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PERSOO:-.IIA 
Published by the Rijkshcrbnrium, Lcidcn 

Volume 9, Part 1, pp. 1-38 (1976) 

ULTRASTRUCTURE OF THE ASCOSPORE WALL 

IN PEZIZALES (ASCOMYCETES )- IV 

Morchellaceae, Helvellaceae, Rhizinaceae, 
Tbelebolaceae, and Sarcoscyphaeeae. 

General discussion 

E~ut.v MERKUS 

Rijkslltrbarium, Leidtn • . 

(With Plates 1-12, two Tables, and one Ttxt· figure) 

The development of wall layers and ornamentation of ascosporcs, plus 
specialized plasmic structures, arc studied with the electron microscope in 
members of the Morchcllaccae, HrlvC'IInccac, Rhizinaceac, Thclcbolaccac, 
and arcoscyphaccac; additional results in the Pyronemataceac arc given. 
The findings a rc compared with those of former studies ( Mcrku.s, 1973, 
1974, 1975). A general discussion on the origin and development of the 
different structures concludes the series. A classification based upon species 
representing typical developments of all the species of 1hc four studies is 

made. 

l ~TROOUCTtON 

Following fonner publicat ions on the subject (i\'fcrkus, 1973, 1974, 1975) this 
electron microscopy study completes the series of papers on the ultrastructure of 
the ascospore wall in Pczizales. The present paper includes the results in species 
belonging to the Morchellaccac, Helvcllaccac, Rhizinaccac, Thelcbolaceae, and 
Sarcoscyphaccae. It also gives additional results in the Pyronemataceae sensu 
Eckblad, ihcluding those in Pyronema omphalodts, Coprobia granulala, Geopyxis carbonaria, 
M)'colachnea hemisphatrica, and Oclospora musci-muralis. 

In general, &:kblad's classification of the taxa ( rg68) has been followed. Thecolh6US 
spec. (an eight-spored, ornamented species) and /odophanus cameus arc provisionally 
classified in the Thclcbolaccac; e.g. Eckblad placed lodophanus in the Pyroncmataccac. 
According to Eckblad a member of the Otideaccac, Geopyxis carbonaria, is transferred 
provisionally to the Pyroncmataccae sensu Eekblad. 

The paper concludes with a general discussion on the subject. 

• Present address: National Institute of Public Health, Bihhoven. 
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REVIEW OF EARLIER WORK 

Only a few of the species studied by LeGal ( 1947) could be examined under the 
electron microscope. Lc Cal's light microscopy of these species is briefly reviewed. 
Some of the names she used (see footnotes) have been changed in accordance with 
the ' International Code of Botanical Nomenclature'. 

Rhizina wzdulata Fr. per Pcrs.l and the related Discina perlata (Fr. per Fr.) Fr. 
develop a simple spore ornamentation that is formed between the primary wall and 
its covering layers. The ornamentation consists of callose and pcctine and is of 
sporal origin. The primary wall is covered by an "assisc sous-pcrisporiquc" and a 
"pclliculcmcmbranairc". The "assist sous-perisporiquc" is formed before the ornamen­
tation develops. The " pellicule mcmbranaire" is termed "coque interperisporique", 
as it is fonncd at the same time as the ornamentation and is penetrated by the sub­
stance of ornamentation; the "coque interperisporiquc" and the substance of the 
ornamentation both grow into one, the 'coque interpcrisporique' also consisting of 
cal lose and pectinc. During the development of the ornamentation a "perispore" is 
present on the outside of the ascosporcs; this "perispore" remains. 

He/vella atra Holmskj. per Fr.2, He/vella elastica Bull. per St.-Am. a, He/vella 
acetabulum (L. per St.-Am.) QueJ.4, He/vella macropus (Pers. per S. F. Gray) P. Karst.6 
and some related species, all members of the Helve Ileac of Lc Cal ( 1947: 284), 
which are now placed in He/vella L. per St.-Am., normally develop smooth ascospores. 
But in a few cases the species show an ornamentation on the ascospores, consisting 
of coarse folds or of connected or isolated warts. According to Lc Cal this ornamenta­
tion is false and formed by a substance situated in a "couchc sou~cpisporiquc", 
which deforms the cpisporc locally. 

Cnfortunatcly, no material of the species of the Sarcoscyphaceac studied by Lc Cal 
was available. Instead Sarcoscypha coecinta (Scop. per S. F. Gray) Lamb. and Desma­
cerelia acicola Lib., which also belong to this important taxon, could be studied. 
Le Cal's descriptions of the ornamentation patterns of the species involved resemble 
those of RhiziTUJ undulata and Dlscina perlata. The "perispore" is permanent in all 
species; the ornamentation, which docs not contain callose and pccti11c, penetrates its 
covering layers in Cookeina sulcipes (Bcrk.) 0. K. , Cookeina tricholoma (Mont.) 0 . K. 
and Cookeina insititia (Bcrk. & Curt.) 0. K., and remains within these layers in 
Aurophora doehmia (lkrk. & Curt. apud lkrk. ) Rifai o, Phillipsia domingensis Bcrk., 
Plec/ania campylospora (Berk.) Nannf. apud Korf1. and Plectania platensis (Spcg.) Rifai8. 

I Rhicina injlata SchacfT. per P. Karst. 
2 Leptopodia a/ra (Fr. ex KOnig) Boud. 
3 Leptopodia elastica (Bull.) Boud. 
• He/cella sulcata Afz. 
5 Matropodia macroprLS (Pers.) Fckl. 
6 Phillipsia dochmia (Ikrk. & Curt. apud Berk.) Seaver. 
7 Sarcosol1!4 sarasini (P. llcnn.) Boud. 
s Umukl platmsis Speg. 
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:viATERIALS AND METHODS 

Fresh material was collected in the I\"etherlands, Belgium, Turkey, Papua New 
Guinea, Indonesia, Kenya, Uganda, and Canada; some species were provided in 
pure culture by the Ccntraalbureau voor Schimmelculturcs, Baam, The. ctherlancls. 
The following list gives more details about the specimens and their origins: 
'Aseophanus' roemansii Boud. (a species of Coprolus) - uan Brummelm, culture on cow 
dung, 21. VI.r973 (L) ; Piepenbrtuk, on cow dung, near \Vclsum, Olst, Overijscl, 
The 1\cthcrlands; Asco~onus woo/hopmsis (Bcrk. & Br.) Boud. - van Brummelen, 
several cultures isolated from rat dung, on oatmeal agar enriched with horse dung 
decoction, Ekcren, Belgium (L); Coprobia granulata (Bull. per Mcrat) Boud. - van 
Brumme/en 3562, culture on cow dung, Hollanclsc ~ading, Maartensdijk, Utrecht, 
The l'\etherlands (L) ; - uan Brummelen, culture on cow dung, Bathmen, Overijscl, 
The ~etherlands, 6. VIJI. 1973 (L) ; Desma~ierella aeieo/a Lib. J. Daam.r, on fa llen 
needles of Pinus, "Spanderswoud"', I lilversum, North Holland, The ~etherlands, 
11. V. 1973; Geopyxis carbonaria (Alb. & Schw. per Pers. ) Sacc. van Brumme/m & 
Piepmbroek 4082, on burnt soil, 't Joppe, Corssel, Cclderland, The Netherlands, 
6. VIII. 1973 (L); PiejJtnbroek 783, on bumt soil, 't J oppc, Gorsscl, Geldcrland, 
The Netherlands (L) ; Gyromitra eseu/ento (Pers. per Krombh.) Fr. - Tjollingii & 
van Brummelm, among rubbish in a garden, Wagcningen, Gelderland, The ether­
lands, 2. JY. 1974 (L); He/vella crispo Scop. per Fr. - van Brumme/m 4075, under 
Pinus, Bergen, l'\orth Holland, The ::\etherlands, 3· XI. 1973 (L); van Brummtlm 
4506, under deciduous trees beside a road, Oiepenvecn, Overijsel, The 1\etherlands, 
'5· VII. 1974 (L); Octospora musci-muralis Craddon Piepenbroek 720, among mosses 
on an old wall in a garden, between Oeventer and Twello, Voorst, Celderland, The 
l cthcrlands, 12.XI.rg73 (L); Jodophanus cameus (Pcrs. per Pcrs.) Korfapud Kimbr. 
& Korf - von Brummtlm, culture on sheep dung, Elspeet, Gelderland, The Nether­
lands, 7.XL1 972 (L) ; ua11 Brummelen, culture, Vogclenzang, ~orth Holland, The 
Netherlands (L) ; - Prof. Necol, culture on oatmeal agar enriched with horse dung 
decoction, Kaskaloglu, Bomova, lzmir, Turkey; La.riobolus monascus Kimbr. -van 
Brummelm 3563, several cultures isolated from porcupine dung, on oatmeal agar 
enriched with horse dung decoction, Mt. Suckling, Papua ~cw Guinea, 6.J X.1972 
(L); IASiobolus pilosus (Fr. ) Sacc. von Bmmmelm, culture on sheep dung, Elspeet, 
Gelderland, The Netherlands, 7.XI. 1972 (L); - van Brummelnz 4077, culture on 
horse dung, Overvecn, Blocmendaal, :'liorth Holland, The Netherlands, 14.V. zg73 
(L) ; - van Brummelen, culture on hartebeest ( = Aleelaphus caama) dung, zoological 
garden, Amsterdam, ·onh Holland, The Netherlands (L); Morehella eseultllla L. 
per St.-Am. -C. Bas 6003, on sandy soil, Meyendcl, Wassenaar, South Holland, 
The ·etherlands, t6. IV.rg74 (L);- C. Bas, on sandy soil-peaty soil, under Populus 
and Cralaegus, Voorschoten, South Holland, The 1\etherlands, 22. IV. 1g75 (L) ; 
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M;·colachnea hemisphaerica (Wigg. per S. F. Gray) Maire - PiefMnbroek 769, on sandy 
soil, Epserbos, Epse, Gelderland, The Netherlands, 2r.VII.1974 (L) ; Pyronema 
omphalodes (Bull.) per St.-Am.) Fckl. -van Brummelm 4081, on burnt soil, 't Joppe, 
Gorsscl, Celderland, The ~etherlands, 6.VIII.I973 (L);- CBS 373-62, several eul­
rures on cornmeal agar (L); Rhi(.ina undulata Fr. per Pers. - oan Brummelen 4076, 
on burnt soil, ' t J oppe, Gorsscl, Gelder land, The Netherlands, 6.VIII.I973 (L); -
Piepmbroek 761, on burnt soil, " de Poll" between \Vilp and Voorst, Cclderland, The 
Netherlands, 20.VI1.1974 (L); Sarcoscyplta coccinea (Scop. per S. F. Gray) Lamb.­
of unknown (probably Central European) origin (comm. Mr. G. D. Swanenburg de 
Veye), 8.II L 1974 (L) ; Thecolhtus spec.- culture on rhinoceros dung, P. Pcntjang, 
W. Java, Indonesia, 28.X. 1972 (L); Tlidebolus crustaceus (Fckl.) -CBS 713.6g, 
culture isolated from carnivore dung, on oatmeal agar enriched with horse dung 
decoction, R. F. Cain & al., Mt. Speke, Ruvenzori ~1ts, Uganda, 23.VI J.1 g6g (L); 
Thelebolus stercoreus Todc per Steudel - CBS 717.6g, culture isolated from deer 
dung, on oatmeal agar enriched with horse dung decoction, D. Malloch, Simcoe Co., 
Ontario, Canada, •3.V.1g68 (L). 

As not all field collections contained ripening apothecia some specimen were 
kept moist in conditioned growth chambers, in alternating light and darkness; 
Lc.siobolus pilosus, lodopltanus cameus, and Thecotlteus spec. on their own substrate for a 
few days at 12 •c; Lasiobolus monascus, Asco(.onus woolhopensis and another strain of 
Iodophanus cameus on oatmeal agar enriched with horse dung decoction for a few 
days or more at 12 •c. Of the strains received from the Ccntraalburcau voor 
Schimmelcultures, Thelebolus slercoreus and T. cruslaceus were grown on oatmeal 
agar with horse dung decoction; T. crustoceus also on cornmeal agar ; for at least 14 
days at 12 •c, in alternating light and darkness. Pyronema ompha/odes was cultured 
on cornmeal agar for 5- 7 days at 23 •c, in constant light with an intermittent 
ultraviolet period of eight hours after two days. 

A suitable procedure for fixation based on previous experiments was chosen: 
1- 1.5% KMn04 for 30 minutes at room temperature or 1- 3.25% glutaraldehyde 
for 3- 4 hours at 4 •c as primary fixatives, both followed by post fixation with 1% 
Os04 for 6o minutes at 4 "C; generally the lowest possible percentages were applied. 
At the beginning of this study the apotheeia were fixed only in 1- r.s% KMn04 for 
6o-150 minutes at room temperature; rarely, they were fixed only in 1% Os04 
for 6o minutes at 4 C. 

For further treatment the standard methods described in the previous papers were 
applied, including the occ.1.~ional usc of the Spurr embedding medium. All sections 
were cut with a diamond knife. 
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0BSERVATIOXS 

:?. l 0 R C H E L L A C E A E 

MoRCIIELLA ESCULENTA-Pis. tA-D; 2A, B 

Fixatives: KMn04-0s0 4 • glutaralclchydc-KMn04 and glutaraldchyclc-Os04. 
The apical parts of the asci arc filled with compact masses ofglycogcn that enclose 

small parts of membranous materia l; just beneat h the glycogen numerous vacuoles 
with conten ts that resemble glycogen occur. Aftcr glutaraldrh)·de-K~1n04-fixation 

the gl)•cogc..nic contents of the vacuoles arc nocco~c or more granular and regularly 
spread over the vacuolt"s, in a few cases partly clustered to larger electron-dense 
globules. After KMn04-0~04 or glutaraldchydc-Os04-fLxation the vacuoles a rc 
rather empty and only a thin layer of tiny glycogenic globules is found against the 
tonoplast (Pl. tA). 

The basal parts of the asci arc a lso filled with large compact concentrations of 
glycogen and with vacuoles like those found in the apices. 

In the one-eight-nuclear stages the subapica l parts of the asci conta in normal 
ascoplasm in which the nuclei and the tubular and vesicular clements of the endo­
plasmic reticulum as wdl as larger vesicles that show low electron drnsity and may 
originate from the endoplasmic ret iculum itself, scattered glycogen, plus small 
vacuoles of the same type as described above; apart from scattered glycogen larger 
accumulations a lso exist (Pl. 1A, B). Globular structures, which arc generally 
electron-transparent after the three types of fixation, arc also found (Pl. 1 A-D). 

orne of them arc scattered over this part of the ascoplasm but the greater part of 
them arc concentra ted in groups, almost a ll around the glycogen. They sometimes 
have a moderately electron-dense or completely ekoctron-dcnsc aspect after the two 
fixations with KMn04 (Pl. 1 D). 

Electron-dense and irregularly shaped membranous structures may occur in the 
larger vesicles with poor electron density and, more abundanlly, in the smaller 
vacuoles, where they seem to arise from invaginating membranes; they arc also 
found in the glycogen (Pl. 1A, B) . 

At later stages of development eight ascosporcs arc delimited arou11d the nuclei in 
the subapical ascoplasm. T hey soon have a regular, ellipsoid shape and the sporo­
plasm conta ins a ll the ascoplasmic clements presen t in this part of the ascus; they arc 
plurinuclcatc and in each nucleus a nucleolus can be distinguished. T he rema ining 
cpiplasm abounds in globular structures. Delimitation of small ascoplasmic fragments 
without nuclei also occurs. 

The primary wall (KMn04-0s04 3oo-450 nm, glutaraldchyde-K:Mn04 25o-
350 nm, and glutaraldchyde-Os04 about 250 nm thick) is norm.1.l in appearance and 
shows practically no intcn1al differentiation (Pl. 1 C). 

The development of the secondary wall starts during a more extensive vacuolization 
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and{or glycogen fonnation in the cpiplasm; the secondary wall material is fairly 
electron-dense and slightly floccose (Pl. 1 C, D). As it proceeds further the endospore 
(KMn04-0s04 3oo-400 nm, glutaraldchydc-Os04 about 250 nm thick) and the 
episporc (KMn04-0s04 50- 55 nm, glutaraldchyde-OsO .. about 40 nm thick) 
differentiate in the primary wall. The endospore may show a more electron-dense 
layer in the inner parts, wh ile the cpisporc consists of two electron-dense layers 
between which an electron-t ransparent layer is found (Pis. •D; 2A, B). 

The latest stages of development available in the material show a Joss of cpiplasmic 
structures; most of the globular structures have also shriveled and disappeared; those 
remaining cluster around the two poles of the ascospores (Pl. 28). The secondary 
wall has also disappeared and left a fairly electron-transparent and vaguely structured 
layer around the epispore ( Pl. 2B). The sporoplasm has increased in electron density 
and contains a few small oil drops; the epiplasm consists of glycogen and empty 
vacuoles. 

HELVELLA CEAE A 'D RHIZINACEAE 

lliLVELLA CRtsPA-Pis. 2G-F; 3A, B 
RmztNA UNDULATA, GvROMITRA ESCULI'.I\IA, AND G. INFULA Pis. 3G-G; fA-D 

Fixatives: KMn04-0s04 for all four species, glutaraldehyde-Os04 for He/vella 
trispa only. 

Like in M orchella esculmla, vacuoles and glycogen arc found in the apical parts of 
the asci of all these species. In H. trispa, G. escuknta, and C. itifula the glycogen exist 
as compact masses in the apices, but in R. undula/a only a small amount of glycogen 
is found as a thin layer or, even more, as a cap just inside the ascus wall at the apex 
(Pl. 2C). Vacuoles with what seem to be glycogenic contents become abundant 
tOwards the subapical parts of the asci of H. crispa, G. esculmta, and C. infula, with the 
normal ascoplasm extending in 'its central parts, while in R. undulala only a few 
vacuoles develop that arc more randomly distributed over the ascoplasm of the 
apical parts. 

Small to large vacuoles, varying from electron-transparent to almost entirely 
filled with glycogen, and masses of glycogen ftll the basal parts of the asci. 

In all the species the subapical parts of the asci are very much like those in M. 
esculenta in the one-eight-nucleated stages. Present arc the nuclei, the tubular and 
vesicular clements of the endoplasmic reticulum, larger and a lmost electron-trans­
parent vesicles probably originating from them, small vacuoles with traces of glycogen, 
and scattered or more clustered glycogen. Furthermore, scattered globular structures, 
which arc electron-transparent to more moderately electron-dense after both types 
of fixat ion, occur all over the subapical ascoplasm in all four species but they abound 
in the lowermost and, even more, in the uppermost part in H. trispa and R. w1dulata 
(Pl. 2C). 
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The smaller vacuoles contain the same electron-dense and irregularly shaped 
membranous structures as in lvf. tsculenta. 

Later stages of development show the formation of ascosporcs in the subapical 
ascoplasm. As a result of the capricious course of the del imiting membranes the 
ascospores arc at first very irregular. They obtain their cvcmual shape only when the 
primary spore wall is complete, so that the primary wall material must have great 
plasticity at these stages. The sporoplasm has a regular appearance and does not 
yet contain many globular structures. As in M. tscuunla, delimita tion of small parts 
of ascoplasm without nuclei is not infrequently found in all four species. 

The primary wall is homogeneous and electron-transparent (H. crispa: KMn04-
0s04 75 150 nm thick; R. undulata: 250 400 nm th ick; G. tsculenta: 25o-450 nm 
thick). A notable varia tion in thickness arises during its development, and even 
formation of secondary wa ll material may start while. primary wall development is 
still going on. 

Secondary wall formation in //. crispa is regular but not extensive. The secondary 
wall material is fa irly electron-dense and homogeneous at all stages after KMn04-
0s04-f1Xa tion (Pis. 20; gA), more floccose after glutaraldchydc-Os04-fixation. 
It disappears when the ascospores ma ture and an endospore and cpisporc have de­
veloped in the primary wall; remnants of the investing membrane persist for some 
time (Pl. gA, B). The endosporc (KMn04 -0s04 75- 1oonm thick) docs not have any 
internal st ructure; the episporc (KMn04-0s04 3o-6o nm thick) shows the basic 
pattern of two electron-dcn.sc layers separated by an electron-transparent layer in 
which a thin, extra electron-dense layer can sometimes be distinguished (Pl. gB). 

During the ascospore development in II. crispa, the globular structures in the 
epiplasm and sporoplasm grow out distintly to large oil drops; a variable but generally 
large number of new and smaller oil drops seem to be added also, finally occupying 
the greater part of the epiplasm and sporoplasm (e.g. Pl. 20, E). In the rema ining 
part of the cpiplasm, glycogen and vacuoles with floccose contents predominate. 

A remarkable differentiation in the primary wall distinguishes H. crispa both 
from all species previously described (Mcrkus, 1973, 1974, 1975) and also from all 
those to be discussed in th is study. As Lc Gal ( 1947) a lready observed with the light 
microscope, the primary wall material grows out locally and forms thickenings 
on the outside that seem to be permanent. T he outgrowths (young ascospores: 
KMn04-0s04 20-50 nm thick; mature ascospores: glutaraldchydc-Os04 about 
85 nm thick) occur in both the inner and outer parts of the primary wall and arc 
fairly electron-dense after both fixations (Pl. 2E, F). 

As in H. crispa, secondary wall formation in R. undulala regularly passes ofT; it is 
far more extensive at the two poles of the ascosporcs, the secondary wall material is 
permanent. OifTcrcntiation of the primary wa ll into an endospore and an cpispore 
foUows the normal pattern. In the main the cpisporc (3o-40 nm thick) has the same 
structure as that in H. crispa; the outer electron-dense layer becomes somewhat 
thicker in the latest stages (Pl. gF, G) and internal striation can be seen in the inter­
mediate electron-transparent layer (Pl. gF). The endospore (20o-3oo nm thick) does 
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not remain homogeneous like in H. crispa but differentiates further in its outer parts, 
where two fairly electron-dense layers join the epispore; its remaining inner parts 
remain homogeneous and electron-transparent (Pl. 3F, G). 

The secondary wall materiaJ of R. undulata is homogeneous and fairly electron­
dense in its first stages of development but it soon becomes more electron-dense. 
At first some dots (Pl. 3C) and very thin layers (Pl. 3D) appear at a slight distance 
from the cpisporc. These soon form a continuous layer (Pl. 3F) which increases in 
thickness particularly ncar the two poles of the ascosporcs (Pl. 3G). The compact 
ornamentation that is finally formed at the two poles of the ascospores varies in 
thickness from 1200 nm up to 3000 nm and forms rounded spines or more cup­
shaped projections, one at c?.ch pole, containing some large ellipsoid holes up to 
700 X 300 nm in section (Pl. gE). At the sides of the spores a smooth layer of secondary 
waJI material of about 1 oo nm thick is present (Pl. 3F). 

In R. undulata the globular structures in the epiplasm do not enlarge as much as in 
H. crispa, so that the epiplasm remains more intact, particularly in the layer just 
inside the ascus wall. The cpiplasm develops glycogen and larger vacuoles with 
floccose contents. The sporoplasm increases in electron density and each spore gener­
ally develops two large oil drops, together with a number of smaller ones. 

The development of the ascosporcs in C. uculenta and C. infula could not be studied 
extensively since only the younger stages of C. uculenta were present while the final 
stages of C. infula were absent. But some points should be mentioned. The diflcrcn­
tiation of the primary wall into an endospore (C. irifula 200-250 nm thick) and an 
epispore (C. infula 30 40 nm thick) and the formation of a secondary wall is regular 
in both species (Pl. ¢ - D). The cpisporc of C. ilifula markedly resembles that of 
H. crispa and particularly that of R. undulata; the endospore of C. itifula is like that in 
R. undulata, it shows differentiation in the outer parts, and even the inner parts arc no 
longer homogeneous (Pl. 41)). The secondary wall material of C. infula condenses as 
floccose electron-dense materia.! on the epispore but it is doubtful whether it persists 
(Pl. 4C, D) ; the mature ascospores arc smooth. Both in the cpiplasm and sporoplasm 
of the two species the oi l drops ihcreasc in number and size; in the epiplasm the 
amount of glycogen increases and also occurs against the ascus wall in compact 
masses. 

THELEBOLACEAE 

"AscOPIIANt.:S" COE~IANSII, THELEBOLUS CRUSTACEUS AND T. STERCOREUS - PJ. 5A- G 

Fixa tives : KMn04-0s04 for all three species, for T. crustaceus and T. stemmus 
also glutaraldchydc-OsO,J. The apothccia of T. stercoreus arc uniascal but each 
ascus is multisporcd; those of .J. c~maTIS'ii and T. crustaceus multiascal and all asci 
are multisporcd. As for the development of the ascospores in the ascoplasm, it is 
apparent ly rather simple in all three species. 
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Both fixatives show that the primary wall is homogeneously electron-transparent 
before further differentiation, sometimes with a slight increase in electron density in 
the inner parts; in A. coemonsii it is 350- sso nm thick, in T. crustoceus 250-450 nm 
thick, and in T. slercoreus 300-s5o nm thick after KMn04-0s04-fucation (Pl. '}E). 
It gives rise to an episporc and endospore that remain simple through all stages of 
development, each having the same appearance after the two different fixations. 

The episporc is about to nm thick in all three species and seems to consist of only 
one electron-dense layer ; this is homogeneous. Pictures of T. Ct'I/Sioceus and ;1. 
eoemo11sii however sttggcst that the fairly electron-transparent layer just inside the 
electron-dense layer also belongs to the epispore .. evcrthclcss it is b::licvcd that this 
layer belongs to the endospore. The endospore is fa irly electron-transparent, also 
without much internal differentiation; in A. coemonsii 45o-7so nm thick; in T. 
Ct'I/Sioceus 400 6oo nm thick (KMn04-0s04 and glutaraldehydc-Os04) ; in T. 
sweoreus soo-sso nm (KMn0,1-0sO,,) and 2oo-350 nm (glutaraldehyde-Os04) 
thick. Tn T. stercoreus some concentration of spore wall material is present in the 
middle layers of the endospore while, as mentioned above, in T. erusloetus and 
A. coemaruii endospore material seems to separate from the inner layers and join the 
epispore (Pis. 4f; sA, C-G. Pl. sF, G from A. coemaMii arc not represemative of 
this development but added only for the epiplasmie structures). 

The secondary wall starts to develop during primary wall differentiation. It is 
found all around the ascospores but it remains restricted to a thin layer (Pis. 4E, F ; 
sA). After KMn04-0s04-flxation the secondary wall material is fairly electron­
dense and homogeneous, after glmaraldehyde-Os04 more floccose. lt condenses on 
the episporc at later stages of developmem, where it forms a smooth and homoge­
neously electron-dense layer about 40 nm thick (Pl. sC-G). 

The epiplasm is fairly normal in appearance. Apart from large quantities of 
glycogen with scattered organels it has developed a few globular structures (electron­
dense after KY!n04-0s04-flxation; fairly electron-dense after glutaraldchyde­
Os04-fixation), and small and electron-transparent vacuoles that do not seem to 
fuse at older stages. In A. coemaruii and T. stercoreus the glycogen disappc.'lrs as the 
ascosporcs mature; in T. crustoeeus its elcCII·on density increases and clusters appear 
on the secondary wall. Furthermore, peculiar structures arc found in the cpiplasm of 
A. coemollsii and T. stereoreus. In A. coemoruii they arc formed by cle·ws of electron­
dense material that probably arises from epiplasmic membranes (Pl. sF) ; they 
show further growth during ascal development but fade into large masses of fa irly 
electron-dense material as the ascospores mature (Pl. sG). In T. stercoreus the struc­
tures arc formed by large globules that occur particularly along the ascus wall and 
that evidently consist of a network of plaited units, each unit about 35 nm thick and 
made up of one broad and electron-transparent layer with a thin and electron-dense 
layer in the middle and bounded by electron-dense layers at both sides; loose units 
arc possibly found in the epiplasm; the globules seem to be membrane-bounded 
(Pis. 4F; sA, B). The sporoplasm is normal and contains some small vacuoles. 

As the ascospores mature all the organels in the cpiplasm disappear but the in-
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vesting membrane is still present in the latest stages. The sporoplasm becomes 
electron-dense but docs not develop any oil drops. The mature spores arc smooth; 
it is not known whether the secondary wall material disappears; it could persist as 
an extra. smooth layer on the primary wall. 

AscozoNus woow oPE:-Jsrs Pl. 6A C 

Fixatives: KMnO., and glu tara ldchydc-Os04. The apothccia arc multiascal and 
each ascus is muhisporcd. 

The development of the ascospores is as simple as it is in ·'Ascoplranu.r" coemansii, 
Thelebolu.r cmstaceus, and T. stercoreu.r. \Vi th both fixatives a homogeneous, electron­
transparent and 150-250 nm thick primary wall is visible. It differentiates into a 
simple cpisporc, abou t 10 nm thick and consisting of a single electron-dense layer, 
and an endospore, which is 15o-250 nm thick and increases in electron density 
but does not show any funhcr differentiation (Pl. 6A- C}. 

Like in the three preceding species the secondary wall develops all around the 
ascospores but it may show a further increase in thickness (Pl. 6A). The secondary 
wall material is ra ther floccose after both fixations and docs not condense; it dis­
appears when the ascospores mature (Pl. 6B, C). The investing membrane remains 
presen t in the latest stages of development. 

The development of the cpiplasm could not be studied thoroughly. It contains the 
usual organels and much glycogen is present. Typical circular membranous units 
arc found at some d istance from the investing membrane; their origin remains un­
known {Pl. 6B). Connections between the secondary wall and the epiplasm have 
been found in some instances a long the investing membrane. 

In the la test stages of development the sporoplasm has increased in electron densi ty 
but neither oil drops nor vacuoles have developed. The cpiplasm has lost its original 
structure and become vague and empty; some vacuoles arc found after glutaraldchyde­
Os04-fixation. The mature ascosporcs are smooth. 

LAsiOBOLus PJJ.osus-Pls. 6D I ; 7A, B 

Fixa tives: KMn0 4-0s04 and glutaraldehyde-Os04, the latter part icularly for 
the older stages of development. The species has the habitual eight-spored asci, in 
muh iascal apothecia. The youngest stages present show the beginning of secondary 
wall format ion. 

The primary wall is homogeneously electron-transparent and 6oo-1000 nm thick 
(KMn04-0s04) . The secondary wall has started to form around the primary wall; 
its contents arc homogeneous and fairly electron-transparent. The cpiplasrn is 
normal in appearance and shows the development of small vacuoles with somewhat 
floccose content~ and of glycogen. Globular structures that a rc electron-dense after 
KMn04-0s04-fixation are also present and seem to be scaucrcd over both the 
epiplasm and sporoplasm; their format ion could not be studied. 
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In the next stages of development the secondary wall grows further into the 
cpiplasm and increases in electron density. Endoplasmic ret iculum clusters along the 
investing membrane and contact places between the epiplasm and the secondary wall 
material as well as complete invaginat ions from the epiplasm into the secondary 
wall arise in large quantities on the investing membrane; some of the invaginations 
enclose part of electron-dense globular structures (Pl. 60, G) . Simultaneously with 
the intensification of these phenomena the amount of glycogen in the cpiplasm 
increases and the vacuoles fuse. the primary wall differentiates into an cpisporc and 
endospore and the secondary wall material condenses on the primary wall as 
granular material regardless of the fixatives (Pl. 60 G). 

The differentiation of the primary wall is regular and, in contrast to the preceding 
species of the Thclcbolaccac, complex. The cpisporc is about 45 nm thick after 
KMn04-0s04-fixa tion and shows the usual pattern' of two electron-dense layers, 
separated by an intermediate and fairly electron-transparent layer (Pl. 6E) that soon 
presents fine striation at later stages (Pl. 6F, H, 1). After the same fixation the en­
dospore is soo-rooo nm thick and starts to form an electron-transparent layer just 
beneath the cpisporc (Pl. 60, E). At later stages of development this electron­
transparent endospore layer is separated further from the inner and fa irly electron­
dense parts of the endospore by the formation of a thick, electron-dense layer which 
is sometimes coarsely striate, while on its outer side a fairly electron-dense and 
finely stria ted layer that probably results from endospore material develops (Pl. 
6F 1). 

As a lready mentioned, the contents of the secondary wall start to condense as 
granular material but in the latest stages of development they form a compact 
electron-dense layer on the cpisporc (Pl. 7A, B). It is not certain whether this layer 
persists or disappears with the remaining cpiplasm as the ascosporcs mature. The 
ma ture ascosporcs arc smooth ; the sporoplasm is electron-dense, without any oil 
drops. 

LASIOBOLUS ~IONASCUS-Pl. 7C-G 

Fixative: KMn04-0s04. Like in Thelebo/us stercoreus the apothccia contain one 
ascus and each ascus is multispored. 

Only a few pictures of the advanced stages of development arc available which 
show that secondary wall formation extends largely into the epiplasm (Pl. 7C- E), so 
that the remaining cpiplasmic membranes arc pressed together. Glycogen is found 
near the ascus wall. The secondary wall material is fairly electron-transparent and 
floccose and disappears in the final stages, as docs the cpiplasmic material (Pl. 
7C- G). 

Furthermore, the development of the cpispore and endospore in the primary wall 
is difficult to trace. Comparing the pictures with those of Lasiobolus pilosus, it seems 
that also here a layer differentiates between t11c cpisporc and the endospore; the 
origin of the layer seems to be found in the outermost endospore layer (Pl. 7 E, F) . 
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An increase in electron density in the outer part of the endospore also occu rs (Pl. 7F, 
G). The sporoplasm becomes electron-dense when the ascosporcs mature and it 
develops some small vacuoles but no oil drops. The mature ascosporcs arc smooth 
(Pl. 7G). 

l ooOPHANUS CARNEUS-Pls. 7H, r j SA, B 

Fixative: KMn04-0s04. The apothecia arc multiascal; each ascus had eight 
ascosporcs. 

ln the uninuclear asci small vacuoles with somewhat floccose contents arc present 
in those parts of t he ascoplasm that border the central ascoplasm containing the 
nucleus. The remaining apical and basal parts of the asci arc completely filled 
with glycogen; only the uppcrmo~t parts of the asci still contain some normal asco­
plasm. Small electron-dense globular structures are sca ttered over the ascoplasm 
around the nucleus. During meiosis and mitosis and the first stages of ascospore 
development the glycogen in the cpiplasm increases in amount and appears partly 
as mrmbranc-boundcd globules of varying sizes and electron drmity, particularly 
around the ascosporcs. At the same time the vacuoles increase in number and size 
(Pl. 7H). 

La ter stages reveal the development of the ascospore walls. The primary wall is 
homogeneous and electron-transparent and 400 Boo nm thick. It differentiates into 
an cpisporc and an endospore tha t both remain fairly simple. The cpisporc is 35 50 
nm thick and reveals the usual pattern of two electron-dense layers separated by an 
electron-transparent layer; only the outer layer thickens somewhat more at later 
stages. The endospore is goo goo nm thick and remains fitirly clcctron-transparcm; 
some slight increase in electron density becomes visible in its outer parts and at 
about too 150 nm from the sporoplasmalcmma a thin electron-dense layer arises 
(Pis. 7! ; SA). 

Even before differentiation begins in the primary wall the investing membrane 
separates almost entirely from it. 'The secondary wall formed between the primary 
wall and the investing membrane consists of fairly electron-dense material that 
shows a close resemblance with the surrounding g lycogen. Contact places a long the 
investing membrane between the secondary wall and the cpiplasm have been found; 
the invest ing membrane runs rather irregularly (Pl. 7I). 

The secondary wall material starts to condense as a thin electron-dense layer on 
the primary wall (Pl. 7!) . While the primary wall is differentiating the secondary 
wall is condensed further and transformed into an ornamentation that consists of 
warts (Pl. SA, B). The warts vary in height from 15o-6oo nm a nd arc spread irreg­
u larly over the ascospore surface; they arc connected by a smooth layer that is 
about go nm thick (Pl. SB). During the formation of the ascospore walls the glycogen 
in the epiplasm becomes more floccose and vacuoles with the same electron-dense 
coarse-floccose contents develop in between; they seem to be in contact with the 
glycogen and fill the basal parts of the asci completely. 
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When the ascosporcs mature, the cpiplasm slowly disappears and the investing 
membrane is no longer recognizable; the remnants of the secondary wall material 
that have not condensed remain longest. The sporoplasm of the mature spores has 
increased in electron density and developed some small vacuoles. 

TH£COTiiEUS SPEC.-Pl. SC-G 

Fixative: KMn04. As in Lasiobolu.s pilosu.s and lodophanus carneu.s the apothccia arc 
multiascal and each ascus has eight ascosporcs. 

The young ascoplasm is regular. At the uni-nuclear stage a large vacuole with 
somc,vhat floccose contents occurs in the basal parts of the asci, while the apical 
parts of the asci contain large masses of glycogen. A few electron-dense globular 
structures arc scattered over the ascoplasm. Once mcio~is and mitosis have occurred 
and the formation of ascospore walls has started the amount of glycogen in the 
cpiplasm increases further, particularly along the ascus wall, and vacuolization in 
the epiplasm begins; the vacuoles have the same flocosse contents as those in the 
basal parts of the asci. 

The primary wall is aboutsoo nm thick at the two poles of the ascospores, elsewhere 
about • ooo nm thick. It is homogeneously electron-transparent at first but soon after 
its formation electron density increases in the inner parts (Pl. SC) ; its differentiation 
products arc the epi3pore (6o-65 nm thick) and the endospore (at the two poles of 
the ascospores about 500 nm thick, elsewhere about 1000 nm thick). The epispore 
probably consists of a single fairly electron-dense layer when it has just been formed; 
at later stages an outer layer with an increased electron density differentiates. The 
endospore is fairly electron-dense and only its outermost pan remains electron­
transparent for any length of time; at t.he latest stages of development a rather 
diAU.se electron-dense layer differentiates in the outermost part (Pl. SD, F). 

Before differentiation in the primary wall st.arts, the secondary wall develops; 
it is found all around the ascospore, particularly at the two poles. The investing 
membrane runs irregularly and shows connections between the secondary wall and 
the surrounding epiplasm. The secondary wall material is fairly electron-dense and 
floccose; it contains inclusions from the epiplasm (Pl. SC). 

During differentiation in the primary wall the secondary wall material increases in 
electron density and condenses (Pl. SD). The condensat ion process starts throughout 
the secondary wall but soon conccmrates on the epispore; in this way globular 
structures granular in appearance arise at regular intervals a long the ascospore, 
giving omamemation patterns of Aat warts (about 2oo-300 nm high) (Pl. BE, F) . 
At the two poles of the ascosporcs the condensation process lags, leaving huge 
"blisters" which finally disappear when the ascospores mature but which create 
bowl-shaped ornamentation, also granular in appearance, at both poles (about 
Boo-goo nm high} ( Pl. SE., G). During secondary wall development and formation 
of the ornamentation patterns the vacuoles in the cpiplasm increase considerably in 
number and size and finally fuse to form one large vacuole. The glycogen also 
increases and fills up the remaining cpiplasm. 
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At the oldest stages present in the material the sporoplasm has greatly increased 
in electron density and developed some small vacuoles; no oil drops arc found. 
The cpiplasm has disintegrated but the investing membrane is still present. Not all 
secondary wall material has condensed; its fate remains unknown. 

PYRONEMATACEA E 

PYRONEMA OMPI{ALOOES-PI. gA- G 

Fixatives: KMn04-0s04 and glutaraldehydc-Os04; the following description 
applies only to the KMn04-0s04-fixarion. 

Though the ascoplasm docs not contain any unusual structures, it has a peculiar 
development in the uni-nuclear stage and in the first stages of meiosis and mitosis. 
In the basal parts of the asci large vacuoles with floccose electron-dense contents 
develop close to the nuclear material. In the apical parts of the asci the endoplasmic 
reticulum changes; its membranes cluster and increase in electron density, like in 
Otidea bt.ifonia (Mcrkus, 1975), but the>• do not widen so far or form complete vesicles. 
In Pyronema omphalodes, the membranes become fairly vague locally, creating large 
and fairly electron-dense blurs in the ascoplasm. The same occurs with the mitochon­
drial membranes. Very probably the formation of electron-dense globular structures, 
present in these parts of the asci, is associated with the changes in membrane structure 
(Pl. gA). 

The young ascospores develop regularly; the primary wall (KMn04-0s04 
25o-400 nm thick) is homogeneous and electron-transparent at the younger stages 
of development (Pl. gB). It incre.'lSes in electron density at later stages, when a 
secondary wall is formed (Pl. gC). Along the investing membrane a local and in­
cidental attachment of secondary wall material to the primary wall is found while 
the latter is still developing. Both at the same time and in succeeding stages small 
vac\toles with floccose electron-dense material arise in the cpiplasm; tubular and 
vesicular clements of the endoplasmic reticuJwn abound (Pl. gB, C). 

During the development of the secondary wall the primary wall increases in 
electron density and differentiates into an epispore (KMn04-0s04 35-50 nm, 
glutaraldehyde-Os04 35- 40 nm thick) and an endospore (KMn04-0s04 25o-450 
but in extreme cases to 2000 nm thick, glutaraldchydc-Os04 15o-250 nm thick) ; 
during this differentiation radial striation in the endospore is apparent. In the 
cpisporc an outer electron-dense layer becomes visible at first; further development 
rcve.1.ls an inner electron-dense layer. While additional differentiation takes place 
the endospore becomes homogeneous (Pl. gE, F). The secondary wall may vary in 
thickness along the ascospore surface. The secondary wall material is fairly electron­
dense and seems to be in contact with the epiplasmic vacuoles that have me.1.nwhile 
increased in volume and fused to surround the ascosporcs completely (Pl. gE, F), 
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thereby also running out into the apical and basal parts of the asci. The remaining 
epiplasm around the vacuoles still contains some of the original organels, including 
the electron-dense globules, but for the most part it has been replaced by glycogen, 
particularly along the ascus \vall. 

At later stages the epiplasmic changes in the apical part of the asci arc complete. 
Glycogen with scattered vesicular and membranous structures fill most of these 
parts of the asci; in the uppermost parts a great deal of endoplasmic reticulum occurs 
as tubules and vesicles and, close to the glycogen, forms clusters of typical membra­
nous structures and electron-dense globular structures (Pl. gD, probably also 
representing the " tractus" or "funiculus" described by Chadcfaud (1g6o)). The 
basal parts of the asci arc filled with glycogen. 

By the latest slages of development the endospore has differentiated into an inner 
electron-transparent and an outer electron-dense part; in• the latter a further striation, 
which joins tha t in the episporc, is visible (Pl. gG). The secondary wall material 
disappears completely; only the investing membrane may remain for some time, 
together with the remnants of the cpiplasm; the mature spores arc smooth. The 
sporoplasm has increased in electron density and developed small vacuoles that arc 
usually arranged in groups at the two poles of the oval ascospores together with 
electron-dense granules that line the tonoplast; no oil drops arc found (Pl. gG) . 

COI'ROBIA CRANULATA-P l. IOA -E 

Fixative: KMn04-0s04. 
The young ascoplasm is normal in appearance. Like in Pyronnno omplwlodes, a 

large vacuole with floccose electron-dense contents is present at the uninuclear stage 
in the basal parts of the asci, and electron-dense globular structures arc found scattered 
in the ascoplasm; their development however could not be studied. When meiosis 
and mitosis slart vacuoles a lso develop ncar the apica l parts of the asci, while in the 
uppermost parts typical membranous endoplasmic reticulum appears. Further 
stages reveal the development of the ascospores. 

The primary wall is homogeneous and electron-transparent; it varies in thickness 
from 400 to 550 nm (but extreme values of 1 ooo nm arc also found). When its internal 
differentiation starts, the inner part increases in electron density and at the boundary 
between the inner and more exterior parts a fairly electron-dense and somewhat 
radial striation becomes visible (Pl. 10A). In succeeding stages an endospore (25o-
500 nm, in extreme cases up to 1000 nm thick) and epispore (35- 50 rtm thick) arise. 
The inner endospore starts to take over the internal differentiation of the primary 
wall but this differentiation disappears at later stages and the endospore parts 
become more homogeneous. A thin layer in the outer endospore develops its own 
internal structure tha t immediately joins the striation arising in the inner electron­
dense layer of the cpisporc. The outer electron-dense layer of the epispore is con­
spicuous and becomes rather broad at later stages. In the final stages the fairly 
electron-dense intermediate cpisporc layer has a fine radial striation tha t seems to 
continue into the inner epispore layer (Pl. 10B-E). 
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During the differentiation of the primary wall, changes in the cpiplasm and the 
secondary wall take place. The secondary wall starts to develop at various places on 
the ascospore surface, and small vacuoles with floccose electron-dense contents that 
arise in the cpiplasm along the ascospores fuse to form larger vacuoles in between. 
At first the secondary wall material consists of fairly electron-dense floccose material 
but when the secondary wall spreads all over the ascospore surface it encloses more 
homogeneous material, with vesicles and vacuoles that arc clearly derived from the 
surrounding cpiplasm (Pl. 10A). Later on it increases furtJ1er in electron density, 
condenses internally and, together with the vacuolar material that has now fused to 
one large vacuole, grows so much that it fills nearly the whole ascus, leaving only a 
small strip of normal ascoplasmjust inside the ascoplasmalemma. Here a few scattered 
electrOn-dense globular structures arc still present. The contents of the vacuole have 
almost disappeared. Apart from some glycogen in the remaining epiplasm no 
further glycogen sectns to be formed in the asci. In the meantime the sporoplasm has 
increased in electron density. 

The internal condensation of the secondary wall material starts early. During 
differentiation of the primary wall a very thin layer of electron-dense material is 
formed in several places on the ascospore surface at a distance of about 3o-50 nm 
from the primary wall. Once the layer encloses the whole ascospore more electron­
dense material is apposed at regular intervals along the spore surface (Pl. 1oA). 
Finally this results in a condensat ion pattern that includes globular structures at the 
two poles of the ascospores and more flattened structures along the sides of the spores, 
most of them with further internal striation of alternating electron-dense and fairly 
electrOn-dense layers (each about 15-20 nm thick) and a ll connected by an electron­
dense layer about 15-20 nm thick (Pl. 10 B E). 

The latest stages present in the material sti ll show the intact secondary wall 
with its internal condrnsation pattern. Since the mature ascospores are smooth it is 
however very probable that both will disappear when the ascospores have matured. 

GEoPvxts CARBONARIA- PI. 10F- K 

Fixative: KMn04-0s04. 
Like in Coprobio gronuloto, the young ascoplasm resembles that in PyronlTTio ompholodes 

in that in the uninuclear stage one large vacuole with floccose electron-dense contents 
develops in the basal parts of the asci, and electron-dense globular structures arc 
found scattered in the ascoplasm. The presence of smaller vacuoles ncar the apical 
parts of the asci during meiosis and mitosis and of an increased amount of endoplasmic 
reticulum in the uppermost parts a t this s tage also agree with the pictures of C. 
gr011uloto. Further stages of development reflect the differences between the three 
species. 

From the very first stages of formation the primary wall ( 150 200 nm thick) has 
somewhat radial striation that persists in the endospore, where it differentiates in the 
primary wall material. Separation of the investing membrane from the primary wall 
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starts regularly over the complete ascospore surface bu t secondary wall formation 
becomes conspicuous a t only a few places on the ascospore surface; the secondary 
waU material is fairly electron-dense and homogeneous at these stages. In the epiplasm 
endoplasmic reticulum occurs arow1d the developing secondary wall but no contact 
points between the secondary wall material and the surrounding cpiplasm have 
been found (Pl. toF). 

Like in P. ompholodes, at later stages the cpiplasm is filled with glycogen and vacuoles 
with some noccose contents; for the most part the glycogen fills the apical a nd basal 
parts of the asci and is present in a continuous layer inside the ascoplasmalcmma; 
the vacuolar material fuses to one large vacuole that completely surrounds the 
ascospores and extends in the apical and basal parts of the asci. The same stages of 
development reveal a maximum of secondary wall material, now noccosc, along the 
whole ascospore sttrfacc. 

T he sporoplasm increases slightly in electron density at the first stages of develop­
ment and develops a large amount of membranous material that clusters mostly at 
one of the poles of the ascosporcs; electron-dense globular structures arc also fow1d. 
At la ter stages some small vacuoles arc formed and the increase in electron densi ty 
becomes complete; no oil drops arc present. 

During the plasmic developments and the formation of~ccondary wall material the 
primary wall differentiates into an endospore (2oo-4oo nm thick) and an cpisporc 
(3o-45 nm thick) . The endospore develops a further radial striation of fa irly electron­
dense material ; in the outermost part it develops a homogeneous and fairly electron­
dense layer in which extra striation becomes apparent in the latest stages. Further 
differentiation of the epispore reveals two electron-dense layers, separated by an 
electron-transparent layer; in the two electron-dense layers dense striat ion is some­
times visible in the latest stages (JlJ. toG- K). 

Finally the secondary wall material partly condenses on the cpi.spore as a homoge­
neous and compact, ra ther smooth electron-dense so- too nm thick layer (Pl. 
toG-K). It is not certain whether this layer remains, to form the outermost part of 
the mature ascospores, or disappears, together with the remnants of the cpiplasm 
and the rest of the secondary wall material; the mature ascosporcs arc smooth. 

M VCOLACHNEA H£~ttSPH.A£RICA-PJ. I I A- E 

Fixative: KMn04-0s04• The youngest stages available show the development of 
the ascospores. 

The a lready formed primary waU is homogeneous and electron-transparent and 
sso-8so nm thick. Secondary wall formation starts soon a fterwards. The investing 
membrane shows an irregular course and in some places may extend widely in the 
epiplasm. Connections between the secondary wall and the cpiplasm, and membra­
nous inclusions in the secondary wall arc found. The cpiplasm itself is rather vague 
and has no glycogen and few peculiarly globular structures; the sporoplasm is of 
normal appearance and fairly electron-dense. The secondary wall material is 
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fairly electron-transparent and somewhat floccose. I t increases in electron density 
and condenses near the primary wall at the same time that the differentiation of the 
cpisporc and endospore in the primary wall starts. At first the epispore is fairly 
electron-dense and homogeneous, while the endospore does not change during 
differentiation from the primary wall (Pl. 11A). 

In a succeeding stage of development the amount of condensed secondary wall 
material on the cpisporc increases to a rather smooth layer, in which globular struc­
tures with increased electron density arc present. The development intensifies at 
further stages and gives rise to spiny clements of ornamentation consisting of clustered 
and electron-dense, globular structures of different sizes (Pl. 11 B E). Meanwhile the 
development in the primary wall has continued and a typical triple cpisporc and a 
further differentia ted endospore have been formed. The episporc is go 40 nm thick 
and may show extra striation in its intermediate, electron-transparent layer. The 
outer electron-dense layer has increased in thickness. The endospore is soo-8oo nm 
thick, finally consisting of at least four layers that show increased electron density 
towards the outside of the ascospores (Pl. 11B- E). 

I n the mature asci glycogen is formed as a continuous layer along the inner side of 
the ascus wall. The original cpiplasm has disappeared; remnants of the investing 
membrane are still apparent; no vacuoles have developed. The sporoplasm is 
electron-dense and contains a few large oil drops. 

0CTOSPORA MUSCHIURALIS-PJ. 11f- H 

Fixative: KY!n04-0sO •. 
Like in M;v:olaclzMa hemisphacrica, young ascospores have already developed and at 

this stage some resemblance between the two species can be noted. The primary wall 
is homogeneously electron-transparent and 2oo-4oo nm thick. Secondary wall 
formation starts along the complete spore surface but may extend here and there in 
the epiplasm; the secondary wal l material is fairly e lectron-transparent and homo­
geneous (Pl. 11F) . Inclusions from the epiplasm in the secondary wall have been 
found. The sporoplasm is normal; apart from many small electron-transparent 
vacuoles it contains oil drops that soon grow and fuse to fom1 one or (mostly) two 
large oil drops; an increase in electron density is found. The epiplasm could not be 
adequately fixed but more glycogen develops than in M;·colach11ea hemispamca. 

Subsequently the primary wall differentiates into an epispore and an endospore. 
The cpisporc (35- 50 nm thick} has the usual structure; both electron-dense layers 
and the intermediate less electron-dense layer are finely striate; the outer layer 
further increases in thickness. At first the endospore ( 15o-350 nm thick) is homoge­
neous and electron-transparent, possibly with a slight increase in electron density in 
the middle layer. At later stages the outer parts increase in electron density and form 
complete extra layers that join the cpispore, while the inner parts decrease in electron 
density (Pl. 11 F- H). All secondary wall material finally disappears, as do the rem­
nants of chc epiplasm. The mature ascospores are smooth (Pl. 1 1 H). 
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S AR COSCYPH A C£AE 

SARCOSCYPIIA COCCIN"A- PI. 12A- D 

Fixative: KMn04-0s04. S. coccinca has long asci with eight ascospores in a 
single row. 

Young stages of development show the asci in the one-eight-nuclear stages. The 
ascoplasm in the apical parts of the asci is homogeneous and fairly electron-dense, 
with small spots of electron-transparent material, possibly glycogen, and with thin 
membranous structures and tiny vesicles. The subapical and medial parts of the 
ascoplasm contain an extensive amount of endoplasmic reticulum that closely 
resembles that in Pyronema omphalodes and Otidae bufonia (Mcrkus, 1975). The mem­
branes of the endoplasmic reticulum may form electron-dense blurs in the ascoplasm; 
tl1ey may also widen locally and form extra vacuoles with electron-dense vesicles and 
membranous structures of varying sizes; an increase in electron density in the 
membranes also seems to exist (Pl. r2A). 

In sub3cquent stages of development the ascosporcs arc delimited and the primary 
and secondary walls are formed. The basal parts of the asci develop faster than the 
apical parts. The cpiplasm in the apical parts of the asci is still intact; it contains the 
usual organcls and small amounts of glycogen; the structures described earlier have 
disappeared. The apical ascosporcs lie close to one another and arc irregular in 
form; they have not yet acquired their ultimate shape, though their primary walls 
arc almost complete. The same phenomenon was also seen in He/vella crispa, Rhkina 
undulata and Cyromitra esculmta. Here inS. coccinea the primary wall is also of unequal 
th ickness a long the ascosporcs. The sporoplasm contains some glycogen and a few 
small oil drops. The cpiplasm in the basal parts of the asci consists of diffuse glycogen 
with remnants of membranes. The basal ascospores arc spaced out and become 
ellipsoid to oblong with truncate poles; their primary walls arc complete. T hey 
contain one or two oil drops of moderate size, tOgether with some glycogen. The 
secondary walls have extended widely along the poles of the basal ascospores. 

Electron-dense globular structures are present in the upper parts of the asci but in 
the lower parts they a.re less electron-dense to electron-transparent, particularly in 
the later stages. Like in Pyronema omphalotks and in the Otidea species studied 
they probably arise on the endoplasmic reticulum. 

In later stages the development is more homogeneous dtroughout the ascus; the 
following descriptions apply to these stages. The primary wall of the ascosporcs is 
homogeneous and electron-t ransparent; along the lateral sides of the spores it is up 
to 8oo nm thick {Pl. 12B). It develops an cpispore and an endospore. The epispore 
(35- 40 nm thick) differentiates into two electron-dense layers with an electron­
transparent intermediate layer; the outer layer increases further in thickness, while 
ilie intermediate and inner layer are slightly striate in the latest stages (Pl. 12D). 
At fint the endospore is homogeneous and electron-transparent; at the poles of the 
ascospores it sometimes develops fairly electron-dense material internally; this 
contains fibrous structures. 
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Subsequently the endospore is differentiated into a fairly electron-dense outer part 
(35o-450 nm tJ1ick) and a lighter inner part (200 nm thick). The change from the 
outer to the inner part is abrupt but wall material may also become condensed in the 
latest stages. just in the middle of the truncated poles of the ascosporcs the outermost 
part of the electron-dense outer endospore often increases in thickness, forming a less 
electron-dense knob that is covered completely by the cpisporc. In the innermost 
part of the electron-dense outer endospore this knob is bounded by a newly formed 
"cpisporc". \ '\'here the knob is formed, the complete endospore may reach a thickness 
of 1200 nm ( Pl. 12C, D). 

During fixation in KMn04-0s04 the outer and the inner layer of the endospore 
easily split at the sides of the ascospores and particularly in both polar rims of each 
spore, so that the complete endospore measures from 7oo-1ooo nm at the sides of the 
spores to extreme widths ncar the polar rims. Splitting is also found just inside the 
cpisporc. 

Secondary wall formation starts during primary wall differentiation; the investing 
membrane detaches from the primary wall; secondary wall material, which is 
homogeneous and fairly elcctron-dcnse, is formed in the intermediate space. It is 
found all over the ascospore surface but in particular at the truncate poles of each 
ascospore, where the secondary walls of adjacent spores may finally meet and join. 

In the latest stages of development all secondary wall material mixes with the 
cpiplasm; tJ1is has also changed and now contains much glycogen and only a few 
organcls. Remnants of the investing membrane persist for some time. The sporoplasm 
is normal and apart from small vacuoles contains a large number of oil drops, 
the larger ones in two groups at both poles of the ascospores, the smaller ones in a 
thick layer against the spore wall. No ornamentation is formed ; the mature ascosporcs 
arc smooth. 

0ESMAZIER£LLA ACICOLA-Pl. 12£-G 

Fixatives: KMn04-0s04 and glutaraldehyde-Os0 4. Only a few apothecia could 
be sectioned. 

Asci are found that show the same differences between the apical and basal parts 
during ascospore development as in Sarcoscypha coccinea, though not to the same 
extent. The apical parts of the asci have an intact cpiplasm; the primary walls of 
the ascosporcs, which are in a single row close to one another and do not yet have 
their ultimate shape, arc still developing. The basal parts of the asci have an epiplasm 
consisting almost entirely of diffuse glycogen; the secondary walls of the oval asco­
sporcs, which arc spaced out, arc also still developing. Globular structures and 
glycogen arc present throughout the asci, both in the cpiplasm and sporoplasm. 
The globular structures occur particularly around the ascosporcs in the epiplasm; 
they are electron-dense to electron-transparent after KMn04-0s04-fixation, elec.. 
Iron-transparent only after glutaraldchydc-Os04-ftxation. Like in S. coccima later 
stages of development show a more homogeneous pattern in the apical and basal 
parts of the asci. 
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The primary wa ll of the ascospores is homogeneous and electron-transparent ; 
after KMn04-0s04-fixation 400 6oo nm th ick along the whole circumference of 
a spore (Pl. 12E). It develops into an episporc (KMn04-0s04 35-40 nm, glutaral­
dehyde-Os04 40 nm thick) and an endospore (KMn04-0o04 7oo-1ooo nm, 
glutaraldehyde-Os04 about 6oo nm thick) that closely resemble that in S. coccimo. 
After K:vfn04-0s04-lixat ion the <'pispore shows the same differentiation into two 
electron-dense layers separated by an intennediate electron-transparent layer, with 
the outer layer still increasing slightly in thickness. After glutaraldehyde-Os04-
fixation (which was not applied to S. coccineo) the epispore consists of an electron­
dense inner layer and a fairly electron-transparent outer layer in which denser 
striation can be discovered. At first the endospore is homogeneous and electron­
transparent in both types of fixatives but it soon differentiates. After KMn04-0s04-
fixation the same elect ron-dense outer part as in S. coi:dneo and the same electron­
transparent inner part become apparent. After glutaraldehyde-Os04-fLxation the 
endospore is delimited by a fairly electron-dense layer against the plasmalemma, 
from where radial striation runs to the outer surface of the ascospores (Pl. 12F, G). 

The secondary wall material is deposited between the primary wall and the 
invcsti11g membrane (Pl. 12E). Aller KMn04-0s04-fixation it is homogeneous and 
fairly electron-transparent and, at later stages of development, sl ightly concentrated 
as electron-dense material on the cpispore. Aller glutaraldchydc-Os04-fixation 
(which was applied to later stages of development only) it becomes fibrous-floccose 
throughout the secondary wall. It is not possible to say whether the stcondary wall 
develops around the ent ire ascospore wall or only at the two poles of the ascospores 
as inS. coccinca; its fate is a lso unknown (Pl. t'2F, G). 

ln the later stages of development the epiplasm loses its organels. The globular 
structures remain longest and arc clustered along the borders of the secondary 
wall; finally they also disappear. The sporoplasm then contains small vacuoles and 
many smaller and larger oil drops. The mature ascospore~ arc smooth. 

Dtscus to~~: 

From the assembled results of this study and a comparison of t hem with those of 
previous studies (~erkus, 1973, 1974, 1975) it may be concluded that throughout 
the Pc-liza les the ultrastructure and development of the ascospores show considerable 
agreement. 

The general ascal ultrastructure is the same for all species and corresponds with 
the usual descriptions such as those in the summaries ofHawkcr ( 1965) and Bracker 
( tg67). I have already discussed the basic plasmic organcls in detail (Merkus, 1973) 
but unusual individual structures need further comment. 

The occurrence of globular structures (indicated as GS on the Plates) was reported 
in a great many species belonging to the genera Olidea and Pe~i<_o as well as in the 
single species Pulporia persoonii (Mcrktts, 1975). They have been found in all the 
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species discussed in the present study and judging by earlier results they may also 
occur in other species. Being less relevant they have not been mentioned elsewhere 
(Merkus, 1973, 1974). Their appearance depends on the species and on the fixative 
applied, differing particularly after K~n04-0s04 and glutaraldchyde-KMn04. 
Intermediate forms arc not frequently found; they could depend on the stage of 
development. 

As stressed earlier (Mcrkus, 1975), the origin of the globular structures is not 
clear. Evidence that the electron-dense globular structures found after the KMn04-
0s04-fixative arc derived directly from endoplasmic reticulum has been discovered 
in Otidea bufonia, Pyrontmll omphalodes, and Sarcoscypha coccinea, which may represent 
simpler forms of ascoplasmic development. The presence of additional, more 
electron-transparent globular structures in Sarcoscypha coccinea, and particularly the 
more complicated aseoplasm in Gyromilra escu/enla, G. infula, Heluel/a crispa, .Worchella 
uculenla, Pu:i<.a ammophila, P. badia, P. michelii, P. plebeia, P. praelervisa, P. sr/lcosa, P. 
succosella, P. uesiculosa, and Rhi<.ina undulata, with the occurrence of either electron­
dense or less electron-dense to electron-transparent products after usc of the K~04-
0s04 and glutaraldchydc-KMn04-fixatives, however, suggests that the development 
of the globular structures is more complicated and t11at other organcls, like endoplas­
mic vesicles and membranous structures, or glycogen (indicated on the Plates as EV, 
MS, and G or Gr, respectively) could be involved. 

All the globular stn1ctures are formed in an early stage of development, before or 
during meiosis and mitosis, particularly in ilie more apical parts of the asci; in the 
genera Pe<.i<.a and Puiparia format ion in the more basal parts of the asci is also exten­
sive. When the ascosporcs arc delimited in the ascoplasm, the globular structures 
seem to spread at random over the epiplasm and sporoplasm; formation in the 
cpiplasm could continue for some time, so that here their number possibly increases. 
The role of the globular structures has been discussed (Mcrkus, 1975). The electron­
dense globular structures arc the same as the "corpusculcs mctachromatiques" of 
Guill icrmond ( 1904, 19ro, 1920) or "globules mctachromatiqucs" of Lc Gal ( 1947). 

In some species with a more 'complex ascoplasm, viz. Gyromitra ucu/enla, G. irifula, 
Helt·ella crispa, Morchel/a escu/mta, Pe<.i<.a badia, P. michelii, 1'. plebein, 1'. succosa, P. 
succosella, and Rlli<.ina undulata, the globular structures grow out to true oil bod ies that 
persist for some time in the epiplasm during ascospore development and that arc 
permanently present in the sporoplasm, where they fuse to form larger oil drops. 
The ascoplasm of Pe<.i<.a lrachycarpa could not be studied adequately but apparently 
its further development proceeds in the same way. In Desma<.ierella acicola and Gyro­
milra esculenla, where the ascoplasm is less complex, this is also found. When present 
in tltc other species, the globular structures do not enlarge further but maintain 
their original form; they shrivel and disappear in the cpiplasm but remain in the 
sporoplasm. 

Independent development also causes oil drops to arise in the sporoplasm of a 
large number of the species, viz. Aleuria auro11tia, Anlhracobio me/aloma, Boudiera 
echinulala. Octospora musci-muralis, Lomprospora crec'hqueroullii, L. dictydiola, Melasti<.a 
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chateri, M;v:olachnea hemisphaerica, Neotie//a ithacaensis ( Rehm} Schweers sensu Schweers9, 

Olidea a/utacea, 0. bufonia, 0. onotica, Pe~i~a ammophila, P. badiofusca, P. emileia, P. 
petersii, P. praeteroisa, P. trachycarpa, Pulparia persoonii, Pustu/aria cupularis, Scutel/inia 
armotospora, S. scute//ato, Sepultaria arenosa, S. lmuis, Trichophaea abundans, and T. 
woolhopeia. Oil drops in the sporoplasm have not been found in Ascodesmis microscopica, 
A. nigricons, "Ascophanus" coemonsii, Ascot.onus woolhopmsis. Chei/ymenia pulcherrima, 
Coprobia gronu/ota, lodophanus cameus, Geopyxis carbonaria, Lasiobo/us monascus, L. 
pi/osus, Pet.it.a vesiculosa, Pyronema omphalodes, Sowerbyel/a radiculata, Thecotlteus spec., 
The/ebo/us crus/aceus, and T. stercoreus. 

Special plasmic structures other than those discussed above have been found in 
" Ascophonus" coemansii, Ascozonus woo/hopensis, and The/ebo/us stercoreus. The function of 
these structures could not be determined; those in "Ascophanus" coemansii arc probably 
identical with the reticulate structures Boudicr ( t8f>9) dc'scribcd for this species, and, 
together with those in Asco~onus woo/hopensis, could result from endoplasmic reticulum. 

For Ascobo/us furfur ace us Pcrs. per Hook.10 Wells ( t972) ment ioncd the occurrence of 
numerous lipid globules on the surface of the pcrisporc sac (=secondary wall) and in 
the sporoplasm during the latter stages of ascospore development; at maturity these 
disappear from the margin of the pcrisporc sac. They may be identical with the 
electron-transparent globular structures of other species. 

Glycogen is formed in a large number of the species. Its varying appearance and 
its role as a supplier of food were discussed earlier (Mcrkus, t975) ; it will be mentioned 
later in relation to the development of secondary wall material. 

Ascospore development follows a common line in the Pczizales (Delay, 1966; 
Carroll, 1966, 1967, 1969; Schrantz, 1966, 1970; \ '\'ells, 1972; Mcrkus, 1973, 1974, 
1975); details of th is line have been discussed (Yfcrkus, 1973, 1974, 1975) . The main 
points are the following. 

All the ascosporcs in a single ascus are formed simultaneously through delimitation 
by an outer and inner delimiting unit membrane; in nearly all species they also 
develop simultaneously in later stages of wall fo rmation. By contrast the ascospores 
of Sarcoscypha coccinea and Desmat:ierella acicola develop more rapidly in the basal parts 
of the asci than in the apical parts, as does the remaining epiplasm in these species. 

Though interesting, the origin of the two delimiting membranes is not under 
discussion here. When the ascospore walls arise between them, the inner membrane 
becomes the sporoplasmalemma, which is permanent and may have a funct ion in 
primary wall development. The outer membrane becomes the investing membrane, 
which may play a role in both primary a nd secondary wall formation; by the t ime 
the ascospores are mature it may have disappeared or else remain as an adhesive 
film on the outside of the ascosporcs when they leave the ascus. 

The primary wall is formed first; it is homogeneous and electron-transparent. 

9 Khare ( 1975), who studied the cypc of Humana ithawmru Rchm, found that the name w !l$ 

missapplicd by Schweers. For Schweers' fungus a correct name is not yet available. 
10 Ascoholw stucorariw (Bull. per St. Amnru) Schroc1. 
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I n most of the species the ascospores are rounded off before the primary wal l is 
formed but in Desmar.ierella acicola, Gyromilra esculenla, G. infula, He/vella crispa, Rlli~ina 
undulala, and SarcOSC)'/Jha coccinea the ascospores round off during primary wnll devel­
opment. The thickness of the primary wall not only varies according to the species; 
it also depends on the treatment, the fixatives with glutaraldehyde giving either no 
swelling or at least less swelling than the fixatives with KMn04, whic-h might produce 
abnormal resultS. Conclusions based on thickness arc therefore unreliable. In 
Heloella crispa the primary wall grows out internally and forms thickenings; these 
were also observed by LeGal ( 1947). 

The secondary wall is formed next. In a few rare ins tances secondary wall formation 
was found to start on a limited scale before primary wall fo rmation was finished. In 
general however secondary wall formation is found as a separate process that starts 
when the primary wall is complete. The S<'condary wall is layed down between the 
primary wall and the investing membrane. The fonnation may start immediately 
all over the ascospore surface, or at first more locally, either remaining so or only at 
later stages spreading out. In Aseodesmis microscopica and A. nigricans the secondary 
wall is internally differentiated ; in all other species the KMn04·0s04-fixativc 
gives the secondary wall materia l a fairly homogeneous aspect, while the glutaralde­
hyde-Os04-fL'tativc makes it look more flocky; it is always more electron-dense than 
the primary wall material. To judge from their st ructural similarities it is highly 
probable that parts of the epiplasm are incorporated in the secondary wall and make 
up its ground substance ; glycogen or derivations of it are possibly involved; the 
investing membrane may play an active role in the process. Though the presence of 
an investing membrane is not mentioned by Bellemere & Melendez-llowcll ( t976), 
these authors stress the active role of the epiplasm during the fonnation of the 
material of ornamentation. It is most unlikely that the sporoplasm has a function in 
secondary wall formation as was supposed by Lc Gal ( t94-7), Moore ( tg63, tg65), 
Reeves ( 1967), and Lynn & Magee ( 1970). The apposition of extra wall material 
on the inner side of the primary wall is very unusual and found only in Trichophaea 
UJQO/hopeia. Secondary wall formation remains rather limited in " Ascophanus" eoemansii, 
Asco-'onus woolhopensis, Thelebolus cruslaceus, and T. slercoreus. 

All Lhc species have a secondary wall outside the primary wall and its fate deter­
mines the ultimate aspect of the ascosporcs. Different groups of development can be 
distinguished (sec a.lso Fig. 1) . 

t. Without further changes all secondary wall material loses its original stn.cturc 
and disappears in : Asco-'o11us woolhopensis, Htlutlla crispa, Octospora musci-muralis, 
Lasiobo/us momucus, Morchella escultr~la, Pyronema omphalodes, Sarcoscypha coccinea, 
and Trichophaea woolhopeia. 

2. Secondary wall materia l condenses at random for a short time and finally all 
of it disappears in : Anlhracobia me/aloma, Pu.stularia cupularis, Sepullaria arenosa, 
and S. Unuis. 
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3· Secondary wall material condenses to form a complete ornamentation pancrn 
on the cpispore but finally all of it disappears in: Coprobia granulata. 

4· Secondary wall material condenses to form a permanent smooth and uniform 
layer on the cpisporc in : "Ascophanus" coemansii, Geopyxis carbonaria, Lasiobo/UJ 
pilosis, Olidta alutaua, 0. bufonia, 0. onotica. Pu.i<.n nmmophila. fl. usiwlosn, 
ThelebolUJ crvstaceUJ, and T. rtercoreus. 

5· Secondary wall material condenses to form a permanent ornamentation on 
the cpisporc in: Aleuria aurantia. Boudiera echinulala, Cheilymtnia pulclttrrima, 
lodophanUJ cameUJ, Lamprospora crec'hqruraulti, /,. dict;·diola, Melasti{a chateri, 
Jlf;·co/achnea hemisphaerica, "Neotiella ithacaensis", Pt{i{a badia, P. badiojusca, P. 
emileia, P. michelii, P. petersii, P. plebeia, P. praelervisa, P. succosa, P. succosella, 
1'. lrach)'carpa, Pulparia persoonii, Rhizina unduldta, Scutellinia am1alospora, S. 
sculellala, Sowtrb;·ella radiculala. ThecolhtuS spec., and T richophaea abundans. 

6. Secondary wall material is penetrated by pigment granules (Wells, 1972. for 
Ascobolus furfuraceus or a violet pigment (Carroll, 1969, for SaccobolUJ glaber 
(Pcrs. per Pcrs.) Lamb.ll ) from the surrounding vacuoles, which finally 
condense on the cpispore and possibly from the ultimate ornamentation in: 
Ascobolus furfuraeeUJ and Saccobolus glaber. 

7· Secondary wall material immediately constitutrs the ornamentation patterns 
in: Ascodesmis microscopica and A. nigricans. 

Beca\ISe the series of pictures is incomplete not all species can be placed definitively 
in any of these groups. Desma{ierella aciocla, G;romitra esculenta, and G. irifula belong 
to group 2 or 4; the position of Otidea alutacea, 0. bufonia, 0. onotica, and Lasiobolus 
piloSUJ in group 4 is also uncertain, the species might be tramferrcd to group 2. 

Internal differentiation of the ornamentation is found in Ascothsmis microscopica, 
A. nigricans, andLamprospora crec'hqueraultii, and possibly also in Sowerbyella radiculala. 
$light striation of the innermost parts of the ornamentation is found in "Neotiella 
ithacaensis". The diflerent structures in the ornamenta tion of most of the Pezi{a 
species and of Pulparia persoonii is difficult to interpret and may be present only 
temporarily. 

The formation of t.he cpisporc and the endospore is a special problem and opinions 
about it differ (Merkus, 1973, 1974). Though it is not recognizable in all species, 
it is most likely that the primary wall differentiates into an outer cpisporc and a n 
inner endospore through the redistribution of primary wall material (in this my con­
clusion agrees with that of Delay, 1966). The redistribution of endospore material in 
Sareoscypha coccinta, which leads to the formation of a "second epispore' inside the 

II SauoboliLf klrM7tii (Crouan) Uoud. 
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endospore, strongly supports this view. After KMn04-0s04-ftxation the episporc 
in most species shows a basic patcrn that consists of two electron-dense layers, 
separated by a less electron-dense to electron-transparent intermediate layer. In a 
few species the cpispore is simpler and seems to consist of only one electron-dense 
layer (" Ascophonus" coemtmSii, Asco~onus woolhopen.sis, The/ebolus crusloceus, and T. 
mrcortUS), sometimes with an increase in electron density in the outer parts (Thecolheus 
spec.). Glutaraldchydc-Os04 may give different appearances, often with layers on 
the outside that arc less electron-dense. Further differentiation in the cpisporc and 
endospore leading to the formation of fine or coarse striation has been found in many 
species. Most of the striation is fine and found in the epispore, parallel to the ascospore 
surface. In a number of species it is also present in the outer parts of the endospore; 
in that case it largely inhibits delimitation of both lay~rs; for this there are various 
explanations. A general increase in electron density and coarse striation in the en­
dospore, perpendicular to the ascospore surface, is sometimes found, particularly 
after glutaraldchyde-Os04-fixation . 

Referring to the ultrastructure and the development of ascosporcs different types 
can be distinguished. The distinction is based mainly on the data result ing from 
KMn04-0sO.-fixation, as only part of the species were also fixed in the glutaraldc­
hyde-Os04-fixative. The Ascobolus furfuroctUJ type is based on data published by 
Delay ( 1g66), Carroll ( 1966, 1967, 196g) and Wells ( t972). DeBary "bubbles", 
which were described in ascospores by Dodge ( 1957), Kimbrough ( 1966), and 
Kimbrough & Korf(1967) could not be found after fixation. 

The following types can be distinguished.­

!. Sarcoscypha coccineo t ype. 
Basal parts of asci in a state of development during ascospore formation more 

advanced than in apical parts; ascospores acquire their ultimate shape during 
primary wal l development; tendency to complex ascoplasm with electron-dense and 
electron-transparent globules, and intermediate forms; oil drops in sporoplasm 
derived from the electron-transparent globules; cpisporc without much further 
differentiation; endospore with marked differentiation into an electron-dense outer 
part that passes abruptly into an electron-transparent inner part; formation of a 
"second cpispore" in the endospore at the apices of ascosporcs (not found in Desma­
~imllo ocicolo); for secondary wall material groups 1 and 2 or 4· 
Dmn~mlla acicola and Sarcoscyplw. coccinea. 

II. Morchello escule nlo type. 
Complex ascoplasm with electron-transparent and electron-dense globules, and 

intermediate forms; oil drops in sporoplasm derived from t11c electron-transparent 
globules; cpispore and endospore without much further differentiation; for secondary 
wall material group 1. 

Morchella esrulento. 
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Ill. H eivello cr i spo type. 
Ascosporcs acquire their u ltimate shape during primary wall dcvclopmem; 

complex ascoplasm with electron-transparent and more electron dense globules, 
oil drops in sporoplasm derived from the elect ron-transparent globules; occasional 
formation of extra wall layers in primary wall; episporc and endospore without 
much further differentiat ion; for secondary wall material group r. 

1/e/vello crispo. 

IV. Rhi<.ina unduioto type. 
Ascospores acquire their ultimate shape during primary wall devclopmem ; 

complex ascoplasm with electron-transparent and more electron-dense g lobules; 
oil drops in sporoplasm derived from the electron-transpa rent globules; epispore 
without much further differentiation; endospore with (slight) increases in rlcctron 
density in the outermost parts; for secondary wall material groups 2 or 4 and 5· 

Gyromitro tscu/ento, G. infulo, and Rhidnn undulotn. 

V. O tidea bufonia type. 
Tendency to complex ascoplasm with electron-dense globules; independent 

development of oil drops in sporoplasm; further d ifferentia tion in cpisporc a nd 
endospore; for secondary wall materia l possib ly group 4· 

Otidea a/utacro, 0 . bufonia, and 0. onotica. 

VI. Pe<.i<.a uesiculos a type. 
Complex ascoplasm with electron-dense and more electron-transparent g lobules; 

no oil drops in sporoplasm; epispore without much further differentiation; endospore 
with some fine striation in the outermost part~; for secondary wall mate• ial group 4· 

Pa.i<.a rtticuioso. 

V JI. Pe<.i<.a pratler t•rso type. 
Complex ascoplasm with electron-dense globules; independent development of 

oil drops in sporoplasm; epispore without much further differentiation ; endospore 
with some fine striation in the outermost parts; for secondary wall material groups 4 

and 5· 
Pt<.ia ommophi/a and P. praeteroiJo. 

VIII . P t <. i <. a s u c cos n t y p e. 
Complex ascoplasm with electron-transparent globules, Pt<.i<.a lrnchycarpo also 

with more electron-dense globules; oil d rops in sporoplasm derived from the electron­
transparen t globules: cpispore and endospore without much further differentiation; 
fo r secondary wall ma terial group 5· 

Pe<.i<a badia, P. michelli, P. plebeia, P. succosa, and P. succosella; 1'. trachycarpa possibly 
also belongs to this group but the ascoplasm could not be adeq ua tely studied . 

I X. P y r o 11 t m a o m p h a I o de s t y p c. 
Tendency to complex ascoplasm with clectron-dcn~c globules; generally much 

glycogen in the cpiplasm ; no oil d ro ps in sporoplasm, epispore occasionally with 
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fine striation; endospore with a fairly broad electron-dense layer in the outermost 
parts; for secondary wall material group 1. 

Pyronema omphalodes. 

X. Lamprospora dictydiola t ype. 
:'llormal ascoplasm with electron-dense globules; with or without independent 

development of oil drops in sporoplasm; generally much glycogen in the cpiplasm. 
cpisporc occasionally with fine striation; endospore with a thin to broader electron­
dense layer in the outermost parts; for secondary wall material groups t, 3, 4 and 5· 

Aleuria auranlio, Bouditra echinulata, Clltilymtnio pulcherrima, Coprobia granu/ata, 
Geopyxis carbonaria, Octospora musci-muralis. lodophanus cameus, Lamprospora crtc'hqueraultii, 
and L. dict;·dio/4. 

XI. Sc u t!llinia armotosporo type. 
:'llormal ascoplasm with a few or more numerous electron-dense globules; indepen­

dent development of oil drops in sporoplasm; epispore with further differentiation; 
endospore with striation in the outermost pans; for secondary wall material groups 2 

and 5· 
Anthracobia me/aloma, Afe/asti~a chateri, "Neoliella ithacamsis", Sculellinia am1a1ospora, 

and S. scutellata. 

XII. Sepultoria arenosa type. 
1'\ormal ascoplasm with a few electron-dense globules; independent development 

of oil drops in sproroplasm; epispore with fine striation; endospore with an outer 
electron-dense and an inner electron-transparent part, also with clustered material 
in between; for secondary wall material groups r, !l, and 5· 

.'vf;'Co/aclmea hemisplwerica, Pustularia cupularis, Sepultaria arerzosa, S. tenuis, T richophaea 
abundans, and T. woolhopeia. 

XIII. Lasiobolus pilosus type. 
Normal ascoplasm with electron-dense globules; no oil drops in sporoplasm; 

cpisporc with further differentiation; endospore without much further differentiation; 
for secondary wall material groups 1 and, possibly 4· 

Lasiobolus monascus and L. pilosus. 

XIV. Thecotheu s spec. type. 
Normal ascoplasm with a few electron-dense globules; no oil drops in sporoplasm; 

simple cpispore; endospore witl1 slight increases in electron density in the outermost 
pasts; for secondary wall materia l group 5· 

Thecotheus spec. 

XV. Thelebolus stercoreus type. 
:'llormal ascoplasm with a few electron-dense globules; no oil drops in sporoplasm; 

simple epispore; endospore mostly with some fine striation in the outermost pam; 
for secondary wall material group 4; secondary wall fonnation strongly limited. 

"Ascophanus" coemansii, Thelebo/us crus/actus, and T. s/ercoreus. 



TABLE 1 

Characteristics of the different typo 

type ascoplasm globules oil drops epispore 

112) 13) --+complex ccl., ct., inr. +-ct. glob. I not. cliff. 
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Abbreviations : diff., differentiation; cd., electron-dense; ct., elcctron-transparcm: glob., globules; indcp. dcv., independent 
development; int., intermediate; - , tcndcnC)" to ; +- , derived from. 

12 Basal parts of asci in a state of development during ascopore formation more advanced than in apical parts: "second cpispore" 
in endospore. 

13 Aseospores acqui.rc their ultimate shape durutg primary wall dcvdopmcnt. 
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XVI. As co .r; onus woo I hope n sis t y p c-. 
Normal ascoplasm with a few electron-dense globules; no oil drops in sporoplasm; 

simple cpispore; endospore without further differentiation; for secondary wall 
material group 1; secondary wall formation rather limited. 

Asco.r;onus woolhopensis. 

XVII. Ascobolus Jurfuroceus type. 
_:\lormal ascoplasm, in Ascobolus furfuroceus with lipid globules; no oil drops in 

sporoplasm; cpispore with fine striation; endospore without further differentiation; 
for secondary wall material group 6. 

Ascobolus immersus Pers. per Pcrs., A.furfuroceus, and Saccobolus glaber. 

XVlll. Ascodesmis microscopico type. 
:-l'ormal ascoplasm with a few electron-dense globules; no oil drops in sporoplasm; 

epispore with further differentiation; endospore without further differentiation; for 
secondary material group 7· 

AscodtSmis microscopico and A. nigricans. 

The different types, based only on the findings of this study, call for further remarks. 
The eighteen types can be grouped into six units (see Tables I and II) . Though the 
characteristics of each unit can overlap and some are present in more than two of 
them, each unit clearly represents related types. While in the first two units the 
complex ascoplasm, or at least a tendency to one, is fow1d, the other four wlits 
have normal ascoplasm, wh ile the tendency to a complex ascoplasm is found in 
only one type (IX). 

TABLE 11 

0JSTRIDtrnON OF TYPES OVER TilE UNrrs 

first second third fourth fifth sixth 
unit unit unit unit unit unit 

-- I I 
I 

type type type type type type 
I- IV V- Vlll IX- XIII XIV XVI XVll XVIII 

I I 
I n the first unit the characteristic development of the asci in type I distinguishes 

this type from all the others; the differentiation of a "second episporc" in the endo­
spore, which has not been found in the other species, supports this view. Type III and 
type IV come close to type I, as all three have in common that the ascospores have 
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their ultimate shape only during primary wall dcvclopmcm; this pleads for great 
plasticity of the primary wall material at these stages. Regarding the other charac­
teristics, type II is the most closely united with the three types in tl1c first unit. 
In the second unit types VI and VII closely resemble each other, while type VIII 
comes closer to the types of the fir:. t unit. Apart from the normal ascoplasm in most 
of the species the third unit rtprescnts species which have in particular more differ­
entiat ion in both cpisporc and endospore. T ypes IX- XII closely resemble each other 
and their distinction is based on the different types of cndospores: type XIII lacks 
differentiation in the endospore and is possibly related to the fourth unit. The types 
of tlle fourth unit are similarly in having a simple epispore but otherwise also closely 
agree. The types of the fifih and sixth unit have been kept apart because of the charac­
terist ic development of the secondary walls, which differ completely from those of 
the other t ypcs. 
A~ regards the d ist ribution of the dini:rcnt spcci<-.s over the types, Pustularia 

cupularis is placed within the Sepultaria arenasa type, which represents species of the 
Pyroncmataccac sensu Eckblad; though some characteristics agree, a closer resem­
blance to species of Otidea (a. o. mentioned by LeGal, 1947; Dennis, rg68; Eckblad, 
rg68) w-dS not revealed. Bcrthet ( rg64) also mentioned the relationship between the 
genera Pustularia and Sepultaria; his view is based on cytochemical reactions of the 
nuclei. lodoph011US cameus and Boudiera ecllillulata, both with amyloid ascus walls, 
arc placed within the Lamprospora dict;·dio/a type, which further contains species of the 
Pyroncmataceac. The relationsh ip between lodopha11us cameus and other members of 
the Pyronemataceae was given earlier by Eckblad ( rg68) but the relationship 
between Boudiera echinulata and species of Ascodesmis that he ment ioned (Ascodcsmi­
doideac; Eckblad, rg68) could not be confirmed. Thccotheus spec., which also has 
amyloid ascus walls and which was placed in the Thclcbolaceae by Eckblad (1g68) 
is a separate type that nonetheless closely resembles the types representing other 
Thclebolaceac. Sowerbytlla radiculata a nd Pulporia persoo11ii have not been classified in 
the types because they arc not well enough known. 

In A.rcodesmis microscopica and A. 11igrica11S the term secondary wall is appropriate 
for the second wall as it forms a permanent and rigid ornamentation on the epispore. 
In all other species the term might be open to question since the second wall is a 
temporary and transien t formation that constitutes the materials for permanent 
extra wall layers, smooth or forming an ornamentation and arising outside on the 
episporc. But despite their differences in appearances and tlle fa te of the material 
of the second wall in the species, in a ll cases it is desirable to usc the term secondary 
wall together with the term primary wall since the walls represent stages in develop­
ment and arc more na tural than the complex terminology of the wall layers in Le 
Gal's work, not to mention the confusing usc of names like endospore, cpisporc, 
and perisporc by others. By using the terms primary and secondary wall for the 
two wall layers that are formed in succession the term endospore and episporc arc 
reserved for the further internal differentiation products of the primary wall. 

Finally it is worth while to compare Lc Gal's observations ( 1947, 1949) and ours. 
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The "false ornamentation" that she describes for He/vella crispa probably represents 
the formation of c.xtra wall material in the primary wall, which is found in this 
species. But about the development of ornamentation our views probably do not 
agree. As pointed out earlier {Merkus, 1974}, no evidence has been obtained for a 
"complex" development of ornamentation involving "masses globuleuses". Nor can 
it be decided precisely what structure corresponds to the "assise sous-perisporique" 
or to the "p~rispore". In view of Le Gal's drawings it is most probable that where 
she found no "ptrispore" the secondary wall corresponds to the "assisc sous­
¢risporique", and that where she describes a "¢rispore" the secondary wall 
corresponds to it. In the first case the investing membrane corresponds to the 
"pellicule membranaire", which never arises simultaneously with the ornamentation, 
as a "coque inter¢risporique" but which is always present before ornamentation, 
as a "tunique externe". In the latter ease the "assisc sous-perisporique" must be 
seen either as the outermost part of the primary wall, which is also supposed by 
Bellemere & ~elendez-Howell { 1976), or as the innermost part of the secondary 
wall; a layer that might represent the investing membrane is then absent. Cyto­
chemistry of the: substance of ornamentation eonstinll ing the secondary wall was not 
carried out but might reveal more about the exact nature of the secondary wall 
material; Le Gal's premise that the ornamentation is mostly formed of callose and 
pectinc could therefore not be confinncd. As stressed earlier, there is no evidence for 
sporal origin of the secondary wall material, as was supposed by Le Gal; in fact, all 
pictures produce evidence in support of the theory that it is epiplasmie in origin. 
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and ascospore ontogeny. in Univ. Calif. Pubis. Hot. 62: 1-93. 
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EXPLANATION OF PLATES 1-12 

ADDRBVJA110ss usgo IN Pu.TBS.- A"W. ascus wall; CM, condensed material; E, cpiplasm; 
En, endospore; Ep, epilporc; EV, endoplasmic vesicle; G, glycogen; GS, globular structure; 
lAM, inner ascospore-delimiting membrane; LM, investing membrane: MS, membranous 
structure; 01\M, outer ascospore-delimiting membrane; N, nucleus; PI, plasmic inclusions; 
PW, primary wall; S, sporoplasm: SW, secondary wall: T, tonoplast; Va, vacuole. 

PLAT!! I 

Figs. A- D. Mordtella tsaJienla, stained with uranyl acetate and lead citrate: Fig. A. asco­
plasm during meiosis, fixed ln 1% glutaraldehyde and 1% KMn04 , X 4,6oo; Fig. B. id. detail 
of basal part of ascw, X 1 4,goo; Fig. C. ascospore development, beginning of secondary wall 
formation, fixed in 1% KMnO• and 1% Os04, X 18,200; Fig. D. id. secondary wall formation 
and development of epilpore and endospore. 

PLAT!! 2 

Figs. A, 0. Mordte/la tsculmta, advanced states in ascospore development, fixed in 1.5% 
KMn0 4 and 1% OsO. and stained with uranyl acetate and lead citrate, X 18,200. 

Figs. C-F. He/w/la cri.spa: Fig. C. ascoplasm, upper part of ascus before mciosil and mitosil, 
fixed in 1 ·5% KMnO. and 1% Os04 and nained with lead citrat<', X 4,6oo; Fig. D. ascospore 
development, beginning of secondary wall formation, fixed in 1 ·5% KMn04 and 1% Os04 and 
stained with uranyl acetate and lead citrate, X 23,1 oo: Fig. E. id. detail of primary wall, 
X36,3oo; Fig. F. id. fixed in 3.25% glutaraldehyde and 1% Os04• 

PLAT!! 3 

Figs. r\, B. Helte/la cri.spa, ascospore development, fixed in 1.5% KMnO• and 1% Oso., 
X 23, 100: Fig. A. secondary wall formation and development of epilpore and endospore, 
stained with uranyl acetate and lead citrate; Fig. 0. advanced state in ascospore development, 
stained with lead citrate. 

Figs. C G. Rhit.ina undu/ata, ascospore development, fixed in 1.5% KMnO• and 1% OsO.: 
Fig. C. secondary wall formation and development of epilpore and endospore, condensation 
of secondary wall material, stained with uranyl acetate and lead citrate, X 29,700; Fig. D. 
id.; Fig. E. advanced state in development of ornamentation at one of two poles of ascospore, 
stained with urnnyl acetate and leild citrate, X 14,900; Fig. F. id. along ascospore, X43,300; 
Fig. G. id. stained with lead citrate. 

PLATE 4 

Fig. A. Cpomitra e.sculorta, ascospore development, secondary wall formation and develop­
ment of episporc and endospore, fixed in 1.5% KMn04 and 1% Os04 and stained with 
uranyl acetate and lead citrate, X 29,700. 

Figs. n, D. C)'romilra inful.a, ascospore development, fixed in I ·5% KMnO. and I% OsO. 
and stained with uranyl acetate and lead citrate: Fig. B. young ascospore after formation of 
primary '~all, X23,100; Fig. C. secondary wall formation and development ofepilpore and 
endospore, condensation of secondary wall material, x :zg,7oo; Fig. D. id. advanced state in 
ascospore development. 

Figs. E, F. ThL/tbo/u.s sltroorcus, ascospore development, X 29,700: Fig. E. beginning of 
secondary wall formation, fixed in 1.5% KMn04 and 1% Os04 and stained with lead citrnte; 
Fig. F. secondary wall formation and epiplasm wilh particular structures, ftxcd in 1.5% 
glutaraldehyde and 1% Os04 and stained with uranyl acetate and lead citrate. 
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PLAT£ 9 

Figs. A-G. Pyronema omphalodu, fixed in 1.5% KlvlnO. and 1% OsO. and stained with 
uranyl acetate and lead citrate: Fig. A. ascoplasm, upper part of ascus before meiosis and 
mitosis, x 8,1oo; Fig. B. ascospore development, beginning of secondnry wnll formntion, 
X 29,700; Fig. C. id. more advanced secondary wall formation, X 23,100; Fig. D. epiplasm, 
upper part of :ISCUS during ascospore development, X 8,1 oo; Fig. E. ascospore development, 
development of epispore and endospore, X 23,100; Fig. F. id X 29,700: Fig. G. advanced state 
in ascospore development; X 29,700. 

PI.ATP. 10 

Figs. A-E. Coprobia grantdata, ascospore development, stained with uranyl acetate and lead 
citrate: Fig. A. secondary wall formation and condensation of seconda.ry " 'all material, fixed; 
in 1.5% KMn0 4 , X29,700i Fig. B. id. with development ofepispore and endospore, X46,2oo; 
Fig. C. id. fixed in 1.5% KMnO. and 1% OsO.: Fig. D. E. advanced states in ascospore 
development, fixed in 1.5% KMn0 4,x 46,2oo. 

Figs. F- K. Ccop;xis corbonaria, ascospore development: Fig. F. beginning of secondary wall 
formation, fixed in 1% KMn04 and 1% Os04 and stllined with uranyl acetate and lead 
citrate, X23,100; Fig. G. development of epispore and endospore and condensation of 
secondary wall material, fixed in 1.5% KJ-1n0 4 and 1% Os04 and stained with uranyl 
aceta te and lead citrate, x 36,300; Fig. H . id. fixed in 1% KMnO. and 1% OsO.: Fig. I. id. 
fixed in 1.5% KMnO. and 1% 0s04 ; Fig. K. id. advanced state in ascospore development, 
stained with lead citrate. 

P t.ATR II 

Figs. A- E. M;colaclw,a htmisphturica, ascospore development, fixed in t% K.vt:nO. and 
t% OsO.: Fig. A. secondary wall formation and development of epispore and endospore, 
stained with uranyl acetate and lead citrate, x t8,2oo: Fig. B. further states in condensation 
of secondary wall material and in differentiation of primary wall, stained with uranyl acetate 
and lead citrate; X23, too; Fig. C. id. X46,2oo; Fig. D. id. X t8,2oo; Fig. E. advanced state 
in development of ornamentation, stained with uranyl acetate and lead citrate, X t4,goo. 

Figs. F II. Octospora musci-murolis. ascospore development, fixed in t.5% K.\lfnO. and 
t% Os04 : Fig. F. secondary wall formnLion and development of episporc and endospore, 
stained with uran)•l acetate and lead citrate, X29,700; Fig. G. id. detail of epispore and 
endospore, X 46,200: Fig. H. id. a,dvanced state in asc011pore development. stained with lead 
citrate. 

Pt.ATP. t2 

Figs. A- D. SarcoSCJpha coccinto, fixed in t.5% ia1n0 4 and t% Os04 : Fig. A. ascoplasm, 
upper part of ascus before meiosis and mitoses, stained with uranyl acetate and lead citrate, 
x8, too; Fig. B. ascospore development, secondary wall formation at one of two poles of 
ascospore, stained with uranyl acetate and lead citrate, x 12,6oo; Fig. C. advanced state in 
ascospore development, with epispore and endospore and fu rther differentiation in endospore 
at one of two poles of ascospore, X29,700; Fig. D. id. along ascospore, stained with lead 
citrate. 

Figs. F_.-G. Dtsrruu:imlla acicola, ascospore development: Fig. E. beginning of secondary wall 
formation fixed in 1.5% KMn0 4 and 1% Os04 and stained with uranyl acetate and lead 
citrate, X 23, too; Fig. F. id. advanced state in ascospore development, with epispore and 
endospore, stained with lead citrate; Fig. G. advancea state in ascospore development, with 
condensation of secondary wall material, fixed in 3.25% glutaraldehyde and 1 °{, OsO. and 
stained wirh uranyl acetate and lead citrate, X 29,700. 
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(Mit 3 Abbildungen) 

Die Gattung Sauoblostia wird hier aufgcf.wt im Sinne Donks ( rg66) . Die 
ciozige europll.ischc Art, S. farinaua (S. pinicala) , untcrschcidct sich von 
lltlicogloea lagtrhtimii (S. sebaua) durch den corticioiden, nicht-wachsartigen 
FruchtkOrpcr und den subapikalco Ursprung dcr Epib;uidic an dcr pri-

mordialen Hypbe. 

MOller crrichtctc 1985 die Gauung Saccoblaslia mit zwci Artcn, S. ouispora und 
S. sphaerospora, die er in der Umgebung von Dlumenau (Brasilien) gefunden hatte. 
Die Gattung ist charakterisiert dureh einen saekartigcn Appendix, dcr offcnsichtJich 
als Probasidie fungiert und seitlieh an der basidientragenden llyphe inscriert ist. 
MOller stellte die Gattung zu den 'Auriculariacccn', gcnauer zu den 'Stypincllccn', 
auf Grund der Bcobaehtung, daB unterhalb der terminal gebildeten Basidic cin 
Seitenzweig entsteht, der diese tibergipfelt und seinerseits wiederum cine Basidie 
bildet. Die erste und am ausruhrlichstcn bcschriebcne Art Moilers, S. ovispora, 
wurde allgcmcin als Typusa rt akzcpticrt. Die Interpretation dicscr (und auch der 
zwcitcn Art) gcstaltct sich ctwas schwierig, da keine Typusaufsammlung erhalten 
ist. Wir sind dahcr auf den Proto log in Moilers Beschrcibung angewicsen (I.e. : r6) : 
"Sic bildct eincn dtinncn, fast durehsichtigen lockeren wcisscn Ucbcrzug, dcr in 
ganz unrcgclmtissiger Umgrcnzung mehrcrc Centimeter in jcder Richtung sich 
ausdelu1le. Bei schr fcuchtcm Wetter sieht dieser Uebcr.wg fast schleimig aus, da 
das Gewirr der Faden Wasser zwischen sich fcsthillt, bci trocknerem Wetter dagcgen 
bcmcrkt man nur eincn lockeren Hypbenfilz, der bei vollstandigem Trockncn zur 
Unsichtbarkeit zusarnmcnHillt." 

Dicser Protolog maeht cine cindeutige Gattungsdcfinition schwierig. Bourdot & 
Galzin ( 1928), die dicse Gauung crstmals rur Europa nachwicsen, schufen rur die 
heiden von ihnen aufgcstclltcn Artcn (S. pinicola und S. sebacea) zwci Untergattungcn, 
nllmlich Saccoblastia subgcn. Saccoblastia rur S. pinicola und Saccoblastia subgcn. 
Saccogloea Bourd & Galz. H.lr S. sebacea. Die erstc Untergattung ist durch ein 'receptacle 
floconncux hypochs1oide', die zweite durch ein 'receptacle gelatincux muqucux' 
charaktcrisicrt. I hrer Auffassung nach gchOrt also wcsentlich zur Gattungsurnschrei­
bung von Saccob/astia sensu stricto dcr flockig-hypochnoidc Fruchtkorpcr. 

Im Gcgcnsatz hierzu steht die Auffassung von Baker ( 1936). In ihrcr ausgczcichnct 
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illustricrtcn Dissertation lrgt sic bcsondcrcn 1 achdruck auf den Tcil des Prutologs, 
dcr die wachsartig-gallertige Konsistenz des Fntchtkorpers hervorhebt: "Sci sehr 
feuchtcm \Vetter sicht dicscr Ueber-rug fast schlcin>ig a us, ... [cin) lockcrct Hyphcn­
filz, der bei vollstllndigem Trockncn zur Unsichtbarkeit zusammentallt.' (~loller, 

I.e.) Sic idcntifizicrt in dcr Folgc Saccoblastia ovispora Moller mit Hebcogloea lager­
heimi Pat., der Typusart dcr 1892 von Patouillard aufgestrlhcn Gattung 1/elicogloea. 

Donk ( 1958, 1966) folgt Bourdot & Galzin in dcr Auffassung, da3 die Typusart 
von Saccoblastia cin flockig-hypochnoidcs Ausschcn hat. Fiir ihn sind Saccoblaslta und 
Helicogloea zwci vcrschicdcnc Gattungcn, die zwar weitgchcnd iibcrcinstirnmendc 
mikroskopischc Merkmale habcn, aber durch die Konsistcnz des Fntchtkorpers 
dcutlich gctrcnnt sind. Er ziticrt cine Aussagc von Baker ( 1946: 630), die ebenfalls 
dicsc Untcrschicdc betont, aber sic nicht ftir cine Gliedcntng in Gattungcn vct­
wcndct: "The genus falls naturally into two lines depending upon the character of 
the fmctification, which may be of the mucous-gelatinous ("tow-like") type, or the 
distinctly floccose (hypochnoid) type.'' 

Eine Art Kompromi3 schlie3t Lowy (197 1), indem er Saccoblastia als Subgenus 
akzcpticrt ('stat. nov.'). Er beschrcibt die Fntchtkorpcr als flockig und gibt filr die 
Hyphen Schnallen an. Unglilcklichem•eisc trifft dies geradc nicht zu flir die von ihm 
ziticrte Typusart S. ovispora, sondcrn nur ftir die zwcitc Art MOilers, S. sphaerospora. 

Die Fragc blcibt offcn, oh die Vcrschiedenhcitcn in der Konsistcnz dcr Frucht­
korpcr und cinige weitere, im folgcnden zu bcsprcchcndcn mikroskopischcn Unter­
schiedc cine Trcnnung in zwci sicherlich nahc verwandtc Gattungen erlaubcn. 
Vorlaufig jedcnfalls folgen wir dcr Abgrcnzung, die Donk ( 1g66) gegchcn hat unci 
akzcpticrcn die Gattung Saccoblastia. 

Ein Aufenthalt in Paris am arurhistorischen ~luscum crgab die NlOglichkcit, 
das gcsamtc Material von Saccoblastia im Hcrbar Bourdot zu untcrsuchcn. l laupt­
sachlich ging es uns hierbci urn S. pinicola. Zw:u sind auch cinige Fundorte aus 
Ostcrrcich (Hohncl, Litschaucr) sowic aus Dancmark (Chr~~tiamcn) zusammcn 
mit Bc5chreibungcn publizicrt worden, die l lauptmengc des Materials abcr bc­
findct sich in Paris. lntercssant. war die Fragc, ob die Bildung dcr Basidic, wie sic 
bci S. pinicola zu bcobachten ist, Unterschiede gcgcniiber den Arten mit wach$arti­
gem Fruchtkorpcr zeigt. Femer war zu untcrsuchen, ob die Probasidtc immcr als cin 
latcralcr Sack erhalten bleibt, odcr ob die Probasidien sich auch aufrichtcn und 
schlic31ich dirckt zu Basidicn cntwickcln konncn, wie cs Bourdot & Galzin ( 1928 : 4) 
angeben: " l .es espcces francaiscs de Saccoblastia ne presentcnt pas toujours ncttcment 
lc caractcrc gencrique: si Je contcnu de certaines probasidcs paralt bien ctre une 
reserve ulilisee pour ta formation de Ia basidc, il semble que dans bien des cas, 
c'cst Ia probaside cllc-memc qui sc rcdrcs~c et e transformc dircctcmcnt en ba.~idc. 
Du moins, Ia section montrc souvcnt tou~ les etats intermediaires entre Ia probaside 
en sac pendant et Ia basidc arqu~e ou dressee." 

Die Untc~'tlchung crfolgtc in vcrdiinnter Kalilaugc, wobci die Schnitte ge­
quctScht werden mu3ten, urn die mikroskopischcn Einzclhcitcn bcsscr wahrnehmcn 
w konnen. Hicrbei brachcn rcgclma3ig die gro3cn Basidicn von den sic tragcndcn 
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Hyphen ab; glcichzeitig waren zahlreiche dcr sackanigc.n Appendices frei in der 
Flilssigkrit und die genaue Art der Verbindung Appcndix-Basidie war lange Zeit 
nicht dcutlich. Die gr013crcn Appendices hatten ctwa die Gestalt unreifcr Basidicn, 
so dal3 dcr Schlul3 nahclag, dal3 sic sich evcntucll zu Basidicn wciterentwickcln 
konntcn. Oagegcn sprach, dal3, entgcgen den Beobachtungen von Bourdot & Calzin, 
kcinerlei Entwicklungsubcrgangc zwischen den Appendices und den Basidicn ge­
fundcn wcrdcn konnten. Ocr wahrc Sachvcrhalt konntc erst cnnittclt wcrden, 
nachdcm bcvorzugt die Stcllcn dcr Fruchtkorpcr untcrsucht \\'\arden, die noch 
nicht zu vicle kollabiene ll yphcn und Basidicn enthielten. 

Es crgab sich, dal3 immcr cin sackartigcr Appendix untcrschicdlichcr Crolle 
gebildet wird, dcr sich nie zu ciner BMidic wcitcrentwil:kclt. Der Appendix wird 
unmittelbar i.iber dcr zulctzt gcformten Schnalle gebildet, die Hype wllchst zunachst 
nur wenig in der urspriinglichen Richtung wciter. 'Nachdcm dcr Appendix cine 
gcwisse Crol3c crrcicht hat, wachst die H yphc (die primordialc Zelle in der Termi­
nologic von Baker) weitcr und stcllt schlicl3lich das Wachstum cin. Das Plasma zieht 
sich aus dcm apikalcn Tcil zuruck, dicser wird leer und durch cin bis drci sckundlire 
Qucrwandeahgcgrcnzt. Suhapikal, das hei!3t dirrkt untcrhalb cicr lecren Endzclle(n) 
hildrt sich ein Seitcnzweig, der zur cndgi.iltigcn Basidic (in der Terminologie Baker.; 
dcr Epibasidic) hcranwachst. Die Epibasidic kann ziemlich dicht obcrhalb dcr 
Probasidie (c. 20 Jlrn) wachscn, sic kann aber auch bis zu 100 11m von dcr Probasidic 
entfernt scin. Da die Hyphen im hymenialen Bereich diinnwandig sind, blciben die 
Vcrbindung<;hyphcn (-die primordia len Zellen) nur bci sehrschoncndem Quetschen 
crhaltcn. Erschwerend kom.mt hinzu, da!3 die Prob~idic und auch die Vcrbindungs­
hyphe weitgehend leer von Plasma sind, wcnn die Epibasidic voll ausgebildet ist ; in 
solchcn F!illen crwics sich die Untcrsuchung mit Phascnkontrastoptik als nUtzl ich. 

Saccobla.rtia pinico/a Bourd. & Calz. hat nun Saccobla.rtiafarinacea ( llohn.) Donk zu 
heil3cn. Von llohnel ( 1907) bcschricb seine Art zwei Jahre vor Bourdot & Calzin 
untcr dcm X amen /Jelicoba.ridiumjarinaceum. Er sah wohl die typischcn Auriculariacecn­
Basidien. war abcr nicht in dcr Lage, die Probasid icn zu bcobachtcn. In Bourdot & 
Galzin wird dicsc An noch unter den ihncn unbckannten Taxa genannt. 

SACCOBJ.ASTIA FARINACEA (Hohn.) Donk- Fig. I. 2 

lldirobOJitlium {arintJUIIIn I lbhn. in Sbcr. K. 1\kad. \\'iss. Wacn (M:uh.-naa. Kl., .\ ba. I) 
n6 : !4. •907· - llrliro!,ltxa farinauo (H6hn.) D. ?. Rog apud C. W. Marl in l"ni\'. Iowa 
Stud. at Hist. 18 (3) : 66. 1944·- Sacroblastrafarinaua (IIOhn.) Donk m Pcrsoonia 4 : 2 17. rg66. 

Sncrob/nstia piniroln Bourd. & Calz. in Bull. a rim. Soc. mycol. Fr. :zs : 16. 1!)0<).- Htlieos:l'lla 
l!inicola (Oourd. & Gnlz.) Baker in Ann. :\4is~ouri bot. Gdn. 23: 8g. 1936. 

Souobltutillpinieolo var. difossa Bourd. & Galz., llym. France 4· 1928. 
SncrobiOJiia pinico/a f()m1a alniviridir llourd. in Bull. trim. Soc. mycol. Fr. 48: 204. 1!)3\1. 

Basidiocarp cinjahrig, ausgl'l>reitt·t, rc·supin:u, bis circa 2 em lang, circa 100- 500 11m 
dick, von hypochnoider bis membranoscr Kon~istcnz, dcm Substrat anlicgcnd, in 
kleinen StUckcn ablosbar; mit homogcncm Kontcxt: die Oberfliiche des Hymeniurns 
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crcmcfarbcn odcr gelblich-ockcr, im trockcncn Zustand nicht rissig; dcr Rand 
weil31ich his cremefarbcn, deutlich fimbriate, Rhizomorphc fehlcn. Hyphcnsystcm 
monomitisch. Hyphen hyalin, cylindrisch, in Subhymenium und Trama locker 
angcordnct, 3-5 11m im Durchmcsscr, mit glattcr Ob: rnachc, Schnallen praktisch 
immcr vorhandcn (dancben cinige sckundarr Qucrwiindc ohnc Schnallcn). Cystiden 
fchlcn. An der Seite einer kurzen, primordialen Hyphe bildet sieh ein sackrc:irmigcs 
Probasidium, in dem die Kemversehmelzung stattlindct. Spiiter wiichst die primor­
diale llyphe weitcr aus, dcr apikale Teil stellt nach einer Weilc das Wachstum cin 
und cin subapikalcr Seitenzwcig der primordialen HY.Phe enn'lickelt sich zur 
E~ibasidic. Die Probasidie mil3t 30 6ox 1o-15 Jim, die Eptbasidiqo-140 x8-12 Jim. 
Dte Epibasidie teilt sich durch mcist drei Qucrwiinde in vier Zellcn, an dcrcn apikalem 
Teil ein 2-3 11m dickcs Sterigma hcrvorwiichst, das meistens ungeteilt, gclegentlich 
abcr an dcr Spitze auch gctcilt scin kann. Die Sporcn sind hyalin, breit ellipsoidisch, 
11- 17 X 8-12 pm, dilnnwandig, mit glattcr ObcrfHichc, nicht amyloid, dcxtrinoid 
odcr cyanophil. Kcimung durch Kcimschliluchc oder, mcistens durch Bildung von 
Sekundiirsporcn an circa 10- 15X3 11m grol3en "Sterigmata"; die Sckundiirsporcn 
sind ansehcincnd immcr ctwas klcincr a ls die Primiirsporen, sic messcn nur circa 
1o-12 X8- IO Jim. 

A1s Substrat wird durch Bourdot & Galzin hauptsiichlich die Rindc von Pinus 
angegcbcn, dcr Pilz schcint abcr cbcnso hiiufig auf Astcn von Laubbiiumcn zu 
wachsen. 

Bcschrcibungen dcr Art wurden publizicn an Hand von Material aus Frankreich 
(Bourdot & Galzin, 1909, 1928}, Osterreich (von Hohnel, 1907), Oiinemark 
(Christiansen, 1959), Estland ( Raitviir, 1967}, U.S.A. und Canada (Martin, 1944, 
1952) . 

U :>TeRSVCIITP.S M A'reRIAI. At:S Ftv.:o;KRF.ICII (allcs in PC).-0 P I' T. , \ ' F.\' R o;.;: (ohnc 
Fundon ) Gakin 11 -f!/5 (20558) . - Caussc Noir: 'cnv. 2~1.2.1!)08', Gokin 2810 ( Rourdot5663) 
(LcclotypU!I von Sauqb/rutio piniC?la llourd. & Calz. \: Gakin 3767 ( Bourdol 636.9); Gal~in 
5681 ( Bol"dol !/0554· 20'i55). Cau~ ~oir, SOlL, Longuih~. Gakin 9084 (Bourdo/391841·­
C'au~~C' oir, Valn1 N~: Goldrr -1141 ( Bot"do16-124); Gokin 5681 (Bourdot 20556) ; Ga/~in 
:11021 (8ourdo1 186o1); Gakin !/10!/5 ( Bourdot 186o2) . - Causse Noir, Carb~Wtu: Galt;in 
17670 ( Bourdol 15304); Gakin 198¢ ( Bourdol 20559) . - Montclarat: Ga~i11 21885 (Bourdot 
t,916J); Gouin !l371fJ-5fl ( BourdJI 2115!1); Gakin 2,1751 52 ( Bourdol !l<f153); Gal~in 2375 1 
( Bourdol !l<f154): Gokin 23753 (Bourdol 2-1156); Galdn 246o2 (Bourdol 26863); Gnkin 24604 
( Bourdot 26865); Gakin 25527 ( Bourdol 2¢31); Gouin 25530 ( Bourdot 29636). 

Dv.rT. H AUTF.-SAVO I E, La Clusaz {ohnc Onium), C;o~als 43 (8 a1ndot 11386) 
(Lcctolypus von Soccoblastia piniC!)/a forma nlniviridis Bourd.) 

D E I' T. VA R., 'Env. de T oulon', 25.1.1926, Crolols 62 (Bourdol 40325, sub 'Saccoblastia 
dtfosra') (l .c"Ctolypm voo Saccoblaslia pinicolo var. de{ossa Bourd. & Calz.). 

Auch SaccoblaJtia sebacea Bourd. & Galz. mu13 nun andcrs heil3en. Nach Baker 
(1936, 1946) ist diesc Art identisch mit Helicogloea lagerheimii Pat., dcr T ypusart der 
Gatrung Htlicogloea. Dies bedeutet, dal3 wir cs hier mit ciner wcit verbreitcten Art zu 
tun habcn, die sowohl aus Europa als auch au~ )iord- und Siidamcrika bckannt ist. 
Ocr Fruchtkorpcr ist gclatinos im frischen, wachsartig im trockencn Zustand. Die 
Entwicklung dcr Epibasidien ist no.ch unscrcn Untersuchungen an franzosischcm 
Material genau so, wie sie Baker an nordamerikanischen Proben festgestellt hat . 
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.\ bb. ::. auoblaJtiofarinaua.- a. porcn , JJourdot 15301.- b. Ba.sidicn, Bourdot 29616. 
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1ach der 13i ldung der Probasidic wlichst die ' primordiale Zelle' weiter, und aus 
ihrer Spitze kommt die Epibasidic hcrvor. 

Die Gattung Helicogloca Pat. (1892) blieh his zur grundlegendcn Arbcit von Baker 
(1g36) unbeachtel. Dies lag daran, clal3 Patouillard die charaktcristischen Proba­
sidien nicht bcschriebcn hatte und daher die Abgrenzung von der etwas fruhcr 
beschricbcncn Gattw1g Platygloea Schroct. ( 1888) zweifelha ft war. Denn das Merkmal , 
worauf Pa touillard ( 1900: 13) das I lauptaugenmerk lenkte, ist fUr die T ypusart 
seiner GaHung nicht bcsonders cha rakteristisch: "Trl:s proche de Platygloea, il en 
difiCre par sa trame dont Ia consistanee est eelle d'un Exidia gonflc par l'cau et par 
ses basides a Ia fin flcxucuscs ou cour·bces." 

H ELICOGLOEA LAGERHEIMII Pa t.-;-Fig. 3 

HtlicogiOtn lagerkimii Pat. apud Pm & Lagcrh. in Bull. trim. Soc. mycol. Fr. 8 : 121. 1892 . ­

Plotyg/Ota loJwhdmii (Pat. apud Pat. & l.agcrh.) Sacc. & Syd., in yll. Fung. 14: 247· 189g. 
Htliwbasidium inwnspicuum llOhn. in Sbcr. K. Akad. Wiss. Wicn, Math.-nat. KJ., Abt. I, 117, 

1021. l go8. 

SaccobiOJita ubaun Bourd. & Galz. in llull. trim. Soc. mycol. Fr. ~5 : 15. 1 !)09. 
Sacwblaslia ~baua var. pntinosa 13ourd. & Galz., llym. France 5· 1928. 
SaccobiOJiia srbacca vnr. lypica 13ourd. & Galz. I.e.: 5· 
SoccobiOJiia Hbartn var. vulgaris llourd. & Galz. I.e.: 5· 

Basidiocarp einjiihrig, resupina t, ausgehreitet, mehrere em lang, bis zu 6oo JllTl 
dick im frischcn und 1<>0-300 11m dick im trockcncn Zustand, frisch wcieh-gelatinos, 
trockcn wachsartig, dem Suhstrat fest anliegend, mit homogcncm Kontcxt ; d ie 
O bcrAliehe des llymeniums ist im jungen Zustand rotlich-hraun und wird spliter 
grau-bratm bis sehwarzlich, ist j cdoch oft wcil3lich bcrcift, alte Fruchtkorpcr sind 
oft stark rissig; der Rand ist undeutlich, vcrlaufend. llyphcnsystem monomitisch. 
H yphen hyalin, zylindrisch his etwas [Qru!os, in Subbymcnium und Trama kompakt 
angeordnet, 3-6 pm in Ourcluncsser, die Wiinde der trarnalcn Hyphen his zu 1,2 pm 
dick ; ObcrfHichc g latt, Sclmallcn immer fehlend. Cystidcn nicht ausgehildct. Im 
Vcrlauf der Basid icno•uogcnic wird zuniichst ein sackfOrmiges Pro basidium angclcgt 
( ro-sox8-12 11m). Aus d<'r primordia len H yphc wiichst an ihrem apicalcn Ende 
die Epibasidic hcrvor (5o-8o x 5-8 1un), die biswcilcn Ieicht gckrihnmt und im 
reifcn Zustand 3- 4-zelltg ist ; Stcrigmcn circa 2,5 11m dick. Sporcn cllipsoidisch, in 
Scitenansicht zylindrisch und Ieicht gckrummt, 8- 15 X5 8 pm, dunnwandig, mit 
~latter Ohcrflachc, nicht an1yloid, dcxtrinoid oder cyanophil, an circa 1 o pm Iangen 
'Sterigmen" Sckundlirsporcn bildend. 

Das Substrat scheint nicht bcsondcrs spczifiSch zu scin Die Art wurde angcgcben 
fur Frankreiclt (Bourd. & Calz., •gog, 1928), Ostcrreich (von Hohncl, 1go8), 
England (Wakef. & Pears., 1923), Diincrnark (Christ., 1g5g), U.S.A. und Kanada 
(Rogers, 1933; Baker, 1936; Olive, 1948; ?vlartin, 1952), Hawaii (Martin , 1g52), 
Tahiti (Olive, 1958), Brasilien, Ekuador und Kolumbien (Ba ker, 1946), Pa nama 
(Lowy, 1972) und !'\eu-Seeland (M c.:\abb, 1964) . 

UNTF.R.SIICIITP.S MATERIAl. AUS FRANKREICII (allcs in PC; ohnc wcitcrc Angabc wurdc das 
Material im Hcrbar Bourdot untcr dcm Namcn SarcobiOJiia stbaua vorgcfundcn) .- 0 I! P r. 
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Abb. 3· Htlicoglota U.gulzeimii. - a. Basidic, Bourdot 23303. - b, d. Basidic, Rourdot 15979·-
c. Sporen, junge Basidie, basale Hyphen, Bourdot 23304. 
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i\ v £ v RoN: .Barthc:, 13.11.1913, Ca/r.in 14270 (subS.pruinosa; Bordo/12350). - Carmnssol, 
pr~ St. Scm in: Ga/r.in s. 11. ( Bourdot 5719); Ga/r.in 3895 ( Bourdot 23305). - C'nusse :\oir : 
9.12.19 10, Ga/r.in 7868 ( Bourdot 6710) (Lectotypw von Saaoblastio ubaeeo lltlr. pinastri Bourd. 
& Cruz.) ; Ca/r.in 78¢ ( Bourdot 7612); Culr.in 7¢1 ( Bourtkil 23288) : Caki11 10085 ( Bourdot 
23289); Gahin 146o6 (Bourdot 23333, " bon pour l'etudel") ; Col~in 16632 (Bourtkit 23297) ; 
Ca/r.in 16638 ( Bourtkil 232¢); Gakin 16605 (Bourdol 23302); Colr.in 23088 (8owdo1 23316) ; 
Cakin 23717 (Bourdot 24120); Col~in 23718 ( Rourtkit 24121). - Cnu'ISC Noir, Bepaumc: 
Cal~ in 14368 ( Bourtkit 23291) ; Col~ in 1476<1 ( Bourdot 23291); Gaki11 1 48oo ( Bourtkit 1 !lf 11) , 
Co/r.in 1.1825 fBourdot 23294 !. - Gausse r\oir, Garb!I5Sa: Calr.in 14111 ( Bourtkit 23308) ; 
Co!lill 18899 ( Bourdot 159791. - Eves, Calzin 16447 (Bourdot 23301). - Forques, Cakin 
17-154 (Bourtkit 14515). - Fortune, Cakin 17210 (Bourdot 23335) . - Freg~re, Cokin 18828 
( Bourdot 15419). - l'H o.•p italct, Gal~in 21132 (Bo11rdnt s. n.) . - La Coste, Goku1 10928 
(8ou•do123307).- Lc Rc:c, Cokin 11982 ( Bourdot 23290) . - Loubotis: Cokin 16933 (Bourdnl 
23298); Cakin 13790 (subS. pminoso; Bourdo/ 12152); Go/~in 13816 (rubS. pruinoso; Bourdot 
12151); Collin 13817 (subS. proinasa; Bomdol 12153); Gald'f 14003 (subS. pruinosa ; Bourdot 
12349); Co/r.in 14247 (subS. pruinosa; Bourdott2351 ). - M as de tic., pres St. Scmin, Co/r.m 
3951 ( Bourd!Jt 6017). - M endive. Cakin 16804 ( Bourtkil 23304).- Mendive, sur Emble, 
30.1 1.1913, Gokin 14]</Q (subS. pruinosa; Bourdol 12347) (Lcctotypw von S~Ut~~blarlia srbaaa 
var. pruinosa Bourd. & Cruz.) ; Cakin 14750 (subS. pruinoso; Bourdot 12348); Cakin 19067 
tsub S. pruinof!l; Bourtkit 15991).- Violeu e, pr~ St. Sern in, Go/~in 4334 (Bourdot 6508). 

D £PT. TARN: Gaussancl, presS. em in, Galr.in 4316 (8ourdo1233o6).-Gasourgucs, 
Cakin 19561 ( Bourdot 23310). 

DR pT. cAR o: St. Cuirol Gakin 5815 ( Bourdol 1131187) · 
DR PT. 1\ t. L 1 E R: St. Priest: Bourdot 5750; Bourd!Jt 12262. - t. Priest Bucher de Vir­

lobicr: Bourdot 5750; Bourdot 5882. -St. Prie:~t , Lavat., Bourdot 39135. 
n E pT. 0 R N £, ForC:t. de Bellcme, - .10.1925, E. Gil/uri 1513 ("Saaobla.<tia stbaua p 

vulgaris"; Bour®t 3¢16) (Lectotypus von SactObkz.st ia sebottO var. vulgaris Bourd. & Calz.). 

Sunu:nary 

The genus Srutt~bltlStia is here accepted in the sense of Donk ( 1966). The only European 
species, ';. jarinace~ I- S. pinitola) dW'crs from Hetitt~glota lagvhtimii ( =S. stbacta) in its cor­
ticioid, non-waxy basidiocarps and the subapical origin of the epibasidia from the primordial 
hyphae. 

L ITP.RATCR 

BAKY.R, G. F.. 11936). A study of the genus HtlitOgloto. ln Ann. Missouri bot. Gdn 23 : Gg-129. 
-- (1946). Addenda to the genera lltlitoglora and Physo/aeria. In M ycologia 38: 63o-638. 
BoEDIJN, K. E. (1937). The genus Hrlirogloto in the :'1/etherlnnd• lndJes. In Bull. Jard. Bot. 

Buitenzorg, Ill 14: 187- 195· 
BoUROOT, H. (1932). l!ymenomyectcs nouveaux ou peu connus. ln Bull. trim. Soc. mycol. 

Fr. 48 : 204~32. 
BouRDO'r, H . & CALZIN, i\. (•g•ul. Hymenomycctes de France. (1. H<!tcrobasidies). In Bull. 

trim. Soc. mycol. Fr. 25: 15-36. 
-- & -- (1928). Hymenomyc~les de France. Sccaux. 
CmumANSEs, M. P. ( 1959). Danish Resupinate Fungi. Part '· Ascomycetes and Hctero­

basidiomycctes. In 0 3nsk. bot. A rk. 19: 5- 55. 
OONK, M. i\. ( 1958). T he generic names proposed for Hymenomycctes-Vlll. i\urirulariaccae, 

Scptobasidiaceae, Tremcllnccae, Dacrymycetaccae. ln T:~xon 7: 164-178, 193-207, 
236-250· 



P £ R sooN 1 A- Vol. g, Part 1, 1976 

DoNK, M . A. ( tg66, . Check list of European llymcnomycetous l leterobasidiae. In Persoonia 
4 : 145-335· 

lloHNEL, F. X. R. voN (1907) . Fragmcntc zur Mykologie (lll. Mitteilung, ~r. 92 bis 155). 
In Sbcr. K. Akad. Wiss. Wicn, M ath.-nat. Kl. I , u6: 83 162. 

l .tsosR, D. H. (1929). The life history and cytology of Saccchlasliu U!tmntdio, n. sp. In Ann. 
Missouri bot. Gdn 16 : 487- 4!)8. 

Lowv, n. (197 1). Tremcllnles. In Flora :->cotropica 6 : I 153· 
MARnN, G. W. (1944). ·n te Trcmcllalcs of the north central Unit~"<! States rmd adjacent 

Canada. In Univ. Iowa Stud. nat. Hist. 18 (3) : 1-88. 
MARTIN, G. W. (1952}. Revision of the north central Trcmellales. In Univ. Iowa Stud. nat. 

lli.st. 19 (3) : 1- 122. 
MCJ"\ABB, R. F. R. ( 1964)· New Zealand TrcmcllaJcs - I. In New Zeal. J. !lot. 2 : 403 ·414. 
MOLLI!R, A. ( 18g5). Protobasidiomycctcn. Untersuchungen aus Brasilien. In A. F. \V. Schimpcr 

(H rsg.). llotanischc Mittheilungcn aus den Tropcn 8: 1- 179· 
0 1 lVI!, L. S. ( 1948). Taxonomic notes on Louisiana fungi - 11. Tremcllalcs. In M ycologia 

40: 586-004. 
-- (1958). The lower Basidiomycetes of Tahiti - I. In Bull. Torrey bot. Cl. 85 : 5~7. 

8g 110. 
I'ATOVILLNlD, . ( 1goo). Essai taxonomique sur les families et les gl"nres des llymenomyc~tes. 

Lons le Saunier. 
PATOVILLARD, ~. & LACERIIF.IM, G. ( 18g2). Champignons de l'equateur. (II). In Llull. trim. 

Soc. mycol. Fr. 8 : IIJ- 140· 
RA!TVuR, A. G. (1967). Oprc:.-dclitd' getcrobazidial' nycb gribov (lleterobasidiomyce1idac) 

SSSR. Leningrad. 
R1CK,j. ( tgs8}. Basidiomycetes cubasidii in Rio Grande do Sui - Brasilia. t. Auriculariaccnc, 

Sirobasidiaccac. Trcmcllaccac, Oacrymycctaccac. In lhcring ia (Bot.) 2 : 15- 56. 
R OCF.RS, D. P. ( 1933}. Some noteworthy fungi from Iowa. In Univ. Iowa Stud. nat. Hist. 

15 (3}: 9~9· 
WAKEI'IELt>. E. M. & PEARSON, A. A. ( 1923). Some additional records of Surrey resupinate 

llymcnomycetcs. In Trans. Br. mycol. Soc. 8 : 216 22 1. 



PERSOONIA 
Published by the Rijksherbarium, Leiden 

Volumeg, Part. r, pp. 49-64 (1976) 

A CONTRIBUTION TOWARDS A REVISION OF 

THE GENUS TULASNELLA • 

\V. J ULICH & UTI!. J ilLICH • • 

Rijksherbarium, L~iden 

(With eleven Text-figures) 

Redcscriptions of nine species of Tulasntlla arc given, a ll based on the speci­
mens of the Bourdot herbarium in Paris. 

Although a revrston of the Tulasnellaceae by Rogers ( 1932, 1933) and an impor­
tant article by Olive ( 1957) have been published, there remain some problems 
with the specific del imitation, at least with regard to the European species. Therefore 
a revision of the material deposited in European herbaria has been started some time 
ago, with the intention to include later the extra-European species. Oonk ( tg66) 
recognized thirty species for Europe, eleven of which were described by Bour·dot & 
Galzin ( 1924). Since the Bourdot collection is especially rich in Tlllasnellas it 
seemed to be partiClllarly important to go through the whole collection (Tulasnella, 
inclusive ofGlotolultlSiulla) in order to get a better understanding of the morphological 
variation of the species. A part of the work could be done during a smy in Paris, while 
the rest of tJ1e collection will be studied at Leiden. 

In order to facilitate the identification, redescriptions of some of the species are 
given together with the necessary figures of the microscopical characters. One great 
difficulty remains: the key to the species of Tulasnella, as given by Bourdot & Galzin 
( 1928), docs only work if one knows the colour of the fresh basidiocarp of the mem­
branaceous species (whitish or reddish); dried specimens of this group arc all whitish 
or cream-coloured. T here seems to be no dilference in the microstructure between 
some pairs of species (one being whitish, the other reddish when fresh). For the 
moment we incline to treat them as synonyms. 

TuLASNELLA ALBIDA Bourd. & Galz.- Fig. 1 

Tu/o.sneUa albida Bourd. & Galz., Hym. de France: 59· 1928. 

• This Sfudy was supported by the C. N. R. S., Paris, through intennediary of the ~ether­
land& Organization for tlte Advancement of Pure Research (Z. W. 0.). 

•• Nous rcmcrcions respcctucuscment Mme.le Professeur S.jovet-1\!t (directeurdu La bora­
lOire de Cryptogamic II Paris) et Mme. Dr. J. icot (sous-dirccteur) qui ont eu Ia bienveil­
lancc de nous accordcr toutcs lcs facilit6 dans Ia poursuitc de nos recherches. Nous adressons 
notre souvenir rc:connaissant et arnica! 11 Mlle. ll.-T. Cue, responsable des collections myco· 
locgiqucs ct qui nous a donnce toutcs lcs indications nccessaircs. 
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Fig. 1. Tulasndla albida, Bourdol 64¢. 
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Basidiocarp resupina te, effused, severa l em large, 2o-6o pm thick, invisible to the 
naked eye when dry, ceraceous, adnate, homogeneous, hymenial surface whitish to 
pale ~rcyish and pruinosc when dry, even, in dry condnion not cracked; margin 
mdisunct, thinning out. Hyphae hyaline, cylindrical or slightly inflated, loosely 
arranged in subhymenium and trama, branching from all parts of the hyphae, 
2- 5.5 JUTl in diameter and thin-walled (0.2 Jtm) in the subhymcnium, 2-4.5 Jim in 
diameter and thin-walled to slightJy thick-walled (up to o.6 Jtm) in the trama, with 
smooth surface, claml.'s lacking, dolipore distinct, contents homogeneous. Cystidia 
or glococystidia lackmg. Basidia hyaline, stalked-clavate when mature, clavate 
when young, 1 5~2 x 6.s- 8 Jtm, thin-wa lled, smooth, a basal clamp lacking, contents 
homogeneous; with four ellipsoid to clavate epibasidia (7 9·5 X 1-8-5.3 pm) on 
top of which one cylindrical, mostJy unbranched, flexuous sterigma (c. 12- 15 X 1.8 
pm). Spores hyaline, subglobosc to broadly ellipsoid, with small apieulus, 6.5- 7·5 
( 9) X4.2- 5.2 pm, thin-walled, smooth, not amyloid; germination with 1- 3( 4) 
more or less subulatc outgrowths up to 7 X 1 ·5 Jllll· - Saprophytic on woOd of 
angiosperms ( Qjlercus). · 

MAnRIAL nvoreo.-F R A N c E: 'Tulasntlla olbido mihi', Allier, pro de Mazcau, sur bois 
de chtne tr~ pourri dam un fosse, 18.7.1909, Bourdol 64¢ (lectotype, PC) ; Aveyron, St. 
Esteve, 23·7·'909, Cakin 43 21 (Bourclct 8744) (PC). 

T UL.ASNELLA ALBOLILACEA Bourd. & Galz.- Fig. 2 

Tulasntlla albolilacta Ilourd. & Galz. in Bull trim. Soc. mycol. Fr. 39 : 264. 1924. 

Basidiocarp resupinate, effused, several em large, c. so-So Jl.ffi thick, well visible, 
corticioid, consistency firm-membranaceous to somewhat ceraceous, adnate; hyme­
nial surface whitish, even, not cracked when dry ; margin indeterminate, thinning­
out ; rhizomorphs or hyphal strands lacking. Hyphae hyaline, cylindrical or slightly 
inflated, loosely arran~ed in subhymcnium and trama, branchmg from all parts of 
the hyphae, 1.5-6 Jtm 111 diameter and thin-walled (c. 0.2 Jtm) in the subhymcnium, 
3.5-6 11m and thin- to thick-walled (up to o.8 11m) in the trama, with smooth surface, 
clamps lacking, contents homogeneous. Cystidia or glococystid ia lacking. Basidia 
hyaline, broadly clavate when mature, clavate when young, 11- 17 X 7·5-8·5 pm, 
thin-walled, smooth, a basal clamp lacking, contents homogeneous, with four 
clavate to ellipsoid cpibasidia (c. 12 X 6 Jtm), rather abruptly narrowed to a subulatc 
or cylindrical, simple or branched sterigma (6-18 X 1.5-2.5 Jlm). Spores hya line, 
ellipsoid, with distmct apiculus, 8 9 X S- 5·5( 6) pm, not glued together, smooth ; 
germinating at first by forming subu late 'sterigmata' c. 6-9 pm long, later with 
cylindrical gcrm-tubus c. 2 pm in diameter. - Saprophytic on wood of angiosperms 
(Quercus). 

MAnRIAL ST\iOI£0.- F RAN cE: Tulasrulla albo-liloua nob', Aveyron, Boutaran, - .1 1. 
1917, Ca~in ~3485 (Bourdot 113559) (lectotye, PC); - .12.1917, Coldn 311480' (Bourdol 2356o) 
(PC). 

This species is according to Bourdot & Galzin pale reddish when fresh. For 
Rogers ( 1933) it is identical with Tulas11ella uiolacea, but this is not accepted by Donk 
( rg66). 



52 I' E R sooN 1 A- Vol. g, Pan 1, 1976 



J Oucu & .J Oucu : On Tulosmllo 53 

Tut.ASNELLA ARANEOSA Bourd. & Calz.-Fig. 3 

Tulasntllo orantoso Bourd. & Cnlz. in Bull. Lrim. Soc. mycol. Fr. 39 : 265. 1924. 

Basidiocarp resupinate, ciTuscd, a few em large, c. 50 11m thick, ceraceous, adnatc, 
homogeneous; hymcnia l surface hyaline, even, not cracked when dry ; margin 
hyaline, indistinct, rhizomorphs and hyphal strands lacking. llyphae hyaline, 
cylindrical, loosely arran~ed in subhymemum a nd trama, 2- 3 llm in diameter and 
thin-walled to slightly thick-walled in the subhymenium, 2- 4 Jlm in diameter and 
slightly thick-walled up to o.S Jim in the trama, surface smooth, clamps lacking, 
contents homogeneous. Cystidia and glococystidia lacking. Basidia hyaline, clavate 
when mature, 11 - 15 X6 81tm, thin-walled, smooth, a basal clamp lacking, contents 
homogeneous; with four broadly ellipsoid cpibasidia (c. 6-9 x 4·5-5·5 pm), rather 
abruptly narrowed to form subula tc, sometimes bifurcate stcrigmatJI (7-13 X 1- 1.5 
pm). Spores hyaline, ellipsoid to slightly allantoid, with rather large apiculus, 
5·9-7·5 X 3· 7-4.5 Jtm, thin- walled, smooth, not amyloid. 

MATERI.AL sruoum.-F RANcE: 'Tulamella oroneosa Nob'. Aveyron, Pojadc, sur 
CC.risicr, 22. 10.1914. Cal.zin 16-177 (Bourdot 1 f!l81 bis) (lcctot)'pc, PC) ; Aveyron, Loubotis, 
22.10.1914, Collin 16-135 (BourdJil f27J1); Aveyron, F..stic, 10.11.1914,Cakin 16565 (Bourdol 
1f28o) (PC); 5·5·'9'5• Cakin I7f62 (Bourdot 14919) (PC); Aveyron, Violcuc, - ·7· ' 9'5• 
Cakin s.n. (Bourdot 18335). 

All specimens in Bourdot's herbarium show arachnoid small patches on the 
substrate. The hyphae of these patches probably do not belong to this species, of 
which the basidiocarp is distinctly ceraceous a nd invisible when dry. Among the 
specimens, some show subglobose to broadly ellipsoid spores and could be identified 
as Tulasnclla albida. 

TuLASNEt.l..A BRJNKMANN!I Bres.-Fig. 4 

Tulosmlla btinkma1111ii Drcs. in Annis mycol. r8 : so. 1920. 

Basidiocarp resupinate, eiTused, several em large, c. 1 oo pm thick, memb1·anaceous, 
adnate, separable m small pieces, homogeneous; hymenial surface cream-coloured, 
even, not cracked when dry; margin concolorous or whitish, thinning out, rhizo­
morphs or hypha! strands lacking. Hyphae hyaline, cylindrical, with distinct doli­
porus, loosely arranged in subhymenium a1ld trama, branching from all parts of the 
hyphae, 4-6 pm and thin-walled in subhymcniurn and trama, with smooth surface, 
clamps lacking, contents homogeneous or often strongly guttulatc. Cystidia lacking. 
Basidia hyaline, clavate when ma ture, 11)-22 X 8-1 o tlm, thin-walled, smooth , a 
basal clamp lacking, contents homogeneous or slightly guuulatc; with four ell ipsoid 
CJ.>ibasidia (c. t2 13 X5 6 Jtm) rather abruptly narrowed to single or sometimes 
btfurcate sterigmata (4-9 x 0.5- 1 Jim). Spores hyaline, narrowly ellipsoid to slightly 
allantoid, with small apiculus, 12 14 X 3· 7 5.2 11m, thin-walled, smooth , contents 
homogeneous o r slightly guttulate, not amyloid. 

MATERIAL STUDIED.-C ERMAN Y: 'Tu/osml/a 8rinkmannii Bres. n. sp., c violacco rosca. 
Ad Alnus, Brinkmann, spec. orig. !' (Bourdot 7701) (PC). 

EXPI.ANATION OP flOUR£ 2 

Fig. 2. Tul=lla olbolilacea, Bourdot !13559· 
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Fig. 3· Tulo.mella arlliiMsa. - a. lectotype (spores, cpibasidia, b:uidia, b:ual hyphae). -
-b. Bourdi!l 11:180 (spores).- c. Bourdi!t 42731 (spores).- d. Bourdot 17417 (cpibasidia). 



J Oucu &JOu Cll: On Tuiasmlla 

F" tg. 4- T uiasnlila b "nlc n man .. mz, holotype. 
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According to Rogers ( 1933) this is identical with Tulasnella vinlacea (J.-Ois. apud 
Brcf.) Juel. 

T UJ.ASNI!.Lt.A CAt.OSPORA (Boud.) Jucl Fig. 5, 6 

Tula.mdla uzlospcra (Boud.) Jucl in Bih. K.svcnska Vct-Akad. Hand!. (Ill ) ~t3t1: 23. 18g7. 

Basidiocarp resupinate, effused, several em large, c. 50 100 pm thick, firm­
membranaceous to slightly ceraceous, adnatc, separable in small pieces, contents 
homogeneous; hymenial surface whitish to cream-coloured, even, not cracked when 
dry; margin whitish, indistinct, thinning out, rhizomorphs or hypha) strands lacking. 
Hyphae hyaline, cyl indrical, loosely arranged in subhymenium and trama, bran­
ching from a ll parts of the hyphae, 3 6 Jim in diameter, thin-walled in the subhymc­
nium, tllin-walled to somewhat thick-walled in the trama, with smooth surface, 
clamps lacking, contents homogeneous. Cystidia lack,ing, Basidia hyaline, clavate 
when mature, sometimes stalked, broadly ellipsoid when young, 14-20- 27 X 1o-13 
pm, thin-walled, smooth, a basal clamp lacking, contents homogeneous; with four 
broadly ellipsoid epibasidia (c. 12- 13 x 8 ~ Jim}, rather al>ruptly narrowed to 
sul>u latc, sometimes !.>ranched sterigmata (up to 11 X3·5 Jim). Spores hyaline. 
long-sinuous, with small apiculus, 19-24 x 4·4- 5·3 pm. thin-walled, smooth, contents 
homogeneous, not amyloid. 

Material studied.-Francc: 'Corticium (Prototremclla) calospora Boud., ad tclas putridos, 
l. Denis, dedit D. Hetier' (in herb. Boudier PC, sub Jlrototremella, holotype) (part of 

l )'J>C in herb. Bourdot 7338- PC). 

According to the specimens studied, Tulasnclla calospora f. media Bourd. & 
Galz. is identical with Scbacina calospora Bourd. & Galz. 

TUt.ASNEI..LA EICHLERIANA Bres.-Fig. 7 

Tulamtlla tichkriano Bres. in Annis mycol. t : 1 ' 3· 1903. 

Basidiocarp resupinate, effused, severa l em large, c. ;;o-roo pm thick, firm­
membranaceous to slightly ceraceous, adnatc, separable m small pieces, context 
homogeneous; hymcnial surface cream-coloured to pale greyish, even, not cracked 
when dry; margin concolorous or paler, thinning out, rhizomorphs or hypha! strands 
lacking. llyphac hyaline, cylindrical or somewhat torulosc in the subhymcnium, 
with distinct doliporc, loosely arranged, branching from all parts of the hyphae, 
2- 5 Jim in diameter, thin-walled, smooth, clamps lacking, contents homogeneous. 
Cystidia lacking. Basidia hyaline, clavate when mature, 7 r0 X4.5 5·5Jim, thin­
walled, smooth, a basal clamp lacking, contents homogeneous; wilh four broadly 
ellipsoid cpibasidia (c. 6 7·5 X 4·5 ~ 11m), rather abruptly narrowed to flcx-uous­
cyltndrical or subulatc sterigmata lC. 3·5-4 x 2-2 .5 pm). Spores hyaline, broadly 
ellipsoid, with small apiculus, 3·5 4·5 X 3 4 pm, thin-walled. smooth, contents 
homogeneous, not amyloid ; fo rming secondary spores. 

MATEIUAL STUOIED.- F RANcE: Aveyron, Barlhc, 10.11.1914, Gakin 16.529 (Bourdbl 
35030) (PC) ; Allier, Foret de Drcuillc, 1.8.1go8, Bourdol 59 19 ( PC). 

r-..xPU.NATION OF FroURE 5 
Fig. 5· TulamtUa calospcra, holotype. 
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Fig. 6. Tulasntllo colosporo, holotype. - a. basidia. - b. epibasidia. - c. spores. 
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Fig. 7· Tulamtlia dchltriana, Bourdot 5919. 

This species shows a reddish basidiocarp when fresh. It has often been regarded 
as a synonym of Ttdasnella violea (Q)Jcl.) Bourd. & Galz. but can be separated by its 
rather small spores. The delimitation of T. violea itself is an unsolved question. 
There are forms (taxa,) with globose or ellipsoid spores and also some forms with 
medium-sized spores, situated exactly between T. vio/ea and T. eichleriana. 

TuLASNELLA FUSCOVIOLACEA Bres.-Fig. 8, 9 

Tu/amtl/afuscouiolaua llres., Fungi trident. 2 : g8. tgoo. 

Basidiocarp resupinate, effused, several em large, c. so-too pm thick, membrana­
ceous, adnate, separable in small pieces, context homogeneous; hymenial surface 
cream-coloured, even, not cracked when dry; margin whitish, thinning-out, rhizo­
morphs or hypha! strands lacking. Hyphae hyaline, cylindrica.l, with dist inct doli pore, 
loosely arranged, 3-4.5 pm in diameter, thin-walled, smooth, clamps lacking, 
contents homogeneous. Cystidia lacking. Basidia hyal ine, clavate when mature, 
9·5- '5 X 7·5-9 Jim, thin-walled, smooth, a basal clamp lacking, contents homo­
geneous; with four clavate epibasidia (c. 10- 12 X 4·5- 5 Jim) , rather abruptly narro­
wed to Aexuous-cylindrical sterigmata (c. 6 x 1.5 11m) . Spores hyaline, slightly 
allantoid, with small apiculus, 8-12.5 X 3· 7-4.5 11m, thm-wallcd, smooth, contents 
homogeneous, not amyloid; germination by means of secondary spores. 
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Fig. 8. T ulamtlla fuscouiolaua , Bourdot :15030. 
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Fig. g. Tula.mellofuscr~oioltuta. - a. Bourdot 25030 (basidia, epiba!idia, spores). - b. Bourdot 
35 12 (spores above). 

)i[ATERIAL STUoreo.-F R A s c £: lklfort,-.g. 19 18, E. Cilbvl 200 (Bourdot 25030- PC) ; 
Vosges, 25+1904, Cal1.in s.n. (Bourdoi J5 12-I'C). 

TuLASN"EI.LA OBSCURA Bourd. & Galz.- Fig. 1 o 

Tulo.mella obscura Bourd. & Galz. in Bull. trim. Soc. mycol. Fr. 39: 265. 1924. 

Basidiocarp resupinate, effused, a few em large, '· so-too 11m thick, ceraceous, 
adnate, not Ca!ily separable, context homogeneous; hymenial surface hyaline to 
brownish or blackish, even, not cracked when dry; margin concolorous, ind istinct, 
thinning-out, rhizomorphs or hypha l strands lacking. H yphae hyaline, cylindrical 
or torulosc in the subhymcnium, compactly arranged, 2- 3 J.Lm in diameter, thin­
walled, smooth, clamps lacking, contents homogeneous. Cystidia lacking. Basidia 
hyaline, clavate when mature, flexuous-cylindrical to narrowly clavate when young, 
1 o 12.5 X 5 6.5 Jim, thin-walled, smooth, a basal clamp lackmg, contents homoge­
neous; with four flexuous-subulate epibasidia ( t2- 16 X2.5- 3 Jlm). Spores hyaline, 
broadly ellipsoid, with distinct apiculus, 3· 7-5.2 X 3-4.2 pm, thin-walled, smooth, 
contents homo~eneous, not amyloid; germination by means of secondary spores, 
the 'sterigmata subulate, '· 6 X 1.5 pm. 
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Fig. 10. Tu/amella obscura, Bourdol 17376. 

MATERI.AI.STUDieD.-F RANcE: 'Tulamellaobscura,sur noyer, Aveyron, Le Rec, 25·7·'9'4• 
Gal~in r5813 ' (Bourdot 17375) (leeJotype, PC) Aveyron, 26.12.1915, Gal~in 19123 (Bourlkt 
17376) (PC). 

TuLASNELLA PRUINOSA Bourd. & Galz.-Fig. 1 1 

T ulasnella pruuwsa Bourd. & Galz. in Bull. trim. Soc. mycol. Fr. 39: 264. 1924-

Basidiocarp resupinate, effused, several em large, c. 2<:>-50 Jtm thick, visible to 
the naked eye, ceraceous, adnatc, context homogeneous; hyrncnial surface pale 
greyish, pruinose, even, not cracked when dry; margin concolorous, indisunct. 
thinning out, rhizomorphs or hypha! strand lacking. Hyphae hyaline, flexuous­
cylindrical, loosely arranged throughout, branching from all parts of the hyphae, 
2- 4 Jtm in diameter, thin- walled, smooth, clamps lacking, contents homogeneous. 
Cystidia lacking. Basidia hyaline, clavate when mature, ellipsoid when young, 
g- 12 X 6- 7 11m, thin-walled, smooth, a basal clamp lacking, contents homogeneous; 
with four more or less ellipsoid, guttulate cpibasidia, rather abruptly narrowed to 
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the ~ubulatc sterigmata (c. 5-6 X •-•·5 /1m). Spores hyaline, ell ipsoid, some slightly 
curved, with distinct apiculus, 6-7.5 X 3·3- 3· 7 11m, thin-walled, smooth, contents 
slightly guuulatc, not amyloid; germination by repetition, sterigma-like outgrowth 
c. 3·5 X 0. 7 Jim 

M~TERIAL STVDI&o.-F R" N c e: 'Tulasrullo pruinoso, sur chataignier, Aveyron, Clavclau 
(St. Semin), 19·3.19121 Gakin llor:l (Bourdo18745) (lectotype, PC) ; Aveyron, BoisDufnbrc 
20.4.1912, Gak:in 11 2911 (Bourdl!l 8750); Aveyron, Violette, 25·7· 19141 Gakin 15859 
(Bourdot 35620) ; Aveyron, les Vives, 2+4.1912, Gakin 1116J (Bourdl!l 11073). 

Fig. 11 . Tulomella pruinasa, Bourdl!t 8715· 
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RECHERCHES SUR LE DtVELOPPEMENT ET VHISTOGENESE 
DANS LES ASTtROSPORALES 

A. F. ~1. REtjNOERS 

tlmersjoort, Pays-BOJ 

(With Plates 13- 17) 

Cenc etude est dcditc ~~ Monsieur H. Romagncsi, Cll hom mage respcctucux pour sa grande 
monographic sur les Russules ct il cause de tout !'interet que cet eminent obscrvateur a 
toujours porte nux donnees ontogeniqucs. 

Chez Lactariw awsi bien que chez quelques especes de Russula du moins, 
lcs pelotcs de spherocystes sont prectdees de Ia fom1ation de roscnes 
primaires, qui vucs en coupes transversales se montrcnt composees d'un 
cercle de petites spherocystes autour d'une hyphe centrale. 

Les complexes de sphcrocystes dans Ia trnmc des carpophorcs de Rusmla 
sont gcn~ralemcnt plus larges: ils cnglobcnt plusicurs rose lies primaires. 
Lcs complexes de sphcrocystes dans les Lactaires se groupent gencralcmcnt 
autour de )'axe du carpophorc, du moins dans le stipc. 

L'hyphc centrale ou a>Oic d'unc roselle primairc qui n'cst pas un latici­
f~rc, est Stl$CCptiblcd'excrC<'r une innuencc inductricc sur les hyphes environ­
nantes qui determine leur croissance c t Ia formation d'une chaine de petites 
sphcrocystes. 

Des complexes de spherocystcs sc prescntent egalemcnt dans le pied 
rudimcntairc d'une cspccc d'Art:a~~gelidla et d 'une cspecc d' ElasmOIII)'Ca, unc 
hyphe inductrice parait hre prescntc awsi dans ce cas. 

II est probable que les structures particu li~res que I' on rencontrc dans Ia 
trame des Altcrosporalcs ct que l'on a dcnommecs roscucs (primaires), sc 
rattacllent il certains caract~res gcnerawc du tilsu de bulbes qui se p6entent 
chez un grand nombre d'Agaricalcs. 

Lc tilsu cmmelc dans lcqucl nailscnt lcs complexes de sph~rocystcs, 
remplit unc tres grande partie des primordiurns des Asterosporales, ill'en­
contrc de La situation chez lcs Agaricalcs ou un tissu emmclc (caracteristique 
du bulbc) sc localise souvent a Ia base du pit-d, surtout dans lcs stades plus 
avances. 

Une grande partie au moins des cystidcs chez lcs Russulcs sont homo­
logues nux poils: une des fonctions de ces elements est Ia protection des 

primordiurns contrc le d~chement dans les jeunes stades. 

I TRODUCTIOI\ 

La presente publication traite en premier lieu de Ia genese des ilots de sphcrocystes 
dans Ia chair des Lactaires et des Russu lcs, bien connus de tous ceux qui s'occupent 
de CCS genres. Otre attention a etC dirigce fortuitement sur ce phcnomcne qui n'a 
toujours pas C:te etudie d'une mani~rc integrate. Lorsquc nous eumes observe le 
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groupcmcnt des spherocystcs en forme de roselle autour d 'unc hyphc centrale dans 
unc coupe transversale du stipc de jeuncs carpophorcs d'un Lactaire, nous nc 
reusslmcs pas a rctrouver Ia mcrne disposition dans Ia chair des Russulcs. Dans Ia 
trame de celles-ci, les spherocystes sont generalement agglomerees en groupcs plus 
etendus dans lcsquels lcs rosettes ne se dessincnt plus distinctemcnt: disposition qui 
suggcre Ia conclusion que lcs rosclles y font defaul. Ce n'etait qu'apres une etude 
prolongce des coupes que nous nous sommcs apcr~u qu'cllcs s'y presentcnt quand 
memc, mais sculemcnt dans de jeunes stadcs et par cndroits. La repartition ct Ia 
genese des roseLtcs ( conunc vues en coupes transvcrsales) dans Ia chair des Astcrospo­
ralcs qui om ete traitecs dans lcs manuels mycologiques relatifs aux la tici!Cres (de 
Bary, 1884; Fayod, 1889; Lohwag, 1941 ; etc.), scront done notre point de depart. 

La decouverte des latici!Crcs dans lcs champignons remontc a Schultz 1823 ce 
mcme auteur est cense a voir observe pour Ia prcmil:re fois lcs rosettes ( 1839) - mais 
c'cst Corda ( 1839: tab. 3, tab. 4, tab. 7 fig. 1 o6, tab. 1 o fig. 139) qui lcs a rcprescntecs 
exactement dans ses l eones fungorum. 11 nomme Ia plante dans laquclle il a etudic 
ccs structures: Agaricus ( Russula) Joetens var. lactijlua, ct c'cst a cause de celle nomen­
cla ture que !'on sc trouvc dans !' incertitude quanta Ia vraie nature de cctle cspcce: 
s'agit-il d'une Russule ou quand mcme d 'un Lactaire? Russula fotiens var. lactijlua 
n'est pas rcconnu ailleurs ct on ne peut admettre qu'il y a it des specimens de Russula 
Joetens Fr. qui emcttent du lait. De !'autre cote, Ia figure 139 cvoquc pluti•t le tissu 
d 'une Russule que d'un Lactaire: les ilots de sphcrocystes se composcnt de plusieurs 
rangees. Quoi qu'il en soit, il est asscz improbable que lcs auteurs suivants aicnt 
observe les rosettes de spherocystes avec leurs hyphes a.·<ilcs dans Ia chair des Russules, 
bien qu'iJs aient suppose LOUS leur presence chez les dcm icres, analogue a leur 
disposition dans les Lactaires. ~eanmoins, de nos jours, Lenz ( 197 1 : pl. 1 V fig. 28) 
lcs a rcproduites, mais sans hyphc axile. 

De nombreux auteurs se sont occupes de Ia nature de Celie hyphe axile; c'cst 
seulemcnt Hoffmann ( 1861 : Tafel 2) qui a nie son existence, en y admcttant simplc­
ment un meat intercellulairc. 11 y a en effct des coupes transversales qui rcnfcrmem 
des roseues ou cettc hyphc axile fait dcfaut dans les Lactaires (par cxcmplc Lactarius 
deliciosus (L. ex Fr.) S. F. Gray), commc l'a rcmarque Oehm (1931 ), mais dans Ia 
plupart des cas, elle est presente et se dessine nettement. Scion Weiss, on peut memc 
trouvcr deux ou trois fragments de ces hyphes au centre des roscucs, au lieu d'une. 
Schuhz Cl Corda ctaicnl deja lcs premiers qu i y visscnt un laticilCre, apres cux 
lstvanffi ( 1896), Rouge ( 1907) et Ochm (1931 ), se sont prononces dans lc mcmc 
scns, tandis que de Bary ( 1884) et Weiss ( 1885) dccrivent l'hyphc centrale des 
rosettes comme unc hyphe protcncl1ymatique ordinairc. Pour en fairc Ia deter­
mination, on s'cst scrvi de divers colorants ou de reactifs (acide sulfurique) ; cepcn­
dant, sous cc rapport, ceux-ei sont suje·s a caution. Fayod ( 188g) qui ava it fait Ia 
distinction entre la tici!Cres et hyphes olci!Cres, pensait que l'hyphe axile sc rangcait 
dans Ia dernicre categoric. (Cf. aussi Lohwag, 1941: 384, 387; Lentz, 1954: 146; 
Rcijndcrs, 1963: 273 274). 

Ochm (I.e.) qui avait done optc pour Ia nature latici!Crc de l' hyphe centrale, a 
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egalemcnt remarque que cctte dcrnicre manquait dans environ un tiers des coupes 
de rosettes chez le Lactarius deliciosus. Lohwag a avancc l'idce que quand les rosettes 
sont une fois presentes, les la tici!Cres poussent accidentellement dans le canal central. 

Tandis que le desaccord rcgnait done sur Ia nature de l'hyphc axile, lcs auteurs 
ont tous admis que les sphcrocystes sont issus d'hyphcs filamcnteuscs ordinaires, 
done protcnchymatiques. Rouge (I.e.) a mcmc figure cxactcmcnt lcs hyphcs hcli ­
coidalcs autour d'unc hyphe centrale {dite laticifCre) avec lcs sphcrocystes Miss.1ntcs. 

Voila done un brcf resume de ce qui bait connu de ces rerMrquablcs structures 
dans Ia chair des Astcrosporalcs. Nous nous proposons de dccrirc Ia genese des 
rosettes d'Wle manicrc plus detaillcc et des leur origine, cc qui nous permcttra de 
comparcr aussi leur situat ion chez lcs Rus~ulcs ct lcs Lactaircs. En plus de ccs ob­
servations sur lcs rosettes et leur hyphe axile, nous flXerons notre attention sur lcs 
autrcs structures de ces primordiums curieux qui dbtient considerablcment de ceux 
des vrais Agaricales. 

La recherche des primordiums des cspl:ccs du genre Russula est difficilc. On est 
force de les decouvrir dans le sol, faute de cultures qui fructifient. Mais, en regie 
generate, leur croissance dans lc sol parait ctre tri:s lcntc, en d'autrcs tcrmes ils 
res tent caches pendant unc pcriodc rclativement longue et quand lcs jcunes carpo­
phores se montrent en sortam du sol, lcs primordiums avoisinants ont disparu. 
En outre, les Russules ne pousscnt pas en groupes scrres dans Ia plupart des cas; 
quoiquc le nombre d'cxcmplaires d'un myccliU.'ll puissc ctrc grand, ccs champignons 
sont souvent asse-t cloignes lcs uns des autrcs (comme par cxcmple les bolets). Les 
cspcces dont nous avons rcussi a rccolter tOUt de meme des primordiums SOnt: 
Russula ar1thracina Roma&rncsi, R. ochroleuca Fr. et R. fragilis Pcrs. ex Fr.; cc sont des 
cspcces appartcnant a des groupcs tri:s diffcrcms (scion Ia classification de Romagne~i , 

au sous-gcnre des Compactae, aux lngratae ct aux Piperinat; scion Singer ( 1975) aux 
Compaclae, aux l ngratae Ct a Russula). A part ces trois especes, nous scrons a meme de 
dccrirc quelques particulari tes structurales des primordiums d'une cspccc d'Arcan­
gdiella ct d'une espcce d'Eiasmomyces, grace a une petite s~ric de coupes que nos 
am is viennois, M. et Mmc Mader, nous ont envoyce. La comparaison de Ia tramc de 
ccs espl:ces hypogccs avec cellc des Russulcs, s'avercra cxtremement utile. 

Lc nombrc des publications qui s'occupcnt du dcvcloppcmcnt des Lactaircs ct des 
Russulcs est encore tri:s restrcint, a ('exception des etudes susmcntionnecs sur les 
rosettes ct leur hyphe centrale (Reijnders, 1963: 142, tableau synoptiquc). Hcim 
(1937) a fait quelques observations sur le developpement d'un Lactaire et de deux 
Russules annclees de Ia fiore malgachc, surtout au point de vue de l'originc de 
l'anncau. Kuhner ( 1926: 225) a examin(: quelques stadcs tri:s Jeunes de Lactarius 
rufus (Scop. ex Fr.) for. mais, pas plus que scs prcdeccsseurs, il n'a pas reussi a 
clucider Ia vraic nature de l'hyphc axile des rosettes, cc qu'il rcconnait lui-meme 
(I.e.: 39). En fin, nous avons dccrit l'ontogcnie de quelques structures de Russula 
emetica {SchaciT. ex Fr. ) S. F. Gray ct de Russula olivacea (SchaeiT. ex Seer.) Fr. 
(Rcijnders, 1963) eLla naissancc des ilots de sphcrocystcs, mais lcs hyphes ax.iles qui 
sc manifcstcnt quand mcmc chez les RtL~ulcs, Ont cchappc a notre perception; 
nous en traitcrons Ia cause dans lcs pages suivantcs. 
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1'\ous etions done bien surpris en dccouvrant que ccs rosettes sc trouvcnt gen<!ralc­
mcnt a Ia base de !'evolution de ces pclotes de spherocystes dans lcs Asterosporales, 
lcs Russules y comprises. 

DESCR IPTIO DES DI~VELOPPEMENTS 

LACTARIUS MA!o!MOSUS (Fr. ) Fr. 

( •) Lc premier stade que nous avons examine, sc compose d'un petit pediculc 
elance (longueur 1575 JlTTI , largeur a Ia base 530 Jim, largcur en haut 380 JDD.), 
qui ne montrc pas encore de trace du dcvcloppement du chapeau, sauf Ia presence 
d'hyphes palissadiques a Ia surface, tout en haut (sur unc distance de 130 pm). 
On rcmarqucra Ia difference de Ia figure avec ccllc des primordiurns des Russules. 
Dans Ia partie centrale de Ia moiti<! inferieurc, on observe deja des chaines doubles 
de spherocystes avec leurs hyphes axiles; Ia bandc corticalc qui est privl:c de c~ 
cellulcs Clargies, a dl:ja une largeur d'cnviron 110 Jlm. On y trouvc des hyphes trCs 
minces en direction longitudinale (diamctre 1 ,5-'l Jlffi) et des laticiferes (d'une 
largcur de 5- 10 pro) qui accuscnt gl:nl:ralemcnt Ia mcmc orientation. Lc tissu entre 
lcs pclotcs de sphl:rocystes se compose d'hyphcs emmclees (diametre 3 5 Jtm, leur 
largcur diminuc vcrs lc haut). Lcs complexes de sphl:rocystcs sont plus largcs a 
mesure qu'ils se trouvent plus bas; il en est de mcme pour lc diam~trc (jusqu'a 
environ 40 Jlm) des sphl:rocystes qui sont gl:nl:ralcmcnt un pcu l:t irl:es dans lc sens 
transversal. Lcs complexes de sphl:rocystes sc devcloppcnt cvidemmcnt a partir de Ia 
base, done de bas en haut. Les hyphesaxilessont presque tottiours fortcmcnt colorces, 
cc qui prouvc qu'cllcs sont cncorcjcuncs; cllcs ont une direction strictemcntlongitu­
dinalc (commc les laticifCres sous l'l:corcc, mais pas dans Ia partie centrale) ct sc 
montrent souvent sur un long cspace dans Ia coupe. Plus en haut, ou les sphcrocystcs 
sont petites ou manqucnt encore, les hyphcs axiles sont tout de mcmc prescntes; 
cllcs se dcssincnt commc des Jigncs foncl:es, parfois presque parallclcs ct pas trcs 
distantes lcs uncs des autres. Lc diamctrc de ces hyphes (2-5 11m) est bien infC:rieur 
a celui des la ticiferes (5-10 pro): nous les avons photograph ices ensemble (Pl. 13A) 
dans Ia partie infericure du pl:dicule, colorees scion lc triple procl:de de Flemming 
(pour lcs colorants voir: Discussion). Unc autre difference notable avec lcs laticifCres 
est que les hyphcs axiles som cloisonnees, voire multicloisonnecs. 1'\ous inserons 
egalcment une photographic de Ia partie sup{:ricure du pedicule ou l'on voit naitre 
lcs sphl:rocystes (encore minuscules) autour des hyphes axiles; plusieurs d'cntre elles 
sont encore depourvucs de ces chaines (Pl. 13B). 

(2) Lc dcuxicme stade est celui de Ia Planche 13C (longueur 2,2 mm, diamctre 
un pcu au-dessus de Ia marge saillante 844 11m). On remarquera que les rangl:es de 
spherocystes qui se prolongent dans Ia partie pileique, sont groupecs au tour de l'axc 
du primordium et qu'elles oceupent Ia majeure partie de Ia trame. Mais dans unc 
zone sous-corticale du pied et une couche un pcu plus large sous Ia surface pilciquc, 
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elles manquent , ainsi que dans Ia marge pil~ique. C'.elle-ci se compose d'hyphcs 
parallclcs protcnchymatiqucs qui sont dirigccs vcrs lc bas et convergent un peu . 
Lcs hyphes palissadiqucs de l'hym~nium sont dccurrentcs sur le st ipc ; il y a proba­
blement des cystides. Outre les la lieifcres qui s'ctendcnt en sens longitudinal sous 
! '~coree du pied, on en trouvc des fragments repandus dans Ia trame centrale ; 
il leur manque unc direction dctcrmincc. 

Dans lcs rangces de sphcrocystes, qui sont dans Ia plupart des cas doubles (l'unc 
a cote d ~ !'autre), on observe par-ci par-I:\ des hyphcs axiles, suseeptibles de se 
trouver >ur un large cspace dans Ia coupe ; dans Ia plupart des cas, e llcs sont deja 
vidcs c t bcaucoup plus minces que les laticiiCres. Dans Ia partie piiCique lcs doubles 
rangecs de sphcrocystes sont plus jeunes, ce qui expl ique pourquoi on y trouve plus 
d'hyphcs ax ilcs intactcs que dans lc pied oir lcs hyphes centra lcs sont d~ja plus ou 
moins dctcriorccs. Pas de pilcipcllis. 

(3) La Planche 13D reprCscnte une coupe transversale de Ia partie supericure 
d'un pied (diamctre 725 JI1TI). L'auention portcra sur lcs ilots de sphcrocystes qu i 
sont groupes autour de l'axe. La Planche 13E rcprCscntc sous un grossissemcnt plus 
fort ccuc configuration. Cette coupe transversale permct de cons tater qu'un ensemble 
de spherocystes {qui, a Ia coupe longitudinale, se prescmc comme un corps oblong 
ou memc Ctirc), consistc gcncralement en une rosette ou, tout au plus, en deu.x ou 
trois rosettes rcunies. Entre lcs groupcs de sphcrocystes serpcntent des fascicules 
minces d'hyphcs protcnchymatiqucs. On obscrvcra que presque chaquc rosette est 
munic d'une hyphe axile mince, sc dessinant comme un petit cercle ou point foncc. 
Le volume de ccs groupes se limite frcqucmmcnt a une seulc rosette, s'augrnentant 
parfois de cellulcs disposccs en forme de spirale autour de l'hyphe axi le. II a rrive 
que, dans ccs coupes, cellc-ci nc soit pas coupce cxactcmcnt en scns transversal et 
qu'cllc so it probahlcmcnt en trainee par le coutrau, de sortc qu'un veritable fragment 
d'hyphc est visible dans Ia coupe. Parfois cc sont les extrcmites supcricurcs de ces 
hyphcs qu'on observe a insi; nous avons photographic de tcls fragments qui sont 
toujours minces c t un peu en massuc sur Ia Planche t4A {observcz Ia Heche). Quelques 
rosettes primaires avec un cercle de ccllulcs a dimensions plus rcduites autour d'tane 
hyphe centrale, se Lrouvcnt parmi lcs ensembles plus etcndus de sphcrocystes, 
surtout au pourtour de ce dernicr. 

La coupe longi tudinale du premier stade ct cette coupe transversale pcrmettent de 
rcconnaltre des hyphcs axilcs qui traversent le tissu en sens longitudinal {dans le 
stipe) sans ctrc accompagnccs de rangces de sphcrocystcs. La coupe transversale 
montre dans le tissu , entre lc~ rosettes et lc contour du stipe, des petits ronds de tcintc 
plus foncce; dans Ia coupe longitudinale, lcs hyphcs axilcs isolecs se dcssincnt comme 
des !ignes cgalement plus color6cs (Pl. 13B). Tl s'ensuit de ces observations que lcs 
hyphcs axiles {qui, d 'apres leur fonction s'appcllent aussi "hyphcs inductriccs") 
n'exercent cette influence que par cndroits (voir Discussion). 

La question de Ia nature de CCllC hyphe centrale a etc discutce par les auteurs 
plus anciens ct ils ont cmis clcs opinions tr~s d iffcrentes sous ce rapport (voir: 
Introduction et Discussion). 
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Rvssul.A ANTIIRACINA Romagn. 

Lcs jcunes primordiums des Russulcs accuscnt tous a pcu pres Ia mcmc forme 
trapue, a pied COUrt eta partie latera(e du chapeau se manifestant des un jeune Stade . 
. ous avons rcnonce a lcs figurer encore et toujours ct nous allons cntamcr tout de 
suite lcs details. Ces details sont: Ia genese des groupcs de sphcrocystcs, cclle du 
pileipellis et de l'hymcnophorc. 

( 1) Quant a Ia premiere, lcs rosettes prima ires sc mont rent deja dans un stade 
lrCs jcunc (longueur env. I .4 nun, diamctre de Ia partie pilcique cgalcmcnt I ·4 mm) 
dans le s1ipe aussi bien que dans le chapeau dont Ia trame es1 presque comple1emenl 
occupee par ccs slructures, sauf a l'extrl:me bord ou lcs hyphes sont emml:lees ou 
paralleles. Mais dans Ia partie superieure du pied, il cxiste une zone Otl les rosettes 
sont absentes. Ce primordium est gymnocarpe, Ia marge pilcique est hcrissec de 
longs poils. Lc pileipellis se compose d'(:lements dresses, agglutines les uns aux 
au1res e1 dont les extrCrnit~ sont libres, clles se rccourbent e1 s'appliquent contre Ia 
face superieure du chapeau (Pl. 14-8). Les hyphes palissadiqucs de l' hymcnophore 
naissent dans !'angle entre Ia face inferieure du chapeau et du pied. 

(2) Dans un Stade un pcu plus avancc (longueur e1 largeur 2,4 mm), nous avons 
lrouvc des ilots de spherocystes asscz etendus dans le pied et dans Ia trame pilcique 
aupres de !'axe; dans les parties laterales de Ia tramc se presentaient de nombrcuses 
rosettes primaires, mais d'un diametre beaucoup plus reduit que cclui des groupcs 
axiaux. Par-ci par-la, nous avons rencontrc des hyphes centrales des rosettes qui 
s'ctendaien1 sur un large cspace dans Ia coupe. L'hymcnium sans basides murcs est 
dccurrem sur le pied; il y a deja des cystidcs proemincmcs qui paraisscnt l:trc scptecs. 
Lc subhym(:nium nait sous les palissades, ses spherocystes sont encore petites (diaml!lrc 
3- 4 trm) par comparaison aux spherocystes des ilots donl le diamctrc est deja de 
25 11m, rnais les spherocystes des rosettes primaires en voie de formation, sont cgale­
ment menues. 

(3) :'\ous passons a un stade plus dcvcloppc, un jeune champignon pour ainsi 
dire (diamctre du chapeau 5,6 mm, longueur 6,3 mm). La repartition des ilots plus 
grands de spherocystes et des roseues est identique a cclle du stade precedent; les 
sphcrocysles manquent dans Ia partie recourbee du chapeau a parti.r du nivcau de Ia 
face infcrieure de celui-ei, Ia tramc dans cette partie est crnml:lee (pas d'hyphcs 
parallelcs). 11 y a deja des plis lamcllaircs (pas tres hauts encore) qui aecuscm Ia 
meme structure que celle de Russula emetica (Reijndcrs, 1963: 41 , pl. 8 figs. 1-3). 
Lc mcdiostrate s'edifie d'hyphes parallcles a cellulcs asscz courtes, le subhymenium 
ccllulcux est deja large et les fcntes intcrlamellaires wnl compll:tcment bourrccs de 
cystides assez grandcs et en majeure partie cloisonnees. Lcs rosettes manquent 
encore dans Ia tramc de ces lames; cc n'est que plus tard qu'elles s'y manifcsleront 
cgalcment. Le pilcipellis est maintenant gclifie a un haul degre, Ia contenance des 
hyphcs nc se dcssine que par des s1ries minces travcrsant Ia masse de mucus ct qui 
sont rarement clargies en forme de massuc. 

(4) Unc coupe tangcnticllc du chapeau d'un Made encore plus avancc (Pl. 1~, 
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cpaisscur sans lames 2,3 mm, hauteur des lames env. o,6 mm) nous a pcrmis de 
fairc lcs observations suivantes. La chair pilciquc est cnt icrement criblce de groupes 
de sphcrocystcs qui sont separccs les uncs des aut res par de minces faiscca1Lx d'hyphes 
sans direction prcvalcnte. C'est seulcmcnt dans unc mince zone au-dessus des lames 
que les sphcrocystcs manqucnt partiellemcnt, car cllcs descendent deja dans leur 
trame. Dans Ia plupan des cas, lcs spherocystes sont rangees en forme de simples 
rosettes autour d'unc hyphc centrale, surtout dans Ia zone infericurc du chapeau. 
Le subhymenium est bien developpe et large, avec des ccllulcs d'un diamctre 
beaucoup plus rcduit que celles des sphcrocystes des rosettes, lesquelles ont evidem­
mcnt une tout autre origine. Lc subhymenium est traverse de cyst ides qui sont done 
tres longucs, ou bien il s'agit ici de laticifCrcs qui sc tcrmincnt en une eystide (Pl. 
14E). C'est probablcmcnt a cause du fait que les laticifCres ne se distinguent gucre 
des autres hyphes par suite d'une coloration peu favorable, que nous n'ctions pas a 
memc de dcpister exactement les rapports entre les laticifCres et lcs autres clements 
de ccttc cspcce. La trame des lames se compose d'abord d'hyphcs approximativement 
parallclcs, mais plus tard, des sphcrocystes, partiellement arrangces en rosettes 
prirnaircs, s'y manifestcnt a partir du nivcau superieur (Pl. 15A). 

Le pil<!ipellis gelifie est relativement epais (env. 16411m), ses hyphes sont plutot 
emmclces; nous n'avons pas remarquc de dermatocystidcs, quoiquc le volume des 
hyphes gclifiees puisse s'elargir un peu; les laticifCres manquent dans Ia couchc 
sousjacentc (subpcllis) (Pl. 14C). 

R~:ssut.A OCIIROLP.UCA (Pers. ex Seer. ) Fr. 

(1) Un primordium tresjeunc ( Pl. 15B, longueur 788 JIDl, largcur au nivcau du 
rcbord 441 Jim parait ctrc cdific a l'aidc d'hyphes parfaitemcnt cmmclces, d'unc 
dimension tres variable. Parmi les hyphcs grcles (diamctrc 2-3 11m), on en trouve de 
plus larges (diamctre 5 Jtm) ct le nombre d'cxtrcmites arrondies ct librc s'avcre 
etrc elcve (diamctre s-8 Jtm). Lc primordium est enveloppe de poils pcrpcndiculaircs 
a Ia surface sur lc pied et rayonnants sur le chapeau. Particulihement a Ia marge 
pileique, ils sont d'unc longueur cortsiderablc. On observe des laticifCres dans Ia 
chair et surtout sous lc pourtour du chapeau, leur diametre s'elcve jusqu'a cnv. 
1 1 pm, leur contenance est un pcu mctachromatique. II n'y a pas de pilcipellis 
differcncie. 

(2) Tandis que Ia partie pilcique s'agrandit, le stipe rcste court, de sorte que lc 
primordium prcnd une forme trapuc et robustc (longueur 1,2 mm, largeur environ 
1 mm, pas figure). Les hyphes parallcles ne se montrent qu'a !'extreme marge du 
pileus. Lcs extrcmites liures ct arrondics des hyphes sont repandues dans toute Ia 
trame. Dans lc stipc, nous rcmarquons unc partie subcorticalc avec des hyphes 
grelcs qui fixent davantagc l'hematoxylinc et une partie centrale, laquellc se compose 
d'hyphcs densement entrelacees (diamctre 3-5 11m), sans meats, qui serpcntent, et 
accuscnt dcjo\ partout une tcndancc hclicoide autour des pclotcs de petites sphcro-
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cystcs; ces parties sont travcrsecs de faisceaux horizontaux. La decouverte de roscucs 
y est un peu difficile, peut-etre a cause de Ia direction longiwdinale de Ia coupe. 
Par contrc, nous avons decouvert de tcllcs structures dans Ia partie supericurc de Ia 
tramc pileiquc, sous Ia surface. Ellcs sont encore tr~ pet ites, evidemment dans unc 
phase initialc. Le tissu a spirales nombrcuscs sc continue un peu au-dc~u~ du nivcau 
des lames, mais Ia plus grande partie de Ia tramc pilciquc sc compose d'hyphes 
intriquccs en tous scns. Lcs hyphcs palissadiques de l'hymcnophorc commencent a 
se dcvelopper dans l'angle entre lc pied ct Ia face infcrieure du pileus. 

(3) Dans un stade bien plus avance qui represcnte deja un petit champignon 
(longueur cnv. 7 rrun, largeur du pileus 6, 7 rrun), on rctrouvc lcs memes details 
structuraux. Les complexes de sphcrocystes occupent tout le pied, sauf une zone 
subcorticale assez cpaisse Ct lc centre de Ia trame pilciquc, a !'exception d'une zone 
sous b surface superieure et Ia marge recourbCe dont Ia partie infericure, a partir du 
nivcau des lames, est edifice d'hyphes parall~les que l'on nc trouve nulle part dans 
les aut res tissus de ces esp~ces classecs autrefois dans lcs Agaricales, mais bien diffcr­
entes des autres champignons qui constituent cct ordrc (Pl. 15C). 1\'ous avons 
photographic Jes peJotes de sphcrocystes et des hyphes qui SC joignent a ellcs (tout en 
accusant souvcnt u nc tcndancc spiroidale), avec lcs faisccaux d'hyphes entre clles 
qui rcl~vcnt lc mcme phenomene quant a leur croissance dans des coupes transver­
sales ( Pl. 15D). Les rosettes primaircs y sont evidentes, mais les pelotcs ont souvent 
englobe plus d' une roselle par l'activite des hyphes qui les cntourcnt ct qui dcposcnt 
toujours de nouvelles ccllulcs en chaines hcl icoidcs. Dans les part ies latcralcs du 
chapeau, mais surtout dans Ia zone subpelliculaire, on rencontre davantage d'ilots 
moins etendus n une rosette, ma is le plus souvent il y a du moins quelques cellules 
complcmentaires, disposecs au pourtour d'clles. En examinant attentivement lcs 
coupes, on decouvre par-ci par-la des hyphes axiles des rosettes qui ont ete saisics 
dans le sens de leur longueur, surtout dans les coupes longitudina lcs des primordiums. 
Sur Ia photographic (Pl. t6A) nous en voyons deux, l'une fortemcnt colorce, proba­
blcment a cause d'une contcnancc protoplasmique abondante, !'autre deja vide 
et partiellcment deterioree. Ces fragments d 'hyphes axiles Ont CtC dccouverts dans 
une coupe du troisiemc stade. Lcs rosettes manquent egalcment dans unc mince 
couchc entre Ia partie centrale de Ia trame pil6que et les lames. Cclles-ci sont 
caracterisces par un mince mcdiostratc a hyphcs parallcles ct un subhymcnium large, 
a cellulcs d'un petit diam~tre, plein de granules fortemcnt colorees qui son t particl­
lcmcnt des noyaux ct particllcmcnt des doliporcs volumineux. Lcs lames sont gainees 
d'un rcvctcment ininterrompu de grosses cyst ides dont les cxtr~mitc!s nc sc touchcnt 
pourtant pas partout dans les fcntcs intcrlamcllaires (cf. les autres Russules). 
L'hymcnium n'cst pas decurrent sur lc pied, mais cclui-ci est enti~remem revetu de 
poils qui accusent sculement parfois Ia forme d'unc cystide en haut du stipc sous k 
chapeau. Lc pil~ipellis est cle nature simple chez cette es~ce, se composant d'~lcmcnts 
dresses, bien scrres, mais cette couche est surmontec de poils mctachromatiqucs 
laches dont lc contcnu parait avoir disparu (Pl. t6B). 
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RussuLA I'RACII.ts (Pers. ex Fr. ) Fr. 

f::tant donne que les particularites du drvcloppcmcnt de cellc espcce et de Ia 
prcccdente se resscmblcnt bcaucoup, nous rcnonc;ons a dccrirc le dcvcloppcment de 
Russulafra.~ilu en prescntant des stadcs succcssif.~ commc nous le faisons d ' habitudc. 
~ous rcncontrons par cxcmplc chez les deux cspcccs Ia mlmc figure trapue dujcune 
primordium et Ia m (omc organisation gcnrralc des tissus. Lr s pclotcs de sphcrocystcs 
sc rangcnt aupres dr !'axe dans lc pied aussi bien que dans le jcunr chapeau, plus 
tarcl cllrs apparaisscn t aussi dans les panics la tcralcs de cclui-ci. La forme des com­
plexes n'est pas ctircc, ni en scns longitudinal comme chez lcs Lactaircs, mais ils 
sont globulcux, cllipsoidaux ou oblongs. ~ot•s les avons photographies (Pl. t6C) 
pour dcmomrer que leur genese se produit de Ia mcme manicre que chez lcs autres 
Russulcs: d'abord il sc forme une rosette primairc, dr' dimensions peu ctcuducs en 
tous sens, mais qui peuvent ctrc c tirccs lc long de l'hyphc axile (Pl. t6D), cnsuitc les 
faisceaux d'hyphes protcnchymatique~ cnvironnants dcposent de nouvelles ccllules 
contrc lcs rosettes en forme de chaines spira lecs, !'agglomeration s'accroit de plus 
en plus par l'activitc de nouvelles hyphcs qui s'innechisscnt, landis que leurs ex­
trcmites percent le corp~ crllula ire. Fina lcmem nai.sscnt des ensembles de ccllulcs 
qui ont assimilc plusicurs rosettes. Quand Je nombre des pclotcs est gra nd, leur 
croissance diminue, probablemcnt sous unc innucncr inhibitoire mutuelle des 
complexes. 

L'hymcnophore a Ia structure usuelle des Russules. i':ous n'avons pu observer un 
sub-hymcnium cellulcux prccocc, de sortc que lc mediostratr est probablcment 
large chez lcs jeuncs. Les fentcs interlamellaires sont etroites e t lcs faces des lames 
contigues strictemcnt parallclcs. Lcs fcntcs sont comblccs de cystides voluminruses 
{Pl. 16E, deta il d'un chapeau d 'une largcur d 'environ 4 mm). 

Xous tenons a fixer l'attention sur le dcveloppcmcnt des cystidcs chez les Russulcs, 
question d'unc grande importance sans aucun dotar, que nous nous proposons de 
discutcr ici Ct encore plus loin. En voici Ia description. un primordium dorll le 
chapeau a environ 1,6 mm de large, est enticrcmcnt enveloppc d'clemcnts clrc.ses; 
sur lc pied, cc sont des caulocysticles en grande partie subcylindriqucs ct cloisonnces 
(Pl. 16F, parcxcmple 25,5 x 5 Jim), parfois subulccs ou avec l'extrcmitc en collier 
de pcrles; sur lc chapeau il y a des pilocystidcs obtuscs en forme de cigarc, rgalemcnt 
cloisonnccs (Pl. 17A, 35 50 x 6,5 Jim) ; A Ia marge piiCiquc sc trouvcn t des poils 
a llong<:s qui rcprescntcnt simplemcnt l'extremitc d'h)'phcs parallclcs de ccttc partie 
( 144 X 3 -4 Jim), ct dans l' hymcnium on trouve des chc ilo- ct pleurocystidcs simi­
la ires, obtuscs, rclativcment largcs ct uniloculaircs. 
~ous avons photographic Ia marge piiCiquc ct Ia face infericure d 'un pileus de 

2,1 mm de large (Pl. 1 7B), afin de rcprescntcr un ensemble de ccs structures super­
ficielles: lcs poils de Ia marge, 55 X 2 Jim , lcs chcilocystidcs environ 32 -48 X 6,5 Jim, 
sans cloisons ct obtu~cs et les caulocysticlesjusqu'i' 48 x 5 Jim, fusifotmcs, subulecs. 
parfois a cxtremitc en collier de pcrlcs ct multicloisonnccs. Lc passage de ces dcr­
niercs aux cyst ides hymcniales est asscz abrupt, mais dans Ia zone circumpcdiculairc 
qui touche aux lames, on pcut tro11vcr lcs deux cspcccs de cystidcs melees. 
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Finalemcnt, nous avons photographic les poils de Ia marge pileique du stadc 
plus age (diamctrc du pileus 4 mm, Pl. 17C), parcc que ces poils sont susceptibles 
d'accuscr quelques caractcristiqucs de cystidcs: ils sont dcvcnus plus largcs, multi­
cloisonnes ct ont unc extrcmitc obtuse ou en collier de pcrlcs. II est done impossible 
de bien ctablir lcs differences entre lcs pilocystidcs Ct ces poils. A Ia suite de com­
paraisons analogues, H. Rornagncsi ( 1967: 57) arrive a conclurc "Aussi pcut-on 
supposcr que Ia dermatocystidc nc serait en somme qu'un poi!, analogue a ccux du 
chcvclu fondamcntal, mais ayant evoluc vcrs unc fonction sccretricc". )ious croyons 
que nos ob,crvations ontogeniqucs soutienncnt vigourcusement ccttc conclusion 
qui s'appliquc cgalcment aux caulocystidcs ct probablc.mcnt aussi aux cystidcs 
hymcniales. 

Lorsquc lcs primordiums sont encore tr~ petits, on voit dejll apparaitrc entre lcs 
pilocystidcs de fines I ignes fortcmcnt colorces qui s'clcvent environ jusqu'a Ia surface 
du chapeau, tandis que plusicurs cystidcs dcpasscnt ccttc face. El lcs rcprescntcnt lc 
contcnu protoplasmiquc despoils pclliculaircs (que Romagnesi appclle cuticulaircs), 
dont lcs parois sont deja en voie de gclification. ·ous avons photographic lcs deux 
composantcs du pilcipcllis d' un stade un peu plus avanc(: (Pl. 17D). 

Nullc part, nous ne sommes parvenus a deceler des connexions entre cystidcs et 
la tici!Cres chez cette espccc. Quant aux cystides hymeniales, on pcut admettre 
qu'clles n'existcnt pas et leur absence apparentc dans le pileipcllis et lc cortex du 
pied peut ctrc attribuee a deux causes: ellcs y font rcellcmcnt dcfaut ou bien Ia 
coloration a l' h(:matoxylinc nc pcrmet pas de lcs depister. Quoique les cystidcs 
elles-memcs aicnt cvidemmcnt un contenu metachromatique (plus gris que lc rcste 
de Ia coupe), on n'observc p:lS non plus de latieifCrcs dans Ia trame des primordiums: 
leur differcnciation morphologique (par cxcmplc Ia largcur) semble done etrc pcu 
notable. 

On pcut done conclure que lcs rapports des cystides et des poils chez. cette cspccc 
sont assez compliques; pour unc comparaison plus dctaillcc avec lcs autrcs especcs 
ctudices, nous renvoyons a Ia discussion. 

ARCANOELIELI...A species. 

Lc d(:veloppement d' Arcangeliella slephmsii (Bcrk. & Br.) Zeller & Dodge = 
Oclauiania slepltmsii (Bcrk. & Br.) Tul. , a etc etudic par Fischer ( 1925; voir Reijndcrs, 
1963: 210- 213). Ce Gastcromyd:tc curieux qui, ccpcndant, occupc ccrtaincmcnt unc 
place parmi lcs Astcrosporalcs (Malen~on, 1931 ) commence par ctre gymnocarpc, 
le primordium r.:sscmble bcaucoup aux jeuncs stadcs de Russula et, quoiquc le stipc 
reste court, il est bien dcvcloppe au debUI, Dans un tres jcune stade deja, Ia partir 
latcrale du chapeau s'est inflcchic et Ia marge pil(:ique touche a Ia base du stipe. 
A Ia face infcrieure du chapeau, pavec d'hyphes palissadiques, se formcnt des plis 
qui , en s'anastomosant, fcront naltre les logcttes de Ia gl(:ba. 

ous devon~ quelques belles coupes de jeuncs primordiurns d'une esp~c voisinc 
a nos am is :VI. et Mme Mader de Vicnnc. II n'y a qu'un aspect de ce dcvcloppement 
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sur lequcl nous voulons fixer !'attention: c'est Ia presence de pelotes de sphcrocystcs 
dans lc pied et, a un degrc moindrc, dans Ia couchc supericurc de Ia tramc du pileus. 
D~ lc stadc ou Ia largeur est de 1,6 mm et Ia hauteur de 1,2 mm par exemple (Ia 
largcur depa-<Se Ia hauteur comme chez beaucoup de primordiums de Russula), 
et avec un stipc de 630 x 500 JJm, elles sont presentcs dans un tissu cmmcle a hyphcs 
relativement largcs (par cxcmplc 5 Jtm a Ia base du pied) eta nombreuses extr6nites 
libres (diamctrc environ 6,5 JJm). La tendance spiralce des hyphes autour de ces 
ilots de ccllulcs rondcs est cvidentc, mais ces ensembles de petites figures circulaires 
(auxquclles s'ajoutent lcs inevitablcs coupes transvcrsales d'hyphcs), sont bien plus 
courts que chez les Laetaires et mcme lcs Russulcs: pour autant que les coupes 
bimensionales pcrmettcnt d'cn juger, on dirait qu'ils sont souvent globulcwc. :\ous 
nc somrnes pas a mi:me de determiner s'il existc dans tous lcs cas unc hyphe centrale 
(a fonction inductricc; neanmoins nous avons pu observer unc tellc hyphc unc fois) ; 
lcs pelotcs sont plus irrcgulieres que chez lcs Lactaircs et, dans une certaine mesurc, 
cllcs sont analogues a de tclles agglomerations dans les bulbcs des i\garicales en 
general, auxquelles nous vouerons un autre article. De tcllcs configtrrations sc 
prescntcnt egalement dans Ia touche souscorticalc de Ia tramc pilciquc (mais ellcs 
nc sont pas tres ncues dans Ia partie centrale de cellc-ci qui consistc en des hyphcs 
laches, cmmclces), mais Ia, cllcs sont beaucoup plus petites. II est possible que ce 
tissu extcrieur provienne de cclui du buJbc primordial , tandis que le tissu intcr­
mcdiairc (done des parties centrale et (atcra(C du chapeau) CSt tlC par l'attivite 
secondaire de Ia marge pilciquc. Les latici!Cres abondent dans cc tissu. 

~ous avons photographic deux de ces pclotes d'un stade plus dcvcloppe (diametre 
5 mm, hauteur 4 mm, largeur du stipc, deja tr~ rudimcntairc, 950 JJm). Un de ccs 
ensembles montrc cla ircment une extremite libre autour de laquellc sc groupcnt des 
cellules, !'autre presentc Ia tcndancc hclicoidc ct unc chaine de petites cellulcs. 

Grace a l'obligeancc de M. Mader nous vcnons de recevoir encore unc scric de 
coupes d'Eiasmomyces krjukowtnsis Buchh. (= Macowanites krjukowensis (Buchh.) Sing. 
& Smith) qui nous a mis a mcmc de constatcr que les rapports struct11raux rclatifs 
aux complexes de sphcrocystes ega lent ceux d' Arcangeliella. Ccs complexes SOill 

encore plus nets chez I'Eiasmom;v:es car les sphcrocystcs sont plus grandes. lis sc 
montrcnt dans lc stipe, Ia columella etta partie cxt~rieure de Ia tramc pilcique dont 
Ia couche cxtericurc devicndra lc peridium, mais its manqucnt dans Ia rramc des 
cloisons de Ia gleba (formation secondaire). Dans ce cas aussi nous avons pu observer 
unc fois unc hyphc axile, de sortc qu'on pcut admcttrc que ccllc-ci sc prescntc chez 
ces genres gastcroides des Asterosporalcs de fa~n plus generate. 

DISCUSS! Or 

LA NATURE DE L'HYPIIE A.Xtt.E.- :\os connaissanccs actuelles de Ia structure de 
Ia trame de Lnclarius reposcnt sur des etudes anciennes que nous avons enumerces 
dans !'Introduction. Les observations conccrncnt toutc unc scric d'especcs dont le 
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tactarius deliciosus a etc ctudic lc plus souvent. On a etc intrigue par Ia structure 
curieuse des roseues et on a essaye de determine Ia vraie nature de l'hyphe a.'dle 
lorsqu'on avait appris sa presence gcncrale. "ous croyons inutile de mcntionner une 
a une toutes les opinions des cherchcurs (cf. aussi l'aperc;u de crttc liueraturc chc7. 
Lohwag, 1941: 384- 388; Rcijnders, 1963: 273- 274) ; il suffit de rclcvcr lcs conclusions 
de Ochm ( 1931) qui a examine ccttc question en dcmicr lieu. Oehm a observe que 
l'hyphc axile manquait au centre d'un tiers des rosettes et il a conclu, 11 Ia suite de 
!'application de colorants, qu'cllc represente un laticifCre chr7. lc l.actarius ddiciosus. 
Deja en vcnu de considerations puremcnt morphologiqucs, nous nc pouvons pas 
nous rallier a ces conclusions de Oehm. Lcs hyphcs axilcs nc sont ccrtaincment pas 
des latici1Cres chez le Lactarius mammosus ct elles sont ccnsccs avoir unr toutc autre 
function. ~oiquc Ia largeur des hyphcs soit en general un crit~re pcu favorable a 
Ia determination de leur vraic nature, les laticifhcs sont en moycnne tellcment plus 
larges que lcs hyphcs axiles, que l'on les distinguc facilemcn t dans Ia coupe, mfme 
quand ccs dernicres ne som pas encore emources de spherocystcs. Certes, le nombre 
de latici!Cres minces est aussi clevc dans lcs coupes ct des cas de doutc sont possibles. 
Alors, on sc rendra compte de Ia dcuxil:mc grande difference entre ccs elements. 
Lcs hyphes axiles som cloisonnees et Ia distance des cloisons n'est pas toujours grande. 
En general, lcs auteurs sont d'accord sur !'absence des cloisons dans lcs latici!Crcs, 
ou bien on y a rencontrc des septums quand il~ sontjcuncs, mais ccux-ci disparaisscnt 
plus tard, du moins en partie, de sonc que lcs septums intaets sont toujours bien 
cloignes les uns des autrcs. Troisicmcment: lcs hyphes axilcs se degradcnt deja 
bicnti>t, de sone que l'on rcncontre dans lcs coupes de jcuncs primordiurns de tellcs 
hyphcs centrales qui sont vidcs ct qui se fragmentent bientilt .. ous avons vu plus 
d'hyphes axiles peu colorees et fragmemces que de tellcs hyphcs de tcime foncce ct 
bien intactes; ccs dcrnil:rcs se presentcnt principalcmcnt dans les stadcs initiaux, 
tel le premier stade de Lactarius mammosus. Les latici!Crcs, par contre, rcstcnt, s'clar­
gissent encore ct som caractcrises par un contcnu dense, bien colorable. 

Ccs trois critcrcs sont assez convaincants ~ nos ycux pour etablir des differences 
fondamentales entre laticifcres et" hyphes centralcs; par surcroit, nous avons cssayc, 
quelques colorants pour voir s'il est possible de produirc par cettc voic une differen­
t iation detcrminante entre ces elements. II va de soi que nos coupes sont pcu appro­
prices a cclle fin, car les solvents commr !'ethanol, lc xyl~nc, etc. ont cnlevc bcaucoup 
de substances qui pcuvcnt etrc cruciales a cc point de vue. Aussi n'avons-nous pas 
reussi a obtenir un resuhat satisfaisant. Les coupes qui etaient colorees <\ Ia safraninc­
vert rapidc montraicnt cffcctivemcnt unc differentiation. 11 y avait dans lcs coupes 
des hyphes vasiformes qui avaicnt pris unc tcintc rouge, tandis que lcs autrcs clements 
etaicm bleu-vert. Cc n'ctaicnt pas lcs fragments des vaisscaux lcs plus larges qui sc 
dessinaient de cette manicre; ils ctaient bleu-vcrt commc l'autrr tissu, mais dans ces 
fragments sc trouvaicnt par-ci par-la des taches rouges: les latici!Crcs les plus largcs 
n'accusaient ccttc couleur que par cndroits. II y avait ~galcmcnt des fragments 
d'hyphcs axilcs qui ctaicnt tcintes de rouge; il faut done constater lc m{mc com­
portement envers ces colorants de ces dernil:rcs et des vaisseaux minces. :\his Ia 
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plupan des hyphes a.xiles etaient deja vides, done un peu colorces en bleu. Environ 
le mime phenomene se produisait avec Ia methode de Mallory (orange G, bleu 
d 'aniline, fuchsine acide), tandis que Ia methode de Flemming (triple coloration : 
safranine, violet de gentianc, orange G ) nous procurait des coupes tres belles et bien 
colorees, ma is d 'une teinte uniforme. Probablement , Ia trcs forte capacite colorantc 
du vio let de gentianc en etaitla cause. Lc blcu de cresyl, colorant mctachromat iquc, 
nc donna it pas non plus de resulta ts remarquables. Les coupes qui avaient pris 
une teinte bleu fonec renferma ient des latici!Cres qui avaicnt absorb<! beaucoup de 
colorant et qui, observes dans l'ammoniaquc et a Ia lumicre dujour, aceusaient une 
tcinte rouge foncc pcu constantc. 

Lcs d ifferences susmentionnees des delLx premieres colorations entre les tubes plus 
minces qui prenncnt davantage une coulcur rouge que lcs vaisseaux plus larges, 
pourraicnt se rapporter II Ia diOerence entre hyphcs olei!Cres et latiei!Cres que l'on 
d i.<.tinguc a pres Fayod (voir aussi Lcnz, 1954). Romagnesi ( 1967) signale Ia presence 
des deux especes d ' hyphes dans Ia cha ir des R ussules, rna is il nc se sen pas du terme 
hyphe o lci!Cre. Si une telle coloration cta it determina tive (mais nous cro)•ons qu'il 
n'cn est pas a insi) , cllc pourrait designer une certaine affinitc entre les hyphcs olci!Cres 
et les hyphes axilcs des pelotes de spherocystes. 

II vaut mietLx considcrer Ia fonction des hyphes ax iles au lieu de tirer de telles 
conclusions qui son t sujettcs a caution. Car tout le processus de Ia naissance des 
sphcroscystes par l'activitc d'hyphes se tournant autour de l'hyphe <L""< ile, suggcre Ia 
conclusion que ccttc dernil!rc cxcrce w1c inAuence inductriec, propicc a w1c repar­
tition favorable des groupcs de spherocystes. A l'hcure actuelle, cctte manicre de 
voir s' impose, mais les a uteurs precedents ne connaissaicnt pas encore !'importance 
enorme de ce principe en embryologic. ~ous proposons done de nommer les hyphes 
axiles: hyphcs inductriccs. 

L'absence de l' hyphe centrale dans un tiers des rosenes chez les carpophores 
adultes de Lacwrius deliciosus s'expliquc par Ia degradation rapide des hyphes indue­
trices quand ellcs se sont acquitt&s de leur tache. Weiss ( r885) et Oehm ( 1931) ont 
~galcment observe plus d'un petit cercle au centre des rosettes; ils lcs a ttribucm a 
des ramifications des hyphes axiles. l'\ous n'avons pas observe plus d 'unc hyphc 
centra le dans lcs rosen cs de Lactarius mammosrJS, cc qui ne veut pas dire qu'elks 
n'cxistent pas chez les autres especes. 

I,.ACTARtus ET Rus.\ULA- Lcs Lactaires presentent done un systeme inductcur 
d 'hyphes minces qui, dans les trcs jeunes stades, sont oricnt&s en scns longitudinal 
et qui sont probablcmcnt issues d 'hyphcs ordinaires protcnchymatiques (mais 
l'examen de cctte originc est extrcmcmcnt di ffie ilc dans les coupes microtomiques) . 
Autour de ces h)'phes naissent les spherocystes au bout d'hyphcs helicoides qui 
accuscnt g~n~ralcmcnt da ns le pied unc direction transversale. Ainsi se forment ces 
complexes de spherocystes qui sont etirl:s, du moins dans lc stipe. ous avons appele 
rosette prima ire l'ensemble d 'une hyphe inductrice avec un eercle de spherocystes 
autour d'cllc. Le nombre des rosettes primaires reunies dans lcs complexes est 
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toujours rcduit ; dans Ia plupart des cas, ils nc sc composcnt que d' unc rosette pri­
mairc. 

Dans !'introduction, nous avons touche a Ia question de !'absence apparcntc des 
roscnes primaires dans Ia chair des Russules. On doute parfois des anciennes obser­
vations, rna is il est possible que Schultz ( 1822) lcs a it vucs. Dans Ia t.ramc des Russulcs 
adultcs, on trouvc des amas de spherocystcs (presque toutc Ia chair en est rcmplic) 
avec quelques faisccaux d'hyphcs protcnchymatiqucs qui rcstcnt. :\eanmoins, il 
est possible de les dcpister dans les coupes de jcuncs stades, commc nous l'avons 
montrc. Au debut, clles sont cgalemcnt ctirces en scns longitudinal ou dans lc 
chapeau en scns radial. Mais les faisccaux d'hyphes qui tournoient ~ leur peripheric 
dcposcnt lcs spherocystcs de manicre a englober plusicurs rosettes primaires dans un 
complcxc. Lcs complexes de sph~rocystcs sont done plus irregulicrs chez lcs Russules 
et plus largcs que chez les Lactaires, ct plus tan !, quand les hyphcs induct.rices sc 
sont desagregees, on n'observe plus Ia stntcture typique des rosettes; done lcs sphcro­
cystcs font simplcmcnt partie d' un ensemble plus ctcndu. 

11 est a notcr que nous avons trouve des ilots de sphcrocystes dans lc pied rudimcn­
tairc de l'Arcallgeliella ct de l'Elasmom;"es, mcmbrcs gastcroidcs des Astcrosporales. 
II y a des structures qui cvoquent celle des rosettes prima ires, Ia presence d 'une hyphe 
axile a etc obscrvcc cgalcment chez ces espcccs; mais Ia st ructure des groupcments 
de sphcrocystes chez l'Arcangeliella species parait etre plus simple, en evoquant 
davantagc ccllc de pelotes comparables dans lcs bulbes d'Agaricales vrais (voir 
aussi Phylogenie a Ia suite de Ia Discussion) . 

LP. PIL~IPEI LIS ET 1..ES CYSTIDF..S.-Romagncsi SC sert des termes cutis, subcutis 
et epicutis. Scion lui, lc cucis peut se composer d'hyphcs emml:lces (Russulafoelms), 
dans d'autres cas le cutis est constitue par des hyphcs a peu pres parallcles ou tout 
au p lus faiblement emmt'lces. L'cpicutis est gcneralement caracterise par des hyphcs 
drcssces; il represente Ia partie Ia plus interessante ct rcnfenne lcs clements qui Ont 

etc decrits par Romagncsi d'une manicrc tres detaillee au profit de Ia taxinomic. 
Comme nous avions adopte Ia' nomenclature de Lohwag (Reijndcrs, rg63: 25), 
nous parlons de cortex, cutis et derme dans un sens restreint. Le cutis est toujours un 
revctcment a hyphcs couchees parallc':lcs a Ia surface, le dcrme a hyphcs rcdrcssees. 
C'cst pourquoi, nous prCferons designer lcs tissus que Romagnesi a appeles subcutis, 
cuti.~ ct cpicutis par lcs nom~: subpcllis, pilcipcllis ct epipcll is, scion une suggestion 
de C. Bas qui a propose le terme pilc!ipellis pour !'ensemble des revetemcnts qui se 
rcstrcigncn t au chapeau, done non pas pour les voiles. 

Russula onthracina a un pileipellis completement gelifie dans lcs stadcs un peu plus 
avances; cette couche est nee d'hyphes approxirnativemcnt drcssees, mais non pas 
strictcment parallcles, qui sc collent les uncs aux autrcs (Pl. r4B). Quelques cxtremites 
de ces hyphcs se rccourbent et s'appliquent eontre Ia gelee. Plus ta rd, les hyphcs dans 
cclle-ci sont franchement emmdc!cs (Pl. r4C). Romagncsi appelle cette couche 
l'epicutis, mais alors le cutis manque, car en-dessous on ne trouve que des hyphes 
banales, intriquees, qui ne sc distinguent point de celles de Ia tramc entre les ilots 
de sphcrocystes. II n'y a gucre de pilocystidcs. 
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Ru.ssula ochroltuea montre dans un stade tres jeune de Ionge poils au tOur de tout le 
primordium; parmi les poils du stipe on observe des clements qui accusent Ia forme 
d'une caulocystidc. A Ia base de ces poils mctachromatiques, a pigment incrustant, 
se developpent sur le chapeau des hyphes tr~ minces, egalement drcssecs (cf. 
l'cspcce de Russula qui suit) ; ce sont les clements qui sc gclificnt a pres. ~ous n'avons 
pu observer d"'hypodcrmc de sphcrocystes" (Romagncsi, 1967: 380). 

Dans lcs pages prcccdentcs, nous avons amplcment dccrit les cy~tidcs de Russula 
frogilis: les caulocystidcs cloisonnces et sou vent pointues, les cheilo- et pleurocystides 
en forme de cigarc sans cloisons et lcs piloeystidcs egalemcnt obtuses, mais multi­
cloisonnces. Le pilcipcllis s'achcve un pcu plus tard par le dcveloppcment d'elements 
minces cgalement drcssecs en grande partie, ct qui eommencent d'emblce a se gcl ificr. 
Ce sont done les poils "cuticulaires ou cpicuticulaires" de Romagncsi, mais au debut 
ils nc s'clcvent pas ~usqu'au nivcau des ex trcmites des cyst ides. 

On trouve a pcu pres les mrmcs particularites chez Ru.ssula emttica (Schacff. ex 
Fr.) S. F. Gray dont nous avons public quelques structures du dcvcloppcment dans 
notre livre de rg63 (Rcijndcrs, rg63: 40 ·42, pl. 7 et 8) . Par consequent, les trois 
types de cyst ides etles longs poils de Ia marge piiCique se presentent cgalement chez 
cctte espcce. Les pilocystides som trCs gra.ndes; en dessous on observe des poils 
d'abord en massue; leur gclification semble ctre plus tardive. 

Russula o/i~.;oceo (Schacff. ex Seer. ) Fr. est d'cmblee cgalcmcnt rccouvene d'un 
chevelu, mais sans cystides. Les poils accusent des formes trcs varices, surtout sur le 
chapeau: ils sont relativementlongs et plusicurs d'entrc eux ont des articles clargis; 
ils sont par cxemple ampullaces, mais parfois aussi en massue par un article terminal 
gonnc. A Ia marge pileiquc, les poi ls sont elances. 

Avant de tirer une conclusion gcnerale sur une fonction eventuelle des cystides 
chez les Russules, nous rappclons un phcnomcne qui se preseme probablcmcnt 
chC'.t: Ia plupart des espcces de ce genre, sinon chez toutes, c'est que les fentes inter­
lamellaires, ditcs vallcculcs, sont d'abord parfaitcmcnt bourrccs de cystidcs dont 
les extrcmites se touchent lcs uncs les amres. l"ous avons represent<! ccs structures 
chez Ru.ssulo emetieo dans notre livre de rg63 (pl. 8 figs. r ct 2) et pour Ru.ssulafragilis 
dans le present article (Pl. r6E). En les comparant a Ia situation des pilocystides 
chez Ru.ssulafrogilis (Pl. 17A), oil celles-ci sc scn·ent cgalement de manicrc a former 
unc couverture unic, on est force d'admettre que les cystidcs, comme les poils de ccs 
revctemcnts, serven t a dim.inuer ('evaporation. Quand on considcrc toutes les 
fonncs passagcrcs entre poils et cystidcs, cette conclusion s'impose encore davantage. 
La sccheresse affecte en premier lieu les revctements des primordiurns qui presentent 
souvcnt des dcterioratiom dues a cette cause. Ceci nc veut pas dire que cettc adapta­
t ion pendant l'ctat primordial constitue Ia seule fonction des cystides (cf. aussi 
Reijnders, rg63: 292). Nous sommes done d'accord avec Romagnesi ( rg67: 57) : 
lorsqu'il compare les "dermatocyst ides" ct les "poils": il attribue aux premieres 
une fonction sccrctricc, mais cclle-ci n'a pas Cte prouvce a ('exception d'autres 
encore et ceci rcgarde cgalemcnt les eystides hymcniales. 

Reswnant, nous concluons: Les prirr.ordiurns de bcaucoup d'cspcces de Russulcs 
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sont enveloppes d'cmblce par un ehcvclu dans lequel peuvent se presenter des ele­
ments accusant Ia forme de cystides et qui peut se gcl ifier loealcment. Lc pi!Cipellis 
montre sou vent une dilfercnciation de ces Clements: lcs cyst ides apparaissent d'abord 
de manil:re a constiruer unc couchc unie, de petits poils dont lcs parois se gclificnt 
naisscnt bicntot au nivcau de Ia base des cystidcs. 

PHYLOGI!Nit:.- Le Lactarius mammosus dispose done dans scs carpophorcs d'un 
systeme d'hyphcs susceptibles d'exercer une influence inductrice en faveur de Ia 
naissancc de complexes de sphcrocystes: des cellules qui se gonflent bcaucoup et 
qui constituent finalement Ia majeure partie de Ia tramc. On peut admeure que 
tOIL~ lcs Lactaircs sont pourvus de telles hyphes, comruc toutes les especes de Russula. 
En ctudiant plusieurs parties des coupes de primordiums, on remarque que les 
hyphes inductriccs ne sont pas accompagnccs partout de chaines de sphcrocystcs. 
II faut done qu"il y ait d'autres facteurs qui dcherminent Ia naissance des sphcrocystes. 
:-.lous lcs rencontrons chez les Lactaires, pres de !'axe du pri01ordium, mais non pas 
dans lcs tissus periphcriques et ceux-ci en sont cgalemcnt dcpourvus chez les Russules. 
La formation des pelotes de spherocystes commence pour lcs deux genres a Ia 
base du pied et au centre de Ia trame pilciquc, de sorte que Ia succession de cc 
processus est basifuge et centrifuge. On en trouve les premieres traces au centre du 
pied en bas et au milieu de Ia trame pilcique. II est probable que b pclotcs de 
sphcrocystes cnraient Ia croissance d'autres masses avoisinantcs, en d'autres termes 
qu'ellcs cxcrcent unc influence inhibitoire les unes sur lcs autres. En vertu de telles 
considerations, !' influence inductricc locale devient plausible. 

Une autre caraetcristique des primordiums des Astcrosporales, est que Ia plus 
grande partie de leur trame est rcmplie d 'hyphes emmclees en tous scns; on nc 
trouve lcs hyphcs faseiculces et parallCJes qu'a !'extreme marge du chapeau et sur Ia 
face infcrieure de celui-ci pour constituer Ia trame des lames. Par lesdits tissus, ces 
prirrordiums onl plutotl'air d'un bulbe sorti de Ia terre. Nous avons deja releve que 
les complexes de spherocystes se trouvent egalement dans le stipc rudimentaire de 
I' Arcangeliella et d'EIOJ1Tiom;-us, tomme probablement dans Ia columella, mais qu' ils 
sont Ia rroins etendus, parfois un peu irreguliers et parfois sans hyphe axile decelable. 
Une etude provisoire de bulbcs d"Agaricales, nous a revClc !'existence d 'une strie de 
structures susceptibles d 'eclaircir les rapports tcls qu'on les trouve chez lcs Astcro­
sporales. Des grumclots d'Clcments courts, formes d' hyphes denscment intriquces, 
d' hyphes enroulees, accusant une croissance helicoidale, de multiples cxtremites 
libres de ramifications des hyphes; on retrouve ces structures dans lcs bulbes d'cspeces 
du genre Agaricus par exemple, mais plutot isolces et non pas rcunies en cct ensemble 
caractcristique de Ia trame des Astcrosporales: les !lots de spherocystes nes de rosettes 
prima ires. 

Ensuite, on est porte a des comparaisons encore plus audacieuses avec une trame 
egalement deviante de celle des aut res Agaricales, celle des Amanitacees. ~1ais nous 
renon~ons a entamer ces questions ici; nous nous reservons de les trailer dans un 
article suivant sur Ia structure des bulbcs en general. 
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Sununary 

l n Laclarius, as well as in at least some species of Rusillla, the development of clumps 
ofspherocysts, occurring in the trama of the carpophorcs is initiated by the formation 
of structures which, as seen in section, resemble rosettes. These consist of a central 
hypha sheathed with small spherocysts. 

The clumps ofspherocysts in Russula arc in general much larger, and usually more 
primary roseucs arc involved. This condition contrasts with the narrow complexes in 
Laclarius which arc drawn out longitudinally and generally arranged round the axis 
of the primordium, at least in the stipe. 

The central hypha is believed to induce locally the formation of chains of sphere­
cysts by exerting directional influence upon the surrounding protenchymatic 
hyphae while stimulating them to produce cells. After this action the central hypha 
soon disintegrates. 

Clumps of spherocysts occur also in the rudimentary stipe of Arcangtliel/a and in 
Elasmomyces; it is probable that here, too, a certain hypha is responsible for their 
formation. 

The complicated construction of the trama of the Astcrosporales may correspond 
with some structures generally present in the bulbs of Agaricales consisting of 
knots of much entangled hyphae with short cells, curving and winding hyphae and 
many free ends of hypha I ramifications. 

In the primordia of Asterosporalcs a considerable portion of the trama consists 
of a similar intricate and polymorphous tissue, parallel hyphae being found only at 
the extreme margin of the pileus and in the trama of the gills. 

The majority of the cystidia of Russula is homologous to hairs, one of the functions 
of these clements being the protection of the primordium against exsiccation. 
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PLANCHE 13 

Figs. A E. Lactarius mammosus. - Fig. A. Chaines de spherocystcs avec les hyphcs axilcs (a ) 
ct laticifercs (I) dans l'ecorce de Ia partie infcricure du s1ipe d'un jeunc primordium x 250. -
Fig. B. Hyphcs axilcs (a) avec sphcrocystcs naissantcs ct laticifCrcs (I) dans Ia partie supericurc 
du nipe du meme primordium X 250. - Fig. C. Coupe longitudinale d'un jeune primordium 
X 25. - Fig. D. Coupe transversale d'un stipe d'un jcunc primordium X 62,5. - Fig. E. 
Partie centrale du stipe du m€mc primordium X 250. 

PLANCIIE 14 

Fig. A. Lactarius mammosus. Roscuc avec l'cxtrcmitc d'unc hyphc axile (a) dans unc coupe 
transvcrs:tle du meme primordium X 250. 

Figs. B-E. Rtmula anlhracina. - Fig. D. Pilcipellis d'un jeuoe stnde X 250. - Fig. C. Piltipel­
lis d 'uo Stade a vance X 16o.- Fig. D. Coupe tangcmicllc du chapeau d'un Stade a vance X 25. 
-Fig. F.. Partie infcricurc de Ia trnme pileique avec une cystidc (c) traversantlc subhymcnium 
X 16o. 



REIJNDERS : Dl~~twpfJtmmt et histogmlst dans les Astbosporales 

P L.ANCIIE 15 

Fig. A. Russula anthrarina Roseues primaires (r) descendant dans Ia trame des lames x 250. 
Figs. B D. Russula ochrole~Ua.- Fig. B. Marge pileiquc ct tramc d'un tresjeune stadc x 250. 

- Fig. C. Partie laterale du chapeau d 'un stadc rclalivemem a vance X 25. - Fig. D. Pclotcs 
de spherocystes dans Ia trame x 250. 

PLA.'ICII£ 16 

Figs. A, B. Russula ochrolt!Ka. - Fig. A. Hyphcs inducLrices au centre de chaines de 
spherocystcs dans Ia partie supc!ricurc de Ia trame pileique d'un sLade a vance x 250.- Fig. B. 
Pileipellis X 500. 

Figs. C-F. Russula fragilis. - Fig. C. Rosettes primaires ct agglomerations de spherocystes 
x 250. - Fig. D. llyphe axile daM Ia tmme pileiquc X 250.- Fig. E. Lames cl cyst ides d'un 
primordium dont lc chapeau a une largcur de 4 mm X 250. - Fig. F. Caulocystides d'un 
primordium X 500. 

PLA.'ICIIE 1 7 

Fib">· A- 0. Russulofragilis. - Fig. A. Pilocystides d'un primordium X500. - Fig. B. Poils 
(a) de Ia marge pileiquc, chcilocystides (b) et caulOC)'Siides (c) d'un primordium dont II' 
chapeau a unc largcur de 2, 1 mm X 250. - Fig. C. Poils de Ia marge d'un pileus qui a unc 
largcur de 4 mm X 500. - Fig. D. Pileipellis d'un stade relativcmcnt a vance X 500. 

Figs. E, F. Areangelidlo spec. - Fig. E. Pclotcs de cellules eourtcs dans le tissu du pied X 41 6. 

- Fig. F. Pclotc de sphcrOC)'Stes montrnnt In tendancc spiralce x Goo. 
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Fun~ producing ornamented asexual structures and bclon~ing to the 
Oomycctcs (Trachysphaaa) or Zygomycetes {t l.vgol:ygum, Mortiadla ) arc 
described. Thc:v were: studied by light and scanning electron microscopy 
"hile also mating experiments and carbohydrate analyses were performed. 
Azygozygwn chlantnfosporom u closely related to Morlitrtlla indohii a nd 
therefore Azygo-\ygum is eon.~idercd to be a synonym of Morlitrd/o . .\for­
tim/la tchinosphatrn sprc. nov. is also closely related, but no zygotes arc known, 
only ornamented chlamydosporcs have been observed. Absence of glucu­
ronic acid and fucose and a low glucosaminc content in Trachysphnaa 

fructigtna show that it belongs to the Oomycc-tcs. 

( ro."rROOUCTION 

A number of Oomycetes and Zygomycetes produce ornamented reproduct ive struc­
tures. In the Oomycctes these structures arc generally the sexual state of the fungus, 
the oogonia; ornamented asexual structures (conidia, chlamydosporcs) only have 
been observed in the genus Trachysphatra Tabor & Bunting. In the Zygomycetes 
ornamented chlamydospores (stylosporcs) arc known in the genera Azygo<.ygum 
Chesters and Mortimlla Coemans. Because the cell wall composition of Oomycc tcs 
differs grea tly from that of Zygomycetes, cell wall analysis should yield definite 
taxonomic informat ion. 

T abor & Bunting ( t923) described a disease of cocoa and coffee fruit, reminescent 
of that caused by Phytophthorafabtri Maubl. The causal agent, Trachysphaera Jmctigtna, 
is characterized by oogonia and amphigynous amheridia, indicating that is is related 
to Phytcphthora. Trachysphaera Jructigena also produces numerous spiny 'conidia' 
originating from branched stalks which form several vesicles. These vesicles give rise 
to shon project ions which may bear either conidia or extend to form another vesicle. 
Zoosporangia and zoospores arc unknown. T abor & Bunting noticed that when the 
sex organs arc absent, the species may be mistaken for Murat ella ( = Cunninghamtlla). 

A<Ygozygum chlamydosporom Chcsters is characterized by the absence of sporangia 
and the presence ofzygospores and spiny chlamydospores, the latter being intercalary 

8s 
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or terminal on erect stalks. Chcstcrs ( 1933) recognized the affinity with Mortierella 
because the chlamydospores resemble those of Mortierella po~ephala Cocmans. 
Hesseltine & Ellis ( 1973) placed the genus provisionally in the Mucoraceae, but also 
mentioned the Endogonaceae as a possible alternative. 

In Mortiertlla similar chlamydosporcs arc known. They have often been confused 
with one-spored sporangioles, which arc borne on sporangiophores with swollen 
bases, gradually tapering toward the apex (Gants, 1963) . Chlamydosporcs, when 
terminal, are formed on hyphae of equal diameter over their entire lcnght. 
Morli~rella indohii Chien is described (Chien & al., 1974) as a species lacking sporan­
gia. I n other respects M. indohii also closely resembles Azygo{ygum chlamydosporom, 
but it was placed in Mortierella because of the invested zygospores. 

The carbohydrate composit ion of cel l walls is a useful criterion for distinguishing 
larger groups of fungi and can be of importance when the available morphological 
characters arc insufficient. Bartnicki-Garcia ( 1968, 1970) distinguished eight groups 
within the fungi, based on overall cell wall composition. Pythium and related genera 
were included in the cellulose-glucan group (Oomycctes), whereas Mortierella was 
placed in the cllitosan-chitin group (Mucorales). In addition to glucans, chitosan 
and chitin, other cel l wall carbohydrates may serve as indicators for subdividing 
fungal ta.xa. Intact cell analysis, applied to this study, is an abbreviated procedure 
allowing the prediction of qualitative differences in cell wall composition. This 
approach has been successfully applied to taxonomic problems with bacteria 
(Jantzen & al., 1972; Lcchcvalier & Lcchcvalier, 1970) and to fungi of the Cerato­
cyslis-Ophiosloma group (Wcijman & de lloog, 1975). 

METHODS 

All strains were grown on cornmeal, 2% malt, soil-extract and potato-carrot 
agars. In some cases a sucrose-nitrate medium was used (Chesters, 1933). Mating 
experiments were carried out on 'Bambix' agar which is analogous lO Kuhlman's 
( 1972) ' Pablum' agar (Bambix is a commercial baby food, produced by Nutricia, 
Zoetermeer, The Netherlancls), consisting of t2.5 gr Barnbix, 15 gr agar and 1 liter 
distilled water ; inocula were placed about 0.5- 1 em apart in Petri dishes and 
incubated at 15 or 20 °C. 

For scanning electron microscopy (SEM) chlamydosporcs were transferred to 
squares of double-sided adhesive tape, attached to specimen stubs and air-dried for 
24 hours. I n other cases small pieces of agar containing mycelium with chlamydo­
spores were fixed in osmium tetroxide, washed in distilled water, dehydrated in an 
alcohol-series, passed through an arnylacctate-serics, dried in a Polaron critical point 
drying apparatus under C02 and attached to specimen stubs. The specimens were 
coated with gold in a sputter coatcr for two minutes at 1.2 kV. Preparatiorts were 
examined with a Cambridge Stereoscan microscope at an accclar:uing voltage of 
15 kV. 



VAN DER PLMTS & AL. : Reproductire slmclures in Oomy«tes and .(ygomy«tes 87 

For carbohydrate analysis the strains were grown on glucose (2%)-peptone 
( 1 %)-yeast extract (0.5 %) medium in conical flasks for ten days at 25 °C on a 
rotary shaker, operated a t too rpm. Carbohydrates released from intact cells by 
acid hydrolysis were analysed by gas-liquid chromatography (CLC) as their trimc­
thylsilyl ethers as described by Weijman & de IIoog (1975). 

Hcxosamincs were estimated quantitatively by a modification of the Elson-Yforgan 
method, as described by Gatt & Berman ( 1966}, using glucosaminc-I ICI as a standard. 
Prior to the analysis samples were hydrolyzed with 2N HCl under N2 for 12 h. at 
tt0 °C. Measurements were taken with a recording Perkin-Elmer 402 UV-visible 
spectrophotometer using glass cuvettes. 

MATERIAL EXAMINED ' 

Mortitrtlla chlam;-dospora (Chcstcrs) Plaats-:'\itcrink : CBS 120.34, type strain, C. G. C. 
Chesttrs, from Antirrhimm1 mnjus roots, England. - CBS 529.75, I. Blok. from Saintpoulia roots, 
The Netherlands. 

Mortitrtlla tchinosphatra Plaats-Nitcrink: CBS 5 74· 75, J. JJ. van limdtn, from soil, The 
~ethcrlands. CBS 575·75, type strain, A.]. van tier PIOJ11s··Nittrink, from Bt(onia roots, The 
Netherlnnds. - CBS 576.75, P. S. W. Liu, from Citrus mitis, Malaysia. 

Morlitrtlln indohii Chien: CBS 720.71 (-), type strain, C, r. Chim, from animal dung, 
U.S.A. - CBS 655.70 (-), CBS 666.70 (- ), ]. H. van Emdm, from soil, The Netherlands,­
CBS 219.72 {-), J. W. Vttnbaas-Rijks. from soil, The Netherlands. - CBS 220.72 {-), 
L H. Kaastra-HiirVlltr, from greenhouse soil, The ~ethcrlands. - CBS 331.74 (-), C. L. de 
GrOJ1jJ, from wheat roots, The 1"\etherlands. - CBS 46o. 75 ( + ), C. r. Chim, from animal 
dum:, U .. A. - CBS 528.75 {-\, IV. F. 0. Marasas, from bcgassc, S. Africa. 

Morlitrtlla /JQ{Tvphala Coemans: CBS 649.68, C. fll. HesSLitint . 
P>•lhium oliJ~aJtdrum Orcchslcr : CBS 382.34. C. G. C. Chcstm, from Viola spec. roots, England. 
P1thiwn spinowm Sawada: CB 290.31, S. F. Ashby, from Can'ca /JO/JtJI'D, S. Africa. 
Trachysphatra frudigcna Tabor & Bunrinq: CBS 315.31, type strain, R. Bunting, from 17tto-

bromo coctJ(), Coldcoast. 

RESULTS AND DISCUSSION OP TKE CHEMICAL STUDY 

The carbohydrate analysis of intact cells of Trachysphatra reveals, as in Pythium 
spiTUJsum and P. oligandrum, a low hexosamine content and the absence of glucuronic 
acid and fucose (Table 1; Fig. ra, rb). Tflntact cell samples differ considerably in 
hexosamine content, this difference would be even more pronounced between purified 
cell-wall samples. On the other hand, if fucose and glucoronic acid arc absent in the 
intact cells, they may be excluded as important cell wall components. Hexosamine 
detected in oomycctous fungi is probably not released from chitin (Sictsma & al., 
tg6g}, although the absence of chitin in Oomycctes has not been conclusively demon­
strated in intact cells (Lin & Aronson, 1970). 

The following strains (studied only by CLC) yielded the same sugar pattern as the 
Morlierella strains listed in Table 1: M. indohii CBS 665.70, CBS 666.70, CBS 219.72, 
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Fig. 1. - Cas chromatograms of carboh)•dratcs (TM derivatives) rcle;ucd from intact 
fungal cells by acid hydrolrsis. Column temperature: a8o"C. Liquid phase: 3% OV- a coated 
on Chromosorb W(HP). 

S: solvent peak. 1: a-fuCOO!C; 2: /1-fucose; 3: glucuronolac10n: 4: a-mannose: 5: u-gnlactosc; 
6: a-~lucosc; 7: P-mannose and /1-gnlactosc; 8: P·glucosc. 
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Table 1. Oi!tribution of hexosamine, fuco.c and glucuronic acid in some species of Pythiwn, 
Trtuhyspluuro, and Morti~rtllo. 

stra in hexosamine fucose2 glucuronic 
(%)' acid 2 

Pythium spinosum CBS 290.3 t 0.5 
Pythium oligandrum CBS 382.34 1.0 
Trachysphaera fructigena CBS 315·31 0.5 
Mortierella chlamydospora CBS 120.34 6.0 + + 

CBS 529.75 6.0 .J.. + 
Mortierella indohii CBS 720.71 5·0 ...;.. + 

CBS 528.75 6.s ' 

CBS 220.72, M. echinosphoero CBS 574·75, CBS 575·75. and M. po!.;·ctpholo CBS 
64g.68. Figmes 1 c and t d show characteristic patterns. 

Fucose and glucuronic acid polymers arc among the common polysaccharides in 
Zygomycetes (Gooday, 1973). The presence of these components could be demon­
~trated in all Mortierello species studied, but it is not possible to further subdivide these 
strains on the basis of the chemical data, the gas chromatograms being a lmost iden­
tical . The hexosamine detected in hydrolysatcs of intact Zygomycctc cells is probably 
derived from chitosan and chitin (K reger, 1954; Bartnicki-Garcia, 1968). 

DESCRIPTIONS AND TAXONOMIC CO:'<CLUSIONS 

(1) TRACHYSPHAERA PRUCTIOENA Tabor & Bunting. Plate 18c 

Colonies on cornmeal and soil-extract-agars submerged with some scanty aerial 
mycelium bearing clusters of conidia. Hyphae thin-walled, up to 6 Jtm wide. 
Oogonia sllbglobose or pyriform, 25- 32 X 24- 28 pm, with irregular sac-l ike om­
growths, varying from short blunt project ions to long finger-like processes which 
may be curved or forked. Antheridia amphigynous, ti - 15 X 11 - 16 Jtm. Oosporcs 
globose, aplerotic, 21- 27 pm in diameter, wall 3-4 Jtm thick. Conidiophores s1mple 
or branched, bearing a terminal vesicle or complex of vesicles from which project ions 
arise, reaching up to 30 pm and bearing conidia. Conidia hyaline to yellowish, 
globose, (24- )32- 43(- 50) Jtm in diameter, wall 3-4 11m thick, covered with conical 
spines up to 3 pm long with blunt, elongated and sometimes slightly curved tips. 
Daily grow1h rate: 10 mm at 25 •c. 

I Average on the basis of intact cell dry weight. 
2 Determined by CLC. Glucuronic acid was analyzed in the lactone form. 
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I " ' Jg . ~. - Various sta · - c- g. M. ind h" ges tn the developm f o u. ent o zygospor es. - n-<1. Mortiertlla chlam J l)'aospora. 
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(2) Mortierella chlunydospora (Chcstcrs) Plaats-Xitcrink comb. nov. 
Plate 18 b, Fig. 2a-d 

Azygoqgum chlamydosporum Chest~rs in Trans. Br. mycol. Soc. 18: 213,1933 (b:uionym). 

Colonies on cornmeal agar form a low white aerial mycelium; on soil extract 
agar only scanty aerial mycelium develops. No or indistinct Mnrliere/la-lil<e odour. 
I [yphac 1- 4 J11II wide. Sporangia unknown. Chlamydospores terminal and inter­
calary in the aerial and submerged mycelium on 2- 4 pm wade stalks. Chlamydosporcs 
globose or elongated when intercalary, with a varying number of spines or sometimes 
smooth when submerged, ( 12- ) 15-26( - 28) pm in diameter, wall 1.2 pm thick. 
Spines cylindrical, about 1 Jim wrde and up to 4 Jim long, with a blunt tip which may 
be curved. On sucrose-nitrate medium at 20 °C zygospores arc formed after one 
week in single cultures of all strains examined. When mature they arc naked, thick­
walled, 25- 50 pm in diameter, with one inflated susp'cnsor, 25- 40 pm in diameter, 
the other suspensor having disappeared. The initial stage consists of two approaching 
swollen hyphal tips which later fuse. One suspensor swells until it is nearly the same 
size as the zygospore which becomes thick-walled. The other sus~nsor is caducous. 
In rare cases both zygospore and large suspensor become thrck-walled and the 
thick scpcrating wall between both cells may be partially or completely absorbed as 
illustrated by Chcstcrs (1933). Daily growth rate: 9 mm at 25 C. 

(3) Mortierella echinosphaera Plaats-::"olitcrink spec. nov.-Plate r8 c-d 

Coloniac tcnues, intcrdum chlamydosporis farinosac. Mycelium acrium sparsum, albidum. 
Odor distinctus abest. Hyphae hyalin:~c, 1-5(-7) Jim diamctro. Sporangiophora absunt. 
Chlamydospora normalitcr intcrcalares, intcrdum tcrrninales, globosac vd clongatac, dense 
spinulosac, raro glabrac, crassitunicatac, ( 14-) 17-28(-33) 1•m din metro. Spinulac cylindricac, 
ad 5 J•m longac. Typus: CBS 575·75. e radicibus Bcgoniae, in Necrlandia. 

Colonies on cornmeal agar form a low irregular aerial mycelium, sometimes 
powdery due to numerous chlamydosporcs; on soil extract agar submerged, sometimes 
with some scanty aerial mycelium. No characteristic odour. Hyphae 1-5(-7) pm 
wide. Chlamydospores usually intercalary, occasionally terminal, in aerral and 
submerged mycelium, globose to elongated, densely spiny or rarely smooth-walled, 
( 14-) 17- 28(-33) 11m in diameter, wall up to 3 Jim thick. Spines cylindrical, some­
times Acxuous, wrth a blunt t ip, r Jim wide and up to 5 Jim long. Number of spines 
variable, a ll intermediates from smooth to markedly spiny chlamydosporcs can be 
found. Sporangia and zygospores unknown. Daily growth rate: 13 mm at 25 •c. 

(4) MORTIEREt.t.A INOOII II Chien.-Platc r8a; Fig. 2c- g 

Colonies on cornmeal agar with low cottony aerial mycelium, sometimes appearing 
powdery due to numerous chlamydosporcs; on soil extract agar aerial mycelium 
very scanty. Odour characterisuc, garl ic-like. Hyphae hyaline, r- 4 11m wide. 
Chlamydospores terminal or sometimes intercalary, originating both from the aerial 
mycelium as well as from the submerged parts, mostly on simple or sparingly 
branched stalks with the same diameter as the hn>hae, 10- 150 J.ffillon~, sometimes 
subterminally swollen. Chlamydospores globose, ( 11 -) 14-21 (-27) Jim rn diameter. 
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occasionally subglobosc, limonifonn or elongated when intercalary, spiny, rarely 
smooth, particularly when submerged. Spines cylindrical with a blunt up, t 11m 
wide and up to 3 Jim long. On 'BambLx' agar at 1 ~ °C zygospores arc fonncd after 
one week in the mating line between two compaublc strains. Zygosporcs smooth, 
globose to subglobosc, 24 50 pm in d iameter, wall 3 6 11m thick. Suspensors unequal, 
the larger one dcvelopin~ a mass of strongly branched irregular hyphae at its base. 
Sporangia unknown. Datly growth rate: 8- 1 o mm at 25 °C. 

The conidia of Trachysphaera fructigma show some resemblance to the spores or 
chlamydosporcs (the tcnn 'stylosporcs' is confusing and should be abandoned (Cams, 
personal communication)) of some Mucorales (e.g. Cwminghamtlla, Morliertlla), but 
the sexual state (oogonia and amphigynous antheridia) and the chemical composition 
arc comparable to those of the Oomycctc\. The absence of glucuronic acid and fucose 
and a low hexosamine content in Trachysphaerafructigena exclude the possibility of it 
being related to the Zygomycetes. The genus Trachysphaera may be considered to 
be closely related to Phytophthora. 

The genus Mortierella is characterized by sporangia lacking a columella. Invested 
zygosporcs were discovered in the 1ypc species M. poL;·cefJhala (Dauphin, tgo8). 
Since tgo8 numerous species have been shown to produce naked zygosporcs with 
unequal suspcnsors, mostly after mating (Kuhlman, 1972; Chien & a/., 1974). 
M. chlam;·dospora has typical naked zygosporcs, but is homo1hallic. In M. polycepha/a 
the zygospore-covering hyphae originate, according to Dauphin ( rgo8) from both 
suspcnsors; in At!. indo/Iii only one of the suspcnsors bears some investing hyphar, so 
that this species is of an intermediate type. So far there is no reason to subdivide the 
genus Mortiertlla into one group wi1h naked and one with invested zygospores. 

Morliertlla indohii, M. tchinospltaera, and M. clllamydospora arc distinct but closely 
related. Morlierella indohii dilfers from the other species by the naturr of the chlamy­
dospores which are more often terminal, smaller and more densely spiny while the 
spines arc shorter. Mortiere/la indohii is hcterothallic and has a specific aromatic 
odour which is less distinct or absent in the other species. The sexual state of M. 
echinosphaera is unknown, crossings between the three strains and with M. indohii 
were repeatedly negative. Morlierella ch/am;·dospora and M. uhinospltaera dilfcr not 
only in their sexual behaviour but also in growth rate, which is significantly faster 
in M. tchinosphaera. Like M. indohii, J\11. chlamydospora, and M. echinosphaera arc placed 
in Mortierel/a on behalf of their zygospore.~ (when present), their overall colony 
appearance and the• rc•semblancc of the chlamydosporcs to those of other Mortiere/la 
species, e.g. AI. pol;-cephala. There is no reason to retain the genus Azygozygum as i1 
is considered to be a S)•nonym of Mortiertlla. 
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ExPLANATI ON OF PLATE 18 

Fig. a. Morliertlla indohii, CBS 720.71. - Fig. b. M. chlanp-dosporo, CBS 529. 75· - Figs. 
c, d. M. ahinosphaera, CBS 575·75· - c. Young. -d. Mature. - Fig. c. Trachysphaaafruc­
tigena, CBS 3'5·31. The scale rcprcscnl3 5 1•m. 
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FRANZ PETRAK, 1886- 1973 
(Wirh Plate 19) 

Dr. F. Petrak passed away on.Oc10ber g, 1973 in Vienna at the age of 87 years. 
He was born on October 9, 1886 in Mahrisch-Wcisskirchcn, at that time a small 
town in the Moravian province of the Austrian ?.Ionarchy, but now belonging to 
the CSSR under the Czech name Hra11icc. A gift of some books, especially some 
volumes of 'Rabcnhorst's Kryptogemenflora', and a small herbarium collection, 
stimulated Petrak's interest in mycology in 19 10. He had previously been a bototny 
student at the University of Vienna and his thesis, written under the supervision of 
R. von Wettstein, dealt with some species of the thistle genus Cirsium. During World 
War I he served in the Austrian army and was able to collect fungi in Galicia, 
Bosnia, Albania, and Macedonia. After the war he could not lind a suitable appoint­
ment in Vienna or elsewhere in the remaining parts of Austria, and returned to 
~lihrisch-Weisskirchen where he modestly started a career as a private scientist. 
He married in 1917 and in 1921 a son was born, the family income consisting of 
meagre honoraria for writings in 'J ust's Botanischem Jahresbericht' and from the 
sale of exsiccata (e.g. Flora Bohcmiac et Mora viae cxsiccata). 

Petrak became a well known mycologist through his numerous publications 
which have appeared in Hedwigia and Annales Mycologici since 1914. In 19t9 the 
series 'Mykologische Notizcn' was started ; about 1000 numbers appearing filling 
more than 1400 pages. Petrak maintained an extensive correspondence with myco­
logists all over the world, especially with H. Sydow in Berlin. Large herbarium 
collections were sent to him and therefore he also became familiar with tropical 
fungi. This again resulted in publications by Petrak, with the senders of the specimens 
as co-authors. I n 1938 he was appointed to the Botanical Department of the Museum 
of Natural History at Vienna. Afier World War II he edited Sydowia (Annalcs 
Mycologici, Series 2), of which 25 volumes have been published to date. Petrak 
was also given the opportw1ity to travel, and in 1950 he stayed at the Division of 
Mycology, United States Department of Agriculmre, in Beltsville for nearly one 
year. There he identified numerous, main ly tropical, fungus collections and examined 
many type collections. 

Franz von HOhnel, Hans Sydow, Ferdinand Theissen, and Franz Petrak by their 
critical studies pioneered the natura l classification of the Ascomycetes and Coelo­
mycctes. All this work was done without the aid of well equipped laboratories or 
libraries and without any assistance from governmental or other bodies (in fact the 
work was ofien obstructed). Petrak, in particular, encountered many set-backs 
during his life; he and his family often hardly keeping body and soul together. He was 
a self-conscious, shy, but friendly and helpful person with a warm heart. He was, 
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on the other hand, confident of his capacity as a taxonomist, being quickly offended 
and sensitive to criticism. His knowledge, not only of Micromycetes, but also of 
toadstools and higher plants was enormous. A small piece of dead twig, bark or 
rotting wood was sufficien t for him to identify a host-plant and he had an amazing 
memory. 

Franz Petrak was a corresponding member of the Mycological Society of America 
and oft he British Mycological Society. As a student in 1947, the writer oft his obituary 
worked for half a year under the guidance of Franz Petrak who stimulated his 
enthusiasm and familiarised him with mycological taxonomy. 

\ Vith Petrak the mycological world has lost the last of a group of leading German­
speaking taxonomists of microfungi and his author's name remains attached to a 
large number of fungal taxa. 

J. A. von Arx 
Ccntraalburcau voor Schimmelculturcs 
Baarn (The cthcrlands) 
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THE DISTRIBUTION PATTERN OF 
HIRNEOLA AURICULA-JUDAE IN THE NETHERLANDS 

H. F. VA:-1 DER LAAN 

Amhem, The Netherlands 

(With three Text-figures and two Tables) 

The distribution pauem of 1/imtOia auricula-judM in the Netherlands is dis­
ciWCd . At first this pattern was thought to be mainly determined by the 
average daily minimum temperatures in winter; high population densities 
correlating with h igh winter temperatures. The curve which best fiLS the 
data is so s teep, that it would mean the virtual c."<clusion of flimtOia auricu/n­
judnc from regions with winter temperatures only a few degrees lower than 
in the :\ethcrlands. Nevertheless the species is reported :1! not uncommon in 
the northern U.S.A. a nd southern Canada, M well Min Central Europe. 
From the literature it appears that ' H. auricula-judtU' in ::-lorth America is 
not conspecific with the taxon so named in Europe, but specimens from 
Central Europe were found to be morphologically inseparable from speci­
mens from Western Europe. Revaluation of the data on the distribution of 
the species in the Netherlands in relation to plant g~-ographicaJ districts 
showed that coexistent with the positive correlation of high population 
density with high winter temperatures is another one with alcaline soils. 
The corrected gradient of the correlation between population density and 
winter temperatures is less steep than originnlly calcula ted and consequently 
the rela tively high population density in Central Europe is no longer in­
consi.nent with the distribution pattern of tl1e species in the Netherlands. 

P REUMINARY STUDY AND FIRST WORKJNO IIYPOTIIES!S 

A few years ago a preliminary study of the distribution of Hirrl(o/a auricula-judae 
in the Netherlands was made within the framework of the survey of the distribution 
of one hundred macromycetes in Europe by a committee of the European Mycological 
Congress (van der Laan, 1970). Purpose of the stu dy was not only to record the 
distribution, but also to find the principal factors responsible for its pattern. Himeola 
auricula-judae was chosen because it may be found all year round and can be easily 
identified. The results were recorded in a topographical grid of 5 X 5 km squares. 
Only collections of which specimens had been deposited in the Rijksherbarium, 
Leiden, were accepted as records. The majority was the result of accidental finds of 
numerous mycologists. They were supplemented by special searches of the author 
trying to fill gaps in the knowledge thus obtained. No attempt was made to search 
any area systematically square by square. 
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The preliminary results indicated that H. auricula-judae may be found almost 
anywhere in the Netherlands, but that its population density varies within wide 
limits. Population density in this study is measured by the number of squares in 
which H. aurkula-judae has been found, expressed as a percentage oft he total number 

-a.s 
- I.() 

Fig. 1. Distribution of H. auricukz-judae in the cthcrlands rdated to division into zones of 
equal average daily minimum temperature in winter; black squares indicating squares of 
5 X 5 km in which H. auricukz-judu has been collected; fat lines indicating isotherms in •c. 
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of squares in a certain area. h was found to be at a maximum (of 30) along the coast. 
Further inland a gradual drop of the population density to less than one was found in 
the cast and south. A notable exception was found in the extreme south-east, where 
the population density was almost equal to that in the coastal regions. 

The preliminary study did not suggest a connection with soil conditions but, as 
shown later, this proved to be an erroneous conclusion. To a certain extent there 
seemed to be a correlation with the population density of Sambucus nigra, which in the 
='letherlands like elsewhere in Europe is the principal substrate of //. auricula-judae. 
In areas where the latter is abundant also Sambucus nigra is frequently found. The 
reverse, however, is not necessarily tn1e. 

Observations in the field showed that the fructifications arc sensitive to low temper­
atures, especially below freezing point. As a rule the species is found only in relatively 
sheltered places. Experiments showed that sporulation is discontinued when the 
fnJit-bodics are exposed to a temperature ofo °C, but resumed when the tcmperaLUre 
is again raised by a few degrees. However, sporulation of a (moist) specimen that 
had been exposed to - 13 °C was not resumed after thawing. 

The connection between chances of survival and occurcnce of low temperatures 
seemed to be fully confirmed by the excellent correlat ion which was found to exist 
between average daily minimum temperatures in winter (December- February) 
and population density of //. auricula-judae. The country was divided into zones 
bcrwcen isothemu at 0.5 °C intervals, which were drawn up especially for this 
purpose by Dr. J. P. M . Woudenberg of the Royal Netherlands Meteorological 
I nst itute. They are based on observations at 35 weather stat ions during a period of 
17 years (Fig. 1 ). They only provide a broad picture, because the number of stations 
is too small to allow conclusions on local conditions. The population density of each 
temperature zone was calculated, and the results were plotted in the manner shown 
in Figure 2. 1t was possible to draw a closely fitting exponential curve. 

At the conclusion of the preliminary study it seemed to be justified to accept a 
working hypothesis, based on the following: 

( 1) Winter temperatures arc the principal factor determining the distribution 
pattern in the Netherlands. 

(2) Low temperatures correlate with low population densities. 
(3) The population density gradient is very steep. 

AoomONAL DATA COJ).'FlRMINC HYPOTHESIS 

The working hypothesis seemed to be fully confirmed when in the course of the 
next few yca.rs the number of localities where H. auricula-judae had been fowld had 
increased from 8o to the present number of 175. (Figs. 1 and 2.) A reduction ofthe 
minimum temperature in winter of 1 °C corresponds with a reduction of the popula­
tion density by 70% . 

Again most of the finds were made by chance but an exeption must be made for 
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the results from the collections of Mr. J. A. Witte, who within a period of a few 
months succeeded in locating the species in every square from which it was not 
recorded before on the island of Tcxcl and in an area of 25 X 25 km around his 
place of residence, Wormer, in the province of North Holland. These data have 
been included in the present work, but it should be noted that they were not obtained 
in the same manner as the others. For that reason, any calculation or conclusion 
based on all of the distribution data has been checked after excluding these 
32 squares. Fortunately, their influence is rather limited, because 28 of them arc 
situated in ouc temperature zone ( +o.5-o) in which the population density amounts 
to only 8 if Mr. Witte's data are excluded, instead of the 20 shown in Figure 2. 

The fact that Mr. Witte collected in the extremely mild winter of 1974 5 un­
doubtedly contributed to his success, for there was hard ly any frost that winter. 
Moreover several of the preceding winters had had temperatures well above average. 
An important question is whether it would be possible to duplicate Mr. Witte's 
results in most of the other parts of the country. lfso, our distributjon pattern would 
be accidental and meaningless. The answer is that, while this may be possible in 
zones with a very high population density, it is extremely unlikely to happen in 
zones where the population density is medium or low. At about the same time when 
;\1r. \'\1iue made his survey, the author investigated the Achterhoek in the eastern 
part of the country, from where H. auricula-judae had not previously been reported. 
The search of this area produced only one locality where the species was found. 
Himeola auricula-judae was also found several times in a region in the province of 
South Holland, similar to the one in which Mr. Witte had worked, but there was no 
indication of its simultaneous presence in every square of this area.1 

The sensitivity of H. auriculo-judae to low temperatures is conftrmed by the results 
of the work of Tryel ( 1971: 413), who reports that the mycelium of the species is 
killed by exposure to a temperature of ~2°0 for a period of 5 weeks. 

The existence of a relation between distribution and temperature conditions also 
follows in a general way from the; data presented by Lowy (1952: 659), which show 
that //. auricula-judae is limited to a range between latitudes 22° and 55° N. 

Tue KORTH AMERICAN FORM 

Extrapolation of the graph shown in Figure 2 leads to the conclusion that H. 
auricu/a-judae should be extremely rare in regions where minimum temperatures in 
winter arc but a few degrees below those prevailing in the eastern part of Lite !'\ether­
lands. Lowy's data on Europe are very scanty, but his map cle."'rly shows that the 
species is found all over the U.S.A. and soull1crn Canada, including areas that have 
much more severe winters than the Netherlands. In some of these areas H. auricula­
judae is even considered to be common (Graham, 1944: 77) . 

1 l\lr. Witte (personal communiClllion, 1976) confirmed these expcricnca in failing to lind 
a single specimen when searching for//. auricula-judat in the north-western part of the province 
ofNorsh Brabant, from which region the species had been reported but once. 
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Duncan & Macdonald ( 1967: 8t7) have shown that there are sufficient reasons to 
consider H. auricula-judac of Western Europe and the similar taxon in ::\orth America 
to be two 'evolutionary units' or even distinct species. In the first place there is an 
important difference in substrates. In the southern, midwestern and eastern states of 
the U.S.A. Hirneola auricula-judae is found on deciduous trees, bm not on Sambucus 
nigra which does not exist in Xorth America. In the northern and western states of 
the U.S.A. and in Canada the species is exclusively found on coniferous trees (ibid: 
8o7). Collections from deciduous trees were found to be completely, and collections 
from coniferous trees virtually intersterile with collections fi·om Western Europe, 
including some from Austria ( ibid: 8o8). Spore dimensions of the ~orth American 
and \Vest European material were found to be significantly different (Table I). 
The authors do not mention any macroscopical characters by which the two species 
might be dist inguished. 

This is in accordance with the experience of the present author. Ten collections 
from coniferous trees collected by the late Dr. :vr. A. Donk in the t.:.S.A. and Canada 
and one from Newfoundland, obtained by courtesy of Dr. F. Tjallingii, were com­
pared with an equal number of collections from Sambucus nigra in the 1\ethcrlands. 
Although one is immediately struck by the dense pilosity of the upper surfhce and 
the pronounced vcnulose folds of the American material, in the Netherlands' 
collections too one frequently finds specimens showing folds of the same height 
(1-3 mm) and width {t-2 mm) and having a pilose upper surface as well. 

Duncan & Macdonald mcasurerl 125 spores per collection to a tenth of a 11m, 
c.'llculated the arithmetic-'ll mean, and determined the range of l'l'cans at the 5% 
level of confidence. For the present study as a rule only 20 spores per collection were 
measured, rounded on to whole 11m. Instead of calculating the arithmetical mean, 
the mcdittn value was determined for each collection, and for a grouo of collections 
the range of such medians. This considerably simpler l'l'ethod appears to ~ivc just 
as good rc,ults as the far more time consuming one 0fDuncan & l\ facdonald (Taule I). 

All specimens that had been air-dried after collecting, readily sporulated upon 
resuscitat ion under moin conditions. An exception was found with the material 
from ~orth America available tO the author, which probably was too old to resume 
sporulation, and in this the spores had to be scraped from the hymenium. In four of 
these collections no spores could be found at all. In the others an average of onlv 1 ~ 

spores r,er collection was measured. The different conditions of the matt' rial studied, 
should account for the difference in length between the spores measured by Duncan 
& Macdonald and those measured by the presrnt author. 

The forms of H. auricula-judae in Western Europe and ::\orth A1m•rica arc so 
different from each other that the presence of this species in areas of North Ameri<'a, 
where winter temperatures arc very much lower than in the Netherlands, docs not 
have to be considered inconsistent with the correlation between population density 
and temperature establi~hed for the latter country. 

Raitviir {t97t: 93-94) reports that also in the extreme eastern part of Siberia 
H. auricula judac is found on deciduous and on coniferous trees. He mentions the 



Region 

\V. Europe 
:-.!etherlands 
N. America 
N. Amerie.'\ 
N. America 
E. Siberia 

C. Europe 
C. Europe 
C. Europe 
C. Europe 
C . Europe 

Substrate 

Sambucus 
Sambucus 
coniferous 
coniferous 
deciduous 
coniferous 
deciduous 
deciduous 
deciduous 
deciduous 
deciduous 
deciduous 

Table I 

Spore dimensions (in pm) 

Author 

Duncan/Macdonald 
van der Laan 
Duncan/Macdonald 
van der Laan 
Duncan/:0.1acdonald 
Raitviir 

Michael-Hennig 
Pillit 
Schroeter 
Vclcnovs.ky 
van der Laan 

Length rl 
Average I Range 
or Median 

20.2 (a ) 
20 (m) 
15.0 (a) 
14 (m) 
13.8 (a ) 

20 (m) 

18.2-22.2 

'9-2' 
13.o-t7.0 
'3- t4(- r5) 
r2 .6-r5.o 
13- 15 

11- 15 
13- 15 
II 15 
12- 15 

'9-2' 

a arithmetical mean; the range is calculated on basis of the 5% Je,•el of confidence 

Breadth 

Average I Range 
or Median 

6.6 (a) 
7 (m) 
5.2 (a) 
5 (m) 
5·3 (a) 

7 (m) 

6.o-7.2 
7-8 
4·6-.').8 
5 6 
4 ·7- 5·9 
5 6 

4 7 
5-0 
5 7 

7-(8) 

m = median of all collections, rnnge of medians of individua l collections is indicated in the next column 
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conspicuous pilosity of the form growing on coniferous wood, which he named forma 
abietir. One set of spore dimensions is given (Table 1), which agrees well with Duncan 
& Niacdonald's figures for orth American collections. In European Russia H. 
auricula-judae is found in the Baltic states, the Ukraine and the Caucasus on deciduous 
trees only, principally SambutUS and Quercus (Raitviir, 1967: 34). Unfortunately, 
data on spore dimensions of collections from these areas a rc not avai lable. The 
species has not been reported from we~tem iberia. 

C£1\"TRAL EuROPEAN DATA 

The map showing the distribution of H. auricula-judae in (part of} Europe, based 
on the survey of a commiucc of the European l\1fycologica l Congress (Lange, 1974: 
55) renects considerable differences in the approach of,the work by the participating 
countries. For that reason, a quantitative comparison of data, as attempted for the 
Netherlands, is out of the question. 

A part of the picture seems to corroborate the working hypothesis arrived at in the 
Netherlands. The spcc•es is absent in orway and Sweden, hence its northern limit 
is rather close to the Netherlands, as was to be expected from the steep gradient of 
the curve in Figure 2. The relatively high population density in England and the 
much lower one in Scotland, as well as the fact that in Scotland and in Denmark the 
species is predominantly found along the coast, are in accordance with the findings 
in the ~etherlands. This may also apply to the relatively low population density in 
the northern part of West Germany and the higher one in the southern parts of that 
country (sec also Bresinsky & Dichtcl, 1971: 101). 

PD 
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" \ 40 \ 
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30 
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\ 
\ 

20 X ' 
' X 
' ' 10 ' ' X'..)< --x... T (°C) 

1.5 1. 0 0 . 5 0 - 0 . 5 - 1.0 - 1.5 

Fig. 2. Population density {PD) and average daily minimum temperature in winter {T); 
broken line indicating exponential curve of best fit. 
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The data presented for Central Europe, on the other hand, appear to be completely 
inconsistent with our working hypothesis. Jn Czechoslovakia, for instance, winter 
temperatures arc about 5 °C below those in the Netherlands. E-xtrapolation of 
the (exponential) curve of Figure 2 gives a t that temperature a population density 
of H. aurirula-judae oflcss than one hundredth of that of the 1\cthcrlands. Application 
of the ' round dot mapping method' employed by Lange ( 1974: 12) to the finds in 
the Xctherlands as recorded in Figure 1 results in about 50 'dots' for this country. 
(The European survey map shows but a fraction of this number, because it presents 
the distribution data as known before the present study had been started.) The 
surface area of Czechoslovakia is about 4 times that of the "cthcrlands. Therefore, 
by application of our working hypothesis one could expect (4: roo) X 50= 2 dots 
in Czechoslovakia. The ma p shows a total of 86! The siruat ion in East Germany is 
similar, and unexpectedly high population densities a rc a lso found in Hungary, 
Poland, and Rumania. 

Could it be that H. auricula-judae found in Central Europe, like the one of orth 
America, is differen t from the Western European form ? Against this supposition is 
the fact that in Centra l Europe the species is usually found on Sambucus nigra 
but never on coniferous trees. On the other hand, Pilat ( 1957: 140) and Velenovsky 
( 1920: 794) in Czechoslovakia as well as Hennig (196o: 281) and Schroeter ( r888: 
386) in East Germany give spore dimensions in the range of 1 1 15 X 4- 7 11m (Table I). 

By courtesy of Dr. F. Kotlaba four fresh collections of H . aurirula-judae from central 
Bohemia, two from southern Slovakia and three from East Germany (Baltic coast) 
were studied. Of six of them the substrate was SambucuJ nigra; the others were found 
on Acer and lvforu.r. Macroscopically they did not seem to be different from material 
found in Western Europe. Of each collection the spores of two frui t-bodies have been 
measured. As shown in T able I there is no difference between spore d imensions of 
the \Vestern- and Central European material as far as srudied by me. For the time 
being I am not yet prepared to incorpora te into my considerations the smaller 
dimensions as given by Pila r, Vclenovsky, !Iennig, and Schroeter. 

As no support has been found ' for the assumption tha t the H. aurirula-judae from 
Central Europe is not conspccific with that from \'\'estern Europe, the working 
hypothesis had to be modified, for instance by taking into accowlt other factors 
which might determine the distribution pattern. 

Son. COMI'OSI'riON AND OISTRIBL"MO:\ 

An indication of where to look for other influences on the d isLribution pattern of 
H. aurirula-judae was the fact that large differences of population density exist within 
the tempera ture zones in to which the 1'\etherlands has been divided. I n some parts 
of the country the species has hardly been located at all, and such a lmost blank 
areas seem to range over more than one temperature zone. This is especially notice­
able in the province ='iorth Brabant and the northern part of the province Limburg 
in the south of the country, and a lso in the eastern parts of the provinces Ccldcrland 
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and Ovcrijssel in the cast of the country. At first it was thought that these gaps were 
a consequence of lack of interest on the pan of the mycologists working in those 
areas, but after special atlention had been given to the problem it became a certainty 
that H. auricula-judae is extremely rare in those pans of the country. 

The plant geographical districts which van Socst ( 1929) distinguished in the 
Netherlands have proved their value in the study of distribution of higher plants. 
It seemed worthwhile to investigate whether or not they also might throw some light 
on the distribution of 11. auricu/Q..judae. It should be understood that van Socst's 
division is based on the distribution pattern of several plants and plant associations 
as well as on soil conditions. It is only meant to give a broad picture, hence bound­
aries are almost straight lines. The districts arc shown in Figure 3, together with the 
distribution data of H. aun'cula.judat. The population density of each district is shown 
in the second column of Table II. 

The most conspicuous figures are the far above average ones of the Marl district 
(Krijt) in the south-east, of the Dunes district along the coast in the south-west, and 
of the Shallows district (\o\'adden) that comprises the northern part of the sand 
dunes on the mainland and the islands in the north. TI1c data on the population 
density of the small Shallows district, however, are very much inAucnccd by Mr. 
Witte's collecting. Without the latter its population density amounts to only 36. 
The Marl district and the Dunes district are characterized by a highly calcareous 
soil. ln the Marl district Cretaceous rocks arc close to the surface, in the Dunes 
district the lime content is derived from shell fragments. The Shallows district is 
heterogeneous, containing sand dunes with a relatively low lime content and clays 
that are partly calcareous. 

At the other end of the scale are the Campine, the Subeentreuropean and the 
Guelders districts with very low population densit ies of H. auricula.judae. In all these 
districts acid sandy soils are abundant. The Drentian district has similar soils, but 
a somewhat higher population density. 
Intermediate between these extremes arc the small Loess district (adjacent to the 
Marl district, but with a less alkaline soil), and the large Haffand Fluviatile districts 
together covering about half of the country. Also the population density of the Han· 
district shown in Table II has strongly been inJluenccd by Mr. Witte's survey which 
was carried out almost exclusively within this district. The population density of the 
Haff district drops to 9 if Mr. Witte's results are left out. Both IJaff and Fluviatile 
districts arc characterized by being largely 'man- made'. early all of the former 
and 20% of the latter is reclaimed land, situated below sea level. The remaining So% 
of the Fluviatile district would be Aoodcd frequently if the rivers had not been 
embanked. Both are intensively used for agricultural purposes. Neither highly 
calcareous nor acid soils are found in these districts. The Haff district consists of a 
very heterogeneous mixture of marine clays (calcareous as well as non-calcareous) 
and clayey peat soils. River clays and sands with a varying lime content and cal­
careous marine clay constitute the Fluviatile district. Large parts oft he last mentioned 
clay area, in the south·west of the country, were inundated at the end of World War 
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Fig. 3· Distribution of H. auricula-judo~ in the Ncthcrlnndl related to division into plant 
geographical districts; blncksqunres indicatingsqunres of 5 X 5 km in which If. ouricula-judat 
has been collected. 



VANDER 'LAAN: Distribution qf Himtola auricula-judoe 107 

II or flooded in 1953 by salt water, which might e.xplain the paucity of records of 
H. aurieula-judoe from this region. The population density in the remainder of the 
Fluviatile district amounts to 6. 

It appears from the above that the population density of H. auricula-judae ts 
considerably higher on calcareous or alkaline soils than on neutral or acid ones. 

0JSTRffitrnON PATTERN AS A RESULT OF SOil. 

CONDITIONS AI\'D TEMPERATURE 

It is difficult to differentiate between the influences of soil condition and of 
temperature on the distribution pattern. Most of the districts with alkaline soil are 
sin1ated in the zones with high temperature and those with acid soil are found in the 
zones with low temperature. One may even ask whether the correlation between 
population density and temperature is perhaps merely accidental. Clear indication 
that this is not the ease is found when the districts arc divided into temperature zones 
and the population density is calculated for each zone of each district. The results 
are shown in Table II. To separate the influences of temperature and soil conditions 
the population density corresponding to temperature zones within each district has 
been adjusted by dividing by the overall population density for that district. The 
ovcra.ll population density corresponding to temperature zones fo r the whole 
country, after adjustment in this manner, is shown in the last line of Table 1 I. 
It is calculated by dividing the numer of squares in which H. auricu/a-judae has been 
found within a zone by the sum of the products of the overall population density of 
each district and the total number of squares of that district in that zone.' 

It can be shown that a highly significant positive correlation e.xists between temper­
ature and adjusted population density. The estimated upper tail-probability is 
0.0 16. The latter has been fotmd by comparing the calculated correlation coefficien t 
with the corresponding ones when the columns of Table II are independently per­
mutated at random (500 times). 

Repetition of the calculations without making use of Mr. Witte's data yields a 
result which is not very different from the above. 

2 The adjwted overall population density is calculated by the formula 

II 
:E PD*1T11 
1-1 

wherej = 1, 2, .•. • 6. 

Here i refers 10 the different plant geographical districts and j refers to the different temperature 
zones. P,, is the number of squares in which H. auricula-judat has been found in dinrict i and 
temperature zone j. T11 is the total number of squares in district i and temperature zone j. 
PO•, is the ovcraH population density for district i, indicated in tltc third column of Table rr. 
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Obviously it is not feasible to construct a smooth curve from a plot of Lhc adjusted 
population density values against the temperatures. The densities may be compared, 
however, with the results found originally and shown in Figure 2, after adjusting the 
latter by dividing by the overall population density for the whole country. The 
adjusted population densities of the zones shown in the same sequence as in Table 
II arc as follows: 4·¥1• 2.08, 1.82, 0.56, o.6o, 0.27. A cursory comparison of Lhese 
results with those shown in the last line of Table II reveals that the gradient of the 
population density due to temperature conditions is now much smaller than the one 
arrived a t before. Consequently the calculated population density of H. auricula-judae 
in Czechoslovakia, found by extrapolation of the findings in the 1'\clhcrlands will 
now be much higher. (By a factor to, roughJy est imated.) This fact, together with 
the discovery of the importance of soil composition, appear to be sufficient to remove 
the inconsistency which seemed to exist between the distribution data published for 
Central Europe and the experience gained in the Netherlands. 

It appears that further study may be based on a new working hypothesis, which 
may be worded as follows : 

The distribution pattern of Himeola auricu/a-judat in the Netherlands is mainly 
formed by the following factors: 

(i) the availability of Sambucus nigra, 
(ii) average daily minimum temperatures in winter, and 
(iii) composition of the soil. 
High temperatures and alkaline soi ls correlate with high population densities. 
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(With 22 Text-ligures) 

Twenl}"·t\\O species of Mortiertlla are dcxribed and distributed over the 
sections defined by Cams (1970) which include the following new species: 
Section Pu.riUa: M. rosto-nana; Section Alpina: M. globalpina and AI. paf,y­
gonia; Section Simplex: M. anmboidta; Section I!Jgrophila : M. tlongatula, 
M. kuhlmanii, M. parazydrae. M. armiUariieQ{a, M. stftnospara, M. basipar­
uispara, and A/. clonocystis; Section Spinosa: M. epicladia, M. /UTOUma, M. 

cystoj tnl.inii, and M.jimbricystis. 

Complete accounts on species described in Mortierella are given by Linnemann (in 
Zycha & Sicpmann, 1970) and Mil'ko (1974). Linnemann's arrangement of sections 
caused many difficulties in determination and consequently Gams (1970) proposed 
a different arrangement of sections but had not yet given a detailed account of or a 
key to the species. ' ew findings sometimes allow the recognition of long forgotten 
species (e.g. Cams & llooghiemstra, 1976), but several apparently new species from 
different origins have accumulated during the last years in the CB collection and 
are described in this communication. In addition some hitherto imperfectly delimited 
species and, in particular, some species recently published in Russia arc rcdcscribcd 
from type strains and more sharply delimited. 

The species arc arranged in the sections defined by Cams ( t970) . Cultures were 
generally grown on 2% malt extract agar (MEA) for the asscssmem of the macro­
scopic characters and growth rate, on soil extract agar (SEA) or potato-carrot agar 
(PCA) for the study of the sporangiophorcs, and incubated at room temperature 
( t8-22 °C) for approximately one week or longer. The sexual states were not ob­
tained in most species; usually too few strains were available to give a chance for 
compatible mating, but in some cases proved compatibility led to the synonymy of 
some already described species. On the other hand, the absence of a mating reaction 
justified the separation of strains which deviate from known species in minor charac­
ters, e.g. M. elcngatula and M. san!)'msis from M. tlongala, and M. kuhlmanii from 
M. bdjakouae. From previous work on zygospore formation (Kuhlman, 1972) it is 
known, that in some species zygospore production is erratic and difficult to obtain; 
M. humilis and fo;J. marburgensis, however, gave interspecific zygosporcs (Chien & al., 
1974). A positive or negative result of mating with new isolates therefore only has 
limited value in delimiting species and the novelty of a species is judged rather on 
morphological characters of the asexual state than on mating behaviour. In so doing, 

Ill 
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however, a considerable variability in length, width and branching intensity of 
the sporangiophorcs as well as in the size of the spores has been taken into account, 
whilst the type oframificacion (acrotonous or basitonous), development of a columella 
and usually also the shape of the spores arc found to be reliable criteria. 

DESCRIPTIONS 

Section I s A a E L L 1 N A Turner 

Growth restricted, compact, velvety. Sporangia often pigmented, many-spored 
or one-spored. Garl ic-like odour never produced. 

1. Mortierella roseo-nana W. C ams & Gleeson spec. nou.- Fig. 1 

Coloniae leme crescunt, velutinae, dilute roseac, non olent. Sporangiophora numerosa in 
agaro malti ex hyphi.! aerii.! vel submersis oriuntur, propc supcrficiem 2-4 ramulos verticilla tos 
proferunt, omnino 6o-rgo pm longa, c &-8 11m ad 3-,~ I'm angwtata. Sporangia unispora, 
1o-16 pm diam., rubida, levin, dilapsa collarc rninutum relinquunt ; sporac multis guttuli.! 
oleaginosis rcpletae. Chlamydosporac absunt. 

Holotypw: CBS 473·74. isolatw c solo paupero, !'arkville, ad Univcrsitatcm Mclboumicn· 
scm in Australia, leg. P. Cluson, Aug. 1974 

Fig. 1. Mortimlla roseo-nana, sporangiophorcs (some proliferating) and onc·spored sporangia 
xsoo. 
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Colonies reaching 2.2-3.0 em in diameter in six days, velvety, very pale pink due 
to sporangia (like M . vinacea); odour absent. Good sporulation up to the margin 
on MEA; sporangiophores arising from aerial hYJ?hac or from the substratum, in the 
latter case branching ncar the agar surface; bcanng 2- 4 short, verticillate branches, 
total length 6o up to more than 130 11m, tapering from 6-8 11m to 3- 4 Jim. Sporangia 
one-spored, to 16 ~tm in diameter, reddish, smoot h-walled, on dehiscence leaving a 
minute collarcue. Spores containing numerous oil droplets. Chlamydospores absent. 

Know only from the type culture. 

,\.fortiertlla rosto-nana is intermediate between M. viruuea Dixon-Stewart and M.nana 
Linnem. The occurrence of pigmented, one-spored sporangia is an indication that the 
latter species is properly classified in the section isabel/ina. 

cction A L P 1 N A Linncin. 

Sporangiophores usually less than 200 JIIll tall, always unbranched, often with an 
irregular swell ing at the foot. Sporangia usually many-spored. 

2. Mortierella globalpina W. Gams & Vcenbaas-Rijks spec. nov. Fig. 2 

Coloniac fcrc lcntc crcscunt, dense lobul::uac, mycclio acrio sparso obtcctac1 modicc olcnt. 
Sporangiophora ex hyphis acriis oriuntur, aculcata, 45-70 11m longa, c 4-6 pm ad 1. 7-3.0 I'm 

b 

fig. 2. Mortimlla globalpina, sporangiophores, sporangia, and spores X 500. - a. Strain 
from K.iel. - b. CBS 36o. 70. 
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angustata, numquam ramosa, prope basin inflata et saepe appendiculos velu1 rhizoide.'l 
profercntia. Sporangia semper muhisporn, 8- rspm diam., globosa et lcvia, dilapsa collarc 
conspicuum rclinquunt. Spornc: :± globosac, lc:vc:s, 2.5- 4.0 pm diam. Chlamydospornc 
plcrumquc absunt. 

Holotypus: CBS 300.70, isolatus c: solo agrc:sti, East-Fievoland Polder in Ncerlandia, 
]. W. Vunboas-Rijks, 7 Oct. 1g6g. 

Colonies rather slow-growing with a daily radial increment of 7- 10 mm, fonning 
a rosette of dense narrow lobes, with a moderate amount of aerial mycelium; odour 
weak but typical of the genus. Sporulation poor on MEA, abundant on SEA; 
sporangiophores arising from the aeria l hyphae, awl-shaped, 45-70 pm tall, always 
unbranched, tapering from 4-6 Jim at the base to 1.7- 3-0 Jim at the tip, with a 
typical basal swelling (' basa l foot' of Linnemann) and often some rhizoid-like out­
growths. Sporangia always many-spored, 8-t5 pm in diameter, globose and smooth­
walled, leaving a distinct collarcu e on dehiscence. Spores ± globose, smooth-walled, 
2.5- 4.0 Jim in diameter. Chlamydosporcs generally absent, rarely present as little 
differentiated intercalary structures not much wider than the original hypha. 

CULTURI'.S RXAMINP.D.- CBS 266.70 and 300.70 {type Slrain), C:X agricultural soil in the 
East-Ficvoland Polder,]. W. Vunboas-Rijl.s, 7 Oct. 1g6g. Two more strains were isolated in 
1964 by the author from a wheat field soil at Kiel, F. R. G., but arc now lost. 

Morlierella globalpina differs from M. alpina Pcyroncl not only by the globose 
shape of the spores but also by the absence of deciduous sporangiolcs which arc not 
divided into small spores. It differs from the description of M. anlarcli&a Linncm. 
(in Zycha & Sicpmann, 1970) by the possession of smaller spores (M . anlar&li&a is 
reported to have spores of 3-1 o Jim) and the absence of catenulate ch.Jamydospores. 
Unfortunately the type strain of this species, CBS 6og. 70, has never shown any 
sporu.Jation since it is preserved at Baarn, but still produces abundant ch.Jamydosporcs. 
Morlierella globalpina may have been identified as M. pusi/la Oudcm. (e.g. Mil' ko, 
1974), M. humicola Oudcm. or M. sublilissima Oudem., three similar species, all 
inadequately described by Oudemans & Koning (1902), which arc best abandoned 
as doubtful, since they may equally well have been quite d ifferent , and no type or 
other material is in existance. 

3· Mortierella polygonia W. Garns & Veenbaas-Rijks spec. nov.- Fig. 3 

Coloniae fere lente crc:seum, vix lobul:nae, mycelio aerio copioso obtectac:, modicc olc:nt. 
Sporangiophora plerumque c:x hyphis submcrsis oriuntur, nculcata, numquam ramosa, 
4o-6o(-115) p m longa, c 3-5-5-0 11m ad 1.5--2.o pm angustata, propc basin vix innata. 
Sporangia 1o- 14 pm diam., semper mullispora, dilapsa collarc conspicuum rc:linquunt. 
Sporac irregulariter lobatae, 6 9 11m diam. Chlamydosporac vulgo absunt. 

Holotypus CBS 685-71, isolatus e solo agrcsti prope Wagc:ningc:o, ]. W. Vunbaas-Rijks, 
16 Apr. 197 1. 

Colonies rather slow-growing wit11 a daily radial increment of approx. 5 rnm, 
hardly lobed with much aerial mycelium; odour moderate, typical of the genus. 
Sporulation poor on MEA, good on SEA; sporangiophorcs arising mainly from the 
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substratum, awl-shaped, a lways unbranched, 40 6o 11m tall in fresh isolates, 85- 115 
Jtm after several transfers, tapering from 3·5-5·0 11ffi to 1 .5--'l.O Jim at the tip, with 
the base hardly swollen, but m older cultures the lower part of the sporangiophorcs 
often undulate. Sporangia 1o-14 11m in diameter, sometimes appearing redd ish, 
always many-spored, leavin~ no columella but a distinct coUarette on dehiscence. 
Spores irrc~ularly lobed, w1th 4- 5 projections in optical section and 6-g Jtm in 
maximal d.ameter. Chlarnydospores normally absent, but short hypha( fragments 
may act as such. 

~9 
'• 4 

Fig. 3· MortimUa polygonio, sporangiophores and spores x soo. 
Fig. 4· Mortimlla om~Nboidto, sporangiophore, spores, and chlamydospores X 500. 
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CuLT\JR&S &XAMIN&.o.-CBS 685.71, c.x agriculturnl soil, Wageningen, J. 111. Vunbaa.s-Rijks, 
16 Apr. 1971 (strain 6o6). Another identical strain '~as isolated in 1965 by the author from a 
wheat field soil at Kicl, F. R. G., but i.s now lost. 

Mortimlla polygo11ia is unique in the genus by its lobed spores, but the sporangio­
phorcs arc typical of section Alpi11a. 

Section S 1M P LEx W. Cams 

Species with constantly unbranched, but sometimes a~gregated, large and wide 
sporangiophorcs. One-spored sporangiolcs may occur JOintly with many-spored 
sporangia. 

4· Mortierella aiDoeboidea \V. Cams spec. 110u.-Fig. 4 

Coloniae fere lente crcscunt, dense lobulatae, mycclio nerio parco in medio obtectae, 
mod ice olem. Sporangiophora pauca ex hyphis submcrsis oriunrur, 15o-26o I'm longa, e 5 I'm 
ad 1.51•m angustab, numquam ramosa. pornngia 10 151•m diam., multi.spom, dilapsa 
collare inconspicuum relinquum. Sporae elongato-dlipsoidt'ae, nonnumquam cur-..atae, 
Ieveli, 6-1 1 (- 13) X 3·5- 5·0 1•m. Chlnmydosporac abundamcs, nonnumquam aggregatne, 
terrninalcs vel latcmlcs, dilute brunneac, 30 45 Jtm diam., appcndicibus rctusis, sacpc dicho­
lomi.s, 6-10 11m longis obtectae; chJamydosporae minorcs, !eves e1iam copiosae. 

llolol)'pus: CBS 88g.72, isol:11us c Chromtlosporio spec., 13cllcr llolz, in Silva Tcutoburgensi 
in Gcrrnania, IV. Cams, Sept. 1972. 

Colonies rather slow-growing with 5-7 rom daily radial increment, delicately 
and densely lobed, with some aerial mycelium in the centre; odour faint but typical. 
Sporulation rather poor on all media ; sporangiophorcs arising from the substratum, 
150- 260 J.Un tall, unbranched , tapering from 5 pm to approx. 1.5 pm at the tip. 
Spora ng ia 10- 1511m in diameter many-spored, leaving an indistinct collarctte after 
dchiscrnce. Spores elongate ellipsoidal, sometimes curved, smooth-walled, 6 11 
(-13) X 3·5-5·0 11m. Chlamydospores abundantly produced on SEA in the agar, in 
terminal or lateral positions, sometimes aggrega ted in cltt~ten., light brown, 30 4~ pm 
in diameter, covered with blunt, often dichotomous appendages, 6-10 11m long; 
smaller, smooth-walled chlamydosporcs also abundant. 

Known only from the type culture. 

Mortierella amoeboidta differs from M. tchi11osphatra Plaats-Niterink (in van dcr 
Plaats l iterink & al., 1976) by larger chlamydospores and the possession of 
unbranched sporangiophores, whilst M. Jimbricystis W. Gams (cf. p. 138) has smaller 
spores and acrotonously branched sporangiophores. In both these species the chla­
mydospore appendages arc narrower than in M. amotboidta and fringe-like. The 
sporangiophores of M. amotboidta are unusually small in the section Simplex. 

Section 1-1 v cRoP H 1 LA Linncm. emend W. Gams ( 1970) 

Sporangiophorcs tall or short, with basi10nous, cymose ramification, bearing many­
or few-spored sporangia. 
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5· MORTIERELLA ECIUNULA Linnem. 

in Zentbl. Bakt. Paras it Kde, Abt. 2, 107 : 229. 1953--Fig. 5 

Colonies growing rather fast with a daily radial increment of 6-to mm, hardly 
lob::d, without aerial mycelium; odour weak, typical of the genus. Sporulation poor; 
sporangiophorcs arising from the subst ratum, 320- over 500 Jtm tall, with abundan t 
basitonous ramification, tapering from g-t~ JLID to 3-4(-5) Jtffi at the tip. Sporangia 
3o-50 J.tm in diameter, many-spored, lcavmg a mmutc collarcllc on dch~cence. 
Spores .±. globose, distinctly echinulate, 8 to( 14) 11m in diameter. Chlamydosporcs 
scarcely produced on SEA, abundantly on MEA after 12 days, globose, thin-walled, 
9-13 Jim in diameter, filled with oil drops. 

CuLTURE EXMIINED.-CBS 28~:qt, ex soil in Iceland, comm. E. C. Kuhlman, 1971. 

Linnemann's original isolate is lost. The present 'strain matches the original 
description fairly well in which the spores arc given as 7 8 Jtm. Mortiuella tchinula 
may be confused with M. globuliftra Rostrup (cf. Turner, 1956) which has similar 
spores but always unbranched sporangiophorcs. Mortitrtlla hyalina (Harz) W. Cams 
(syn. M. lrygropliila Lirutem.) may also be m istaken for M. tchinu/a since the spores 
arc finely roughened (althou~h always described as smooth!), but much less than in 
M. tchinula; spores of M. hyalina arc larger and the chlamydosporcs more abundant 
and lemon-shaped. 

\ 

\ 

Fig. 5· Mortimlla uhinula: spomngiophores X too; sporangiophore tips, sporangium and 
spores, and chlamydospores X 500. 
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6. MORTIERELLA cf. VERRUCOSA Linnem. 

in Zentbl. Bakt. ParasitKde, Abt . 2, 107: 229. 1953.- Fig. 6 

Colonies growing moderately fast with a da ily radial increment of approx. 8 mm, 
broadly lobed and zonate, with some aeria l mycel ium mainly in the centre; odour 
very strong and typical. Sporula tion abundant on MEA and SEA; sporangiophorcs 
arising from aerial hyphae, 6o-r6o pm tall, with abundant basitonous ramification 
(habit of M. humilis Linncm.), tapering from 7-~ pm to 2.0- 2.5 pm near the tip. 
Sporangia 2o-30 pm in diameter, usuaUy not contarning more than r o spores, leaving 
a minute columella and a collarettc on dehiscence. Spores :i: globose, finel y echinu­
late, 6- 12(- •6) 11m in diameter. Chlamydospores abundantly produced on SEA, 
elongate, :!:: lemon-shaped, ro-14 J.IID in diameter. 

CULTURE ex.uttsw.- CBS 181.73, ex Tricholomajlavouirou (Pcrs. ex Fr.) Lund., Koorwijkcr 
Zand, Netherlands, W. Cams, 4 Nov. 1972. 

Linnemann's original strains of 1\1. Vdrrutosa from Germany and Mexico a rc lost. 
The species is described as having sporangiophores up to 26o I'm tall, 3-4 Jlffi wide 

Fig. 6. Mor/Urtlla cf. ~rrucosa, sporangiophorcs, sporangium and spores, and chlamydo­
spore xsoo. 
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near the tip and ~pores of 15-20 Jim diameter. The present strain is the closest to this 
description so far seen by the author. It is clearly distinct from M. echinula by shorter 
sporangiophores and somewhat larger spores. 

7· MoRTIERELLA SARNYENSIS Mil'ko 

in Nov. Sist. niz. Rast. 1973: 87.-Fig. 7 

Morlurtllo fotskdtrtu Linncm. i11 Zycha & icpmann, Mucorales, 205. 1970 (' 1969') (nom. 
inval. Art. 37). 

Colonies growing moderately fast with a daily increment of approx. 5 mm densely 
lobed, with much aerial mycelium in the centre ; odour strong and typical of the 
genus. Good sporu lation on SEA, less on MEA; sporangiophorcs arising from aerial 
hyphae, 10o-275 J1ffi tall, many times basitonously branched, taprring from 5-7 Jim 
to 1.5~.5 JJm near the tip. Sporangia 12- 22 11m in diameter, many-spored, 
leaving an indistinct collarcttc on dehiscence. Spores ellipsoidal to cylindrical , 
smooth-walled, 5·5- 7·0 X 3·5- 4·5 11m. Chlamydosporcs absent. 

Cur:nJRP. F.XA\IlNl!O.-CBS 122.72- BKM- F 1638, type srrain, ex soil ncar Samy, Ukr. 
S. S. R., A. A. Mil'l.o, 1971. 

MMlierellafalshedtrae Linncm. was not validly published nor has a strain of it been 
preserved; neither can the designation of an iconotypus b)• Linnemann ( 1971) be 
accepted as a validation. I t is described as having strongly bent sporangiophores but 
in a ll other aspects it agrees with the present species. Mortierella samyensis is very 
close to M. elongala Linncm . from which it is supposed to differ by shorter spores 
{Mil'ko, 1974) and the absence of chlamydosporcs. The sporangiophorcs arc con­
siderably shorter. The fi rst criterion cannot be regarded as significant because many 
compa tible strains of M. elongata with equally small spores have become avaiJable. 
In a mating experiment with a tester pair of M. elongata no zygospores were obtained. 

8. Mortierella eloogatula W . Gams & Domsch spec. 110o.-Fig. 8 

Coloniac fcre lcnte creseunt, dense ct inconspicue lobulatae, in mcdio parco mycelia aerio 
obtectac, typice olen a. Sporangiot>horn ex hyphis acriis oriuntur, too- >300 f.'m alta, rnro 
ba!itone rnmosa, c 4- 131•m ad a.o-2.51•m angustata. Sporangia ao-go 11m diam., multispora, 
dilapsa collare incorupicuum rclinquunt. Sporae ellipsoideo-fu.•iformes, lcvcs, 5.5-8.5 X 2.o-3.0 
11m. Chlamydosporne copiosac, tcnuitunicatac, globosac, nonnumquam paucis appcndicibus 
papillatis pracditac, ad 40 pm diam., guttulis olcaginosis rcplctac. 

Holotypus: CBS 488.7o, isolatus c dejectis domcs1icis, Braunschweig in Germanin, K. H. 
Domsch, 1970. 

Colonies growing rather slowly, with a daily radial increment of 4- 5 mm, with a 
delicate rosette pattern of dense lobes, in the centre with some aerial mycelium; 
odour typical of the genus, m oderately strong. Sporulation poor on MEA, better on 
SEA; sporangiophores arising from aerial hyphae, 100 to more than 300 Jim tall, 
rarely basitonously branched, tapering from 4- 13 ~Jm to t.o-2.5 J1ffi at the tip. 
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Fig. 7· Mortirrtlla samytruis, sporangiophore, sporangium, and spores X 500. 
Fig. 8. Morlimlla elongatula, CBS 468.70, sporangiophorcs, spores, and chlamydosporcs 

X500. 
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Sporangia to ·30 pm in diameter, many-spored, leaving an indistinct collarettc on 
dehiscence. Spores ellipsoidal to fusiform, smooth-walled, 5.5-8·5 X 2.0- 3.0 pm. 
Chlamydosporcs abundantly produced on MEA and some oth<'r media, scarcrly on 
SEA, thin-,,·alled, glob:>se, up to 40 11m in diameter, sometimes with a few teat-like 
appendages, filled with ~mall oil droplets. 

CuLTURES EXA\ftSEo.-CBS ¥38.70 ( D 79) anti 661.70 (U 224). ex municipal wastes, 
Braunschweig, F. R. G., K. II. Domsch. 1970. 

Alortierella tlongatula is close to AI. tlongata Linnem. and M. tpigama \V. Cams & 
Domsch (Cams & a/., 1972). It differs from the former by more fusiform spores and 
the presence of larger and globose ehlamydospores. The latter species has similar 
spores but is homothallic and produces abundant zygospores but no chlamydosporcs. 
In mating experiments with M. elonga/a no reaction was observed; therefore M. 
tlongatula is regarded as a distinct species. 

g. YioRTIP.RP.Lt..A OP.MMIFERA Ell is 

111 Trans. Br. mycol. Soc. 24 : 95· 1940.- Fig. 9 

Colonies growing rather fast with a daily radial increment of 5-8 mm, broadly 
lobed and zonate, evenly covered with a thin cottony aerial mycelium with numerous 
hypha! knots. Spontlation good on SEA, somewhat less on ~lEA ; sporangiophores 
arising from the substratum and from aerial hyphae, 600- 700 Jlm tall, with frequent 
b~itonous ramification, tal?cring from 10 13 pm to 2 ·4 Jim ncar the tip. Sporangia 
12 35 Jim in diameter, lcavmg a minute trace of a columella and a dist inct collarettc 
on dehiscence. Spores short clli~idal to cylindrical, often irregularly bent, smooth-

~ 
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Fig. g. Mortintlla gcmmifcro, strain Kuhlman 4 II A: sporangiophore X too; sporangiophore 
ti~, and chlamydosporcs X 500. 
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walled, 8-12( - I 7) X s-7( -g) Jim. Chlamydospores abundant, globose or irregularly 
lemon-shaped, ochraceous, 20-'25 Jim in diameter (orig. description so-so Jim). 
Invested zygospores, roo-150 Jim in diameter, were described by Ellis ( I.e.) but 
not observed srnec. 

CuLTURES EXA,umo.-CB •34·45 1CTC 6o82, type strain, ex pine forest soil ncar 
~ottingham, G. B.; CBS 842.70 {strain 7353}, ex forest soil, scm by Mrs. M. Turner to 
E. G. Kuhlman in 1970, possibly identical with CB 134.45 but with better sporulation. 

CBS 124.72, ex humus layer of an oak forest soil, Mccrdink-l:los ncar Winterswijk, Nether­
lands, B. E. S&Jerslr6m, 1971. 

XRRL A-16538, ex pine rootS, o rlh Carolina, £. C. Kuhlmnn {4IIA). 

After publishing M. gemmifera, Turner (pers. comm.) doubted the justification of 
the specific separation of this species. ~fating experiments with a tester pair of 
M. elongata Linnem. had no results. Therefore this uncommon species is regarded as 
sufficiently distinct. 

10. Mortierella kuhhnanii W. Carns spec. nov.-Fig. ro 

Mortimlla ekmgata Linnem. sensu Kuhlman rn Mycologia 64 : 335· 1972. 

Coloniae celeriter crescum, modice zonatae, mycelio acrio tenui obtcctae. fonitcr olcnt. 
Sporangiophora numcrosa ex hyphi$ submersis vel acrii$ oriuntur, 250-500 11m alta, crebro 
basitonc ramosa, c 12 20 11m ad 4 8( ao) 11m angwtata, sed in summo ad 8-14 11m inOata. 
Sporangia 25- 30 I'm diam., multispora, dilapsa columellnm applanatam conspicuam rclin­
quunt. porac elongato-cllipsoidcac, nonnumquam curvatac, )eves, 8-12(-17) X 4-5(-7) 1•m. 
Chlamydosporae abundantes, g lobosae, singulae, ochraccac, 9 22 1•m diam. pccies homothnl­
lica: zygosporac crassitunicatae, )eves, 50 55 1•m diam. 

Holotypus: CBS •57·7•. isola tus c trunco Pini flalwtris, Miley in Carolina meridionali, 
U.S.A.,£. C. Kuhlman, 1971. 

Colonies fast-growing with a daily radial increment of 8-g mm, faintly zonate, 
covered with thin aerial mycelium; odour stron!t and typical ofthc genus. Sporulation 
good on MEA and SEA; sporangiophores arrsing from the substratum and aerial 
hyphae, 250-500 Jd!1 tall, with abundant basitonous ramjfication, tapering from 
12-20 Jtm to 4-8(-10) Jtm below the tip, with a pronounced apical inflation (apo­
physis) of8-r4 11m in diameter and a slightly lower columella. Sporangia 25 35 11m 
rn diameter, many-spored. Spores elongate ellipsoidal, sometimes curved, smooth­
walled, 8- r2( 17) x 4- 5( - 7) Jlrn. Chlamydospores abundant, globose, solitary, 
ochraceous, 9-22 Jtm in diameter. Zygospore formation in the homothallic species 
was describzd by Kuhlman ( 1972) out could not be reproduced by the present 
author; zygospores smooth and thick-walled, so-55 Jim in diameter. 

CuLTURES exMu:o~eo.-CBS 157·71, type strain, ex stump of Pinw palwlris, Miley, outh 
Carolina; CBS ~69.7 1 (-:-."R.RL A- 11646) ; CBS ~70.71, ex stump of Pinw lotda, Patrick. 
South Carolina; CB 271.71, c:< seed lin~ of Pinw palrulrii, . outh Carolina; all comm. E. G. 
Kuhlman. 

Mortierella kuh/manii differs from the similar M. tlongala by the wide sporangiophores 
with an apical apophysis and the larger and globose chlamydospores. The distinction 
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Fig. 10. Morlitrtlla kuhlmanii, CUS 157·71 and 27 1.7 1: spornngiophorcs X 100; sporangio­
phore tips and spores X 500. 

Fig. 11. Morlitrtlla sckrotitlla, sporangiophore~, spores. and a chlamydospore X 500. 
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between these two species is also proved by the absence of any mating react ion 
between a tester pair of M. eumgala and M. kuhlmanii. Morlierella elongata has smaller 
zygospores with a honey-comb like surface (Cams & a/., 1972). Mortimlla kuh/manii 
has m ore affinity with M. btfjakouae Mil' ko (cf. below) because of the apophysate 
sporangiophores; it differs from this species by the more elongate spores, always 
soli tary chlamydosporcs and the homothallic behaviour, whilst M. bt/jakouae is 
hetcrothallic (Kuhlma n, 1972). 

1 1. MoRTI£RELLA DELJAKOVAE Mil 'ko 

in Nov. Sist. niz. Rast. 1973: 85.-Fig. 12 

Mortimlla candtlobrum Ticgh. & Lc Monn. sensu Kuhlman in Can. J. Bot. 4 7: 1721. 1969; 
i11 Mycologia 64: 334· 1972. 

Mortimlln zychat Linncm. sensu Kuhlman i11 Mycologia 64 : 339· 1972. 

Colonies fast-growing with a daily radial increment of 6 ~ mm, surface even or 
sometimes broad ly zonate and usua lly without aeria l mycehum ; odour typical of 
the genus but not strong (on SEA). SponJlation abundant on SEA, less on ~lEA ; 
sporangiophores arising from the substratum, 150 to more than Boo Jtm tall, with 
abundant basitonous ramificat ion, tapt•ring from ro- rs (-18) 11m to 4- 811m below 
the tip, with an infla tion (apophysis) 7 13 11m in diam"ter, and a somewhat shorter 
columC'lla. Sporangia 20- 35 Jtm in diameter, many-spored. Spores short ellipsoidal to 
subglobose, smooth-walled, 6-g(-11) x s-8 111n. Chla mydosporcs abundant ly pro­
duced, solitary or often in chains or irregular clusters (reminiscent of M. <.;·chat 
Linncm.), g lobose, thick-walled, ochraccous, 2o-45(-6o) Jtm in diameter. Zygospores 
were obtained by Kuhlman ( 1972) after mating between compatible strai ns; 
7.ygospores smooth and thick-wa lled, 43 s6 Jim in diameter. 

Cut.TURES 2XAlii1>"ED. CBS Bos.Gl'l (2 B) and8o6.68 ( 127), ex pine root bark, Xonh Carolina. 
E. G. Kuhlman, 1961'1 (previously preserved ns M. gtmmiftra Ellis). 

CBS 6or.68 (13 B), ex pine stump bark; CB! 267.7 1 (M 70), mnting 1ypc A, and 268.71 
(M 72), mating type B, ex Pinus tatflo seedling, E. G. Kuhlman, 1971, senl as til. ~'!hae Linncm. 

CBS 274·7 ' (M 92), mating aypc A, CBS 275·7' (M 29, :-.'RRL A 16539), mating type B, 
CBS 276.7 1 (M 93, :-.IRRL A 16540), mating type A, all three ex Pinus lotdo root, South 
Carolina, E. G. Kuhlman, 197 1, sent as til. condtlobrum Ticgh. & Lc Monn. 

CBS 123.72- BKM F- r6o8, L)•pc stmin, ex soil ncar nrny, Ukr. S. S. R., A. A. Mil'ko. 
197 1• 

CBS 209.72 (M 122), ex Piedmont soil, ~orth Carolina, C. S. 1/odgts, 1971 (comm. E. C. 
Kuhlman). 

T he arrangement of the chlamydosporcs in chains and clusters has been ob~erved 
in a ll strains bul is not equally pronounced in aJl of them. The siJlgle chlamydospores 
arc usually completely rounded off in contrast with M . ~;-choe Linnem., where the 
chlamydospore outline merges gradually into the connecting hyphal parts. The 
sporangiophorcs of M. zychae arc more slender than in M. beljakouae a nd do not have 
an apophysis . . o further difference was observed between the stra ins originally sent 
as M. candelabrum and M. zycllae. The species is very close to M . kuh/monii W. Carns 
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(cf. p. 122). Cams & Domsch (1970) put forward arguments for synonymizing M . 
spi11osa Linncm. with M. &andelabrum but this suggestion was not taken over by other 
specialists in this genus. The origina l description of M. calldtlabrum (van Ticghcm & 
Lc Monnier, 1873) agrees less with M. beljakovae than with M . spinosa or M. hyalina 

Fig. 12. Mortimlla beljakooat: CBS 8o6.68, sporangiophorcs X 100, sporangiophore tips 
and spores X soo; CBS 209·72, chlamydosporcs X 500· 
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(Harz) W. Cams; moreover, M. beljakovae is apparently very rare or absent in 
central and western Europe and has probably not been available to van Tieghem & 
Le Monnier ( 1873). Mort wei/a candelabrum is best left in the status of a doubtful 
species, so that misunderstandings about its identity can be avoided. 

12. Mortierella parazychae W. Cams spec. nov.- Fig. 13a 

Colonia<: fcre cdcriter crcscunt, dense lobu.latae et zonatae, mycelio acrio in mc<lio obtectae, 
fortitcr olent. Sporangiophora pauca ex hyphis acriis vel submersis oriuntur, So-250 1•m alta, 
raro basi tone ramosa, c 4-6 pm ad 2.5-3.0 pm angwtata. Sporangia 12~0 1•m diam., 
multispora, dilapsa eollare inconspicuum et columcllam minulissimam rclinquunt. Sporac cllip­
soidcac ad cylindricae, I eves, duplicitunicatae, 3.5-8.o X 2.o-3.3 1•m. Chlnmydosporae copio­
sae, praccipuc in mycclio aerio, dense catcnulatac ct accrvatac, ex articulis fcrc globosis, 
ro-r8 pm diam. compositac. 

Holotypw: CBS 868.71, isolatus e ligno putrido Pini sylwtris una cum Botryobasidio sub­
coronato (HOhn. & Litsch.) Donk, Trcck propc Amcrsfoort in Neerlandia, J. A. Stalpers, 1971. 

Colonies growing moderately fast with a daily radial increment or 5- 7 mm, 
densely lobed and zonate, with some aerial mycelium in the centre; odour rather 
strong and typical of r.hc genus. Sporulation moderate on SEA, poor on MEA ; 
sporangiophores arising from aerial hyphae or from the substratum, 8o-250 11m tall, 
wir.h infrequent basitonous ramification, tapering from 4- 6 11m to 2.~-3.0 Jllll at r.he 
tip. Sporangia 12- 20 JLm in diameter, many-spored, leavin~ an inconsprcuous collarctte 
and a trace of a columella on dehiscence. Spores ellipsotdal to cylindrical, smooth­
walled, surrow1dcd by a thin outer wall, ~.5-8.0 X 2.o-3.3 JIID. Chlamydosporcs 
abundantly produced , particularly in the aenal mycelium, in dense clusters, almost 
globose, gradually merging into the narrow portions, thin-walled, 1o-18 11m india­
meter. 

Known only from the type culture. 

Mortimlla para.ov:hae differs from the similar M. qchae Linnem. (sec Fig. 13b for 
comparison) by smaller (M .<;>·chae 8-12 X4-5-6.o 11m), double-walled spores and 
also shorter, less conspicuously ~ranched sporangiophorcs. 

13. MORTl£R.£LL.A SCLEROTlELLA Mil'ko 

in 1\ov. Sist. niz. Rast. 1967: t6o.-Fig. 11 

Colonies growing moderately fast, with a daily radial increment of s-6 mm, 
dense!( lobed and zonate with little aerial mycelium in the centre; odour weak but 
tyPica of the genus on SEA. Sporulation moderate on SEA; sporangiophorcs 
ariSing from the subSLratum or from aerial hyphae, 5o-3oo 11m tall, with basitonous 
ramification, tapering from 5-8 11m to 2- 4 JLID at the tip. Sporangia 15-'20 Jllll 
in diameter, few-spored, on dehiscence leaving an imperceptible collarcttc. Spores 

Fig. 13a. Mortic'tlla parazychae, sporangiophore, spores, and clwter of chlamydosporcs X 500. 
Fig. 13b. Mortimlla QV:hat, CBS 316.52: sporangiophore X roo; sporangiophore tips and 

spores X 500. 
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shor t ellipsoida l to subglob osc, somet imes curved , with a minute striate ornamentation 
(vis ible particu larly in lact ic acid mounts where the outer wall is separated from the 
spore content), 6-1ox6-8 ~m . Chlamydosporcs abundantly produced, g lobose, 
sometimes elongate, ochraccous, 40-90 Jtm in diameter, often giving rise to numerous 
shorter or longer rad iating hyphae. 

CuLTURE £XJU~tNW. CBS 529.68 - BKM F t !)09, type strain, ex mouse cxcremenl!, 
ncar Kiev, Ukr.S .. R., A.A. Mil'ko, 1!)64. 

M. sclcroliel/a is close to M. gemmifcra Ellis, but differs by shorter, finely ornamented 
spores a nd the funbria tc appearance of the chlam ydosporcs. 

14. Mortierella armillariicola \V. Gams spec. nov.-Fig. 14 

Coloniac cclcritcr crcscunt, in margine lobulatac, in mcdio myeclio acrio obtcctac, vix 
olent. pornngiophorn ex hyphisaeriis vel submersis oriun1ur, nd 1500 1700 1•m nita, irrcgulari­
tcr basitonc vel mcsotonc vel raro acrotonc ramosa, c t~O ,.m ad s-7 11m nngustata. 
Sporangia 6o >go 1•m diam., multisporn, dilapsa collarc fere conspicuum relinquunt. 
Spornc irrcgularitcr t-longntac, sa<'pc rcniformcs, !e-ves, t8 26( 32) X 8 12( 17) 1•m. Chlamy­
dospornc globosac, singulac, Cra$itunicatnc, 4<>-6<> I'"' diatn. 

Holotypus: CB · 9'4·731 isolatus c lamcllis Armillarioe mtlltot una cum l!iuiomyetlt dcdpitntt 
(Tul.) Rccss, Crocneveld prope Raam in Nccrlandia, W. Gauu, 1\ov. 1973. 

Colonies in fresh isola tes fast-growing, after some transfers slow, with a daily 
radia l increment of 2 mm, minutely lobed at the margin, covered with some aerial 
m ycel ium in the centre; odour weak. Sporulation abundant on SEA and PCA, 
modera te on M EA ; sporangiophores arising from aerial and submerged hyphae, 
with a little distinct base, up to 150<>-1 700 pm tall, with irregularly basitonous to 
mcsotonous or rarely acrotonous ramification, tapering from 18 ·20 pm to 5 7 Jtm 
ncar the tip. Sporangia 6o- over go Jtm in d iameter, many-spored, leaving a rather 
conspicuous collarctte but no columella on dehiscence. S~rcs irregularly elongate, 
often kidney-shaped, ~mooth-walled, 18 26( 32) X 8 12 1 7) ~m. Chlamydosporcs 
commonly produced, globos<;, solitary, thick-walled, 4<>- o ~m in diameter. 

K nown only from the type strain and some other isola tes from the same origin 
and locality. 

M. armillariicola is s imilar to M. gemmijtra Ell is, but has m uch larger dimensions. 

15. Mortierella selenospora W. Cams spec. 11ov.- Fig. 15 

Colonine celeri ter crescunt, late zonatae, mycelio ncrio pauco obtectae, modice olent. 
Spornngiophorn ex hyphu submcrsis oriuntur, paucis rhizoidcis prncditn, 350 goo pm alta, 
basitonc vel mcsotonc ramosa, c 7-12 111n ad 3 I'm angustata. Sporangia 35-50 11m diam., 
muhispora, dilapsa collarc inconspicuum relinquunt. Sporne lun:llae, paricte utrinquc inspis­
sato, !eves, 15-20 X 5-g,.m. Chlamydospornc rnrac, tl'rminalo, pyriformcs, •s-•8 I'm diam. 

Holotypw: CBS 8t t .68. isolatw c limo culturac agaricorum, liorst/L. in Nccrlnndia, Sept. 
•968. 
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Colonies fast-growing, with a da ily radial increment of 7-8 mm, broadly zonate 
with little aerial mycelium ; odour moderate but typical of the genus. Sporulation 
abundant on SEA, less on MEA; S_P?rangiophores arising from the substratum with 
a few rhi?.oids, 35<>-900 11m tall, w1th basitonous to mcsotonous diffuse ramification, 
tapering from 7- 12 Jtm to 311m at the ti:(>. Sporangia 35- 50 pm in diameter, many­
spored, on dehiscence leaving an inconsp1cuous collarette. Spores lunate (shape of 

Fig. 14. Mortige/la annillarii0/a: sporangiophore x 100; sporangiophore tips, spores, and 
chlamydospore X 500. 
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Fig. 15. Morlimlla stltnOJpora: sporangiophores X 100; spores X 500. 

an orange slice) with a thickened wall at either end, smooth-walled, 15-20 X 5-9 11m. 
Chlamydospores scarcely produced, termina l, pyriform, 15-18 11m in diameter. 

Known only from the type s•rain. 

The only other species with lunate spores is M. umbe/lata Chien ( 1972) which has 
unusual acrotonously verticillate sporangiophores and smaller spores of 7- 10 X 3-5 
Jlffi· 

16. MortiereUa basiparvispora W. Garns & Grinbergs spec. nov.-Fig. 16 

Coloniae fcre celcritcr crcscunt, dense radiatim striatac, pauco mycclio acrio in mcdjo 
obtectae, modice olc:nt. Sporangiophora numcrosa ex hyphi• submcrsis oriuntur. 25<>--300 1•m 
aha, crebro basi lone ramosa, c 8-13(-18) ,,m ad 3-7 11m angustata. Sporangia 25-50 pm 
d iam., muhispora, dilapsa collarc corupicuum rclinquunt. Sporac subglobosac ad globosac, 
lcvcs, 3- 4 1•m diarn. vc:l 5 6 X 4 5 1•m. Chlnmydosporac: abiunl. 

Holotypus: CBS 518.72, isola lus c solo sub Fitl!;ro;·a ropreswidt, Cordillera l'clada propc 
Valdiviam Cbilcnscm, ]. Grinlmgs, 1972. 
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Colonies growing moderately fast, with a daily radial increment of 4- 5 mm, 
narrowly radially striate, with little aerial mycelium in the cent re ; odour faint, but 
typical of the genus. Sporulation moderate on MEA, very rich on SEA; sporangio­
phorcs arising from the substratum, 25o-300 pm tall, with repeated l>asitonous 
ramification, t.<lpering from 8- 13(-18) pm to 3- 7 pm ncar the lip. Sporangia 25- 50 
Jtm in diameter, many-spored, leaving a conspicuous collarctte on dehiscence. Spores 
subglobosc to globose, smooth-walled, 3 •4 Jlffi in diameter or 5-6 X4- 5 pm. Chlamy­
dospores absen t. 

CuLTURES EXJUIIStm.-CBS 5 17.72 (i'\o. ~.!1 ) and 5 18.72 (No. 108), l)'pc str:Un, ex soil 
und~r Fitzroya cuprusoitk.r, Cordillera Pclada, Valdivia, Chile, J. Crinbtrgf, 1972. 

The two strains differ somewhat in spor<' size and shape: 518.72 has smaller a nd 
globose spores and the sporangiophores arc more slender at the tip (3 pm), whilst in 
CBS 517.72 the spores arc l>igger, subglobosc and thc sporangiophorctips 57 pm 
wide. Mortitrella basiparuispora can be regarded as a counterpart of M. paruispora 
Linnem. with consistently basitonous ramification and no trace of a columella; 
therefore it is placed in sect. I f;>grophila. 

Fig. 16. MortitrtUa bOJiparvispqra, sporangiophores and spores X330.- a. CBS 518.72. -
b. CBS 517.72. 
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17. Mortierella clonocystis W. Gams spec. nou.-Fig. 17 

Coloniae mod ice celeriter crescunt, late lobatae, quoque lobo mycelio aerio obtl"cto, modice 
olent. Sporangiophora pauca plerumque ex hyphil submcrsis oriuntur, 85- 100 JUII aha, raro 
unum ramum mesotonum proferunt, e 2.5--3·0 pm ad r.o pm angustata. porangia ro-12 ,,m 
diam., muhispora, dilapsn coli are inconspicuum rclinquunr. Spome subglobosae, (eves, 2.5-4.0 
pm diam. Chlamydosporac aut parvac globo:sae, 6-ro I'm diam., aut rangiformes ex hyphis 
ramosil inAatus submersis vel aeriis, 7- 12 pm Ia tis transformatae. 

Holotypus: CBS 357·76, i.wlatus e solo sub Apollonio C/IIUUitnsi (Willd.) Nees in insula Gran 
Can aria prope Tali ram, leg. ]. A. oon Arx, Apr. 1976 .. 

Colonies growing moderately fast with a daily radial increment of 6- 8 rnm, 
broadly lobed, with patchy floccose aerial mycelium on the lobes; odour not su·ong 
but typical of the ~enll)!. Sporulation moderate on SEA, absent on MEA. Sporangio­
phores mostly arismg from the substratum, 85-160 JJm tall, rarely bearu1g a mesoto­
nously inserted lateral branch, tapering from 2.5- 3.0 !Jill to 1.0 J.Jffi· Sporangia 
10- 12 JJm in diameter, many-spored, on dehiscence leaving an inconspicuous colla­
rettc. Spores subglobose, smooth-walled , 2.~-4.0 JJm in diameter. Chlamydosporcs of 
two typ<;s: (a) small, ± globose,6--10 pm in drameter, and (b) consisting of submerged 
or aerral broadened hyphal branches repeatedly dichotomous, 7- 12 11m wide. 

Known only from the type strain. 

1
!0 ~ 1 ~rni ill' 
! I I 

~ i J~,l 
II I ) 

JJ \1 
Fig. '7· Mortimllo clonOCJslis, sporangiophores, spores, and two kinds of chlamydospores X 500. 
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Mortierella clorux:yslu recalls M. globalpirza, but has longer and more slender sporan­
giophorcs wtlh an occasional side branch. Tt is therefore placed in section Hygrophila. 

S E c T 1 oN S P 1 N o sA Linncm. emend. W. Gams 

Sporangiophores with a wide, often curved base, bearing mcsotonous to acrotonous 
cymosc branches. Sporangia usually with a minute columella. 

18. Mortierella epicladia W. Gams & Emden spec. rzoo.-Fig. 18 

Coloni ac fcrc cclcritcr crcscunt, dense lobulatac, mycclio acrio parco obtcctac, mod icc olcnt. 
Sporangiophom ex hyphis submcrsis vel acriis oriuntur, 6o-16o 1•m alta, 1- 3 ramos acrotonos 
profcrunt, c 6-8(-9) 11m ad 1.5- 2.0(-3·5) pm angwlata. porangia 12-20 11m diam., multi­
spora, dilapsa columcllam minutam ct collarc inconspicuum'rclinquunt. Sporac ,.. globosac, 
levcs, 4- 7(-10) 1•m diam. Chlamydosporac rarae, ± limoniformcs, vulgo 6 pm diam. 

Holotypus: CBS 355·76, isolatus e solo sub Apollonia canorilmsi (Willd.) Ncl'S in insula Gran 
Canaria propc Tafiram, leg. J. A. wn Ar.f, Apr. 1976. 

Colonies growing moderately fast with a daily radial increment of 6-8 mm, 
forming a rosette of dense lobes, with very little aerial mycel ium; odour moderate 
but typical of the genus. Sporulation rich on SEA, less on MEA, sporangiophores 
arising from the substratum or aerial hyphae, Go-160 11m tall, bearing 1 -~ acrotonous 
branches, tapering from 6-8(-9) to 1.5- 2.0 (-3.5) 11m at the tip. porangm 12 20 llffi 
in diameter, many-spored, on dehiscence leaving a minute columella and inconspicuous 
collarctte. pores± globose, smooth-walled, 4- 7( -1 o) llffi in diameter. Chlamydospo­
res scarcely produced, ± lemon-shaped, about 6 JAm in diameter. 

CuLn;RES &XAMir<EO.- CBS 246.75• ex soil under Elotis guinunsis, Surinam, J. H. van 
Emdm, •975· 

Cl3 355· 76 (type ~train) and 356.76, ex soil, Gran Cannria, nr. Tefira, under Apollonias 
canarimsis, leg. J. A. L'On Arx, Apr. 1976. 

This is the only Mortimlla species isolated during an extended study of soil fungi 
in a soil sample from Surinam by J. H. van Emden. M. epicladia is closest toM. 
pukhtlla L innem., but differs by faster growth (M. pulchella has 4-5 mm daily radial 
increment) , slightly bigger spores and the presence of ehlamydosporcs. The relative 
length of the lateral branches is variable (cf. Fig. 18a and b) as in M. pulchella and 
cannot be regarded as being of taxonomic importance. 

19. Mortierella acrotona W. Gams sp. noo.-Fig. 19 

Coloniae cdcritcr crcscunt, late zonatac, mycclio aerio tenui lanuginoso usque ad mnrgincm 
obtcctac, modice olent. Sporan~iophora ex hyphis aeriis tarde oriumur, 1 1e>-350 pm alta, 
plerumquc unum (raro duos) ramulum acrotonum profcrunt, e 7-12 11m ad ~-5 1•m angustata. 
Sporangia 15 ·40 1•m diam., 1 ·4-spora, dilapsa coll::tre conspicuum infundjbuliforme rclin­
quunt. Sporae globosac, levcs, duplicitunic.'\taC, I 1 -~4 ,.m, plerumque I 7 ~0 ,.m warn. 
Chlam>•dosporac vulgo adsunt, fcrc globosac, 15-22 t•m diam. 

Holotypus: CBS 386.71, isolatus c solo propc Rambagh J>aJacc Hotel, jajpur in India, 
leg. D. H. Wieringa-Brants, Jan. 1971. 
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Fig. aS. Morliaella epicladia, sporaogiophorcs, sporangium. spores, and chlamydospore 

x 500. - a. CBS 355· 76. - b. CBS 246. 7'i· 

Colonies fast-growing with a' daily rad ial increment of g-12 mm, broadly zonate, 
evenly covered with a thin cottony aerial mycelium which extends to the margin; 
odour moderate but typical of the genus. Sporulation appearing only after 2-3 weeks 
on MEA and SEA; sporangiophores arising from aeraal hyphae, aa o-350 pm tall, 
bearing usually one (rarely two) acrotonous branches, tapering from 7- 12 JJID to 
2- 5 Jim at the tip. Sporangia 1~-40 pm in diameter, containing each 1- 4sporcs, on 
dehiscence leaving a pronounced, funnel-shaped collarette. Spores globose, smooth­
walled, surrounded by a thin outer wall, 1 1-24 pm, mostly 17-20 pm in diameter. 
Chlamydospores commonly produced, globose, gradually merging into thesubtending 
hypha, 15 22 pm in diameter. 

CuLTURES EXAMlNED.- CBS 383.71, 385.7'• 386.71 (type strain) , ex soil ncar Rambagh 
Palace Hoael, jaipur (loose ligh1-brown soil), India, leg. D. II. Wimnga-Brants, Jnn. 1971. 

Morlim/la aerotona is very distinct by its large, double-walled spores. Similar wall 
structures occur rarely in species of various sections, viz. in M. angus/a (Linnem.) 
W. Gams, M. para~'Chae Vi . Gams (cf. p. 126), and M. W<Jljii Mehrotra & Baijal. 
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Fig. 19. Mortiertlla acrolono, CBS 386.71 nnd 385.17, sporangiophores, spores, nnd chlamy­
dospores X 500. 

20. MORTIBRELLA JBNKINll (A. L. Sm.) Naumov- Fig. 2 0 

Morlimllo bainieri Cosl. var. jmkinii A. L. ·m. inj. Bot., Lond. 36: 18o. 1898. - Mortimllo 
jenkinii (A. L. Sm.) Nnumov, Opredclitel' Mukorovykh (Mucorales), Ed. 2: 97· 1935· Moskva­
Leningrad. 
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Colonies moderately fast-~owing with a daily radial increment of about 5 mm, 
finely radially striate, with httle aerial mycelium in the centre; odour typical of the 
genus but not strong. Sporulation abundant on SEA and oatmeal agar, weak on 
MEA; sporangiophorcs arising mostly from aerial hyphae, sometimes from the sub­
stratum with rhizoids, 4oo- over 1500 pm tall, the basal part often curved and up 

Fig. 20. Morlimlla jtnkinii, CBS 667.70: sporangiophores X 100 and X350; spores xsoo. 
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to 600 Jim long before the numerous basitonous, mcsotonous or acrotonous branches 
arc inserted, tapering from ro-12 (to over 20) 11m to 2.o-3.5 JJm at the tip. Sporangia 
t o-6o pm in diameter, many-spored, on dehiscence leaving a minute trace of a columel­
la and a small collarcttc. Spores short-ellipsoidal to cylindrical, smooth-walled, 
3·5- 4.o(-o.5) X 2.o-2.5 Jim. Chlamydosporcs absent or tardily produced, lemon­
shaped, 7- 10 11m in diameter. Zygospores were not obtained m spite of repeated 
mating. 

CuLTURES EXAMINEo.-CBS 1og.68, ex Datdalta qucrcina (L. ex Fr.) Pilat, lloo Forest, 
Kr. Rendsburg, F. R. G., W. Canu, 1965. 

CBS 667.70 and 850.70, ex agricultural soil, Wagcningen, J. Jll. Vembaos-RijAs, 1970. 
CBS 516.72, c:" soil under Fituoya cupressoidts, Cordillera Pclada, Valdivia. Chile. J. 

Crinbergs (No. 107), 1972. 
CBS 188.73, ex turf layer of a golf green which has received fungicidal treatment for a Jon~ 

period, Nottingham, G. B., comm.J. I. Williams. 1973· 
CBS g65.73 A- D and 666.75 ,\ - 0 , ex forest soil under Pi«a abies, Sweden, B. E. S&krstr6m. 

The strains listed here arc of rather constant morphology with the very variable 
branching pattern ranging from basitonous to acrotonous. The classification in 
section Spinosa is preferred over section Hygrophila because of the thick, oficn curved 
basal part of the sporangiophores and the sometimes occurring minute columella. 
This interpretation of M. jenkinii agrees perfectly with the original description and 
illustration, but expands the range of variability. 

21. MortiereUa cystoje nldnii W. Cams & Veenbaas-Rijks spec. nov.- Fig. 21 

Coloniae fcrc lcntc crcscunt, !eves, parco mycelio acrio obtcctac, modicc olcnt. Sporangio­
phora numcrosa c.~ hyphil submersiJ vel acriis oriuntur, 12o- > 200 11m alta, raro mcsotone 
vel aero tone ramosa, e 3-8 pm ad 1.2-3.0 11m angustata. Sporangia 1 o-20 I'm diam., mul­
t.ispora, dilapsa collare inconspicuum et columellam minutissimam relinquunt. porac emp­
soideo-cylindricac, !eves, 3-4 X 1.2~.0 11m. Chlamydospornc abundant('$, globosar, crassitu­
nicatac, dilute brunncac, 20 6o pm diam. 

lfolotypw: CBS 456.71, isolatu, e solo agrcsti propc Wagrningen, J. W. Veenhaas-Rijks, 
20 Feb. 1971. 

Colonies rather slow-growing, with a daily radial increment of about j mm. 
smooth, with little aerial mycelium; odour weak but typical of the genus. Sporulation 
abundant on ~EA and SEA; sporangiophorcs arising from the substratum and 
aerial hyPhae, 120 to over 200 pm tall, with infrequent mcsotonous to acrotonous 
ramification, tapering from 3-8 pm to 1.2- 3.0 pm at the tip. Sporangia 1o-20 pm 
in d iameter, many-spored, leaving an inconspicuous eollarette on dehiscence and a 
small trace of a columella. Spores ellipsoidal-cylindrical, smooth-walled, 3- 4 X 1.2-
2.0 pm. Chlamydospores abundantly produced, globose, thick-walled, light brown. 
2o-6o Jl.m in diameter. 

CULTURES EXAlUN8D.-CBS 456.71, type strain, c.~ agricultural soil, Wagcningcn. J. W. 
Vunbaos-Rijks, 20 Feb. 1971. Another strain was isolated from Betula leaf litter, Ostcrau, Kr. 
PIOn, F. R. G. in 1g65, but is now lost. 

Morlimlla cystojenkinii differs from M. jenkinii not only by the presence of large, 
globose chlarnydosporcs bu t also by smaller spores. 
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Fig. 21. M11rtimlla cystojmkinii: sporangiophore x too; sporangiophore, spores. and chla­
mydoopor~ x 500. - a. strain from BttuU! liuer.- Cll~ •156·7'· 

22. Mortierella funbricystis W. Cams spec. nov.- Fig. 22 

Coloniac fcrc lente c~um, ineonspicuc radialim striatac, mycclio aerio absente, modice 
olent. Sporangiophorn ex hyphis submenis, nonnumquam ad basin rhizoidcis prncdita. vel 
ex hyphis aeriis oriumur, 140 320 1•m alta, raro ncrotone rnmosn, e 7 13 J•m ad 2 ·4J•m 
ani(Ustata. pornnltla 15-30 1•m diam., muJcij pora, dilapsa collarc inconspicuum ct columcl­
lam minuLijSimam rclinquunr. Sporac cllipsoidc:o-cylindricac. lcvcs. 4·<>-5·5 X 2.o-3.0 J•m. 
Chlamydooporac copios.'lt', pra~ipue in m)•cdio aerio, intercalarcs vel lateralcs, globosnc vrl 
elongatnc, ochraceac ad aumntiacae, 28-45 I'm diam .. appcndicibllj 2-4 1•m longis dcnjC 
limbriatae. 

l lolotypus: Cll. 971· 70, isolatus c 1>ulvino musci cuiusdam, Puerto Edwards in Patagonia 
mrridionali propc canalcm navis Beat.; lc, F. Jll. Wtnl, 1970. 

Colonies rather slow-growing \\;th a daily radial increment of 3- 5 mm, \vith a 
fine radiating stntcture and no aerial mycelium ; odour weak but typical of the 
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genus. Sporulation good on :MEA and SEA; sporangiophores arising from the sub­
stratum, sometimes with rhizoids, or from aerial hyphae, 14o-320 11m tall, with 
scarce acrotanous ramification, tapering from 7- 13 Jim to 2- -;1- Jim at the t ip. Sporan­
gia 15-30 Jim in diameter, many-spored, leaving an inconspicuous collarcuc and a 
trace of a columella on dehiscence. Spores ellipsoidal-cylindrical, smooth-walled, 
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Fig. 22. MorlimllajimbricystiJ, sporangiophore, spores, and chlamydosporcs "' 500. 
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<j.0-5·5 X 2.0- 3.0 Jtm . Chlamydosporcs abundantly produced, o ften in the aeria l 
mycelium in intercalary or lateral posit ion , globose or elongate, och mceous to orange, 
28-45 Jlffi in diameter, densely covered with fimbriate appendages, 2- 4 Jtm long. 

Known only from the type st rain . 

Morlierella jimbricystis is close to M. uhinosphaera Plaats- itcrink (van der Plaats­
l\'iterink & a/., 1976) but differs by larger, somewhat pigmented ch lam ydospores and 
the presence of sporangiophorcs. The strain was preserved as M. alliacea Lin nem. 
until recently, but differs from this spec ies by ta ller and branched sporangiophores 
and also taller clllamydosporcs. 
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NOTES AND BRIEF ARTICLES 

MORTIERELLA TURFICOLA LING YONG 

\V. GAMS & H. HoooHtE~tsTRA 

Cmtraalbureau voor Schimme/cullures, Boom 

(With one Text-figure) . 

Several species of Mortierel/a described until 1930 arc today unknown since living 
cultures arc unavailable. The diagnoses of most of these species have been reproduced 
by Linnemann (in Zycha & Siepmann, 1970) . but it is difficult to assess the justi­
fication of their retention. Recently Kuhlman & Hodges ( 1972) rediscovered M. 
rostofinskii Bref. and M. strongulota Ticgh., two similar but distinct species. This 
contribution concerns the rediscovery of another so far problematic species. 

During the study of the fungal flora of the lleseper Moor near Mcppen, Niedcr­
saehscn, F. R. G., Morlierella lurjicola Ling Yong ( 1930) was found to be the predom­
inating Morlierella species. A stand of Sphagnum recurvum P. Bcauv. witl1 some 
Eriophorum vagina/urn L. (pH c. 4.8) was sampled on 28 J unc 1976 during a very hot 
period. Warcup's soil plates were poured from various zones of decaying Sphagnum 
plants. Mortierella lurjicola appeat·cd on 75 % of the plates from the yellow zone at the 
foot of the living plants, on 85- 100% of the plates from the underlaying brown zone 
and on o- 25% of the plates from the next, yellow zone at 8-to em below the surface 
of the living plants. Morlitrella exigua Linnern. was once found in addition to M. 
turfoola. 

MORTlERELLA TURFICOLA Ling Yong 

in Revue gen. Bot. 42 : 743· 1930.- Fig. 1 

Colonies on 2% MEA (pH 7) growing moderately fast, reaching 6-6.5 em diarn. 
in 6 days, with scanty aerial mycelium mostly present ; odour weak but typical of the 
genus. Sporangiophores numerous, arising mostly from aerial hyphae, generally 
unbranched, rarely producing one basitonous lateral branch, 100- 250 pm tall, at 
the base 6-10(-17) 11m wide, tapering to 2- 4 Jim at the tip ; some d1chotomous 
rhizoids commonly produced ncar the base of the sporangiophores; tips imperceptibly 
widening below the sporangium. Sporangia most ly 2o-32 11m in diameter, many­
spored, leaving a more or less prominent, 2- 5 JIID high columella on dehiscence. 
Spores regularly globose, smoot-hwallcd, 2.5-s.o(-4.5) Jim in diameter. Chlamydo­
spores absent. 

141 
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Scanty immature zygospores were obtained after mutual combinations of 1 ~isolates 
on various media in only two combinations on cherry decoction a~ar after 6 days at 
15- •7·5 °C but not above; suspensors developing without iniual entangling, of 
unequal size and shape; zygo~res smooth- and thin-walled, ~~-30 11m in diameter, 
but not developing any wall d1!Terentiation of mature zygospores. 

Coi.ONrES PRESI!RVPJ>.- CBS 430.76, 431.76, 432.76, 433.76; ex decaying Sphogmmr r«Uroum, 
Hcscpcr Moor, Nicdcmtchscn, F. R. G., H. Hooghimulro, 28 J une 1976. CBS 432.76 is com­
patible with 431.76 and 433· 76 and is designated as neotype strain of the species. 

Mortierelia turjicola was described by Ling Yong ( 1930, spclt Ling Young in the 
journal, Ling Yong in the reprint ) as occurring in peaty soil. Wolf( 1954) studying 
Mortierella species in south German pcatbogs did not mention this species nor did 
she describe any similar species. Turner & Pugh ( 196• ) tentatively identified some 

Fig. 1. ,\4orlim/la lurjieoln, porangiophores with spores and development of zygospores 
x soo. 
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salt marsh isolates as M. lurjicola; one of their strains (CBS 898.68) bears less resem­
blance toM. turjicola than the present isolates; the sporangiophorcs arc mesotonously 
branched, have no columella and the spores arc subglobose, up to 6 Jlffi diam. 
Dickinson & Maggs ( 1974) mention the frequent isolation of M. turfu:ola from 'vashed 
leaves of Sphagnum magellanicum at an ombrophiJous peat mire in Fozy Moss, North­
umberland, G. B., down to a depth of 4 em, but do not give further information on 
the fungus. 

Our strains agree very well with Ling Yong's observations in the basitonous 
branching, length of sporangiophores, presence of a columella and the tiny globose 
spores. Ling Yong illustrated two branches of the sporangiophore, a number we 
never observed. His measurements of sporangia ( 10 15 11m) and spores ( t.S-2.0 Jllll) 
arc smaller than ours, but seem somewhat unrealistic. \Vc therefore do not doubt 
that the identification is correct. ' 

The species keys out in section Hygropl!ila according to Cams (1970) because of 
the basitonous ramification. The strongly developed columella is unusual in this 
section. It can be expected that this species has been described under other species 
with unbranched sporangiophorcs, since ramification is scarce, and a classification 
in section Simplex W. Cams would be particularly tempting. ln Linnemann's keys 
M. pulcfltllo Linn em. best fits this fungus, but the rarely observed (in our observations 
on SEA cultures not infrequent) acrotonous ramifications exclude a possible identity. 
The description of M. pusilla Oudem. sensu Linnemann (in Zycha & Sicpmann, 
t970) aJso suggests this fungus, but its original isolation from a pine-oak forest soil 
at Spanderswoud, Netherlands (Oudcmans & Koning, 1902) makes this identity 
very unlikely. Samples of this soil studied recently by the senior author yielded 
amongst others M. pulchelta Linncm. Several authors interpreted M. pusilla in the 
sense of M. isabel/ina Oudcm., but this is contradictory to the original description of 
unpigmented rosette growth. This species might have been a relative of M. alpu1a 
Peyr., but is best left in the status of a doubtful species. Morl~rella lurjicola docs not 
have much affinity with M. alpina. The sporangiophorcs arc longer and do not show 
the characteristic awl-shaped habit with a swollen 'basal fool' and the zygospores 
develop in the agar. Therefore we prefer to rctait\ it in the section Hygrophila in 
wltich, to date, it is unique by its smaJI, globose spores and the presence of a columella. 
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NOTES ON MYCOACIA-I 

J. A. STALPERS 

Centraolbureou voor Schimmelcultures, Boom 

(With one Text-figure) 

The genus Mycoocio Donk ( 1931 ) originally contained four species, viz. M. 
fuscootro (Fr. ex Fr.) Donk ( type), M. udo (Fr. ) Donk, M. s/enodon (Pers.) Donk, and 
M. setoso (Pcrs.) Donk. This last species, however, is the type species of Sorcodontio 
S. Schulzer 1866. Later ( 1952) Donk considered M., setoso as generically distinct. 
The monotypic genus Sarcodontio has globose to subglobosc spores with thickened 
walls and is parasitic, while Mycoacio has ellipsoid to allantoid thin-walled spores and 
is saprophytic. When M;•coacia and Sarcodontio are considered as congeneric (e.g. 
:'1/ikolajeva, 1961 ), Sorcodontio is the correct name for the genus. 

M)'coo&ia and Sorcodontia arc both classified in the Coniciaccac (Donk, 1 964; 
Parmasto, 1968) ; they arc characterized by the resupinate hydnoid ceraceous basid­
iocarp, the monomitic hypha! system and the smooth non-amyloid spores. The 
genera arc closely related to Phlebio. 

Another eight species have been added to M;'COocio. Four really belong there 
(although they cannot all be accepted as distinct species), of two species no type 
material is available and two are good species, but have to be excluded. These last 
two species arc described and discussed below. 

MvCOACIA DENTICULATA (Pers.) Parm. 

The type specimen is Steccherinum ochraceum (Pers. apud Gmcl. ex Fr.) S. F. Gray 
(Maas Geestcranus, 1974). However, :'1/ikolajeva (1961) as well as Parmasto (1967) 
considered the species in the sense of Bourdot & Galzin (1928), who described a 
quite different species under this name. The latter should be classified in the genus 
Resinicium. 

Resiniciw:n bisporw:n Stalpers spec. nov.-Fig. 1 a-c 

Fructilicatio resupinata, effusa, hydnoidca, mcmbranacca vel ccracea. Aculci ad 2 mm 
longi. Hymenium ocllfaceum vel cinnamomeum. Systema hypharum dimiticum. Hyphae 
fibrntac in parte centrale aculcorum, 2.5- 4·5(-5) pm diam. I lyphac subhymeniales irrcgulares, 
fibulatac, 2- 3.5(-7) 11m diam., interdum subgclatinosae. Cystidiolae capitatae vel fusiformae, 
norma liter ad apices halonatae. Basidia subclavata, 11-17 X 3-4 pm, cum 2 sterigrnatibw. 
Sporne hyalinae, !eves, cllipsoideac vel cylindricac, 4-5-5·5(-6) x 2.2-2.8 1•rn, non amyloidcac. 
Specimen typicurn: Bourdol /277 (PC). 
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Basidiocarp annual, resupinate, effused, membranaceous to ceraceous, cracked 
when dry, densely covered with spines. Spines single, rarely concrescent at the very 
base, s lender, acute or somewhat fimbriate at the apex, up to 2 mm long. Hymenial 
surface ochraceous LO cinnamon. Margin paler. No reaction witlr KOH. Hyphal 
system dimitie. Skeletal hyphae in central cylinder of spines, 2.5 4·5( 5) ltm in 
diameter, thick-wa lled (up to 2.2 11m), leaving a narrow or invisible lumen, which 
expands at the tip. Generative hyphae hyaline, thin-walled, irregular, 2-3.5(-7) 11m 
in diameter, cells typica lly less than 25 11m long, sometimes gelat inized. Clamps 
present. Some hyphae encrusted with yellowish ma teria l. Cystidiolcs orig inating an 
subhymcnium, hyalint', thin-wa lled, obtuse to eaP.itate, rarely fus iform, r6 25 x 
2.5 4 11m, typically with large yellowish oil-cap (ha lo) up to 9 11m in diameter . 
Basidia in small clusters, subclavatc, 11- 17 X 3-4 11m, wuh ( r- ) 2 sterigmata, basally 
with clamps. Spores hyaline, thin-walled, smooth, narrowly ellipsoid to cylindrical, 
flattened a t one side, 4·5 5·5( 3) X 2.2 2.8 ,rm, no t amyloid. 

M.A"mRtAJ.. EXA.\la:-:eo.- On Alnus, bank of the Gamafag, between Le Mazcau and La 
Roche (Chappcs), France, Bourdot 4277, g.VIIl.a gos (PC, type). - On Alnus, bank of the 
Gange, St.-Marcel, Bourdot 4995, 27. V Ill. a 907 (PC, :u A cia /ustoolra). 

0000 
ooood 

.H 

Fig. a. a-e. Rtsinicium bispon11n.- a. Irregular hypha.- b. Cystidiolcs.- c. Basidia.-
d. Spores. - c. kclctal hypha. f j . Dmlipe/lis isidioilks. f. Glococystidium from subiculum. 
-g. Hymenial gl<X.'OC}O:. tidia, apical struclUrcs. - h. Basidia. - i. Spores. - j. Hypha. 
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The ~pccies is classified in Resi11icium because of the typical e~tidioles, which arc 
unique in the Coniciaceae. Basidiocarp texture, basidia and spores arc also concor­
dant. It differs from all other species by the dimitic hypha! system, a fact which 
would in the past have been reason enough to erect a new monotypic genus. The 
author, however, is not so inclined, since the species is so close to Resi11icium in other 
respects and since there arc several precedents where genera contain monomitic 
and dimitic species (e.g. Tommtella, Aleurodi.striJ, Co11iophora). 

Within the genus Rt.sinir:ium R. chiricahuam.se Gilberts. & Budington is most closely 
related, but differs in the allantoid spores (4-6 X 1.5-2 Jlm), the generally 4-sporcd 
basidia, the monomitic hypha! system, the preference of gymnospermous wood and 
the distribution (only known from North America) (Gilbertson & Burlington, 1970). 

Dentipellis is idioides (Bcrk. ) Stalpcrs comb. 11ov.-Fig. r, f-j 

1/yiiiUJII isidioidts Bcrk. in llook . .J. Bot. (London) 4 : 58· 1845 (basionym). - Saraxilmlto 
mdioidts Reid in Kcw Bull. 1955: 641. 1956. 

Basidiocarp resupinate, effused, membranaceous, densely covered with spines. 
Spines sin$lc, not concrescent, slender, up to 5 mm long; apex not fimbriate, often 
COVered Wllh a whitish bloom, arpeanng farinaceOUS. Between the spines a whitish 
subiculwn is visible. llymenia surface ochraccous. Margin adnate, indistinct. 
Hyphal system monomiuc. llyphac hyaline, with thin or ~lightly thickened walls, 
2-4 J1ITI in diameter. Clamps present. Glococystidia thin-walled, with refractive 
contents, originating in the subiculum and than up to 7(- ro) Jim in diameter or 
originating in the subhymcnium, 30 65 X 4- 8 11m, apically abruptly narrowed and 
forming a tubular ( r ·5 2 Jtm wide) or moniliform outgrowth with up to eight 
constrictions, often somewhat projecting, sulpho-ncgative. Basidia in small clusters, 
subclavate to cylindrical, 12 r8 X(3·5 )4 5 pm, with (2 )4 sterigmata. Spores 
hyaline, with thin to slightly thickened walls, smooth, subglobose to broadly ellipsoid, 
2.5-4(-4.5) x 2-2. 7(-3) J1m, with small apiculus, amyloid. 

MATERIAl. EXA\UNEO. -On Po/ypoTUJ gryphaeformiJ, Swan River, J\ustralia, Dn11mnond 1</.9, 
Herb. Berkeley, 1879 {K, type). - On Atltnospmnwn moschatum. Powclltown, Victoria, 
Australia, E. W. B. Da Costa :ufi.q, 20. IV.1949 (K). - On EucalJ"/Jius rtgnoru, Powclltown, 
Victoria, Australia, C. S. I. R. 0. 2572B, 18.VIl.1950. 

The sulpha-negative glocoeystidia, the amyloid spores, the resupinate hydnoid 
basidiocarp and the monomitic hyphal system give this species a place in Dmlipelli.r 
(Hericiaccae). When Reid (1956) published the combination in Sarcodonlia, the 
genus Dmtipellis and the family of the Hericiaceae had not yet been erected. However, 
he indicated the relationship when he mentioned 1/ydnum macrodon Pers. ex Fr. 
( = Dmtipelli.r macrodon (Pcrs. ex Fr.) Furukawa) as being closely related. 
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0:\" THE CLAVARIOID RAMARIA STRICTA (FR.) QUEL. 
l N 130R EO 

E. J. H. CORNER 

91 /linton Way, Great Shelford, Cambridge CB2 5AII, England 
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I recorded this species from Mt Kinabalu, orth Borneo, in typical form and as 
var. ccncolor (Comer, 1970: 259). One copious collection of var. stricto, namely 
RSNB 5742, I dimibuted to several herbaria. The fruit -bodies in this case had 
grown in large numbers, in places almost caespitosc, along a fallen rotten trunk in 
Trigonobalanu.r-forcst at 16oo m; they were old, but not effete and in many the 
branches, with thickened hymcnium, had sagged a nd become divaricate (Comer, 
1970: pl. 3). The interest of the collection was clear a t the time. The second collection, 
RSNB 8475, consisted of younger fruit-bodies with the characterist ic fastigia te 
branching. ow two duplicates of the fi rst collection, RSNB 5742, have been studied 
by Petersen ( 1975), who refers that a t the Bureau of Plant Industry (Maryland) to 
Ramaria africana Petersen (I.e.: 1 10 ) and that at Lciden toR. polypus Comer (I.e. : 
120). In both cases he overlooks the field-notes which I had published in 1 970, and 
they show tha t, with yellow tips to the branches, vinescent tissue, and fragrance of 
aniseed, the collection does not belong with either of those species. \Vhen I run down 
the collection in Petersen's key (1975: 104), it comes toR. stricto var. alba (which 
it is not) or R. stricla var. stricto. It may be supposed that J had confused two or three 
species a t the time of collect ion, but I clearly recall the occasion and am certain 
that this was not the case. In fact l do not recall any instance where two or more 
species of clavarioid fungi had grown intermixed. lienee I conclude that the fruit­
bodies of RSNB 5742 bore the two kinds of spore by which Petersen seeks to distin­
guish R. africana (1975: 137, fig. 10) and R. polypus (1975: 139, fig. 15), though he 
is not definite on th is point, and that fruit -bodies macroscopic."llly identical with 
R. stricto produce spores which differ from those that Petersen regards as typical 
(Petersen, 1967 : figs. 3d, e). To me thls indicates the slight variations in spore that 
may occur in a species of such wide d istribution. 

In distingu ishing R. africana, R. ki.santuensis, R. molleriana, and R. polypus, Petersen 
introduces a character which seems to me very dubious. I Ie separates the first two 
because they have the slender skeletal hyphae of the mycelial sub iculum or rhizo­
morphs also in the tissue at the base of the stem of the fruit-body, and they arc 
absent from the base in the other h-'O species. The state in R. slricla is not described 
by Petersen ( 1975) but ir agrees with that of R. molleriana (Corner, 1950). 1 ow the 
base of the stem is a transitional region from rhizomorph or subiculum to the fruit­
body and it is generally impossible to decide exactly where one begins and the other 
stops. In the transition skeletal hyphae of the rhizomorph variously intrude into the 
beginning of the stem, as the carry-over of one construction to another; in old 
fruit-bodies the mycelial hyphae, with skclctals, may extend up, over, and into the 
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stem. Hence I have avoided this region for a diagnostic purpose; many collections, 
indeed, do not have the feature because the fruit-bodies had been torn off the wood. 
I note tnat this dimitic state is not that of Ramaria subgen. Lentoramaria ser. Dimiticae 
in which the skeletal hyphae occur throughout the fruit-body. 

With regard to R. molleriana, which I have called R. motlltriana for some reason 
that I cannot now trace in deference to his German origin (Excll, 1944), this is a 
common and very variable tropical and subtropical species. The fruit-bod ies vary 
in height and density ofbranehing from H2 em high in some collections to 1 1 em in 
others, but they never have the yellow tips to the branches, the vincscence (or but 
slightly), and the odou r of R. stricto, which 1 have never seen in the lowland tropics. 
Of R. molltriana I have seen hundreds ofliving specimens. There is certainly variation 
in all points, including the size and markings of the spores, but I have never satis­
factorily correlated them. Hence T regard R. africana, R. ki.sanlumsis, and R. polypus 
as, at most, states of R. molleriana dist inguishable as given in the Supplement to my 
monograph (Corner, 1970). I would point out that in his copy of my description of 
R. polypus, Petersen (1975: 1 18) has transposed the measurements of the stem, 
transposed my remarks on smell and taste, omitted the colour of the spores, and 
referred to them as guttulatc (?when dried). 

With regard to the size and markings of spores, these properties arc connected 
with the expansion of the hypha into the basidium the size of which is critical, and 
the extension of the basidium into the spore-circles (Corner, 1972). One result is the 
relation between the length and width of spores and those of the basidium, as I have 
illustra ted in the form of sporographs and basidiographs; and in spite of the remark 
by Petersen ( 1975: 1 46) that 'sprcies did not e\•Oivc to fit sporographs' T re-affirm the 
facts. Another result is the surmise that smooth spores arc derived from the ornamen­
ted, possibly as endosporcs, and that, of these ornamented spores, possibly the reticu­
late may have been the ancestral. Thus I distinguished Ramaria sugen. Ltntoramaria 
ser. Reti.sporae for the one species with reticulate ornamentation (Corner, 1970 ; 239, 
256). In disregarding this, Petersen ( 1975: 151 ) fails to realise that the spore-markings 
of Ramaria in general may be tlie result of degeneration of the reticulum in a manner 
that can vary within a species, e.g. R. ~ippelii var. cri.statospora (Corner, 1967). 
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ON CORTICIUM UDICOLA BOURD.• 

W. jUuc u 

Rijk.sherbarium, Leiden 

(With two Text-ligures) 

One of the fungi with very variable basidia is Corticium udicola Bourd., showing in 
t.hc same basidiocarp all stages between sessile clavate basidia, podo- and plcuro­
basidia. Interesting features arc the large sterigmata~ not often found in species of 
Corticiaceae - and the amyloid spores. For this species Hauerslcv (1974) created 
the monotypic genus Mel?.erit:ium, based on his own collection from Sweden. A stay 
at the Museum National d ' Histoire :-.laturelle in Paris gave t.hc opponw1ity to 
study all the specimens of Corticium udicola. Soon it was evident that the collections 
contained two different but closely related species, one of which agreed very well 
with the descriptions given by Bourdot (1910) and Bourdot & Galzin ( 1928). The 
second species is characterized by a deviating shape of the spores which is rather 
unique in the Cort iciaccac. The first and obviously more common species is at the 
same time identical with Haucrslev's specimen from Sweden. For the second species 
no name is available. It is, as far as I know, in France only represented by its type 
specimen, but is a lso found in "onh Sweden (Strid , 1975; sub MtLuricium udicola) . 

Corticium udicola was one of the first species which Bourdot described. Since he was 
the most important promotor of our knowledge of t.hc Corticiaccac, I find it appro­
pria te to name the second species after him. 

MELZ£RIC1l1M UOICOLA (Bourd.) Haucrslcv-Fig. I 

Corticium udirola Bourd. in R ev. ~cient. Bourbonn. 23 : 10. 1910. - MtU.tricium udicola 
(Bourd. ) Haucrslcv m Fricsia xo : 316 1975. 

Basidiocarp resupinate, effused, often only a few mm large, rarely confluent to 
larger patches, 50- 150 pm thick, membranaceous, adnatc, separable in small 
pieces, context homogeneous; hymenial surface cream coloured, even, not cracked 
when dry ; margin concolorous or whitish, indetcnninatc, thinning out, rhizomorphs 
or hypha! strands lacking. H yphae hyaline, eylindrica lto torulosc, loosely arranged, 
branching from or ncar the clamps, 2- 4 Jim m diameter, some inflated up to 6 pm, 

• This slUd)· wa~ supported by the C. !\. R. S. r aris, through intermediary of the Nether­
lands Organization for th~ Adv:~ncem~t or Pure Re<earch (Z. \V. 0.). 
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Fig. 1. Mekeridum udiccla, lectotype. 
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thin walled or the basal ones slightly thick-wal led, ,,;th smooth surface, clamps 
present, contents homogeneous. Cystidia lacking. Basidia often stalked {podobasidia), 
some pleurobasidioid, hyaline, clavate when mature, flexuous-cylindrical when 
young, 20- 25 X 6.5- 7 Jtm, thin-walled, smooth, a basal elam_e present, contents 
homogeneous or slightly $'-lttula tc; with four large sterigmata (8-1 o X 1.5- 2.5 pm). 
Spores hyal ine, curved cylmdrical , with distinct apiculus, 8- 10 X 3- 4 pm, thin-wa lled, 
smooth, contents homogeneous or slightly guttulate. amyloid, not dextrinoid or 
cyanophilous. 

MATERIAL STUDIED.- F RANcE: T arn, Marais de Frcgefont, -.g. 1gog, Cal~in 
4543 ( Bourdot 6778) (lectotype, PC); .g.1909 Gal~in 49!16 ( Bormfot 69894); 
5·9· 1909, Ca~ur 4528 ( Bourdot 6767) (PC); 2b.g.1909, Calt.in 4839, 4890 ( llourdot 
6841) (PC) ; 5·9·1909· Calt.m 4544 (Bourdot 677o). 

Melzericium bourdotii Ji.ilich, spec. nov.-Fig. 2 

Carposoma rcsupinatum, cffusum, mcmbmnaccum, crcmrum, ndhacrcm; rhizomorph3e 
dcsunt; hrmcnium lacve. Systcma hyph:-trum monomiticum. Hyphae di5tinctac, plus minusvc 
tcnui-tunicatn~. cyl indricae vcltorulosac, intcrdum infl:u.ac, 2- 41•min diam .. semper fibulatne. 
Cystidia dcsunt. Uasidin sacpc podobasidin nonnumqunm plcurobasidin, cla\ata, 15-20 X 
5-6 ,,m, fibulata, tctraspora. Sporae hyalinae. cllipsoidcae. constrictnc tenui-tunica tac, 
amyloidcac. - Typw : 'Tarn, Marais dr F'r~'lcfont, sur Mnrsaule, 26. 1 o. 1gog. Ga/zin ~83~ 
(Borndot 6ggo) (PC). 

Basidiocarp resupinate, effused, often onl)• a few mm large, rarely confluent to 
larger patches, so- t so ,urn thick, membranaceous loosely ad nate, spc.arable in 
small pieces, context homogeneous; hymenial surface cream-coloured, even, not 
cracked when dry; margin concolorous or whit ish, indeterminate, thinning out, 
rhizomorphs or hyphal strands lacking. Hyphal system monomitic. Hyphae hyaline, 
cylindrical to somewhat torulose, some inflated, loosely arranged, branching from 
clamps or opposite to these, 2- 4 JUTl in diameter, inflated up to 8 ,urn, thin-walled in 
the subhymcnium, thin- to slightly thick-walled in the trama, with smooth surface, 
clamps present, contents homogeneous or slightly ~ttulate. Cystidia lacking. 
Basidia often sta lked {podobasidia) or like pleurobas1dia, hyaline, clavate when 
mature, flexuous-cylindrical when young, t 5--20 X 5- 6 Jtm, thin-walled, smooth, 
a basal clamp present , contents homogeneous or ~ttulatc; with four large sterigmata 
c. s-8 X 2--2.5 ,urn. Spores hyaline, ellipsoid , distinctly constricted in the middle 
(like a dumb-bell), with small apiculus, 8 t0.5 X4 5 ,urn, not glued together, thin­
walled, smooth, contents homogeneous or somewhat guttulate, amyloid, not 
dcxtrinoid or cyanophilous. 

DtSTRIDUTION.- Known from the type-collection in France and from one specimen 
of "orth Sweden {Strid, 1975). 
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Fig. 2. Mtluricium bourdotii, holotype. 



Notes and Briif Artides 

SCHIZOPORA PHELLINOIDES IN THE NETHERLANDS 

H. F. VAN DER LAAN 

Amhtm, T~ .Nttherlands 

Sc1uzoPORA PllELLINOIDES (Pilat) Domanski 

Porro ph1/lir.o•du Pilat in ~ull. Soc. m)•col. Fr. 5 1: 3!13. •9~5 · - Poria psnuloobduuns Pilat in 
Sb. n:ir. Mw. Prazc gB (2) (Bot. t): 107 1953 - X.>lodo/1 vtrsipoms (Pcrs.) Bond var. micro­
porus Komnrova m flot. Mater. lnst. spor. Rast 12 · 249· •959· - Srh~opora phtllinoitks (Pilat) 
Domanski 111 Acta Soc. Bot. Pol 38: 2.'>5· •969· 

Fruit-body mainly resupinate, rarely cfruscd-rcflcxcd with a smooth brownish 
orange superior surface; on almost vertical substrates the lower surface looks like 
the underside of a staircase, composed of 1.5- 2.5 mm wide horizontal pore areas 
and 4- 5 mm high vertical surfaces made up of tube walls. ~Jargin well defined. 
Subiculum and context soft-fibrous when fresh, hard-coriaceous after drying. Subic­
ulum cream-coloured, up to 0.5 mm thick. Tubes 4- 5 mm long, brownish orange, 
except for cream-coloured lower part, _P?rcs 0.1-o.2 mm diameter, averaging 5:..U 
per mm, rather regularly circular or shghtly elongated, disscpimcnts 0.05-<>.t mm 
thick, covered with a white pruina, pore surface cream-coloured. 

llyphal system of context and subtculum monomitic. Generative hyphae fiexuosc, 
rather thick-wallrd , septate with clamps, frequently branched from or oeposite to a 
clamp (like in the genus l!yphodontia Erikss. ), 2 311m in diameter. 1 he hyphae 
term mate somet imes in a bladder, (6-)7-8(-1 o) 11m in diameter, generally surround­
ed by a 1 11m thick layer of an oi ly suiistance. Such bladders arc also found between 
septa. 

Hypha I systems of dissepiments dimitic. The ends of some of the generative hyphae 
heavily incrusted with crystals, forming club-shaped bodies of 5o-75 X 8-15 J«ff· 
In the hymenium and especially on the edges of the disscpiments the hypha! ends are 
sparsely incrusted. Skeletal hyphae, thick-wallrd, 3-3.5 11m in diameter, interwoven, 
abundant in the disscpiments, which also contain numerous masses of crystals, with 
diameter up to 40 11m. 

Basidia utriform, 12- 18 X4- 5 11m. pores hyaline, smooth, short-ell ipsoid to 
subglobose, t-guttate, 4- 5 X 3-111m. 

SPECIMEN EXA~tlNED.-Thc :\ethcrlands, prov. Limburg, Bunde-Geulle, Bunder­
bos, 11 Oct. 1975, F. Tjallingii, on Alnus on highly calcareous soil. 

The collection cited, consists only of a portion of a fruit-body. As a consequence 
the above macroscopic description is not complete . 

The species is well-named, macroscopically it shows a striking resemblance to 
some resupinate species of Phellinus, microscopically it is extremely close to the com­
mon Schi~opqra paradoxa, though macroscopically the Iauer could hardly be more 
different. Domanski ( 1972 : 144) states that it has been rather frequently observed 
in the U.S.S.R., but cites for Poland only two places where it has been found. 
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Jahn ( •97 • : 64) lists four localities for Wcstfalcn, but expects the species to be present 
in other parts of Germany too. He also mentions collections from Czechoslovakia 
and from france. Pegler ( 1973) docs not list it for Great Britain. I t had not been 
recorded before from The Netherlands. That so little is known about the distribution 
of a fungus with such a remarkable combination of characteristics, and the fact that 
it was first described only a little over forty years ago, based on a collection from 
eastern iberia, indicates that Schi<.opora phellinoides is a rare sp~:cics. 
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II. VF.t.DKAMP, Continuous culture in microbial physiology and ecology. (Meadowfield Press, 
Shildon, England, 1976.) Pp. 68, 20 Text-figs. Price: S 8.40. 

A comprehensive introduction to the technique and its possibilities for those who 
wish to study the interrelations betwern microbes (especially bacteria and yeasts) 
and their biotic and abiotic cnviromcnt. 

R. E. STRA:-ICE, Microbial respoMe to mild strus. (Mcadowfield Press, Shildon, England, 
1976). Pp. 83, 14 Text-figs. Price: S 8.40. 

In this booklet a survey is given of the recent advances in our understanding of 
microbial response to conditions of mild stress The biochemical and structural 
changes that occur during starvation, mild heat stress, cold shock, osmotic shock, 
and aerosolization arc briefly treated. This work is designed as an introduction to the 
subject for students and laboratory workers in microbiology. 

J. BF.RTIIIER, Monographie des Typhula Fr., Pistil/aria Fr. tl gmres voisiM. (Bull. Soc. 
Linn. Lyon 45, ·umero special, Societe Linnecnnc de Lyon, 33 rue Bossuct, 
Lyon, 1976). Pp. 213,39 Text-figs., 2 Pl. (col.). Price: 100 Frs. 

In this world-wide monograph 71 species of the genera Typhula Fr., Ceratellopsis 
Konr. & Maubl., and Macrotyplwla Petersen arc accurately described and depicted. 
On plausible grounds Pistil/aria Fr. is treated as one of the seven subgenera of 
Typhula. Special attention has been paid to anatomical characters. The determination 
of the species is greatly facilitated by carefully constructed keys and clear illustrations. 

J. Scnt.ITTL.F.R, Das grojle Buchder Pilze. (Verlag Herder, Freiburg, Germany, 1975.) 
Pp. 256, Text-figs, colour-photographs (128 pp.). Price: 68 DM. 

This is a new issue of the mushroom album in two volumes brought out in 1972 by 
the Silva Verlag, Zurich. The main attraction of this book is the splendid reproduc­
tion in natural colours after photographs of 140 species of mushrooms. A general 
introduction to fungology is followed by macroscopic descriptions and keys to the 
species treated. 
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