdedness and colour of the gills} 
the exsiccata were fully identical with the dried specimens of our four collections of 
P.Jrustulenta sensu Smith and microscopically they also fully answered that species. 
Orton did not mention the absence of a germ pore and the abundance of the pleuro­
cystidia but his figure 359 depicts phaseoliform spores without a germ pore and the 
plcurocystidia turned out to be strikingly abundant. Unfortunately Orton did not 
mention the important colour of the spore print, but going by the pale brown colour 
of the spores under the microscope it must have been brown. Contrary to Orton who 
stated not having seen clamps, we found on examination of the superficial layer of 
the apex of the stem numerous clamps (also mentioned by Smith) both on the hyphae 
and moderately numerous caulocystidia. On account of these findings we believe 
P. corlinarioides to be conspecific with P. Jrustuknla sensu Fr., A. H. Smith and the 
material described by us above. 

PsATHYRELLA CLlVENSlS (llcrk. & Br.) 
P. D. Orton-Figs. 19-26 

Agaritus clwensis Bcrk. & Br. in Ann. & Mag. at. Hist. I I I 7 : 376. 1861. - Psi/Qcybe clioensi.s 
(Berk. & Br.) Massec, Brit. Fung. Fl. J : 378. 18g2.- Psathyrella clivensi.s (Bcrk. & Br.) P. D. 
Orton in Trans. Br. mycol. Roc. 43 : 36g. 196o. 

MlsAPPUED NMIES.- Drosophila emP.vreumatica (Bcrk. & Br.) Kuhn. & Romagn. sensu K Uhn. 
& Romagn., Fl. anal.: 363. ' 953· - Dtosophilafrustuunta (Fr.) Qu~l. sensu Romagn. in Bull. 
trimest. Soc. mycol. Fr. 91 : 18g. 1975. 

f..'<CLUDED.-Psath;rella elivensis sensu A. H. Smith in Mem. N.Y. bot. Gdn 24: 318 (= ?). 

SELECTED DESCRIPTIONS AND !LLUSTltATIONS.-Cookc, Ill. Brit. Fungi 7: pl. 1183/g6g. 
1888-tSgo; Orton in Trans. Br. mycol. Soc. 43 : 36g. 196o; Romagnesi in Bull. trimest. Soc. 
mycol. Fr. 91 : 18g. 1975 (as Drosophi/afrustultn/4); KUhner & Romagnesi, Fl. anal. : 363. 1953 
(.u Drosopltila emfr.Yreumatiea). 

Cnnw CIIARACTERJSTJCS • ..._Carpophores small to medium sized, terrestrial in chalk 
grassland, solitary; cap 12-30 mm in diam., broadly hemispherical then convex, 
wnber or dark date brown, hygrophanous, dry cap pale ochraceous or whitish, without 
pink; veil rudimentary; gills whitish when young, [Ncr pale umber, with white edge; 
stem 25- 40 X 1.5-3 mm, not rooting, white; spore print clay-umber; spores S.t-g.g 
(-10.8) X5.4 6.3 f.lm, in water and ~H40H to% p.Je brownish yellow, with very 
indistinct germ pore (callus) ; plcurocyslidia 37-6o(- 75) X 1o-t7.5 (J111, moderately 
numerous; chcilocystidia 3o-5o X 9 ·20 !J.m, very scarce, gill edge almost exclusively 
covered with spheropcdunculate and clavate cells, 17.5-32 x 7.5-22 f.L1tl; hymcnophora l 
trama distinctly coloured. 

MACROSCOI'IC CII.ARACTERS • ..._Cap 12- 30 mm in diam., convex or conico-convex 
then expanded-convex, sometimes slightly umbonate, ofi.cn broadly hemispherical, 
not or slightly stria te, rather smooth and shiny when moist, amber or date brown, 

1 M:~croscopic characters have been copied from Orton's description. The characters of 
the trama of the gills and microscopic characters arc based on our examination of the two 
collections mentioned by Orton. 



P Bas o oN 1 A- Vol. g, Pnrt 3, 1977 

26 
Fig1. ~4-'l6.~Psalhyrella clioensis, ~3 June 1956.- ~4: Pleurocystidiogram (X575).- 25. 

Cheiloeystidiogram (X 5 75). - 26. Cauloeystidiogmm (X 5 75). 

hygrophanous, drying to whitish, pale ochraccous or pale tan oll.cn with darker ccnlrc; 
dry surface matt and more or less atomate, sometimes cracking in places. 

Veil white, rudimentary, margin of cap only at first wit.h a few very fugacious 
fibrils. Gills whitish or pale clay then pale clay-umber or coffee colour, sometimes 
finally with sl ight violaceous tinge, adnate often with tooth, more or less venlricose, 
suberowdcd. 

Stem 25- 40X '·5-3 mm, equal or slightly thickened at base, white or whitish then 
discolouring pale dirty brownish from base up, hollow, scattered white silky striate, 
with apex white pruinose and base white tomemose. 

Flesh of caP. rather thick a t centre, concolorous, drying whitish, often horny date 
brown over 51lls; in stem hyaline·whitish. Smell none. 

Spore print clay-umber. 
Trama of'washed' gill mounted in NH.OH to% under binocular lens conspicuously 

coloured, yellowish brown (:'vi. 10 YR s/6) in basal 1!2 or 2/3, gradually paler towards 
edge and at edge pale brown (M. 10 YR 7/4). 

MiCROSCOPIC CltARACTERS.'-Spores 8.1-g.g(-10.8) X5.4-6.3 JLffi (averages g.2-
9·3 xs.6-5·7 (LID), ellipsoid-amygdaliform, rarely subphaseoliform, In water and 

1 See note 1 on p. 297· 
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NH.OH to% pale brownish yellow with a reddish hue (M. 7·5 YR 6/6) , in KOH 5% 
pale yellowish brown (M. to YR 5/6), not opaque, with indistinct, practically absent 
germ ~re (callus) and very small hilar appendLx. 

Bas1dia 2<>-gO X 7·5 -10 f.UTI, 4-sporcd. 
Pleurocystidia 37·5--6<>(-75) X 1o-17.5 f.UTI, moderately numerous, uLriform (but 

shape variable), thin-walled, colourless, without mucus or crystals. 
Cheilocystid.ia so-so X g-20 (lffi, very scarce (sometimes even seemingly absent), 

subutriform or f,JSiform with obtuse apex or sometimes sublal{eniform, thin-walled, 
colourless, without mucus or crystals. Sphcropedunculate and Clavate cells 17.5-32 X 
7.5-22 !J.Ill, in very great numb;;rs, practically exclusively forming the cellular lining 
of thr gill edge. Gill edge sterile. 

Caulocystidia (apex of stem) 3o-45 x 7.5- 1 t ~. moderately numcrotJS, isolated or 
in small clusters, shape and size very variable. 

Pigmentation of hymenophoral trama under microscope ('washed' gill mounted in 
NH40H 10%) very di~tinctly brown from membranal pigment, strongest at base, grad­
ually less towards edge, few yellow hypha I septa and very few vcrv small cncnJStations. 

Cuticle of cap ccll..ililr, 2-3 cells deep layer of colourless globose or subglobose, 
vesiculose cells, tf>-32 fLill in diam. 

Clamps on hyphae of stem and caulocystidia. 

HABITAT.-Solitary in chalk grassland. 
CoLLECTIO:-.'S EXAMINEo.-G REA T B R 1 T A 1 N: Surrey, Juniper Hill, Mickleham, 

23 June •956, P. D. Orton 939 (E); Surrey, Epsom Downs, 10 I\ov. •958, P. n. Orton 
r699 (E). 

For a lengthy discussion on this species in relation to P. Jmstulenta sec p. 293· 
Romagncsi's description of P.Jrustulmta fully correspond~ with the above description, 
and accordingly Romagnesi regards his P.Jrustulenta conspecific with P. clioen.ris. We 
have taken the description of the macroscopic characters from Orton as with P. 
clivensis we are dealing witl1 a species, first described from Great Britain and as it was 
Orton who rediscovered and redescribed the species in tg6o. 

Smith ( 1972: 318) gave under the epithet P. cli!14nsis a description of an apparently 
different species found only once. His description mentions a few characters, that are 
not in accordance with Orton's description, with Romagnesi's description of his 
P. frustulenta, and with our observations on Orton's collections. With Smith the 
spores present a vc•ry distinct germ pore (Smith's fig. 623), they are said to be 
'obscurely bean-shaped' (but a ll ~pores depicted in profile show a very distinct 
bulging adaxial face) , the plcurocystidia are by no means utriform but are called 
'fusoid-ventricosc, apex subacute to obtuse' and they arc depicted as lageniform, the 
cheilocystidia arc abundant and tl1e habitat was 'on humus ncar a beaver pond'. 

PSATHYRELLA OBTUSATA (Pcrs. ex Fr.) A. H. Smith-Figs. 3Q-34 

Agaricus obtu.rus Pers., Syn. Fung.: -~8, 18o1. - Agamus obtusatus Pers. ex Fr., Sys1. myeol. 1 : 
293· 182 1; Epicr.: 232. 1838; Monogr. Hym. Suec. 1 : 441. 1857; Hym. curop.: 306. 1874.­
Psiloqbe obtusala (Pers. ex Fr.) Kummer, FOhr. Pilzk. : 71. 1871. - Psathyra obtusa/4 (Pers. ex 
Fr.). Gillet, Hym. Fmnce: 591. 1874- - Psathyra obtusa/4 (Pers.) P. Karst. in Medd. soc. fenn. 
g : 47· 1882 ('obtwa'). - Drosqphila obtusata (Pers. ex Fr.) Qu~l., Fl. mycol.: 59· 1888.­
Psalhyra spadicto-grisea var. obtusa/4 (Pers. ex Fr.) Qutl., Encbir. Fung. : 117. 1886.- Type 
locality: Sweden. 
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Figs. 27~9. Psatli)Ttllafrustultnla sensu Romagn. - Plcurocystidiograms (X 575). - 27. '9 
April 1959.-28. •8 Aug. 1968.- 29. 12 .May 1968. 

Psathyra rujtS«tu Pctch in Ann. R oy. bo1. Gdn Pcrndeniya g: 126. 1924? 
MJSA.t•PLIEO NAMI!.S.-Psathyra obtusala sensu Rieken, lllaucrp.: 261. 1913 ( Psathyrtlla 

spec.).- Drosophila obtusata sensu Romagn. in Rev. Mycol. 2 : 246. 1937 (= Psatlryrtlla spec.). 

SELECTED DE.SCRJrTIONS AND ILLUSTRATIOXS. "ehaeff., Fung. Dav. Jcon., pl. 6o figs. 1- 3. 
1762.- Cooke, I ll. Brit. Fungi, pl. 615/593. 1884-1886.- J. E. Lange, fl. agar. dan. 4: 
g8, pl. 152 A. 1939.- Wakefield & Dennis, Common Brit. Fungi: 201, p l. 79, fig. 2. 1950. ­
K Ohn. & Romagn., Fl. ana l.: 363. 1953.- Hongo in Mcm. Fac. Lib. Arts Educ. Shiga Univ. 
u : 40. 1961.- A. H. Smith in Mcrn. . Y. bot. Gdn 24: 385. 1972. - Romagncsi in Bull. 
Soc. mycol. Fr. 91 : 197. 1975. 

CHIEF CHARACTBRISTJCS.-Carj)Ophorcs small to medium sized, solitary, terrestrial. 
Cap 20~5 mm in diam., convex '"'ithout umbo, strikin~ly brown, hr.grophanous, 
dry very pa le brown without pink, with white, rudimentary veil; gJIIs stri.kingly 
pinkish brown, with white edge; stem Go-75 X 2--3 mm, not rooting, white; spore 
print brown with purplish hue; spores 7.2-8.1 X 4.~ 5 fUll, with ~erm pore, in water 
and NH40 H 10% yellowish brown with a trace ol reddish, subphascoliform; plcuro­
C)-stidia 35-50 xg-15 fUll, very numerous, f<.~sifomt; margina.l cells almost exclusively 
consisting of fairly large (2o-30 X 12.5~0 IJ.rn} spheropcdunculate and clavate C('Jis, 
intermLxed with very few spheropcduneula te c.clls equipped with a short subcylindrical 
neck; hymenophoral trama coloured. 

MAcROSCOPIC CHARACTBRS.-Cap 2~5 mm in diam., conico-convex without umbo, 
striate up to 2/3 from margin upw.trds, cent raJ half su ikingly brown (between M. 
7·5 YR 4/4 a nd 5/4), p.:ripheral ha lf much lighter (.\1. 10 YR 6/4) but with darker 
striation (.\1. 7·5 YR 5/4), hygropha nous, drying out to very pale brown (M. 10 YRS/4) 
without pink, dry surface rugulose, dl~tinctly micaceous. 
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Veil white, distinct hut seamy; velar fibrils and minute fibrillous networks on surface 
of Clp only in one mm broad zone a long margin; surface of lower 2/3 of stem covered 
with quite a few velar fibrils. 

Gilfs 3-.~ mm broad, mikingly pinkish brown, colour of weak chocolate (~L 5 YR 
5{3-fl/3), modcratC'ly ventricose, rather broadly adnate, with white edge. 

Stem 6o-75 X 2 -3 mm, slightly thickening towards base, somewhat undulating, not 
rooting, hollow, white with smooth surface and pruinose aprx. 

Flesh ofeap 2 mm thick at centre, concolorous (M. 10 YR 4/3 with a trace of reddish), 
Acsh of stem very pale brown "itl1 thin white superficial layer. Smell none. 

Spore print brown with a purplish hue. 
Trama of 'washrd' gill, mounted in NH40II 10% under binocular lens, in basal 

half greyish with only a trace of brown (M. ± 10 YR 7/2), brown (M. 10 YR 5/S.) only 
in a very narrow strip at the very base, in peripheral half almost colourless (brovm 
colour of gills chiefly clue to colour of spores). 

YfiCROSCOI'IC CHARACTERS. Spores 7.2 8.1 X4·5 5 !J.ffi (averages 7.4 X4.6 (Lill), 
ellip<oid-amygdalifnrm and subpha.seolifom1, in water and NH40H 10% yellowish 
brown (M. 7-5 YR !:1/6) with a trace of reddish (darker than in P.Jm.rlulenla), not opaque, 
with small(± 1 (Lill) and moderately distinct, not truncate apical germ pore and small 
hilar appendix. 

Basidia 17.5-22 X (g-) 10 (Lill, 4-spored. 
Plcurocystidia '35 50 X 9 1 !l (Lill, very numr rous, fusiform with short and fairly 

broad pedicel and acute to subacute apex, thin-w<>llcd, colourless, without mucus or 
crystals. 

Spheropedunculate and clavate cells 20- 30 X 12.5-20 (Lill, very numerous and 
densely packed, vc~iculosc, thin-walled, without mucus or crystals, intermixed witll 
very few spheropedunculatc cells equipped with a short subcylindrical neck (chcilocys­
tidia), 30 37 X 12.5- 16 llm. Gill edge sterile. 

Caulocystidia (apex of stem) mostly in large clusters and very numerous, shape and 
size very variable, similar to both types of marginal cells, globose, subglobosc and 
clavate cells (20- 47 X 15- 25 !lm) and globose cells equipped with a short subeylindrieal 
neck (22- 40 X 10- l.'i !J.m), also quite a few elliptical and subcllindrical cells. 

Pigmentation of hymenophoral trama under microscope ( \vashcd' gill mounted in 
Nll401 1 10%) distinctly brown from membranal pigment at base of gill, colour 
getting much fainter towards edge, very faint in peripheral half, a fa ir number of 
yellowish hypha( septa and very few very small encmstations in basal half. 

Cuticle of cap cellular, 2- 4 cells deep layer of colourless globose or subglobose vesicu-
lose cells, 24- 48 (Lill in diam. 

Clamps on hyphae of stem and eaulocystidia. 

HABITAT.-Solitary, terrestrial under Fagu.r and Querrus. 
CoLLECTION !l.X i\~IINlm.-T 11 E e T 11 E R LAN o s : prov. ' oord-Holland, Over-

veen, estate 'Elswout', 21 Oct. 1976, E.K.v. W. (L). 

The three most recent and fu ll descript ions of P. obtusata are those by J. E. Lange 
(1939: 98), A. H. Smith ( 1972: 385), and Romagncsi (1975: 197). 

Romagnesi ( 1975: 197) pointed out that A. H. Smith described a P. obtusa/uswit.h 
small spores (6-7 X 3·5- 4 !lm) and a ' drab grey colour' of the gills, and correctly 
stated that therefore tha t fung\IS is very much different from the European species. 
Romagncsi's statement, however, pertains to the 1941 description by Smith which­
also in otl1er respects-differs from the description given by Romagncsi (1975: 197) 
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for P. obtu.ratu.r and from Smith's 1972 description of that species, in which the spores 
arc said to measure 7-9 X 4- 4.5 JLm and the colour of the gills is said to be pallid 
brown, becoming reddish brown to purplish brown, which is completely in line with 
the descriptions given by Lange, Romagncsi, and tiS. 

In Smith's 1972 description the colour of the dry cap, the width of the gills and­
most important of all- the colour of the spore print arc lacking. Romagncsi's 
description is complete except for the fact that the ab\mdancc of the pleurocystidia 
(one of t.he characteristic features of t.hc species) is not mentioned. Otherwise both 
descriptions arc in full accordance and they agree with Lange's description (1939: 
g8). All three authors referred the species to Fries's descriptions of A. obtu.ratu.r. 

30 
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Fi~. 3o-34. Psathyrt/14 obtu.sala, 21 Oct. 1976. - 30. Plcurocystidiogram (X575). -
31. Cbcilocystidiogram (X 575).-32. Caulocystidiogram (X575). -33· Sporogram (X 1210). 
- 34· Basidiogram (X575). 
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As a matter of course the question arises whether indeed the species described by 
Lange, Smith, Romagne~i (and many more authors), and us, is conspccific with 
II. obtusatus as described by Fries. The two outstanding macroscopic characteristics 
of A. obtusatus as described by Fries arc the brown colour of the cap (in 1821: 'dilute 
badio'; in 1838 and 1874: 'umbrinus'; in 1857: 'spadicco I. umbrino-fuscus') and the 
brown colour of the gills (in 1821: 'umbrinis'; in 1838 and 1874: 'pallido umbrinis'; 
in 1857: 'cincrco-fuscac dcin umbrinae'). It is a great pity that Fries did not give the 
colour of the spore print in A. obtusatus, which must have been some shade of 
brown. Among the small and medium sized species of Psathyrella those with distinctly 
brown gills arc striking in the field. Jn the colour of cap and gills and in all other 
macroscopic features the descriptions by Fries on the one hand, and by Lange, 
Smith, and Romagncsi on the other hand arc in complete agreement except, how­
ever, for the veil. 

Whereas Fries emphasizes the absence of a veil in tllis species, Smith states that the 
surface of the cap is at first covered with scattered fibrils, but soon glabrous, and that 
the lower portion of the stem is sparsely covered with whitish fibrils. Romagnesi 
reports the presence of a 'voile partie! Ieger, en forme de cortinc blanche, asscz ncttc 
sur les jeunes, mais totalcment evanescence'. Lange neither mentions nor depicts 
(plate 152 D) the presence of a veil. From these descriptions it is obvious that the veil 
in P. oblusala is rudimentary and very evanescent. Smitl1, having been able to examine 
material from no less than 26 collections, and Romagnesi no doubt having come 
across the species frequently as he calls it very common, they both must have been 
able to study the species in all its stages. Fries, on the other hand, altllough he did sec 
the species himself, calls it 'rarissime', so that it is quite likely that he only very 
rarely examined material of A. oblusatus. This may well account for tlle fact that he 
never noticed traces of a veil. 

In conclusion we feel with Smith, that the absence of a veil, mentioned in the 
Friesian descriptions of A. obtusalus ~hould not nand in the way of regarding Fries', 
species as conspccific with P. obtusata as described by Lange, Smith, Romagnesi, 
and us. This view is supported by the great resemblance between the carpophores 
depicted on Schaeffer's plate 6o, figs. r-3 ( 1762; cited by Fries!) and on Lange's 
plate 152 D, botl1 plates depicting, aJso in the opinion of Romagnesi, P. oblusala 
very well. 

Psathyrel/a obtusata as described by Rieken ( 1913: 261 ) has the same macroscopic 
characters as P. oblusata as described by Fries, Lange, Smith, and Romagnesi, but 
the spores are said to be elliptical and not phaseolifonn, and the cellular lining of the 
gill edge with Rieken consists of lancet- to flaskJikc cells. With Lange, Smith, Ro­
magnesi, and us this cellular lining consists almost exclusively of spheropcduneulate 
and clavate cells, intermixed with an occasional globose cell, bearing a short subeylin­
drical neck. Therefore the interpretation of P. obtusala (Fr.) sensu Rieken remains 
obscure. 



PER so oN 1 11. - Vol. 9, Part 3, 1977 

REPERENCES 

BERKELEY, M.J. & BROOME, C. E. (1861). Notices ofBritilh F'ungi in Ann. & Mag. Nat. Hilt. 
!II 7 : 376. 

BIOI!./I.RD, R . & GuH.LRMIN, H. ( •gog). Flore des Chnmpignons supericurs de France. Chnlon-
sur-Sailne. 

BRESII.ooLA, G. (1931). Iconographia mycologica 18: pl. 866 fig. 2. Mcdiolnni. 
Bucn, R. (1952). Die Bl:itterpilze des nordwestlichen Snchscns. Leipzig. 
CooKE, M. C. (1884-86). Illustrations ofBritilh Fungi I V: pl. 6•s/593· 
-- (1886-88). l llustrntionsofBrit ilh Fungi V: pl. 641/657· 
-- (188g-gJ ). Illustrations of British Fungi VIII : pl. 1183/96g. 
DENNIS, R. W. C., ORTON, P. D. & HoRA, F. B. (196o). :\ew Check List ofBrililh Agarics and 

Boleti. In Trans. Br. mycol. Soc., Suppl. 
FRrES, E. M. ( 1815). Obscrvationes mycologicac 2. Ilavniae. 
-- (1821 ). Systema mycologicum f. Lundac. 
-- (1838). Epicru is Systemnlis mycologici. Upsaliae. 
-- (1857). Monographia HymenomycciUm Succiac I. Upsaliac. 
-- (1874). Hymcnomycctes curopaci. Upsaliac. 
lliNNINos, P. (1900). E:ocobasidiineae. In NatUrl. PA fnm. 1(1) : 235· 
KARSTEN, P. A. (1879). Rysslands, Finlands och den Skandinaviska Halrons Hnttsvampar II. 

In Bidr. Kann. Finl. ='lat. Folk p : 513. 
Km VAN WAVER.EN, E. (197 1a). Notes on the genus Psalh)Tella- T. Psathyrtlla gr~Uilis and P. 

mimmhua. In Pcrsoonia 6: 249-28o. 
-- ( 1971 b). Notes on the genus Psathyre/la-1 I. Three new species of Psath)·rella. In Persoonia 

6 : 295-312. 
-- (1972). Notes on the genus PsathyreUa-111 . Unorthodox approach and key to section 

Atomatae. In Persoonia 7: 23- 54. 
-- (1976). Notes on the genus Psathyrella- IV. Description of and key 10 lhc European 

species of section Psathyrel/JJ. In Pcrsoonia 8 : 345-405. 
K UIINER, R. & Ro~l/I.GNl!SI, H. (1953). Flore analytique des champignons superieurs. Pari!. 
l.AMBOTTE, E. (188o). Flore mycologique Beige T. Vervicrs. 
LANGE, j . E. (1939). Flora agaricina danica 4· Copenhagen. 
LrNDII.U1 G. (1914). Die Mheren Pilze (Basidiomycetes). Berlin. 
M ot.LER, F. H . (1945). Fungi of the FnrOes I. Copenhagen. 
M OS£R, M. (1g67). Die Rlihrlinge und BUitterpilze. 3· AuA. In Cams Kl. KryptogFI. 2 (b2). 

Stuttgnrt. 
M uN"SEL Coi.OR CoMP/I.~'Y (1971). Munsell soil color charts. Baltimore. 
ORTON, P. D. (196o). New check lilt of British agarics and boleti. Part Ill. Notes on genera 

and species in the list. In Trans. Dr. mycol. Soc. 43 : 159- 439. 
PE.RSOON, C. H. (18o1). Synopsis methodica Fungorum: 405. Clittingae. 
Q ul!uT, L. (1886) . Enehiridion Fungorum. Lutetiae. 
RieKEN, A. ( 1!)1 3)· Die Bla tterpil7.c (Agnricaceae) Dcutschlands. Leip1.ig. 
RoMAGNESI, H. ( 1975). Description de quelques es(X.'ccs de Drosophila Qu~l. (Psathyrella ss. 

Dilat.). In Bull. trimest. Soc. mycol. Fr. 91: 137- 224. 
ScR/I.III'Pl!R, J. C. ( 1762). Fungorum qui in Bavaria et Palatinatu circa Ralisbonam Nascuntur 

l eones: pl. 6o figs. 1-3. 
SMml, A. H. (1941). Studies of Korth American Agarics J. In Contr. Univ. Mich. Herb. s: 

1-73-
-- (1972). The :-iorth American spcc.ies of Psathyrella. In Mcm. N.Y. bot. Cdn 24. 



PERSOONIA 
Published by the Rijksherbarium, Leiden 

Volume g, Part 3, pp. 305-327 (1977) 

THE GENUS ME.LANOTUS PAT. 

E. H ORAK 

Institute Special Botany, E. T. H. z., Ziirieh, Switzerland 

(With So Text-figures) 

The genus Mtlanotus is revised. Its delimitation is discussed. A key is given to 
21 accepted species. Of these S)'llOnyrns, habitat, distribution, and illustrations 
arc given. The new species Metanotus citrisporus, M. protraetus, 1\il. distinctus, 
M. rXJrax, and M. communis are described. ,'.frlanatus hepatochrous and M.j/afl()-

livens arc described anew. A list of hOst plants is added. 

Due to their small size and rare occurrence the Mclanoti arc agarics whose identifi­
cation and taxonomy still raise considerable problems. 1\o wonder no key or detailed 
modern descriptions of many of the taxa have ever been published. 

The genus Melonolus (Singer, 1975: 543) is characterized by small carpophores, 
eccentric or lateral short tipc (but occasionally the stipe is centric or even lacking), 
absence of vei l remnants, brown spore print (often with purplish tint), ovate sub­
lentiform or limoniform smooth spores with citltcr thin- or tltick-walled complex 
brown or opaque spore membrane, distinct apical germ pore, usually fusoid hyaline 
eheilocystidia, absent pleurocystidia, and a cutis of interwoven cylindrical hyphae 
with clamp connections and cncmsting pigment. 

All known species of Melanotus grow saprophytically on decomposing organic 
material (sec list of host plantS). 

Concerning the area of distribution, the majority of species a rc restricted to regions 
close to the Equator but some taxa also occur in more temperate zones. The northern­
most record of M. phillipsii is from Sweden. In the southern hemisphere M. proteus 
occurs in Kenya and also in the Cape Province. Melanolus htpatoehrous seems to be a 
rather common fungus in the forestS of Tasmania and frnally M. patagonieus was 
collected in the Patagonian Nothofagus forests, which arc covered by snow in winter 
at least temporarily. Many of the species described hitherto arc known only from the 
type collection and therefore our knowledge about their ecology is at best poor. Due 
to their habit and habitat most of the classical species of Melanotus arc published under 
Crepida/us or Claudopus. However, microscopical examination immediately reveals 
that Melanolus has no taxonomical rela tionship co these genera. Despite a number 
of macroscopical similarities the microscopical characters of Pyrrhoglossum and 
Pleurojlammu/a arc so distinct tha t no species of these genera can be mistaken for 
Melanolus. The delimitation towards eccentric or estipitatc species of Phaeomarasmius 
or Tubaria, however, can be difficult since their brown spores sometimes pos.~css 
an oblique germ pore. In such cases generic identification is possible only in well 
documented collcclions. 
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The taxonomic limit raising the most problems is undoubtedly that of Psil,cybe 
(Duonica). Where must the separating line be drawn between Psilocybe and Melatrolus? 
Or is the eccentric, reduced or even absent stipe a criterion of sufficient importance 
to warrant splitting off Melano/us from Psilocybe.' (Singer, 1976: 543; Romagnesi, 
1977). From the microscopical point of view (spores, basidia, cystidia, cuticle) there 
arc no differences at all between the two genera. Based on our personal field observa­
tions the insertion of the stipe can vary from eccentric to sublateral or lateral in a 
single population in the same locality and on t1te same host. The pilca l position is 
often a direct response to the microtopography found at the point where the car­
pophores happen to be attached to the substrate. Under these circumstances it is 
possible that this 'generic character' is of much less value than is usu<'llly assumed. 
Experiments under pure culture conditions could help to resolve this question. 

In this study the taxonomic concept of Melanotu.s follows Singer ( 1975). For the 
time being it docs not matter that t1tc 21 species accepted in several cases <'Ire not at all 
closely related. In my opinion the genus Melanolu.s in its present composition re­
presents a heterogeneous conglomerate of fungi which share similar morphological 
characters as a result of ecological adaptation. 

In preparing this monography on Melanolu.s the assistance and advice of several 
herbaria (BAFC, BO, E, F, FH, K, LPS, NY, PC, and S) is acknowledged. I am 
also grateful to Prof. E. J. H. Corner (Cambridge) who loaned part of his SE.-Asian 
collections of agarics. 

If not otherwise stated the magnifications of the figures arc: carpophorcs (nat. 
size), spores ( x 2000), basidia and cystidia (X tooo}, and cuticle ( x 500) . 

M E L A N o T u s Patouillard 

Melanotus Patouillard, Essai tax.: 175. 1900. - Type species: Crepidotus ? bambusinus Pat. in 
J. Dot. s( 18) : 309· 18g1 :: Mtlanolus bambusinus (Pat.) Pat., Essai tax.: •75· 1goo. 

KEY TO TilE SPECIES OP MELANOT US 

EuROPE 

Melanolus phillipsii (see key to African species) 

Al'lliCA 

1:1. Spores (5-)6- 7-5 X4- 51Lm, thick-walled ; cheilocystidia 14-28X 3·5-5·5 1-lffi, lanceolate 
to fusiform with elongnte neck; pileus - 10 mm, pale brown; lamellae fuseous; stipe 
eccentric, lateral or absent. On wood (Cupressus). 
South Africa {type), Kenya . . . . . . . . . . . . . . . . . 1. M. proUu.s, p. 3o8 

b. Spores more slender, thin-walled (membmnes rarely lhick-walled) . . . . . . . . 2 
2a. Spores 5.5-7( -8) X 3-4(-5) 1-lffi; chcilocystidia 2o-35 X 3- 7 1-lffi, ventricose-fusoid, oc­

casionally with subcapilale apex; pileus -15 mm, pale brown; lamellae cinnamon to 
fuscous; stipe eccentric to laternl, chestnut brown. On decomposing twigs. Kenya 

2. M. gtlineus, p. 3o8 
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b. Spores 5-6 X 2.5-311-m; cheilocystirua 16-40 X 3-511-ffi, fusoid with elongated neck; 
pileus - 1s mm, pale brown or cinnamon; lamellae concolorous; stipe eccentric to 
lateral. On dead grasses (Agrostis, Carex) and herbaceous stems (Scrophulmia) . Morocco 

3· M. phillipsii, p. 309 

NoRTH AMERICA / Soun1 AMERICA 

1a. Spores thin-walled, 6-8(-g) X (4-)+5-611-ffi, broadly ovate; pileus - 12 mm, brown to 
pale brown; lamellae pale ochraceous; stipe eccentric; chcilocystidia 2!>-4SX4-61J.ffi, 
fusoid with elongate neck. On decomposing or dead leaves of Clw.r~a. Argentina, 
Chile . . . . . . . . . . . . . 4· M. bruchii, p. 310 

b. Spores conspicuously thick-walled . 2 
2a. Spores larger than 7 X 5 1J.ffi . . . . . . . . . . . . . . . . . . . . . . . . . 3 

b. Spores smaller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
3a. Spores 8-11 X S·7-7·71J.ffi, ellipsoid to pbaseoliform; pileus -10 mm, brown; stipe 

ccccntric to lateral, white; chcilocystidia ampullaccou.,. On wood. Chile 
S· M. eassiaecolcr sensu Singer, p. 31 1 

b. Spores 7-8X5·51J.ffii pileus - 1omm, pale brown; lamellae pale yellow-brown; stipe 
absent ; cheilocystidia ?. On husk of Cocos. Grenada .. .. 6. M . subeuneifonnis, p. 311 

fa· Stipe absent or rurumcntary; spores S·5-7·S X 4-s11-m ; chcilocystidia ? ; pileus - 15(-30) 
mm, ochraceous to pale red-brown; lamellae brown with purplish tint. On decomposing 
leaves and twigs, and rotten wood; known host plants: Mu.so, Alpinio, Psydwtria. Brazil 
(type), Trinidad, Guadeloupe, Jamaica, Cuba. . ....... 1· M. olpiniae, p. 311 

b. Stipe more or less well developed, ofien subcentric . . . . . . . . . . . . . . . s 
sa. Pileus -s mm, isabcllinc; lamellae yellowish; stipe whitish i spores 5-6 X 3·S-41J.ffi; 

chcilocystidia ?. On decomposing herbaceous stems. Jamaica .. 8. M. ecuntricus, p. 313 
b. Pileus brown to ochre-brown; lamellae and stipe more or less concolorous with pileus 6 

6a. Spores 4-5-S·S X 3-3.5 11-m; pileus -1 o mm; cheilocystidia 2o-30 X 3-611-ffi, fusoid with 
elongate tapering neck. On bark of Polylepis. Argentina .... g. M. polylepidis, p. 313 

b. Spores 6-7(-7.5) x 4-s I-'m; pileus - 18 mm; cbeilocystidia -30X-121J.ffi, polymorphous 
varying from clavate to vesiculosc. On rotting wood. Argentina to. M. potagonicus, p. 314 

AuSTRALASlA 
1 a. Spores longer than 1 o JUll • • • . . • • • . . • • • . . . • • . . • • . . . . 2 
b. Spores smaller than 10 1J.ffi . . . . . . . . . . . . . . . . . . . . . . . . . 3 

2a. Spores 1o-13 X 9-12 !IJ1l, limoniform to lentiform; pileus -6 nun, cream to pale brown; 
lamellae grey-brown with lilac tinge ; stipe rudimentary or absent; cheilocystirua 
2<>-3S X 5-1 o 11-ffi, fusoid. On decomposing leaves of Asu/ia. New Zealand 

1 1. M. citrisporus, P· 315 
b. Spores 10.5- 12.5 X 6.5-7·S 11-m, ellipsoid; pileus -16 mm, brown; lamellae pale brown to 

rust brown, without lilac tinge; stipe absent or rudimentary; chcilocystidia 2o-35 X 
8-1811-ffi, clavate-capitate. On decomposing leaves of Muso. Papua New Guinea 

12. M . protroctus, p. 315 
sa. Stipe absent, pileus laterally or subdorsally attached to substratum (sec also M. jlaoo-

liiJinS, M. hepollxh.rous) • • . . • • . • . • 4 
b. Stipe present, at least in young carpophores . . . . . . . . . . . . . . . . . . 7 

411· Pileus s-10 mm, concbiform to reniform . . . . . . . . . . . . . . . . . . . 5 
b. Pileus 2o-3o mm, linguiform to spathulate . . . . . . . . . . . . . . . . . . 6 

sa. Pileus and lamellae 'atrosanguineus'; spores S·S- 7 X 3·S-4·5 IJ-10, thick-walled; cbcilo­
cystid ia ?. On rotting wood. Hongkong . . . . . . . . . . 13. M. hoemaliUs, p. 317 

b. Pileus white ; lamellae brown; spores S·5-6·S X 3·5- 4·511-ffi, thick-walled; cheilocystidia ?. 
On decomposing fem-rhachu. Malaya . . . . . . . . . . . . 14. M. ridleyi, p. 317 
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6a . Pileus -5omm, whitish; la mellae brown-purple ; spores 6-7X4-4·51Lm, thick-walled; 
cheilocystidia ?. O n rotting wood. Ceylon . ....... 15. M. phaeoph;llus, p. 3'9 

b. Pileus -20 mm, pale brown; lamellae brown, without lilac tinge; SJ>Ores 6-7 X4-51Lm, 
thin-walled; ehciloeystid ia 2o-35 X 8-t t 1"-m, fusoid with capitate apex; clamp connec-
tions absent. On rolling wood. Papua New Guinea . ..... t6. M. dislinctus, p. 319 

7a. Spores 6.5-a·5(-9) X 4-5·5(-6) JLm, thin-walled j cheilocystidia 15-30 X 5-10 ""m, fusoid 
with elongate tapering neck. On decomposing leaves of Phormium, Cortoderia, and ferns. 
New Zealand . ... .. .. .. ... ..... ..... 17. M. oorax, p. 319, 

b. Spores sma ller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Sa. Pileus -so mm, dark brown, red-brown, or liver brown; lamellae yellowish brown, 

cinnamon, or deep brown; stipe ofien rudimcnta.ry in old specimens; spores 5·5-7·5 X 
3·5-51Lm; cheilocystidia 2o-3o x 3-6 1"-m, lanceolate to fusoid with elongate neck. O n 
rotting wood. Tasmania (type), Victoria (Australia), Kcw Zealand 

t8. M . hepattXhrous, p. 32 1 
b. Pileus whitish, pale brown or fawn-yellowesh . . . . . . . . . . . . . . . . . 9 

ga. Lamellae grt}', grey-beige or yellowuh beige, without distinct purple tinge; pileus 
- 12 mm; stipc eccentric, more or less concolorous with pileus; spores (5-)6-7X 4-4·51Lm; 
chcilocystidi.a 15-25 X 3-5 1"-m, subfusoid to cylindrical. On decomposing organic 
detritus, also on decomposing leaves of Cotos. The Bonin lsi., Kew Caledonia, the Solomon 
Isl. . . . . . . . . . . . . . . . . . . . . . . . . . 19. M. j/alXJ-Iiuens, p. 323 

b. Lamellae brown with dutioct purple or lilac tinge; spores usually thin-walled . . tO 
ton. Pileus - 30 mm; stipc eccentric to lateral ; spores 5- 7 X 3·5-4·5 JLffij cheiloeystidia 

15-25 X 5-10 JLm, clavate to fusoid-capitate, occasionally with mucronate apex. On 
rotting branches in rain forest. Papua New Guinea . . . . . 20. M. commw1is, p. 324 

b. Pileus - 15 mm, often laterally attached to substratum in old specimens; stipc eccentric 
when young; spores 6-7 X 4-5 JLffi; cbeiloeystidia ? . On Bambusa. Viclnam 

21. M. bambusinus, p. 325 

1 . M ELANOTUS PROTEUS (K alchbr. apud Thiim.) Sing. Fig. 1 

Agari&us proteus Kalchbr. apud ThUrn. in Flora 59 : 424. 1876 (basionym). - Cilludopus 
proteus (Kalchbr.) Sacc., Syll. Fung. s: 734· 1877. - Melanotus proteus (Kalchbr. apud Thorn.) 
Sing. in Lloydia g: 130. 1946. - Crtpidotus proteus (Kalchbr. apud ThUrn.) l'il:\t in Tr:m~. 
Brit. mycol. Soc. 33: 231 . 1950. 

l LLUSTRATIONS.- Pila t (1950: 23 1) ; Pegler & Rayner ( 1969: 391); Reid ( 1975: 104). 
HABITAT.-On humid lumber ( type) and on wood or c~(Jressus. South Africa, 

Kenya (Pegler & Rayner, 1969: 391), Ceylon? (Ccsali, 1879: 2). 
MATERIAl E.XAMINED.-S ouT 11 A I' R 1 c A: Somerset East, .Jan. 1876, McOwon & 

Tuck {holotype, K ). 

2. M.ELANOTUS C.ELL'I£US Pcglcr-Figs. 2-4 

Mdanotus geliruus Pegler in Kew Bull., Add. Ser. 6 : 477. 1977· 

TLLUSTRA110:-;s.-Pcgler \1977= 477). 
IL\BITAT.-On dead fa llen twigs. K enya. 
MAT£llli\L £XAML,'ED.-K £ N v A: Nyanza, Kericho district, Kigumu River, 25 

Ma rch 1968, D. N. P,g/er 237 (holotype, K ). 

The microscopical characters of this species st1ggcst those found on M. phillipsii, 
which also occurs in the NW. corner of Africa (Morocco). Both taxa share the 
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Fig. 1. Mtlanotus prokus (from type), spores. 
Figs. 2- 4. Mtlanotus gtlimus (from type). - 2. Spores. - 3· Basidia. - 4· Chcilocystidia. 
Figs. 5 g. Mtlanotus phillipsii. - 5· Spores (from type of M. phiUipsii ).- 6-8. From Fungi 

Exs. Succ. 2054. - 6. Spores. - 7· Basidia. - 8. Cbcilocystjdia. -g. Spores (from type of 
Navcorin scutrllina). 

For magnifications sec page 3o6. 

slender ellipsoid spores that arc rather uncommon in the genus Melano/us. Spore 
size and spore shape, however, distinctly separate the two species. 

3· lliLANOTUS PIIJLUPSil (Bcrk. & Br.) Sing.- Figs. s- 9 
Agaricus (Crepidotus) phillipsii Bcrk. & Br. in Ann. Mag. nat. Hist. s: 21. 1878 (basionym).­

Pkuroflammula phillipsii (Berk. & Br.) Sing. in Sydowia s: 473· 1g51. - Ceophila (Psilot)·be) 
phillipsii (Bcrk. & Br.) Kuhn. & Romngn., Flore anal.: 339· •953· - Mtlanotus phillipsii (Bcrk. 
& Br.) Sing. in Bcih. Sydowia 7 : 84. 1g73. 
Na~®ria scutellina Qu~l. in Bull. Soc. bot. Fr. 25: 287. 1878. 
Plmrolus rom/us Qu~l. sensu Lange in Dnnsk bot. Ark. 6 (5): 30. •g30. 

ILwSTRAnoNS.- Quel. (1878: 287, pis. 3,5); Cooke (1886, IV, pl.515 C) ; Pilat, 1948: 
46; Malen~n & Bcrtault ( 1970: 337). 

IIABITAT.- On decomposing leaves and culms of 'grasses' (Agroslis, Carex) and 
herbaceous stems (~crophularia.) : Engla.nd (type), Sweden, Denmark (Lange, 1930; ~o), 
France (Qu~l., I.e., ~omagnest, 1~37· 137), Gennany (Moser, pcrs. comm.), Switzer­
land, C. S. S. R. (Palat, 1948: 40) , Morocco (Malcnc;on & Bertault, I.e.). 

MATERIAL EXA)UI\"ED.-E :s c LA :so: Shrewsbury, Oct. 1876 (holotype, K). 
S wE o EN : BohusHin, ROdbo parish, Ellisbo, t 7 July 1943, Nathorsl· Windalrl (Fungi 
exsicc. suec. 2054. 'Crepidotus', S). FR ANcE: llerimoncourt, July- Aug. 1878, 
Pil/od (holotypc of N. scuul/ina Qu~l., herb. Brcsadola, S). 
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Figs. 1o-16. Mtltuwtus bruehii. - 10, 11. From type of M. bruehii.- 10. Carpophores. -
11. Spores.- 12- 14. From Horak 75/297·- 12. Spores.- 13. Ba!idia.- 14. Chcilocystidia. 
- 15, 16. From type of M. gayi.- 15. Carpophores (x 1.5).- 16. Spores. 

To our surprise type material or at least an authentic collection of Nau&oria 
scut~llina Qu~l. was found in the Bresadola Herbarium in Stockholm, Sweden. 
Since Brcsadola added the remark 'Q uclct misit', there can be no doubt about the 
authenticity of this fungus, which is conspccific with M. phillipsii, also published in 
t 878 (priority?) . 

4· Melanotus bruchii (Spcgazzini) Horak, comb. nov.-Figs. 1o-16 

Crtpidotus bruchii Speg. in Boln /\cad. nac. Ci. C6rdoba 29: 128. 1926 (b<Uionym.)- Plturo­
flammula bruchii {Speg.) Sing. in Lilloa 22 : 251. '1949' [1951). 

Crepidotus gayi Pilat in Trans. Br. mycol. Soc. 33: 237· 1950.- Mtltuwtus gayi ( Pilat) Sing. 
in Beih. Nova Hedw. 29 : 258. 196g. 

l LLUSTRATtONS.- Pihit ( 1950: 237, gayi) . 
HADITAT.-On rottine- branches of broad-leaved trees (type) or decomposing leaves 

of Ch•tSI[llla spec. Argcnuna (Tucuman, Cordoba {type), Neuqu~n), Chile. 
MATERJAL EXAMINED.- A Roe NT 1 N A: Cordoba, Alta Gracia, 3 Feb. 1925, 

Brueh 112 {holotype, LPS 13465). CHILE: Rancagua, April 181 8, Bcrtero (= M. 
psychotriae sensu Sing., herb. Steudel, FHJ; Valdivia, 1839, Gay {holotrpc of Crepidotus 
gayi Pi lat, PC); Valdivia, Fundo San Martin, 10 April 1975, Horak 75/297 {ZT). 

According to the microscopical data found on the type material of Crepidotus 
bruehii Speg. this fWlgus clearly belongs to Melanotus and not Pleuroj/ammula (Singer, 
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1949: 521 ). The characters observed on the four above mentioned collections agree 
in all dctail.s. Melanolus bruthii Speg. is distinguished by its large thin-walled spores 
and its lateral to eccentric short stipc. 

5· MELA!';OTUS CASSIAECOLOR (Bcrk.) Singer sensu Singer 

MtlanotuseiUSUueolor (Bcrk.) Sing. scruu Sing. in Bcih. Nova Hcdw. 29 : 257· 196g. 

According to Singer's description (spores 8-1 1 X 5· 7-7.7 J.Ull) this Chilean collec­
tion docs certainly not represent Melanolus cassiaeeolor Bcrk. ( = 1W. hepalochrous 
Bcrk.). The characters reported do not fit any of the taxa hitherto known to belong 
to Melanolus. Unfortunately no material was obtained on loan from SGO. Hence we 
can neither confirm nor refute the impression that this fungus is a representative of 
Phaeomarasmius. 

6. Mf:LANOTUS SUBCUNEIFORMIS (Murrill) Singer- Fig. I 7 

Crepidotus sub=iformis Murrill in Mycologia s: 29. 1913 (basionym). - Melanotus sub­
=iformis (Murrill) Sing. in Lilloa 13: 87. '947· 

HABITAT.-On decaying coconut husk. Grenada !West I ndies). 
MATERIAL EXA~tlNED.-G RENA o A: Grenada, Sept. 1905, Broadway (holotype, 

1\TY). 

This small and pale brown Melano/us is characterized by rather large ovate to 
sublenticular and thick-walled spores. Macroscopically the species resembles the 
two other taxa so far reported from the islands in the Mexican Gulf. However, the 
size of the spores distinctly separate M. wbcuneiformis from M. alpiniae and M. eccen­
tricus (see also Hesler & Smith, 1965: 146). 

7· MELA.-<OTUS AJ..PrNtAE (Berk.) Pilfn-Figs. 18-27 

Agaricus (Crepidotus) alpiniae Bcrk. in Hooker, J. Bot. Lond., 8 : '33· 1856 (b:l.Sionym) . -
MelaMius alpiniae (Bcrk.) Pilat in Traru. Br. mycol. Soc. 33 : 216.1950. 

Agaricus (Crepidotus) nwsaeeola Bcrk. & Curt. in J. Linn. Soc. (Bot.) 10: 291. 1868.- Crepi­
dotus musaeeola (Bcrk. & Curl.) Sacc., SyU. Fung. s: 883. 1887 (as 'nwsicola'). - Me/QIII)/US 
musaecola (Berk. & Curt.) Murrill in Mycologia 10 : 16. 1918 (as 'musicola'). - Mt/QIII)IUS 
musaeeola (Berk. & Curt.) Sing. in Lloydin g : 130. 1946. 

Claudopus subMriabilis Speg. in Boln Acnd. nne. Ci. Cordoba 11 : 411. 188g. - Melatuitus 
subr;ariabilis (Speg.) Sing. itt Lilloa 22 : 511. '1949' [1951]. 

Crtpidotus psyclrotriae Pat. in Bull. Soc. mycol. Fr. 18: '73· 1902. J'.ltlanotus psyclrotriae 
(Pat.) Sing. in Lloydin g : 130. 1946. 

Crepidotusfumosifolius Murrill in Mycologia s: 31. 1go8.- Melanotusfumosifolius (MurriU) 
Sing. in Lilloa 13: 87. 1947. 

TLLUSTRATIONS.-Pil:h (19?0: 216, alpiniae; 1950:225, musatcola); Dennis (1970 : 71 ). 
I-lABITAT.-On dccomposmg leaves, twigs and wood. Known host plants : Musa, 

Psyehotria, Alpinia. Brazil (type), Guadeloupe, J amaica, Cuba, Trinidad (Dennis, 
1970: 71). 
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Fig. 17. MelaMius subcwuiformi.r (from type), spores. 
Fig. 18-27. Melanolu.s alpiniM.- 18, •9· From type of M. alpiniiU.- 18. Carpophorcs.-

19. Spores. - 20. Spores (from type of Agarieu.s musaeeola. - 21-23. From type of Cloudopu.s 
suboariabili.r. - 21. Carpophorc. - 22. Spores. - 23. Chcilocystidia. - 24. 25. From type of 
Crepidotu.s ps;-ehotriae. - 24. Carpophores. - 25. Spores. - 26, 27. From type of Crepidotu.s 
fum/Jsifo/iu.s. - 26. Carpophorcs.- 27. Spores. 

MATERIAL EXAMINED.- B R A z 1 L : Spruce 114 {holotypc, K) ; Apiahy, J une t88o, 
Pui;giari {holotype of Claw/opus subvariobilis Spcg .. LPS 17033). G u A o E L o u P E: 
Bois Bain.v-Jauncs, Duss (holotypc of Crepida/u.s ps;v:h?triae Pat., FII). j~WCA: Rose 
Hill, 30 Oct. 1902, Earle !J92 {hol0typc of Crepidotusfumosifoliu.s Mum II, NY). C uB A: 
Wright 86 (holotype of Agari&u.s (CrepidoiiiS) mu.saecola Bcrk. & Curt., K). 

Among the above mentioned collections there is unfortunately none from which 
all the necessary microscopical and macroscopical data could be extracted. Wit11out 
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exception all type material examined is in poor condition. Despite this careful 
comparison of the authentic collections resulted in the conclusion that these taxa 
arc conspccific. 

Upon revising the type collections Pilat ( 1950: ~116) emphasized that M. mu.saecola 
(Bcrk. & Curt.) Murrill is a synonym of M. alpiniae (13crk.) Pilflt. Further Hesler & 
Smith (1965: 147) were doubtful about the synonymy of M. mu.saecola originally 
found in Cuba and M.Jumosifoiiu.s in J amaica. The spore size of the two fungi ranges 
between 5·5- 7·5 X 4- 5 f.Llll and if compared with M. alpirziae (Bcrk.) Pilat, M. sub­
uariabilis (Spcg.) Sing- both from Brazil- and M. ps;·chotriae (Pat.) Sing. - from 
Guadcloupe-a complete identity of characters is observed. Therefore the five taxa 
arc considered to represent only one and the same species. 

Nevertheless fresh material is needed to resolve further questions as to the colour 
of the lamellae on fresh carpophores, insertion of the stipc and the size and shape 
of the chcilocystidia. 

Hesler & Smith (1965: 147) also regard M.Jlavo-iioens (Berk. & Curt.) Sing. as a 
synonym of M. mu.saecola. The fungus from the Bonin lsi., however, is characterized 
by yellowish to fawn colours on the pileus, grey or beige lamellae (without purplish 
tints} and smaller spores. I n our own opinion M.jlavo-livens represents a well defined 
separate species whose area of distribution spreads from the Bonin Isl. (Pacific 
Ocean) southwards to New Caledonia and the Solomon lsi. (sec No. tg). 

8. MELANOTUS ECCENTRICUS (Murrill) Sing.-Figs. 28, 29 

Crepidotus ecuntricus Murrill inN. Am. Fl. 10: '55· 1917 (basionym).- MekuwltiS ecunlrieu.s 
(Murrill) Sing. in Lilloa 13 : 87. 1947. 

HABtTAT.-On dead herbaceous stems. J amaica. 
MATERLAL EXAMlNED.-j AM At c A: E. of Hope Gardens, 12 Dec. tgo8, Murrill 

(holotypc, NY).: 

Together with the type material in the Herbarium of the New York Botanical 
Garden (NY) a water colour painting was found; hence the morphology of this ~mall 
species (-5 mm in diam.) is well known (sec Fig. 28). The cylindrical stipe is centric 
or slightly eccentric and always well developed. This character together with the 
rather slender spores (3-4 tJ.m, but 4- 5 !'-m according to Hesler & Smith, 1965: 
141 !) separate M. eecentricus from M. alpiniae, which also occurs in Jamaica. 

g. MELANOTUS POLYLEPlDIS Singer-Fi~. 3o-33 

Melanotu.s pol;·lepidis Sing. in Beih. Sydowia 7: 84 '973· 

HABITAT.-On bark of Polyiepis (Rosaceae). Argentina. 
MATERIAL EXAMINED.- A R GENT I N A: prov. Jujuy, Lagunas de YaJa, t6 

Feb. tg66, R. Singer T 5215 (holotypc, F). 
HABITAT.-On rotting wood. Argentina. 
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Figs. 28, 29. Mt/QJUJtu.s tcuntrnus (from type). - 28. Carpophorcs ( X 3) . - 29. Spores. 
Figs. 31>-33· MewMIUJ pop;·upidis (from type). - 30. Carpophores. - 31. Spores. -

32. Basidia. - 33· Chcilocystidin. 
Figs. 34, 35· Mela!UIIUJ potagonims (from type). - 34· Carpophores. - 35· Spores. 

I n this collection the spores, basidia and cheilocystidia are illustrated for the 
first time. On dried specimens the eccentric tipc is still clearly visible. The morphol­
ogy of the carpophores and the small thick-walled spores distinguish this Melonolus 
from all others known so far from South America. 

10. MELANOTUS PATAOO!\'ICUS Singer-Figs. 34-35 

Mt/QJUJIUJ powgonicus Sing. in Beih. Nova Hcdw. :zg : 258. 1g6g. 

MATERIAL EXAML~Eo.-A R o E NT 1 N A: prov. euqu(!n, Puerto Manzano, 17 
March 1963, R. Singer M 306o (holotype, BAFC 23963) ; prov. Neuquen, Puerto 
Manzano, t8 April 1965, R. Singer M 5050 (BAFC 23964). 

Despite careful preparation it was impossible to recover the cheilocystidia of the 
type material. Therefore the exact morphology of the cheilocystidia cannot be dem­
onstrated. According to Singer's description there are two types of cystidia on the 
edge of the lamellae: (a) clavate cells ( 10- 24 X 2. 7- 4.5 f.Ull) and (b) vcsiculosc­
vcntricose cells (t8-30X9-12 f.Ull). 

I n the .Nothofogus-bclt of South America three species of Melonotus have so far 
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h<:cn observed (bruchii, cassitucolor sensu Singer, patagonicus). As shown in Fig. 34 the 
carpophores of M. patagonicus arc not very Melanolus-likc since the stipc is predomi­
nantly centrically inserted. Among the dried carpophores of the two collections 
studied not a single one was seen where the stipc is in a lateral position. From the 
ta:oconomic point of view this species must be placed directly between Me/anolus and 
Psilocybe. 

1 1. Me Ia notus citris porus Horak, spec. nov.- Figs. 36-39 

Pilco ~ mm lato, scmiorbiculari vel conchifonni, pallidc brunnco, striato, sicco. Lamcllis 
cxccntricc concurrcnlibus, griscobrunncis dcin brunncoviolaccis. Stipitc -2 X-1 mm, cylin­
drico, latcrali, pilco concolori. Sporis 1o-13 X9-12 f.Ull, limoniformibus, brunneis, poro gcr­
minativo instructis, lcvibus. Chcilocystidiis pracscnlibus. Sub foliis siccis Astcliac ncrvosac. 
Novazclandia. Holotypus POD 27134. 

Pileus -6 mm in diam., dimidiatc-hemispherical, conchiform or car-shaped, 
cream, beige or pale brown, dry, membranaceous, conspicuously striate-sulcate, 
glabrous. Lamellae distant, ventricose, broadly attached to lateral stipe, grey-brown 
turning pale lilac-brown; edge albofimbriate. Stipe - 2 X-1 mm, cyhndrical, rarely 
rudimentary or absent, lateral to eccentric, concolorous with pileus, dry, glabrous, 
witltout veil remnants, solid; rhlzoids absent. Odour and taste not distinctive. 

Spores IQ-13 Xg-12fLm, limoniform, with distinct truncate germ pore, brown, 
thin-walled, smooth; apiculus conspicuous. Basidia 25- 35 X 12- 15 fLm, 4-sporcd ; 
sterigmata -8 fLI11 long. Chcilocystidta 2o-35 X 5-10 fLID, lagcniform to fusoid, with 
broadly rounded or subcapitatc neck, hyaline, thin-walled, forming sterile gill edge. 
Cuticle a cutis of interwoven cylindrical hyphae (5-8 fLJil in diam. ), membranes 
encrusted with brown (KOH) pigment, not gelatinized. Clamp connections nume­
rous. 

HABITAT.- On dry and half-decomposed leaves and culms of Astelia nervosa Hook. 
(Liliaccae) . New Zealand. 

MATERIAL EXAMINED.- e w Z e A L A N o: Korth Island, Mt. Egmont a­
tional Park, Stanford Lodge, 12junc 1968, E. Horak 68/531 {holotypc PDD 27134; 
isotype ZT). 

This species represents the first Melano/us with limoniform spores which are, 
moreover, much larger than those of the other known taxa. The ecology of M. 
fiitrisporus is rather peculiar as well: the carpophorcs sit on the hanging tips of the 
long and bent leaves of Astelia. 

12. Melanotus protractus llorak, spec. nov.- Fig. 4o-44 

Pilco - 16 mm Jato, scmiorbiculari vel conchiformi, subsessili, convexo dein irregularitcr 
eoncavo, ex argillacco brunnco, sicco. Lamcllis lateraliter concurrentibus, argillaceis vel 
fcrrugincis, albofimbriatis. Stipitc nullo, margine pilei protracto. Sporis 10.5-12.5 X 6.5- 7.5 f.Ull, 
cllipsoidcis, brunncis, poro germinativo instructis. Cheilocystidiis conspicue capitato-clavatis. 
Ad folias dciectas Musae. Nova Guinea. llolotypus: ZT, 73/ 18g. 

Pileus - 16 mm in diam., dimidiatc, conchiform or fan-shaped, convex when 
young, later concave with upturned margin, pale brown to brown, dry, striate, 
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hygrophanous, thin, minutely fibrillose. Lamellae excentrically or laterally con­
curr<'nt, densely crowded, ventricose, pale bro\\'ll turning rust brO\\'llj edge albo­
fimbriatc. Stipe absent or rudimentary, margin of pileus often directly attached to 
substratum. Odour and LaStc not distinctive. Spore print dark brown, without lilac 
tinge. 

Spores 10.5-12.5 X 6.5-7.5 fLm, ellipsoid, brown, thin-walled, smooth; ~crm pore 
and apiculus conspicuous. Basidia 2~5 X 8-11 fLm, 4-spored. Chellocysticlia 
20 35 X 8- 18 fLm, clavatc-cal?ita tc, occasionally constricted towards base, hyaline, 
thin-walled, forming sterile ~Ill edge. Cuticle a cutis of subparallel hyphae (4- 10 fLlll 
in diam.) bearing clavate or lrr<'gular-corallioid terminal cells, membranes encrusted 
with yellow-brown (KOI I) pigment, not gelatinized. Clamp connections present. 

I fABITAT.- On rotting leaves of Musa spec. Papua New Guinea. 
MATERIAL EXAMINEo.- P A P u A :-.1 E w G u 1 N E A : M orobe district, Bulolo, 

Susu, 26 April 1973, E. Horak 73/ 189 (holotype, ZT). 

This spccic.s is well characterized by its large spores and the clavate-capitate 
cheilocystidia. As far as we know at present Musa is inhabited by still another species 
of ~Ielanotus but this fungus (M. alpiniae = 'musauola' = 'fumosifolius') seems to be 
restricted to localities in Cuba and Jamaica. 

13. MELANOTUS HJ\EMATITES (Bcrk. & Curt.) Sing.-Fig. 45 

Agaricus (Crepidotus) luumatitu lkrk. & Curt. in Prot. Am. Acad. Arts Sci. of: 117. 186o 
(basiooym). - Melanotus luurruztita (Bcrk. & Curt.) Sing. in Uoydia g : 130. 1946. 

HADITAT.- On dead wood . Hongkong. 
M ATERIAL EXAMI;-1£0.-Ilongkong: Hongkong, 1854, U.S. Pacific Exp., 119 

{holotype, FH). 

Our knowledge of this species is based on the following rather short diagnosis: 
'Atro-sanguincus; pi! eo rcniformi posticc affixo glabro; lamellis ventricosis latiusculis 
On dead wood. llongkong. - lias somewhat the habit of Ponus.' 

According to our observations the ovate-lentiform and thick-walled spores measure 
5·5- 7 X 3·5- 4·5 !J.m. The germ pore is distinct. Chcilocystidia and basidia not 
recovered in the poorly preserved type ma terial. Fresh material is needed to obtain 
more information about this outstanding black-red coloured species. 

14. MELANOTUS RJl)L£VI (Massce) Sing.- Fig. 46 

Crtpidotusridleyi Massec in Kcw Bull., Misc. lnf. : 16g. 18gg (basionym).- Melanotusridleyi 
(Masscc) Sing. in Sydowia g : 404. 1955. 

Figs. 36-39. Melanolus titriJporus (from type). - 36. Carpopborcs. - 37· Spores. - 38. 
Basidia. - 39· Chcil~tidia. 

Figs. 40-44· Melanotus protra&tus (from 1ypc). - ¥>· Carpophorcs. - 41. Spores. - 42· 
Basidia. - 43· Chcil~tidia. - 44· Cuticle. 
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I LLUSTRATIONS.- Pihit (1950: 2~3). 
HABtTAT.- On dead fem rhachts. Malaya. 
MATERIAL EXM!INED.-M ALA v A: Selangor, Ridley 110 (holotypc, K). 

According to Massce (18gg : I.e.) this species is allied to 'Crepidotus lr.rbidulus 
Bcrk.' ( = M. hepatochrous) from Tasmania. The two taxa, however, arc clearly 
distinguished by the morphology of the carpophores, the size of the spores and their 
host plants. Up to date only two Mclanoti arc recorded that grow on ferns: M. 
ridleyi and M. vorax (New Zealand). 

Comparing the macroscopical and microscopical data observed on the type 
material of M. ridleyi Masscc we do not share Pili'it's opinion ( 1950: 233) that this 
species is conspccific with 'M. musaecola (Bcrk. & Curt.)' (- M. alpiniae). Among 
other differences the spores of the neotropical 'M. musatcola' arc larger than those of 
M. ridleyi. 

oo o 
a 46 C> 

Fig. 45· Melmwtus humalius (from type), spores. 
Fig. 46. MtlOJWIUJ ridleyi (from type), spores. 

aoo 
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Fig. 47, 4fl. MtlanotUJ phaeophJ•IIUJ (from type). - 47· Carpophore.- 48. Spores. 
Fig. 49-52. Melano/UJ distin&IUJ (from type).-49· Carpophores.- 50. Spores.-5'· Basidia 

- 52. Cheiloeystidia. 
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15. :vi.ELANOTus PHAEOPHvu.us (Bcrk. & Br.) Pilfn- Figs. 47, 48 

Agoricus (Crepi.dotus) pl=ophyllus Bcrk. & Br. in Hook.,J. Bot. 6 : <J86. 1847 (basionym).­
Melonolus phtuophyllus (Bcrk. & Br.) Pilat in Trans. Br. mycol. Soc. 33: 240. 1950. 

l LLUSTRATIOI\S.-Pilat (1950: 230). 
HABITAT.-On old wood. Ceylon. 
MATERIAl. EXAMINED.- C E v LoN: Hautane Range, j une 1844, No. 36(holotype, 

K) ; Pcradeniya, Ju ly-Dec., No. 87 (K). 

Among a ll known species of Me/arwtus this fungus is remarkable due to its large 
size (-so mm in diam.) and shape, which suggest Paxi//us panuoides. The carpophorcs 
arc broadly attached to the wood as substratum and there is no sign of a stipc even 
in young specimens. 

16. Melanotus distiactus Horak, spec. nov.-Figs. 49-52 

Pileo 20 mm Jato, scrniorbiculari vel linguiformi, latetaliter substrato affixo, pallide 
brunnco, sicco. LamcUis la~cralitcr concurrcntibus, brunncis, albofimbriatis. Stipitc nullo. 
Sporis 6 7·5 X 4- 5 J.l.ffi, ovatis, brunneolis, poro germinativo inconspicuo, levi bus. Chcilo­
cyslidiis p racsentibus. 

Ad lignum putridum. Nova Guinea. Holotypus: ZT, 72/655. 

Pileus 6-20 mm in diam., linguiform or eonehiform, with margin broadly attached 
to substrate, pale brown, drying to whitish or pallid, hygrophanous, dry, slightly 
striate towards margin, glabrous. Lamellae laterally concurrent, ventricose, crowded, 
brown, without lilac tinge; edge albofimbriatc. Stipe absent. Odour and taste not 
distinctive. Spore print brown, without lilac shade. 
S~rcs 6 7·~ X4 s!Lm, ovate, pa le brown, thin walled, smooth; germ pore often 

indtstinct. Basidia 18--22 X s- 6 (J.lll, 4-Sporcd. Chcilocystidia 2D-35 X 8-1 I !J.m, ven­
tricosc-fusoid with subcaFitatc neck, hyaline, thin-walled, forming sterile gill edge. 
Cuticle a cutis of paralic cylindrical hyphae (3- 7 !J.m in diam.), terminal cells not 
differentia ted, membranes encrusted with brownish (KOH) pigment, not gelatinized. 
Clamp connections absent from a ll septa. 

liABITAT.- On rotting wood in rain fo rest. Papua rcw Guinea. 
M ATERIAL EXAMINEo.- Papua cw Guinea : Morobe district, Bulolo, Watut, 

21 1\ov. 1972, E. Htrrak (holotypc, ZT, 72/655). 

The most distinguishing characters of this species are the spathulatc cstipitatc 
carpophorcs, the thin-walled spores (like M . bruchii) and the fusoid-capitatc cheilo­
cystidia. 

17. Melaaotus vorax Horak, spu. nov.-Figs. 53-6o 

Pileo - 12 mm Jato, e convexo applanato, argillaceo vel pallide brunneo, subvi!eido, striato. 
Lamellis ndoatis ex argiUacco brunncis, albofimbriatis. Stipitc - IO X-1 nun, cylindrico, 
exccntrico vel sublaternli, pi leo concolori. Sporis 6.5-8.5 x 4- 5.5 J.l.ffi, ova tis, luteibrunncis, 
levibus, poro germinative instructis. Chcilocystidiis fu.soidcis. Ad frustulos plantarum. Nova­
zclandia. Holotypes: PO D 27135· 
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Figs. 53-6o. Mt/QJII)/US uorax. - 53- 56. From type of M. uorax. - 53· CarpophorCll. -
5+ SporCll. - 55· Basidia. - 56. Chcilocysridia.- 57-6o. From Horak 67/ t:z6. - 57· Carpo­
pborCll. - 58. Spores. - 59· Basidia. - 6o. Cheilocystidia. 

Pileus - 12 mm in diam., hemispherical or convex when young, becoming ex­
panded, centre depressed in old carpophorcs, cream, argillaceous or pale brown, 
chocolate brown when moist, dry to subviscid, striate towards margin, membrana­
ceous, glabrous, slightly hygrophanous. Lamellae ad nate, occasionally subdccurrent, 
crowded, whitish or argillaceous tuming to pale brown or deep brown, often with 
pale red-brown tinge, edge albofimbriate. Supe - to X- t mm, cylindrical, eccentric 
or sublaterally inserted, curved, eoncolorous with pileus or dark brown, apex 
pruinose, glabrous towards base, solid, dry, often attached to substratum with white 
mycelium, single in ~roups. Odour and taste not distinctive. Spore print brown. 

Spores 6.s-8.s(-g) X 4-~.sH>) fLill, ovate, yellow-brown, smooth, thin-walled, 
germ pore and apiculus dtslinct. Basidia 18-22 X 6-8 f.t.m, 4-sporcd. Cheilocystidia 
t5- 30 X5- 10 f.t.m, fusoid with tapering neck, apex rounded, hyaline, thin-walled, 
forming sterile edge. Cuticle a cutis of interwoven cylindrical hyphae (3-8 fLill in 
diam.), membranes slightly gelatinized, encntsted with brown (KOH) pigment. 
Clamp connections present. 

HABtTAT.- On decomposing leaves of Corladeria, Pllormium, and fcms (Dicksonia, 
Cyatlua). 'ew Zealand. 

MATERIAL EXAMINED.-~ E w Z E A LA z.; o: South Island, Canterbury, Mt 
Grey, Kowai River, 30 Dec. 1968, E. Horak 68/688 (holotypc, POD 27135; isotypc, 
ZT); 'Mt Grey, Kowai llush, 22 Sept. 1967, E. Horak 67/126 (ZT) ; Mt Grey, Kowai 
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Bush, 30 Dec. tg68, E. Horak 68!68g (ZT ). - Nelson: Puponga, t8 May tg68, 
E. Horak 68/477 (ZT) . - Korth Island: Cisborne, Urewcra ::'-lational Park, Lake 
Waikarciti, 30 June tg68, E. Horak 68{623 (ZT) ; Taranaki, Mt Egmont National 
Park, Rahiri Lodge, 17 J une tg68, E. Horak 68/563 (ZT) . 

The description of M. vorax is based on 8 collections made a t different sites in 
New Zealand. According to our field observations this fungus is widely distributed 
on decomposing leaves and stems of grasses, rew Zealand nax and ferns. We must 
emphasize that the spores of carpophores growing on Phormium ter1ax are often larger 
than 1.hosc observed on carpophores from other host plants. 

t8. M£LANOTUS HEPATOCHROUS (Berk.) Sing.-Figs. 6 1-76 

Agarirus (CrepidotUJ) lupawdtrous Berk. in Hook.,J. Bot. 7: 574· tRj8 (basionym).- MelanoiUJ 
lupatochrous (Berk.) Sing. in Sydowia s: 472. 1951 (as 'M. haematochrous' Sing. in Sydowia 6: 
3¥1· 1952). 

Agarieus (Crtpi~ltiS) insidwsus Berk. in Hook., j. Bot. 7: 574· 1Rj8. - Melanotus in.sidwsus 
(Berk.) Pegler in Au.str. J. Bot. 13: 336. 1964-

Agarnus (CrtjJidoi.UJ) w.ssitueolar Berk. in Hook., Fl. Tasm. 2 : 246. 186o.- Mtlalll/tus cossitu­
eolar (Berk.) Sing. in Sydowia 15 : 70. 1950. 

Agarieus (Crepidotus) turbidulus Berk. apud Saccardo, Syll. fung. s: 88g. 1887; g: 18g 1. 
Crepidctus suhhaUJtellaris Cleland, Toadstools Mu.shroorru ... Soul.h Australia: 131. 1934. 

Pileus - 30 mm in diam., orbicula r, semiorbicular o r renifonn, also Aabellifonn, 
convex to plane, dark brown, reddish brown or brown when moist, fading to pale 
brown or cinnamon brown, dry, esLriate, glabrous or minutely felty. Lamellae 
concurrent at stipc, broadly adnate, crowded, argi llaceous becoming cinnamon 
brown or dark brown , often with ferrugineous t.int ; edge albofimbriate. Stipe - 4 X 
-2.5 mm, eccemric to lateral, sometimes directly attached to substratum, cylindrical, 
curved, whitish or concolorous with pileus, dry, glabrous, solid; veil remnants 
absent. Odour and taste acidulous. Spore print b rown to lilac-brown. 

Spores ~-5-7·5 X 3·5- 5 fJ.ITI , ovate to sublentiform, yellowish to pale brown, 
smooth, th1h-walled; germ pore distinct. Basidia 15-22 x 5-6 fJ.ITI, 4-spored. Cheilo­
cystidia 2o-3o X 3-6 P.-1"• lanccolate to fusoid with elongate neck, thin-walled, 
hyaline, forming sterrle edge. Plcurocystidia absent. Cuticle a cutis of interwoven 
cylindrical hyphae (2-8 !LI1l in dia m.), terminal cells often branched or forked 
(like Marasmu/lus), membranes not gelatin ized, encrusted with brownish (KOH) 
pigment. C lamp conn ections present. 

lr.LUSTRATIONS.- Pila t ( rgso : 223, hepatochrous; 1950: 225, insidio.rus ; 1950: 218, 
cassiaecolor; 1950: 236, turbidulus). 

HABITA-r . ..:..On rotting bark, wood or leaves (known host plants: Eucalyptus, 
Xanthorrhoea, Podocarpus). T asmania (type), South Australia, New Zeala nd. 

MATERIAL EXAMINED.-T As MAN 1 A : T asmania, Gunn 756 (holotypc of Agaricus 
hepalochrous Bcrk., K) ; Penguitc, May 1845 (holotype of Agaricus insidiosus Berk., K) ; 
Tasmania, Archer ~holotype of Agaricus cassiaecolor Bcrk., K ) ; holotypc of Agaricus 
turbidulus Bcrk. (K . SouTH A usTRAL 1 A: Mt Lofty, 20 M ay 1920, Clelalld 
(holotypc of Crepi otus subhaustelloris Clel., ' "' AITE 12622). N E w Z E A L A N o : 
South Island, Westcoast, Ahaura, 14 'March rg68, E. Horak 68/ 159 (ZT). 
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The preceding redescription of M. Mpatochrou.s is based on its type specimen, on 
the type specimens and descriptions of the above mentioned synonyms, and on fresh 
material collected in New Zealand. 

Comparison of the original descriptions, the hitherto unpublished drawings and 
the microscopical data extracted from the type ~pccimcns of M . hepatochrolls, lvf. 
in.ridiosu.s, M. cassiaecolor, and M. turbidulu.s (al l described from Tasmania) leaves 
little doubt but that these taxa arc conspecific. In addition the microscopical charac­
ters of CrepidolllS subhallS/ellaris Clel. agree in many respects with those of M. hepato­
chrou.s so that this fungus is also relegated to the synonyms of the Tasmanian MelanolllS. 
The most distinctive characters of M. hepatochrou.s arc the thin-walled spores, the 
lanccolatc or fusoid-conical chcilocystidia, the branched tips of the cuticular hyphae, 
the dark brown or reddish brown pileus and the cinnamon brown lamellae, which 
do not show an obvious purple tint. 

19. MeLANOTUS FLAVQ-LIVENS (Bcrk. & Curt.) Sing.- Fig. 77 

Agari.cu.sjlaoo-li~ns Bcrk. & Curt. in Proc. Am. Acad. Arts Sci. 4 : 117. 186o (basionym). ­
Crepidotu.s jlaDtrlioens (Bcrk. & Curt.) Sacc., Syll. Fung. 5: 887. 1887. - Mtlanotu.s jlaDtrlivms 
Curt.) Sing. in Lloydia g : tgo. 1946. 

Pileus -12 mm in diam., orbicular to reniform, convex or plane, pale ochraceous, 
fawn or pale argillaceous, estriate, cottony or minutely fclty, dry. Lamellae con­
current a t stipc, broadly adnate, crowded, ventricose, greyish to pale argillaceous 
or pale ochraccous without clistinct purplish tint (fresh carpophorcs), edge albofim­
briate. Stipe 2- 5(- 10) X 1- 1.5 rom, eccentric, sublatcral or rudimentary, cylindrical, 
curved, whi te or concolorous with pileus, dry, glabrous, wit11out veil remnants, 
solid, single in groups. Odour and taste not distinctive. 

Spores (5-)6- 7 Xf - 4·5 tLJll, ovate to sublentiform, smooth, thick-walled, germ 
pore present. Basidta 15-20 X 5-7 tLJll, 4-spored. Cheilocystidia 15-25 X 3-5 !liD, 
subfusoid to cylindrical, hyaline, thin-walled, not pigmented, forming sterile gill 
edge. Plcurocystidia none. Cuticle a cutis of interwoven to subregular cylindrical 
repent hyphae (.~-10 tLJ1l in diam.), membranes not gelatinized, encrusted with 
brown (KOI I) pigment. Clamp connections present. 

l LLUSTRATIONS.-Pil~t ( 1950: 221 ). 
I IADITAT.-On dead wood ( type) or decomposing plant detritus (Heliconia, Cocos). 

Bonin Islands, New Caledonia, Solomon Islands. 
MATERIAl. EXAMINEo.- B oN 1 N I sLA Nos: Bonin Islands (holotypc, K). 

NEw CAL eo oN 1 A: Yatt, 25 Feb. 1977, E. Horak 77{ r68 (ZT); Yate, 25 Feb. 
1977, E. Horak 77{ r68 (ZT). SoLoMoN I sLA Nos: Kolombangara, 27 Aug. 
1965, E. J. H. ComM (RRS 1113, ZT). 

Figs. 61- 76. MeloMIU.S lupatochrou.s. - 61, 62. From type of M. hepatochrou.s. - 6r. Carpo­
phorc. - 62. Spores. - 63, 64. From type of Agaricus insidiosus. - 6g. Spores. - 64- Basidia 
and chcilocystidia. - 65. Spores (from type of Agaricus ctJJ.riaecolor) . - 66-68. From type of 
Agaricus lurbidulu.s. - 66. Spores. - 67. Basidia. - 68. Chcilocystidia. - 69-72. From type of 
Crepidotu.s sublwustelloris.- 6g. Spores.- 70. Basidia.- 71. Cheilocystidia.- 72. Cuticle:.-
73-76. From Horak 68/t59·- 73· Cnrpophores.- 74· Spores.- 75· Basidia.- 76. Cheilo­
cysLidia. 
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The original description of Agaricus jlavo-livrns reads as follows: 'Pi leo nabcllifonni 
navido pulvemlento; stipitc nullo; lamellis angustis purpurcoalbis. On dead wood. 
Bonin Islands.' 

I n the preceding description this poor diagnosis is complemented with obsrrvations 
on fresh collections made in cw Caledonia and the Solomon Islands. 

Examining the type material of Agaricus jlalio-livens Bcrk. & Curt. we cannot 
agree with the opinion ofl leslcr & Smith ( 1965: 147) that this lim gus should be 
considered a later synonym of M. musaaola ( = M. alpiniae). Mela/10/us jlavo-livtns 
is a sound and independent species from the islands in the West Pacific. 

20. Melanotus communis H orak, spec. nov.-Figs. 78-8 r 

Pilco -30 mm lato, rotundato-reniformi vel conchiformi, centro convcxo, albidulo vcl 
pall ide brunuco, sicco. Lamellu aduc.xis, ex argillacco brunucis, lilacino tinctis, albolimbriatis. 
Stipite - 5 x - 1.5 mm, cylindrico, e.xccntrico sublateralive, pi leo concolori. Sporis 5- 7 x 3·5- 4·5 
!Lffi, ovatis, brunneis, levibus, poro germinativo instructis. Cheiloc)'3tidiis clavatis vel fusoidco­
mucronatis. Ad ramos putridos in silvis. ·ova Guinea. Holotypus: ZT, 71 /465. 

Pileus -~o mm in diam., reniform or conchiform, with centre convex or umbonate 
and margm not upturned, varying from whitish to brownish, dry, cstriatc, not 
hygrophanous, smooth when young, often radially cracked in old carpophores. 

Fig. 77· MtlanotusjfaDO-IiDtttS (from type), spores. 
Figs. 78-8r. Mtlnnotus commw1is (from type). - 78. Carpophores. - 79· Spores. - 8o. 

Bnsiclia. - 81. Chci10C)'3tidia. 
Fig. 82. .\1elnnotus bambusinus (from type), spores. 
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Lamellae adnexed, densely crowded, ventricose, eccentrically concurrent, argilla­
ceous tumin~ grey-brown or deep brown, often with disunct lilac tints; edge a lba­
fimbria te. Supc - 5 X - 1.5 rnm, cylindrical, curved, eccentric to sublaterally inserted, 
concolorous with pileus or pallid, pruinose at apex, dry, solid, single m groups. 
Odour and taste not distincuvc. Spore print dark brown, with li lac hue. 

Spores 5- 7 X 3·5-4·5 11m, ovate, brown, smooth, thin or thick-walled; germ pore 
and apiculus dJSlinct. Basidia 15-22 X 5-7 fLDl, 4-spored. Cheilocystidia 15-25 X 
5-10 p.m, clavate, fusoid-subcapitate or clavate-mucronate, hyaline, thin-walled, 
forming steri le gi ll edge. Cuticle a cuus of interwoven cylindrical hyphae (2-8 11m 
in diam.), membranes not gela tinized, encrusted with brown (KOII) pigment. 
Clamp connections present. 

HA.arrAT.- On rotting branches in forests. Papua New Guinea. 
MATERIAL EXAML"IIED.- P A P u A N E w G u 1 N E A : Eastern Highlands, Mt 

Michael, Frigano, llut Track, 31 Dec. 1971, E. lloralr. 71/465 (holotype, ZT); 
Mt Michael, Frigano, Hut Track, 8 Dec. 197 1, E. Horak 71/397 (ZT); Northern 
district, Popondetta, "Mt Lamington, Kandata, 13 April 1972, E. Horalr. 72/380 
(ZT) ; GoroKa., Daulo Pass, 12 J an. 1972. E. Horalr. 72/69 (ZT). 

This species is very common in the rain forests of Papua 'ew Guinea. It is charac­
terized by thin-walled spores, clavate or fusoid-subcapitate (and often also mucronate) 
cheilocystidia and rather large whitish to pale browni.sh carpophores. I n fresh 
material the lamellae show a disunet purple tinge. 

21. MELANOTUS DAMDUStNUS (Pat.) Pat. Fig. 82 

Crepidotus ? bambusinus Pat. in j. Bot., Paris 5( 18): 309· 18g 1 (basionym). - Mewnorus 
bambusinus (Pat.} Pat., Essai Tn.x.: 175. 1900. 

lLLUSTRATtONS.-Pila t (1950 : 218). 
HABITAT.-On rotting twigs of Bambusa. Vietnam. 
MATERIAL EXA~IIN"Eo.-V 1 E TN A M: Tonking, Ke So, 28 July 1890, Bon 4462 

(holotype, PC) ; Ke So, 24 March 19 14 (PC). 

Melanotus bambusinus is the type species of Melanotus. Unfortunately the type 
eollecuon and the second collection menuoned above arc in fragmentary condiuon. 
Only the morphology of the spores is sufficiently well known. 

SPECIES l NCERTAE SE D I S 

CREProorus TJIBODE}o."SIS. P. Henn in Monsunia 1 : 17. 1900 

Original diagnosis: 'Pileo submembranaceo-carnosulo, eonchlformi vel flabellato, 
sessi li, basi protracto, a lbo, levi, glabro, 5-15 rnm lato longoque, margine tenui ; 
lamellis ad basim radiantibus, inaequilongis, subconfenis, latis ad marginem 
crispulis, albo-violaceis dein brunnescentibus; sporis olivaceo-brunneis, late ellip­
soideis, lacvibus, 6-8 X 4- 5 !Lm.J ava, Tjibodas: an Zwcigcn, J uli 18go (M. Fleischer).' 

o type material was traced in the Hennings herbarium in Berlin (B) but according 
to the good description it is very likely that this species belongs to Melanotus. 
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LIST OF llOST PLANTS OF M.i!LANOT\1$ SPECIES 

Ptcridophyta, Filicales: 
Cyatheaccae: Di&sonia, Cyalhta.-M. ridleyi, M. IJOT(JJC 

Spc.nnatophyta, Gymnospcrmae: 
Podocarpnccae: Pod~Juupus.-M. lupai«hrous 
Cupressaceae: Cupressus.-M. proteus 

Spermatophyta, Angiospcrmae: 
Monocotyledoneac: 

Gramineae: 

Cypcraccae: 
Agavaceae: 
Palmae : 
Musaccae: 

Zingibcraccac: 
Liliaccac: 

Other 'grasses'.­
Furr.bcr host plants: 

Dicotyledoneae: 
Myrtaceae : 
Rosaceae: 
Rubiaccae: 
Scrophpulariaceae: 

Corlildma.-M. (}()fOX 

BamhUJtJ.-M. bambusirws 
ChUJq~a.-M. brudlii 
Agrostis.-M. phillipsii 
Carex.-M. phillipsii 
P/wrmium.-M. 110rax 
C«os.- M. subCUMijormis, M.flaoo-/ioenJ 
MUJtJ.-M . protraetus, M. olpinw (M . musae«1la, M. fumosi­
fo/ius) 
Htli«1ni4.-M. flaoo-livms 
Alpinia.-M. olpini44 
Astdw.- M. citrisporus 
Xamlwrrlwta.-M.Iupatochrous (M. subhausullaris) 

M. phillipsii, M. ««ntrieus, M. oorax, M.jlaoo-liums 
Zea, ]UMUS (sec Singer, 1975: 544) 

Euralyptus.- M. hLpalochrous (M. subhausullaris) 
Polykpis.-M. polylepidis 
Ps;'Chotria.-M. olpini44 (M. psydwtritU) 
Scrophularia.-M. phillipsii 

On logs, branches, twigs, bark, or leaves of deciduous trces.-M. alpinia (M. fumo­
sifolius, M. suboariabilis), M. brudlii, M. eommwtis, M. distinttus, M. flavo-liums, M. 
gtlineus, M. htUmalites, M. htpatodlrous (M. ca.ssitUtolar, M. insidiosus, M. turbidulus), 
M. palilgonit:US, M. phaeoph:~llus, M. proteus. 
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At the base of the stipe in Agaricales basal plectcnchyma is fowtd which may 
enlarge to form a bulb. This tissue is not homogeneous. ll is characterized by 
peculiar configurations: free tips of branches, sinuous hyphae, loops, spirals 
and rings {sometimes enclosing another hypha) and hyphal knots. The hypha I 
knots present themselves as bundles of hyphae, which may or may not be the 
centre of cell division, or M agglomerations of cells surrounded by coiled 
hyphae. The Iauer structure, present in many species of Agaricales, is found 
in its perfect form in the trnmn of the Amanitaceac, which recalls the trama 
of the Russulnccac. The young pileus trama of many species shows the same 
characteristics; these also occur in the tr..ank of Rai1Ulria, in young bulbs of 
Gastcromycctes, and in various veils. The diverse kinds of cell fomtation in 
the primordia of Agaricales arc treated at some length, the conception 
meristemoid is defined, and a comparison with the development of some of 
the true Aphyllophorales is made. The heteromerous trama of the Asterospo­
ralcs and the trama of the Amanitaccac, characteri:~;ed by acrophysalides, arc 
considered to be derived from the young trama of other Agaricalcs. The tissue 
of the bulbs of the strains 59b and 59C of Agaricus bisporus is analyzed. Strain 
59b is homologous with the bulb tissue of a normal fruitbody of Agaritu.s 
bisporus. In agreement with G. Fritsche the conclusion is drawn that 59c is a 
gigas-form. Watling's carpophoroids of Psilqcybe mndarilz are considered. 

The fundamental differences between the development of true Aphyllo­
phorales and that of cantharelloid fungi, Agaricalcs, and Gasteromycctcs arc 
emphasized. As for the evolution within the Asterosporalcs, it is concluded that 
the degradation of certain characters in the gastcromycctoid forms {Hcim, 
Malen~n) need not contradict the arguments advanced by R. Singer and 

A. H . Smith. 
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II'TRODUCTION 

This study was undertaken as the result of two previous studies ; the fi rst on on­
togenetic investigation of the bulbs of the strains '5gb' and 'sgc' of AgariellS bi.sporus, 
'the cultivated mushroom', obtained by Fritsche & von Sengbusch ( 1963) a~ spon­
taneous mutations in single spore cultures; the second on an investigation into the 
origin of the atypical trama in LactarillS and RllSsula (Reijnders, 1976). 

The first investigation showed that bulbs of the strains sgb and 59C have a charac­
teristic structure. It follows !hat the next step was to compare these with the tissue 
of normal bulbs of Agaricus bisporus (Lange) lmbach. The investigation was subse­
quently extended to bulbs of other Agaricaccac, both in the primordial and the 
more mature states. Some of these structures, in particular the hyphal knots, also 
occur in the remaining trama of the fruitbody so that it was necessary to observe these 
in a wide variety of species. The comparison was facilitated by the fact that it was 
possible to examine a large number of microtome sections from previous work 
(e.g. Rcijndcrs, 1963). At the same time it also seemed advisable to investigate 
fresh and living material, especially that of bulbs so that the study was extended to 
include all the Agaricales; it was not possible to exclude the bulbs of a few Gastcro­
mycctes or the trunk of some Clavariaccac. It will become apparent that in all these 
examples structures are formed showing marked similarity. In the younger stages 
of the real Aphyllophorales (Corticiaccac, Stcrcaccac, Stcccherinaccac, and Poly­
poroidcac) these structures do not occur. The development from the point of initia­
tion has not been adequately investigated in the Aphyllophoralcs but it appears to 
be entirely stcrcotypic (sec below). 

By basal plectenchyma a tissue is indicated that differentiates from the protcn­
chyma as soon as the primordium has been formed. The term protenehyma is used 
for the generative tissue which makes up all the parts of 1he carpophorc. In the 
Aphyllophoralcs (Corner, 1950) generative hyphae arc spoken of. Although this 
term is also applicable to the Agaricalcs and the Gasteromycetcs, it scerrts proper to 
continue to usc the tcrrrts protcnchymatic and protcnchyma because here in many 
cases the generative hyphae form complexes which serve to form certain structures 
that func tion as a unit. The basal plectcnchyma soon diffcrentiau·s from the primary 
protenchyma at the base of the primordium, becoming distinguishable by its special 
structure. Inflation of the cells takes place forthwith. The basal plcctcnchyma is 
probably universal in the Agaricales, though its extent can vary widely. The cxtcn-
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sion of the basal plectenchyma is limited in families like the Pleurotaccae, H ygropho­
raccae, and Tricholomataccae (approximately in the circumscription of Ki.ihner 
& Romagnesi, 1953), that is in such species as show a dominant stipitoearpous type 
of development. 

Previously we discussed the fact that the bulb at the base of the stipe in many 
species is homologous to the basal plcctenchyma (Reijndcrs, 1971). Thi, is not 
quite true, however, because for example in such species as arc pilcocarpous or 
hymcnocarpous from the beginning a certain amount of undifferentiated proten­
chyma remains in the bulb so that species with a strongly developed bulb have a 
large basal plcctcnchyma completely enveloping the remaining primary protcnchy­
rna. In later stages this remaining plectenchyma can for example be found in the 
volva (namely in those species which arc termed bulbangiocarpous, c. g. Volvariella). 
Some remaining basal plcctenchyma can also be found in the centre of the cap 
trama, that is when the stipc is initiated inside the bulb. I n that case the upper stipe, 
characterized by parallel longitudinal hyphae, may have a zone of primary proten­
chyma which forms a part of the cap trama. Subsequently in many species the cap 
trarna will increase in volume through the formation of cells in a proximal direction 
by the hypha! bundles of the cap margin. It is thus necessary that both the structure 
of the cap trama and that of the base of the stipe be studied. Before describing the 
results considerations should be given to the manner in which the cell formation of 
the primordium takes place. 

In many cases basal plectcnchyma is a lso found in what Corner ( 1950) assembled 
as clavarioid fungi. In many places in his extensive monograph he depicted the 
basal plcctenchyma (sec for example figs. 40, 43. 51, 170, '73. 222, etc.). It is 
interesting to verify to what degree the sclerotium, as in Typhula, can be considered 
homologous to the basal plectcnchyma; this could not be ascertained from the 
description given by Bcrthier ( 1973: 45). For this a drawing by Corner (1950: 
fig. 51, Typhula sclerotioidts) is of importance. 

THE lNlTlATION OF CELLS lN THE PRIMORDIUM.- The initiation of the primordium 
normally consists of a ball of intcr..,roven hyphae. The first differentiation usually 
gives rise to the basal plcctenchyma and also to the velum (if present). When a 
bur\dle of parallel hyphae forms quickly at the upper part of the ball and lengthens 
the species is referred to as stipitoearpous. Corner ( 1950) gives many fine drawings 
of such bundles in his monograph (e. g. figs. 7, 34, 39, 40, 42, 43, 65, 74, 170, 173, 
200). 

When cell formation in the bundle is followed immediately by cell inflation, tllat 
is if the zone of inAation is situated at the proximal end of the bundle, Corner ( 1929 : 
282) terms this 'direct development'. When there is some alteration in tl1c time 
factor in the 'growing point' he terms the development 'indirect'. lL is not quite 
true that there is merely an alteration in the time factor because, as \'/ill be shown 
below, inAation also occurs in tissues not formed by such a 'growing point'. I n our 
opinion it is not correct to state in this connection that the direct method always 



P ER sooN 1 A - Vol. g, Part 3, 1977 

takes place in 'clavarioid' fungi , the tissue in the trunk of Ramona comparing more 
closely to a basal plectenchyma. 

In the Agarieales the cells are formed by the cooperation of the protenchyma, 
which remains plectenchymatic, and the bundles. For this reason we do not agree 
with Corner that the development of tlte Agaricales and the Gasteromycetes should 
be regarded as the sum of alterations in individual hyphae. We referred to this 
earlier (Reijnders, 1963: 277). In this the development of the Gasteromycetes and 
Agarieales differs from true Aphyllophoralcs. 

An apical sheaf like that above is found in the Agaricales: Cantharel/u(a umbonata, 
Clitocybe davipes, etc. When the balls of primordial hyphae have become serried a 
longitudinal orienta tion arising in the centre or a little way beneath the ap<'x is 
often visible. I n that case a rcnu1ant of the original plcctenchyma remains in the 
upper part of the primordium, where typical plectenchymal structures (hypha! 
knots) can be recognized; iliesc will form the centre of ilie cap trama. Tn more 
concentrated forms (Rcijndcrs, 1963: 221 onwards) hyphae may also be longitudinal 
from the beginning but at the upper end of the hyphae, that is just beneath the veil, 
a zone of cell division may be found which deposits cells mostly downwards (Coprinus). 
In principle we speak of a pileo-stipitocarpous development in both cases but we 
fear that, especially in the fir;t case of a remnant of an original protcnchyma, we 
have often called ~uch a primordium stipitocarpous (especially because of the long 
shaft) . It is difficult to draw di~tinctions but there arc many clear cases in which 
a large part of the cap tram a is made up of originally plcctenchymatic protenchyma 
(c. g. Marasmius rameali.s). 

There are t'WO ways in which cells a re initiated in the primordium: ramification 
of ilie hyphae and cell division. Ramification takes place in bundles of parallel 
hyphae as well as in plectenchyma. The bundled hyphae in tlte cap margin form 
hyphae inwards that join the hymenophorc, and hyphae outwards that strengthen 
the cap trama or tl1c veil. The first palisade hyphae of the hymcnophorc often orig­
inate in the plectenchyma of the cap trama and grow downwards (Rcijnders, 
1948: pl. 7 fig. 28, Ltucocoprinus). ~iany hyphae also originate by ramification at the 
surface of the primordium to strengthen the veil (Rcijnders, I.e.: pl. 22 figs. t3o-133, 
Strobilomyces). 

In addition to this striking phenomenon of cell increase by ramification and in­
dividual septation of hyphae so formed there c."ist many places with coordinated 
cell division, a' though these were meristems. The term mcristemoids is proposed for 
these tissues. 1 Both the apical hypha! bundles in clavarioid fungi and the bundles 
in the cap margin of the Agarieales are therefore mcristemoids in which the cell 
division (and growth} is coordinated. A zone in the upper part of the stipc in which 
rapid cell division takes place falls equally into this category {PI~. 36A, B, Coprinus 

1 Some authors refer to pseudo-tissues in fungi because these originate from hyphae. 
Pseudomeristenu or parnmeristcnu could also be used but mcristcmoid has not been applied 
to fungi in the past and indicates clearly what is meant. 
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ma&rorhi<.us (Pcrs. ex Fr.) Rca) . At the same time, however, in other parts of the 
primordium arc to be found layers of cells which arc so close to one another and 
where cdl increase is so rapid, that it is also possible to speak of mcristcmoids. 
Such a zone often occurs at the periphery of the cap trama; this layer then forms 
the veil , or a marked part thereof, and concurrently or subsequently the pilcipcllis 
(Pl. 35C, Psalhyrella candolltana (Fr.) Maire; Pl. 35D, Coprinus ma&ra«pha/us Bcrk.; 
Pl. 35B, Corlinarius limonius (Fr. ex Fr.) Fr.). I n the lower part of the cap trama or 
just above the hymcnophorc or belonging to this area there is normally a layer of 
radial, parallel hyphae growing partly downwards and then strongly ramifying. 
Just above this layer a dense tissue with marked cell formation is present. In the 
trama of the lamellae ramification in divergent hyphae (in most cases the structure 
of the young lamellae is divergent) is dominant, but tltc subhymcnium can again 
be a layer witlt a cel lular structure in which divisions take place to fomt those 
clements of the hymcnium which push themselves between the previously formed 
palisade tissue (intercalary growth) . I n that case because of the richly coordina ted 
cell divisions occuring in that layer it would also be correct to speak of a meristemoid. 

The basal plectcnchyma and the bulb tissue arc not homogeneous; this also 
applies to other pleetenchymatic tissue in primordia and tissue in mature fruit bodies. 
In microtome sections of those parts where the tissue is compact there are not in­
frequently visible sectioned groups of round elements (that at first might be regarded 
as cells but that could a lso be hyphae), surrounded by curved, coiled or spiral 
hyphae. In between these a framework of less numerous hyphae which pass straight 
through arc sometimes discernible. In looser parts (compact tissue also becomes 
looser in later stages) we often find places where the hyphae adhere to one another 
in entangled bundles; other places show many short side branches or else the hyphae 
arc divided into many short cells (or hypha ) knots) ; also interposed places where the 
tissue is looser and the hyphae a rc more separa te arc present. Particular attention 
will be paid to these hypha! knots in the description of the histological structure 
of the above mentioned material. In addition many free hypha! ends and typical 
structures like loops and rings arc also encountered. 

To conclude this introduction another phenomenon should be mentioned. In 
previous work (Rcijndcrs, 1963: 26g, 276) we noted the structural consistency of the 
primordia and the proportional growth of all the parts in relation to one another and 
referred to cell inflation. This docs not initia te everywhere at the same time but in 
very young primordia proceeds in such a manner that the globular shape may be 
preserved and a ll the parts remain in their same positions. La ter the so-called period 
of rapid elongat ion takes place. 

The formation of new cells has the same consistency as the cell inflation. Just 
enough cells arc formed by hypha! branching a nd by cell division in mcristcmoid 
tissue to give rise to a well proportioned fruitbody. 
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Fig. 1. Hypha! configurations in plectenchymacic tissues in Agaricalcs. - a. Sinuous 
hyphae. - b. Loops. - c. Spiral hypha enclosing an other hypha, and rings. - d. Free ends 
of branches, wiLh or without inflated terminal cells.- c. Coiled hyphae, surroWJding a group 
of isodiamctric cells, with the inflated tip in the centre. 

OBSERVATIONS 

T HE ELEMENTS.- Authors disagree about the usc of the term plcctcnchyma. 
Some apply this term to a ll tissues or pseudo-tissues which are formed by hyphae. 
The one speaks of prosoplcctenchyma when the tissue clearly consists of interwoven 
hyphae, and of paraplcctcnchyma or pseudo-parenchyma when the tissue appears 
to consist of cells. Other authors restrict the term plectcnchyma to the first case, 
where the tissue clearly consists of interwoven hyphae, and use pscudoparenchyma 
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for the second type, in which the tissue appears to consist of cells; it is to this inter­
pretation that we will confirm. (Yet others reserve the term plcctcnchyma for a more 
specialized structure, viz. when the clements adhere to one another through an 
intercalary substance and are difficult to separate; but this application of the term is 
very rare.) 

We ourselves apply the term plectenchyrna to any fungal tissue in which the 
characteristics of hyphae are recognizable. Such plcctcnchyrna is seldom homoge­
neous in either mature frui tbodies or in primordia. In places the tissue is denser and 
looser. We termed the places where the hyphae adhere in bundles hyphal knots. 
Occasionally only hyphal bundles can be seen in such places but in many cases the 
hyphae appear to be divided into short cells. This phenomenon wi ll be dealt with 
below (sec chapter on hypha I knots and mcristcmoids) . At first it must be considered 
whether it is in fact a question of a deceptive structure. All our observations had to 
be made with only two dimensional sections so that what appears to be a cell may 
in fact be a hypha! cross section. As a result in dense tissue many 'cells' may a ppear 
to be adjacent to one another. These circles arc usually empty, making them more 
easily recognizable. Where the hyphae cross the section obliquely the hyphal walls 
may be visible as short ellipses. There is another optical illusion when hypha I bundles 
cross one another in the section and once more apparent 'cells' arc seen. The section 
is often thick enough ( 10 !1-ffi on the average) to make this possible. We have often 
wondered to what extent such optical illusions are responsible for the conclusion 
that they arc short cells. There arc places in the hypha! knots, however, where so 
many adjacent cells arc visible that optical illusion could not be the explanation. 
The hyphae following the direction of the section for some distance (i. e. arc recog­
nizable as hyphae) should be closely examined to find out whether they have many 
septa. Rows of cells arc indeed often to be seen in these hyphae. Furthermore counting 
these longer length of hyphae around the knots makes it ;><>ssible to calculate the 
number of sections one can expect to sec. Also often perceptible arc bunches of 
grape-like figures: one or more longer hyphae surrounded by rows of cells, or 
hyphae of a bundle locally divided into cells but it should not be assumed that 
another bundle passes through the fi rst one. Comparison of the tissue of the primordia 
of Russula and Laelarius with that of other Agaricalcs may reveal the same structure 
of hypha! knots: coiled hyphae a round large groups of cells. In the above genera, 
however, we arc definitely dealing with cells; they arc seen again as sphcrocysts 
in the mature tissue. Extensive comparison of both mature material and microtome 
sections of primordia led to the conclusion that cell division is often more marked 
in the hypha! knots than in the looser parts of the tissue in which the cells of the 
hyphae arc longer. T he significance of this phenomenon will be referred to below. 

Some structures always present in the plcetenchyma, especially when this is 
denser, are the very sinuom or undulating hyphae (Pls. 32C, 36 F, and Fig. 1a) and 
also the loops (Pl. 32C, and Fig. 1 b). Where a loop encircles another hypha if the 
loop is viewed laterally (Pis. 33A, B, 34-B, 36C, C, and Fig. 1 c), in section an apparent 
ring or spiral may be seen. This configuration is frequently seen in dense tissues, 
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in both primordia and maturer from~. An actual ring in the hypha can be formed by 
anastomosis of the loop {Pis. 32A, 33B, and Fig. tc). Tips of hypha! branches arc 
found nearly everywhere. These free tips of the penetrating hyphae arc characteristic 
of the basal plcctenchyma and the young cap trama, whereas they arc seen much 
less or not at all in mature Lis!.ucs. Where they arc seen they arc regarded as a pe­
culiarity of the tissue {Amanit.accac). Occasionally the tip of the branch consists of 
a terminal cell ; the tips are often club-shaped {Pis. 32D, E, H, 33D, 36£, H, and 
Fig. td). Besides inflated terminal cells there arc also in many cases intercalary 
clements in the hyphae which have suddenly become much broader. A further 
complication in these tissues, which may occur in the most varied tissues {but by no 
mrans always), is formrd by a systrm of straight hyphae forming a type of framework 
through the undulating hyphae; these straight hyphae may be somewhat wider. 

We have summarized our results on 73 species in Table I ; this was the only way 
to avoid very lengthy descriptions, with many repetitions. The nature of our 
comparisons in many species was such that sometimes little attention was paid to 
certain parts. An empty space, therefore, may mean that these structures were not 
studied but not necessarily that they were absent. In a number of species we studied 
only the veil. 

HYPHAL KNOTS AND MERLSTEMOIDS.- ln simple form a hypha! knot is a bundle of 
hyphae which continue to adhere to one another during the expansion of the tissue, 
while the rest becomes looser. 

The knots usually consist of many short cells, so that it can be assumed that cell 
division is more marked here than in the surrounding tissue. I low did these agglo­
merations of hyphae initiate' Could they have been formed by interweaving of the 
growing hyphae? Frequently there appear twisted hyphae in the hypha! knots, 
c. g. in the veil {Pl. 35A, Pt.urotus dryinrts (Pers. ex Fr. ) Kummer; Pl. 35F, Sclerotkrma 
at.rantium L. ex Pers. , cxoperidium ; Gomphidius ros.us (Fr.) Karst.; Suillus atruginasctns 
(Seer. ) Snell, etc.) or in the lipsanenchyma. I n many cases the latter tissue is strength­
ened by hyphae growing out of the edge of the cap or the stipc (even out of the 
edge of the gills) . fn cases where the mature fruitbody has a luxuriant ring the 
lipsancnchyma shows marked growth, e.g. Agaricus sp., J\1/acrolepiola sp., Limacclla, 
etc. Cell formation must then take place in tlte lipsanenchyma; this may be concen­
trated in hypha! knots. Sometimes, however, it is evident that the cells continue to 
divide in the whole lipsancnchyma. 

In most cases the hypha! knots arc initiated by the loosening of an originally 
compact tissue. In a very young primordium the tissue can be very dense. In these 
interwoven hyphae, active cell formation commonly takes place. Such tissues are 
subsequently pushed apart, either because they arc stretched or because some cells 
inflate. Cell division continues in the hypha! knots and tl1esc alternate with places 
where hyphae have much longer cells (Pl. 33F, basal plcctcnchyma of Chroogomphus 
rutilus {Schacff. ex Fr.) Lundell ). The hypha! knots may also occur in places where 
cell formation is evrn more serried so that it is not incorrect to speak of a mcristc-
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moid. For example the matrLx layers, found in the cap arc forced apart by the length­
ening hyphae. In this manner the hypha! knots present in the veil arc formed (Pl. 
35B, Corlinarius, veil on the cap). In a very young primordium of Agaricus bisporus, 
for example, a closed tissue completely made up of cells is present; later hypha! 
knots can be distinguished. 

In the hypha! knots there arc commonly twisted or spiral-like hyphae which wind 
themselves between the other hyphae. In many cases such coi led hyphae arc to be 
found around the knot as well as around the bundles of hyphae. A very rharactcristic 
configuration may then be seen: the bundle of twisted hyphae around a group of 
cells (Fig. •e). As shown in Table I, this typical structure in the original primordial 
tissue (basal plcctcnchyma and pileus trama) is to be found in various species 
throughout the system. It is especially well developed in the strains 59b and 59C of 
Agarirus bi.sporus, more particularly in genera like Amanita and Limacella. Here the 
bundles of curled hyphae and the alternating cell complexes arc just as clearly 
marked as in the trama of Russula (Rcijndcrs, 1963: pl. 8 figs. 4 6). Comp:uc these 
figures to those of Plates 32B, 34C and D. 

Whether a central hypha can be distinguished in the centre of the cell group of 
such complexes or not is important. In RussulA and Lactarius the development of 
these complexes starts as primary rosettes around an induction hypha (Rcijndcrs, 
1976). In these genera the cell groups sometimes appear to arrange themselves 
around the hypha! tips {I.e. : pis. 13E, t¢). In general, however, cell formation 
takes place along the whole hypha. J n other species as well it appeared that sometimes, 
but by no means always, a club-shaped tip of a hypha is visible in the centre of a 
cell group of such a hypha! knot. ( o new names arc applied to these twisted com­
plexes because it was assumed that they develop from simpler hypha! knots or arc 
connected to them in some way.) For example this was the case in Agaricus bisporus 
strain 59b (Pl. 32E), Limacella guttata (Pl. 3~), Gyroporus cyanescens (Pl. 33E) . Jn 
Amanita rubescens this peculiarity turned up so often that mere chance was unlikely. 
Here the tissue of the trama of the young stipe and cap has a system oflong, broade­
ned, club-shaped, usually somewhat curved hyphae. These arc the tips regularly 
found in the centre of cell groups which arc surrounded by bundles of coiled hyphae. 
{The later formed acrophysalides are short and pear-shaped in Amanita rubescen.s. ) These 
observations arc nevertheless too few to warrant that this is caused by induction. 

It is, of course, quite possible that the hyphae in all the hypha! knots have an in­
duction effect on one another that advances cell division. l lere again there is in­
sufficient evidence. 

We have already described mcristemoids as a close tissue in which coordinated 
cell division takes place. Such parts may be found in various p laces in the primor­
dium. At some points it would appear tha t they consist wholly of cells with no thin 
hyphae included (Pl. 35D, Coprinus macrocephalus, matrix layer of the veil; Pl. 368, 
C. macrorh~us, the same type of stipc). This would also be true in tissues formed by 
such mcristcmoids, i.e. here the ' hyphes connectives' of Fayod, the undifferentiated 
generative hyphae, would be absent. Probably this is not entirely true. 

These mcristemoids closely resemble the meristcms of the Phanerogams; sometimes 
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t11cy arc referred to as such. This is not correct because ilic mcristcmoids initiate 
from hyphae which together form a simple tissue; cell division, therefore, can only 
take place in one direction and the cell walls between ilic cells of different hyphae 
arc double. 

Many phases between individual hyphae and a neatly closed mcristemoid can be 
distinguished. At the proximal end, behind the hypha! bundle of ilie cap edge, 
tllcrc lll<'l.Y be a closed meristcmoid but individual hyphae undergoing much cell 
division may also be found tllcrc. 

The presence of a meristemoid would appear to be a progressive characteristic. 
The neatly arranged adjacent cells resembling a tissue of higher plants arc often 
seen in the Stipe or cap of more highly developed groups; in many instances such a 
texture occurs where there is considerable inflation (e.g. Pl. 36B, Coprinus macrorhi.<:us; 
compare also Rcijnders, 1963: pl. 21 figs. 3- 5, Marasmius; pl. 26 fig. 5, pl. 27 figs. 
2, 3, Mycena; pl. 39 figs. 1- 4, Conocybe, etc.). The veil of connected cells (Pl. 35D, 
Coprinus macrocephalus) and ilic sphcrocyst veil are usually also formed by a mcristc­
moid as a specially evolved form of tllc veil. 

lt is difficult to say whether, and if so to what extent, these cells formed by the 
mcristemoid undergo secondary septation, but as ilicy soon differentiate by inflation 
this is highly unlikely. 

The different types of cell formation which can occur in a primordium of an 
agaric arc illustrated in a schematic diagram (Fig. 2). 

HYPHAL KNOTS IN VEILS 

It is desirable to establish whether hypha! knots occur in parts of the carpophore 
other than the bulbus and the Lrarna. Hypha! knots were found in certain veils. 
It is important to distinguish between innate and emanated veils among the veils 
of the Agaricalcs (Rcijndcrs, 1963: 224-227). An innate veil is initiated when the 
differentiation of the cap and the stipe of a young primordium is embedded rather 
than superficial. If this is the case some protcnchyma (the first undifferentiated 
tissue of the primordium) remains at the periphery. Occasionally some changes had 
taken place earlier at tllc periphery but hyphae were never added. An emanated veil 
is formed by ilic growt.h of hyphae out of ilic surface of t11e young primordium. 
Frequently it is difficult to demarcate the two types of veils precisely because the 
two processes, differentiation of cap and stipc surface and the outgrowth of hyphae, 
may begin at almost exactly the same time (Reijnders, 1963: 227-230). 

An innate veil which shows lillie furtller growth will, of course, soon begin to 

Fig. 2. Scheme of cell formation in an advanced primordium of an agaric (as shown in a 
slightly tangential section). 

ABllREVIATIOl••s USED. - b. p., b:ual plectenchyma; div., divergent trama of the young folds 
of the lamellae; h., hyphae that grow from the stipc into the lipsancnchyma; h" hyphae 
growing from the pileus margin into the lipsanen chyma; b. k., hypha! knots; i. tr., initial 
pilew trama; lips., lipsanenchyma; m, meristcmoid ofthestipc tissue; m" meristemoid of the 
pilew margin; m1, matrix layer of the veil; p. m., shcnf of parallel hyphae in the pilew 
margin; r. b., radiating hyphae over the hymcnopbore (belonging to it); s. b., subbymcnium 
and palisade of the hymcnium; u. v., hyphae growing from the stipc into the universal veiL 
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tear as the primordium enlarges, and the knots will be absent, like for example, 
in Galna paludosa (Fr.) KUhn.; or will be rare, like in Calera marginala (Batsch ex Fr.) 
KUhn., Hypholoma udum (Pcrs. ex Fr.) Kuhn. , and H. ericauum (Pers. ex Fr.) KUhn. 

The pans showing the most marked growth would have to be investigated to 
reveal any hypha! knots. This may also be true in an innate veil because where 
there is concentrated development the veil is strengthened by a number of hyphae 
growing out from the surface. 

Some good examples of hypha) knots were found in the universal veil of Cortinarius 
/imonius (Fr. ex Fr.) Fr. (Pl. 35B) and to a lesser extent in that of C. uliginosu.s (Berk.) 
Moser. In the extending velum sui gennis it is not just a question of the strengthening 
of the innate veil; there are also good examples, e.g. in young stages of P/eurotus 
dryu1us (Pers. ex Fr.) Kummer (Pl. 35A) in which an emanated universal veil is 
present, and in Sui/lus luuus ( L. ex Fr. ) S. F. Gray. fn the last species examination 
showed tha t the veil is made up of hyphae from the upper cap layer which grow 
downward and meet hyphae which grow out of the stipc surface (between the cle­
ments of the hymcnium). I n this veil a good deal of cell formation resembling 
hypha! knots exists. The hyphae in such rapidly growing veils arc often grouped in 
convoluted bundles. Here again the hypha! knots are not always well demarcated; 
the hypha! bundles show some areas with short cells where cell formation seems to 
take place. Hypha! knots arc also present in the young volva of Volvariella (e.g. 
Volvamlla bombycina (Schaeff. ex Fr.) Sing., Pl. 35E). This is not surprising because 
the volva in the bulbangioearpous species is only a part of the bulb. 

The spherocysts veil may be derived from the above type of veils with localized 
cell formation. The sphcrocy:.ts wn.1ally arise from a sort of matrix layer at the surface 
of the primordium, where much cell division takes place. Through the repeated 
formation of numerous septa in the same clements rows of cells arc often formed 
whieh differentiate to progressively form spheroeysts towards the outside (Pl. 35D, 
Coprinus macrocephalus Bcrk. ; Pl. 35C, PsaJhyrella candolleana (Fr.) Maire). ln the zone 
of transition to the veil in the uppermost layer of the cap trama there arc for instance 
many complexes of small round cells which do not all adhere to one another (Pl. 358). 
In the veil above these cells there arc more separated hypha) knots arising from the 
groups of small cells of the cap trama. A layer of closely serried cells where much 
cell division occurs, i.e. a ma trix layer of the sphcroeysts vei l, could originate from 
the kind of feature found in Cortinatius limonius (Fr. ex Fr.) Fr. 

llyphal knots may also be found in certain parts of tlte pcridium of Ute Gastcro­
mycctcs. Peridia arc generally very heterogeneous in origin; they need not be 
homologous to the veils of the Agaricaceae (Reijndcrs, 1963: 363- 364), which arc 
themselves not homologous. On tltc other hand there is no need to doubt tltc homo­
logy of the exopcridia of, for example, Scleroderma or Geastrum; these consist of 
outwardly growing and entwining hyphae; as established, the original bulbus of the 
Agaricalcs may be compared to that of the Gastcromycetcs (i.e. homologous). 
I n the cxoperidium of the above mentioned genera were found clear examples of 
hypha) knots; these occur again among twisted hyphae, loops, and hypha! bundles 
(Pl. 35F, Sclerodemza, and Geastrum triplex J ungh.). 
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CORRESPONDll"C STRUCTURES 

Can structures which correspond to those found in the plcctcnchyma of bulbus 
and trama also occur outside the carpophorc, e.g. in the mycelium? llcim (1967: 
177) illustrated a number of configurations of hyphae in the mycelium from cultures 
of Pnlocybe fagi.cola llcim & Caillcux. llerc there are obvious similarities to those 
structures found iu the plcctcnehyma: spirals, curled hyphae, groups of approximately 
isodiametric cells at the ends of twisted hyphae, etc., bm these structures do not 
always occur in the same places, as they do in the hypha! knots. 

The similar initiation of sclerotia is of more importance. Townsend & Willetts 
( 1954) differentiate among three developmental patterns of sclerotium formation. 
I n Rhizoclonia so/ani a compact mass of cells is formed by localized branching and 
repeated sep1a1ion in adjacent cells. In /Jotrytis these processes a rc accompanied by 
repeated dichotomous branching of hyphae over a rcsrrictcd area. Sc/erolinia gladioli 
represents a third strand type in which numerous lateral branches originate from a 
few parallel hyphae. Many cell ruvisions arc initiated in the area by septation; 
through adhesion of the hyphae and through these processes a compact body is 
finally formed. 

Adhesion in order to form bundles (locally by lateral hyphae) and the abundant 
cell division in adjacent hyphae arc also typical of hypha! knots but the twisting 
and curlu1g of the hyphae frequently encountered earlier appear less common in the 
initial stages of sclerotia. In the sclerotia moreover many cells arc formed, so that 
a combination of the structures producing this phenomenon is understandable. 

Like in some types of ~clerotia corresponding structures in the developmental 
stages ofpapulasporcs ( \Vcrcsub & Lc Clair, 1971) arc present. 

A Cmii'ARISON OF TilE T ISSUE FOUND 1:>1 Till'. 

BASAL PLECTENCIIY~IA A.'<D THE BULB 1:-: AOARICALES 

Wml TilE TRAM•\ 01' AsTEROSPORALES AND AMANITACEAE 

Over such a large range as the trunk of Ramaria, the trama of Cant flare/Ius cibarius 
Fr., the basal plcctenchyma and the bulb of numerous Agaricales, and some younger 
stages of Gasteromycetes, were found a number of structures characteristic of these 
plectcnchymatic tissues. These include free ends of hypha! side branches and hypha I 
knots, balls of adhering and interwoven hyphae not infrcquenrly divided into short 
cells and eventually forming a close ma~s of spherocysts, commonly surrounded by 
coiled hyphae. From these structures the derivation of the different construction of 
the trama of the Astcrosporales on the one hand and the Amanitaccae on the other 
hand should be shown. This ought to make it possible to solve a problem which has 
intrigued mycologists, especially systematic mycologists, for some time. 

The heteromerous trama of t11e Ru~~ulaceae comi~ts not only of sphcrocysts 
and connective hyphae but a lso of vascular hyphae. It was previously thought that 
these sphcrocysts were absent in the trama of the Agaricalcs, except in a few species 
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of Amanita in which subglobular cells can make up a large part of the trama but these 
cells proved to be really more or less pear-shaped and not quite round. In young 
fruitbodies and in Russula primordia hyphal knots in the trama were found consisting 
of short cells surrounded by curled hyphae. These structures are illustrated in our 
study of the development of some Russula species (Rcijndcrs, 1963: pl. 8 figs. 4 6). 
Moreover the same stnlctures are visible in the trama of Limaal/a gu//ala (Fr.) Konr. 
& Maubl. (Pl. 34B), Amanita solitario (Bull. ex Fr. )M~rat (Pl. 34C), Amanita rubescms 
(Pcrs. ex Fr.) S. F. Gray (Pl. 34-D), etc. These structures do not differ from those 
which were repeatedly discerned in the bulb and sometimes in the cap trama of 
other Agaricales, though in a les~ perfect from. As a rule tl1c homology of all these 
trama structures can be accepted. 

In 1963 we were not yet aware tha t the complexes of sphcrocysts in Russula, like in 
Lactarius, develop around a central hypha indicating induction. Recently (Rcijndcrs, 
1976) we investigated the origin of tl1is heteromerous trama in some detail and 
found tltat such induction can also occur in those Astcrosporales which have a gaste­
roid habitus (Arcangeliella, Elasmomyas). In the latter case the clumps of sphcrocysts 
were simpler and looked more like U\e ordinary type of hyphal knots, surrounded 
by coiled hyphae. Thus far we have been unable to prove with certainty any form 
of induction started by a ccmral hypha. Apart from this phenomenon the structures 
arc exactly alike, so that it is possible to speak of a homology. In Laclarius the sphc­
rocyst masses arrange themselves around the longitudinal, central hyphae, with the 
result that they arc parallel to the axis of the primordium. Primary rosettes arc 
formed which in cross section arc seen to consist of a central hypha surrounded by a 
row of sphcrocysts; these arc deposited by a hypha coiled spirally around the central 
hypha. In Russula more of these sphcrocyst cylinders, which form around a central 
hypha , often merge in larger complexes. The central hyphae degenerate rapidly. 

The trama structure of the Amanitaccac is unusual in tltat short laterals form 
which finally become so numerous that tlwy take up the major part of the trarna. 
The peculiarities of tl\ese elements were discovered by Bonordcn as early as 1858 
(Rcijndcrs, 1963 : 6). Bas ( 1975: 54) proposed tl\at they be termed acrophysalidcs. 
These elements arc not found only in the trarna of the Amanitaccae; even there they 
arc not always the same in shape. In Amanita uilladinii (Mor.) Vitt. they consist of 
a chain of markedly inOatcd cells (Rcijnders, 1963: pl. 54 fig. 1); in Amanita rubtscell.f 
on the other hand they arc short, pear-shaped clements (Rcijndcrs, I.e.: pl. 55 fig. 6); 
in Limacel/a gullaJa (Fr.) Konr. & Maubl. they vary in shape (Rcijndcrs, I.e. : ttg, 
pl. 5~ fig. 1). imilar clements arc found in the bulb; in Amanita rubesctll.f the bulb 
is mostly taken up by such pear-shaped, much inflated cells while there arc still 
only a few in tl1e developing fruitbody, their number decreasing upwards. In 
Amanita rubtscens U\crc arc in addition other widened hyphae witll free ends. I t is 
clear that the acrophysalides of the stipe and cap trarna in the Amanitaccac must 
be regarded as homologous to the similar clements in the bulb, and that these in turn 
arc homologous to the free ends of hyphal ramifications in tl1e bulbs of otl1cr species 
of Agaricales which may a.lso have a club-shaped terminal cell (e.g. Pl. 36E, F, H). 
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It is thus apparent that the Amanitaccac have hyphal knots in the trama involved 
in the initiation of cells. They arc clearest in a somewhat older primordium or in a 
young fruitbody because in a young primordium the tissue is often too compact, 
though the differentiation into hyphal knots and intercalary hyphae probably took 
place earlier. The cells of the hypha.l knots grow out and lengthen so that in a more 
developed stage they will form hyphae; these in turn, produce side branches which 
form acrophysa.lides. This process docs not differ from processes normal in other 
Agaricales. 

The conclusion is warranted that the apparently atypical trarna of the Asterospo­
rales, like that of the Arnanitaccac, may be traced back to the normal tissue at the 
base of the stipc (and also often in the trarna) of other Agaricalcs and that the atyp­
ical character of these structures arose only from an accentuation of certain processes 
which are in principle normal (except possibly in the induction of one particular 
hypha} for the Agaricales in general and even for the clavarioid fungi and the 
Gasteromycetes. 

A.'IIOMAUES 

( 1) Histological analysis of the strains '5gb' and 'sgc' of Agaricus bisporus. Fritsche 
& von Sengbusch ( 1963) obtained different forms of fruit bodies from single spore 
cultures and indicated these as 59a, 5gb, and 59c. Form 59b was obtained from sga, 
and 5gc appeared spontaneously in 59b. A.ll three forms (possibly mutants} deviate 
from the nonna.l type of fruit body in that they lack a stipc or cap and do not form 
lamellae. The fruitbodics arc bulb-shaped and show some differences worth men­
tioning. Form 593 has a cavity in the lamellar position of nonna.l specimens and is 
puff-ball shaped. Form 59b differs from 59a because of its smooth surface and the 
possibi lity that it ,~;ll show a slight external stipc resulting from the narrowing of the 
undersurface. Strain sgc produces huge, irregular tubers which can weigh up to 
825-tSoo gram and usually have an irregular surface. Transitional forms of 59b 
and sgc may be obtained in pure culture; a reversion to the 59b form is often seen 
in culture. On one occasion a new form appeared in a culture of sgc: a gigantic 
tuber tapering apically to a much smaller st ipe supporting a rudimentary cap 
(Fritsche, 1968: fig. g). 

From the above phenomena and bearing in mind the separation of the bulb from 
the rest of the mushroom (Reijnders, 1974), a morphologist will assume that here 
it is a question of hypertrophied bulbs initiated because the rC'lt of the fru it body was 
unable to develop. Agaricus bisporus (Lange) lmbach is hymenocarpous (Reijnders, 
r963: 202), i.e. the first different iation of the fruitbody in the tuber i, formed by 
t.l1e palisade hyphae of the hymenophore, which grow downwards in a ring perpen­
dicular to the axis of the primordium, but we do not wish to suggest that at this 
stage there is no differentiation at a.ll in t11e bulb itself. 

To analyse the tissues of forms 59b and 59c we were able to usc fresh material 
supplied by t.lte 'Procfstation voor de Champignoncultuur', for which we would 
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like to thank Dr. G. Fritsche. We concentrated especially on a comparison of micro­
tome sections of the fixed material of young fruitbodies of 59b and 59c with similarly 
prepared sections of normal primordia. Matrrial was fixed with Bouin's fluid as 
usual and stained with Mayer's hacmalum. Finally we studied the bulb tissue of 
mature specimens of some species of the genus Agancus. The formation of the plectcn­
chyma i.n the bulbs had the same appearance as in all the other species. This com­
parative investigation seemed to be needed because at first about either the presence 
or the function of the hypha! knots was uncertain. 

Plate 32A show<; the tissue or a young stage, a <;mall bulb with a diameter of 
950 fLill· In many places the hyphae appear to form a ring around the transverse 
section of another hypha. Spirally coiled up hyphae arc present as well as a system 
of straight hyphae, also groups of isodiamctric cells. There are also numerous hyphae 
ending freely. We photographed coiled hyphae and round cells in a fairly advanced 
stage (diam. t.8 mm, Pl. 32B). Occasionally these groups of isodiamctric cells 
appear to be arranged around a central terminal end of a wider hypha (Pl. 32E, 
a more advanced stage of 5gb: length c. 5.8 mm, width 3.2 mm). 

The above structures may be found in bulbs of strain 59b. To supplement the 
data we made a microtome section of a bulb of strain 59c with a diameter of a few 
centimeters. As these bulbs become much larger than those of 59b the measurements 
of the clements of this tissue can be compared with those of the more advanced 
stage of 59b above. In that case the structures seem to be the same in 59c but the 
diameter of the clements is larger. T his applies to a high degree to the free hyphal 
ends, which have a width of up to •9 fLill (usually c. 10 !Lm) in the 59b stage, and 
may even be 49 !LID wide in the 59c stage; 2o-40 !LID being more normal. There 
a)so exiSts a difference in the diameters Of the ShOrt CCIIS: in 59b 6- 1 I fLill (average 
c. 8 fLill), in 59c (6.5-)8- 15 !J.m. The width of the straight hyphae (6-8 fLill) is much 
the same as the former 5- 15 fLill (usually c. 7 !Lm). On comparison with a smaller 
stage of the normal Agaricus bi.rporus (width c. 1.4 em) smaller measurements were 
found: free hypha! ends 5-8 fLill, round cells 3-6.5 !J.m (average c. 5 !L'n), straight 
hyphae 3--8 fLill (average c. 5 !Lffi). The unusual \\~dth of 59c "~II be considered 
below. Further the measurements of a young, living specimen of Agaricus bi.rporus 
(cap width c. 1 em) do not compare to those of relatively small bulbs of sgc: free 
hypha! ends up to 16 fLill, hyphae 6.5- 10 !J.m. Cross sections of the lower part of 
this living bulb show a plectcncbyma with markedly coiled hyphae having undula­
tions and loops. It is noticeable that some cells in the chain of a hypha arc much 
broader than the rest (up to 16 !J.m). Free hypha! ends arc numerous, as are knots 
of coiled hyphae with short ramifying branches (fewer short cells). 

Comparison of this material, fixed or unfixed, led to the dcduCLion that the bulbs 
of 59b and 59c arc identical with those of normal specimens of Agaricus bi.rporus and 
with the Agaricales in general. This may well be used to support the idea that the 
bulbs of 59b and 59c arc actually hypertrophic bulbs in which further development 
and differentiation into a fruitbody arc not genetically possible. There is only one 
morphological difference between 59b and 59c on the one hand and the normal 
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bulb of Agari'us bisporus on the other. In the first two we find a more differentiated 
rind of thinner, periclinal, loosely woven hyphae (diam. 2-3 (J.m) packed more 
closely wgcthcr at the periphery (Pl. 32c). This layer is absent in normal primordia, 
which arc surrounded by a universal veil only sJjghtly differentiated from the lower 
or adjacent trarna; the looser lipsancnchyma is len out of consideration. 

Fritsche ( 1972) also investigated the cytology of strain sgc. She came to the 
conclusion that sgc has more nuclei in the cells than sgb; furthcnnore that the 
nuclei of sgc arc statistically larger than those of sgb. Superficially the primorrua of 
59b have the normal form of primordia; the measurements may also be compared 
to those of Agari= bisporu.r; the mature fruitbodics arc, however, slightly smaller 
than normal fruitbodics. By contrast strain sgc is a gigas form (Sinnott, 1960: 438) . 
Gigas fonns often depend on the number of chromosomes (polyploidy). Polyploidy 
is very common in Phancrogams and also occurs in fungi (sec, e.g. Esser & Kuencn, 
1965: 326- 330). We conclude that the bulbs of sgc arc hypertrophied bulbs of the 
normal Agari~ bisporus formed by a delay in the development of the nonnal fruit­
bodies and that they arc probably examples of polyploidy. The fruit body fonns of 
strains 59b and sgc arc like those which Singer (1975: t8-tg) termed carpophoroids. 
Tt would be useful to investigate whether in other cases of such monstrosities there 
is also a very marked development of the bulb. 

(2) \Vatling's aberrant forms of Psilor:ybe merdaria. Ascertainment of whether 
fonns 59b and sgc should be classed among the earpophoroids depends on what is 
understood by carpophoroids. According to the definition used by Singer ( 1949: 25), 
the carpophoroids arc completely sterile bodies which formed in place of those 
bearing basidia. In agreement with this, fonns sgb and sgc belong in the carpopho­
roid~. The gasteromycetc-likc fonns of Psilo,ybe merdaria described by Watling 
( r97 1) have superficial cavities along whose walls a hymenium is formed. Besides 
these gastcromyccte-likc types Watling obtained a whole series of monstrosities where 
especially the cyphelloid and the pleurotoid, Melanolus-likc forms (with lateral 
stipes) occur. 

It is unfortunate that because descriptions have been macroscopic rather than 
histological we know so little abou t the hypha! development inside these structures. 
We believe that the teratoid forms of Psilorybe merdaria arc not homologous to the 
fruitbodies of 59b and sgc, which actuall)• represent bulbs. Here it would be fitting 
to go into the causes of the initiation of Psilorybe abnormalities. 

At first sight it is surprising that gastcroid and cyphelloid fonns should develop 
together, though their growth patterns arc seemingly contradictory. The gastcroid 
form appears to be very concentrated; strongly developing parts are scarcely present. 
In pleurotoid and cyphclloid fonns the growing margin of the cap plays a more 
important role, the development of these forms falling under the diffuse type (Rcijn­
dcrs, 1963). If the phenomenon is an atavism part of the monstrosities would in­
dicate a gastcromycctic origin and the other part a relationship to, e.g., Pleura/us 
(Polyporaceae srnsu Singer). It is not really necessary to go that far. Sporulation 
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continues in the bovist-likc bodies of Psilocybe flllrdaria. Watling's descriptions make 
it clear that in many of t11csc teratoid forms the hymenophorc docs not develop 
normally (there is also a Weraroa type). I n the cyphelloid type abnormal lamellae 
are also formed. Both in this type and in the gasteroids the stipe is poorly developed; 
at least it is never long and robvst ; in gastcroid fonns the stipc is often comparable 
to a columella. 

In our book on the development offruitbodies in Agaricalcs (Reijnders, 1963) we 
attempted to emphasize the significance of the order of succession of which the parts 
of the fruitbody developed in the primordium. The hyphae that arc to form the 
hymenophorc appear first among Wl<liffercntiatcd generative tissue, which we 
tcnncd protcnchyma, in a hymcnocarpous primordium. Like most of the closely 
investigated species of Stropharia Agaricus bisporus is hymcnocarpous but in Psilocybe 
tltis structure docs not appear (or js less apparent) before the stipc rudiments. 
(We referred to Prilocybe merdaria as isocarpous.) The studies made by Urayama, 
Hagimoto, Konishi, and Gruen have indicated that substances produced in the 
lamellae can influence the growth of the stipe. This is related to the inflation of the 
stipe cells, though the longitudinal arrangement of the stipc cells might also be 
influenced; this orientation of tl1e hyphae shows that a stipe is being formed. In 
stra ins 59b and 59c of Agaricus bisporus no hymcnophore is formed, and later no stipc. 
In Psilocybe merdaria the deficiency in the developmental mechanism of the hymeno­
phorc could thus cause abnormal stipe formation.lfthc stipe remains small and short 
the fruit body inside the bivelangiocarpous primordium stays covered and a gastcroid 
form results. It is thus conceivable that cyphclloid aberrations arc also injtiatcd 
when the fru itbody docs open but that the rudimentary stipc is unable to support 
the body. Cyphclloids with different attachments may develop via plcurotoids 
(Rcijndcrs, 1963: 252~56) . 

0BSERVAT10NS ON TilE OEVELOP~IENT 

OF Til E APHYLLOPHORALES 

Few studies have been published on the d<:vclopmcnt of the Aphyllophoralcs· 
The histological differentiation of tltis group is, as far as is known, more marked 
t11an in the Agaricalcs. Corner's distinction of hypha! types in the Polyporaceae etc. 
and that of Maas Geesteranus (1962) in spine fungi promoted investigation of 
the origin of these clements. Studies like those of Kennedy & Larcade ( 1971) on the 
dcvelopmem of Bjerkandera adusta lead to the conclusion that innumerable dctaHs of 
the origin of the fruit bodies arc still unknown. 

When the youngest stages of certain common species of Aphyllophorales arc 
described it is to ascertain whether they have a basal plcctenchyma and also to 
sec how they grow. It was possible to collect young fonns of Hyplrodontia quercinum 
(Fr.) J. Erikss., Stereum sanguinolentum (Fr.) Fr., lrpex lacuus Fr., Coriolus lll.rricolor 
(L. ex Fr.) Qu~l., Hirschioporus abietinus (Dicks. ex Fr.) Donk, Gloeophyllum abietinum 
(Bull. ex Fr.) Karst., and Gloeophyllum odoralum (Wulf. ex Fr.) Imazcki. Since in the 
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absence of a rapidly increasing elongation there is no demarcation of stages it is not 
really correct to speak here of primordia. 

llvPHODONTIA Q.UERCIN UM (Fr.) J. Erikss.- We made median sections through 
effused fruit bodies of 3- 5.5 mm in diam. lying on the rind. The fruitbodies arc made 
up of two layers; one layer has entangled or hori7.ontal hyphae which advance over 
the substrate, and the other layer has erect hyphae on which parallel bundles can 
develop which arc to form the teeth. The first layer incorpora tes much substrate 
and may be 200 Jl.m wide, while the second layer may be 300 650 Jl.m wide. Only 
one kind of hypha exists (diameter up to 1 .o-1 ·5 f.lm) which has the same appearance 
as the mycelial hyphae on the cork layer, i.e. the generative hyphae. These arc 
oriented paraUcl to one another at the margin of the young fruit body. They often 
extrude through a fissure in the bark, where they arc still much intertwined. 

STEREUM SANCUINOLE~TUAI (Fr.) Fr.- The youngest stage of this species forms a 
small cushion with an arched upper surface which may be about 1850 J1.ffi broad and 
650 Jl.l1l high (Pl. 37A). The structure rests on the substrate but is only basally and 
centrally attached, at which point a ?.One of much intertwined hyphae ( 1.5- 2 !Lm in 
diam.) is present. From this point the hyphae extend in all directions and form a 
dome. The central height is about 400 Jl.ffi· At the edge of the dome the hyphae arc 
mostly parall('l but not close together (Pl. 37B) ; they grow outwards. The extending 
hyphae arc also generative hyphae. Between the outwardly growing hyphae more 
coloured hyphae arc also visible; these arc initially much broader than the generative 
hyphae; they widen towards the periphery (diameter up to 5 Jl.ffi) and often show 
club-shaped extremities. These hyphae arc probably vascular hyphae which may 
cvcnn1ally end in a cystidh1m. Skeletal hyphae arc either absent or not clear at 
this stage; they become visible at a more advanced stage (3.5 Jl.ffi in diam.). They arc 
thin but thicker-walled than the generative hyphae (diameter c. 2.5 f.lffi). 

lRPEX L.ACTEUS Fr.- The young stage (Pl. 37C), of which we made median sec­
tions, also presses against the substrate and is only attached at the centre (width 
2150 f.lffi, height 820 JJ.m). The hyphae extrude through a lenticcl and arc much 
entangled at their bases. From this point deeply coloured, thin hyphae extend 
outwards, being thus generative hyphae (Pl. 37C). More towards the periphery 
the colouring lessens, giving rise to faintly coloured, wider hyphae (diameter up 
to 3 !Lffi) with thicker walls. These arc skeletal hyphae. The typical form and col­
ouring of the generative hyphae can be seen most distinct!)' at the periphery and 
the edge of the dome. However, there seem to be a number of gradations between the 
generative and skeletal hyphae. The generative hyphae lose their coloured contents 
and if they also thicken it becomes difficult to distinguish them from the skclctals. 
The extremities of the skcletals often extend above the surface and the terminal, 
somewhat wider cell contains abundant protoplasm and in many cases has not yet 
developed a thick waJI. At the edge of the structure entangled hyphae arc found 
again ; these extend outwards and arc more or less parallel, but they do not form an 
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obvious meristemoid. As in Hyphodonlia, the teeth are formed a t regular intervals by 
hypha) bundles in which the hyphae do not adhere closely until a later stage (Pl. 
37E). The skeletals and the intermediate forms can be distinguished immediately in 
the teeth. 

CORIOL.US veRSrcot.oR (L. ex Fr.) Qucl.- Thc youngest stages form a cushion 
about 672 1-lm wide and 570 11-m high. Beneath this cushion there may be a stipe or 
mat (about 400 11-ffi long and 200 11-ffi broad) made up of the same hyphae as the 
cushion; they arc entangled or somewhat longitudinally orientated. At the very 
base of the cushion-shaped structure the hyphae arc still entwined over an area of 
about 100 !J.m, after which they extend evenly towards the periphery, there being 
no differentiated margin. There arc two kinds of hyphae; somewhat irregular hyphae 
with clamp connections and dark granular contents (d iameter '·5 2 !1-ffi), and 
straighter, paler and usually wider hyphae (up to 3 (LDl). The irregular kind arc 
clearly generative hyphae while the latter arc mostly skclctals, especially towards 
the periphery, where they arc thick-walled and their lumen is reduced to a thin 
line. It is also probable that a great many of the paler hyphae arc gencratives which 
have lost their protoplasmic contents, as we also find a lot of pale hyphae in the stipc 
where they arc intertwined so that the arrangement closely resembles that jn lrfJtX. 
An older stage is about 2.2 mm wide. At that stage the pores fonn and a transverse 
section shows teeth about 240 11-ffi long in which the trama consists of almost parallel 
generative hyphae. Palisade celb (about 13 !J.m long) arc a lready present in the 
hymcnium. At the margin the hyphae arc a lmost parallel but lie free from one another 
and do not form a real mcristcmoid. 

TlrRSCIIIOPORUS AlliETJNUS (Dicks. ex Fr.) Donk.- For this species the young stages 
investigated clid not differ much in structure. When the diameter is about t 750 !J.1ll 
and the height about 380 1-lm the hyphae: arc entwined over a small distance at the 
base, where this is centrally attached to the substrate (e.g. 64 !1-m high). The hyphae 
radiate further, producing a slightly arched cushion. At the margin there arc nearly 
parallel hyphae that arc partly separate from one another. The ntbes have already 
been formed at this phase and the walls (dissc-pimcnts) arc distinguishable in longi­
tudinal section as nearly parallel teeth. The generative hyphae, recognizable by 
their dark colour and granular protoplasm, are about 1.5 !J.In wide and especially 
numerous at tJ1c base The skeletal hyphae, foliJld mostly at the periphery, have a 
thick wall that docs not stain with hacmatoxylin, and often coloured cell contents 
(diameter c. 2.5 !1-ffi) . Here some colourless hyphae must also be regarded as gen­
erative hyphae that have lost their protoplasmic contents. The palisade cells of the 
hymcnium soon form and arc initially I 5- 20 11-ffi long. 

Gt.OEOPIIY LL.UM ABrETINU~t (Bull. ex Fr.) P. Karst. In this species the young 
fruitboclics arc dorsally auachcd right from their early formation. Our specimen 
extended 5·5 mm forward; a median section was taken through the base. llcre the 
hyphae arc intertwined over a short distance (c. 220 !1-ffi), after which they grow 
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forward and then bolh upwards and doMnvards to produce an almost fan-shaped 
body (Pl. 37F). Three types of hyphae can be distinguished: (i) pale, septated, 
thin-walled hyphae with a granular protoplasm (diameter 1.5-2.5 !lffi) . These 
generative hyphae arc common in the entangled part at the base, but they may also 
be found elsewhere; (ii) strongly pigmented hyphae with dark, rather thin walls 
(diameter H 2 run) and few or no septa; the hyphae are abundant and arc probably 
intermediate forms giving rise to iii; (iii) skeletal hyphae with a thick wall and no 
septa (cliamctcr 1.8-3.8!-lm). Rings, to be found in the trama, originate by the 
bending of some of the hyphae (especially type ii); the hyphae then lie more or less 
ob(jquely in the trama. The extremities of some of these hyphae widen and arc 
brightly coloured (diameter 6.5 tJ.m) . Five rings were visible at the 5·5 mm stage. 
Club- or bottle-shaped ends develop on the lower surface {the hymcnium). On the 
lrpper surface the hyphae sometimes b ecome erect and form bundles; they arc also 
partly intercwined, giving a floccose-hairy (pilose) surface texture. 

GLOEOPIIYLL.UM onoRATU~I (Wulf. ex Fr.) Jmazeki.- The young stages of Gloeo­
pltyllum odoralum consist of a small cushion, arched on the upper surface and flat 
below. These cushions often rest on one another because it would seem that at a 
certain point new fruitbodics may be formed on the upper surface. We investigated 
such bodies, which were, for example, 9 mm wide and 4·3 mm high, or 13.3 mm wide 
and 5·5 mm high. 

The median section shows that the frequently dark coloured hyphae (diameter 
1.3-2 {liD) arc entangled at the point of attachment to the substrate. In ma ny cases 
these parts (250 670 tJ.m) arc not sharply defined because the basal part of the 
young fw1gus incorporates much of 1he substrate. Many skeletal hyphae arc found 
in this zone and even more where the hyphae radiate towards the periphery. They 
have a thick, often encrusted wall and no septa (diameter 1.5- 4 (!Ill) . Between Lhe 
skclctals arc paler, thin-wa lled generative hyphae (diameter 1.3 3 tJ.m) . There arc 
also paler hyphae where the wall is distinguishable as a dark line (i.e. intermediates?) . 

Even at this young stage rings in the trame are found that are approximately 
parallel to the arched upper surface (Pl. 37G). The clircction of growth oflhe hyphae 
is different in tl1c rings and the hyphae lie closer together. Many widened hypha! ex­
tremities are seen in the rings (diameter 3 ·4 tJ.rn). Occasionally the hyphae deviate 
so far from their original direction of growth that the part of them in the rings is 
perpendicular to it. Above tl1c rings the hyphae arc much looser (i.e. farther apart). 
A1 the edge of the cushion the structttre is the same as elsewhere at the periphery: 
Lhere is no meristcmoid. 

CoNCLUSIO:-os.-Comparison of the initial developments of these seven species of 
Aphyllophorales reveals a remarkable \miformity. l lyphodorllia is excluded; this 
really forms a cover of two layers, the lower of which consists of entangled hyphae in 
the young stages, which arc usually attached by the centre of the base to Lhc substrate. 
All the others have a basal zone with intertwined primordial hyphae a.nd a zone 
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where the hyphae radiate towards the periphery. The basal zone is usually somewhat 
limited. There is no obvious growing-limb, at least not in these young stages; a real 
meristcmoid has not (yet) developed. Where a diffuse dcvclopmcntal type in the 
Agaricalcs is discerned the fruitbodies of thi.s type arc still formed initially by a 
bundle of adhering, coordinated hyphae (Rcijnders, 1963: 2'21 ) which later widens 
at its extremity. This may be only a gradational difference. There is another difference 
in the development of Aphyllophorales in comparison with the Agaricalcs: the quite 
different nature of part of the hyphae. Skclctal hyphae cannot be distinguished in 
the Agaricalcs but cell inflation is very marked and especially importalll during the 
growth of the fruitbody. 

Referring to the origin of the skcletals Lentz (1971: 100) wrote: 'In orthodox 
instances, development is not by transformation of a generative to a skeletal unit, 
hue by apical outgrowth of the skeletal clement from the generative.' Although we 
cannot provide any actual proof these assumptions seem rather dogmatic. The nume­
rous intermediates between the two types of hyphae which arc seemingly present in 
some species (!rpex, Cloeophyllum, Osmoporus) and which have also been found in 
other species indicate that there may exist at least one other type of hypha which 
because of its thickened wall is sometimes difficult to distinguish from a skeletal 
hypha (sec also Corner, 1950: fig. 13, Pterula). 

CONCt.l:StONS Al\'0 PHVI.OOEI'N 

The basal plectenchyma in the Agaricalcs, just like the bulb which in effect is an 
expansion of this tissue, is characterized by a special strucrurc which can also be 
found in the trama of a primordial cap and not seldom in mature specimens. Tltis 
cap tra ma is initially part of the bulb tissue formt•d by the primary protenchyma. 

The characteristics of this structure arc: 
( 1) Undulating, interlocking hyphae and loops. 
(2) Spirals and sometimes rings closed around other hyphae. 
(3) Inflated, intercalary clements. 
(4) Many free extremities of ramifications, ofien with clavate or widened terminal 

cells (P. 36H, Agaricus), so that they may resemble acrophysalidcs. 
(5) Hypha! knots consisting of at least one bundle of adhering hyphae or usually 

coiled hyphae, which arc often locally divided into short cells, occasionally 
forming short branches. 

In many instances around these groups of short or round cells there are other 
hyphae; the tissue then appears like groups of coiled hyphae with a centre of apparem 
spherocysts. These groupings may occasionally be found between straight hyphae 
of a different nature, but this need not necessarily be so. We find such a structure 
in the most diverse species (Reijnders, 1963: pl. 8 figs. 4--0, Ru.rsula emetica; Rcijndcrs, 
1976: pl. 13E, Lactariu.s mammosus; pl. 15D, Russula ochroleuca; pl. t6C, Rusmla 

fragilis; pl. 17£, Arcangeliella). In our investigations for this study we also came across 
many instances of it (Pl. 34E, Chamonixia caespitosa Rolland ; Pl. 33D, Cyroporus 
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cyattt.Icens (Bull. ex Fr.) Que!. ; Pl. 34-A, Hygrophoru.s hypothejus (Fr.) Fr.; Pl. 32E, 
Agaricus bisporu.s (Lange) lmbach, strain sgb; Pl. 3413, Limacel/a gutta/a (Fr). Konr. 
& Maubl.; Pl. 34C, Amanita solitario (Bull. ex Fr. ) Mer-at, etc.). Thus it appears 
that this structure is a common one. We must al.so assume that in matrix layers with 
a marked formation of closely grouped cells the coiled hyphae arc present but less 
clear. They probably play a part in the formation of cells and perhaps in their nu­
trition. 

In contrast to the above, the hyphal knots sometimes lie in looser tissue (Pl. 33C, 
Sui/Ius aerugina.scens (St·cr.) Snell; Pl. 34 F, young bulb of Scluotkrma aurantium L. ex 
Pers. l n this last case it is probably a question of remnants of hypha I knots that were 
originally closer together (compare also Pl. 35B, Cortinarius limonius (Fr. ex Fr. ) Fr., 
veil; Pl. 33F, Chroogomphus rutilus (Schadf. ex Fr.) Lundell & Nannf., inflation of the 
hyphae and separation of the knots). When in due course no more new cells arc 
being formed and the old cells are inflated, even fewer of the hyphal knots remain 
(Pl. 32 F, Agaricus bisporu.s strain 59 c) . 

The structures with coiled hyphae led to a comparison of the trarna of the Agariea­
les in general with tha t of the Astcrosporales. The spherocyst formation in Arcangeliella 
(Reijnders, 1976: pl. 17E) and Ela.smomyces appears to be identical to the occurrence 
of short cells in the hypha I knots of the Agaricales. It was only not possible to show 
the phenomenon of induction in the Agaricales but it has often been found that in 
the centre of a group of cells surrounded by a coiled hypha a free end of a wide 
hypha appears like in Arcangeliel/a (I.e.: pl. 17E). Instances of this have been photo­
graphed on Plate 33E Gyroporu.s cyane.scens, Plate 34-B Limacella gutlota, Plate 32E 
Agaricus bisporus strain 5gb. It may be assumed tl1at in this kind of hyphal knot 
the hyphae have an effect on one another and possibly also on cell formation just like 
that in a mcristcmoid in which the cell division is coordinated but this has not been 
proved and it is possible that no central hypha is present in most hyphal knots 
(not even when they arc very young?) . 

The structures during development in real Aphyllophorales with those in Agari­
cales were compared earlier. It is striking that there is no clear growth margin in 
very young stages. There is no bundle of interlocking hyphae which produce new 
hyphae by means of regular branching, nor is there a mcristcmoid. Hyphae grow 
much more separate; apart from secondary septation the new cells arc fotmed at 
their tips, but growth is directed by the shape of the whole structure. Young stages 
(here it is difficult to spcalt of primordia) show that there is coordination in the 
growth and regularity in the increase in volume of the whole. 

That there is no growt h margin of interlocking hyphae is also demonstrated by the 
phenomenon of haptomorphosis, that is that the edge of the fruitbody can grow 
around all sorts of obstructions, or that different individual fruitbodics grow together 
at their edges to produce a single distinct specimen. This is not seen in the Agaricales. 

Is there in the Aphyllophorales no meristemoid zone of adjacent hyphae in which 
the cell division is coordinated ? This ought to be investigated in greater detail. 
Though tissue formation in these groups, or at least in the greater part thereof, 
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deviates from that in the Agaricales (and Gastcromycctcs), this docs not apply to the 
clavarioid and cantharclloid fungi. A~ far as the trama tissue is concerned these 
last two groups, which arc regarded as related to each other, show striking resem­
blances to the Agaricales. Investigation of the stalk of certain Romoria species showed 
that all the structures characteristic of the bulb of the Agaricales were also to be 
seen here (Pl. 36D, Ramaria aurea (Fr.) Qucl.). The tissue of the branches in which the 
hyphae arc parallel has, of course, been more closely investigated than that of the 
stalk. I n young stages of Cantharellus tubarformis the hyphae arc loosely interwoven but 
t11cir main direction or orientation is parallel. The tissue is not homog<'ncous, howe­
ver; denser patches where the hyphae lie against one another alternate with thinner 
patches. The denser places often resemble hyphal knots and the cells arc sometimes 
shorter. In Canthare/Jus cibarius such patches arc more common in the interwoven cap 
trama than in the stipc, where the hyphae arc approximately parallel. We (Rcijndcrs, 
1963) were unable to study the basal plcctcnchyma because it had probably been 
cut off from the specimen. 

T he fact that the heteromerous trama of the Astcrosporales may be regarded as 
a specialised instance of the trama of the Agaricales (and Gastcromycetcs) in general 
also affects phylogenetic interpretations. llyphal knots may be centres of intercalary 
cell formation. Frequently in young primordia of Agaricales groups of cells initiated 
in hypha l knots arc formed. After inflation these knots become not sphcrocysts but 
ordinary hyphal cells. In the trama of the Agaricales, which do not belong in the 
Astcrosporales, no spherocysts arc found but there arc many in the veils. In the 
veils they can be regarded as derived clements. The inflation that is so marked in 
the tissues of the Agaricalcs serves to increase the volume. The same occurs in the 
sphcrocysts of Russula and Lactarius, where the total volume of those clements is 
eventually much greater than that of the hyphae (Rcijndcrs, 1963: 272) . 

Although in the primordia of Amanita and Limacella structures of groups of small , 
round cells surrounded by coiled hyphae indeed occur, much of the increase in 
volume in these genera is also a result of numerous vesicular acrophysalides represen­
ting a special case of free-ending ramifications. Kuhner, therefore, considered the 
Amanjtaceae and the Russulaccae to be related. T llis rclationshlp is based on the 
structure of the trama wluch in both farru lics is derived from the original structure 
of the basa l plectenchyma: in the one the cells formed by the hyphal knots arc 
domjnant, in the other the free hypha( cxtrcmjtics arc dominant. In both families 
a large part of the carpophorc is taken up by this tissue, while the part formed by 
the mcristcmoid of the cap margin is limited. Even so this resemblance between the 
Amanitaccac and the Russulaccae docs not actually indicate a phylogenetic re­
lationship; other Agaricales show the same structures, the proportions only being 
a little different. Singer ( 1958) and Smjtb ( 1971 ) proposed t11at the sphcrocysts 
originate from the cellular subhymenium of certain Gastcromycctes. J udging by 
the comparisons made in the present paper it is no longer necessary to find a special 
explanation for this origin of the so-called heteromerous trama; in the lamellae of 
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Russula both the sphcrocysts of the trama and the cells of the subhymcnium arc 
prescm (Reijndcrs, 1976: pis. r4L, rsA) but apart from their different sizes they 
originate in different ways. According to Singer and Smith, spherocysts occur not 
only in the Astcrosporalcs but also in the trama of several other hypogcal fungi, 
where they probably develop in the usual manner. This should be investigated more 
closely. 

This study of the structure of the trama and underground parts a lso leads us to 
comment on the phylogeny of the Agaricalcs, Gasteromycctcs, and Aphyllophoralcs. 
The dividing lines between these three groups- which arc not natural taxa but only 
of practical value arc very vague. There exist Gasteromycetcs which arc much 
more closely related to Agaricalcs than to other Gastcromycctcs. As it is known that 
Gru.tcromycctcs also occasionally develop gymnocarpously, they can only be defined 
as Higher Basidiomycetes that do not eject their spores. That the demarcation 
between the J\phyllophoralcs and the Agaricales is also vague is demonstrated by 
Singer's (1975) inclusion of Polyporus in the Agaricales. 

Moreover these groups arc polyphyletic. For this reason it is pointless to attempt to 
show that the Agaricalcs arc derived from the Gastcromycctcs or vice versa. :Much 
has been written about these interesting relationships, especially about the Astero­
sporales. We caru1ot cover the subject fully in this article. Our study of the ontogeny 
of both groups has led to certain general views which will be given below. Perhaps 
we shall have an opportuni ty to reconsider the whole problem in more detail a t a 
later date. 

( r) Basidia are complex organs which serve to produce the ballistospores. They 
would never have originated below ground level so that hypogcals with basidia must 
have derived from epigcals. If the first had undergone only development underground 
basidia would never have formed-only other sporulating structures. The question 
still remains whether fruitbodies wilh a peridium would have been formed. Though 
Singer & Smith ( 1960) reasoned that the spore-ejecting basidia of the Agaricalcs 
originated (by selection) from the spore forming cells of certain Gasteromycetcs the 
fact that the Gastcromycctes show recognizable basidia, even in their underground 
forms, remains unexplained. 

(2) I n underground forms columellae arc often present. These can be regarded 
(by comparison) as stipe rudiments, but a stipe cannot function underground. For 
what reason, therefore would they have developed? 

(3) The underground Astcrosporales often have bipolar, even gymnocarpous 
primordia (Rcijnders, 1963: 21D-213). Those forms which developed underground 
would show a radial construction, bipolarity being of no usc, and they would not be 
gymnocarpous. 

(4) Like the stipe beneath the ground the sphcrocysts in the trama are also non 
functional. As previously stated, these should definitely be regarded as remnants of 
preceding development above ground level, their most important task being the 
enlargement of the carpophorc (Rcijnders, 1963: 272, 360). 

(5) Agaricalcs also often undergo a long period of underground development. 
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There they form bulbs inside of which a whole fruitbody develops, needing only to 
stretch to reach above ground and disperse the spores. It is less wc11 known that the 
gyrnnocarpous primordia of Russula also remain hidden beneath ground level for 
some time. By the time the young growing specimens appear above the ground there 
arc no longer any primordia in the vicinity (Reijnders, 1976: 67). 

At the time of Patoui11ard ( •854- 1go6) it was thought that the Gasteromycctes 
were angiocarpous, the Agaricales hemiangiocarpous, and the Aphy11ophoralcs 
gyrnnocarpous. It has since become apparent that this is not the case. One can say, 
however, that these three criteria arc often applied to these groups. In the same way 
it can be said: Gastcromycetcs: often completely subterranean; Agaricales: often 
partly subterranean; Aphy11ophorales: usually not subterranean. In many cases it 
has been found that these subterranean parts arc distinguished, initially at least, by 
a special structure. This structure also influences, to a greater or lesser extent, the 
trama of the parts above ground, which arc not only formed by ramifying bundles of 
parallel hyphae. lL is possible that a subterranean fruitbody might evolve to attain 
an above ground habit, that is a bulb could change into a stiped mushroom. It 
appears more probable, however, that an above ground mushroom would change 
into a subterranean form by growth retardation and reduction of the stipe; this 
bas often been described. 

Singer & Smith's (1g6o) most important objection to an evolution in the Astcros~ 
porales of agaricoid forms to gasteroid is that the different structures which could be 
explained by degradation arc not correlated, i.e. that the typical Russula and Lactarius 
characteristics appear to a different extent and arc scattered throughout the under­
ground forms. Among these forms there is a distinction between different levels, 
new characteristics constantly being added; species of the genera of these levels may 
or may not have other characteristics. According to Singer & Smith this can be 
better explained by progressive evolution than by degradation. 

We do not wish to exclude the possibility of progressive evolution. We do, however, 
object to the derivation of one recent form from another recent form. For the greater 
part lhe forms from which the recent Asterosporales a re derived no longer exist. 
It is very probable that there was once a type of progressive evolution of agaricoid 
forms. Gastcroid forms could have appeared at any level of evolution. 'Gasteromycc­
tation' docs not seem to have taken up much time in the process of evolution. This is 
shown not only by the agarieoid forms, which start out with several subterranean 
characteristics, but also by the gastcroid anomalies of Psilocybe (Sec McKnight in 
Singer, 1975.; Watling, 1971). The strUctural difference is not so great because the 
main characteristics of the trarna of the above and below ground parts can be the 
same. Only the external form changes, while some parts (meristemoid, formation of 
sphcrocysts) undergo reduction. 

The fact that more primitive forms retained a gasteroid rather than an agaricoid 
form might be explained by the occupation of special niches by the gasteroid forms. 
This was previously discussed by Reijndcrs ( 1971). The appearance of new, further 
evolved types must have made the pressure of selection greater on the above ground 
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forms. More primitive forms may, therefore, still be present in a particular niche, 
giving the impression that the above ground fonns actually developed from the 
gasteroid forms! The reverse may also occur; the subterranean form will have 
again adapted to an epigeous habit since the genes necessary for tlte development of 
the parts above ground will in many cases still be present. In general, however, 
'gasteromycctation', with the degradation of certain characteristics only seems more 
probable. 

On trouvc a Ia base du Stipe dans lcs Agaricalcs lc plcctcnchyme basal, qui pcut s'c!largir en 
fom1ant un bulbe. Cc tissu, qui n'cst pas homogene, est caracterisc! par des structures parti­
culi~rcs: des cxtrc!mitc!s lib res de ramifications, des h)'Phes sinucuscs, des anscs, des spirales 
et des :mneaux qui pcuvent renfcrmcr unc autre h><phe ct des agglomc!rations d'hyphes dites: 
«nodules». Ccsdcmiercs sont en r~lit(: des faisccaux d'h>'Phes, qui constituent souvcntlcccnt re 
de d ivisions ccllulaires, ou bien elles sc prc!scntent sous Ia forme d'un groupe de cellules unies, 
cntourc! d 'hyphes enroulc!es. Ccu c dcmiere structure qui sc retrouve chez un grand nombre 
d'especcs d' Agaricalcs, sc manifeste parfaitcment dans Ia trame des Amanitaccae, qui rappclle 
celles des Russulaeeae. La trame du jeune pileus de beaucoup d'especes accuse souvent les 
memes particularitc!s qui sc prc!sentent egalement dans le tronc des Romorio, dans lc jeunc 
bulbe des Gastc!romycetes et dans divers voiles. 

Lcs diffc!rcntes manihes de Ia naissancc des cellules dans les primordiurns om etc! c!tudic!es 
en deta il; Ia notion: «mc!ristemolde a hyphes» a etc definic. 

La tramc hetc!romere des Asterosporales et Ia tramc des Amanitaceae dcrivent de Ia jeune 
trame d'autres Agaricales. 

Lcs tissus des bulbcs des souches 59b ct 59C de I' Agaricus bisporus ont C:tc! analysc!s. 59b est 
homologue au bulbe d'un carpophore nonnal d'Agaricus bisporus. En accord avec G. FritsChe, 
!'auteur est arrive! a Ia conclusion que 59c reprc!sente en outre <<un t)'PC gigas». Lcs carpopho­
roldcs (formes abcrrantes) de Psibx::>be mtrdorio (dccrites par Watling) ont etc discutc!s. 

Les differences fondamemales entre le dc!veloppemcnt des vrais Aphyllophorales, d'unc 
part, et cclui des Chanterclles des Agaricales ct des Gasteromyches, de !'autre, om etc! con­
siderc!es. 

En cc qui conccmc l'c!volution au scin des Astc!rosporalcs, ('auteur misonnc qu'unc degra­
dation de quelques camcteres dans les formes gasteroldes (Hcim, Malen~on) nc contraric pas 
nc!ccssaircmcnt lcs arguments qui ont c!tc! avancc!s par R. Singer etA. H. Smith. Une dcscen­
d:mce de formes h)'Pogc!es il partir de formes c!pigc!c.l est p lus vraisemblablc que l'invcrsc. 

REPER£.XCES 

B...s, C. (1975). A comparison of Tomndia (Gastcromycctes) with Amanita (Agaricalcs). In 
Bcih. ='/ova lledwigia 51 : 53- 6o. 

BeRmn;R, J. ( 1973). Recherches sur les T)phu/4, Pi.stillorio ct genres a !lines. These. Lyon. 
CoRNER, E. J. H. ( t929). 1 he structure :md development of the ascocarp. In Trans. Br. mycol. 

Soc. 14: 275- 29'· 
-- (1950). A monograph ofC/auorio and allied genera. Oxford. 
EsseR, K. & K ui!NEN, R . ( tg65). Genctik der Pilze. Berlin. 
F RJTSCH£ G. (rg68). ZUchtcrisehc Arbeitcn an ,5gc", cincm Champignonstamm mit ncucr 

FruehtkOrpcrform. I. Stcigcrung des Ertmges. In T hcor. appl. Genetics 38 : 28-37. 
-- (1972). ZOchtcrische Arbeiten an ,5gc", einem Champignonsmmm mit neuer Frucht­

kOrpcrform. II. Cytologisehc Untersuchungen. In Thcor. appl. Genetics 42 : 44-50. 



PaRs o oN 1 A- Vol. 9, Part 3, 1977 

FRITSCnll, G. & SBNonuscn, R. VON ( •963). Beispiel der spontanen Entwieklung neuer 
Fruchtkorperformen bcim Kuhurehampignon. In Zuchter 33: 271Hl74· 

KENNEDY, L. L. & LARCADil, R. J. (1971). Basidiocarp development in Poljporus adustus. In 
Myeologia 63: 69-78. 

KOHNER, R . & RoMAONESt1 H. (1953). Flore analytique des Charnpignons supcrieurs. Paris. 
LENZ1 P. L. {1971 ). Analysis of modified h)'J)hae as a tool in taxonomic research in the higher 

Basidiomycetes. In R. H. Petersen {ed.): Evol. high. Basidiomycetes: 99- 127. 
REIJNDERS1 A. F. M. { 1963). Les probl~mes du dc!vcloppcment des carpophores des Agaricales 

e t de quelques groupcs voi$ins. Den Haag. 
-- (1971). Over de ontwikkcling en morphogenesc der paddestoelen. In Sterbeeckia 8 : 

l-39· 
-- (1974). Le dc!veloppcmcnt de deux especes de Cortinariaeeac. In Trav. mycol. dtd. 

R. KUhner, BuU. Soe. linn. Lyon 43 : 355- 364 
-- (1976). Recherches sur le dc!vcloppcmcnt et l'histogc!n~e dans les Ast~rosporales. 111 

Persoonia g : 65-83. 
SINGER, R. {1949). The Agaricales in modern taxonomy. ISL Ed. Tucuman. 
-- ( 1958). TI1e meaning of the affinity of the Sceotiaceae with the Agaricales. In Sydowia 

12: 1-43· 
-- {1975). The Agaricales in modern ta.'<onomy. gd Ed. Vaduz. 
SrsoER, R. & SMmt, A. H. (196o). Studies Ot\ secotiaceou:s Fungi IX. The astrO!,<asLraceou:s 

series. In Mem. Torrey bot. Club 21-3: 112. 
St:NNOTT, E. W. (196o). Plant morphogenesis. ~ew York. 
SMmt, A. H. ( 1971 ). The origin and evolution of the Agaricales. In R. H. Petersen {ed.) : 

Evol. high. Basidiomycetes: 481-504. 
Towr•;spM''l>• B. B. & WtLLETTS, H. J. (1954). The development of sclerotia of certain fungi. In 

Trans. Br. mycol. Soe. 37: 213-221. 
WATLtNo, R. {197 1). Polymorphism in Psilocybt merdaria. In New Phytol. 70 : 307-336. 
'WERESun, L. K. & Lllct.AIR, P.M. {t971). On Papulo.spara and bulbilliferow Basidiomycetes 

Bur goa and MinimLdusa. In Can. J. Bot. 49 : 2203-2213. 

EXPLANATION OP PLATES 32-37 

AnoaeVIAnONS USI!D tN PLATES. - m. s., microtome section; f. s., freehand section of mature 
material. 

PLATH 32 

Figs. A-H. Agnricus bisporus. Fig. A. strain 59b, m s.: young bulb, initiation of h)'Phal 
knots, spiral hyphae (s), rings, X 320; Fig. B. strain 59b, m. s.: more advanced stage, coiled 
hyphae, X 128; Fig. C. strain 59b, m. s.: cortex layer, X 128; Fig. D. strain 5gc, m. s.: 
inOated tips {t), X So; Fig. E. strain 59b, m. s.: inOatcd tip in the centre of a cell group sur­
rounded by coiled hyphae (t), X 200; Fig. F. strain sgc, m. s.: rather advanced stage, hypha! 
knot {hk), cell divilion {c), dolipores, X So; Fig. C. rn. s.: mther advanced stage, sinuow 
hyphae (sh), loops, X 200; Fig. H. f. s.: tips of short brmches {t), X 200. 

PLATE 33 

Figs. A, B. AJ:arieus bisporus. Fig. A. strain sgc, f. s.: spiral growth of hypha, enclosing another 
hypha (s), X 2oo; Fig. B. strain 59C, f. s.: ring (r) enclosing a hypha, X 2oo. 

Fig. C. Suillus anuginasuns, m. s.: pilew trama of young stage with hypha! knots, X 200. 
Figs. 0, E. Gyroporus 'JOIIUetns. Fig. D., m. s.: young bulb, hypha! Lip {t), coiled hyphae, 

straight hyphae {sh}, X 200; Fig. E., m. s.: pileus trama of a young stage, hypha! knots, a 
knot surrounding an inOated tip {t), X 200. 

Fig. F. Chroagomphus rutilriS, m. s.: sripe of a young stage, hypha! knots with cells which are 
due to inflation {i), X 200. 
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PLATH 34 

Fig. A. 1/ygrophoru.s hypothtjus, m. s.: slipc of a young stage, basal plectenchyma with coiled 
hyphae (ch), hypha! knots (hk) and layer of inAating hyphae (i), X 200. 

Fig. B. Limaa/lo gullota, m. s. : bulbus of a rather young stage, spiraJ growth around a 
hypha (s), coiled hyphae, X 200. 

Fig. C. Amanita solitario, m. s.: upper part of the stipc of a rather advanced stage, large 
aerophysalid~-s, coil d hyphae around hypha I knots, X 200. 

Fig. D. Amanita rubesmu, m. s.: somewhat advanced stage, upper part of the bulb (stem), 
hypha! knots, coiled hyphae (ch) and straight hyphae (sh), X 200. 

Fig. E. Chomonixia corspitoso, m. s.: young bulb with hypha! knots (hk) , X 200. 

Fig. F. Sckrodmno ourontium, m. s.: young bulb, initiation of hypha! knots (hk), X 200. 

PLATE 35 

Fig. A. P/euroltlS dryinus, m. s.: veil of a young stage with hypha! knots, X 200. 

Fig. B. Cortinarius linumius, m. s.: veil with hypha! knots (hk) of a rather young stage and 
matrix layer, X 200. 

Fig. C. Psnthyrdla cando/kana, m. s.: veil with matrix layer (ml), X 200. 

Fig. D. OJprinus macroapltalus, m. s.: veil \vith matrix layer (ml), X 200. 

Fig. E. Voluoritlla bomb;'Cina, m. s.: hypha! knotS (hk) in the valva of a young stage, X 200. 

Fig. F. Sckrodmna aurantium, m. s.: hypha! knots (hk) in the exopcridium, X2oo. 

Figs. A, B. OJprinus =orhi;:us. Fig. A., m. s.: very young stage with dilferemiation into 
three zones: basal plectenchyma (bp), young cells of the stipe, and mcristemoid (m), X So; 

Fig. B., m. s.: older primordium with intertwined hyphae of pileus trama {trJ, surrounded 
by veil mercnemoid (m) and stipe tissue (st), x So. 

Fig. C. Boktus tdulis, f. s.: mature bulb, twisting hypha (s) enclosing other hypha (b), X 200. 

Fig. 0. Ratllllria ourta, f. s.: mature trunk, h}phal knot (hk), X 200. 

Fig. E. Boktus satanos. f. s.: club shaped extremity of hypha, X 200. 
Figs. F, G. l,1wpcrdon pyrifom~. Fig. F., f. s. : sinuous hypha (sh), tips (t), X 2oo; Fig. G., 

f. s. : spiral growth of hypha (s) enclosing another hypha, X 200. 

Fig. H. Agaricus oseconus f. s.: )bort·cclled tips (t), x 200. 

Pl.ATB 37 

Figs. A, B. S~m11n songuinolmtum. Fig. A., m. s.: young stage, intertwined generative hyphae 
(gh), X 32; Fig. 13., m. s.: the same stage, margin, X So. 

Figs. C E. lrpcx I<Uttus. Fig. C., m. s.: young stage, width 2 t50fU11, X32i Fig. D., m. s.: 
basis of the s.'lme young button with intertwined generative hyphae (gh), X So; Fig. E. , m. s.: 
development of teeth in the same button, X 200. 

Fig. F. Glotoph;•llum obittinum, m. s.: base of a young stage, intertwined generative hyphae 
(gh) , X 20. 

Fig. G. Ci«ophyllum odoralum, m. s.: zonation of the trama, X So. 
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DIE STRUKTUREN DER BASIDIOSPORENW AND UND DES 
APIKULUS, UND DEREN BEZIEHUNG ZUR 

EXOGENISATION DER SPORE 

H. CLEM£N90N 

/nstitut de Botanique Systematique de l' Uniutrsitl de lAusanne, Suisse 

(l'vfit 4 Abbildungen und Tafcln 38-4-B) 

Es ist m6glicb, aus den buhcrigen Bcobachtungen cin Grundschcma dcr 
Sporenwand zu cntwickeln und die bcka.nntcn Strukturen alsdavon abgeleitet 
zu verstchcn. Die Sporenwand ist aus zwci im Elcktroocn-mikroskop vcr­
schicdcn ausschcndco Substanzklasscn aufgebaut, cinem clcktronenopakco 
und eincm transparcnten :'.1aterial. Die heiden Substanzklasscn sind meh:r 
odcr wcnigcr vcrmcngt odcr cntmischt und bildcn auf diesc Wci3c zwci 
Klassen von Tcgumcnrcn, das Eusporium und das Myxosporium. Die Tcgu­
mcnte unrcrlicgcn modifizicrcnden Faktorcn wie Diffcrenzicrung und Rcduk­
tion. Die Exogenisation fuhrt von der Endospore :r.ur unechtcn Exospore und 
wciter zur echtcn Exospore. Als uncchte Exospore wird cine morphologische 
Endospore, abcr funktionelle Exospore bezeichnet. Die Apophysenwand ist 
am Aulbau der Sporenwand bctciligt. Deren AuBcnschiclll wird zum Sporo­
tbecium, die 1nncnscl1icht wird, wcnn sic vcrschleimt, Bcstandtcil des Myxo­
sporiurru, oder, wcnn sic nicht vcrschlcimt, des Eusporiums. Totalc Reduktion 
dcr Sporenwand und Obcrnahmc dcrcn Funktion durch die Apophysenwand 
IU.hrcn zur echten Exospore. Einige morphologische Bcobachtungcn lassen 
vcrmutcn, dnss die Spore aktiv vom Sterigma springt und nicbt pnssiv von der 

Basidic wcggcscbleudcrt wird. 

In dicsem AufSatz soil versucht wcrdcn, die bishcr bckanntcn Strukturen der 
Sporcnwande dcr Agaricalen auf cine gemcinsamc Basis zu stellcn und Entwicklungs­
tendcnzen zu bcschrcibcn. Insbesondere \\~rd gczcigt, wic die Basidiosporen vcr­
sehicdenc Stufcn auf dem Wcge zur echten Exospore erreichc habcn. 

DIE ERSTE STUFE DER EXOGE ' ISATION 

DER BECR!FP DER ExocENISATION 

Einc der mykologischen Grundidccn ist die Exogcnisation von Zellcn, die 
raumlich vcrbreitct wcrdcn sollcn, also der Konidicn (im wcitcstcn Sinnc) und dcr 
Sporcn. Klassischcs Beispiel liefern die Zygomyccten mit dem Obcrgang von 
Sporangicn mit viclcn Endosporen (Typ Mucor) zu Sporangiolcn mit wcnigen 
(Blaktslta) odcr nur cincr einzigen Spore (Cunni11ghamella) . Endstufc dicscr Ent-

g6g 
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wicklung sind die von cchtcn Konidicn kaum untcrschcidbarcn Sporcn von Myco­
typha. Nur ihrc doppcltc Wand vcrrat die Sporangiolen-Natur. 

Die E:'<ogerusation, der ,Orang nach aussen', licgt auch dcr Basidiospore zugrundc. 
Sic kann jcdoch wcitcrgchcn, indcm die cigcntlichc Sporcnwand rcduzicrt wird und 
im Extrcmfallc vcrschwindet. Damit ist die Sntfe dcr cchtcn Exospore crreicht. Ich 
bchauptc nicht, dass die urspri.lnglichc Sporocytc cin Ascus war. 

Erstes Produkt dcr Exogcnisation, das Resuhat dcr crstcn Scufc, ist cine cxponicrtc 
(cxogcnisierte) Endospore (Abb. r). Dicse bcsitzt cine eigene Sporenwand und ist 
von ciner blasigcn Ausstiilpung der Sporocytc, der Apophyse, umschlosscn. Morpho­
logisch sindsolche Sporen durchaus noch Endosporen, funktioncll hingegen Exosporcn, 
da sich die Apophyscnwand wie cine Schieht der Sporcnwand bcnimmt und zu­
sammcn mit dcr Spore die Sporocyte (Basidie) verllif3t. Man konntc cine funklioncllc, 
jedoch nicht morphologischc Exospore diescr Art cine uncchte Exospore ncnncn. 

Uncchtc Exosporcn dicscr Stufc bildcn inncrhaJb dcr Apophysc cine vollstllndigc 
Sporcnwand aus. Zur Zeit der Ablosung vom Sterigma ist die Apophysenwand 
weitgchcnd vcrschlcimt. 

Schone Beispiclc uncchtcr Exosporcn sind die Sporcn von Cortinarius und dcr 
Russulaceen. 

DIE VVANU DES STERIGMAS UNO DER APOPIIYSE UNU DEREN 

DtFFERENZIERUNOEN AUF DER ERSTEI\ SruFE DER ExooENlSATIO:-: 

Die Basidienwand ist mehr odcr weniger deutlich aus zwei Schichtcn aufgebaut. 
Erne innere, fcstere, im Elektronenmikroskop graue und kaum strukturierte Schicht 
ist von eincr aufgclockcrtcn, dunklcrcn und schJcimigen Schicht bcdeckt. 

Sporenwand ----+t 

EXOGENISA TION 

Erste Stufe 

Abb. r. Schema der Exogenisation, crstc Stufc. 

Apophyse 
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Die Stcrigmcnwand crschcin t im Elcktroncnmikroskop homogcn cinschichtig und 
gcgen aulkn scharfbegrenzt. Die ftockig-schleimigc AuBcnschicht dcr Basidicnwand 
vcrdunnt sich am Fussc des Sterigmas wtd wird WlSiehtbar (Taf. 38). Es kann nichr 
cntschicdcn wcrdcn, ob sic auf dcm Sterigma fchlt, odcr ob sic so stark kondcnsicrt 
ist, daB sic von dcr Inncnschicht nicht mchr untcrschicdcn wcrdcn kann. 

Die Apophyscnwand ist zuniichst cinschichtig, homogcn und nach aut3en scharf 
bcgrcnzt und cntspricht gcnau der Stcrigmcnwand. Schr bald abcr konncn Vcr­
andcnmgcn fcstgcstcllt wcrdcn. Zunachst tritt cine flockigschlcimigc Aut3cnsch.icht 
auf. Es istjcdoch vollig unklar, ob cs sich urn cine Xeubildung (Verschlcimung) aus 
der nacktcn, homogenen Apophyscnwand handelt, odcr ob die auBcrc Sch.icht der 
Basidicnwand hicr wicdcrum siehtbar wird. Im erstcn Fall sind die ganzc Apophyscn­
wand und ihrc Differcnzicrungcn nur dcr lnnenschicht dcr Basidicnwand homolog; 
im zwcitcn Fall ist die Apophyscnwand der ganzen Basidicnwand homolog. 

Wic dcm auch sci, die Apophysenwand ist fruhzcitig in cine aut3crc und cine 
inncrc Schicht geglicdcn, die sich wah rend dcr Sporcnrcifung vcrschicdcn verhalten. 

In den Schnitten durch Sterigma, Apikulus und Spore schcint die Stcrigmenwand 
in die Sporcnwand kontinuierlich ilbcrzugchcn (Taf. 41A). Dber der Sporcnwand 
und von dicscr gctrcnnt durch das dOnne, transparcnte Endosporoth.ecium, licgt 
cine fcinc, hetcrogenc, opakc Schleirnschicht, das Ektosporothecium. Bcide zu­
sammen bildcn des Sporothecium, welches aus der auBeren Schicht der Apophysen­
wand hervorgegangen ist (Taf. 39A). 

Die innere Schicht der Apophysenwand ,~;rd im Laufc dcr Sporcnreifung starker 
opak und verschlcimt Iangsam, "rahrend die eigcntliche Sporcnwand daran angc­
lagert wird (Taf. 39B). Die Anlagerung von Wandmatcrial an die innere Schicht der 
Apophyscnwand drUckt sich in deren Verdickung aus, so class die cigcntlichc 
Sporcnwand und die inncrc Apophyscnwand zu einer kontinuierlieh ausschcndcn 
Einheit verschmclzcn. Dies ist moglich, da die crstcn Ablagerungen dcr Sporenwand 
eben falls schleimig oder gallcrtig sind. Die junge Apophyse ist in diesem Stadium im 
Liehtmikroskop stark cyanophil, was crfahrungsgemaB schlcimigcn odcr gallcrtigen, 
elcktroncnopakcn Sehichtcn im Elcktroncnmikroskop cntspricht. 

Es sci glcich vorwcggenommen, daB in der Endphase der zweiten Stufe der Exo­
genisation die inncrc Sch.icht der Apophysenwand nicht vcrschlcimt und daB die 
ersten Ablagerungen dcr Sporcnwand nicht oder kaum sehlcimig sind. Solche 
Apophyscn sind acyanophil. 

Die Differcnzicrungen der inncrcn Schicht dcr Apophysenwand sind also nicht 
Ubcrall die glcichcn, sondcrn sind eng mit dcm jcwciligcn Stand der Exogcnisation 
verbunden. 

ALLOEMEINP. STRUKTUR OP.R SPORENWA!W UNO DIP. DIPPERE:-I"ZrERUNOEN 

HIRER TeouMENTE AUF DER ERSTEN STUl'e DER ExoceNJ.SJ\TION 

Die Pcrmanganat-Fixicnmg (Ciemcn~n, 1973) diffcrcnzicrt in der rcifcn Sporcn­
wand zwci Artcn von Substanzcn, clcktroncnopakc und clcktronentransparcntc. 
Es ist uobckannt, ob cs sich urn jc cine oder mchrcrc Substanzcn handclt, doch ist 
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letztcres wahrschcinlichcr. In Anlchnung an mcine bisherigen Arbciten (vor 
a llem Clemcn<jon, 1970) werden die dunklcn, opakrn Substanzcn Tunica-Material, 
die hellen, transparenren Corium-Material genannt. 

Clcichzeitige Ablagerung von Coriummaterial und von Tunicamaterial (oder 
andere Vennengungs-Mechani~mcn), sowic mengenmll3ige Untersehiede zwischen 
den heiden Matcrialicn ruhrcn zu vcrschicdcnartigcn Mischungcn. Sowohl die 
Proportionen, als auch die Art der Verteilung sind charakteristisch rt.lr die Ver­
mcngungcn. Diesc sind hetcrogcn, und das dw1klc Tunicamatcrial befindct sich in 
glcichmii!3igcr odcr unglcichmalligcr, grober bis fcincr Suspension im hcllcn Corium­
material vertcilt. 

Tritt das Coriummatcrial in rcincr Form auf, also ohnc Bcimisd1W1g dWlklcn 
Materials, so bildct es cin transparentes, homogencs Tegument, das Corium. In der 
Regel ist es cine inncrc Schicht, oft grgcn das Cytoplasma grcnzcnd und cntspricht 
dann mcist dem Endosporium dcr altcren Tcrminologic. 

Wcnn das Corium von dunklem Tunicamaterial durchsctzt ist, so sprcchen wir 
von cincm tunikisicncn Tegument, welches Corionmica gcnannt wird. Diesc kann 
mchr odcr wcnigcr stark tunikisicrt scin, so daB Zonicnmgrn inncrhalb dcr Corio­
tunica entstchen. Diese Zonen haben nicht den Wert von Tegumentcn, denn sie 
gehOrcn aile cincm einzigen Tegument an. Solche Zonen brauchen wcder voll­
stiindig, noch iibcrall glcich dick zu scin, unci sic kOnnen auf bestimmte Regionen 
bcsdlrllnkt blcibcn, odcr unrcgelmll!3ig auftrcten, odcr auf klcine Flocken bc­
schrankt blcibcn. Als Bcispiele seicn Pholiola und Kuehneromyces gcnannt (CiemenC(On, 
1974; Taf. 39C). 

Die Coriotunica ist weit vcrbreitct, und wegcn ihrcr rclativ hohcn mcchanischcn 
und chcmischen Resistcnz wird sie auch Sclcrosporium grnannt (Besson, 1970; 
Besson & KUhner 1972). 

Corium und Coriotunica bildcn die interne, festc und rcsistcnte Klasse dcr Tegu­
mentc, das Eusporium (Besson, 1972). 

Das Emporium ist in viclen Fallen von einem weniger rcsistellten, meist gallcrtigcn 
odcr gar sehlcimigen Myxosporium bcdeckt (Besson, 1972). Bei manchcn Sporcn 
gclingt es, das Emporium vom Myxosporium mcchanisch zu trcnnen, indcm die 
Sporen zwischen Deckglas und Objckttriigcr gequetscht und geriebcn wcrdcn (Taf. 
39D, E). 

Das Myxosporium entsteht aus der vcrsehlcimendcn Inncnschieht dcr Apophyscn­
wand und daran zusatzlich angelagcrtcn Mucosubstanzcn. Die gcsamtc Schlcim­
schicht, das primare Mucostratum, wird vor der Syntlltst des Coriummatcriales 
angclcgt. In den mcistcn Fallen gcht die Produktcn von Mucosubstanzcn auch nach 
dem Beginn der Coriummatcrial-Synthesc wcitcr. Auf diese Weise wird das trans­
parente Coriununaterial von opakem Material durchsetzt. In dcr rei fen Sporcnwand 
kondensieren die Mucostran•m-Partikel zum dispcrgicrtcn Tunicamatcrial der 
Coriotunica. Falls die Synthese des Coriummatcrialcs nach Einstellung der Produk­
tion der Mucosubstanzcn wcitcrgcht, entsteht als inncrstc Schicht des Emporiums 
das Corium. Es ist wichtig zu verstchcn, dall das Eusporium mcist von myxosporialcn 
Substanzcn durchsctzl ist. 
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Das iiber dem Eusporium gelegene primare Mucostratum wird wahrend der 
Sporcnrcifung zum Myxosporium. Dieses kann in einer von vicren verschicdcncn 
Formcn auftrctcn, wclchc als verschiedene Tegumentc gewcrtet werdcn. 

(a) Die homogenc, cleklroncnopakc und vcrhiihnismallig fcste Form des Myxo­
sporiums ist die Tunica, wie sic bei Rhodophyllus auftritt (Taf. 40A). Sic ist eher 
schen und stellt cine Kondcnsation des primaren Mueostratums dar. Ihr chemisches 
Vcrhaltcn, besondcrs die LOslichkcit in Kalilaugc, charaktcrisicrcn dicscs Tegument 
im Lichtmikroskop. 

Die Tunica ist cine rcinc Form dcr Tunicasubstanz, wic sic auch in dcr Coriotunica 
vorkommt. In mciner ersten Arbcit iiber die Architektur der Sporcnwande (Clemen­
~n, 1970), wird sic als cine von drei Grundtcgumcnten gcwcrtct, und in meiner 
Zusammcnstcllung von 1973 (crschiencn in Singer, 1975) wird sic zum Eusporium 
gezlihlt. Dies ist ein Irrtum, bedingt durch die Vcrbindung Corium - Coriotunica­
Tunica, wic sic in dcr rcifen Spore zutagc tritt. Die Ontogenic der Sporcnwand 
lchrt uns nun, daB die opakcn Substanzen zum Myxosporium gchoren, und dass die 
Coriotunica, wic schon erwahnt, myxosporiale Elcmente enlhalt. Das Grundschema 
dcr Sporcnwand wird vicl einfachcr und vcrstandlichcr, wcnn die Tunica zum 
Myxosporium gestellt wird. 

Die Einstufung der Tunica als Myxosporium wird durch die LOslichkeit in 
Kalilauge bestatigt. Es ist auch diese LOslichkeit, welche Besson & Kuhner iiber­
zeugte, daB die AuBcnschicht der Rhodophyllus-Sporcn dcm Myxosporium angehOrt 
(Besson, 1972). Da ich damab die Tunica als zum Eusporium gchorcnd bctrachtctc, 
wurde die Bczeiclmung Pseudotunica provisorisch vorgeschlagen (siehe Clemenc;on, 
1974). Dicsc rJllt nun nati.irlich daltin. 

(b) Wcit hAufiger ist die Epitunica, welche bei Cortinarius in Einzelhcitcn bekannt 
gcwordcn ist (Clemcnc;on, 1973). Bci dcr Bildung cincr vollstandigcn Epitunica 
spielen sich folgende DiJfercnzierungcn ab. Innerhalb dcr Apophysc v.ird zucrst das 
dunkle, primllre Mucostratum abgclagcrt. 1achdcm cine bestimmtc Dicke crrcicht 
wurdc, beginnt sich das Mucostratum an verschicdcncn Stellcn zu verfcstigcn und 
wird dabei zunehmcnd elektronentransparent. Auf dcr Obcrflliche der Coriotunica 
bildet sich so cine di.innc, helle und rccht festc Schicht, das Podostratum, welches in 
Schnittcn durch die Wand als fcinc, helle Linie die Coridtunica von der Epitunica 
trcnnt. Deshalb wurdc das Podo~tratum auch al, sclbstlindiges Tegument aufgcfallt 
und ).1cdiostratum gcnannt. Die viel voluminoscren, wcinigcr transparcntcn und 
auch weniger harten Kondcmationcn in dcr EpitUnica gehorcn dem Cerostratum 
an, so gcnannt wcgcn desscn wachsartiggallcrtigcn Konsistcnz. Dicsc Inscln rcichcn 
vom Podosrratum bis ofi zur Apophysenwand, k6nncn aber schmal und isoliert 
bleiben. Odcr sic k6nncn gr6Bcr wcrdcn, tcih.;eisc oder ausgedehnt anastomosicrcn 
odcr zusammcnflicBcn und nur isolicrtc LOcher frci lassen. Dcr Raum zwischen den 
Inseln odcr Adem und die LOcher des Ccrostraturns sind cinigc Zeit mit dem 
Schlcim des primaren Mucostratums ausgefliJit. Mit zunehmcndcr Reifung der 
Sporen vermindert sich dieser Schleim, und so werden die Warzen, Kreten oder 



PER sooN 1 A- Vol. g, Pang, 1977 

Locher dcr Epitunica geformt. Ein weiterer Fall ist die Bildung von Hohlen, wie sic 
bci Cortinarius, besonders in dcr Untergattung Phlegmaeium, hllufig sind, oder wie sic 
schr schon bci Fayodia bisphamgera auftrctcn. Hicr hat sich cntlang dcr Apophyscn­
wand cine dilnnc Schicht des primarcn :1\fucostratums vcrfcstigt, so daB bcim 
Schwund des Restschlcimes ci11c Hohlc auftritt, die von cincr diinnen Deckc des 
Cerostratums ilbcrdacht ist. Aile OberAachen dcr Hohlcn, LOcher und Warzen sind 
dauernd von einem dilnncn Mucosmnum bcdeckt. 

Ncbcn dicscn Formcn der Epitunica, wclche Ornamcntauoncn bildcn, kommt 
auch cine homogcne Epinmic.-'l vor, die bei cinigcn gla ttcn Sporcn, z. 13. bci Galerina 
medullosa, zu findcn ist. Bci diescr Art ist das Ccrostra tum cine durchgchcnde, dicke, 
in das Mucostratum eingcbcuctc Schicht mit mar wcnigcn, klcincn, hcllcrcn Kon­
deno;ationcn (T af. 408). Die solchermasscn glcichmll!3igc Epitunic.-'l kann Ieicht mit 
ciner Corionmica vcrwcchsclt wcrdcn, abcr die AuAosung in KO H odcr in Cltrom­
trioxid zcigt die l-lomologie mit dc•r Epitunic;a dcr C'..ortinari<'n an. 

(c) Einc wcitcrc DiiTcrcnzierung des primaren Mucostratums ist das Holotcctum, 
bcstehcnd aus Tectum und l nterstratum ( Ciemen~on, 1970). Das Tectum ist eine 
feste, elcktroncmransparcntc Schicht mit scholligcm Aufbau. Die Schollen rugen 
sich in der Regel eng aneinandcr und konnen zum T eil zusammennieBcn. Das 
rest liche Mucostratum bcfindet sich zwischen dcm Tectum und der zum Sporo­
thccium gewordcncn au!3crcn Apophyscnwand und hci!3t dcshalb I nterstratum. Von 
diescm dringcn fcinc Adem zwischen die Schollt·n des Tcctums, so daB dicses gcgcn 
die ObcrAlichc zu auf charaktcristische Weise aufgclockcrt und gclidcrt wird. 

Es ist heute klar geworden, daB das Intcrstratum zum TccLUm das glcichc Vt..r­
haltnis hat, wic das ~1ucostratum zum Rest der Epitunica. Die Logik vcrlangt, daB 
das l ntcrstratum mit dcr hcllen Schicht zu cincm einzigcn Tegument vcrcinigt wird. 
Dcr Stabili tat dcr Tcrminologic Willen soli dk hrllc Schicht wcitcrhin Tectum 
genannt wcrden. So muG denn fUr das T egument, 'Teetum + l ntcrstratum' cin 
ncucr 'amc gcfundcn werdcn. Es wird hier !I o I o t c c t u m vorgeschlagcn. 

Das Tectum kann glatt scin (, Lciotcctum'), odcr cs kann ausgcpriigtc \'\'arzcn und 
Krctcn tragcn, wic bci den Russulacccn. 

(d) Die Lcptotunic.-'l wurdc von Capcllano & Kuhner ( 1975) cingcruhrt urn cine 
opakc, homogenc, diinnc, dcr Coriotunica dirckt aunicgcndc Schicht dcr Sporcn 
von Pluteus und Volvariella zu bczeichnen. Sic glcicht dcr '1\mica im Auss<·hen, 
welchc aber dicker und auf die Rl1odophyllacccn bcschrlinkt ist, und ci.ncn kom­
plcxcrcn Ursprung hat. 

Die Lcptorunica ist die opak und wahrschcinlich schlcimig gewordcnc l nncn­
schlcht dcr Apophyscnwand, die rucht durch sckundarc Schlcimanlagcrungcn 
vcrd ickt wurdc. 

Wir habcn hier bcreits cincn Fall bcginncndcr Rcduktion dcr cig<'ntlichcn 
Sporcnwand. Die Ablagerung von rcincn Mucosubstanzcn ist stark odcr ganz 
rcduziert, so daB das primare Mucostratum dilnn blcibt (dies ist bci der Tunic.-'l 
nicht dcr FalJ). Die sekundlircn M ucosubstanzcn wcrdcn glcich in die Coriotwuca 
cingcbaut. 
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Abb. 2. Schema dcr DifTcrcnzicrungcn des primlircn Mucostratums. - A. Entstchung des 
primarcn MucostralUm.s aus dcr inncrcn Schicht (i) dcr Apophyscnwand und dcr daran 
angclagcrtcn Mucosubstanzcn. Die liuBcre Schicht (a) dcr Apophysenwand wird zum Sporo­
thecium. - B. Umwandlung des primlircn Ylucostratums in das Myxosporium, das die 
Formen dcr Epitunica, der Tunica odcr des Holotcctuou :mnehmcn kann. 
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Das Ausblcibcn cines vcrdicktcn primlircn Mt1costratums Hihrt zu Sporcn mit 
rcduziertcm Myxosporiurn. Dies ist der erstc Schritt zu cincr w<.itcrflihrcndcn 
Exogcnisation. 

Die Diffcrcnzierungcn des primllrcn Mucostraturns und die sich daraus crgcbcn­
dcn Tcgumcntc sind schcmatisch in dcr Abbildung 2 zusammcngcfaOt. 

DIE ZWEITE STUFE DER EXOGE:'IIISATIO 
REDUKTIO 1 DER SPORE iV·iA ·o 

Die zwcite Stufe der Exogcnisation flihrt von dcr uneehten Exospore zur echten 
Exospore; die morphologischc Endospore wird zur morphologischcn Exospore. Die 
cigcntlichc Sporcnwand wird rcduzicn und vcrschwindct im Extrcmfallc, und die 
Apophysenwand Ubcrnimmt die Funktionen der Sporenwand. 

Die Rcduktion dcr Sporcnwand gcht parallel mit cincr cntsprcehcndcn Rcduktion 
des Apikulus. lnncrhalb dcr Agaricalcn wurdcn vrrschicdenc Grade dcr Rcduktion 
crrcieht, und cs wcrdcn oft cinzclnc Tcgurncnte stllrkcr betroffen, als andere. 

Auf dcr zweiten Stufc dcr Exogcnisation wcrdcn drci Faktoren, nlimlich die 
opakcn Substanzcn, die transparentcn Substanzen und die Pigmentc, unabhlingig 
voneinander mchr odcr wcnigcr stark rcduzicrt. I m fo lgendcn wcrdcn cinigc 
Bcispicle angcfiihrt, die verschiedcnc Grade der zwciten Stufc der Exogcnisation 
darstcllcn. 

(a) In cincm crsten Rcduktionsschritt wcrdcn die Ablagerungen der opaken 
Substanzcn an die Apophyscnwand verringen odcr untcrd ri.ickt. Das Myxosporium 
bcsteht dann aus cincr di.inncn, manchmalunrcgclmaOigcn Schleimschicht odcr aus 
einer Leptotunica. 

Dicscr Grad dcr Rcduktion des :V!yxosporiums wird von einigcn mitcinandcr 
nicht enger verwandtcn Agaricalcn erre~chr, dcren Eusporium versehicdenc Stn•k­
turen zcigr. Bci viclcn Goprinaccac bcdcckt cine Lcptotunica das gut ausgcbildete 
und stark pigmcnticrte Eusporium (Taf. 41 A), bci Tubaria dispersa und L.Jophyllum 
fumalojoetens finden wir cin unregclrruiBigcs ~ucostratum, das die schleimigcn bis 
gallertigen Ornamcntationen dcr Sporenwand bildet (Taf. 41B, 42, 43) . 

Es ist schwicrig, oft sogar unmoglich, in den Schnittbildcrn rcifer Sporen cine 
Leptotunica von eincr liuBcrcn, stark mit opakcn Substanzcn durchsetztcn Zone dcr 
Goriotunica zu unterseheiden. In solehen Fallen konnen die Homologien mit den 
Schichtcn der Apophysenwand durch Untersuchung junger Sporen und dcren 
Stcrigmen crkannt werdcn. Es solltc auch mOglich scin, durch diffcrcnzicrcnde 
Atzung das Myxosporium selcktiv wegzul6scn und solche Sporen mit intaktcn w 
verglcichcn. 

(b) In einem weitcren Reduktionsschritl verschwindet das Myxosporium, nicht 
aber das Sporothecium. Die Inncnschicht dcr Apophyscnwand wird Bcstandtcil des 
Eusporiurns. Bci i 11ocyhe-Artcn wird cine normalc und hetcrogcn strukturierte 



Coriotunica direkt an die nicht versehleimende Apophyscnwand angelagcrt. Die 
Apophysenwand wird zur Coriotunica vcrclickt, und in den Schnittcn crschcint cine 
Kontinuitat der Stcrigmenwand mit dem Eusporium. Bei den Jnocybcn ist die 
Pigmentation reduzicrt, und das Sporothccium liegt clirekt dem Eusporium auf 
(Taf. 44-A). 

(c) Eine wcitcre Reduktion der Pigmcnte rllhrt zu farbloscn Sporen. Bei upiota­
Arten z. B. bestcht die Sporenwand aus einer dicklichen bis dickcn, schwach tuniki­
sierten und pigmentlosen Coriotunica (Taf. <j413). Bier ist also die Synthcsc dcr 
opakcn Substanzcn und dcr Pigmente, nicht abcr (oder nur wenig) die dcr transpa­
rcnten Substanzen rcduziert. 

(d) Bci Tubaria Jurfuraua hat das Gcgcntcil stattgcfunden. Das Eusporium ist 
durch die Vorherrschafi dcr opaken Substanzen gckennzcichnet. Die inncrc Apo­
physcnwand wird opak und wahrschcinlich gallcrtig-schlcimig. An diesc Schicht 
wird nun das Eusporium angelagert, das aber reich an opakcn, arm an transparcnten 
Substanzcn ist. Apophyscnwand und Eusporium vcrschmclzcn zu ciner Einhcit. Das 
so cntstandcne Eusporium ist cine schr stark von opakcn Substanzcn durchsctztc, 
dilnne Coriotunica in welcher ebenfalls die Pigmente reduziert sind (Taf. 44C). 
Wllndc solchcr Bauart sind zart und mcchanisch Ieicht vcrformbar, und auch 
chcmisch nicht schr widerstandsflihig. 

(c) Einc diinne, pigmentlosc, schwach tunikisicrtc Coriotunica ohnc Myxosporium 
kommt bci cinigen Pilzcn mit farbloscn, diinnwandigen Sporen vor, so bci w eo­
cortinarius bulbiger und bci Amanitafulva (Taf. ~. E). 

(f) Bci andercn diinnwandigcn und farblosen Sporcn ist sowohl das Myxosporium, 
als auch das Eusporium vcrschwundcn. Die pcrsistcnte Apophysenwand ersetzt die 
Sporenwand. Solche Sporen linden wir z. B. bci Hydropus subalpinus, M;una galopus, 
Oudemansiella (') platyphylla und viclen weitcrcn Tricholomatacecn (Taf. w. G). 

Die Phasen der zweitcn Stufc dcr Exogcnisation sind in dcr Abbildung 3 schema tisch 
zusammengcfa!3t. 

APIKULUS, PU CTUM LACRYMA!\S UNO SPORENABSPRU G 

Es bcstcht immcr noch cine milde Kontroversc urn die korrekte Bczcichnung des 
Stielchcns, mit welchem die Spore dcm Sterigma aufsitzt, obsehon sic bcrcits von 
J osscrand ( 1952) gut diskuticrt \'lUrdc. Er entschicd korrckt rur ,Apikulus'. und ihm 
folgtcn Kuhner & Romagncsi (1953), Horak (1968) und Cl~men~n (1973), wllh­
rend Pegler & Young (1971) ,Hilarappcndix' vorziehcn. Falsch ist es, Hilum zu 
sagcn, dcnn so wird die Abl5sungsstellc des Apikulus (Narbc odcr Loch) gcnannt. 
Das hohe AuflOsungsvermOgcn des Elektroncnmikroskopcs vcrlangt dicsc Untcr­
schcidung. 
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MORPIIOI.OCIE OES APIKULUS AUF DER ERSTE!'i ST\TFE DER ExOOENISATION 

Dcr Apikulus dickwandigcr Sporcn (uncchtcr Exosporen) ist andcrs grbaut, als 
dcr di.innwandigcr, cchtcr Exosporcn. Dies hlingt mit dcr besprochcnen Rcduktion 
dcr T cgumcntc in dcr zwcitcn Stufc dcr Exogcnisation zusammcn. Zucrst wird 
der Apikulus der dickwandigen Sporcn besprochcn, dcr noch nieht durch Rcduk­
tioncn markicrt ist. 

Dcr vollstlindigc Apikulus sctzt sich alts Apikularwand, Apikulardcekcl und 
Apjkulannark zusammen (Ciemcn~on , 1973). Die Wand ist vom Myxosporium und 
Sporothccium bcdcckt und besteht aus den liullcrcn Tcilen, der Dcckcl aus den 
innercn Tcilen dcr C.oriotunica. Wand und Deckel bildcn zusammcn cincn mcist 
konischen Hohlraum, in wclchcm sieh das schlcimige bis gallertige Yfark bcfindct. 
Einem Sporenpulvcr enmommcnc Sporcn haben den Apikularraum nur tcilwcisc 
mit Mark gcfullt, wobci dieses gcgcn den Dcekcl hin zu findcn ist, beim Hilum 
hingcgcn fehlt. Deshalb stehen die vcrdi.inntcn Apikularwlinde i.ibcr, und es wird ein 
Loch sichtbar. Es hllngt von der llohe der frei ubcrstehcndcn Wand und dcren 
Fcstigkcit odcr Schlallhcit ab, ob die Wa ndc aufstchcn odcr zusammcnfallen. 

P UCTUM LACRYTIIANS UNO SPORENABSPRUNC 

Allgcmcin wird angcnommcn, die Spore wcrdc bei ihrer Rcife passiv abgeschlcu­
den. Man spricht von Sporcnab\'IUJ'f odcr Projektion der Sporcn. Die wiehtigstcn 
dabei bt'obachtetcn Ereignissc sind die Ausschcidung cines Tropfcns (Fayod, 188g : 
272; Buller, 1922) odcr cincr Gasblasc (Olive, 1964), und darauf wurdc vcrsucht, 
eincThcoric dcrSporcnprojcktion zu konstruicrcn ( alive, tg6s). :-lcuerdings wurdcn 
aueh die seit Buller (1909) bekanntcn clektrostatischen Ladungcn dcr Sporcn zur 
Erklarung herbeigezogcn (Leach, 1976). 

l n cincr intcressantcn Arbcit von van Niel & al. ( 1972) wurdc vorgeschlagen, daO 
die Spore aktiv vom Stcrignla springt. Die dabci auftrctcndc Blase am Apikultts 
wird als Gasblasc, nicht als fiOssigcr Tropfen angenommen. 

Der Tropfcn abcr ist nicht cine Tauschung, wie Olive ( 1964) und van Niel & al. 
( 1972) annchmcn, sondcm cr existien tatsachlich. Er ist abcr nicht mit dcm Sporcn­
absprung verknupfi, sondern wurde von Uugucney (Dissertation, 1978) bci Coprinus 
schon in fri.ihcn Phascn dcr Sporcnrcifung bci noeh farbloscn odcr schwach gcflirbtcn 
Sporen bcobachtct. Nach seinen Untersuchungen client cine bcsondcre, stark 
diffcrenzierte Stelle der dorsalen Seite des Apikulus der Ausseheidung des Tropfens. 
Diese Stelle ist das Punctum lacrymans (Huguency, 1972). 

Das Punctum lacrymans kann mehrcre Tropfen nacheinander ausschciden. Seine 
Funktion licgt (nach Hugucney) in dcr Entwli.sscrung des Cytoplasmas der rcifcndcn 
Spore. Dies ist in gutcr Obcrrinstimmung mit den interfercnzoptischcn Messungcn 
von Knecht (1975) an den Sporcn von Tricholomopsis rnt1/ons, die eincn Wasscrgchalt 
von n\lr 23,8 ± o, r% aufweiscn (bcrcchnct nach den Angabcn in Kncchts Tabclle). 

Das Punctum lacrymans von Psothyre/lo subatrata ist cine Difi'ercnzierung der 
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Leplotunica (Taf. 45A). Obcr das Punctum Jacrymans der Pilze aus andcrcn Familien 
weiss man noch nichts odcr nur schr wcnig. 

Gcsti.itzt auf die bcschriebenen Bcobachtungen und lmerpretationen gebe ich 
folgende, zum Teil hypothctische Bcschreibung des Sporcnabsprunges. Die Apophyse 
bcsitzt zuerst einer zwar di.inne, doch fcstc Wand innerhalb derselben die Sporcn­
wand aufgebaut wird, oder clie zur Sporenwand wird (je nach der Stufe der Exo­
gcnisation). ?v1it zunehmender Reifung bildet sich dcr Apikulus aus, der obcn vom 
Apikulardeckcl verschlosscn, gcgen das Sterigma j cdoch offcn ist. Das Sterigma wird 
scincrscits gcgen den Apikulus durch cincn Pfropfcn verschlossen. Die Spore wird, 
auf der crstcn Stufc der Exogenisation, nur durch die modifizierten chichtcn der 
Apophyscnwand, also durch das Sporothccium und das Myxosporium, an das 
Sterigma gcbunden. Wahrend der Rcifung wird durch das Punctum lacrymans 
\Vasser ausgcschicdcn und das Cytoplasma dcr Spore kondensiert. I m Apikulus, 
zwischen Apikulardcckcl und Stcrigmapfropfen, cntstcht im Mark cin gasgeladcner 
Schleim wHcr relativ hohem Gasdruck (nach van icl & al., 1972, um die 5 atm.). 
Es kommt nun dcr Augcnblick, wo clic Fcstigkcit dcr zunchmend vcrschlcimenden 
Apo-physcnwand, auch in dcr zwciten Stufc dcr Exogcnisation, dcm steigcndcn 

- - Sporothecium 
___ Lcplotunrca • Mxsp. 

zonrer te , Eusp. 
Corrotunica 

ap §j - - - - -
I . . . ...... , .. ...... ,:! ~-- -Eusporrum 

~ 

Abb. 3· Schema der zweiten Stufe der Exogenisation. Oben: die innere Schicht (i) der 
Apophyscnwand wird zur Leptotunica, cine gut ausgcbildctc Coriotunica wird daran nngc­
lagcrt. Diese Stufe k:mn auch :Us lctzte l'hase dcr ersten Stufe der Exogcnisntion gcwcrtct 
werden, wie dns im Text gesehah. Mitte: Die innere Scl1icht der Apophysenw:md bleibt fest, 
das Eusporium wird daran angelagert, (i) wird Tcil des Eusporiums. Unten: Die Anlngcrung 
von Eusporium-Mntcrial untcrbleibt, die Apophyscnw:md iibcmimmt die Funklionen der 
Sporenwand. 
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Druck nicht mchr gcwachscn ist. Es hildct sich so die Gasbla~c und glcich darauf 
zcrrciOt die Apikularwand an ihrer diinnstcn Stelle, d. h. lihcr dem Sterigma­
pfropfcn. Es ist durchaus m6glich, daOdas Punctum lacrymans clie RiB-Stcllc vormar­
kicrt. Dcr untcr Druck stchcnde Inhalt des Apikulus tritt rasch aher unvollstandig 
aus, und durch eincn Raketen-Effekt springt die Spore ah. Der Apikularinhalt 
ist aber nicht trockcnes Gas, sondcm bcstcht aus ciner schlcimigcn Gaslosung, 
viellcicht einem Schaum. So kommt es, ciaO die ahspringende Spore durch den 
AhiOscmechanismus hcnetzt wird. Der Schuh i~t anflinglich rcclu groO, die Spore 
beschleunigt rasch, abcr infolge des schr bcschrlinkten Volumens des Apikularmarkcs 
daucrt dcr Schuh nur sehr kurze Zeit. 

Dicsc Ahsprung-Hypothcsc wird durch die Morphologic des Apikulus, das Auf­
tretcn des Tropfcns und dcr Gasblasc und dcr Tats."lchc unterstiitzt, dass bci hohcm 
Druck kcinc Sporen von den Stcrigmcn springen (Ingold & Dann, rg68). 

Es wird mcist angenommcn, daO Sporcn aus cincm Sporcnpulver, also ahge­
sprungcnc Sporen, reif sind. Dies wird wohl vielfach dcr Fall sein, doch sind die 
Entwicklung des Ablosemcchanismus und die Wandsynthesc nicht immcr korrelicrt. 
Vielleicht sind auch andere Rcifungsprozesse zur Zeit des Sporenabsprunges nicht 
vollstlindig durchgefUhrt. Ein schOncs Beispiel ftir cine nach dem Absprung wciter­
gehende Wandsynthese und Differcnzicrung linden wir bei Hebeloma sinapizan.r. Im 
Sporcnpulvcr cincr Kollcktion dicser Art wurden von glatten his stark ornarnentier­
tcn Sporcnwandcn :zahlreiche Obcrglinge gefunden (Taf. 45B, C). 

Im Jahre 1969 haben Pegler & Young aufgrund Rasterelektronenoptischcr 
Untersuchungen zwci Hilurn-Typcn unterschicden: den ,nodulose type' und den 
,open pore type'. Letztcrer ist mit groOcr Wahrschcinlichkcit aus llilurn und Punc­
tum laerymans zusanuncngesctzt (Huguency, 1975). 

Abb. 4· Schema dcr Phasen der zweiten Stufe der Exogeni.sation. - A. Voll ausgebildetes 
Myxo:sporium (M) und Endo:sporiurn (E). DifTerenzierungen des Myxo:sporiurm nicht be­
rtlckticbtigt. S = Sporothecium. - B. Myxo:sporium reduzicrt auf eine Lcptotunica (L). -
C, D. Ohne Myxo:sporium. - C. Voll ausgebildetes Eusporium.- D. Reduziertes Eusporium, 
das 'Endo:sporium' ist auf den Apikulardeckel beschriinkt. - E. Eusporium nur noeb als 
Apikulardeckel rudimentiir vorhanden. Die Apopbysenwand hat die Funktionen dcr Sporen­
wand Ubemomrnen. 
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M ORPIIOLOCIE DES APIKULUS WAIIRENO OER ZWEITE:-: STUPE OER ExOOENISATION 

Die Rcduktion des Eusporiurns auf dcr zwcitcn Srufe dcr Exogcnisat ion, wie sic im 
dicsbczUglichcn Abschnitt bcschricbcn wurdc, hat auch cine ~odifikation der 
Apikularstruktur zur Folgc (Abb. 4). 

Ocr Apikulardcckcl und die Apikularwand wcrdcn vom Corium oder dcr innerstcn 
Zone dcr Coriotunica gcbildct. Mit dcr Rcduktion des Eusporiums wcrdcn diesc 
Zoncn cbcnfal ls zurUckgcbildet, bis davon nur noch cin diinncr Apikulardcckel 
vorHcgt, dcr wic in die Sporcnwand cingcluingt crschcint. Zuglcich vcrschicbt cr 
sich stcrigmawlirts, und der Apikulus wird zum T cil mil Cytoplasma dcr Spore 
gcftilil. Einigc Bcispicle mOgen dies erlliutern. 

Bci Pholiola caespitosa (Taf. 46A) wird der HnscniOrmigc Apikulardcckcl vou dcr 
innercn, durchgehcndcn Zone dcr Coriotunica gebildet. Die Apikulanvand ist im 
obcrcn Teil von dcr Coriolunica bcdcckt. Entsprichldcr Zcichnung C der Abbildung 4· 

Bci Agaricus abruplihulbus (Taf. 46B) ist die innerste Zone dcr Coriotunica nicht 
durchgehend, sondcrn auf den Apikulardcckel bcschrankt. Die Coriorunica bcdcckt 
die Apikulanvand. 

Bci Tubaria furfuracta (T af. 46C) bcschrlinkt sich die innerc, helle Schicht dcr 
Coriorunica auf den Apikulardeckcl. Wcder die Sporenwand, noch die Apikular­
wand sind von einer homologcn Schichl bcdcckt. Entspricht dcr Zeichnung D dcr 
Abbildung 4· 

Bci Hygrophorus meli~tus (Taf. 46D) ist dcr Apikulus vom Cytoplasma der Spore 
erftillt. Ocr Apikulardeckel bcschriinkt sich auf einen di.innen, eingehiingten Schild. 
Entsprichl dcr Zcichnung E der Abbildung 4· 

DIFFERENZIERUNGEN DES SPORENSCHEITELS 

Viele Sporen, vor allcm die dUnnwandigen, weiscn keinc Schcitci-Differenzierung 
auf. Bci andercn Basidiosporen, bcsonders viclen dickwandigen, wcrden lichtoptisch 
seit 1866 der Keimporus (de Bary, r866: 127) und seit 1931 der Kallus (IIeim, 1933: 
55) untcrschieden. (Tulasne, 1853, hal ,pore germinatif' flir R ostsporen gebraucht). 

Die Scheitel-Differenzierungen vieler Sporen wurdcn von ~{elendez-llowell 
( 1962) elektronenoptisch \mtersueht. Die Autorin unterscheidet 6 verschiedene 
Strukturcn, die im Text a llgemein als ,diiferenciations', scltcncr als ,pore gcnni­
natif' bcschricben werden, und nur am SchluO wird des Kallus envlihnt (I. c. : 591) : 
,Lc lerme de cal r<!pondrait bien a certains pores de nos types 8 Cl w, ... " 

KEIMPOREN 

Die porusflkmigc Scheitcldilfcrcnzierung kann schr eng bis sehr brcit, gcrundet 
oder gcstutzl sein u nd kann sich sogar im vorgczogcncn Schcitel bcfindcn. Charak­
teristisch ist, daO die T egumente in dicser Scheitelzone (oft vcrhliltnismallig brilske) 
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Vcrlindcrungcn ihrcr gcgcnscitigen Proportionen aufwciscn, abcr in ihrcr Fcin­
Stnlkttlr nicht vcrlindert sind (Beispiel Taf. 47B; vgl. Cl~ment;:on, 1974). 

PAPI I..l.EN 

In dcr Arbeit von Mcl~ndcz-Howcll (1962) wcrden kcinc Cortinaricn untcrsucht. 
Die papillcnfOnnigc Schcitcldiffcrcnzicnmg viclcr Cortinaricnsporcn wcist cine 
bcsondcrc Struktur auf, die viclleicht tcilwcisc dcr Struktur w von Mel~ndcz-Howell 
cntsprieht. 

Das Bcsondcrc an dcr Papille bcstcht darin, daO cine Vcriindcrung dcr Fcin­
strukrur dcr Tegumcntc auftrin. Diesc sind schwammig-schaumig bis locherig 
aufgcdunsen (Taf. 47A). Es ist aber zu bcmerken, daO diese Verli.nderungen auch an 
flaehcn Schcitcln auftrctcn konnen, wo sic lichtoptisch kaum odcr nur als im Brech­
ungsindex verlindertc Stelle gesehcn werden konnen (Cicmen,.on, 1973). 

KALLUS 

Es bestcht cine gcwissc Unsichcrhcit dariibcr, was dcr Hcim'schc Kallus cigentlich 
ist, und in der auf lichtoptischcn Bcobachtungen beruhcnden Literatur konnen drei 
cinandcr oft widcrsprcehcndc Auffas.~ungl'll gcfunden werdcn. 

(a) De Kallus wird als diinnc Stelle vcrstandcn. Singer ( 1975): ,a thinner-walled 
apical region that is more or less convex or even callously protracted rather than 
truncate." Smith & Singer (1964: 6) : , ... the existence of a callus (thin spot} ... ", 
Moser ( 1967) : ,diinnwandigc, konvcxe (nicht abgcstutztc) Stelle der Sporcnwand 
am a pika len Ende." 

(b) Dcr Kallus wird auch dcr apikalcn Papillc vielcr Cortinariacccn glcichgestcllt. 
Singer (1975) schrcibt fiir Hebeloma: ,with a callus at the apex", rur Ro{.ites ,without 
germ pore but more or less mucronate with a callus", fUr Corti11arius ,without a germ 
pore but often with a distinct callus." In diesem Sinnc wurde die Scheitelpapille 
von Corti11arius auch von Clemcnc;on (1973) als Kallus bczcichnct, was von KUhner 
(mi.indlich) bcanstandct wurdc. 

Es sci bcmcrkt, daO viclc Hebeloma-Arten cine Papille, andere aber eincn Kallus 
aufwciscn, abcr man ist gcncigt, die Papillc als Kallus zu bczcichncn, da Hebeloma 
cine Coninariaccc ist und die cinzige europaischc Art von Rodte.s cine dcutliche 
Papillc bat. 

(c) Die Abgrcnzung des llcim'schcn Kallus gcgcnUbcr dcm Kcimporus wird als 
schwicrig und unsichcr cmpfundcn. Singer ( 1975) schreibt : ,Undoubtedly, tnc 
transition from a callus to a pore is not quite a sharp one." Ki.ihner & Romagnesi 
(1953) : ,diffcrcnciation .. . qui pcut ctre comparee au pore gcrminatif, mais qui est 
scnsiblcmcnt moins large ct plus difficilcmcnt visible .. .. " J osscrand (1952): ,ce 
tcrmc ... designc unc sortc de pore ctroit ct surtout mal individualisc". 
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I n dcr Erstbcschrcibung (, Definition") des Ka llus braucht Hcim ( 1931: 55) 
Bczcichnungcn wic ,discontinuite", , refringence difTercntc" und ,disposition 
caracu!ristiquc", die nichts ubcr die Struktur des Kallus aussagen. Als Beispiele 
wcrdcn Pholiota carbonaria und Hebeloma radicosum genannt. 

Das Elcktroncnmikroskop zcigt, daB die Sporenscheitcl von Pholiota carbonaria (Taf. 
41JA) und von Hebeloma radicosllTTI (T af. 48B) von inncn her vcrdunnt sind. Das 
Cytoplasma ist papillcnfOrmig in cine cntsprechende Vertiefung der Sporenwand 
vorgczogcn. 

Diesc Struktur hat cine gcwisscn Ahnlichkcit mit dcr porusformigcn Schcitcl­
difTcrenzierung, so class kaum cin fundamentalcr Unterschicd zwischen Kallus und 
Porus besteht, es sci denn, die vom Cytoplasma ausgcft.i llte Verdunnung der Sporen­
wand wcrdc als fundamental bctrachtct. 

Von allen bercits ziticrtcn lichtoptischen Beschreibungen trcffcn nur diejenigen 
zu, die cine dunnc Stelle fUr wesentlich haltcn. Die PapiJlen der Corti.nariaceen sind 
kcine Kallen. 

Die SchcitcldifTcrenzicrungen konncn zusammenfassend in zwci KJasscn und drci 
Gruppcn gcglicdcrt wcrdcn.-

(t) DifTcrcnzierungen ohne wcscntlichc Vcrllnderung dcr Feinstruktur: 
( ta) Porus, ohnc mcrklichc Vcrdunnung von innen her. 
( 1 b) Kallus, mit ciner mcrklichcn Vcrdililnung dcr Wand von innen her. 

(2) DifTcrcnzicrungcn mit wescntlicher Verllndcrung der Fcinstruktur, 
(2a) Papillcn, mit schaumig bis locheriger Veranderung der T egumente. 
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Su.nunary 

In an attempt to find the basic architecture underlying the known structures of 
tl1e basidiospore walls some developmental patterns of the formation and reduction 
of the wall teguments arc described. 

Spore walls arc built from two classes of substances differing in their aspect in the 
electron microscope: an electron dense material and an electron transparent mate­
rial. These two classes, by mixing and separation, form two classes of teguments, the 
eusporium and tl1e myxosporium. The teguments are modified by dilfercntiation <md 
reduction processes. 

A processus called cxogcnisation leads from an endospore to a false exospore and 
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eventually to a true exo~re. A false exospore is morphologically an endospore but 
functionally a n exospore. The wall of the apophyse contribut~ to the formation of 
the spore wall. The external layer becomes the sporotheeium, the internal layer 
contributes to the myxosporium if it g-elatinizes or to the eusporium if it docs not 
gelatinize. Total reduction of the true spore wall leads to a replacement of the spore 
wall by the apophysc wall and thus to a true exospore. 

Some morphologic observations suggest that the basidiospore is not projected by 
the basidium, but that it actively jump~ off the sterigma. 
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London. 
Tuu.s.,'E, R. L. ( •853). 1'\ote sur Ia germination de3 spore3 de3 UrMiote3. In C.r . Acad. Sci. 

Paris 36 : •-+ 
Nu:t., C. B. VAll, GARNJ::R, G. E. & CouJ::l", A. L. (1972) . On the Mechanism of Ballistosporc 

Discharge. In Arch. Mik:robiol. 84: 129-140. 

Obergang der Basidienwand in die Stcrigmcnwand: Verschwinden dcr auDercn, schlcimigen 
Schicht. PsathyrtllD suha.straw, X 33.000. 

TAFEL 39 

Fig. A. Sporothccium mit Endo- und Ektosporothccium (oberer und untcrcr Pfeil) . 
Agrocybe splmdida, X 100.000. 

Fig. B. Anlagerung der eigcntlichcn Sporcnwand (Pfeil) and die Apophyscnwand. Lepisw 
sordida, x 50.000. 

Fig. C. UnrcgclmiiJlig gczonle Coriolwtica, Plwliow (Jr rulwrom;-us) caespitosa, X 25.000. 
Fig. D, E. Mcchanisch getrenntc Eusporien uod Myxosporien. Hebtwma mesophaeum, 

x 16oo. - Fig. D. Phasenkontrasi. - Fig. E. Hcllfcld, Toluidinblnu, Endosporium geflirbl und 
am untcren Ende aufgaprungcn. C= Cytoplasma, E= Endosporium, M - Myxosporium. 

Fig. A. Tunica, Rhodophyllus ineanus, X 50.000. 
Fig. B. Homogcne Epitunica von Cakrina mdulwsa, cine glattsporigc Art, x 50.000. 

Fig. A. Sterigma und ba.salcr Teil der noch unrcifcn Spore von Psathyrtllo suhatrow, X 50.000 
Die auBerc Schleimschichl trill wicdcr auf, und die Stcrigmcnwand ist in die dunkle Lcpto­
tunica forlge3Ctzt. Die Corio1unica wird gegen innen vom Plasmalemma bcgrcnzl. 

Fig. B. UnregelmaBige3 Mucostrnlum, Tuboria dispersa, X 30.000. 

UnregclmliBiga Mucostratum, Tubaria dispersa, X 10.000. 
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TAFEL 43 

UnregelmiiBiges Mucostra lurn, L;'Ophyllumfumatofodms, X 10.000. 

Fig. A. Lockeres, llockiges Sporothecium, direkt auf der Curiotunic.'\ aullicgend. ltwcybt 
gtophJIIo, X 50.000. 

Fig. B. Lockeres Sporothecium, direkt auf der Coriotunica nulliegcnd. Die aulknte Zone 
der Coriotunica ist starker tunikisiert und erscheint deshalb clunkier. upiota cristata, X 50.000. 

Fig. C. Stark tunikisicrte, fast gallertigc Coriotunica von Tuboriofurfurawz, x so.ooo. 
Fig. D. Nackte, schwach tunikisicrtc Coriotunica von u uC()C()f/inorius bulbiger, X so.ooo. 
Fig. E. Zwei sieh berUhrende Sporen von Amanita fuloo, X so.ooo. Coriotunica schwach 

tunikisiert und pigmentlos. Die dUnncn Sporothccien vcrschmelzcn beim Kontakt. 
Fig. F. Reifc Spore von H;·dropus suba/pinus, X 50.000. Die eigentliehte Sporcnwand ist 

durch die persistente Apophysenwand ersetzt worden. 
Fig. G. Rcife Spore von Oudmumml/a (Tritholomopsis?) plat;'fJhyllo, x so.ooo. Die eigcnt­

liehc Sporenwand ist durch die persistente Apophysenwand ersetzt worden. 

TAFEl. 45 

Fig. A. Punctum lacrymans, cine DifTcrcnzicrung dcr Lcptotunica bei Psothyrella subatrala. 
P. L.= Punctum lacrimans, ST= Sterigma, SP= Spore. Vgl. Tafel 4 1A, die cine andere 
Schnincbcne darstcllt und das Punctum lacrimans a uf dcr rechten Sci1e tnngiert. 

Figs. B, C. Vcrschicdcne Awbi.ldungs-Stadien dcr Epitunicn bei Sporen aw frisch ab­
gefallenem Sporenpulver von lltbtloma sitUJpi.t.ans, X so.ooo. 

Figs. A- D. Apikularstrukruren verschiedener S tufen der Exogenisation, X so.ooo.­
Fig. A. Voll awgebildete Struktur mit Myxosporium und Endosporium. Der 1\ pikulardeckcl 
sctzt sieh allscitig in ein ,Endosporium' fort. Pholwta (KuthntroTliJUS) UJespitosa. - Fig. B. 
Ewporium reduziert. Apikulardcckcl sctzt sich nicht scitlicht fort, und wirkt wie eingehfingt. 
Agaricus abruptibu/bus. - Fig. C. Die Synthesc der elektronentransparenten Substanz ist stark 
reduziert, die Coriotunica wird dadureb wcieb und dunkcl. Nur dcr Apikulardeckcl ist 
schwaeher tunikisiert und ist auf den Apikulus beschriinkt. Tubaria fuifuracta. - Fig. D. Lctzte 
Stufe der Exogcnisation. Das Ewporium ist nur noch a1s schlecht individualisicrbarcr Apiku­
lardcckcl zu linden (Pfei.l). Die Sporcnwand wurdc durch die persistente Apopbysenwand 
crsetzt. Hygrophorus mtli~tuS. Vgl. Tafel 44G. 

TAFEL 47 

Fig. A. Beispiel einer Papille. Cortinarius oru halrius, X so.ooo. 
Fig. B. Beispiel cines Porw. Pholiota (Kuthnn-o"!)·cts) bridgei, X so.ooo. 

Fig. A. Kallus von Pholiota urrbonaria, X 50.000. 
Fig. B. Kallus von lltbtloma raditosum, x 50.000. 
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A KEY TO THE SPECIES OF MORTIERELLA 

w. GAMS 

Cen/raalbureau ooor Schimmelcul/ure.s, Baam 

A key is provided covering only thO!ie species of Morli4ulla of which living 
cultures arc available and which arc recognized as specifically distinct. Two 
subgenera, Mi4romUUJr subgcn. nov. and Mortimlla, a nd nine sections in the 
latter arc d ist inguishcd. The recognized species arc listed with some new 
synonymies and bibliographic documentation. Three species which were 

invalidly published by Linnemann in 1936 arc validated. 

Aficr Linnemann's (in Zycha & Sicprnann, 1970) and Mil'ko's ( 1974) fair ly complete 
compilations of the species so far described in Morlurella, it now seems inappropriate 
and premature to provide another revision of the genus. Tltis key is mainly written 
for practical purposes, arising from the need to provide a concise survey of the 
recognized species. It covers the species of which living cultures arc available and 
which arc considered sufficiently distinct to deserve a specific status. A considerable 
number of species has not been found again since their original description and their 
status is somewha t doubtful; others arc considered to be synonyms of recognised 
species from their diagnosis and yet others have been synonymized on the basis of 
available type cultures and, further, some species a re not recognized because they 
have not been validly published. All these taxa have been omitted from this key. 

The species grouped around Morlierella ramanniana (MOller) Linnem. and M. 
isabellina Oudcm. with velvety growth and mostly pigmented sporangia form a 
distinct group without affinity to other species of the genus. They deserve distinction 
at a higher than sectional rank but arc retained in Mortierella fo r the time being as 
long as it cannot be decided objectively whether they belong to the Morticrellaccac 
A. Fischer or rather the Mucoraceae Dumort. 

Mortierella subgen. Micromucor W. Gams, subgen. nou. 

MuCllr sect. Ramannianus Zycha in Krypt.-FI. Brandenb. 6a: 57· 1935 (nom. inval.; Intern. 
Code Bot. Nomcncl., cd. 1972, Art. 36). 

Mueor sect., Mi"omueor Naumov, Opredcl. Mukorovykh (Mucorales) (Izd. 2) : 27. 1935 
(nom. inval., Art. 36). 

MortimUa isabtllina group Turner in Trans. Br. mycol. Soc. 46 : 262. 1963- Mort:mlla 
sect. lsahtllina Linncm. in Zycha & Siepm., Mucorales: 156. 1970 (' 1g6g') (nom. inval., Art. 
g6). 

MrSAPPUt!D: Mortimlla sect. Pusi/111 Linncm., Mucorinccn-Gatt. Morlimlla: 16. 1941 (M. 
pusilla Oudcrn., a species of doubtful identity, obviously docs not belong to this group). 

Colonine velutinae nee nrachnoidcae, non distincte olentes. Sporangiophora erccta, plus 
minusvc ramosa; sporangia plcrumquc rubra vel ochracea, pluri- vel unispora, columella 
parva pracsentc vel absente. Species typica Morti4rtlla ramanniana {MOller) Linnem. 

381 
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Species of this subgenus show their characters most clearly on 2% malt extract 
agar. The monographic treatment of this group by Turner ( 1963) provides a sound 
base for species delimitation, and her arrangement is followed with some additions. 

The other subgenus, Mortierella, is characterized by white, arachnoid colonies 
often with lobed or rosette patterns and mostly with a garlic-like odour. The mor­
phological features of this group are described from cultures growing on soil extract 
agar or potato-carrot agar, as outlined by Carns (1970), and the arrangement in nine 
scctiom, proposed in that paper, has been retained. 

While a considerable number of species remains doubtful and might eventually be 
elucidated when isolates become available which cannot be identified witlt this key, 
some old species have already been rediscovered recently and a number of new 
species has been added (Cams, 1976). The locations of the diagnoses and the first 
discoveries of zygospores of the recognized species, as well as some synonymies, arc 
given at the end of this study. 

K£y TO TU:S SUBGENERA, SEC110l\"S lu'ID SOW£ ISOLATI!I) SPECIES 

1a. Colonies velvety, not exceeding 3 mm in height; sporangia mostly ochrnceous or vina­
ceous, ofien with a small columella; without dilltinctive odour . subgcn. Micromt.®T (I) 

b. Aerial mycelium consillting of longer, ascendent or prostrate hyphae, white, cottony or 
arachnoid; sporangia usually not pigmented, without or with a rudimentary columella; 
mostly with a garlic-like odour . . . . . . . . . . . . . subgen. Mortiaella (Il} 2 

2a. Only chlamydospores present (recognizable as Mortimlla by colony habit and odour) 3 
b. Sporangiophores and sporangia (sporangioles) present . . . . . . . . . . . . . 6 

sa. Chlamydospores smooth-walled: no further ~J>Cf"ies identification possible 
b. Chlamydospores ornamented, not exceeding 30 !J.m diam. (if bigger, cf. M. alliaua) 4 

¥ · Chlamydospores covered with relatively few blunt spines up to 4 X 1 !J.ffi, terminal or 
intercalary, moslly 15~6f.LID diam.; homothallic . . .... . .. . M.chlamydospora 

b. Chlamydospores more densely fimbriate . . . . . . . . . . . . . . . . . . . 5 
sa. Chlamydospores mostly terminal, sometimes intercalary, densely covered with straight 

1~ !J.m long spines, mostly 14~ 1 f.LID dinm.; heterothallic . . . . . . . . M. indohii 
b. Chlamydospores mostly intercalary, sometimes terminal, with sometimes flexuous blunt 

spines up to 5 X 1 !J.ID, mostly 17- 28 f.LID diam.; zygospores unknown . . M. tchinosphana 
6a. Spomngiophores always unbranched . . . . . . . . . . . . . . 7 

b. Sporangiophorcs branched (at least sometimes) . . . . . . . . . . . . . . . . 9 
7a. Sporangiophores usually exceeding 200 fJ.ffi in length . . . . . . . Sect. Simplex ( 1) 
b. Sporangiophores less than 150 f.lm in length .... . ............. 8 

8:~.. Sporangia, at least partly, many-spored; sporangiophores with dilltinclly widening base 
(cf. also M. horti&~Jw in sect. Sl}wspora) . . . • . . . . . . . . . . Sect. Alpina (2) 

b. Sporangia one-spored; very slender spornngiophores arilling in dense rows from the 
aeria l hyphae . . . . . . . . . . . . . . . . . . . . . . . Sect. Schmuekni (3) 

9a. Sporangiophorcs racemosely branched with a thick main stem a.nd thin, shon branches 
10 

b. Branching in another way . . . . . . . . . . . . . . . . . . . . . . . . 11 

10a. Branches arilling above the middle of the sporangiophore . . . . Sect. Morlicrtlla (4) 
(ifsporangiophores shorter than 100 fJ.ffi with strongly swollen base, 
cf. Sect. Haplosporangium) 
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rob. Branches arising from the uppermost part of the sporangiophore in clusters from an 
inflated region . . . . . . . . . . . . . . . . . . . . Sect . .ActinomDrtimllo (5) 

rra. Branches arising mainly from the lower part of the sporangiophore (basitonous) . 12 
b. Branches arising from the middle or upper part of the sporangiophore (mesotonous or 

acrotonous). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
12a. Sporangia containing many, or at least several, smooth or ornamented spores 

Sect. Hygrophila (6) 
b. Sporangia one-spored, often ornamented . . . . . . . . . . . . Sect. Stylospora (7) 

13a. Sporangia many-spored; sporangiophorcs often bent upwards above an ascendent basal 
part and with a minute columella . . . . . . . . . . . . . . . . Sect. Spinosa (8) 

b. Sporangia one- or two-spored; sporangiophores short, with broad base, strongly tapered 
in the middle part and arising in dense rows from the aerial hyphae 

Sect. Haplasporangium (g) 

I. Subgenus MrcR O l! UCOR 

1 a. Spornngia one-spored . . . . . . . . 2 
b. Sporangia many-spored . . . . . . . . . 3 

2a. Sporangia hyaline; colonies white . . M. nona 
h. Sporangia reddish . . . . . . . . . M. ro.stb-nana 

sa. Colonies shades of oehrnccous-grcy; spores slightly angular, 2-3 11-m diam.; small 
chlamydospores scarcely produced . . . . . . . . . . . . . . . . . M. iJabdlina 

b. Colonies pink, russet or lilac . . . . . . . . . . . . . . . . . . . . . . . . 4 
¥· Chlamydospores filled with lipid droplets, abundantly produced ; spornngiophores always 

with a small distinct columella . . . . . . . . . . . . . . . . . . . . . . . 6 
b. Chlamydospores small and scarce or absent . . . . . . . . . . . . . . . . . . 5 

sa. Sporangiophores slightly widened below the sporangium, sporangia) wall mostly re­
maining as a large collarctte; small columella often present; spores angular, 2-3 11-ffi 
diam. . . . . . . . . . . . . . . . . . . . . • . . . . . . . . M. longiallliJ 

b. Spornngiophores not widened below the sporangium, without a collarcttc; columella 
hardly developed; spores angular, 3- 411-ffi diam . ...... . .. . .. M. vinaua 

6a. Spores angular; colonies somewhat brownish red ... . M. ramatzniana var. anguliJpura 
b. Spores rounded; colonies in other red to vinaceous shades . . . . . . . . . . . . 7 

7a. Spores ellipsoidal; fungus requiring thiamin . . M. ramanniana var. ramanniana 
b. Spores globose; fungus not requiring thiamin . . . . . M. ramanniana var. twU/trophica 

11. Subgenus MoRTtERELLA 

r. S c c t ion S t M Pt. Ex W. Carns 

in Nova Hedwigia 18: 37· 1970 ('t g6g') 

ra. Sporangia equal; all many-spored ..... . . . .. . . 
b. Sporangia unequal; partly many-spored, partly few- or one-spored 

2n. Clusters of vesicles present near the base of the sporangiophorcs 
b. Clusters of vesicles absent. . . . . . . . . . 

sa. Spores globose, fine.ly warted, 5-7 11-ffi diam. 
b. Spores ellipsoidal to cylindrical, smooth-walled 

¥·Spores rr-r6X6-81Lm .......... . 
b. Spores 7-9 X 4-5 11-ffi · · · · · · · · · · · · 

sa. Amoeba-like chlamydospores with irregular appendages present 
b. Amoeba-like chlarnydospores absent . . . . . . . . . . . . 

2 

9 
3 
5 

M. globuliftra 
..... 4 
. M . tulmosa 
M. pilulifua 

M. amoeboitka 
...... 6 



PER sooN 1 A - Vol. 9, Part 3, 1977 

6a. Sporangiophores markedly constricted below the sporangium; spores 9-11 X6-7 iUT\ 
M. strangulalll 

b. Spor.mgiophores hardly constricted below the sporangium . . . . . . . . . . . . 7 
7a. Columella conspicuous; spores globose, 2-3 v-m diam . . cf. M. turf'"'kl (Sect. Hygropl1ila) 
b. Columella absent; spores much larger .................... 8 

Sa. Spores 5-6.5 x 3·5-4 v.m, smooth-walled. . . . . . . . . . . . . . . M. rostojinskii 
b. Spores 1<>-20 v-m diam., with strongly undulate outer membrane and angular outline 

M. ornata 
9a. Sporangiophores to 1000 I-'m long and 70 iUT\ wide; spores subglobose, almost smooth­

walled, about 10 v-m diam., formed in many-spored sporangia; in addition verrucose 
spores, 12--'.!5 iUT\ diam., arc formed in few-spored sporangia; chlamydospores absent 

M. simpkx 
b. Sporangiophores to 6oo v-m long and 30 iUT\ wiclc; spores subglobose, either 8-1 1 iUT\ 

diam., almost smooth-walled and formed in many·spored sporangia, or 12--'.!4 v-m and 
coarsely verrucose and formed in one- or few-spored sporangia; chlamydospore-like 
hyphal swellings present . . . . . . . . . . . . . . . . . . . . . . M. anguslll 

2. S e c I i 0 n A L P I N A Linncm. 

Mucorinecn-Catt. Mortimlla: 35· 1941 

ta. Sporangia always one-spored, globose, finely echinulate cf. M. hort~la (sect. SIJ/ospora) 
b. Sporangia, at least partly, many-spored. . . . . . . . . 2 

2a. Spores of many-spored sporangia elongate. . . . . . . . . . 3 
b. Spores of many-spored sporangia of other shapes. . . . . . . . . 4 

3a. Fimbriate chlamydosporcs, 20 6o(- 120) v-m diam., present M. allia&ea 
b. Only small, indis1inct, smooth-walled chlamydospores occasionally present . M. alpina 

4:1· Spores irregularly lobulate . . . . . . . . . . . . . . . . . . . . M. polygonia 
b. Spores more or less globose . . . . . . . . . . . . . . . . . . . . . . . . . 5 

sa. Spores 3-10 v-m diam; globose chlamydospores, 6-•5 v-m diam., fairly numerous 
M . anlllrel~ 

b. Spores 3- 5 v-m diam.; chlam)•dosporcs absent or sc.~nty and little differentiated, elongate 
M. globalpina 

3· Sec t i on S c n Mu c K E R 1 W. Cams 

in Nova Hcdwigia 18: 38. 1970 ('1g6g') 
1 a. Sporangia globose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
b. Sporangia flattened, 1o-15 iUT\ diam.; sporangiophorcs mostly 2o-50 v-m long 

M. sehmuekri 
2a. Sporangiophorcs 7- 17 I'm long; spores 5-6 v-m diam. . . . M. claus.smii 

b. Sporangiophores 25-45 ~UT~ long; spores 7- 12 iUT\ diam ....... . . M. camargensis 

4· SeC l i 0 n M 0 R TIER ELL A 

Syn.: Scc1ion Po/ycephala Linnem., Mucorinecn-Gatt. Morlim/Ja: 24. 1941 

emend. W. Cams in Nova Hedwigia 18: 38. 1970 {'196g') 

1 a. Spores with reticulate walls . . . . . . . . . . . . . . . . . . . . M. rlliculala 
b. Spores with smooth or granulate walls . . . . . . . . . . . . . . . . . . . . 2 

2a. Sporangia up to 5-sporcd; spores finely warty, 11-16 v-m diam.; irregularly lobate 
chlamydospores present in the agar . . . . . . . . . . . . . . . . M. oligospora 
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2b. Sporangia many-spored; aerial chlamydosporcs regularly spinulosc 
3a. Spores smooth-walled, IG-121Lffi diam .. 

b. Spores finely echinulate, 12-151-'m diam. . . . . . . . . ... 

...... 3 
. M. poi;uphala 
. M. uhinukta 

5· SeCt i 0 n A C T I N 0 M 0 R T I E R E t. t. A (Chalabuda) W. Gams 

in Nova Hedwigia x8: 38. 1970 ('1g6g') 

Actinomortiertlla Chalabuda in Nov. Sist. niz. Rast. 1968: 129 

1a. Sporangiophorcs with an apical inflation from which short branches arise; chlamydG-
sporcs absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

b. Sporangiophores without an apical inflation but with numerous short branches arising 
close together in the uppermost part of the sporangiophore; chlamydospores present, 
covered with irregular appendages . . . . . . . . . . . cf. M. wolfii (sect. Spinosa) 

2a. Apical inflation forming an apophysis bearing a terminal large sporangium and giving 
rise to several narrow branches with smaller sporangia; spores ellipsoidal, 4-9 X 3-6 J.Lm 

M. amhigiUl 
b. Inflation some diJtance below the terminal sporangium giving rise to numerous narrow 

branches; spores globose, 8.5- 10 I-'m diam. . . . . . . . . . . . . .. M. capi111ta 

6. S c c t i o n H v c R o P H 1 t. A Linncm. 

Mucorinecn-Gatt. Mortiertlla: 45· 1941 

emend. W. Gams in Nova Hcdwigia r8: 39· 1970 (' 1g6g)' 

1 a. Sporangiophores not exceeding 120 ILill in length; spores more or less globose . . . 2 
b. Sporangiophores longer or spores ellipsoidal-cylindrical . . . . . . . . . . . . . 5 

2a. Sporangiophores with branches arising almost from the same point very close to the base; 
sporangia few-spored; spol'es 4-5- 12 1Lffi diam., finely verrucose 

ef. M. vertidllata (sect. Stylospora) 
(If spores larger than 12J.Lm diam., cf. M. h)·alina) 

b. Sporangiophores with branches arising at different levels; sporangia many-spored .. 3 
3a. Spores 4- 7(- 10) 1Lffi diam.; chlamydospores absent ...... .. . M. minuJissima 
b. Spores not exceeding 4 J.Lm diam.; chlamydospores present. . . . . . . . . . . . 4 

4:1- Chlamydospores globose, 2<>-1 00(- 300) J.Lm diam. ; spores 2-3 !Lill diam. M. ma&rocystis 
b. Chlamydospores consisting of widened hypha! branches of irregular shape; spores 

2.5- 4-0 !Lm diam. . . . . . . . . . . . . . . . . . . . . . . . . M. clonocystis 
sa. Chlamydospores aggregated in rows or clusters . . . . . . . . . . . . . . . . . 6 

b. Chlamydospores, if present, not aggregated . . . . . . . . . . . . . . . . . . 8 
Ga. Sporangiopbores with an inflation below the ~porangium; spores more or less globose, 

8-12 J.Lm diam. . . . . . . . . . . . .. . ........... M. beljakooae 
b. Sporangiophores not inflated apically; spores ellipsoidal to cylindrical . . . . . . . 7 

7a. Spores with a single membrane, 8 11 X 4 6 J.Lffi . • • • • M . r;:tdtae 
b. Spores with a double membrane, 3.5-8 x 2.o-3.3 J.Lffi . . . . . . . . . M. para.r;ydtae 

Sa. Cblamydospores usually exceeding 20 J.Lffi diam.. . . . . . . . . . . . . . . . . 9 
b. Chlamydospores smaller or absent . . . . . . . . . . . . . . . . . . . . . 1.2 

9a. Spores globose, 6-10 J.Lrn diam., minutely striate; chlamydospores 5o-1oo J.Lm diam., 
covered with short fimbriate hyphae . . . . . . . . . . . . . . . . M. sclerotulla 

b. Spores ellipsoidal or reniform, smooth-walled . . . . . . . . . . . . . . . . 10 
1 on. Spores irregularly reniform, 18-26 X 8-12 1Lffi; chlamydosporcs 4o-6o J.Lffi diam. 

M. armillariicola 
b. Spores ellipsoidal, smaller. . . . . . . . . . . . . . . . . . . . . . . . . 11 
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tt a. Spores short-ellipsoidal, 14- 16 X !}-tt !Lffii chlamydospores 35-50 !Lffi diam., thick- and 
smooth-walled . . . . . . . . . . . . . . . . . . . . . . . . . M. gemmiftra 

b. Spores ellipsoidal-fusiform, 5.5-8.5 X 2.o-3.0 !Lffi; chlamydospores to 40 f'm diam., 
thin-walled, sometimes with papillate appendages M. elongarula 

12a. Spores globose to subglobose . . . . . . 13 
b. Spores d istinctly elongate . . . . . . . . 17 

13a. Spores completely or almost smooth-walled 14 
b. Spores with di.uincLly ornamented wall . . r6 

143. Spores 3-5 f'm diam.. . . . . . . . . . . M. ba.riparui.spora 
b. Spores much larger . . . . . . . . . . . . . . . . r 5 

15a. Spornngiophorcs with apophysis-like inflation; spores smooth-walled, 8 12 f'm diam.; 
chlamydospores oficn in groups . . . . . . . . . . . . . . . . . . M. beljakboae 

b. Spornngiophores without any inflation ; spores minutely roughened, 
~5 fLID dirun.; chlamydospores formed solitarily . . . . . . . . . . . M. hJalina 

16a. Sporangiophores 32o- over 500 f'm long; spores 8-ro(- 14) f'm diam., echinulate 
M. echinula 

b. Spornngiophorcs 6o- 16o(-26o) JLm long; spores 6- 12(- r6) f'm diam., vemtcose 
M. ~sa 

I 78. Spores crescent-shaped, 15- 20 X 5-9 !Lm 0 0 0 0 0 0 0 0 0 M. Sti11Wsjlora 
b. Spores cylindrical or ellipsoidal . . . . . . . . . . . . . . . . . . . . . . 18 

tBa. Sporangiophores 2-3 mm long, !~O(Lffi wide at the base; spores 5-IOX3-51Lm; 
chlamydospores absent . . . . . . . . . . . . . . . . . . . . . . . M. bainitri 

b. Sporangiophorcs shorter and/or more slender and/or spores smaller . . . . . . . 19 
tga. Sporangiophores with 8-t 4!Lffi wide apophysis-like inflation; spores 8-12(-17) X 4-5 

(- 7) !Lffi . . . . . . . . . . . . . . . . . . . . . . . . . . . . M. kuhlmanii 
b. Sporangiophores without any inflation . . . . . . . . . . . . . . . . . . . 20 

20a. Homothallic species with numerous naked zygospares produced on malt extract agnr; 
spores fus iform with rounded ends, 9-14X 3-61Lm; chlamydospores absent M. epigama 

b. Hetcrothallic species or zygosporcs unknown; spores ellipsoidal to cylindrical. . . 21 
2 ra. Sporangiophores usually with a rather long (to 6oo !L"') and mostly to-t2fLID wide, 

unbranched basal portion; spores 3.5-4X 2.0-2.5 fLID .•• cf. M.jenkinii {sect. Spinosa) 
b. Sporangiophores branched ncnr the base and/or spores larger and/or more slender 22 

22a. Sporangiophores 1oo-2oo(-400) ILm long; spores 6-gx 3.o-4.5 11-m; chlamydospores 
absent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M. sarn,rensis 

b. Sporangiophores longer. . . . . . . . . . . . . . . . . . . . . . . . . . 23 
23a. Sporangiophores up to t mm and longer, at the base usually not exceeding 6 11-m diam., 

branching in the middle; spores 4-5-8 X 3-51L"' . . . . . . . . . . . M. diehotoma 
b. Sporangiophores mostly not exceeding 400 !Lffi, 5-15!Lffi wide at the base and ' ·5-3·51Lm 

at the tip, with typically basitonous ramification; spores 7-13(- r6) X 3·5-71L"' 
M. elongata 

7· S e c t i 0 n STY L 0 S P 0 R A Linnem. 

Mucorinccn-Gatt. Morlitrtlla: 20. 1941 

ra. Sporangiophores always unbranched; sporangia 7-t2!Lffi diam., minutely spinulose 

b. Spornngiophores basitonously branched . . . . . . . 
2a. Sporangia with reticulate walb . . . . . . . . . . 

b. Sporangia with spinulosc or smooth walls . . . . . . 
ga. Sporangiophores s- 7 ILm wide at the base, strongly tapering in the 

t.o-t .8!Lffi at the tip; sporangia echinulate, 8-t8 1Lm diam .. 
b. Spornngiophores tapering gradually to t .5-3.0 fLID at the tip . . . 

M. hortia~la 
0 0 0 0 0 2 
M. sl)lospora 

0 0 0 0 0 3 
middle part to 

. M. lignia~la 
0 0 0 0 0 0 4 



43· Sporangia smooth-walled, 1<>-25 JLITl diam. . . . . . . . . . . . . . . M. ~<mota 
b. Sporangia finely ornamented, smaller. . . . . . . . . . . . . . . . . . . . . 5 

5a. Sporangia finely spinulosc, always one-spored, with the outermost layer firmly attached 
to the spore. . . . . . . . . . . . . . . . . . . . . . . . . . . . M. humili.s 

b. Sporangia often few-spored ; spores irregularly warty, with a loose outer layer 
M. rxrtitilloto 

8. S e e t i o n S P 1 N o s A Linncm. 

Mucorineen-Catt. Mlrflin-tllo: 52. 1941 
emend. W. Carns in Nova Hedwigin 18 : 39· 1970 ('1g6g'). 

ln. Sporangiophores generally not exceC'ding 200 v.m in lcngtl1. . . . . . 2 
b. Sporangiophores typically much longer . . . . . . . . . . . . . . 4 

2n. Spores globose, 1S-25 JLITl diam., with a double membrane . M. ~m"oklna 
b. Spores much smaller, with a single membrane . . . . . . . . . . . 3 

ga. Chlamydospores constantly absent; spores 3-4 v.m diam. . .M. pukkllo 
b. Chlamydospores sca.rcely produced, lemon-shaped, about 6 JLITl diam.; spores 4-7(-10) 

JLITl diam. . . . . . . . . . . . . . . . . . . . . . . . . . . . . M. epidodi11 
43· Sporangiophores with umbellate branches arising from the same level; spores plano-

convex, 12- 14X 5-7 v.m . . . . . . . . . . . . ......... M. umbtllotll 
b. Sporangiophores with branches inserted at different levels; spores of other shapes 5 

5a. Spores globose to subglobosc . . . . . . . 6 
b. Spores ellipsoidal to cylindrical . . . . . . . . . . . . . . . . . . . . . . . 8 

6a. Spores not exceeding 4 v.m diam. . . . . . . . . . . . . . . . . . M. poroi.spor11 
b. Spores larger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

7a. Sporangiophores often exceeding 1 em in length; spores more than 1 o v.m diam. 
M. nontohllltnsis 

b. Sporangiophores 2oo-8oo v.mlong; spores less than to v.m diam ...... M. gomsii 
8n. Chlamydospores densely covered with blunt spines; spores 4·D-S·5 X 2.0 3.0 JLITl 

M .fimbriqsti.s 
b. Chlnmydospores if present, smooth-walled or irregularly lobate. . . . . . . . . . 9 

9a. Spores not exceeding 5·5 JLITl in length; chlamydospores regularly globose, lemon-shaped, 
or absent. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

b. Spores larger; chlnmydospores bearing irregularly lobate appendages . . . . . . 11 
10a. Chlnmydospores absent or tardily produced and lemon-shaped; sporangiophores 400 

to more than 1500 v.m tall; spores 3·5- 4·0(-s.o) x 2.o-2.51Lm ...... M.jmkinii 
b. Chlnmydospores nbundantly produced, globose, 2o-6o JLITl dinm., thick-walled; spor-

angiophores usually not exceeding 300 v.m; spores 3-4 X t .2-2.0 v.m M. cystqjmkittii 
1 ta. Sporangia leaving a pronounced collnrette; spores with a double membrane M. woljii 

b. Sporangia not leaving a collarette but with a trace of a columella; spores with a single 
membrane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . M. txiguo 

9· Se c t i on HAP Los Po RAN o 1 u M (Tbaxt.) W. Carns 

in Nova Hedwigia 18 : 40· 1970 ('1g6g') 
Hopwsporongium Tbnxt. in Bot. Cnzette 58: 362. 1914. 

Sporangia one- or two-spored . . . . . . . . . . . . . . . . . . . M. bi.sporolis 
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Tne RECOON17.1!0 SPECIES OP MOR11ERBI..LA 

Epithets in alphabetical order with references to 1he first descriptions, some important 
redcscriptions and first descriptions of zygospores (Z.), followed by facu ltative ~ynonyrns (S.). 
Other information is to be found in Zycha & Siepmann (1970), Mil'ko ( 1971) and Linnemann 
( 1941) . 

at'fOioTUI W. Carns in Persoonia g : 133· 1g76. 
alliOC«< Linncm., in Zentbl. Bakt. ParasitKde (II. Abt.) 107: 225. 1953. 
alpina Peyron., Genni atmosferici, Diss. Padova: 17. 1913. Z.: Kuhlman in Mycologin 67 :674. 

'975· 
S.: 1\lf. mri.<pora Dixon-Stc\~art in Trans. Br. mycol. Soc. 17 : 214. 1932. Z.: ibid. 
M . thaxuri B;Orling in Bot. 'oliser rq36: 116. 
M. IIUJMSpora Linnem. in Flora 130: 210. 1936 (nom. invnl., Art. 36). 
M. aruminaw l.inncm., Mucorineen-Gau. Morti!rella: 21. ' 94'· 

ambigua B.S. Mehrotra in Mycologia ss: 291. 1963. 
am«boUka W. Carns in Persoonia g : rr6. 1976. 
angusta (Linnem.) W. Carns in Ber. naturw.-mcd. Ver. lnnsbruck 53: 73· rg63. - M. poL;-.. 

cephala var. angusto. Linnem., Mucorineen-Gau. 1\1/ortitrtlla: 29. rg4r. 
anto.rctiaJ Linncm. apud Zycha & Sicpmann, Mucorales: rg8. 1970 ('196g') ex Linncm. in ·ova 

Hcdwigia 19 : 565. 1971 (' 1970'). 
armil/ariicola W. Carns in Persoonia 9 : 128. 1976. 
bainieri Cost. in Bull. Soc. mycol. Fr. 4 : 150. r88g; Z.: Kuhlman in Mycologia 64 : 325. 1972. 
basiparoirpora W. Carns & Grinbergs i11 Pcrsoonia 9 : 130. 1976. 
bcljakouae Milko in ov. Sist. niz. Rast. 1973: 83; Carns i11 Pcrsoonin 9 : 124. 1976. Z.: Kuhlman 

in M )'Co login 64: 325. 1972 (as M . 'candelabn~~n'). 
bisporalis (Thaxt.) Bjllrling in Bot. :-lotiser rg36: 126.- HaplosporMgium ~isporalt Thaxt. in Bot. 

Gaz. sS: 363. •9•4· 
S.: M. detipims (Thaxt.) BjOrling in Bot. Noliscr rg36: 126. - Haplospornngium duipitns 
Thaxt. in Bot. Ga.z. s8 : 364. '9'4· 

caT/Ulrgtnsis W. Carns & R. Moreau in Annis Univ. Bcs:tn~n (Ser. 2) 3 : 103. 196o. - 1/aplo­
sporangium gracile icot in Bull . trimcst. Soc. mycol. Fr. 73: 87. rg57. 

capitola March. in Bull. Soc. r. Bot. Bclg. 29: •34· r8g 1. Embree in Trans. Br. mycol. Soc. 46 : 
s6o. 1963. 
S.: M. oesiculosa B.S. Mchrotra & al. in Mycologia 55 : 295· 1963. 

ehlamydospora (Chesters) Plaats-Nitcrink in Pcrsoonia 9 : gr. rg76. - Azygoqgum chlamydcsporum 
Chesters in Trans. Br. mycol. Soc. 18 : 213. •933· Z.: Chesters,l. c.; van der Plaats-Nitcrink 
& al., l. c. 

daussmii Linnem. in Arch. Mikrobiol. so: 265. 1958. 
dofiiJCystis W. Carns in Pcrsoonia 9 : 132. 1976. 
gstojtnkinii W. Gnrns & Veenbaas-Rijks in Persoonia 9 : '37· 1976. 
dilhoto.ma Linnem. in Flora 130 : 215. 1936 (nom. invnl., Art. 36). 

M. dichotoma Linnem. ex W. G<lms, sfJtc. Mo. Morticrcllac clongatae Linnem. simi! is, sed 
sporangiophoris angustioribus, cito procumbcntibus, 200- amp! ius 750 J.U1l longis, c 5-6 
( ro) J.U1l sursum ad 2-4J.U1l angustatis, irrcgulariter quasi dichotornicc ramosis diffcrt. 
Sporangia 2o-4o !LID diam., dilapsa coli nrc minimum rclinquunt. Sporangiosporae ellip­
soideae vel breviter cylindricae, plerumque 4-7 X 2.5- 4 !Lffi· Chlamydospornc clongatac 
vel irrcgulares, s- ro ILm diam. Typus: CBS 221.35, isolatus ex cxcrcmentis murinis 
propc Mnrburgum in Germanin a C. Lirmemann. Nov. 1Cl33· 

tthinosphan'a Plna~s-:-literink in Persoonia 9 : gr. 1976. 
ethinula Linncrn. in Zcntbl. Bakt. ParasitKde (Ir. Abt.) 107: 22g. 1953; Carns in Persoonia 9 : 

' '7· '976. 
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tehinula/JJ Han in Bull. Soc. imp. Nat. Moscou <i4 : 1 45· 1871. - At. poi)·uphala var. uhinula/JJ 
(Harz) Linnem., Mucorinecn-Gau. Morlimlla: go. 1941. 

tlonga/JJ Linncrn., Mucorineen-Catt. Morlierella: 4g. 1941 . Z.: Cams & al. in Trans. Br. mycol. 
Soc. ss: 5· 1972. 

ewngatula W. Cams & Do1nsch in Pcr.soonia 9 : 119. 1976. 
epidadia W. Cams & Emden in Pcr.soonia 9: 1g3. 1976. 
epigama W. Carns & Dom.-ch in Trans. Br. mycol. Soc. s8: t t. 1972. Z.: ibid. 
exigua Linncm., Mucorincen-Catt. Morlierella: 44· 194 t. 

S.: M. itulua D. S. Mchrotra in Indian Phytopnth. 13 : 68. 196o. 
M. slnili.s B.S. Mchrotrn & B. R. Mehrotrn in Zentbl. Bakt. PnrasitKde, (H. Abt.) u8 : 
178. 1964- - M. spinosa Linncm. var. sttrilis (B.S. Mehrotrn & B. R. Mchrotra) Mil'ko, 
Opredcl. mukornl., Cribov: 79· 1974-
M. spinosa sensu Milko, Opredcl. mukoral. Cribov: 78. •974· 

fimbricJSii.s W. Cams in Persoonia 9 : 138. 1976. 
gamsii Mil'ko, Oprcdcl. mukoml. Cribov: 76. •974· Z.: Kuhlman in M ycologia fry : 68o. •975· 

S.: M. spilUisa Linnem. in fllorn 130: 214. 1936 (nom. invni., Art. 36). 
? M. mutJJbilis Linnem., Mucorincen-Cau. Mortimlla: 51. 1941. 
M. catulelabrwn Ticgh. & LeMonn. sensu Garns in Nova Hcdwigia 18: 12. 1970 (' r96g'). 

gemmiftra M. 'Ellis' in Trans. Br. mycol. Soc. 24: 95· 1940. Carns in Pcrsoonia 9: 121. 1976. Z.: 
Ellis (1. c.). 
S.: M. 'Ellis' Linncm., Mucorineen-Catl. Mortimlla: 44· 1941. 

gwbalpina W. Cams & Vcenbaas-Rijks in Pcr.soonia 9 : ••3· 1976. 
globulifera Rostrup in Dansk bot. Ark. :z(5): 2. 1916; Turner in Trans. Br. mycol. Soc. 39: 
291. 1956. Z.: Kuhlman in Mycologia 64: g25. 1972. 

S.: M. ericc/orom Linncm. in Zentbl. Bakt. ParasitKdc( ll. Ab1.) 107: 228. •953· 
lwrticola Linnem., Mucorinccn-Gatt. Morliml/a: 21. 1941. 
humiiis Linncm. in }''lora 130: 2og. 1936 (nom. invai., Art. 36). Z.: Chien & a/. in Mycologia 
66 : I 18. 1974· 

M. bumilis Linnem. ex W. Carns, spec. nou. Coloniae rnpide creseunt et fortiter olent. 
Sporangiophora basitone ± ramosa, 5<r200~-tm longa, e 2-4 sursum ad circa 1 J.tffi angwtata. 
Sporangia constanter monospora, 6-15 J.tffi diam., paricte extcmo verruculoso firme ad­
hnercnte, dilapsa nonnumqunm collarc rninutum rclinquunt. Species hcterothallica; zygo­
sporae inter hyphas compatibiles appropinquantes formantur, hyalinae, !eves nee involutac; 
pari etc 2 6 1-lffi crasso circumdatae, (g4 )46( 62) 1-1m diam.; alteri suspe.nsorc:s ad diametrum 
zygosporae similcm innati. Cblamydosporae absunt. Typus: CBS 222.g5, isolatus e terra 
prope Marburgum in Ccrmania, a C. Linnemann, 1934. 

hyalina (Harz) W. Cams in :"-~ova Hedwigia 18: •3· 1970 (' 1g6g') . - llydrophora h;·alina Harz 
in Bull. Soc. imp. Nat. Mose.ou <i4! 144. 1871. 
S.: M. carulelabrom var. minorCrove in j . Bot. Lond. 23: 13 1. 1885. 
M. hygrophila Linnem. in Flora 130 : 212. rgg6 (nom. inval., Art. 36). 

itulohii Chien in Mycologia 66 : 11 5. •974· Z.: Chien & al.,l. c. 
isabel/ina Oudem. in Archs. n&:rl. Sci. (Str. 2) 7 : 276. 1go2. 

S.: ? M. humi"'la Oudem. in Archs. nterl. Sci. (Str. 2) 7: 276. 1902. 
M. alrogri.sta Beyma in Verh. K. 'cd. Akad. Wet. (:"llatuurk.) Sect. 2, 26 : 24. 1928. 
? M.fusca Wolf in Zentbl. Bakt. ParasitKde (II. Abt.) 107 : 534· 1954· 

jenkinii (A. L. Sm.) aumov, Oprcdel. Mukorovych (Mucorales) (Ed. 2) : 97· •935· - M. 
bainUri Cost. var. jtnkinii A. L. Sm. in J. Bot., Lond. 36: 18o. 18gB. Carns in Pcr.soonia 9: 
135· 1976. 

kuhlmanii W. Cams in Per.soonia 9: 122. 1976. Z.: Kuhlman in Mycologia 64: g25. 1972 (as 
M. 'dorrgatJJ'). 

lipuo/a (C. W. Martin) W. Carns & R. Moreau in Annis scient. Univ. Dc:san~on (Ser. 2) 3 : 
rog. 1g6o. - Haplosporangium lignieola G. W. Martin in Myeologia 29: 618. 1937. 
S. : M. sepedonioidu Linnem., Mucorinecn-Cau. MorliereUa : 2g. 1941. 
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wngieoUis Dixon-Stewan in Trans. Br. mycol. Soc. 17: 214. 1932. 
macrocystis \V. Cams in Nova Hedwigia 3: 6g. 1961.- M. mir:rospqra Wolfvar. rruurogstis (W. 

Cams) Linnem. apud Zychn & Siepm., Mucorales : 2o8. 1970 ('1g6g'). 
minulissima Tiegh. in Annis Sci. nat. (Bot.) V I •= 385. 1876. Z.: Kuhlman in Mycologia 6.: 325. 

1972. 
nana Linnem., Mucorincen-GatL Morliertlla: 16. 1941. 

S.: M. alba Manka & Cicrczak in Pr. Kom. Nau.k. roln. Lcln., Pozn:ui g : 17. 1961. 
n.antahalensis Chien in Mycologia 63: 826. 1971. 
oligospora Djllrling in Bot. Notiser 1936: 121 . 
orna/4 W. Cams 1978, in preparation. 
parazyehae W. Ca.ms in Pcrsoonia g : 126. 1976. 
paruispora Linnem., Mucorineen-Cau. Morlim/14: 53· 1941. Z.: Cams & Williams in Nova 

Hedwigia 5 : 347· 1963. 
S.: M. graeilis Linnem., Mucorineen-CatL Morliert/14: 38. 1941. 

pilulifera Tiegh. in Annis Sci. nat. (Bot.) VI 1: 105. 1875· 
poi;·ttphala Coemans in BuU. Acad. r. Belg. (CI. Sci.) II 15: 536. 1863. Turner & Pugh in 

Trans. Dr. mycol. Soc . .. : 246. t961. Z.: Dauphin in Annis Sci. nat. (Bot.) IX 8 : 47· 1go8. 
S.: M. crystallina Han in Bull. Soc. imp. Nat. Moscou .. : 145· 1871. 
M. aanlughemii Bachm. injb. wiss. Bot. 34: 279. 1900. 
M. eanina Dauphin in Annis Sci. nat. (Bot.) IX 8: 29. 1go8. 
M. raphani Dauphin in Annis Sci. nat. (Bot.) JX 8: 30. 1go8. 
M. umoMieri Yuill. in Bull. Lrimest. Soc. n.ycol. Fr. 34: 41. 1918. 

polygonia W. Carns & Veenbaas-Rijks in Persoonia g: 114. 1976. 
pulthtlla Linnem., Mucorineen-Catt. MorliertUa: 41. 1941. Z.: Kuhlman in Mycologia 6•: 325. 

1972. 
S.: M. sossaumsis Wolf in Zcntbl. Bakl. Parasit.Kde (II. Abt.) ury: 533· 195+ 
? M. mitrospqra Wolf, I. c.: 528. 1954. 

ramanniana (MOller) Linncm. var. ramanniana, Mucorineen-CatL Morlierel/4: 19. 1941.-Mucor 
ramannianus MOller in Z. Foi"St- u. Jagdw. 35: 321. 1903. 

ramanniana var. angulispqra (Naumov) Linnem., Murocineen-Catt. MorlimUa: 19. 1941. -
MutQT angulispqrus Naumov, Opredcl. Mukorovych (Mucorales) (Ed. 2) : 30. 1935. 

ramanniana var. auwtrophita E. H . Evans in Trans. Br. mycol. Soe. 56: 2 14. 1971. 
rdicula/4 Tiegh. & LeMonn. in Annis Sci. nat. (Bot.) V 17 : 350. 1873· 
roseo-n.ana W. Cams & Gleeson in Persoonia g : 112. 1976. 
rostafinsJrii Brcf., UntCI"S. CesCcb. M ykol. 4 : Sr. 1881. Kuhlman & Hodges in Mycologia 6•: 

92. 1972. Z.: Brcfcld, I. c. 
samycnsis M il'ko in Nov. Sist. niz. Rast.: 87. 1973. Cams in Penoonia g : 11 9. 1976. 

S.: ?M.jaLshtderae Linnem. apud Zycba & Sicpmann, Mucorales: 205. 1970 ('1g6g'] (nom. 
inval., An. 37). 

sehmutkeri Linnem. in Arch. Mikrobiol. 30: 263. 1958. 
stltrolitlla Mil'ko in Nov. Si3t. niz. RasL: 16o. 1967. Cams in Pcrsoonia g : 126. 1976. 
SIUrwspora W. Cams in Persoonia g: 128. 1976. 
simpkx Tiegb. & LeMonn. in Annis Sci. nat. (Bot.) V 17: 350. 1873. 
slrangula/4 Ticgh. in Annis Sci. na t. (Bot.) VI 1 : 102. 1875. Kuhlman & Hodges in Mycologia 

64 : 92. 1972. 
sl)•wspora Dixon-Stewart in Trans. Br. mycol. Soc. 17: 218. 1932. 
luberosa Ticgh. in Annis Sci. nat. (Bot.) VI 1 : 1o6. 1875· 
lur.fito/4 Ling Yong in Revue gen. Bot. 42: 743· 1930. Gams & Hoogh.icnutra in PCI"SSOnia g: 

141. 1976. Z.: Cams & Hooghienulra, I. c. 
umbtlla/4 Chien in Mycologia 64: 99· 1972. 
uerrueosa Linncm. ill Zc::ntbl. Bakt. ParasitKdc (II. Abt.) 107: 227. 1953. C ams in Pcnoonia g : 

118. 1976. 
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Dlrtirii.UJIJJ Linnem., Mucorinccn-G::ut. Mortiere/.UJ: 22. 1941. Z. : Williams & al. in Trruu. Br. 
mycol. Soc. 48 : 129. 1965; Chien & al. in Mycologia 66 : 118. 1974-
S.: M. marburgensis Linnem. in Flora 130:211. 1936 (nom. inval., Art. 36). 
HaplosjlorOJtgiumfase~latum Nicot in Bull. trimest Soc. mycol. Fr. 73 : go. 1957. 

uiMua Dixon-Stewart in Trruu. Br. mycol. Soc. 17 : 213. 1932. 
wo!fii Mehrotra & Baijal in Mycopath. Mycol. appl. 20 : 51. 1963. 
zonata Linncm. in !'lora 130 : 210. 1936 (nom. inval., An. 36). 

S.: ?M. insignis Linncm., Mucorinccn-Gau. Mortimlla: 34· 1941. 
M. zooata Linnem. ex W. Cams, spu. noo. Mortierellac humili Linnem. ex W. Cams 
similis, sed sporangiis monosporis levi bus vel minute vcrruculosis, membrana laxc adhaeren­
te obtcctis, 1o-17(-25) 1/J"ll diam. differt. Sporangiophora 8o-2oo 1J.ID alta, c s-6(-10) 14m 
sursum ad 1-2 f!tO angustata. Sporangia dila psa collare rninutum relinquunt. Chlamydo­
sporac parcac, minutae, ovales. Zygosporac ignotae. Typus: CBS 228.35, isolatus e Gom­
phidio glutinoso, Kirchspitzc propc Marburgum in Germania, a C. Linnemann, Aug. 1934-

l,)"duu Linnem., Mucorincen-Gau. Morti4rella: 46. 1941. 
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Based on type studies, the following genera arc reclassified: Petalosporu.s, Dis­
art~latus, and Plunlcett4myc~s as synonyms of Araelmiotus; Cymnasulla, Cym­
nOQSCQidts, MacroMdus, Triptdotrichum, and Uncinocarpus as synonyms of Cymno­
ascus, and K~hnitlla as a synonym of ArtuhMthua. The question of the type 
species of Arachniotus is di.scusscd. Rollandina is considered to be a nomen con­
fusum; sensu A pin is ( 1970) it belongs to .Nanniuia. The accepted genera of the 

Cymnoascaccae are briefly reviewed. 

Recent research on Cymnoascaccac has been based on pure culrures. The older 
genera described in the 19th century, however, were based on material collected on 
plant debris, dung, spoiled food and simi lar substrates. In general no type-material 
was preserved and the taxa have to be judged from descriptions which arc usual ly 
short and insufficient for recognition of the fungus. In some cases type specimens are 
available, but these have mostly proved to be too poor for rcidentification. Some older 
taXa have been provided with 'ncotypes' which arc usually living (and dried) 
cultures. 

The results of a comparative srudy of some type specimens, some ncotypc cultures 
and type cultures will be d iscussed under the following. 

t. ARACIINtOTUS Schroeter ( 1893) 

Schroeter ( 1893) erected the genus for 3 species earlier described as Gymnoascus, 
viz. G. candidus Eidam (1886), G. aureus Eidarn (1886), and C. nrb.r van Tieghem 
(1887). No generic type was indicated and no type specimens of the three species 
have been maintained. In general the first mentioned species was regarded as type, 
its description, however, is insufficient to recognize the fungus; a Talarom;us or 
Neosartorya species was probably meant. Arachniotus aureus (Eidam) Schroeter belongs 
to Amauroascus as A. auret<S (Eidam) v. Arx; it has been rcdcscribed by Kuehn & al. 
(1964) based on a ncotypc culture (CBS 593·71) isolated in Japan by K. Tubaki. 

The description of Arachniotus nrbtr (v. Tiegh.) Schroct. allowed recognition of 
the fungus. The recent isolate IMI 92796 (=CBS 194.64) has been designated as 
ncotypc by Kuehn & Orr (1964). Several additional strains have become available 
(Apinis, 1964). This species has been designated as lectotype of the genus by von 
Arx (1970, 1971) among others. Without mcntiorung this decision, Orr & al. ( 1977) 
again regard Arachniotus candidus (Eidam) Schroet. as type. They do not, however, 
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give an adequate description of the species and no type specimen is designated. 
The remaining species of Arachniotus they partly classify in Pseudoarachniotus, panly in 
Gymnasulla, but no characters are given for the separation of the two genera. In fact 
all species arc congeneric and should preferably be retained in Arachniotus, with 
A. ruber as type of the genus. 

2. GntNASCELLA Peck (1885) 

The genus \\Ia~ described for the single species, Gymnascella aurantiaca Peele The 
diagnosis is very short and inadequate for recognition of the fungus. The specimen, 
maintained in the Kew York State Museum, Albany (l\YS), was studied some 
years ago. I t contained two small pieces of plant stem, on which only traces of fungi, 
mainly belonging to Cladosporium, Chrysosporium, and Rhodotoruia, could be found. 
In one small patch, clusters of roughened, yellow hyphae and roundish or oblate, 
thin-\valled, yellow spores, 3-4.5 X 2-3 !l1Il in size, were observed. These hyphae 
and spores agree in size and shape with the peridial hyphae and ascosporcs of Gym­
noascus mssii Baranetzky, the type spcci~ of the genus Gymrwascus. The classification 
of Gymnasulla aurantiaca Peck in Gymnoascus by Saccardo ( 1889) could therefore be 
confirmed. 

Recently, Orr & al. (1977) reintroduced the genus Gymnasulla and identified its 
type species with a fungus described by Orr & Kuehn ( 1971) as Arachniotus uerrucu/Juus. 
A study of specimens received from G. F. Orr (CBS 636.72, 637. 72) showed, however, 
that this fungus can be easily distinguished from Gymnasulla auranJiaca ( = Gymnoascus 
reessii) by its larger, rather tl1ick·\vallcd, pigmented, 4.5-6.2 X 3·5-4 !J.ID ascospores. 
Compare in this respect Figs. 3, 4 witl1 Fig. 6 in Orr & al. ( 1977). Arachniotus ver­
ruculosus proved to represent a species very close to or identical with Arachniotus 
aurantiacus (Karnyschko) v. Arx. The latter species in turn is very close to Arachniotus 
dankaliensis (Cast. ) van Bcyma = Pseudoarachniotus roscus Kuehn= A rachniotus jlaooluteus 
Kuehn & Orr. 

3· ROLLANDJNA Patouillard ( 1905) 

The genus was described with a single species, R. capita/a, which is thus the type. 
The type specimen is maintained in the Farlow Herbarium, Cambridge (FH) and 
has been re-examined by Benjamin (1956) and Apinis (1968, 1970). The material 
(in formalin) is now very poor, but the slides prepared by R. K . Benjamin and 
A. E. Apinis (also maintained in FH) proved to be useful. The fungus is described 
as having stalked ascomata, but these stalks belonged to another organism, as 
pointed out by Apinis ( 1970). The fungus forms densely and minutely asperulate 
peridial hyphae, oblate ascospores witl1 an equatorial band, 3·5- 4·5 X 2.5 !J.ID in 
size, and large, fusiform, verrucose, 5-septate, 40-6o X 9-13 !J.ffi aleurioconidia. 
This fungus is without doubt a Nanniu.ia species, probably N.fulua Stockdale, and 
its Microsporum-ccnidial state is similar to M.fuluum Uriburu. 
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The genus Ro/landina can be considered to be a nomen confusum as it was based 
on two different organisms. Rollandina sensu Apin.is ( 1970), however, is a synonym of 
Nanniaia ~tockdalc ( 1961 ). 

Roy, Orr, and Ghosh in Orr & at. (1977), identified Pseudoaradmiolu.s hyalinosporu.s 
Kuehn & at. as Rollandina capitola. The former species has no conidial state and has 
a different ascigerous state with no peri dial hyphae and hyaline, lenticular ascospores 
with an equatorial frill. It is similar to the type species of the genus Narastmhella 
(von Arx, 1972). 

Rol/andina vriaii Apinis ( '970) has spherical, pitted ascospores and Chrysosporium­
like conidia. It may belong to Apinisia, but its type culture (CBS 407. 72) is at 
present only conidial. 

4· PeTALOSPORUS Ghosh & al. ( r963) 

The examination of the type culture (C.BS 5 77-63) of the type species Petalosporu.s 
nodulosu.s Ghosh & at. showed its resemblance to a fungus, usually treated as Arachniotu.s 
citrinu.s Mass. & Salm. (Apinis, 1964; van Arx, r971 ). The type cultures of the later 
described species, Petalosporus anodosu.s Kuehn & al. (CBS 518.68) and P. ajilamrn­
losu.s Orr & Kuehn (CBS 658.71 ), also proved to represent forms of Arachniotu.s 
citrinu.s. This species is close to A. dankalunsis and intermediates exist. Both species 
do not usually include a conidial state. In some sulphur-yellow strains in the CBS­
collection, swollen, rather large arthro- or aleurioconidia (Chrysosporium-like) were 
observed and these strains may represent undescribed taxa. 

The genus Petalosporu.s has been considered to be a synonym of Arachniolu.s by von 
Arx (1974). 

5· KuemneLLA Orr ( 1976) 

The genus was based on Myxotrichum racovit.tae Lagarde ( 1913), but no type 
specimen of this species has been maintained. Orr ( 19i6) ba~cd the description on 
the culture ATCC 28557 (=- 1RRL 6154-C.BS 156.77) which has been designated 
as neotypc. This culture completely agrees with the type strain of llrachniolu.s albicans 
Apinis (IMI 1oo875 = CBS 151.65). The fungus has been provided with an adequate 
diagnosis by Apinis (1964) ; that given by Orr ( 1976) is incomplete and misleading 
as the typical initials and asci a.nd the sheath of the ascospores arc not mentioned. 

Arachniotu.s albicans is close to Arachnolheca glomera/a (Mi.iller & Pacha-Auc) v. Arx 
and has been classified as Arachnolheca albicans (Apinis) v. Arx ( 1974) . Typical of 
both species arc the white (or yellow) colonies and ascomata, the clavate ascogonia 
surrounded by an antheridial coil, the clavate asci borne from croziers and the 
spherical, hyaline ascospores which arc surrounded by a persistent, ornamented 
sheath and are bluish or violet en masse. 

The genus Kuehnie/la has to be considered to be a synonym of Arachnotheca. 
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6. UNCJNOCARPUS Sigler & Orr ( 1976) 

This genus has been described in a paper by Sigler & Carmichael ( 1976). Its type 
species, UncirwcarpUJ reesii Sigler & Orr, is very close to Gym110aseus uncinaiUJ Eidam, 
as described by Orr & al. ( 1936) or Samson (1972). The neotype culture RSA 56 
( =NRRL 3610 = CBS 408. 72) of Gymnoaseus uncinaJus has been illustrated by Ben­
jamin ( 1956) under the name Myxolrnhum uncinatum (Eidam) Schroet. 

Gymnoaseus uncinatus is rather peculiar within the genus Gymnoaseus by its uncinate 
appendages and the apically swollen initials. UncinocarpUJ ree.rii is hetcrothallie and 
has 'bulbous' initials and similar uncinate appendages. Sigler & Orr in Sigler & 
Carmichael ( 1976) did not compare it with C. uncinatUJ. 

Consequently the genus Uncirzocarpus should be considered to be a synonym of 
Gymnoaseus. 

7· TRlPEDOTIUCHUM Orr & KuEUN (1964) 

The only species Tripedotrichum herbarirnsis Orr & Kuehn was based on some 
fructifications found on a herbarium specimen of Myxotrnhum char/arum (Necs) 
Kunze, distributed on Rabcnhorst's Fungi Europaci o. 1 79 ( rv ). No cultures 
of the fungus are known and the description is incomplete. The uncinate, dark, 
~60 f.Lm long and 4-7 (J.m broad appendages and the pigmented, oblate, 3·5- 5·5 
X 2.2-3.5 f.Ll1l ascospores indicate that the fungus is identical to Gymnoaseus uncina/UJ 
Eidam or UncinocarPUJ reesii Sigler & Orr. 

The genus T ripedolrnhum should therefore also be considered a synonym of Gym­
noaseus. 

8. MACRONOOUS Orr ( 1977a) 

The genus Macronodus with Macronodus bijurcalus Orr as type is characterized by 
discrete ascomata surrounded by a peridium with uncinate or bifurcate appendages 
and by oblate, yellow-brown ascospores; the initials arc not described. The genus is 
mainly compared with Auxarthron; an unrelated genus with a dark pcridium and 
with spherical, ornamented ascosporcs. Macro110dus bi(urcatus, however, is again very 
close or identical to Gymnoascus uncinatus. A decision concerning the identity can only 
be taken after comparison of a larger number of strains. The genus Macronodus has 
to be considered a synonym of Gymnoaseus. 

g. GvMNOASCOIDES Orr, Roy & Ghosh ( 1977) 

Several strains of GymTUJascoitks petalosporUJ Orr & a!., the type species of the genus, 
were studied (a.o. CBS 630.72=0-2o67 and CBS 629.72 = 0-2o6o). The fungus is 
rather variable in its cultural characters, in the formation of peridial hyphae (which 
may be absent) and in the size of the ascospores. The latter are oblate, yellowish or 
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brownish and 3-4.5 X 2- 3 tJ.ITI· The peridial hyphae arc branched at right angles, 
brownish, thick-walled, 2- 3 tJ.I1l broad and tcnninatc in lighter, appendage-like, 
blunt cells. 

The species is intermediate benvccn Arachniotus and Gymnoascus, is close to Gym­
noascus reessii and has to be classified as GyJDnoascus petalosporus (Orr & al.) v. 
Arx, comb. nov. (basionym: Gymnoascoides petalosporus Orr & al. in Mycotaxon 5: 46o. 
'977). 

10. P LUNKETTOMYCES Orr (1977b) 

The type and some more strains of Piunkettom;oees littoralis Orr, the type species of 
the genus, were maintained in the CBS collection as Aracluriotus spec. (CBS 454· 73, 
455·73) and have been studied. 

The slow growing colonies arc rather flat and sulphur-yellow. The ascogonia! 
initials arc small, form irregular coils and are composed of hyaline, 2.5-3·5 fLID 
broad hyphae. The clusters of asci have a diameter of 3o-6o IJ.m, but arc often aggre­
gated in ma'iSes, up to 200 tJ.ITI· Characteristic peridial hyphae arc absent, but some 
yellow, often verruculose, hyphae may develop around the ascal clusters and in the 
mycelial mat. The asci arc spherical, botryosc or in short chains, deliquescent, 
g- rr tJ.I1l in diameter and contain 8 oblate-lenticular, golden yellow, 4.5-6 X 3- 4 tJ.I1l 
ascospores which show a band-like equatorial thickening of the wall. The catenate 
conidia, separated from one another by empty parts of the conidiogenous hyphae, 
are slightly swollen, smooth, r-cclled, hyaline and 5- 13 X3·5 6.51J.m. 

The genus Plunkeltomyces has to be considered a synonym of Arachmolus. I ts type 
species has to be renamed Arachniotus llttoralis (Orr) v. Arx, comb. nov. (basionym: 
Plunkeltom;-ces littoralis Orr in Mycotaxon 6 : 33· 1977). The fungus is close to Arach­
niolus dankalimsis and Aracluriotus citrinus. It can be distinguished from the former by 
its sulphur-yellow colonies, from the latter by its equatorially thickened ascospore 
walls and from both by its Chrysosporium-like conidial state and by the adaption to 
marine environments. 

11. D tsARTlCULATUS Orr ( 1977b) 

A strain maintained in the CBS collection as Arachniotus spec. (CBS 546. 72), isolated 
by C. Dcvroey from Somalian soil, has been studied. I t is, without doubt, identical 
to the fungus described as DJSarticulatus dlvroeyi Orr. 

The description given by Orr ( 1977b) is incomplete. The coloni~ are initially 
whitish-yellow, but soon become cinnamon. The initials are composed of elongated, 
dense coils of hyaline gametangia! hyphae. The clusters of asci arc small, dispersed or 
aggregated and arc not surrounded by a pcridium. The asci arc spherical, thin­
walled, 12- 17 fL111; the ascospores arc oblate, rather thick-walled, smooth, golden 
yellow, 5.5-6.5 X 4-5 IJ.m, without an equatorial rim or thickening. T hick-walled, 
hyaline or brownish, swollen, r 7-'26 X 8-12 tJ.I1l cells especially develop from swollen 



PE Rso o Nt A - Vol. g, Part 3, 1977 

parts of racquet-hyphae and may disarticulate with age. A Malbranchea-like conidial 
state was also observed: the conidia are cylindrical, not swollen, r-ccllcd, hyaline, 
to-15 X3- 5 (.I1D and separated from one another by empty cavities of the eonidioge­
nous hyphae. 

The genus DisarticulaJus cannot be separated from Araclmiolus. Its rypc species has 
to be classified as Aracbniotus devroeyi (Orr) v. Arx, comb. nov. (basionym: 
Disarticulatus devroeyi Orr in M ycotaxon 6: 35, •977)· 

D ISCUSSION OF THE OYMNOASCACEAE 

The Gymnoascaccac represent a small group of often keratinophilic Ascomycetes 
with or Y.-i thout anhric or a lcuric conidial states (phialo- or blastoconidia absent). 
Von Arx ( 1974) keyed out 18 genera with about 6o species, but delimitation is 
partly based on conidia l states. Formerly the genera were delimited mainly by the 
presence or absence and form of the pcridial hyphae and tltcir appendages. These 
characters, however, arc often variable and only of limited taxonomic value. In one 
and the same strain of Gymnoa.scus remii peridial hyphae and appendages may be 
absent or present, depending on medium, humidity, light, and age. 

VonArx ( 1971, 1974) introduced the size and the shape of the ascospores and the 
type of the initials as usefu l characters for the delimitation of genera. Genera with 
ellipsoidal-fusiform, genera with oblate and genera Mth spherical ascospores are 
distinguished. 

In the group with oblate ascospores, two genera can be distinguished without or 
Mth reduced peridia l hyphae, viz. ArachnUJtus and Nara.simhe/la. The latter genus is 
characterized by ring-like initials surrounding a central cell, clavate asci borne 
from croziers and inequally lenticular, hyaline or greenish ascosporcs with a small, 
equatorial fril l. In Arachnwlus the initial~ consists of two coiling gametingial hyphae, 
the asci arc spherical and develop directly on the ascogenous hyphae. The oblate 
ascospore<~ are pigmented and often have equa torial rims or thickenings. Both genera 
have no conidia l sta tes or form arthroconidia (Malbranchea- or Chrysosporium-like). 

Arachniotus is close to Gymnoa.scus and intermediates exist, but in tlte latter genus 
smooth or verrueulosc peridial hyphae with long or short, blunt or uncinate appen­
dages arc usually present. The ascosporcs arc generally smaller (3- 4·5 (.I1D in dia­
meter) than those of Arachniotus (5- 7 11-m in diameter). 

Most of the other genera with oblate ascospores have light ascomata with coiled 
appendages but have been mainly based on their conidial state. The genera Arthroder­
ma and Sharrorella comprise keratinophilic species with Chrysosporium or Trichophyton 
conidial states. Nanniwa is erected for the ascigcrous states of Microsporon. In 
Ctenomyus the ascomata have a rather compact, dark wall and it is further characte­
rized by dark, comb-like (etcnoid) hypha! structures (Eidam, r883) . 

The genera Ajellomyus, Emmonsiella, Apinisia, Auxarthron, Amauroa.scus, and Arach­
notheca arc characterized by spherical ascospores. Ajellomyus and Emmorl!iella are 
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monotypic and hctcrothallic; Ajellomy«s dmnatitidi.r McDonough & Lewis being the 
ascigcrous state of Blastomyces dmnatitidi.r and Emmonsiella capsula/a K won-Chung that 
of Histoplasma capsulatum. Boll1 have small, smooth, hyaline ascosporcs and densely 
spirally coiled peridial appendag~. In Apini.ria the ascospores are pitted and the 
conidial state is Chrysosporium-likc. In Amauroascus and Auxarthron lite spherical 
ascospores are usually pigmented, thiek->'lalled and ornamented, often spiny. Both 
genera arc close, but in Auxarlhrorr the ascomata have pcridial hyphae with long, 
uncinate or branched appendages which arc absent in Amauroascus. 

In Arachnothua the initials arc composed of a clavate cell surrounded by a hypha! 
CQil, the ascomata have a rather thick colourless peridium composed of hyphae, 
the asci develop from croziers and the ascopores are hyaline (bluish or violet en masse) 
and sheathed. 

The genera Myxotrichum, Pseudogymnoascus, and Byssoascus have ellipsoidal fusiform 
ascoporcs. Byssoascus has no pcridial hyphae and the ascoporcs arc striated by flutes; 
Pseudogymnoascus has brownish pcridial hyphae without spines and smooth (or in­
distinctly striate) ascopores; Myx~trichum has dark pcridial hyphae willt spine~ or 
long appendages and smooth or striate ascopores. The three genera arc close to 
each outer. Most of the species include Oidiodendron, Malbranchta, or Chrysosporium 
conidial states (Sigler & Carmichael , 1976). 

The Gymnoaseaeeac arc close to the Onygcnaceac (Malloch & Cain, 1971). 
The genera Xynophila :vt:alloch & Cain and Neoxenophila Apinis & Clark with a 
reduced ascocarp >'lllll, oblate ascopores and arthroconidia may be intermediate. 
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The hyphomycctou.s genus M;·cdiophtlwra Cost. is reintroduced with its type 
species, M. luua Cost., and cwo new combinations arc proposed: M;uliophtlwra 
tllm7!0/Jhila and M.fergusii. The genus is characterised by blastoconidia with 
narrow basal attachments (sometimes borne on arnpulliform swellings) and 
by lacking arthroconidia. All three species arc more or less thermophilic, 

with temperature optima between 30 and 45 •c. 

In 1894 Costantin & Matruchot described the 'vert de gris' mat disease or cultivated 
mushrooms and named the pathogen Myceliopllthora lulea Cost. C'lrmichacl ( 1962) 
included Costantin's species in Chrysosporium Corda as Chrysosporium luuum (Cost.) 
Carmichael. Von Arx ( 1973) suggested that C. luteum should be removed from tllis 
genus and returned to Myceliophthora Cost. Myceliophthora luua produces blastoconidia 
with narrow basal attachments, borne directly on hyphae or pedicels or ampulliform 
swellings, and has no arthroconidia. Chrysosporium Corda becomes a more homogeneous 
group, with perfect states only in the Gymnoascaceac, when it is defined as having 
arthroconidia and aleurioconidia which are terminal, intercalary or lateral, occasion­
ally formed in chains and have broad basal attachments (sec Fig. t ) . 

MYCELIOPHTHORA Cost. 

Mpliophthora Cost. in C.r. hcbd. Stanc. Acad. Sci., Paris: 2 . 18g2. 

Type species: M. luua Cost. 

Colonies on 2% malt agar initially white, later pale yellow, pale brown, cream 
or even occasionally dark green; reverse pale yellow, bright yellow, honey brown, 
brown, cream or occasionally green. Colonies powdery and felty with a defined 
margin, or cottony and floccose without a defined margin ; ~owing rapidly, reaching 
3o-8o mm diam. m 7 days at 3o •c. More or less thermophtlic, with optima between 
36 and 45 •c. Some species arc cellulolytic, some kcratinolytic. Hyphae septate, 
hyaline, branched, the submerged occasionally broader than the aerial hyphae, 
thin-walled (rarely bearing blastoconidia). Aerial hyphae arising individually 
from submerged hyphae, erect, 1-2 mm high, sterile at the base, profusely branched 
and usually fertile at the apex. Blastoconidia borne directly on the s1dcs of the 
hyphae, on long or short pcdicels or in groups of 1- 4 on ampulliform swellings; 
globose, pyriform, rlavatc or obovoid with narrow basal attachments, smooth­
or rough-walled at maturity. 
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Fig. 1. Schematic diagram to illustrate varying conidiogenesu. - A- C. ChrySOJporium-type 
with a.rthrospores and 'aleuriospores'. - D. Myulwphllwra-type with blastoconidia. 

M;uliophthora Cost. may be distinguished from the blastoconidial genera, Emmonsia 
Cif. & Momcmanini (1958) and Beniowskia (1900) by the smaller (up to 10 f.LID 
diam.), almost globose conidia of the former, and the larger (up to 10 f.LlTl diam.), 
globose conidia (borne on denticlcs all over the hypha! surface) of the latter. In addition 
Emmonsia produces whiLe, fehy colonies. The genus Trichosporiella Kamyschko ex 
Gams & Dornsch ( 1969) also has b lastoconidia bUL differs by having moist colonies 
whlch usually lack an aerial mycelium. 

The cellulolytic and keraunolyuc properties of the species were tested by inoculation 
onto suitable media at optimal temperatures; a strip of cellophane or a number of 
human hairs being placed on the agar 2- 3 em from the point of inoculation. 

KEv TO na SPI!CU!S 

1a. Hypha! width not exceeding g.o !Lffij cultures felly, woolly, not floccose ...... 2 
b. Hypha! width 3.2- 5.2 !Lm; cultures pinkish-cream, floccose; cellulolytic and keratinolytic; 

blastoconidia 4.8-12.0 X 2.8-5.2 !Lffi • • • • • • • . • • • • • • • . • M. fergusii (3) 



VAN OoRSCHOT: M;<ctliophlhora 

2:1. Cultures yellow, felty; cellulolytic; blastoconidia s.S-g.o x s.o-6.o fLID. .M. luua (•) 
b. Cultures brown, occasionally green, woolly; keratinolytic but not cellulolytic; blastoconidia 

smooth or rough, +5- 11.0 X 3.0-4.5 fLlll . . . . . . • . . . . . • M. thtmwphila (2) 

( I) YfVCEUOPHTHORA LUTEA Cost.-Fig. 2 

M;ulwphlhora luua Cosl. in C.r. hcbd. SCanc. Acad. Sci., Paris: 2. 18g2. - ChrySIJsporium 
luteum {Cost.) Carmichael in Can. j. Bot. 40: 1158. 1g62. 

Sporotriehum tartJwsW.uirilk Rai & Mukelji in Mycopnth. Mycol. nppl. z8: 122. 1g62. 

Colonies on 2% malt agar initially white, later pale yellow, felty, with a defined, 
dented margin, reaching 23 31 mm diam. in 7 days on 2% malt agar at 30°C; 
reverse pale or bright yellow. Thermotolerant with optimal growth at 33 •c, tem­
perature minimum 2o •c, maximum 4o •c. Cellulolytic, not keratinolytie. Sub­
merged hyphae occasionally wider than aerial hyphae lUP to 6.o ~ diam.), thin­
walled; aerial hyphae o. 75-3.0 !liD wide. Blastoconidia borne termmally or laterally 
on aerial hyphae, sometimes with short or long pediccls and occasionally a secondary 
blastoconidium being produced from the distal end of the first; 1-.~ blastoconidia 
may be borne on one hypha! cell or on an ampulliform swelling; conidia pyriform 
to globose, smooth and fairly thick-walled, hyaline, 3·8--9.0 X 3.o-6.o J.l.m. 

MATERIAL EXAMINEo.-CBS 146.5o, isolated from mushroom beds, Delaware, 
U.S.A., E. T. Ruse, 1940; CBS 147·50, isolated from mushroom beds, Pennsylvania, 
U.S.A.,]. W. Sinden, 1~42; CBS '57·5•, P. ]. Bets, 1951 ; CBS '57·59. isolated from 
air in pi~ St¥_, Baarn, etherlands, G. A. de Vries, 1959; CBS 227.67, isolated from 
soil, Ind•a, ]. P. Ttwari (type of Sporotrichum carthusio·viride Rai & Mukerji); CBS 
'45·77• (neotype) isolated from hay, ewmarket, U. K., M. Archer, 1974; CBS 
146.77, isolntcd from Hortkum lllllgare, Carlow, Trcland, B. Dunne, 1970; CBS 147·77• 
isolated from dust in ~table, 1 ewmarket, U. K., M. Archer, •973· 

No living or herbarium material is known of the original isolates of M.lutea described 
by Costantin & Matruchot in 1894 (llawksworth, 1974) but the origin from yellow 
patches in mushroom compost and the careful description leaves no doubt about the 
identity of this species. There is one discrepancy, however, in that the conidia 
described in 1894 were 3-4 x 2 J.l.ffi, while the strains listed above have larger conidia 
(3.8-g.o x 3.o-6.o f.UD). The richly sporulating strain CBS 145·77 (!MI 182034) is 
here designated as neotype. 

(2) Myceliophthora thermophila (Apinis) Oorschot, comb. nov.­

Fig. 3, Plate 1 A, B 

Sporotridlum tlr.nnwphilum Apinis in l'\ova Hcdwcgia 5: 74· 1g63 (basionym).- ChrySIJsporium 
lhermophilum (Apinis) Klopotek in Arch. Microbiol. 98 : 366. '97+ 

Ascerigerous state: Thulaoia heurothallica Klopotek in Arch. Microbiol. 107 : 223-22+ 1976. 

Colonies on 2% malt agar initially white, cottony, later pale brown, occasionally 
greenish, woolly, without' a well-defined margin; reaching 6o-70 !IJll diam., in 7 days 
at .ilo •c. Moderately thennotolerant, with optimal growth at 3o-36•c, mirumum 
24 C, maximum 54 •c (von Klopotek, 1974). Kcratinolytic but not markedly 
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Fig. 2. M;-uliophthoro /uuo. - A. Strain CBS 379· 76. Aerial hypha bearing conidia. - B, C. 
Sr.min CBS 157·5 1.- B. Part of aerial hypha bearing an arnpulliform swelling with 4 conidia. 
- C. Conidia. 

cellulolytic. Submerged hyphae occasionally wider than aerial hyphae (up to 
6.o fl.m diam.); aerial hyphae o.S-3.0 f!rn in diam. Blastoconidia borne terminally 
or laterally on hyphae, sometimes with short or long pedicels and occasionally a 
secondary blastoconidium being produced from the distal end of the first; 1-4 
blastoconidia may be home on one hypha! cell or on an ampulliform swelling; 
conidia obovoid to pyriform, 4·5- 11.0 X 3.o-4.5 f!ffi, hyaline, smooth- and thick­
walled. 
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MATERIAL EXAMtNED.- CBS 11 7.65 (type strain) isolated from dry pasture soil, 
Auenborough, England, A. E. Apinis, 1951; CBS 131.65 isolated from birch chips, 
Stockholm, Sweden, T. Nilsson, 1965; CBS 375.6g isolated from woodpulp, New 
Brunswick, Canada, J. W. Carmichael, 1969; CBS 1 73· 70 isolated from wheat straw 
compost, Cambridge, England, H. _7. Hudson, 1970; CBS 663.74 isolated from soil 
beneath Adansonia sp., Senegal, II. Lindner, 1974; CBS 202.75 isolated from garden 
soil, Cicsscn, Germany, A. van Klopotek, 1974; CBS 203.75 isolated from soiJ, Indiana, 
U.S. A., M. R. Tansey, •974· 
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Fig. 3· MJCtliophllwra themwphila.- A. Strain CBS 202. 75· Aerial hypha bearing conidia.­
B, C. Strain CBS 131.65. - B. Paru of aerial hypha showing branching and ampulliform 
swelling with conidia. - C. Conidia. 
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Sporotrichum lhmnophilum was originally isolated amongst other thermophilic fungi 
from soild and plant debris in swamps in Britain (Apinis, 1963). Von Klopotek ( 1974) 
transferred it to Chrysosporium because Lhc hyphae lacked basidiomycctc-typc clamp 
connections which arc present in Sporotrichum aereum Link ex Fr., the lectotype species 
of the genus. Moreover, Sporotrichum lhmnophilum has an ascomycetous perfect state. 
As the hyphae bear blastoconidia with narrow basal attachments, hypha! cells 
which may each produce up to 4 blastoconidia and ampulliform swellings, M. 
thermophilum is very close to M. lulea. Fresh isolates of M. lhermophila always have 
rough conidia but older cultures tend to produce smooth conidia. Even an old 
isolate of the type strain CBS 117.65 (maintained since 1951 ) which was origmally 
described as having smooth conidia (Apinis, 1963) produced some rough conjdia 
after 30 days on YpSs agar at 30°C. 

MAnNo EXPEJUM£NTS.- Von Klopotek (1976) obtained a perfect state which she 
called ThieltWia Mlerothallica. The isolates which she used, CBS 202.75 and CBS 
203.75, plus another strain, CB 663.74, were mated. Single conidial isolates of 
CBS 203.75 with either CBS 202.75 or CBS 663.74, mated and produced mature 
ascomata ofT. helerothall~a Klopotck on 2% malt agar at 30°C. In both cases the 
asci formed on the CBS 203.75 side of the dividing line between the two colonies. 
This would seem to indicate tltat either CBS 203.75 is homothallic and is induced by 
the otltcr strains to produce ascomata, or thal CBS 203.75 is hcterothallic and acts 
as the 'female' partner. 

(3) Myceliophthora fergusii (Klopotck) Oorschot, comb. 11ov.- Fig. 3 

Cht;JPJS/Klriumfergusii KJopotck in Arch. Mikrobiol. g8: 366. 1974 (basionym). 
Ascigero~U state: Thiewuia thermophila Fergus & Sinden in Can. J. Bot. 47: 1635· 196g. ­

Corynascus thmnophilus (Fergus & Sindcn) Klopotck in Arch. Mikrobiol. g8: 366. 1974. 

Colonies on cornmeal agar initially white, cottony, later pinkish-cream, floccose, 
covering an 8.5 em petri dish within 72 h at 40°C; reverse cream. Thermophilic 
with optimum growth at 45 °C, minimum 20 °C, ma:<.i.rnum 56 °C. Cellulolytic and 
keratinolytic. Submerged hyphae of tlte same width as aerial hyphae (3.2-~.2 lim) ; 
aerial hyphae ferti le at the apex or sterile, up to 5 mm hlgh. Blastoconidta borne 
laterally or terminally on aerial hyphae, sometimes witlt short pedicels; up to 5 
conidia being borne per hypha! cc.ll. A secondary blastocorudium may be produced 
from the distal end of the first and ampulliform swellings arc globose or slightly 
obovoid with one (occasionally two) blastoconidia per swelling. Conidia 4.8-12.0 X 
2.8- 5.2 (lS!l, pyriform to clavate, occasionally somewhat ~lobosc, smooth- and 
thkk-walled, hyaline, with narrow basal attachments. 

MATERlAL EXAMINED - CBS 405.69 (type-strain) ( + ), isolated from mushroom 
compost, U. S. A. , C. L. Fergus, 1969; CBS 406.6g (- ) isolated from mushroom 
compost, U.S. A., C. L. Fergus, t969; CBS 174·70 isolated from wheat straw com­
post, Cambridge, England, H. J. Hudson, 1969. 

In 1969 Fergus & Sinden described the imperfect state of Thulavia thermophila 
Fergus & Sinden as resembling Sporolrnhumthemwphilum (i.e. M. themzophila) e.xccpt in 
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Fig. 4- Myulwphtlwra fngusii. - A, B. Strain CBS 4o6.6g. - A. Parts of aerial bypbae 
bearing conida. - B. Conida. 

cultural characteristics and tcmpcratwe range. Hedger & Hudson ( 1970) pointed 
out most of the differences between M. thmrUJphila and the conidial state of Thielaoia 
themwphila. In addition it should be noted that the latter species has wider hyphae 
(3.2-5.2 p.m) than M. themwphila (o. 75- 3.0 p.m) and fewer, usually more elongate 
ampulliform swellings with less conidia per swelling. This species is transferred to 
Myceliophthora for the same reasons as Myceliophthora thermophila. 

EXCLUDED SPEClES 

MYCEUOPHTIIORA SULPIIUREA Goddard in Bot. Gaz. s6: 263. tg63. 
Type material of tllis species probably docs not exist. The drawings and descriptions 
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of the colonies strongly suggest Chrysosporium ~rdarium (fide Carmichael, 1962). 
Mvc.euOPHTHORA INFLATA Burnside in Pap. Mich. Acad. Sci. 8 : 82-84. 1928.­

Paecilomy«s injlaJus (Burnside} Cannichael in Can. J. Bot. 40 : 1148. 1962 (syn. 
PaeciwmJ'esflaoescens Brown & Smith in Trans. Br. myeol. Soc. 40 : 56. 1957). 

Mvc£LIOPHTHORA FUSCA Doycr in Medcd. phytopath. Lab. Willie Commelin 
Scholten so : 32. 1927.- Ptychogast" rubescens Boud. (fide von Arx, 1973). 
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EXPLANATION OP PLATE 49 

Scanning electron micrographs of M;v:eliophthora thmnophi/4 s1rain CBS 202.75. -A. Young 
aerial hypha showing development of blastoconida. - B. Aerial hypha bearing smooth and 
slightly rough blastoconida on pediccls and on an ampulliform swelling {top left) . 

The scale-markers represent 10 11-m. 
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CLAVARIA LUTEA VITI., EINE EIGENE ART 

E. SCIIILD 

Brienz, Schwek 

(Mit zwei AbbiJdungen) 

C/oooria luua Vitt. wird als cine selbstandige Art anerkannt, fur wclchc die 
neue Kombination Ramaria lutea vorgeschl:lgen wird. Die vorlicgende Arbcit 
enthlilt cine teilweise Wicderbesehreibung des Neotypus, welcher im ZT auf­
bewahrt i!t. Ausserdem i!t cine vollstandige Bcscbreibung, basierend auf 
fr&hem Material hinzugeftlgt. Einige der verwirrcnden Besehrcibungcn in 

der frilheren Literalur werden di!kutiert. 

Naehdem Petersen im Jai"Lr 1974 die Sehacffcrsehcn Korallcnpilzc Clauaria aurea, 
C.jlaua und C.jlautSctns cndlieh gcklart und von dicscn Artcn jc cinen eotypus aus 
Bayern aufgcstcllt hattc, wurdc im weitcrcn aueh die rotfleckcncle C/Qllaria sanguinea 
Pcrs. gek.Hi.rt, die in der Literamr oft verweehselt wird, oder W\ter versehicdenen 
nomcnklatorisch falseh angcwendeten Namen figuriert (sichc wcitcr untcn). 

Nun W\trdc dicscr Kreis von orangcfarbigen his hell gclbcn Artcn dureh die neu 
aufgcstellten europaisehen Arten Ramaria eosanguinea Petersen und R. tltojormosa 
Petersen noch erweitert ( 1974: 739 und 1976: 309). 

l ndcssen findct rnan in dcr Litcratur noch den !\amen Clauaria lutea Vitt., dcm 
man aber- vor allcm in dcr ncucrcn Litcratur - nur als Synonym untcr Clauaria, 
oder Ramariajlaua (Sehacff. per Fr.) Que!. bcgegnet. Die T atsachc, dal3 einigc Myko­
logen fliT lctztere Pilzart rotc Flccken angebcn, wahrcnd andere dicse wicdcrum 
nicht crwahncn, licB in mir den Vcrdacht aufkommen, daB hier vicllcicht mchrere 
Arten im Spiel sein k61mtcn und Vcrwcchslw1gcn nicht ohnc wei teres auszuschlieBcn 
scien. In der Folgc studiertc ich Viuadinis Originaldiagnosc von C. lutea, worin 
jcdoch absolut nichts von ciner roten Verflirbung dicscr Pilzarc zu erfahren ist, im 
Ccgentcil, die Bczcichnung ,sulphurci" und wicderum ,di color giallo zolfino piu o 
meno riscntito", schcint mir ein zicmlich klarcr Begriffzu sein. 

Im Gegensatz zur Diagnose von C. lulea sehrcibt Vittadini ilber die Farbc von 
C.jlaua Sehacff. folgendcs: ,rami flavi ... ramuli sublutei". Dicsc Auffassung diirfie 
Vittadini im Sinnc Sehacffers ( lactc Aavis) vcrstandcn habcn (dies gilt aueh fUr die 
Bcsehrcibung von C. jlava bci Bourdot & Galzin), woraus crsiehtlieh ist, daB cr C. 
jlaua und C. lutea rur zwci vcrsehicdcnc Arccn hiclt. 

Wlihrcnd ieh nWl Vittadinis Farbtafcl bclrachlcte, wclehc C. lutea als cinen schr 
hellen blcich gel ben Korallcnpilz ohnc rotc Flcekcn darstcllt, crinncrtc ich rnieh, vor 
cinigen J ahrcn in Bologna (I talien) zwei sehOne, blaB gelbc Wld auf Vittadinis 
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ScwLD: Ober ClalJOria lutta 4" 

Farbbild gut passcndc Korallcnpilzc in die l llindc bckommcn zu habcn, die ich noch 
im Frischzustand untcrsuchtc, skizzicrtc und bcschrieb. lnfolgc des Ausblcibcns dcr 
von mir damals cmrartcten rotcn Vcrflirbung, wie sic von Ramariajfauo bekannt war, 
wolltc rrur die Bcstinunung dicscr zwci Funde nicht gelingcn. Durch die Fcststcllung, 
dass dicsc Pilze kcinc Schnallcn bcsitzcn und ihrc Sporcn mcrklich klcincr sind als 
bci R. sanguineo und der Schnallen aufwciscndcn R. jfaua sensu Petersen, konntc ich 
lctzterc bcide Arlen mit Sichcrhcit ausschlie!Jen. Indcsscn bcstaligtc sich mcinc 
Vcrmutung, da!J cs sich bci den zwci Kolleklioncn aus Bologna urn C. lulea handcln 
kOnntc. A us Vittadinis Sanunelgcbict dcr Lombardci, wcnn moglich a us dcr Gegend 
urn Milano noch :vfatcrial zu bcschafTcn, wa r dann mcin nachstcs Zicl. Dank dcr 
frcundl ichen Mithilfe von Hcrrn Rcnato Tomasi aus Brescia, bekam ich im 1 ovcm­
bcr 1976 ein Paket mit mchrercn Ex.sikkaten vcrschiedcner Ramarien, die er im 
Herbst des glcichen Jahres in der Gegcnd von Brescia - Milano, als ,gel be Clava­
ricn" gcsanunch hat . 

Da nun vor allem Milano sich stark industrialisicrend vcrgrolkrt hat und cin 
Suehcn nach dcm damaligcn Standort von C. lulta hcutzutagc aussichtlos ist, mu!J 
man schon froh scin, da!J in dcr wcitcrcn Region urn die gcnanntc Stadt iibcrhaupt 
noch Ramaricn gcfundcn wcrden konnen. 

1 ach cingehcndcr Untcrsuchung dicscr Kollektionen (cs warcn etwa ro), konnte 
ich cine Probe aussondcm, die in allen mikroskopischcn und makroskopischcn 
Mcrkmalcn eindwandfrei mit den zwei Pilzfunden aus Bologna idenlich ist! Von 
dcm Moment an gab cs fUr rruch kcine Zweifel; ich habe mich dcnn auch entschicdcn, 
dicscs cine Ex.sikkat das in dcr Gegcnd zwischen Brcscia- Milano gcfundcn wurdc, 
als den Ncotypus von Clouario luteo Vitt. aufzustcllcn. 

Somit gcbc ich cine hauptsachlich mikroskopische Bcschrcibung dieser Ex.sikkat­
probe der nun wie folgt zu nennenden Pilzart.-

Ramaria lutea (Vitt.) Schi ld, comb. noo. 

ClalJOria luua Viu., Oeser. fung. mang. ILalia: 228, 1835 (Basionym). 

Fruehtkorpcr 50 mm hoch, 3,5 mm brcit ; Strunk allein 35 mm hoch, 8 mm breit. 
Die Farbc der trockenen Aste tst creme-beige-oliv. Das vorhandcnc Ex.sikkat stcllt 
jedoch nur eincn Teil des gesamtcn Fruchtkorpcrs dar, da dcr Pilz zerschnitten 
wtude, wodurch Ieider auch die Stammbasis fchlt. 

Sporcn bla!J graugrilnlich-grauJicholiv 6-g,6 X 3, 7- 5,4 f.Ull, \\land urn 0,2 1•m 
dick, cyanophil, Apiculus 0,7- •,3 !J.ffi lang, Apiculuswand nicht oder nur schwach 
cyanophil, War-'cn rruttclgro!J, schr unrcgclmli!Jig angcordnct, biswcilcn etwas 
reihig miteinandcr verbunden, ± stark cyanophil. Basidien bla13 graugrilnlich, 
glatt odcr tcilwcisc mit tropfig-kornigcm In halt, kculig, 4o-56 x 6,5-9,5 !J.m, an der 
Basis ohne Schnallen, mit 4 odcr 3 (2) relaliv kurzen Stcrigmcn, (2,4)-3,2-6,5 f.Ul1 

Abb. 1. Ramaria /uuo, Fruchtkllrper in frisehe.m Zustand, X o,S - a. Von Bologna (Herb. 
Schild 56g). - b. Von Hofstettcn, Brienz (Herb. Schild 1045). - c. Von Bologna (Herb. 
Schild 572). 
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lang. Basidio lcn mcist ctwas kiirzer, im Inha lt fa~t glcich wie die Basidien. Zystiden 
kcine. Hymcnium urn 6o-8o !J-1Tl dick, ol ivgriin. llyphcn von cincr Sonr, fast 
hyalin, im ganzcn Fruchtkorpcr ohnc Schnallcn, im Subhymcnium odcr nahc dcm 
Hymenium stark irregular, mci~t 2-3,5 f.lm dick, Wande diinn, 0,2- o,t 11-m und 
blaO olivlich; in dcr Trama dcr Astc im allgcmcincn subrcguUlr, zicmlich angzclli~, 
2- 10,5 ( 13) f.liD dick, paralJclwandig bis ctwas langbauchig, odcr nur gcgcn d1c 
Scpten etwas vcrjiingt oder cingeschnilrt, biswcilen sekundllr scptiert, Wlindc 
blaO graugrilnlich-olivl ich, glatt, dunn, zwischen 0,3-o,s !Lm. 11icr und da am­
pullcnfOrmigc Anschwcllw1gcn mit u nd ohnc Fortfl.ihrung dcr Hyphcnzellcn bis 
urn 12 !J-1Tl dick und mit J: ausgeprllgt fein-tropfigkomigcm lnhalt und Wllndc 
hicr ctwas starker, zwischen 0,7- 1 !Lm (Abb. 2c) . Hyphen im Strunk 2,5-10 11-m 
dick, Wiindc ± dunn his Ieicht verdtckt, zwischen o,3-o,5 (o,7) !J-1Tl· cinzclne 
Glicder llhnlich wic dicjenigcn in den Asthyphcn, hier und da auch sekundllr 
septicrt. Ampullcnfbrmigc Anschwcllw1gcn hlcr ctwas hllufigcr als in den Asthyphcn, 
ctwa 12- 16 !J-1Tl dick, mit gleichcm Inha lt, \Vande hler etwas starker, zwischen 
0,7- 1,3 f.lm. Stellcnweisc viclc cinzcln hcrumlic!lcndc Krista llaggrcgate, in dcr Form 
schr untcrschicdlich (ctwa roscncn-mosaikarug zusanuncngesctzt, odcr unrcgcl­
miillig quadratlormig), m cist zwischen 4- 18 (.Lffi groO, bisweilen jcdoch auch in 
zusammcnhllngcnden Gruppcn 

Olcifcren im Strunk zcrstreut, etwas spllrlicher in den Astcn, parallelwandig his 
unrcgclml!Oig, 2,5 6,5 11-m dick, an den angeschwollencn, scltcner abcr kopfigen 
Enden his 16 fJ.ffi· 

UI'."TP.RSUCIITES MATERIAL.- IT A L 1 EN, Gcgcnd zwischen Brescia und Milano, 
bci Lauhhaumcn, Oktobcr 1976, R. Tomasi, (Ncotypus, ZT). 

Dcr Vollstllndigkrit halbcr folgt noch cine Beschrcibung wie ich sic anhand von 
frischcm M aterial angefertigt habe.-

Fruch tkOrper 6o-120 mm hoch, 7o-110 mm hreit (Ahb. •). Smmk ahwllrts ± 
konisch, an der Basis 1o-15 mm dick, oben etwa 2o-35 mm, gla tt, seltener mit 
tiefer ~ele11en~n Seiteniis.t.chcn, unten weiO, .. aufwarts allm!ihlich in wciO-gclblieh, 
dann 111 dtc Farbe der Astc iibergchcnd. Astc aufrecht bts stark verhogen, unten 
4-15 mm dick, aufwarts bis zur nllchstcn Asncilung entwcdcr glcichdick und nur 
kurz vor dcr T eilstclle dicker wcrdend, odcr allmahlich gc~en die Tcilung sich 
erweiternd und manchmal etwas Oach gcdriickt, im allgememen wenig rundlich, 
mcist unrcgclmli.Oig kantig und ± stark lanssgcfurcht spczicll untcrhalb dcr fast 
ilherall spitzcn Ast.winkel (charaktcristisch !), g<"gcn ohen mchrfach dichotom 
gcteilt, dabei sich immcr verfcincrnd und Enden junger FruchtkOrpcr meist ,zwei­
zahnig", an altcren Pilzcn mchr zangcnanig verlangert, einzclne Spitzchcn 3-5 
( 10) mm lang und stumpfspitzig. Farbe der Aste im a llgemcincn wcnig variabcl, 
bci j iln~cren, frischen Pilzcn schr hell schwcfclgclb (am nachsten ctwa Seguy 
28g/2go/319) und Spitzcn gleichfarhig oder etwas lehhafter gelh, ein trockncnde 
Fruchtkorpcr chcr noch blcichcr (et:wa Seguy 320), an Exsikkat<"n cremc-bcigc­
oliv, wic beim Neotypus. Auf Druck unvcrandcrlich. (Eincr der Pilzc a us Bologna 
hatte auf dem Strunk und den untcren Hauptiistcn schmutzig grauviolcttlichc, 
zum Tcil nur punktfbrm~g klcine Flcckcn, was von cincm Pa rasitcn hcrrilhrcn 
durftc.) Hymcnium die .i\stc his zu den Spitzcn bedcckcnd, matt. Fleisch bei 
feuchten Pilzen etwas wllsserig weiO und schwach beige-graulich marmoricrt, 
spczicll im Strunk, bei cintrocknendcn Pilzcn chcr milchwciO, wcieh, biegsam 
briichig. Gcruch ctwas variahcl und schwcr definicrhar ; im allgcmcinen llhnlich 
wie d ie mcistcn andcren gclbcn bis orange- odcr rosa-gclbcn Artcn, schwach odcr 
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hcrbcr grasartig, bci cincm Exemplar aus Dologna mit cigcncnarti~cn, cntfcrnt an 
Tricholoma sulphureum erinnerndcn Bcikomponentcn. Geschmack m1ld aber schwer 
dcfinicrbar. 

Sporcnpulvcr in Masse auf wci!km Papicr abgcworfcn hell ockcr, auf Glas 
abgeworfen schr blaB ockergclb. Sporcn l~.s-)6- •o,s(- •o,B) X3,2-5,5 (.lorn, manch­
mal mit cincm oder zwci Tropfen (vcnnuthch wcnn nicht ganz ausgcrciftJ, Apiculus 
zwischen 0,7- 1,3 (J.lll lan$· Sporcnform, Farbc, Wand und Warzcn glcich wic 
bcim ='leotypus. Basidicn (314-)4o- s6(-64) x (5,s-)6,5-9·5(-11) (.lorn, mit 4 oder 3 (2) 
Steligmcn, (2,5-)3- 7(-8,5 (J.ffi lang, sonst gleich wic bcim Ncotypus. Basid1olcn 
34- 56 X4,8-7,5 (J.ffi, im In 1alt fast glcich wic die Basidicn. Kcinc Z)rstidcn. Hymc­
nium wic bcim Ncotypus. Subhymcnium schmal, urn 10- 20 (J.ffi dick, jcdoch gegcn 
die Trama schlccht abgcgrcnzt, b~tchcnd aus stark irregular vcrlaufcnc\cn, diinncn 
und kiirzenclligen Hyphen. 

Generative ll)phcn, Oleiferen und Kristallaggrcgate im allgcmcincn wie bcim 
Neotypus. 

UNTERSUCHTES MATERIAL IT A L 1 EN, Bologna, in Laubwald, Sept 1972, 
Finder unbckannt (Herb. Schild 56g und 572). s c H wE I z, Hofstetrcn bci 
Brienz, in Laubwald, hauptsachlich Fagus, 1 Sept. 1976, E. Schild (Herb. Schi ld 
1045) ; Tessin, bci Fagus und Q~~trcus, 5· Okt. 1976, G. Lucchim (Herb. Schlld 1073) . 

Gro!kre Pilzc von Ramaria lutae konncn schr Ieicht mit zartcrcn Fruchtkorpcm 
von R. jlaoa vcr.vechsclt wcrdcn. Bcidc Artcn rotcn nicht. Obcrfll\chlich gesehen 
habcn sic zwar fast die glcichc gclbc Farbc, bci gcnaucr Bctrachtung stcllt man 
abcr fest, daB R. iutea mci5t cin helleres blcichcs Gelb aufweist. lhrc Sporen sind 
zudem vie! klciner und die H yphen habcn im Gegcnsatz ru R.jlava keinc Schnallcn. 
Von R. sanguinea ( Pers. per Seer.) Que!. untcrschcidct sic sich cbcnfalls durch eher 
noch bleichcres Gclb, volliges fchlcn cincr rotcn Vcrfarbung und klcincrc Sporcn. 
SchlieBiirh m&htc ich noch R. eosanguima Petersen er.viihncn, die sich durch 
schwaches Roten an Druckstcllcn, am Strunk odcr im Fleisch, groBcrc Sporen und 
Hyphen mit Sclmallcn von unserem Pilz untcrschcidct. 

Anhand dcr bis jctzt nur wcnigcn sichcrcn Fun de nchmc ich an, daB R. lutea in 
dcr Schwciz cine scltcncrc Art ist und wlirmcrc Rcgioncn vorzicht. Wic wcit diesc 
Pilzart gcgen Norden hcraufstcigt sowic auch ih.rc allgemeine gcographischc Vcr­
breitung, ist mir nicht bckannt. 

Im Folgendcn wcrden einige der viclen in dcr Literatur vorkommcndcn Ver­
misehungen und Vcr.vechslungcn zwischen Ciavaria sanguinea, C. flava und C. iulta 
nahcr bcleuchtet. 

Bresadola ( 1932: Taf. 1 o86) beschrcibt die Far be bci C.jlaoa mit ,flavo-sulphu.rini" 
und gibt kein Roten an, wahrcnd cr auf der Farbtafcl cincn rotflcckcndcn Strunk 
zeigt. Die Sporcn wcrdcn mit 10 14 X4- 5 (J.m angegebcn. Er muB sornit C. san­
guinea mit C. jlaoa vcrmischt haben. 

Saccardo (1916: 1227) beschreibt die Astc bci C.jlaoa mit , flavis" und er.vahnt 
nichts von Roten. Die Sporen gibt cr mit 8-10X4-5(J.m vel to-t3X4(J.ffi an. 
H icr sehcint cine Vcrmischung von C. lut.ta und C.jlava vonulicgen. 

Cotton & Wakefield (1918: 169) gcben die Farbc bci C.jlava wie folgt an: ,och.ra-
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ccous ... reddish when bruised" und die Sporen werdcn mit 11 - 14 (15) X4- 51Lm 
angegebcn. l n diescm fall stimmt die Farbc mit einer reifenden C. sanguinea Uberein, 
wahrend die Sporen bcsser rur C.jlava zutreffen. 

Corner ( 1950: 577) schreibt in seiner :Monographic Ubcr die Farbc bei R. jlaoa 
folgcndes: .,sulphur-yellow or lemon-yellow, ageing ochraceous: stem whitish a t the 
base, often reddish or bloodred on bruising or with age". Die Sporcn gibt cr mit 
11 18 X 4 6,5 (LID an. Dies sind hohe Masse, deshalb mUssen hier nebsr C. SQ/Iguillta 
Pers., auch noch andere Arten im picl sein. 

Donk (1933: 107) gibt die Farbe rur R. jlava fo lgcndcrmasscn an: .,Stnmk ... 
vielfach rot geftcckt. i\ste ... leuchrend hell schwefel- bis zitronengelb". Die Sporcn­
masse ubcrnimmt cr von Konrad & Maublanc wic fo lgt g-12 X4-5 f.Ull· Fur den 
Standort schrcibt er .,ln Laub- wic in adelwaldern". I tier diirftc R. sanguinea 
vorliegen, zuglcieh aber auch cine andere Art, da R. sanguinea mcincs Wisscns nur 
im Laubwald vorkommt, ja vcrmutlich sogar cine Symbiosc mit Fagus cingcht. 

! Iennig ( 1958: 237, Tafcl 1 77) hat die Sache wohl nur von Donk abgeschrieben und 
sehreibt: .,Ramaria jlaua hat sehwcfclgclbe Astc und eincn weisscn Strunk dcr oft 
wcinrotc Flceken aufwci~t", Sporcn 9-12 X 4- 5 !Lffi· Nach eigener Beobachtung 
schreibt er nur: .,Bei Pitzen des TieOandes sind rote Flecken meist nicht festzustcl­
len". Auch dicscr AuBerung ist zu entnehmcn, daB ncben R. SQ/Iguinea noch andere 
Arrcn darin vcrwickclr scin milsscn, dcnn R. sanguinea wcist fruhcr odcr spllter 
immcr Rotungcn auf, und bcim .,Obergehen" wcrden die Fruchtkorpcr oft fast 
glinzlich schmutzig weinrot-purpurbraun. 

Coker ( 1923: 120, Taf. 39, Fig. 1) bc~chreibt C.jlava als gelb ohnc rotc VcrHirbung. 
Fur die Sporen gibt cr 7,4-1 o X 3-4 (Lffi an. An hand diescr Sporenangabe hat der 
Pilz nichts mit dcr heutigen R.jlaua zu tun, konnte abcr mit R. lutea identisch sein. 

SchlieBlich mfichtc ic~ noch Ramaria jlauiups Corner, Thind & Anand {Thind, 
1961: 59) cn"l\hnen, dcren Existenz als sclbstl\ndigc Art ich jcdoch bczwciOc, da 
sich diescr Pilz gcmaB den Litcraturangaben wcder makroskopisch noch mikrosko­
pisch cindcutig von R. lutea untcrsehcidcn laBt. 

Wie aus diescn Bcispiclcn ersichllieh ist, findct man Ramaria sanguinea in dcr Litc­
ratur fll lschlicherwcisc mcist untcr dem Namen als Clauaria jlava oder Ramaria jlaua 
und von Corner (1970: 262) wird dcr Pilz noch als Ramaria jlaua var. SQ/Iguinea 
aufgcnihrt. 

Sununary 

Claoaria lutea Vitt. is recognized as a species in its own right, for which the new 
combination Ramaria luua is proposed. A partial redescription is given of the nco type 
preserved at ZT, and a full description based on fresh material is added. Some of 
the confusing descriptions in earlier literature arc discussed . 

Abb. 2. Ramaria luua. - n. Sporcn. X 3000. - b. Basidicn, X 2000. - c. Hyphen und 
ArucbweUungen in der Trama der Aste, X 1000. 
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ON TWO SPECIES OF THE GENUS TRECIDSPORA 
( CORTICIACEAE ) 

W. j 0LICH 

Rijksh~rbarium, Leiden 

Two species fonnerly placed in Truhispora have been studied and are now 
1mruferrcd to two different genera. The following new combinations are 
proposed: Ramarieium allw-oehrauum (Brcs.) JU!ich and Lindtneria leucobryophila 

(P. Henn.) JUlich. The genus Lindtneria has been emended. 

The genu~ Trechispora is characterized by its ampulliform hypha) swellings, relatively 
small basidia and small spores with smooth or ornamented surface. In his excellent 
revision of the genus, Liberta ( 1973) accepted two species which differ from aU 
other members in having larger basidia and spores. On re-examining these species 
I realized that the relationships arc to be sought with other genera. 

The first species studied is Corticium albo-ochraceum Brcs. The type material shows 
pale brownish and elongated spores with flat warts of irregular diameter, thus 
contrasting with the typical finger-like excrescences of most species of Trechispora. 
As a whole l11c strongly cyanophilous spores with its large apiculus remind one very 
much of the spores of a Ramaria. For specimens with corticioid basidiocarps J. 
Eriksson ( 1954) described the genus Ramaricium- now a member of the Gomphaceae 
- with R. oecultum J. Erikss. as its only species. Corticium albo-ochraceum Bress. clearly 
belongs to Ramaricium and might even be an older name for R. occultum. -

RlliDarlcium albo-ochraeeum (Bres.) JUlich, eomb. nov. (basionym: Ccr/Uium albo­
ochrouum Brcs. in Annis mycol. 1: g6. 1903). 

The second species restudied is Thelephora leucobryophi/a P. Henn. The type material 
shows large basidia (up to 55 (J.1Tl long) and large spores with an ornamentation of 
spines and some wing-like crests. These spores, too, c.xhibit a strongly cyanophilous 
reac1ion. Since the basidia in younger stages contain numerous cyanophilous globules 
which unite in mature basidia to form one to three large guttulcs, a possible relation­
ship with the genera Cristima (Corticiaceae) and Lindtneria (Polyporaceae) comes to 
mind. The genus Christinia deviates because of its smooth spores, but species of 
Lindtneria seem to be very similar both with regard to the soft-membranaceous 
basidiocarps as well as to the spiny, globose to broadly ellipsoid spores. The only 
difference seems to be the poroid hymcnial surface. An examination of material of 
Lindtnerio lrachyspora (the generic type species) strongly suggests a relationship with 
the Corticiaceac. The soft basidioearp, the monomitic hypha! system and the struc­
ture of the hymcnium indicates that it belongs to this family (a view already expressed 
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by ParmasLO ( 1968). Up to now three species of Lindtneria arc known viz. L. /rachyspora 
(Bourd. & Galz.) Pilat (widespread but rare in Europe) , L. jlava Parm. {described 
from Russia) , and L. pterospora Reid (from West Africa) . I do not think that the 
poroid basidiocarps of these three species is a highly advanced character which 
should separate them from species with a smooth hymcnophorc, and so I prefer to 
place the corticioid Thelephora leucobryophila LOgether with the poroid species in an 
emended genus Lindtneria, characterized also by the cyanophilous globules in the 
basidia. The genus Cristinia shows different hyphal structures and smooth spores, 
and should remain a genus on its own. 

L 1 NoT N E R 1 A Pilat (1938), emend. Jiilich 

Basidiocarp soft-membranaceous. H ym enial surface smooth, merulioid to poroid. 
Hypha) system monomit.ic. Hyphae hyaline, thin-walled, with or without clamps, 
often inflated where branching occurs. Basidia hyaline, clavate to suburniform, 
four-spored, with strongly cyanophilous globules or guttules in the cytoplasrna. 
Spores hyaline to mostly pale brown, somewhat thick-walled, globose to broadly 
ellipsoid, with an ornamentat.ion of spines or wing- like crests, the spore-wall as well 
as omamentat.ion strongly cyanophilous. 

TYPE SPECIES.- Lindtneria lrachyspora (Bourcl. & Galz.) Pilat ( 1938). 
ExAMPLES.- Lind/tltria jlava Parmasto (~68) ; Lindtnnia ptmspora Reid (1976); 

Lindtneria leucobryophila (P. Ilenn.) illich, comb. nov. (basionym: Thtlephora 
/euCQbryophila P. H cru1. in Verh. Bot. Vcr. rov. Brandenb. 39: xcvi. t8g8) . 

ERIKSSON,j. (1954). Romorkium n. gen., a corticioid member of the Romorio group. In Svensk 
bot. Tidskr. 48: 188-•gB. 

L mERTA, A. E. (1973). The genus Trtchisporo (Basidiom)•cetes, Corticiauac). In Can. j. Bot. 
sr : 1871-18g2. 

l'AR•tASTo, E. (1968). Corticiaccae of the U.S.S.R. In Eesti NSV Tead. Akad. Toim. (Bioi. 
Seer.) 17 : 404- 410. 

Pn ... h, A. (1938) . Lindtneria g. n., a new genus of the Phylacteriaceae wi1h polyporoid bymen­
opbor. In Studia bot. bl. 1: 71- 73. 

REJo, 0. A. ( 1976). A new species of Lit~dllll:rio. (Basidiomycetes) from West Africa. In Kew Bull. 
30 : 597-6oo. 
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G. BeCKP.R, /..e.r champip,nons. (Griind, Pari~, •977.) Pp. 96, 4 Text-figs., tog colour­
photographs. 

This richly illustrated book shows many of the most common and most spectacular 
species of fungi fowtd in Western Europe. The text is very popular and touches 
such items as poisionousncss, edibility, culinary instructions, prejudices, and folklore. 

M. V. LocQ.UtN, MJCologie du gol1t. (J.-F. Guyot, Paris, 1977-) Pp. 97· Price : 30 Frs. 

In this book, after a comprehensive culinary introduction, 24 menus and 
176 recipes with mu~hrooms arc presented. 

D. M. PEOLER, A premilinary Agaric Fwra rif East Africa. (In Kcw Bull., Additional 
Series V I, •977·) Pp. 615, 129 Tcxt.-figs. Price:[. 45· 

This agaric flora i~ mainly based on the author's collections and on material 
deposited in the Kcw Herbarium from Kenya, Tanzania, and Uganda. The East 
African fungus flora is extremely rich. In this flora 17 families are considered con­
taining 94 genera and 389 species. Each of the accepted genera and species arc 
described in detail. Line-d rawings arc given of both the habitu, and the microscopic 
characters for each species. Author citations, synonymy, and collecting data arc 
quoted. ~lany new species (63) and new combinations (23) arc proposed. !dented 
keys arc provided for the determination of aU taxa treated. 
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