
MYCCOTAXON 
AN I NXE:RNA XlONAL JOURNA L DESIGNED TO £XPEDITE: PUBLICATION 
OF RESEARCH ON TAXONOMY * NOMENCLATURE: OF FUNGI & LICHENS 

Vol. XXXVI Oc1obcr-Decembcr 19&9 No. I 

CON'flEN1'S 
AmaniUl ebumea- a new species &om Centnl America. 

Rodbam E. Tulloa 

l«:~~~a::::~~~~p~~~b~ ~~~=rrical(IC), 
from Colondo .... . ..... .. ......... . . . ...... Bruce D. Ryan 

Two new species of the genus Alcodl:yfa Lib. 
SU..""" G. Vanev and Ganb G. llakalova 15 

Type studies in morasmioid and eollybioid fungi (Tricholomataceac) 0. 
Agaricw.s Jraminwm . .... . ..... , ...... . .. . . . . Vladim:it.Antonin 19 

Vacciniwm fungi : Htlicoma vacdnii sp. nov . .. . . _. . ..... 1... M. Curls 29 
long·chain fatty acid compositioo as a tool for differt:ntiilting spoilage 

wine yeasts . . . M. M.Ifelto-Fcm:in, A. Sr. Aubyn, and V. l.ourdro 35 
Description of the aaamorph of Vah .. typdla m"lricollis in culrun:. 

julia Checa and Angel T. Ma(1!noz 43 
Studies on J. 8. Clclond's fungal herbarium- 2, ConinariiU subgenus 

Myxaci"m (Cortinariales) . . . . . . . . . • . . . . . . Cheryl A. Grgurinovie 47 

Srudies on Gal<ropsis and Gas~~tt.:~M-. ~;lc=);.,d C. Ubna 63 
Phytophthara cry~hroseptica . . . . . . . . . . . . . . . . . llll Ho and S. C. Jong 73 

Deuci.~rc'.= ~lar~~.';,~~=w-~~~-~-~~:N~o 91 
Srudies oo l'hDiiora in culn= . . . . . . . . . . . . . . . . . . . . . . Stlg jacobaon 95 
Scientific names in the Endogonales, Zygomycolina .. Rog&~o T. Almeida 147 
Cootribution to the lichen Hor.t of Brazil. XXIU. Licheru from Siio Paulo 

City . .. ....... , ..... . . .... .. . . . . ... . , . .. Hfctor S. O.Orio 161 
A new species and first record of Gytnnof><OOU"' {Hymenogastralcs) from 

Argentina , . . ... . . , . .. . . , . .• Susana Calvclo and Lawa Lon=o 163 
A laXonanlc revision of the genus O..tlytnenia - I. Species close 10 

Chctlytnenia ,..&ra .. .. .. .. .. . .. . .. .. . . . . .. . .. . . )Iii Moravec 169 
Size: and shape r:l urrtfjni06porc::s as inRuenced by ambient rdativc. 

humidity ....•. . . , .. Larry). Uttlclield and Wanda K. Schimming 187 

!CONTENTS continued overl<aJ) 

I SSN 0093-4666 MYXNl\E 36 (11 1-311 IH89) 
Published quarter ly by HYCOTAXON, LTD, , S!', Q , BoiC 264 , .It haca , NY 14 ! 51. 

For oub:tc riptJ.on det~ll.o . avai lAbility i n lldcrofilta and micro fic he , 
a nd av.aU &billty ot ar::ticles a:s t.ear ah•eta , :JOO bac)r; cove r; , 



[CONTENTS continued from front cover] 

Nuclear DNA, an adjunct to morphology in Cunni taxonomy. 
1L Durin and P. M. Gny 205 

Mcliolacc:ous fungi from the State of Kerala. India I. 
V. B. Hooacoucbr and R. D. Gooo 221 

Cultural. eozymatic ant~~ ""0:.: t~~r =~ RuHovi 
Two new Glomw species from arable land . . . ). P. Skou and l. Jakobsen 
The genus PetizeUa 1.: nomenclature and history. 

Wolf·RUdiger Alendholz 
Three new spe:des in the lichen genus Pannelia (Panncliaceac, 

Ascomycotina) from south~ Africa, with further notes. 
Fr.onldin A. Bnuse 

(MYCOTAXON for )uly·September 1989(35(2), 201·512} 
was issued August 28. 1989.) 

249 
273 

283 

305 



MYC01'AXON 
Vol. XXXV I, No. 1, pp. 1· 7 October-Decernber 1989 

AMANITA EOURNEA- A NEW SPECIES 
FROM CENTRAL AMERICA 

Rodham E. Tulloss 
2 1 lake Drive 

Roosevelt, New Jersey 08555 

Summary 

Amanita eburnea is described as new from pine forests of Honduras 
and Belize. 

Amanira eburnta Tulloss sp. nov. Holotypus: HONDURAS , Siguatcpcquc, 
vi.l976 M. H. Ivory s/63 (1().1 

Etymology: ebwneus, ivory white. 

Pileus a/bus vel funu:us. 10 · 90 mm in men.sura diametrica, primo globosus, sed 
tkinde qui fit fate campanulalus \lei plano-convaus, margine nonstriato, 
nonappendiculara: matcries volvica absentes. Lamellae condensae, albae, libcrae. 
Stipes 45 - 110 x 10 - 18 mm. a/bus. Vol\10 membranacea, alba vel subjlavida. w:/45 
mm alta. Basidiae tetrastuigmalicae:fibulae absentu. Sporae (7.0-) 8.0- 11 .0 (- 12.0) 
x (4 .8-) 5.2-6.5 (-7.5) ~. ellipsoidae vel elongatoe, amyloithae. 

Amanita eburnea (Fig. I) is a member of section Plwlloideae. It is a mcdium·sizcd 
white to smoke gray mushroom with a smoolh dry pileus surface and an annulate stipe. 
It has a membranous universal ve il forming several limbs on the rounded to slightl y 
pointed stipc base; the limbs are free for about one third of lheir height. Microscopic 
characters serving to distinguish the species are ellipsoid to elongate spores with an 
overall average Q of 1.58; a ramose subhymenium containing many uninHated, short 
hypha! clemen ts; and rather plentiful inflated cells in the partial veil. This entity is 
known from pine fo resLS in Belize and Honduras. 

PILEUS: 70.90 mm diam, white to smoke gray, dry, globose at first, then broadly 
campanulate, then planoconvex to planar; margin nonappendiculate, nonstriale: 

DTJ • priv1tc hct~rium of Or. 0 . T. Jenkins, Univcnity of Abblm1, Oinninghwn, U.S.A. 
IVORY · priv1tc herbarium ol Or. M. ll.lvory. Oxford Forestry JnstitUI C.. Univenity ofOx(ord, U.K. 
K • Hcrb1rium, Kew Botanic G~rdcm. U.K. 



Fig. I Amanita eburnca. M. H. Jvory S/63 (XI.2J. 



pi lc ipcllis "papery" (Ivory); contex t white, finn to spongy. LAMELLAE: white, free, 
drying brown (606 or 7.SYR S/8)2, up to 6 mm broad, margin a t times buff3 and 
remai ning pallid in exsiccatae. STIPE: 45 - 110 x 10 - 18 mm, white, cylindric, 
decorated with longitudinal striations; context white, linn to spongy, stuffed to solid; 
annulus whi te to buff, superior to subapical, mcmbrnnow• to submcmbranous, persistent 
or left in patches over gills or collapsing and sliding down stipc; base swoll en to 
slender bulb, rounded or pointed below, 25± mm long; universal veil membranous, 
white to buff, apprcsscd to base. li mbatc in several free lobes reachi ng to 45± mm from 
base of bulb, with limb free for up to IS± mm. One specimen (s/11 I) which was old 
enough to have lost ilS annulus, had a "moderately unpleasant smell" {Ivory). 

PlLElPELLIS: filamentous undifferentiated branching hyphae 1.5- 19.0 J.lffi diam, 
gelatinizing just at surf::acc. interwoven, not radially arranged: oleiferous hyphae 3.0 -
13.3 JJ.m diam, with walls of the broadest thickened slightly up to 0.7 JJ.m . PILEUS 
CONTEXT: Langled undifferentiated filamentous branching hyphae 1.8 - 15.0 JJ.m 
diam; infl::atcd cells ovoid, subpyriform, subglobosc, plentiful, to 107 x 51 Jlffi; 
branching oleiferous hyphae 1.0 - 1.5 JJ.m diam. LAMELLA TI~.AMA: bilateral; 
frequently branching tangled filamentous undifferentiated hyphae 2.4 - 7.2 ~ dlam, 
domiru1ting, occas ionally wilh slightly infl:ued terminal segment (e.g. 56 x 10 Jlffi) at 
3()040° to central stratwn: inflated cells to 32 x 17 ~. thin-wa lled , intercalary, clavate 
to ovoid to ellipsoid; branching olcifcrous hyphae present, relatively common, 2.2- 7.0 
~ diam. SUBHYMENIUM: branching chains of uninflatcd narrow short hypha! 
segments to slightly inflated short hypha! segments ood O\'Oid to subglobosc inflated 
cells (to 18 x 12.5 ).Ull); basidia arising from cells of all types . BASIDIA: 37.5-46 x 
9.7 - 11 .0 IJ.ffi, 4-spored, thin·wnlled; clamps not seen. UNIVERSAL VEIL: On the 
stipe base at the exterior surface: a thin layer of loosely interwoven undifferentiated 
filamemous branching hyphae largely without sublongitudinal orient.ation. 1.8 - 5.8 JJ,m 
dlam. at times in fascicles; some inflated tcnninal cells subclavate to clava te to 
ventricose, to 166 x 34 J.UTl , all below the surface. On the stipc base be low the surface: 
filamentous undifferentiated brunching hyphae plentiful. 1.8 - 11.5 JJ.m; innatcd ccns 
plentiful, ellipsoid to ovoid to subglobose (to 85 x 61 J,J.m) and clavate (to 95 x 31 J..Ull), 
occasionally with walls thickened up to 1.0 )J.m : oleiferous hyphae present 4.5 - 4.8 J..Un . 
On the stipc base, in ner surface: ex tens ively gelatinized. all structures similar to 
interior; in some regions Lhcre is a th in layer of sublongitudinally oriented hyphae. 
STLPE CONTEXT: acrophysalidic; branching filamentous undifferentiated hyphae 4.2 
- 10.5 JJ.m diarn: oteiferous hyphae 2.8- 7.7J..Ull diam; acrophysalides dominant to 315 
x 64.5 J..Ull; clamps not seen. PARTIAL VEIL: dominated by terminal infl ated cells, 
difficult to reinflate, subglobosc to ovoid (to 45 x 43 Jlffi). subc lavate to pyriform (to 
82.5 x 25 J..1.01, most less than SO J.Ulllong) with wa lls infrcquenlly lh ickened to 1.0 JJ.m: 

2 
Color code.t of the form "606" •~ rrom (Komerup &. WanKher, 1978). Color todc1 of 1he form 
"BYR 518" are from (~1un sell Cato1, 1975). 

3. The color " buff' iJ met1tioned (Of' seven~ l ~ns of lhe fru itin& bully in lhe collector's notes. Or. Ivory 
informs me (pcrs. eonesp.) 1ha1 thiJ name was tabn from Rayner ( 1970) in which i1 is noted as equivalent 
10 theM~scll noulion 1..2YJ8.1/4.1 and the ISCC·:O•.'DS name "pale yellow". 



filamcmous undiffcrenliated branching hyphae 1.5-7.8 J.UU diam, mostly quite narrow, 
collapsing; oleiferous hyphae present, 4.0 · 10.0 ~ diam. All tissues pale yellow in 
2% and 5% KOH and 10% NH,OH. 

BASIOIOSPORES: [1 08 from 5 spec imens] (7.0-) 8.0- 11.0 (-12.0) x (4 .8-) 5.2-
6.5 (-7.5) ~.(average length (per specimen) = 9.0 -9.8 ~;overall average length= 
9.3 ~; average widlh (per specimen)= 5.1-6.0 J.UU; overal l average width = 5.9 J,Un: 

Q = (1.29-) 1.34- 1.84 (-2.08); average Q {pet specimen)= 1.50- 1.66; overall average 
Q = 1.58), amyloid, thin-walled, hyaline, ell ipsoid to elongate , rarely broadJ y e llipsoid 
or cylindrical, sometimes swollen at one end, often slightly adaxially naucned; contents 
guuulatc; apicul us sublateral, cyl indrical; white in deposit 

Distribution and habitat: Solitary to gregarious in troops under Pinus oocarpa 
Schicde & Deppe in grass on well·drained loamy soil and P. caribaea Mor. in bushy 
forest over poorly drained sandy soi l, May to October, at e levations between 500 and 
1100 m, in Honduras and Belize. 

2 
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Figs. 2-4 Amanita eburnea . 2. Elements of hymenium and subhymeniwn (M. H. Ivory 
s/63}. 3. Elements of partial veil (M. H. Ivory S/46b}. 4. Elements of universal veil 
from free porlion or limb near exterior surface (M. H. Ivory s/63). The bars in Figs. 
2-4 represent 20 IJ.ffi . 



Collections examined: BELIZE: Augustine Forest S1ation. vi.l976 M. H. Ivory 
S/85 (K), vi.l976 M. H. Ivory S/93 (K, portion in IVORY), vi.l976 M. H. Ivory S/111 
(K, portion in IVORY). HONDURAS: Siguatepeque, v.l976 M. H. Ivory S/46b (K, 
portion in IVORY), vi. l976 M. H. Ivory s/63 (holotype K, isotype with faded color 
photograph in IVORY). 

DISCUSSION 

The amyloid spores, nonappcndicul:ue pileus margin and membranous velva on an 
expanded stipe base require A. cburnca to be placed in section Phalloideae (Bas, 1969). 
Five white aaxa or section Phalloidtae described from North America have spores of 
approximalC iy the si:~.c or shape of those from A. tburnea (Jenkins, 1986). The group 
with similar values of overall ::1.\'e ragc Q include the following (values in pare ntheses 
obtained from (Jenkins. 1986)): 

- Amanita parviformis (Murrill) Murrill (1.40). a small mushroom with pi leus about 
25 mm diam described from Florida (U.S.A.), differing from A. eburnea by having 
few inflated cells in iiS universal veil tissue, having an annulus composed 
exclusively of hyphae, and having spores 7.8 • 9.4 x 5.5 • 6.3 ~ (based on study of 
the type by Jenkins (1979)): 

- Amanita gwyniaM Coker (1.45). a small mushroom with pileus up to 40 mm diam 
described from North Carolina (U.S.A.). differing from A. cburnta by having 
markedly rounded ends to the lamellae at the piJeus margin, having a distinc t odor 
of chloride of lime, and having spores 9.2. I 1.0 x 6.5 • 7.4 J.1ffi (based on the 
protologue (Coker, 1927)); 

- Amanita hygroscopica Coker ( 1.47) • described from North Carolina (U.S.A.). 
differing from A. ebu.rnttJ by having bmcllae that tx:comc pinkish with maturity, 
having a subhygrophanous pileus. having an annulus that is subsuperior to 
submedian (Coker, 1917: pl. 17 and 18). and having spores 9.0 · 12.2 x 6.2 • 8.1 ~ 
(Jenkins (1986) states that Lhc characters of lamellae and pileus here c ited for A. 
hygroscopica are quilC disti nctive in Amanita}; 

- Amanita nuJgnivtlaris Peck (1.47) · described from Long Island, New York 
(U.S.A.), differing from A. tbur~a by having no inflated cells in iiS partial veil, 
having few inflated cells in the universal vei l at the stipe base, and having spores 
8.6 - 10.9 x 5.5 - 7.8 ~(based on study of the type by Jenkins ( 1978)); 

- Amanita clliptospuma Atkinson (1.49) • described from North Carolina (U.S.A.), 
differing from A. cburnca by its having few inflated cells in its partial veil, having 
sparse inflated cells in its universa l veil , and having spores 9.37 · 10.15 x 6.25 · 
8.59 ~(based on study of the type by Jenkins ( 1982)). 

Amanita I'IUJgnivtlaris has been reported from Mexico by Singe r (1958). White 
species of section Phalloideae having globose to broadly ellipsoid ~"JXX"CS which arc 
also broader than those of A. ebu.rnca (A. bisporigera Alkinson, A. vufUJ (Bull. : Fr.) 
Roqucs, and A. viroso ss. auc t amer.) have also been reported from that country by 
severa l authors including Pfrcz·Silva tt al. (1970) . Peg ler ( 1983) reportS no records of 
any species in section PluJlloidtae in the Lesser Antilles. There is no white species of 
se<:tion Phalloidtot reported for any locality in South Am<'rica (Garrido & Brcsinsky, 



1985 and Raithclhuber, 1986). 

The whitish pi leus, habit, microscopic structure of the annulus and the overall 
average Q of the spores of A. eburnta arc suggestive of the Mediterranean taXa A. 
ovoidta (Bull. : Fr.) Link, A. ovoidca var. pro.{ima (Oumte) Bon & Courtccin, and A. 
aminoalifatica Fi lippi."' These entit ies are considered to fonn a closely rclalCd group in 
section Amidtlla (Gilben. 1940 & 194 1; Bas, 1969; Kuhner & Romagnes i, 1974; 
Filippi , 1985). A distinguishing characLCr of scct..ion Amidella is an appendiculate 
pileus marg in which is absent in A. eburnta. 

The collcclion M. H. Ivory s/244 (HONDURAS, Siguatcpcque, x. l976) is believed 
by Dr. Ivory (pees. corrcsp.) to be conspccific with Lhc collections of A. eburnta 
herein cited. Portions of Ivory s/244 were dcposii.Cd in both K and DTJ. Neither 
portion can be located at present despi te repeated searches. 
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LECANORA SECT. PETRASTERION (LICHENIZED ASCOKYCOTINA) 
IN NORTH AMERICA: LECANORA WEBER! RYAN, SP. NOV. 

(SUBSECT . PSEUDOCORTICATAE), FROM COLORADO 

BRUCE 0 . RYAN 

Department of Botany, Arizona State University, Tempe, 
Arizona 85287 U.S.A. 

ABSTRACT 

A new crustose-squamulose lichen, r...ecanora weberi 
Ryan, sp . nov ., is described from rocks in the 
vicinity of Boulder, Colorado. It is treated here 
under sect. Petrasterion subsect. Pseudocorticatae 
Poel t, and is probably closely related to J.u. 
noyomexicana Magnusson, but is distinguished 
especially by its short , rather flatte ned and 
squamule-like lobes, which are grayish tinged and have 
a very thin upper cortex. It is also similar to forms 
of Rhizoplaca melanophthalma (DC.) Leuck. & Poelt 
KD.§..Y. .lA.t..Q, but lacks a distinct umbilicus and lower 
cortex, and has adnate apothecia with orangish to 
yellowish brown discs and scarcely prominent margins . 

This paper desc ribes a new crustose-squamulose species 
of ~. from Colorado . Although the new species 
resembles forms of both Lecanora noyomexicana Magnusson 
~ il.1.Q and Rhizoplaca melanophtha l ma (DC. ) Leuck. & 
Poelt 3mul l.ilt.Q, it does not fit well within either, and 
retains its identity when growing side by side with them . 
The type material has already been distributed (as 
"~ sp. nov. Ryan") in the exsiccati series from the 
Un i ve rsity of Colorado (COLO), and a diagnosis and 
description of the new species are given now. Until the 
relationship between the genera ~ Ach. ~ 
Massa!. and Rhizoplaca Zopf can be clarified by further 
investigations , the supraspecific classification of the 
several apparently intermediate taxa (including k 
nigromarginata Magnusson and L opiniconensis Brodo, as 
well as the new species described below) is uncertain. For 
the present, taxa such as these, which lack a distinctly 
umbilicate-foliose thallus and well -developed lower cortex, 
appear to be best placed within ~ subq. ~ 
(Pers. ~ Poelt) Poelt. The new species described here 
is treated under s ect . Petraster io n subsect. 
Pseydocorticatae Peel t. 

Unless noted otherwise, the methods and terminology 
used in this paper are as des cribed by Ryan ( 1989a, b) . 
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Color s (toll owed by numbers in parentheses), as viewed 
through a dissecting scope with f iber optic lighting, r efer 
to the system of Kelly (1965) . Chemical analyses were made 
by the standard thin-layer chromat ographic (TLC) method of 
Culberson (1972}, modified as described by Rya n (19S9a). 

Lecanora weberi Ryan, sp. nov . (Fig. 1, 2) 
In rubipus si liceis crescens, Colorado. Thallus 

areolatu s ad squamosus , squamulis marginalibus eis centri 
subsimilibus vel nonnihil elongat i s et lobitormibus, 
olivaceo-griseis, marginibus pallide flavovirescentibus 
instructis, non vel leviter pru i nosis. Apothecia adnata ad 
sessilia, discis aurantiacis ad fl avovi r escentibus pruina 
flavoa lbida t ect is , margines leviter prominentes , continui 
ad crenati. cortex s uperior va lde tenuis, ce llulas a lgarum 
emortuas i nc ludens; fasciculi hypha rum subcorticales desunt 
ve l non e voluti; cortex granulis flavescentibus inspersus; 
cortex i n ferior deest ve l indistincte evolutus. Paraphyses 
subcong lutinatae, apicibus clavatis; sporeae octonae, 
el lipsoidae, ca . 8 -11 x 4-6 Jlm . spermat ia filiformia, ± 
curvata . Continet acidum usnicum in cortice, acida pingua 
(acida a ll o - pertusaricum, et al.) i n medulla. 

TYPE: U. S. A.: COLORAOO: Boulder Co.: Boulder 
Mountain Par ks , just s of city o f Boulder, 185 0 m, on 
scattered low fine-grained sandstone or quartzite boulders 
at base or Fl atiron Mountains , i n open stands of ~ 
~. 10 Aug . 1986 , W Weber COW Exs 685, Holotype 
(COLO ! ), Isotype (ASU!). 

THALLUS areolate-squamulose, indistinctly radiating, 
closely appressed, not easily removed intact; a r eolas 
scattered to contiguous or wea kly imbricated (fertile 
thalli) o r becoming densely imbricated (sterile thalli); 
lobes similar to central areolas or somewhat larger and 
more lobe- like or squamule- like, isodiametric to moderately 
e longated, 1-2 mm long, 0 . 5-1.5 mm wide, simple or slightly 
bra nched, often s trongly crenate, partly overlapping each 
other , fla t to concave or undulate, 0.2-0 .3 mm t hick , 
appressed to slightly ascending, broadly ad nate at least on 
side t oward thallus center, often becoming f r ee on side 
toward t hallus margin; thallus center areolate-verrucose or 
partly areolate- squamulose in fertile thalli ; areolas flat 
to slightly convex or undulating , with more-or-less 

Figures 1- 4. Leconora weberi Rya n and similar taxa . scale 
""' mm. - 1. Part of the holotype of L weberi (~ 
.2.§.2, COLO). -2. Part of a collection of L. weberi 
(Shushan and Weber S - 3218 , M), showing ferti le tha lli with 
verrucose areolas (upper right) a nd sterile thalli with 
imbricat e squamules (below). -3. A spec imen of ~ 
novomexicana Magnusson from t he type loc ali t y of ~ 
(Webe r s n , COLO) . -4. Subcr ustose form of Rhizoplaca 
melanophthalma (DC.) Leuck. & Poelt HruiY .l.A.t.2 from the 
.type locality of~ (Weber s.n., COLO). 
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downward- turning margins, irregular in outline , to 1(-2) mm 
wide, sometimes rimosely divided into secondary areolas, 
0.2 -0.5(1.5) mm thick, thinner toward edge, becoming 
c renate, usually narrowed below, broadly attached to 
substrate centrally or more towards one side, by about one 
fourth to one half the lower side, the margins often 
becoming free from substrate (especially in s terile 
thalli); color above in fertile thalli when fresh usually 
with distinctly grayish green tone, light grayish olive 
(109) to light olive gray (112), paler and more grayish 
towa rds thallus margin, with the squamules edges mostly 
pale yellowish gree n {121) to pale greenish yello.,.. (104), 
in older he r barium specimens fertile thalli grayish 
yellowish green (122) to grayish greenish yellow (105), 
partly with orangish yellow tinges, and sterile thall i 
grayish yellow (90) to moderate yellow (87}; upper s urface 
mostly epruinose, more-or-less matt: s quamule edges often 
somewhat roughened , with patches of whitish pruina; color 
below pale, mor e-or-less moderate yellowish brown (77), 
darker brown near attachment area; upper cortex with few to 
many dead algal cells, very thin, 5-10(-15)).lm, even, 
without conelike hypha! bundles , mostly inspersed with fine 
yellowish granules (soluble in K); algae trebouxioid; 
algal layer 30-50 (-75) )Jm thick, continuous to interrupted; 
medulla moderately loose , partly filled with clumps of gray 
granules; hyphae 3-5 ).Ill\ diam.; lower cortex absent, or (on 
ascending squamules) 12-15 )Jm thick, often poorly 
developed, broken and penetrated by medullary hyphae; 
hyphae ca. 5 )Jm diam. , lumina 2 JJ-m. 

APOTHECIA u sually numerous and becoming crowded (but 
sometimes absent or rare), to three per areole, 1-1 . 3 mm 
diam ., borne submarginally to laminally on the squamules, 
adnate to broadly sessile; disc often slightly concave when 
young , becoming plane to undulate when old, usually densely 
\1/'hitish-yel lo\1/'ish pruinose, but often epruinose when young , 
grayish yello\11' (90) to yellowish gray (93) or sometimes 
almost pale greenish yellow (104) with pruina, light to 
deep orange (51-52) to moderate yellowish brown (77) under 
pruina, often darker and more olivaceous when young ; 11arqin 
about 0 .1-0. 2 mm thick, soon irregularly with irregularly 
foveolate surface, entire or somewhat crenate, becoming 
flexuous or dis torte d in age, sometimes distinct and more­
or-less raised from the start, persistent, often some.,.hat 
paler than thal lus and weakly pruinose; hyaeniu. hyaline, 
50-65 )Jm high; epihymenium brownish, weakly inspersed with 
fine gra nules (partly soluble in K) and covered by 15-20 JJm 
thick superficial layer of coarse granules (soluble in K); 
paraphyses distinct and more-or-less free in water, about 
1. 5-2 J.lm thick below, the tips 2- 2 .5 )Jm thick, colorless; 
subhym.enium grayish, with oil droplets; excipulum hyphae 
gelatinized but somewhat distinct in water, densely packed, 
irregularly oriented, ca. 3 - 5( - 7) J.lm diam . , the lumina 
more-or-less short, 1 )Jm wide; parathecium hyphae parallel; 
hypothecium distinct from subhymenium, hyaline to slightly 
yellowish-brownish , to 300 )Jm thick in center; amphithecium 
similar in struct ure to thallus but cortex to 30-50 Jlm 
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thick in lower part; algal layer about so ).llD thick below 
hypothecium, continuous to interrupted; algae tilling most 
of the margin; asci 35-4 0 x 10-12 )llll, ~-type; spores 
ellipsoid to oblong-ell ipsoid (L:W - 1.8-2.4:1), about 8-
11(-13) x {3-)4-6( - 7) j.ltn, with one or two oil droplets, 8 
per ascus, the wall about 0.5 )liD thick. 

SPERMOGONIA immersed, the ostiole pale, the cavity ca. 
100-150 um diam.; sperm.atia curved, (15-) 20-25 }Jm long. 

SPOT TESTS AND CHEMISTRY: Thallus and apothecia C- , 
Pd-; cortex K- or + yellowish; KC+ yellowish; with usnic 
acid (often only traces); medulla K-, KC-, I 2KI - ; with 
fa tty acids of the proto! ichesterinic group (ill.l.2-
pertusaric and dihydropertusaric, co nstipatic, 
protoconstipatic and dehydroconstipatic acids), and 
sometimes traces of unknowns; discs K-, KC-. A specimen 
was analyzed by c. Leuckert (Shushan & Weber S-3218, COLO). 

DISTRIBUTION AND ECOLOGY: Montane areas of western U. 
s. A. (Colorado, to Idaho and s. Dakota), on siliceous 
rocks {sandstone, conglomerate, quartzite, arkosite), 
usually in moderately shaded areas, o n horizontal to 
sloping faces near tops of boulders or outcrops, in open 
forest, sometimes i n canyons, 1050- 1875 m; often very 
abundant, covering whole level surfaces of boulders; 
associated organisms include the vascular plants .fJ...n1!.§ 
~ or P, edulis, or Cercocarpus montanus , and the 
lichens I,ecanora muralis, L novomexicana, k sp. (lu.. 
P..2.l,.tlm group?), Rhizoplaca melanophthalma ~ lAt2 B.... 
chrysoleuca ~ lAt2 ( "R subdiscrepans" morphotype) , 
Acarospora fuscata, Aspicil ia caesiocinerea, Candelariella 
spp., Dimelaena oreina, Lecidea atrobrunnea, ~ 
spp., and Xanthoparmelia spp. 

OTHER REPRESENTATIVE SPECIMENS EXAMINED: U- S . A. 
COLORADO: Boulder Co.: near Boulder, Shushan & Weber s ­
ll.lt (COLO, H, WIS); near Lyons, Weber L-72985 (COLO); 
Garfield Co.: 7 km N of Rifle, Ryan 20678 (ASU); Lariaer 
Co.: km SW of Ft. Collins , Anderson S- 20272 (COLO): Moffat 
Co.: 25.5 km N of Axial, Ryan 20637 (ASU). IDAHO: 
Bonneville co.: Palisades Reservoir, Ryan 19590 (.ASU). 
SOUTH DAKOTA: Pennington Co.: 6. 5 km NW of Hermosa, 
Wetmore 10285 (MIN , UPS ) . 

DISCUSSION: The new species is named after the 
collector of the type material, William Weber of the 
University of Colorado at Boulder, in honor of his work on 
lobate species of ~ in North America. 

The two taxa with which ~ is most likely to be 
confused are L. novomexicana ~ J..il..t..Q and Rhizoplaca 
me l anophthalma ~ ~ (Figs. 3 and 4 , respectively ). 
All three taxa have pruinose apothecia and an upper cortex 
containing dead algal cells, and contain usnic acid and 
fatty acids of the pertusaricjconstipatic group. At the 
type locality of ~ and other locations, the three 
taxa grow side by side, yet each remains distinct, with a 
different overall appearance produced by a combination of 
features. l,ecanora weberi differs from the other two 
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species especially by its very thin cortex and lack of 
psoromic acid, and by its more grayish, pale- edged, 
frequently imbricated squamule-like lobes. Its marginal 
lobes are shorte.r, flatter and more loosely attached than 
those of L novomexicana . t.ecanora weberi differs from JL_ 
melanopbtbalma in that the new species lacks a distinct 
umbilicus and lower cortex and has apothecia t hat are 
adnate, with orangish to yellowish brown discs and scarcely 
prominent margins. Many of the characteristics of k 
noyomexicana and 8 melanophthalma (e . g., chemistry, growth 
form, and colors of the thallus and apothecia) that are 
useful for distinguishing those species from ~ at 
the type locality of the latter do not apply at other 
localities. Especially in the case of B melanophthalma, 
the material from the type locality of L. weberi is not 
very typical. In fact, both of these other species (as 
presently delimited by most authors) are extremely variable 
and plastic, can also be very difficult to distinguish from 
each other, and may well consist of several taxa. 

The morphology and color of the thallus or ~ 
itself are also somewhat variable. Especially interesting 
is the difference between the more common, predominantly 
fertile forms (areolate-verrucose thallus center, 
squamulose-lobed margin) and the occasional, mostly sterile 
forms (more- or- less imbricate squamulose throughout) that 
occur on or next to the parent thalli . The origin or such 
dimorphism, which also occurs in various other lobate taxa, 
i s unk.nown. 
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TWO NEW SPECIES OF THE GENUS ASCOCHYT A LIB. 

SHlEON G. V.UIEV AND GAliKA G. BAKALOVA 

Ins titute o:f Botany, 111 .3 Sofia , Bul garia 

ABSTRACT. Two new species of genus Ascochyta Lib. 

- A. urticicola Vanev e t Bakalova , sp. nov . and A. digitalina 
Vanev et Bakalova , sp .nov. , from :Bulgaria, are des cribed 
and illustrated. 

During inventor y investigations of genus Ascoch;y­

.le Lib . (order Sphaeropsidale s , class Deuteromycetes) in 
Bulgaria , two n ew species belonging to this genus were es­
tablished . 

ASCOCHYTA URTICICOLA Vanev et Bakalova sp.nov . 

Kaculae 0 , 1-0 , 8 em in diam., orbicu lares vel an­

gulatae , soli tariae interdum comfluentes, atro-brunneae 
vel ni grae, saepe concentric zonatae . Py cnides epiphyllae , 
sparsae , soli tariae , globo~ae vel depres s o-globosae, palli ­

de brunneae , 11 0- 180/' '" in diam . , poro orbicular! 25- }5/'m 
in Ciam . , celluli s parvis obacurior ibus c inct o. Conidia 
cyl indr i ca vel elliptica utrinque r otundata , uru..-vel bisep­
tata , saepe a d s eptum len! ter constricta , hyal i na , ( 10 ) 
13 , 5- 17 , 5 ( 2 1) X 4-5(6)1"..,_ (}'ig , lA), 

I n .foliis Urticae dioicae L. , Bulgaria , mons Pi­

rin , redcla , 26 . 09 . 1975 , S . G.Vanev , G. G.Bakalova , Sa-l 
18962 f'i , holotypus . 

Leaf' spots 0 ,1-0 , 8 em in d i am . , numerous , r oun­
ded or angular , singl e or often confluent , dark brown or 
blacl• , more pale i n the centre, occasionally concentric . 

P.Jcnidia spheri c or t"lat tened , s ingle , scatter ed , pale­

brown , 11 0- 180/"tJt with circular ostiol , 25- 35/an in diam . , 
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surround ed by zone of darker cells. Conidia cylindric with 

rounded bo th ends or ellipsoidal , straight or s lightly cur­

ved, hyaline, 1-2 ( rarely 3) septate, occasionaly con s tric­

ted at the septa , ( 10)1 } ,5- 17 x 4-5(6);"..,. • 
Specimen examined : on living leaves o:f Urtica di­

oica L . , Bulgaria, Pirin mount . , Predela, 26 .09 . 1'375 , S .G. 
Vanev and G,G, Bakalova, SOM 18962 f.i (holotype). 

There is only one Ascochvta species r egistered on 
plants belonging to genus Urtica - A.urticee A.l.Srn. e t Ramsb . 

f.leln1k( 197 7) delimited 2 subgenera of Ascochxta 

on the basis of the number and disposition of conidial se p­

t a . According to this author~ belongs t o subgenu s 
Libertia Melnik s ince the conidia have only 1 central sep­

tum dividing the conidium i nto 2 nearly equal cells . 

Ascoch...I_t_a~_tici..£2!.! clearly ciif.fers from ~­
~ in the size of coni dia and the number of the coni dial 
s epta , 1 or 2 , r arely 3 (Te.ble 1). 

Table 1. 

Co:~~para'tive morphol ogi c data of A!lcochyta urticicola a.:"ld 
A.urticae 

Diaensione of Number o! 
Subgenus Species conidia in r ,..,. ocpt n in 

conidia 
enght vidtb 

scochyta A. urtici (10)13, 5- 4 - 5 ( 6 ) 1- 2(3) 
cola 17 ,5( 21 ) 

!bert !a. A.urti cac 7-12 2 -4 1 
(by Mel-

nik, 1977) 

For this reason it is necessary to place A.urti­
cicola in subg enus Ascoch..Y_E. Melnik . 

'~here are 2 ot her Ascoc}-.y ta specie~ par a sit ic on 
plo.nts o.f the same fami l y (Urticnceae) - A. parietariae 
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Roum . et Fautr .( on Parictaria off'icinalis L.) and A .~­

riae Woronichin (on ~ehmeria ssp . ) but they dif.fer from 
A.urticicola not only in the host-plants but morphologica­

l ly also . 

ASCOCHYTA DIGITALINA Vanev ct :Cakalova, sp.nov . 

t-laculae 0 , 3-1, 5 em in diam ., orbiculares, solita­

riae, globosae vel con!'luentes, ochraceae vel pallide bru­

nneae , 1nd1stincte atropurpureo - marginatae . Pycnides epi­

phyllae sparsae , soli tariae , g l obosae vel depresso - globo­

sae , pallide brunneae immersae, 110-175rt in diam . poro 
orbicular! 20- 35; .. "" in diam ., cellulis atrof'usci s cincto . 
Conidia cylindrica utrinque rotundata, interdum oblongo­

elliptica vel clavata, recta vel leni ter curvata, dis tin­

etc uni- vel biseptata , ad septum haud vel vix conatricta 

interdum inaequali ter bicellulata , hyalina , ( 12 , 5) 15- 1.7 , 5 
X ( 4)4 , 5- 5(6)f""' ( l'ig . 1.B) . 

In foliis vi vis Digi t alidis viridiflorae I,indr. , 

Bulgaria, mons Rodopi, Beglica, 2 . 08 .1 901 , S . G. Vanev, SOf.i 
16964 f'i , holotypus . 

Leaf spots 0 , 3- 1, 5 em in diam . rounded , sing le or 
confluent, ochraccous or palebrown with dark - brown or 

dark- violaceous wide border . Pycnidia more or lea s spheri .c, 

separate , ocattered thin-wa l l ed , pale- brown , 11 0- 175,..,.b: in 
diam. , with a oinele , circular ostial 20- 35/"m in d.iam., 
surrounded by darker cells . Conidia cylindric with rounded 
both ends , or ellipsoidal , rarely clavate , straight or sli­
ghtly curved , hyaline , 1-2- septate , occasionally constric­
ted at the septa (sometimes with 2 unequal cells) , ( 12 ,5 

15-1 7 , 5 x (4)4 , 5- 5(6)/"m • 
Specimen examined: on livine; leaves of _£1g1 tal is 

viridiflora Lindr . , Bulgaria , Rodopi mount . , Beglica , 

2.08 . 1981 , S .G.Vanev, SOI•i 18964 N, (holotype ) . 
Two di.f.ferent Ascochyta species paras! tic on 

plants of the genus Digi tali:J are described i n the litera­
ture- A. digitalis Fuckel and A.moelleriana Wint . foielnik 
( 1977) has studied the type specimens of both species and 

has rejected A. digi tali a as a misdetermined species . Ace-
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ording t o thi s author A. moelleriana is a later synonym of 

A. euphrasiae Oud . He has pl aced A. euphrasiae in subgenus 
Libertia because or the 1.- septate conidia. 

The new species A. digita lina belongs t o subgenu s 

Ascochvta and clearly differs .from A. euphrasiae in size of 

conidia and the number and di sposition o:f the septa (Ta­

ble 2 ). 

Tabl e 2 . 

Comparative morphol ogic data of Ascochyta did talina and 

A.euphrasiae 

Subgenus 

Ascochyta 

ibertia 

Dimenoions of Number 

Species conidia in rm of septa 
in coni-

lcr.ght ... idth d i a 

A. digital ina (1 2 , 5)15- ( 4)4 , 5- 1-2 
17, 5(20) 5(6) 

A. euphraaiae 7 -1 2 3-4 0- 1 
(Melnik , 1,977) 

Fig .1 Conidia o!: A. Ascochyta urticicola 

B. A. digitalina 
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TYPE STUDIES IN MARASMIDID AND 
CDLLYBIDID FUNGI (TRICHDLDMATACEAE) 

II. AGARICUS GRAM I NUM 

Vladimir Anton!n 
Morav i an Museum , Dept. of Botany 
n~m . 25. Unora 6, 659 }7 Brno 

Czechos lo vak ia 

ABSTRACT 

The result s of t he revision of the type specimens of 
Agaric/s graminum Li bert /= Marasmius graminum ( Ubert ) Berk. 

~!n:~ . of 3 ~~b~~~l ~~~~~~s AJ~~!c~=r~~~~~~u~r!~i~~~ ~~i~!~:! of 
contemporary authors. It is proposed to use the name Maras­
mi us curreyi Berk . et Br. for the latte r . --

During preparation of a monograph of Central-European 
species of the genus Marasmius and type s tudies in these fu n ­
gi, I was very surprised to find tha t the type specimen of 

:~:I~~~~a CK~~!~~:e L ~~~~~o~!~!~ i~~~~~n~~e·~h~i ~~!~:c~~~~ ~-
rasmius graminum in sense of conte~porary authors. I have 
!ound the same fungus in the Favre s herbarium in Geneve , 
which was pub li shed by Favre ( 1960 ) as a bisporic form of 
_t1 . graminum. Marasmius grami'l.l!!!! in the sense of con temporary 
authors is a cosmopolite species and all modern mycologis t s 
have this taxon in th e same conception . Therefo r e, th is fact 
mentioned above is very inte r esti ng. In the pr esent paper, I 
g i ve the descriptions of both species and also the reasons 
for a proposal to se lect as correct name Marasmius cur reyi 
Berk . et Br. for the distinguished second species. 

Mar as m ius gram 1 n u m ( Libert) Berkeley et Broome 
Aga~~~u ~~~~a7~J~~ Libert , Pl. Crypt. Arduennae , Fasc. li, 

Marasmius graminum ( Libert) Be rk . et Br., Outl. Brit. 
~London, p. 222, 1860. 

Macrofeatures ( partly according to Favre"s notes 
and partly from the type-specimens): PILEUS up to 4.5 mm 
br oad but usually smaller, convex, opaque, with or wi thout 
papilla, plicate, red -brown with the darker centre. LAMELLAE 
distant, L = (4 - )6 - 8 , 1 = 0, colla r iate , collarium very fine 
bu t prominent, not pure white but c ream-whitish. STEM up to 
25 mm long, filiform, smooth, lustrous, whitish above, black­
brown to almost black below. 
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Microfeatures (figs . 1~3 ): BAS lDlOSPORES ellipso­
id, b r oa dl y ellipsoid to slightly amygdalitorm, indextrinotd, 
hyaline, t hin-walled, smooth , of two sizes: 7-12 x 2.5-4 um 
and (9-) 11 - 16(-18) x (5- )6.2 -B (- 10 ) umi the second one is mo­
r e common . BASIDIA clava t e, clamped, 2- and 4- s po re d, e . g. 
24 x 8 urn . BASIOIOLES c la vate, broadly clava t e , fusiform, so­
meti mes with a broad and obtuse top, thin-walled, clamped, 
13-29(-32) x ( 4.5-)6-10(- 11 ) JJm . CftEILOCYST! OIA of the si mi ­
lar form as t he broom ce ll s of the pileus s ur face, clamped, 
thin-wa ll ed, 16-27 x (5-)6-1 0 urn, projections up to 2-4(-5) 
urn long. PLEURO CYST I 01 A none. SUBH YMENIUM of thin -walled, 
branched, cylindr ic, s lightly dext r i noid hyphae, 2-4 .urn broad. 
TRAMA of the lamellae of cylindric, thin-walled, de xtrinoid, 
less b r anched, clamped, J-8 urn broad hyphae; flesh of the pi­
leus of interwo ven, thin-walled, clamped, more or l ess cylin­
dric, b r anched, slightly dex trinoid hyphae, some times fi nely 
incrusted, 2.2-9 .urn br oadi fle s h o f th e stem in cor te x of pa -

~~~~::~a U!~h ~t~ ~~x~~ ~~~~~ 'u~~: 1 ~~~ 1~~ ~!~:~e~YP~!!~ h~~Y t he 
su rfa ce smoo th, in medulla or parallel, dextrinoid , cy l i nd­
ric, thin-walled ( up to 0.5 urn), clamped, 2-8 .urn broad hy­
phae. PILEIPELLIS hymeniform, of cylind r ic-clavate, clavate, 
broadly clavate to almos t globose cells, clamped, thin-wal­
l ed, lJ -2 8 x 8-24 u rn, with i rr egula r, simple to co rralo i d 
branched projec tions abov e, 1-JC-6) urn long , thes e broom 
cells mostly o! the Ro talis-type but sometimes of a t ype 
trans ient to Siccus-type , the upper part of b r oom cells and 
the pro jections b rown pigmented; between these cells are s o ­
metimes almost smoo th t o smooth cells and rare thin-wa ll e d 
hyphae with 4- 6 urn long projections. 

Materia l r ev ised: 
BELGIUM: Pl. Cryp t . Arduen nae, Fasc. II., No . 119, Libert, 
1632, PRM 707065 (Lec t otype), BPI, BP 1616 5, BR, K (ut ~­
ricus graminum). 
~E: Entr e le God Trid et le God Purcher, vers 1900 m, 
val Trupschun pr . S-chauf , Hm Engadine , dans une aunaie su r 
gramin~es pouri ssan tes, 9. 1X.1955 , J.Favre , G 14465 (u t Ma­
rasm ius gr aminum forme bisporique). -

This species is characterized macroscop i cally especial­
ly by the low number o r lamellae and microscopica ll y by the 
size of s por es , character o! broom cells of the pil eus epi ­
cutis and especially of their projections. 

The t ype-specimens from Libert's collec tion "Plantae 
Cr yptogamae Arduennae" are preserved in many he r bari a. The 
specimen from BPT was designated as an "iso t ype" ( Gilliam , 
1976). Howeve r, all the s pecimens of these exsiccata must be 
considered syn t ypes. The "tso t ype" (BPI) cons ists of two 
par t s of th e s t em, with the absence of pileus, and thus t his 
spec imen has not any significance as a type. I revised these 
type-specimens from 5 impor tant herba r ia (BP, BPT, BR , K, 
PRM) i the best specimen of them wa s t hat f r om the herbarium 
of the Nationa l Museum in Prague . The r efore, I propose it 
(PRf.l 707065) as a lectotype. Ho wever, the best revised rna -
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terial of this species was the Favre· s collection from Suisse 
( G 1 .. 65) 

rious T~=P~;~e: ~d 5~~~~~~a~~~ ~fr~=~!~~i~~dmi~~~i t~:a~=~a!~i~:­
y~u;~~~~~a~~~k ~f e~i~~~; · ( i~~~ , (~~!5~· 1 §7~~~ 8 i~£s R~:m! 9 !:) ~en-
tioned as a synon ym whil e Gilliam (1976) after the t ype stu­
dy of the holotype-specimen (K) and authentic mater i al of 
Berkeley et Curti s (FH) considers Marasmius pruinatus an in ­
dependent species. According to this author, this s pecies 
differs from t!.· gram inum especially by the finely divided 
p t'ojections on th e cuticular cells of !:! · pru inatus which con -

trast 1 w~!~e t~ :v~~~~d ~~~ ~~:~~~!~ ~~o~~ct~~~~a~~st!.fr~~aF!~~m . 
low Herbarium and my results agree wTth~s solution. 
The micro features were the fallowi ng (figs. 4- 5): BASI DID ­
SPORES clavate to drop-shaped , indextrinoid, hya line, th in­
walled, smoo th, 10.1-14 . 2 x 3.2-4.2 .um . BASIDIA c lavate, 4-
spored, clamped, 21-24 x 6 . 2-7. 7 .urn. BASI OI OLES clavate, fu­
siform, clamped, often with prominent obtuse top, t h in-walled, 
14 - 26 x 4. 7- 8 .u m. CHEILOCYSTIOIA of the similar form as the 
broom ce ll s of the pileus epicutis, cla va t e, with more or 
less nodulose p rojections, thin-walled, e.g. 16 x 7.5-8 .urn. 
PLEUROCYSTIOIA none. SUBHYMENIUM of dextrino id, th i n-walled , 
clamped, 2-3.5 .urn broad, hyaline hyphae. TRAMA of the la me l ­
lae of dex t rinoid, clamped, thin-walled, sometimes branched, 
2.5-7 urn broad hyphae; fle sh of the pil eus of dextrinoid, 
thin-walled, branched, clamped, hyaline,3-6 JJm broad hyphae ; 
flesh of th e stipe of parallel, c lamped , dextrinoid, 3-7 JJm 
br oad, thin-walled (in medulla) and thi ck - walled ( up to 1-l. S 
.urn in cortex) hyphae; surface of the stipe smoo th. PILEIPE LLIS 
hyme niform , of broom cells of the Siccus-type, cells clavate, 
somet ime s clamped, th in -walled to thick -w alled in the upper 
part, with up to 5. 5 JJm long, more or less nodulose, obtuse 
projectio ns, 9-14 x 5.2 - B JJm; some cells co ralloid branched 
with some thi ck-walled projections. 

These microfeatu r es s how unambiguously that this species 
belongs to the section Sicci . These results agree with con­
clus ions of O.E.Oes ja rdin on the revision label dated 3.11. 
1988 and 10.111.1989 . 

Therefore, I have studied the type-spec imen of the second 
older known synonym - Mara smi us c urreyi Berk. et Br. 1~79. I n 
my opi n ion, fea t ures of this specimen as well as Cooke s ta­
ble 11308 (Cooke, 1890), agree well with descriptions of the 
common "~ . graminum" in the se nse of contemporary au t hors and 
both taxa are conspecific. According t o Dennis (195 1 ) Maras­
mius ex ustus Berk . et Curt. 1879 could be identical wlTii.''"i~L 
riiiifrlUiil'0oo. The type-specimen is preserved in FH (not In 
K . However, according to Singer ( 1976) who revised this ty-

~~ic~: f~~~!~~r~~p~e~~~~~s: ~~e~;:s t~~ 0~a!~e M!~~!!~~s H~~~~me-
~ as the co rr ect one for the species called M. qra minum" 
now . A full description of this species follows now. 
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Mar as m i us c u r r e y i Berke ley et Broome, Ann . Mag. Na t . 
Hist. V, }:209, 1879 . 

MarG~ii~!m9(i;~~): ~i~~=~tl 1 ~~~): et Br . ss. auct., e.g. 
Marasmius tritici Young , Phytopathology, 25:116, 1925. 

~1 a c r ore at u r es : PILEUS 4- 6 mm broad , conical-hemis pher i­
cal, then convex to expanded, sometimes with slightly revolu ­
te margi n , with a small papilla, especially when young, then 
often with small umbilicus, smooth, under lens slight ly to­
mentose, slightly plicate, young red-br own to rusty-brown to 
pink ish-brown . LA MELLAE distant, L = 9-13, 1 = 0, collaria­
te , very rarely without distinct collari um , with concolorous 
edge, white . STEM 18- 26 mm l ong, filiform, lustrous , smooth, 
whitish to wh i te above, through brown to dark red-brown to 
black- brown toward the base . 
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Micro features ( figs. 6-8 ): BASIOIOSPOR ES ellipsoid, 
cylindric-ellipsoid t o slightly amygdali f orm, smoo th , thin-wal­
led , hyali ne , (7.7- ) 8-11 (- 13 ) x .4-5.7 ( -6 . 5 ) J.Jm. BASIDIA clava­
te , clamped, 4- rare ly 2-spored, 15 - 30 x 4-7 11m. BASI OIOLE S 
clavate, cylindric-clava te, s ligh tly fusiform , clamped, 18-20 
x 4- 8 J..lm. CHEllOC YS TIO IA of the similar fo rm as the broom 
cells of the pileipellis, more or l ess clavate , hyaline, 



10-16 ( - 20) x 6-1 2 um, with l-7 ( -8) urn long, hyaline to 
slightl y yellowish projections above. PL EUROCYSTIOIA none. 
SUBHYMEtH UM of thtn-waJ led, cy 1i ndr ic, clamped, branched, 
hyaline , 2-4 urn broad hyphae. TRAMA of the lamellae of dex­
trinoid, thin-wa l led, clamped, hyali ne, 3-8 urn b t" oad hyphae; 
flesh of the pileus o f dext r inoid, branched, int e r woven, 
th i n-wa lled, clamped, hyaline, }- 7 ( -10 ) urn bro a d hyphae; 
flesh of the s t em in cortex of parall e l, c l amped , slightl y 
thick-walled ( up t o 1 urn ), yellow-b row n to brown pigmented, 
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in medulla dex trinoid, parallel, thin-walled, c lamped , hya­
line, 2 . 2- 8 urn broad hyph ae. PILEIPELLIS hymenifo r m, of broom 
cells of the Siccus-t ype, clavate or s ho rt cylindric- c lava­
t e, some of them thin-wall e d and hyaline , other ( usually a 
great part o f them) slightly thick - walled above, 9-22 M (6 - ) 
8- lo\ ( -1 8) J.Jrn, with 2-5(-7 ) urn long, obtuse projections, ce lls 
hyaline be low , ye llow - b rown above and in th e projections. 

Habitat : on remnants of Poaceae, Juncaceae, Cypera ­
ceae and r arely of some other plants. 

Ma t erial revised: 
BEL GI UM: Weste r lao ( pro v . Antwerpen), 1941, Tuy mans ( BR). 
BruMelles (B r aban t ), 18 91, Oelogne (BR). 
CZECHOS LOV AKIA: Oo 1any near Unho!i'£, 1939, Her ink ( PRM 139045) 
- ltepy near Praha, 1952 , Pou zar (PRM 707068). - Praha - 2i~­
kov, 1968, Svrl!ek ( PR I-1 67 1895 ) . - Praha , Ki nsk~ho sa dy, 1963, 
WichanskY (P RM 600982 and 624000). - Praha, S t romovka, 1952, 
Pouzar ( PRH 707057); 19ll8 , Vacek (PRM 707075). - t-1n i chovice, 
19 18, Ve l enovsKY (PRC and PRM 707061). - Mnichovice, My~l:!n , 
1939, Velenovsk)i (PRM 153986 ) . - Mnichovice, Huba tov , 1939, 
Ve l enovsk)i (PRM 154305). - libochovi i:: ky , 191 6, Veleno vsk)i 
( PRC and PRM 707062). - Krol!ehlavy nea r Klad no , 194 1 , Herink 
( PRM 70706 4 ) . - C:er noltce near Oobf'ichovice, 1950, Pouzar 
( PRM 707069 ) . - Mof'i nka near Oob tichovice, 1947, Svreek 
( PRM 707080 ) . - Pyskol!e l y ne ar Stt!brn ~ Skallce, 1951, Pou zar 
( PRH 707059 , 707067, 707070, 707071 ) . - Ruda near No v~! Stra­
!iec!, 1939, He rink (PRM 139 12 !1 ) . - Pot!l!ko, 1950, Pouzar 
( PRM 707072). - Kosot, 1950, Vacek (PRM 70 7073). - Lib tice, 
1941 , Heri nk (P RM 707060). - KarBtejn, 1946, Vacek ( PR'1 
707081); Svrtek (PRM 707078 ). - Orahe1tice, 1947, Vacek ( PRM 
514995). - Ho rn( Slav~nice nea r Lornnice n. LuL, 1962 , Svr­
e ek (PRM 56 7936 ) . - Smr~ov near lomn ice n. l u ~ ., 196 1 , Ku­
bitka (PRM 6 16353); 1962, Svrtek ( PRM 567935). - Hamr-Kosky , 
1980, Kubil!ka (C B 2344) . - Za bof i ne a r 8 1 at n ~, Skalick y 
(PRC). - Lu tov~ near Tfeboli, 194 5 , Sv r eek (PR M 707126). -
Tte boO, 1979, KubH:kova et Ku b ifka ( CB 2161). - Vodlian y, 
1937, 1938 and 1963 , Herink ( PRM 49057 1 , 490566, 499642 and 
707 077 ) . - Ci mclice near Pisek, 1961, Svrl!ek (PRM 616352). -
Lazi~tl! near Pisek, 1963, Svree k ( PRM 612757). - Vrabsko near 
C: i melice, 1966, Svrfek ( PRM 6260 72 a nd 626073 ) ; 1963, Pouzar 
( PRM 612756) . - Zv!kovske Povltavi, 1954, Pouzar (PRM 617689) . 
- GoH:Ov Je nikov , 1940, He r i nk ( PRM 707063 and 707066). 
Nemy~1 nea r Td bor, 1943, Sv r Cek ( PRM 707 058). - Vidnava ( We i­
denau ) , 1912 and 19 19 , Hruby ( BRNM 073 11 /39 and 07310/39). -
8oj kovi c e - B zov~. 1985, Anton!n ( BRNM). - Kutim, 194 2 , Smar­
da ( BRNM 313942).- Zdrava Veda near 2aro§ice, 1947, Vacek 
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(PRM 707076). - Prent!ov, 1898 and 1901, Kme{ (B RA ). - Tur-

~~~~~~ro~:r!! " ~m!~~! ' ( ~~:)~ 8 - C ~=~7 a~!~:~~~dh~a~~;a ( N! ~~~dhra-
gy), 1BB4, Baumler ( BP 19704 ) . 
ENGLAND: on Rye, Cooke (K). - Kew, Royal Bot. Gar dens, 1966 
(K) . - Coughton (Wa rw icks), Cla rk ( K). - Canseway, Slapton 

~~~~~e~~). 1 ~8~~ 5 ~~~~~e~~~. ( Su~~!~~;o~ 9~~~r~P~~~~~v(~~: ~ 9~:: 
~; 1 ~a(~)~ ~~=~~~go~ i~~~~o~~hf~~!~e ~ Su;~=~ } ' N~;~~~ ~~~~n;r Kew, 
( K) . -Holm Fen ( Huntongdonshire), 1965, Hout ton ( K). -Gran­
bourne Park, Windsor Park {Be r kshire) , 1967, Dennis and Reid 
( K) . - Lickey Hills ( Worcester shire) , 1968, Pr ice (K). -
Maidenhead (Berkshire ) , 1970, Verdcourt ( K) . 
FIJl: Vit i Levu, Savura Creek, 1976, Maddison and Kirby ( K) . 
FRANCE: Santes, Courtecuisse (Herb . Courtec ui sse ) . 
GERMAN DEMOCRATIC RE PUBLIC , Oienstadt (Ost thuringen), 197>, 
Hirsch ( JE B 591/50). - Halle/Saale, OOlauer Heide (Sachsen­
Anhal t ) , 1974, Hirsch and Braun ( JE B 475 / 42).- Halle - Ne u­
stadt ( Sachsen- Anhalt, 1971, Hirsch ( JE B 4B / 4) . - Br3uns­
dorf ( Sachsen ) , 1970, Zschieschang and Ebert ( JE). - Olibener 
Heide ( Sachsen-Anhalt), 1977, OOrtelt (HAL); 1970, Hirsch 
(JE B 74 / 4). - Eisleben (Sachsen-Anhalt), 1972, Hirsch (JE 
a 201/15). 
HUN GARY: Tiszacsege, Hortobagy ( Hajdu-Bihar), 1974, Babes 
(BP 51592). - Tahi, Mts. Pi lis , 1955 , Bohu s and Babes ( BP 
30833) . - CsUcsh~gy, Mts. Budai 1 1957, Bohus and Babos ( BP 
39251) . - T0khegy, Mts. Budai, 1954, Bohus and Babos ( BP 
39250). 
THE NETHERLANDS : Osgstgeest (Zu i d-Holland ) 1 1955 , Bas ( BRNM 
96794 and K). 
POLAND: Wroclaw (Breslau ) , Schroeter ( BRA). 
ROMANI A, Cluj, 1959,Silaghi (ERM 533819). 
SWEDEN: GOteborg, Stora "~nggMrden" (V8sterg0tland ) , 19)7 1 

Nathorst-Windahl (PRM 103546 and K). 
WEST PA KISTAN: Lahore and Sialkot, 1959, Sultan Ahmad ( K) . 

Marasmius currevi differs from the above mentioned M. 

~o~!i~t~f ~~~e~i~~~~ - ~~p!11:n~r~~: ~~!t~e~; ::~h~~T=~= 
lipsoid to cylindric-ell i psoid spores. The number of the la­
mellae is usually lower in the first species. 

Ac cording to these results, seven species of Marasmius 
section Mara smius occur in Europe - Marasmius alni~ 
Favre, .!:!.~dii Du~l., ~· cu rr eyi Berk. et Br., !:!· 9.!:.!­
minum ( Libert) Berk. e t Br., M. limosus Oulil., M. rotula 
(Scop.: Fr.) Fr. and !1_. wettsTeinii Sacc . et Syd . ---
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VACC!NIUM FUNGI: HELICOMA VACCINII SP. NOV. 

L. M. Carris 

Department of Plant Pathology 
Washington State University 

Pullman, WA 99164-6430 

An apparently undescribed species of Hel lcoma Corda 
'J3S found on Va ccinlum elliocli Chapman stems during a 
survey of fungi on Vacclnlum spp. in the eastern U.S. The 
fungus is described as a new species and illustrated from 
culture and host tissue. It represents t he first r eport 
of a Helicoma from Vaccinlum. 

The Helicomo. sp. was colonizing a vertical scar on a 
stem sect ion of V . elliocii collect:ed near the Satilla 
River, Ware Co., Georgia. Conidia were streaked onto 
Difco Bac to·Agar and single germinating conidia trans­
ferre d to the following types of media: Difco malt 
extract agar (MEA). Difco corn mea l agar (CMA), full and 
half-strength Difco potato dextrose agar (PDA) and V8 agar 
(Stevens , 1974). Cultures were maintained under labora ­
tory bench conditions of fluctuating light and temperature 
(18-20 C). 

Helicoma vaccinii L. M. Carris sp . nov . Figs . l-13 . 

Colonise in agaro cum Zeae farina composito cultae aetate 
quinque h e bdomadwn diamecrwn 0. 6 - 1.0 em attingentes; 
mycelio atro-brunneo, lanato vel caespitoso. Coloniae in 
caulibus effusae, hirsutae, atro-brunneae. Myce lium 
immersum vel superficia l e, ex hyphis septa tis, brunneis, 
1.7-3.4 ~o~m crassis. Conidiophora plerumque simplicia vel 
raro ramosa, flexuosa, atro-brunnea, cellulis apicalibus 
pallide brunne i s, interdum rugosa, 4- 10 septata, 64-145 ~o~m 

l ong . , 4.2 - 5.0 pm l at. ad basim , 2.5-3.3 pm la t. ad 
apicem, proliferationibus percurrentibus pluribus (1-3) . 
Cellulae conidiogenae mono· vel polyblasticae, 
denticulatae; denticula 1.3 - 2.7 prn long., 1.0 - 1.3 ~o~rn l a t . 
Filamenta conidica in l.S-1. 75 spiris convoluta, 4-8 
septata, apice rotundato, basi truncata, 2.0-4.0 ~o~m 

crass a. Conidia hyalina vel pall ide brunnea, laevia , 8. 0-
13.0 ~o~m l ata. 
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Habitat in caulibus Vacc1n11 elllocil, Satilla River, \.J'a r c 
Co., Ceorgia . N. Vorsa, 9.vii.l988 (herb. BPI ) HOLOTYPUS . 

Five-wk·old colonies on CMA 0 . 6-1.0 em diam, dark 
brown, woolly to floccose, sporulation abundant, border 
even, slightly crenate , reverse dark brown. Colonies on 
stem effuse , hairy, dark brown. Mycelium imme r sed ilnd 
superfi cial, hyphae septa t e, brown, 1 . 7-3. 4 JJffi diam . 
Conid iophores ( Figs . lB , lE, 3, 9 ) simple or rarely 
branched , cylindrical, flexuous , dark brown with pale 
apical cells, occasionally roughened, 4-10 septate, 64 - 14 5 
IJm long , 4 .2- 5 . 0 pm wide at base, 2 . 5-3.3 JJffi wide at apex, 
usually with 1-2 percurrent proliferations (Fig . 6). 
Conidiogenous cells (Figs. 4, 5) mono- or polyblas t ic, 
denticulate, denticles 1.3-2.7 p.m in length, 1.0-1.3 J-Im 
wide . Conidial filament coiled 1.5-1. 75 times, 4-8 
septate, rounded at apex a nd t apering to a truncate base, 
2 .0-4.0 ~m diB.III. Conidia ( Figs. 1E, 10, 7, 8, 10 , ll) 
hyaline to pale brown , smooth, 8.0-13 . 0 J-Im diam. 

HABITAT: On stem scars of Vaccinium elliocii. 
DISTRIBUTION: Ware Co. , Georgia, U. S. A. 

MATERIAL EXAMINED : UiC 0043, HOLOTYPE, deposited as st:em 
section, d r ied culture, and pre pa r e d s lides in BPI . 
ISOTYPE specimen deposited at WSP, living culture 
d eposited as ATCC 66068 . 

OTHER PERTINENT MATERIAL EXAMINED : 1/elicoma muelleri 
Corda, IM.l 78575, FH-Linder No. 134 1 ; Tubeufia pez i zula 
(Be rk. 6. Curt.) Bar r ( H. muelleri anamorph), IMI 73306; H. 
ambiens Morgan , FH-co -type . 

Only minor differences were noted be tween colonies on 
host tissue (Fig . 2) and in culture. Conidiophores formed 
in culture frequently had roughene d walls and enlarged 
cells with a dark , vesicle -like outer wall layer (Fig. lE) 
that were not evident in colonies on host material. 

Fig . 1 . He l!coma vaccinii. A. Conidiophore dev e l oping 
from cel l of conidiwn in culture on CMA . B. Con idi.o ­
phores on Vacc inium elliocii. No t e proliferations. C. 
Imma ture conidia. D. Mature conidia . E. Conidiophore s 
formed in culture on CMA . Arrows indicate ves'icle-like 
outer wall. 
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Co l onies were restricted on all media used, and did not 
exceed 6-7 mm diameter after two month s ' growth . 

Coos (1986) monographed t h e genus Helicoma, 
recognizing 32 species and four sections. The sections 
are de l imited primarily on mode of conidial development 
and conidium attachment to the conidiogenous cell. 
Helicoma vacc1n11 fits we l l in Sect. Hel1coma, a group 
comprised of species with conidia borne acrogenously on 
distinct dentic l es. Coos (1986) noted the morphological 
similarities between the ten species in Sect. He licoma . 
There is considerable overlap in characters, including: 
conidiophore length; number of septa; a nd number of coils 
in the conidium . The diagnostic characters most useful in 
differentiating species include diameter of conidi a and 
width of conidial fi l aments. Nine of the species in Sect . 
Hellcoma produce conidia >13 pm in diameter . Only H. 
Caiwanensis Hatsushima has relative ly smal l conidia (7-15 
pm in diameter) in the size range of the conidia of H . 
vacclnil . The conidia of H. caiwanensis are otherwise 
different from the conidia of H. vaccinii in having wider 
conidial filame n ts (4.0-6.0 JJffi versus 2.5-4.5 JJffi for H. 
vaccinii) and blunt basal cells. In addition, H. 
caiwanensis produces a second, phragmosporous type of 
conidium and conidiophores with multiple, inflated 
conidiogenous nodes (Hatsushima, 1983) . 

Goos (1986), Linder (1931), and Pirozynskl (1972) 
noted the shape of the conidium basal cell as a useful 
character fo r differentiating If. muel leri and H. ambiens, 
two morphologically similar species in Sect. Helicoma. 
Likewise, the long, tapering basal cells of H. vaccinii 
(5.4-14 . 7 pm in length) distinguish this fungus from other 
species in Sect. Hellcoma. For example, the basal cells 
of H. muelleri conidia (IMI 78575) are 4.7-6 . 7 pm long . 

The conidiogenous cells of H . vaccinii are predomi­
nately monoblastic , both on host tissue and in culture 
(Figs. 18, 1£, 4-6, 9) . Occasionally, conidioge nous cells 
with 2-3 dcnticles are found . More frequently, the 

Figs. 2-13. lfelicoma vaccinii. 2 . Conidiophores on 
Vaccinium elliotii. X 90. 3. Conidiophores formed in 
culture on CMA. X 600. 4 , 5. Conidiophore apices. Note 
denticles . X 1400. 6. Proli ferat-io n of conidiophore 
apex with ruptu red outer wall. X 1400. 7, 8. Immature 
conidia. X 2000. 9. Conidiophore formed on CMA . X 800 . 
10, 11. Mature conidia. X 1000. 12, 13. Conidiophores 
deve l oping from cells of coni dia. X 600. 
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conidiogenous cells prolife rate percurrently , with a new 
con idiogenous cell emerging through the r uptur ed darkened 
outer wall of the c onidiophore apex (Figs . lB, 6) . This 
type of p ro liferat ion was illustrated by Pirozynski ( 1972) 
for the H. muelleri anamorph of Tub euEia pezizula {cited 
as Thaxteri ella pezizu la (Berk. & Cur t .) Pe trak]. An 
illustr a t ion o f a conidiophore a pex of H. amblens (Goos, 
1980 ; Fig . 29) also resembles the conidiogenous cell 
prolifer ation i n H . vacc l n ii shown i n Fig . 6. 

Germination of H. vacclnii conidia f r equently occurs 
from the basal cell, in a way similar to H. muelleri as 
reported by Linder (1929), but germ tubes may develop from 
any cell in the conidium of the forme r . In coloni es on 
CMA and MEA, conidia often become swollen and melanized , 
giving r ise directly to conidiophores (Figs. lA, 12, 13). 
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SUMMARY 

The use of convent iona l methods fo r yeast identification is not pratical enough 

~h~:~~~!~,~~si~~~~~~~~a~i~~eo~0t~~er~~~~ei~11lre~:~n~.0'T~!Y u~: 1~( ~~~"~~~~~:~;~ 
methods fo r pratical uses enables a faster and easier identifica tion. In this work 
the analysis of long-chain fatty acids was used to differentiate several yeast strains 
~~~'}f,!~~~~·!~ the genera Saccharomycu, Zygo&accharomvcu, Torulaspora, Candida 

INTRODUCTION 

and bioJhhe~~~~~~~~!~~~r~~i~:ah!! b~~~r~ri~3it~~n~tl;puhs~1dt~a~~~d~~ 3(1ifr~)~iB1~f~~~~ 
eta/. (1983) and Kreger-van R;j (1984) . The work of Lodder (1970) and Kreger­
van Rij (1984) results from a revision of the book edited formerly by both authors 
(Lodder and Kreger· van Rij . 1952) . Unfortunately for those who deal with practical 

dihi~tl~. 0JJ:~~t~~hi~:~=~~=i~ 't~~n:;~o0:y~;n:~!~turth;':k:C~~: ~1!~!i~~t~n t~~!: 
authors in their different editions. which led van der \Vall (f987) to propose t~at the 
fermentation industry should develop a specific taxonomy. 
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tar met~od~a(1~~~ tr~~i~:':e!if~~~za~~~~vneJoPhaff.1i96H~Th:~~e~fc~t0:o~stit~1i~f~~ 
of each microorganism is regarded as a resu lt of natural evolution and so. the species 
with similar composition are seen as being closely related . The fact that the above 

~e~~~'d~~e~~t~~~~~~,i~o~~e ,~~~ ~~h~i~~~~ -a~~~~,a~f ad~~~~i'! ~l~~~ia!~~d~ '=~~ 
metabolites. These. by revealing also a phylogenetic relatedness. enabre an easier 
pract ical delimitation of species . 

Among other compounds analysed are the long· cha in fatty acids. which have 
been used wi th several microorganis ms since the work of Abel et al. (1963) using 

~h~t:~:j~~~~ ~~~~.~~~~n f~t~~e~c~~ ~~':~~~~~i~~ f~~~~~lni,0~ri~ariti;e t~:a~:t~~d~1o:~ 
proposed by lategan and his co-workers (Kock d al. 198S. 1986: Cott rell et al. 
198S. 1986: Viljoen et al. 1986. 1987. 1988: Tredoux et al. 1987a. 1987b) . The 
spoilage wine yeasts can be divided into three main groups: the film-forming (e. g. 
Ca r1dida uini, Pichia mtmbranatfacitn& and Brettanom!ICC-' spp.). the fe rmenting 
(Saccharom!lce& cercui6iac). and those of more difficult control. the -sensu stricto" 
spoilage yeasts (e.g. Z!lgo&accharom!ICU /Mili1) . Our aim was to obtain a test which 
could rapid ly determine whether or not the isola ted yeasts belonged to the species 
more dangerous to wine stability. Z. IMilii is diflicult to differentiate from Torultupora 
dtlbrueckii when the sexual conjugation is not evident. Therefore several strains of 
these species . isolated from other origins. were also ana lysed . 

MATERIAL AND METHODS 

The yeast s trains were either obtained from the yeas t cultu re collection of the 
lnstituto Gulbenkian de Ciencia (1Gc) . Oeiras. Portugal. or isolated from Portuguese 

~~~~le~~i~t~~~~ :~n~i~~!~h~~n:i~r s~~~:n!~Jt:~!ei!l·ta~i~~~~~lt~:de0t~11p~~rti~~~ 
using the same medium. All isolated strains were ident ified according to conventional 
methods (Bilrnett et al. 1983. and Kreger-van Rij, 1984) in the IGC laboratory. 

Growth on liquid medium followed the methodoiO$Y proposed by Kock d al . 
(198S) . Cell s were grown in 250 ml Erlenmeyer flasks w1th 80 ml of med iu m com-

~~s3e~±b6.t8~ 'r~-~s"h.ci~ea (~::!:)b=~~ !i:~· ~~~ ~:~~t s~i~~i~~~n T~~sn~ \~N~L (~;'~hl 
suspension were transferred to 1 l Erlenmeyer ,tasks with 400 ml of t he previous 
medium. in the same environmental condi tions . for 48 h. The cells were haPJested 
du ring the stationary phase by centrifugation and washed twice with cold demineral-

~r~dw~a~~· s~l~d ~~di~~ ~~:a~~~~. v;:~~i~~~~r~~~~u~;~~d ::r: 5s~ds!~n'd:~ ij~el~.in~~ 
solution and a drop was placed in plates of Wickerham agar. Incubation was camed 
at 25± 0.1 C for 48 h. after which the biomass was taken from the agar and used 
immediately. 

The cellular long-chain fatty acids were extracted and methylated according 
to Moss et al. (1974). us ing a solu tion of 5% (w/v) NaO H in SO% (v/ v) aqueous 

::~h0ar~~~~n:n~~~o;t~ii~~~~!~e s~r~~~n:~~~:d~~J~,Je~e i~nh~:~~~yl Th~e~:,~~~~~e :e~! 
ana lysed in a gas chromatograph (Perkin Elmer 8410) with a F10 detector. using a 
stainless steel colu mn (1/8 in x 3.5m) packed with 8% Carbowax 20M W·AW (100-120 
mesh) . The column temperatu re was 230 Cat an outlet N1 flow of 40 ml. min - 1. The 
methyl ester identificat ion was done by retention times of myristic (C14:0) . myr istoleic 
(C14:1) . pa lmitic (C16:0} . palmitoleic (C16:1) . stearic {C18:0) , oleic (Ct8:1). linoleic 
(C18:2) and linolenic (C18:3) acid es ters . relative to the palmitic acid ester. The 
peak areas were determined by automatic integration and the results. for each ester, 



Table 1. list of analysed yeast strains 

Sptclu 
Sa"llarom~cu cucl>irie~c ~~ell tx 

H'""" 
S. nrcllfriac (s~n.1 ' S. •~~~~;~~~w Sa<· 
urdo) 

S. ccrc~oou (5)'11 . S. k ranw SU· 

ur6o) 
zv,orG<ciiMomrur kiln (lind~) 

Gulillt~mond 

Z. Mihi (Lindntt) Guiflie~rnood 
Z. M.Iri(Lindntt)GuillicrmOftd 

Z. ~th'i(lilldlltr)Guillltiii!Ofttl 

(srn. Sa"lloromrcu d r,oru 
Loddtt &: Kre&er ·niiRii) 

Pod~tn mcm6rone~r/ocirru 

(Hilll-)Hlnstrt 
C~~nclul4 WIN (Otsmulhts) Vlrt Udell 
"9U<Ide)' 
Ton;l~p9to ddburcbi (llndlltr) 
lindiiCf 

T, dr16nmioi {Lindner) Llrrdrrer (S)'rt. 
Satcllaromrcu dcllrutdir lktdrrer) 

l . ddhuuhi (l indntr)Lirrdner 
(SJII. $11CcA..,..,myccr roui(Gui· 
lltrmond)l odder &: Krc&tr · van RilJ 

T. ddlnmiii (Lindntr ) Lindntr 
(syn. S. roni and ScAc""nio-

AOOO ~ltd A063 

A065 

A028.A026and A029 . ,.. 
G227 
A022. A023. A02t , 
A02S. A027 and AOll 

.... 
AOJO 

A007 

G166 

Gm 
GSOO 
G50 1 
G502 

G709 

G713 

mwcu 4a minir Bnlsta rt Ill.) G$44 
T. clclluud•i(lindncr)lindntr(syn, 

S. ron i and Torulop1ir 11dla111 
(Krocmer &: Krumbholl) l odder vu 
camlruirri l oddcr &: Krc&tr · v~n RiiJ G907 

T. dcllrucdii( Lindnc!)llndner 
(SJII. ToN!crpru collicvlo1o 

G911 .... .... 

Orl& i"~• 

lsolalrd hom boll~ winu 

l Jpc suain, IGC 2470 . 
CBS 680 
IGC 4221. NRRL 59 144 
lsol.llcd hom bollltd wines 

IGC 2899 

l sol~led from bon led • intt 

IGC 2S97, CBS 639 

Trpc: tllaln , lGC 4166. 
CBS 11 46. NRRL Y-886 

IGC 2477 
IGC 2SOO. ~frr IIJins 
tGC 250 1 . ~f1r &nlns 
tGC 2502.bou lcd kelrr 

IGC 32®. CBS 86S. 
poUIOSU idl 

IGC 2113. C95 817 

IGC 2844. human skin 

tGC 2907 

IGC 2911. COS 158, "'I" 
IGC2998. man 
IGC ~. HJWaltr 

37 

(Hallmillln) S.KurdoJ G91f> IGC 1916, CBS lll.lavan~nsl ,,; 
Unlndtn11r~ suains A031. A033. A067. A068. 

AOC.9. A070. AOTI. AOT2. 
A074. AOT!i . A076. AOn. 
A078. A079. AOSO. A081 
and A082 

lsob led 11om bonlfd wlnts 

a) Abbfcwia l ion ~: IGC. lns l ilulo Gulbcnki~n dt CiCnd.:l , <Xius. Ponuaal: cas. CcniiJJibu i ~JU VOOI 
S<hlmm~l<ulluru. Delli. The Ntlhttl;mds ;a11d NRRl. Nor lhtrn Rt&ionll Rtuarch Ctnltr . US 
Otp.Jrlmtnl of A&rkullur~. Ptarla . Illinois. USA 

b) Srnonyrns of lht spc<iu ducribfd br 6Jrrren tl ~- (1913) and K~t&cH~n Rij (1984) 
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expressed as a percentage by weight of the total area . 

Principa l Component Analysis (PCA) enables us to analyse observed values 
of a set of continous variables (i n our case. percentages of fatty acids) for a set of 
experimental units (in our case, yeast st rains). in order to build new variables. called 
prmcipal componen ts. which represent the directions of the axes of greatest variability. 
By projecting the initial va riables on the planes defined by the first few principal 
components. we obtain graphical representations whose appropr iate analys is enables 
the identification of the principal contrasts among the initial continuous variables. The 
coordinates of the strams in the first four axes were used to perform an ascending 
hierarchica l classification according to the recip rocal neighbours method. Ne.1tt. we 

~C~!fnrn;ut~~! ~a~~~sd:!'h4~~'::,:~~a~~:~t1:i~~d 1~; ~~:ri~ft~~~a~a~\:bi~~~a~lliht:~: 
analyses were ca rried out by the SPAD (Systeme Portable pour I' Analyse des OonnW) 
software (Lebart et al. 1985). 

RESULTS AND DISCUSSION 

The results from growth in liquid medium (Fig. 1) showed a clear distinction 
between the yeast groups previously established, enabling their separation in agree­
ment with their practical spoilage importance. Other authors {Tredoux et al. 1987a. 
1987b) have characterized a la rger number of yeas ts but the groups proposed have 
not a consistent enological meaning. 

The methods in wine microbiological control should f,ive rapid results and be 

~ir~~~~e5~P~~=t~~!~~;e~::;; ~0ro~~e~~0s~i~u~e~~~~f Th! ~=~~Ya~~iJ0p~~firel~f~~i~~ 
2) were similar to those obta ined on liquid medium with the same basic differences 

=~~~~.t~~tt~hi: ~;,:~P:Ot~~~n;~to: :i~i~~~i:ni~~~~~et~!rfh~:~~o0~ ~~!.f~~i~u~~·~~ 
of growth conditions on the fatty acid composition is largely referred in literature (for 
a review see ln~ram and Buttke. 1984. and van Uden. 1985). This similarity of 
the profiles in different conditions was. therefore . somewhat unexpected although. 
probably. the media composition and incubation conditions are not d•stinct enough to 
produce large differences . For example. Hunter and Rose (1 972) had already noticed 

~~a1\t~e~~d3Q ~~~ 1Th~::~!s~lttsh! r~~? 3a~it~c~~;;~~~~~t~~!e5io ci;d~~4t1~~e b~~su:~o~~ 
procedures are simplified and. princiral~ . because it is possible to make the analysis 
directly from microbiologica l cont ro plates. if the biomass grown is enough for the 
determinat ion. 

The statistical treatment by PCA establi shes a correlation matrix , comprisi ng 
the long~chain fatty acid compositions fo r each strai n. This allows distribution of 
the s trains in a projection plan according to their fatty acid similarities . confirming 

~~~a~~AQ68~5A~7'o~eA(lJ~~e AB76~ A'07~~gAo~9~s~881u::d (~h'82 3l~,!~iu~~~~:de~~f{h~ 
S. cerevisiae group. strains A032. A067 , A075. A078. and A080 were in the Z. bailii 
group. and st rains A033. A069. A071 and A072 were in the P. membranae/acien& 
group (Fig. 3) . Further tes ts. on a larger number of strains and species. are being 
made in order to improve the reliability of this analysis . for that it witt be necessary 
to ensu re the stability of the defined dus ters . If th is ana lysis proves suitable it will 
be possible to create a data bank allowing a direct yeast Iden tifica tion according to 
its phylogenetic proximity. 

The PCA of the th irteen studied stra ins of T. delbrueckii showed that their 
fatty acid profiles are clearly different from those of the Z. bailli strai ns (Fig. 4). In 
fact. whereas all strains of Z. bailli appear in one single cluster. except for one st rain . 
G899 former ly classified as Saccharomyces eltgaiU, strains of T. delbrueckii are 
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Fie. 1 • long·chaln fatty 1dds profi lu from str;lins crown on Wkkerhm liquid medium, n 30 C for 
48h . liiD ·Fermt ntln& ytuts. S. cc rc villcc AOOO. A061, A065. A028 and A029. Q ·'Sensu strkto' 
spoitaae yusu, Z. 6a ili1 A006, A024 , A02T and AOJI. J§j -Fllm-formln& yust . P. mcm6oranac/a cicn• 
AOJO, Results are the mean of two Of' three rtplicatu. Studard deviations lndluted by small vertical 
b~rs . 
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FJc. 2 • l onc·chain fatty adds proliles rrom str ains grown on Wkkttham solid medium. at 25 C lor 
48h . 1!11 -Ftrmtnting yeasts, S. cuui1iu AOOO. A063, A065. A028. A026 and A029. 0 · ' Sensu 
stric to' spoilage yeuts. z. k ilii A006. G221 . A022. A023. A024. A025 <~nd A031. ~-Fllm ·forml ng 
ytast . P. m~mbroncu:{ocitn4 A030. Standard deviations indica led by small ve:rtiu l bars. 
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·--------·~--~ .. 
Fig. 3 · Proje<tion pbn of the yusts. holatcd from wines and from c:ommerdat wine stuters. on the 
uu I (horizont•l) 1nd 2 (vertical) . S. ccrtvU io. t 0 : Z. bollii O : and P. mcmironacfaciUI 0 . 
Unldcntlfit<l strains do not have symbols. 

,-------------~t~--
... IIMUI 

* ··~-: ----,::------
' ~.. Q . 
: ~" ~uuu ,..A 

~ ·· eY0 

Fie. 4 • Projection plan of the yusts, isolated from wines, from commercial wine starters and from 
other origins. on the axes 1 (horiz-ontal) and 2 (vtrtical). S. roui and S. ll ominuQ : S. de/6rvet:!rn'V. 
T. defl41CI v.u. cambruicnO : T. colllculo•c. O : T. dcfbr11eckii (type strain).6 : S. dcgtut~O. 
z. b11il1'1' D : <1 nd C. 11ini*. Stnlns Isolated from wines and from c:ommercial wine star ters do not 
have symbols, the yeasts isol.1ted from other origins are c:onsidert<l illustntivu. not lnlluencin& the 
definition of the <txes. Str;ains A026, A078 ;and G477 lire cOYcrtd by strllins G209. G227 ;and GSOI. 
respecti~ely. 
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!~b~~~s0~~~~:~~j,~~i~~f~h~· s~~i::h~~~s '~"~d~,~ds!~b 1T. 1d ... ~~s,~~~~i1 8!~~~:: 
ct at. 1983. and Ya rrow. 1984) . approximately rela ted to the former classifica tion fo r 
the species S. delbrucckii, S. ro.sea and T . .stellata var. cambresieri. 

From all this a question arises: are the former classifica tions more consistent . 
in phylogenetic terms. t han the present ones (Barnett ct al. 1983, and Ya rrow. 1984) 1 

Although the num ber of s tud ied s trai ns is too small to enable a definite con· 
c.lusion. ou r results showed that the long chain fa u r-acid composition might be of 
great convenience in the dis tinction between Z. bailia and T . dclbrueckii. 
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DESCRlPTlOJ OF THB AJAXORPH OF Y.U..SBUTIPBLL.l XULTlCOLLIS II CULTURE 
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(Jiadrld J. SpdliJ . 

AI GEL T. XAXT tJBZ 

CIB. CSJC, VelAzquez 144, 28006 Jladrld,$pd1D. 

InRODUCTIOJ 

The genus Valseutypella HOhnel 1B cbarocterized by ita 
receptacle-sba.ped strom for•d by peeudopt~~renchymtous and aclerotial 
cells. 

This geous bad reained IKlnospeeiflc until the cle&erlptlon of 
V. llJltlcollJ s Cbeca, )(ore no • Bo.rr <Checa et a l., 198&>, which 
diffe r s fro• the type species V. trlstfcb.a (de lot .> HHhnel, by its 
larger s trom.ta contalniug nu•roua perithecia, as well as by the size 
of its ascospore& and its habitat . Yal .. ut.n-Ila trlstlcba 1& host 
specific on Rosa app. , whereas the Spanish species occurs on Quercus 
iJflr ssp. rotuodffol1a . 

The ODa.X)rph of V. trlst1cba belongs to t he genu. Cytospora 
<Hubbes, 19150> and bas not been d•acribed hi detail. The ana.crph of 
V . .-Jlticol11s alae belongs to Cytospora . 

XBTHODS 

Vitb ll.SCOGpores of V • .-Jlt1col1J6, obtained fro• stro-.ta grown 
on HOOd of Quarcu• 1lex ssp. rotulld1fol1a, we started cultuna in PCA 
<potato carrot agar> with antibiotic . The funsus is conserved at the 
tuasal culture collec tion of the ClB <IJPK> as IJFX A-522 . .Uter 
several m:~nths of incubation at roo• teiipt!rature, ve o bserved the 
production of pycnidia, m:~re quickly and abYnd.antly on XBA ( llll.lt 
agar>. 



44 



45 

DESCRlPTlOH 

Colonies on KEA growing quickly with scar ce aerial mycel1u11. 
Produ c ing a diffus ible dark brown pigment aDd fon.tng abundant 
pycnidia i n concentric zones. Pycnidla black , variable in s ize (300-
700 pll>,strosatlc, globose to pyr1for11, with one or several ostloles , 
which disperse the coni dia by •ana of drops of exudate. Phialides 
cylindrical <Figs. 1-2> somat hms narrowed a t the base , 8- 18 z 1 ,5-2 
J.La, in vertlc ils of 3- 5, on branched hyph11e wh ich grow fllllng up the 
greater part of t he pycnidial c a v ity <Pig . 3 >. Conidia hyaline, 
cylindric al-ova l in front view <Pigs . 4-5>, alhntold 1ll s ide view 
<Ftg.6) and becolling ellipsoi dal <4-6 x 2,5 J.UII) and aptculated on one 
end. lone of t he cultures de veloped perithecia. 

The co~~p.arteon with the anamorpb of V. trfsticha <CBS 465.59) 
was not possible because this strain d id not produce pycnidia i n 
culture. 

DISCUSSJOJ 

Thi s pyenidial f o r 11 a~st be placed in the ge nus Cytospora 
because of i ts stromtic pycnidia with d.ark wa lls, cylindrical and 
verticillated phialides not r estricted to the base of the pycnidial 
cavity, and particularly bec ause of the presence of allantoid coni di a . 
However it i nc ludes e lli psoidal f or iiiS too, thus being different from 
the greater part of the species of Cytospora. 

The definitive clarificati on of the systetlatic position of the 
anAliOrpbs of Val seutypella continues the revision of the genus 
Cytospora, which includes ana.:)rphe of Valsa <Spielman , 1985> a nd 
Leucosto• . as well a s nu•rous anamorphic species whose var i ability 
ill culture has to be deterllin.ated <Sutton, 1Q80). 

Ye thank Dr. X. B. Barr of the University of Xassachusetts , f or 
r e vi ewing the M nuscri p and Xr. K. Heykoop for the English 
correction&. 

LITERATURE CITED 

CHBC.t , J . ; G. KORBJO & K. B. BARR <1986>. Valseuty pella 111Ultlcoll1s 
sp. nov . lyc ota.xon 25: 523- 526 . 

HUBBES, X. <1960>. Untersuchungen l.iber d i e Valsaceengattung Val seutypa­
lla v . H. Phytopathol.Z. 39: 389-• oo. 

SPtBLKAI, t. J. <1985>. A 110nograpb of ValSll on hardwoods 1n Jortb 
b e rica . Can.ad . J .Bot . 63: 1355-1376.SUTTOI,B.C. <1960 >. The 

Coeloaycetes. CoiDDnwealth Agricultural 
Bureau:, Parllha11 Royal , 

Fige . l-6: Cyt ospora sp. 1-2. - Cylindrical phialldes, verticils, on 
branched conidiophores . 3 .- Branched c onidiogenous hyphae in the 
pycnidial cavity. 4-5. - Oval t o ellipsoidal c onidia . 6.- All a ntoid 
conidi a . The bars indicate 10 J.lA • 



MYCO'fAXON 
Vol. XXXVI, No. I. pp. 47-61 Oc1ober-Oecember 1989 

STUDIES ON J . B. CLELAND'S FUNGAL HERBARIUM - 2: 
CORTINARIUS SUBGENUS MYXACIUM (CORTINARIALESl 

CHERYL A. GRGURINOVIC 

51 Vardys Road, Kings Langley, N.S . W., Australia 
2147. 

Abstract 

Collections of Cortioarius, subgenus Myxacium in 
the J.B . Cleland herbarium have been re - examined. 
Of the seven species described and the one 
recorded from South Australia, five are accepted , 
two are treated as synonyms, and one new species 
is described: Cortinarius hundarys. 

Introduction 

Cortinarius subgenus Myxacium is distinguished 
from other subgenera by the gelatinizing universal 
veil. This subgenus contains small to large fleshy 
species with brown, yellow, blue or vinaceous - red 
pigmentation. Pigment is epimembranal inte r ­
cellular or plasmatic. Hyphae of the cuticle are 
7-20 ~ wide, the spores are verrucose, subglobose 
to amygdaliforrn or lemon-shaped. Cheilocystidia 
are present or absent. (Singer, 1986:635>. 

J.B . Cleland described or recorded eight species 
within this subgenus . Fresh material could not be 
obtained to supplement the macroscopic 
de scriptions provided by Cleland or to amplify 
distributional data . The macroscopic descriptio ns 
in this paper are adapted from Cleland's handbook 
(1934-1935), his papers (1928 & 1933> , and the 
collection notes accompanying each collection. 
Cleland recorded colours using the colour handbook 
of Ridgway (1912>. In this study, microscopic data 
were recorded from fragments of basidiome stained 
with ammoniacal Congo Red and then mounted in a 3% 
aqueous solution of potassium hydroxide . 
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KEY TO THE INCLUDED SPECIES OF SUBGENUS MYXhCIUM 

1. Basidiome red . ... . . . ...... . .... C erythraeus 
1•. Basidiome differently coloured ... .. .. . .. .. ... 2. 
2. Basidiome yellowish brown .... ....... ...... ... 3 . 
2•. Basidiome with lilac or violet tints ...... .. . 4 . 
3. Spores approaching subfusiform, 12.2-18.0 x 7.0 

-9.9 }lll\· . . , ... . , ............ C sybaryi naceus 2 
3•. Spores ellipsoid, 6. 8-9 .4 x 4. 6-5. 7 )1111 · • ••• ••• : 

.. , . , , . , .. , . , .. , . , . , . . , . , . , . , , C sinapicolor 3 
4. Pileus whitish to light buff; lamellae ochraceous 

buff; stipe with a trace of violet; odour of 
fenugreek when dry ....... .. . c anstroalhidus 4 

4•. Pileus violet - brown or violet becoming brown; 
lamellae violet-tinted; stipe pallid to pale 
violet or violet . ........ . . . .... ... . . . .... ... 5. 

5. Stipe with a distinct annulus, deep dull bluish 
violet below, pallid above; spores large, amygdal­
iform, 11.4 - 15.8 [ - 17 .61 x 6 . 4 - 8 . 6 [-9.41 pro ... 
. , . , , . , , . , , . , . , .. .. , . . . , , . , . , . ... ,C archeri 5 

5•. Stipe with a cortina, paler than above; spores 
smaller, short e llipsoid to elongate ellipsoid, 
up to 11. 6 ).lm long ......... ...... . ... . .. . ... . 6. 

6. Spores short ellipsoid to ellipsoid, 6 . 4-8.6 x 
4.8-8.3 pro . ...... . .. .... ..... C microarcheri 6 

6• . Spores e llipsoid to elongate ellipsoid or 
approaching cylindric, longer than 8.6 ?m ... . 7. 

7. Spores elongate ellipsoid , sometimes approaching 
cylindric, 8.6 -11.6 x 4.8-6.1 pm .. .... . ... . ... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C subarcheri 7 

7•. Spores ellipsoid, 9.4-10.8 [ - 11.61 x 6.0-7.3 pm 
. . ..... ............. . .... . ..... . . C bundarus 8 

1 . Cort inarjus erytbraeus Berk. Fig. 1 A-B. 

Cortj narjns erythraeus Berk . in Land. J. Bot.,i:48, 
1845. 
C ruher Clel. in Trans . R. Soc. S. Australia 2l_: 
303 - 304, 1927. 

PILEUS up to 51 mm diam., convex, then irregularly 
wavy and convex, subgibbous , viscid, near Dragon's 
Blood Red <XIIIl passing into Rufous (XIV>; flesh 
white, moderately thick over the stipe, thinning 
outwards. LAMELLAE slightly sinuately adnexed, 
moderately close, a little ventricose, Tawny Olive 
<XXIX). STIPE up to 38 mm long, rather short and 
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stout, bulbous, to 19 mm diarn. below and to 13 mm 
diam. above, viscid, solid or somewhat hollow, 
whitish and slightly striate above , concolorous 
with the pileus below the remains of the veil, 
with some yellowish mycelium at the base and 
whitish rooting mycelial strands below, flesh 
discoloured. CORTINA glutinous , yellowish red or 
red. 

BASIDIOSPORES C 55!6 > 1, 8. 0 - 11.0 (x=9. 8 > x 5. 9 
8.3 Cx=6.9> pro, L/B=1 .4~e11ipsoid, finely warty 
rough, slightly thick-walled , pale yellowish brown 
in 3\ aqueous solution of potassium hydroxide . 
BASIDIA C27/5), [23 .2- 1 32.0- 51.2 (x=36.9> x 8.6 

13 . 0 Cx =10.6> pro, with sterigmata up to 4.8 pro 
long, four - spored, clavate. CYSTIDIA not observed. 
UNIVERSAL VEIL of filamentous, smooth, gelatinized 
hyphae, C38!2>, 2.0 - 7 .4 Cx=5.0> pro diam. CLAMP 
CONNECTIONS present. 

HABIT, HABITAT AND PHENOLOGY gregarious, 
occasionally solitary or subcaespitose on the 
ground under eucalypts. Specimens collected in 
June and July. 

MATERIAL -SOUTH AUSTRALIA: Kinchina, 7.vii.1923, 
AD 4291, Miss J. Buxton, watercolour no. 12 
(syntype of c ruher >. Belair Recreation Park, 
2l.vii . 1923, AD 4290; 5.vii . 1924, AD 4289 Csyntype 
of C ruber); 12 .vi. l952, AD 4287. Morialta , 
3.vi . 1933, AD 4284; 3.vii.1937 , AD 4288. Mt Bold, 
9.vii.l939, AD 4286 . 

The orange to blood-red glutinous universal veil 
indicates that this species belongs in Section 
Pyromyxae (Moser & Horak, 1975: 227, 229, 574; 
Singer, 1986:636> . 

1 
C55!6>, fifty-five 
collections <see Bas , 

2 

measurements from 
c. p. 290 (1969)). 

L/B. , length- breadth ratio 

six 



2. Cortinarius subaryinaceus Clel. Fig. 2 A-B. 

1Cortinarius subaryinaceus Clel. in Trans. R. Soc. 
s. Australia ~: 304 , 1927. 

PILEUS 46- 87 rnm diam . , convex sometimes repand, 
finally irregularly revolute, edge a little 
involute, sometimes substriate round the edge , 
very viscid, Mars Yellow <III>, Ochraceous Tawny 
<XV>, becoming much darker and shining in the 
centre; flesh slightly brownish, when old becoming 
semi-translucent , thick over the disc, thin 
outwards, cuticle thick and dark brown. LAMELLAE 
adnate or subsinuate, moderately close, slightly 
ventricose, pallid greyish cinnamon then Raw 
Sienna (III>, Sayal Brown (XXIX> or Tawny Olive 
(XXIX> and darker. STIPE 37 - 75 mm long, stout , 
to 17 mm diam., cylindric or base sometimes 
slightly bulbous, mealy, fibrillose, base viscid, 
whitish becoming brownish. SPORE PRINT near Tawny 
Olive (XXIX>. 

BASIDIOSPORES (7014>, 12.2 - 18.0 (X=14.6> x 7.0 -
9.9 (x=8.4> pm, L/ B=1.7 , approaching subfusiform 
with the apices often dr awn into obtuse mucrones , 
finely warty rough, slightly thick-walled , 
yellowish brown in 3% aqueous solution of 
potassium hydroxide. BASIDIA (2713>, 34.4 - 50.0 
(x=43.9> x 11.2 16.0 (x=l3.7> pm, with 
sterigmata up to 7 . 2 pm long, four-spored, 
clavate . CYSTIDIA absent. UNIVERSAL VEIL of 
repent, filamentous, loosely tangled hyphae, 
(40/ll, 2.4 - 7.6 (x=4.3> ~ diam . , gelatinized, 
hyaline, cuticle to 460 pm deep, subcuticular 
hyphae with pale reddish brown internal pigment, 
oleiferous hyphae scattered , cylindric, dark 
reddish brown. CLAMP CONNECTIONS not observed. 

HABIT, HABITAT AND PHENOLOGY gregarious, 
occasionally solitary or subcaespitose on the 
ground under eucalypts . Specimens collected from 
April to July. 

MATERIAL - SOUTH AUSTRALIA: Mt Lofty, 25.iv . l921, 
AD 4323. Stirling West, 23.vii.1927, AD 4328 
(holotype>. Encounter Bay, 24.v.1928, AD 4322. Mt 
Robinson , via Upper Willow Creek, Encounter Bay, 
30.v.1939, AD 4325. Echunga, 12.v.1939, AD 4326. 
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Fig . 1. Cortinarius erythraeus. - A. Basidiospores. 
B. Basidia. Fig. 2. C. subarvinaceus.- A. 
Basidiospores. B. Basidia. Fig. 3 . c . sinapicolor 
- A. Basidiospores . B. Basidia. Bars = 10 prn. 



The large subfusiform spores and absence of clamp 
connections indicate that this species belongs in 
Section Defibulati, as defined in Singer 
<1986 : 637). 

3. Cortinarius sjoapicolor Clel. - Fig. 3 A- B 

Cortjnarius sinapicolor Clel. i n Trans. R . Soc. S . 
Australia 22 : 191, 1933. 
c ochraceus Clel. in Trans . R. Soc. S. Australia 
21: 304, 1927 non Peck. 

PILEUS up to 76 mm diam., slightly convex to 
convex, sometimes umbonate, then repand, finally 
irregularly upturned , edge sometimes undulating, 
very glutinous, Mustard Yellow <XVIJ , Yellow Ochre 
<XVJ or Citrine Drab <XLJ but with a brownish 
tinge around the edge, with the centre darker or 
passing into Amber Brown <III>; flesh 
soapy-looking , thick over the disc, rapidly 
attenuated outwards. LAMELLAE adnate to sinuately 
adnexed , moderately close to close, to 8 mm deep, 
Buffy Brown (XL) when young, then near Sudan Brown 
(!Ill or Buckthorn Brown (XVJ. STIPE up to 76 mm 
long, moderately slender to moderately stout, to 
13 mm diam., flexuous, base a little bulbous with 
white mycelial threads, then cylindric, striate or 
fibrillose above , very glutinous, pallid becoming 
yellowish brown or tinted yellow, flesh turning 
slightly watery yellowish. CORTINA pale yellowish. 

BASIDIOSPORES <50/1J, 6.8 - 9.4 <x=8.0J x 4.6 
5.7 <x=5 . 0J pm, L/8=1 . 6, el l ipsoid, fi nely warty 
rough, slightly thick-walled, yellowish brown in 
3% aqueous solution of potassium hydroxide. 
BASIDIA <25/1J, 22.4 - 32.8 <x=26.5J x 6.8 - 10.0 
<x=8.6J pm, with sterigmata up to 5.6 pm long, 
four - spored rarely two-spored, clavate . CYSTIDIA 
not observed. UNIVERSAL VEIL of repe nt, 
filamentous hyphae, <31/1), 2.8- 7.0 <x=4.6J pm 
diam., radially arranged, loose , gelatinized, with 
abunda nt epimembranal pigment. CLAMP CONN ECTIONS 
present. 



HABIT, HABITAT AND PHENOLOGY - gregarious on 
ground under eucalypts . Specimens collected 
June and July. 

the 
in 

MATERIAL - SOUTH AUSTRALIA: Mt Lofty, 9.vii.l927, 
AD 4246 <holotype of C ochraceusl. Belair 
Recreation Park, 20.vi . 1931, AD 4654 <holotype of 
C sinapicolor). 

Moser and Horak (1975:574> recorded Cortinarius 
ochraceus Clel. non Peck as a variety (var. 
australiensis) of C paraochraceus Moser. However, 
examination of the holotype of C. ochraceus Clel . 
non Peck has shown it to have smaller spores than 
those quoted for C paraochraceus var. 
australiensis Moser: 6 . 8 - 9 . 4 <X=8.6> x 4 . 9 - 5.6 
(x=5.2l pm as compared to 8.5 - 10.5 x 4.3 - 5 . 2 
~rn for the latter variety. Moser and Horak did not 
examine the holotype of C ochraceus Clel . non 
Peck, but rather another collection with larger 
spores, belonging to a different species CMt 
Lofty, 19 . vi.1921 , AD 4243) . 

The yellowish to ochraceous pileus, brownish 
lamellae, cylindric, non radicating stipe, and 
gregarious habit indicate that this species 
belongs in Section pyromyxae, as defined in Singer 
(1986:636). 

4. Co rtioarius austroalbidus Fig. 4 A-8 

Cortinarit1s austroalbidus Clel . & Harris in Rec. 
S. Aust. Mus. ~:54, 1948. 
C. a1bidus Clel. in Trans . R. Soc . S. Australia 22: 
191, 1933 non Fr . 

PILEUS 37 - 62 mm diam., c onvex becoming plane, 
subumbonate, glutinous, smooth, edge subfibrillose 
when old, white with occasional tints of Light 
Buff <XV!, when old near Light Buff (XV!; flesh 
thin, attenuated outwards, with a very faint tint 
o f violet. LAMELLAE sinuately adnexed, moderately 
close, ventricose, up to 9 mm deep, Light 
Ochraceous Buff <XV> to near Ochraceous Buff (XV) . 
STIPE up to 62 mm long, moderately stout, to 13 mm 
diam., cylindric or slightly bulbous below, 



sticky, fibrillose, white with a very faint tint 
of violet. VEIL brownish . ODOUR of fenugreek when 
dry . 

BASIDIOSPORES <52/ll , 9.3- 11 . 6 [-12 .81 <x=l0.4J 
x 5 . 8 7 .4 <x=6 . 5J pm, L/B=l. 6, ellipsoid to 
elongate ellipsoid, finely warty rough, slightly 
thick- walled, pale yellowish brown in 3% aqueous 
solution of potassium hydroxide. BASIDIA <24/ll, 
28.2 - 40.0 (x=33.6J X 8.2 - 11.7 (X=9 . 4J pm, with 
sterigmata up to 5 . 2 pm long, four-spored, 
clavate. CYSTIDIA absent . UNIVERSAL VEIL of 
filamentous, gelatinized hyphae, (31!1>, 2 . 4 - 6.0 
<x=3.8J pm diam . , loosely repent, undulating, 
pigment not seen. CLAMP CONNECTIONS not seen. 

HABIT, HABITAT AND PHENOLOGY - gregarious on the 
ground under eucalypts. Specimen collected in June. 

MATERIAL SOUTH AUSTRALIA: Belair Recreation 
Park, 29.vi . l932, AD 4113 (holotype). 

The small to medium-sized 
pileus, pale lamellae, and 
bulbous stipe indicate that 
in Section Malyacej, as 
(19 86:638 ). 

basidiome , 
clavate to 
this species 
defined in 

whitish 
somewhat 
belongs 

Singer 

5 . Cortinaritls archeri Berk. - Fig . 5 A-B 

Cortjnarjys archeri Berk . in Hook . f. Fl . Tasm . 2: 
247, t.l81 /7 , 1860. 

PILEUS 63- 89 mm diam . , deeply convex then convex 
becoming plane, finally often with upturned edges 
and irregular, or with deep depressions and 
bosses, very viscid, deep violet becoming brown 
<Verona Brown <XXIX> to Bistre <XXIX> with a 
violet tint); flesh thin except over disc. 
LAMELLAE slightly sinuate to adnate, moderately 
close, to 10 mm deep, sometimes with reticulated 
ridges on the sides, Snuff Brown (XXIX) with a 
violet tint, especially on the edges. STIPE 63 
89 mm long, stout, 18 - 25 mm diarn. or more, at 
first bulbous below, usually slightly attenuated 
in the middle , sometimes flattened, striate above, 
hollow below, Dee p Dull Bluish Violet (XXIV> below 
the glutinous subdistant ring, paler lilac above. 



i€2 
:w~~ 

. . 

55 

Fig . 4 . Cortinarius austroalbidus . - A. 
Basidiospores. B . Basidia . Fig . 5. C . arc h e ri .- A. 
Basidiospores. B. Basidia . Fig . 6 . C. mi c roarche ri 
-A. Basidiospore s . B. Basidia . Bars = 10 pm . 



BASIDIOSPORES (61/Sl, 11.4 - 15.8 [-17.61 Cx=13.4l 
X 6.4 - 8.6 [-9.41 (X=7.6) rm, L/B=1 . 8, amygdal­
iforrn, finely warty rough, thick-walled, pale 
yellowish brown in 3% aqueous solution of 
potassium hydroxide. BASIDIA c20/2l, 32.0 - 43.2 
(x=37.4l x 8.2 - 12.0 Cx=9 . 8l pm, with sterigmata 
up to 7 . 6 ~m long, four-spored occasionally two­
spored, clavate. CYSTIDIA not observed. UNIVERSAL 
VEIL glutinous, to 590 pm deep, of filamentous, 
loosely repent to ascending hyphae, C20/2l, 2 . 0 
4.2 (x=3.5l pm diam . PILEAL CUTICLE a narrow band 
of repent, filamentous to cylindric hyphae. CLAMP 
CONNECTIONS present. 

HABIT, HABITAT PHENOLOGY 
gregarious or caespitose on the ground. 
collected in March, May and June . 

solitary, 
Specimens 

MATERIAL TASMANIA: Cheshunt, 16 . iv.l856, K 
holotype, W. Archer. NEW SOUTH WALES: Mosman, 
Sydney, 20.v.1917, AD 4103. SOUTH AUSTRALIA: Mt 
Lofty, 25.v.1920, AD 4105; 29 . iii.1924, AD 4099. 
Belair Recreation Park, 16.v . 1931, AD 4101. 
Woodside, 19 . vi.1946 , AD 4102. Adelaide hills, 
v.1954, AD 4100, N. Atkinson. 

This species can be distinguished from Cortinarius 
sqbarcheri Clel. and C bundarus Grgurinovic by 
its large, amygdaliform spores . Cortinarius 
~constitutes the type of Section Archeriani . 

6. Cortinari u s mi c roarcheri Clel. -Fig. 6 A- 8 

Cortinarins microarcheri Clel. in Trans. R . Soc . 
S. Australia 22:191, 1933. 

PILEUS 18 - 62 mm diam . , convex to nearly plane , 
edge sometimes striate, glutinous, deep violet or 
violet-brown, drying from the centre to earth­
brown or light brown CAmber Brown, XLl, flesh 
violet-tinted or whitish. LAMELLAE slightly 
sinuate to adnexed, moderately close, pallid 
violet to violet - brown, CBuffy Brown CXLl, with 
violet tintsl, then earth-brown (Snuff Brown, 
XXIX). STIPE 31- 50 mm long, rather slender, base 
a little thickened, fibrillose, slightly hollow or 
solid, pallid or pale violet . 



BASIDIOSPORES (54/6) , 6.4 - 8.6 <x=7 . 1> x 4 . 8 
8 . 3 <x=5.3> pro, L/B=1.3, short ellipsoid to 
ellipsoid , warty rough , slightly thick-walled, 
yellowish brown in 3% aqueous solution of 
potassium hydroxide . BASIDIA (17/2) , 27.2- 41 . 2 
<x=33. 7> x 6.4 - 9 . 6 <x=8.4> pro , with sterigmata 
up to 6.4 pro long , four - spored, clavate. CYSTIDIA 
absent. UNIVERSAL VEIL to 250 pro deep, of 
filamentous hyphae, (1111>, 3 . 1 - 4 . 8 <~=4.2> pro 
diam., gelatinized, lower portion of loosely 
ascending hyphae, upper portion of loosely repent 
hyphae . PILEAL CUTICLE to 96 pm deep, of repent , 
filamentous hyphae, (7/1>, 3.6 - 5.5 <x=4 . 8> ~m 
diam. , with plasmatic pigment. CLAMP CONNECTIONS 
present . 

HABIT, HABITAT 
gregarious on 
June. 

AND PHENOLOGY solitary 
the ground . Specimens collected 

to 
in 

MATERIAL -SOUTH AUSTRALIA: Mt Lofty, 16 .vi. 1917, 
AD 4231 <lectotype, here designated>; 19.vi.1921, 
AD 4219 (syntype>; 23.vi . 1928, AD 4224 <syntype>; 
8 . vi . 1931, AD 4222 <syntype>; 8.vi . 1931, AD 4223 
<syntype >. Eagle on the Hill, 5 . vi . 1932, AD 4230 
<syntype). Kersbrook, 25 . vi.1933 , AD 4227, Dr 
Rogers. 

The violet pileus, violet- brown lamellae , and 
ellipsoid spores indicate that this species 
belongs in Section Archgriani, Stirps~ (Moser 
& Horak, 1975:578; Singer, 1986:638>. 

7. Cortinarius suba rch e r i Clel. -Fig . 

Co rtinarius subarcheri Cle l. in Trans . R. Soc. S. 
Australia 52:220, 1928 p.p. 

PILEUS 25 - 60 mm diam. , at first deeply convex 
then expanding to convex , occasionally with a 
depression in the centre, v isc id, becoming 
shining , vio let becoming brownish violet to violet 
<Brownish Vinaceous to Deep Brownish Vinaceous 
(XXXIX> with tints of Deep Purplish Vinaceous 
(XLIV) or Mars Brown ( XV> and darker towards the 
e dge>. LAMELLAE adnate or sinuate, close, narrow, 
becoming slightly ventricose, violet becoming 
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Fig. 7 . Cortioariys suharcheri .- Basidiospores. 
Fig. 8. Cortinarius bundarus ,- A. Basidiospores . 
B. Basidia. Bars - 10 ~m 

Vinaceous Fawn CXL>, Sorghum Brown <XXXIX>, 
Prout's Brown (XV) or Apricot Buff (XIV>. STIPE 35 

51 mm long, stout, cylindric or base slightly 
bulbous, root rather conical, 15- 25 mm diam., 
fibrillose , solid, sticky when moist, whitish to 
violet <Pale Lobelia Violet, XXXVII, Grayish 
Lavender to Deep Grayish Lavender, XLIII>. FLESH 
white with a faint violet tint in stipe, or paler 
than Grayish Lavender. VEIL white. 

BASIDIOSPORES <54/4), 8.6 - 11.6 (X=9.5> x 4.8 
6.1 <x=5.3> prn, L/B=l.8 , elongate ellipsoid, some­
times approaching cylindric, finely warty rough, 
slightly thick-walled, yellowish brown in 3% 
aqueous solution of potassium hydroxide. BASIDIA 
<311>, 34.7- 37.6 x 7.7- 8.7 prn, with sterigmata 
up to 2.4 pm long, four-spored, clavate. CYSTIDIA 
not observed. UNIVERSAL VEIL to 354 ~ deep , of 
loosely arranged , filamentous, gelatinized hyphae, 
<10/l), 2 . 4 - 4.3 <x=3.5) pm diam. PILEAL CUTICLE 
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a narrow band of filamentous hyphae, with brownish 
pigment. CLAMP CONNECTIONS present. 

HABIT, HABITAT AND PHENOLOGY - solitary , usually 
gregarious on the ground under Eucalyptus baxteri 
CBenth.) Maiden & Blakely, etc . Specimens 
collected in May and June. 

MATERIAL -SOUTH AUSTRALIA : Mt Lofty, 16 . vi.1917, 
AD 4220; 16 . vi . l917, AD 4225; 19 . vi.l920 , AD 4226. 
Kinchina, 7 . vii . 1923, AD 4661 . Mt Burr Forest 
Reserve, 30.v.l928, AD 4316 (lectotype, here 
designated). Morialta, 3 .vi.1933, AD 4311. 
Willunga Hill, v.1932 , AD 4313 . Echunga, 
12.vi.1939, AD 4662. 

The violet-brown pileus and lamellae, and the 
elongate ellipsoi~ spores indicate that this 
species belongs ~n Section Archer i ani, Stirps 
~(Moser & Horak, 1975:578; Singer, 1986:638) . 

8. Cortinarius bundarus Grgurinovic, sp.nov. -
Fig. 8 A- B 

Cortinar1us suharcheri Clel . in Trans. R. Soc. 5. 
Australia 52:220, 1928 p . p . 

Pileus usque ad 89 mm diametro, irregulariter 
convexus, violaceus deinde versus apicem pallide 
brunneolus. Lamellae sinuatae, moderate confertae, 
ex vio laceo caryophyllaceo-cinnamorneae. Stipes 
usque ad 38 mm longus, crassus, fibrillosus, ex 
violaceo pallidus. Sporae 9.4 10.8 ! - 11 . 6) 
Cx=10.1> x 6.0 - 7.3 <x=6.7> )llll, ellipsoideae, 
verrucosae. Basidia 32 . 0 - 44.4 <x=37.5> x 8.0 
10 . 8 (x=9.4> pro, clavata, 4-sporigera . Holotypus: 
South Australia, Bundaleer State Forest, vi.l928, 
AD 4329. 

PILEUS up to 89 mrn diarn., irregularly convex, 
violet, becoming pale brownish in centre. LAMELLAE 
sinuate , slightly toothed, moderately close, 
Pinkish Cinnamon CXXIX> tinged with violet. STIPE 
up to 38 mm long, stout , to 38 mm diam . , 
downy-fibrillose, violet-tinted . FLESH with violet 
o r lilac tints. 
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BASIDIOSPORES <50/1) , 9.4 - 10.8 [ -11.6 1 (x=10.1) 
x 6.0 7 .3 <x=6.7l pm, L/B=1. 5, ellipsoid, 
coarsely warty rough, slightly thick- walled, 
yellowish brown in 3% aqueous solution of 
potassium hydroxide. BASIDIA <15 / 1), 32.0 - 44.4 
<x=37.5l x 8.0 - 10.8 <x=9.4) pm, with sterigmata 
up to 4.0 pm long, four-spored , clavate. CYSTIDIA 
not observed. UNIVERSAL VEIL to 230 pm deep, of 
filamentous, gelatinized hyphae, <11/1), 1 . 9 - 4.3 
<X=3. 1) pm diam., loosely repent to somewhat 
ascending. CLAMP CONNECTIONS present. 

HABIT, HABITAT AND PHENOLOGY - gregarious on the 
ground . Specimen collected in June . 

MATERIAL SOUTH AUSTRALIA: Bundaleer State 
Forest, vi.1928 , AD 4329 <holotype). 

This species is distinguished from Cortinarius 
subarcherj by its ellipsoid and slightly larger 
spores . The violet pileus, violet tinged lamellae 
and ellipsoid spores indicate that this species 
belongs in Section Archeriani, Stirps ~, as 
defined in Singer <1986:638). The specific epithet 
is derived from the aboriginal word "bundara ", 
meaning a "clump of trees ". 
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ABSTRACT 

After we have stuc11ed the hoJotype of G.auropsJs 
dtuert.orum Velen. a Dvorak, type specimen of the aenus 
Gdltropsls, the presence of hymenlform eptcutU u 
proved contrary to the tradJ.tlonal Interpretation as a 
cutu. The nme happen• with G. bupor• Vasli'Kov and. G . 
.andJn• S1nur. The cenu• G.a4trocybe Watllnc u conudered 
u synonymous of G.aUropsu Velen. we propou the 
tollowlnt new comblnauons : G.aJeropsJs Jdttrlti.J 
(Watancl comb. nov., G. deceptJv.a (Baronl) comb. nov . 
.and G. desertorum var. blspor.a (VallJikov) comb. et 
status 

JRTRODUCTIOB 

The 1enus G~ltfrop8Js Velen . was descrtbed bY 
VELENOVSt:Y 11930) and 1n hll or1a1na1 descrtptlon the 
followlna microscopic characters were spe c1f1ed: 
"Basldlls aubalobosls, quadrUtertamatosu. Pulvere 
fusco . Sports ovato-elllptlcU, ochraceo-tutels, alabrls. 
cystldlU nuuu.• , wttno ut any reference to the 
structure of the epJeutls. 

Later on, SINGER (196J, 1906), WATLING (1960), 
SINGER I PONCE DE LEON (1902} and MORENO & al. (1901) 
considered the eplcutls of G~J~rop$1$ as a c utls . On the 
other hand WATLING (1960) described the 1enus G~strocyb~ 

with a nymenuorm eplcutu u the main dlfferenuauna 
character. 

However, there are some references 1n the llterature 
on the presence of a hymenuorm eplcutla in the aenua 
G~Jeropsu , e.a . the comments stven by Slnser ana. 
complied by HEJH (1950) ln relation to G. 
pJ~nUilnlforml, (Lebedeva) Slnaer which we reproduce he-

ThiS paper was presented at the •x conaress o f 
European Hycolo8Uts• celebrated 1n USSR (20- 2:5 Auaust 
1909), and at the "VJJJ Slmpoaloa de Ctencus 
Cr lpto1i111caa" celebrattd 1n Helllla (2:3 - 26 September 
1909). 
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re: "Le p6r1<11UII est compos6 e1e deux couches, l'enveloppe 
extr6me consate en cellulea en paUaaade, clav1formel, 
brunet ou hyallnea (i0-11,~ ~~~~ de cHam.), Jlautre PIUS 
6patase, csevlent vert 1'1nt6raur une coucne de jonctlon 
oran t6e tranaveraalement, 16n6ralement pJua denae vera 
l'lnt6r1eur•. 

W'ASSER (1919) described the fOliOWIDI: "Eplcutls Of 
the cap consuu of brownish and colourlen cells (1T-2Z 
x ~-to \.'Ill) and rlobate hyphae (10-12: ~~~~ dlam.). 
Dermatocystldl absent•. 

The studies on the eplcutls, very laportant In the 
dJfferenuauon of tnue aenera, nave not been mentioned 
neaner In the studied speclea by HEIK (1950), nor In the 
fo llowlnt taxa described as new to tctence: G~J~rop•U 

iJJospor~ Sinter, G. •n1ust1ceps (Peck) Stnser , G. 
/Jber~t• (l:alchbr .) Helm, G. 1/UtJ~I~scarl~nsJs Stnaer and 
G. tJJJ tr.uforiiJU (Berk.) Helm. 

However SINGER (S9U), when he ducrlbed Galerops/s 
antJJn~ Slnser, pointed ou t : "eptcutta of the perldtum not 
selatlnlzed, of elonaated hyphae whlch fo rma a cuua•, 
whtch makes us think on the poul ble exutence ot uxa 
without a hymenltorm structure ln their eptcutta, 
conc:: Jualon which 11 wrons, as we will show further on ( 
the rev111on of G. antJJn• hu proven that thll species 
has a hymentform eptcutla). 

The presen ce of pUeocysttdla has not been described 
for G~J~ ropsJs tJ~sercoruiiJ, G. p /anta llnJforiiJJS and G. 
b/$pora. However, they have been confirmed tn Gastrocybe 
Jber/Cii (HOBEHO & aJ., 1987). 

MaterUJ exa•tned : GaJeropsJS tJeurtoru.IIJ (holotypua) 
PR 148508; GaJeropsJs bJspor;~ (UOt YPUI ) PB 678864; 
GaleropslS plantallnlfo rm l$ uaotyput) PR 6T8861; 
G.Jl~ropsJS tJesertoruiiJ var. blspora (as G. tJesertoruiiJ), on 
roots of Poa bulbosa, Iran ll:ibUt), Jea. T.r. Hewes, HA­
runst 16932:. GaJeropsls iintJJna Slnaer (liOtypus) BAFC 
31514. 

Conclualona: We think that G.JleropsJs tJes~rtoruiiJ 

Velen. & Dvorak (rtu. t -V), type s peci men ot the senu• 
Galeropsls Velen ., 11 very variable In the tin of Itt 
carpophorea and the meaaurements of lts spores; thlt 
apecua preaentt 1a1en1torm plleocyatldta (lomettaes 
difficult to obterve If the material has been badly drtea 
or colapued), and a hymenlform eptcutlt formed by a 
a1n11e layer of cella Instead of a cutis u tradltlonally 
was thOUiht . The latter ma kes that we belleve the senus 
G~JeropsJs must be emended and, besides, tint the aenua 
Gastrocybe is ayno nymoua of Giil~ropsJs and th eref ore ltl 
ducrlbed species nave to be tranlferred to the aenut 
Ga/tro p sJs. 

The bllporl c apecaa G;~Jeropsls bUpora Vaall'kov 
(Ftss . 16-C:'l) and G. pJantaiJnJformJ.J (Lebedeva) Slncer 
(F'JiJ . e-tS) have alSo been reviled, .and lt turn• out 
thlt we consider G. blspora as a bUporlc variety of G. 



Figs. 1-7. GlJl eropsls desertor um. Bastdiocarps. 
epicuti&, ptleocyst ld l "' ond spores . <Holotypu&, 
PR 148508> 
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d~6ertorum, beln& the main character to dlfferenttate lt 
the constancy of lts blaporlc basidia, without hav1n1 
obaerved any tetruporte. On the other ru.nd, the fact lt 
has spore. with a bllter 1Ue t han G. dtuertoru111 u 
lotlcal In bUporlc variety. The eptcutu and the 
presence of p1leocyst1d1a are slaUar to thoae of G. 
desttrtorum, and they were not described up to date. 

The species G•.ttrocybe lberlc~ Moreno, Illana & 
Heykoop (Flea. Z5-2:9) 11 conJJdered by us as synonymous 
ot G•JeropiU blspor• (vide comparative table). 

The typus of G•J~rop.tlS Plilnt•llnl:lorllll.J presents 
tetrasporlc balldla and very uncommonly some bllportc. 
The morpholOIY of the aporu (spore waH, 1erm pore) and 
the meaaurementa are similar to those of G. aesertoru.111, 
therHore both spec:lu are considered as synonymous bY u a 

well U did PILAT (194&) and VASJL'J:OV (195'1), 
contrary to the opinion of SINGER (1936, 1951, 1956), 
H£IM (1950) and J:OTLABA &: POUZAR (1959). 

After stuc1ylni an 11otypus of G•Jeropsu ~ndJn• we 
have observed that lt presents a hymenlform eptc:utu 
(Flil· 30-35), formed bY a 11n11e la yer of c:ells, and n ot 
a c: utl a as pointed out by SINGER (1963). The morpnoioay 
Of the spores and basidia a1ree wlth the duc:rlptlon 
atven bY this a u thor. 

GALE HOPS .IS Vetenovsxy, HyXOIOil&, Praha 1:105 (1930. 
: GA.ST ROCT BE Watlinl , The Mlc:hlian Bot.anlst 7':20 {1968). 
: PSAHHOH'TCES Lebedeva, Tr . Zasc:. Rut . 5(1):116 (1932). 
: C'TTTAROPHTLLUH (Helm) Sinter, Belh. bot. Cbl. 56/B:I47 
(1936). 

G•lt!roplll J•Urltl~ (Watllntl Moreno, Heykoop & Illana 
c:omb. nov . 
a B.11trocrbe 1.1ter1t1.1 watuna, The Mlc:ntun Botanut 
7' : 20 (1968). 

G•Jerop•Js deceptJr~ (Baroni) Moreno, Heykoop &: Illana 
c:omb . nov. 

G••trocybe dtJcept Jr• Baroni , Myc:olotla 1 3:181-182 
(1981). 

G.ll~ropl16 d~l~rtDru• Velen . Dvorak var . btspora 
(Vaa11'kov) Moreno, He ykoop & JUana c:omb. et status no v . 
1 6~Jerop1J1 bJipor• Vasll'Xov , Proc. Bot . Inst. Acad. 
Sc:t. USSR, ur. 2. 9:463 (195,). 

G••trDcybe JberJc• Moreno, Ilhna HeyJCoop, 
Cryptoaamte, My e ol. 8:323-324 11967). 

on the followtna table we compare the eptcutu, 
butdla and basldloapores of GAJeropsJs (J~.ur torum Velen . 
1 Dvorak, G. pJ• n t•IJnJforJDJs (Lebec1eva) Slncer , G. 
bJspor• Vas l Jikov and G~strocybe Jberlc~ Moreno, JUan a & 
Heyxoop. 



I10~m 
Flgs. 8-15. G.!Jerops ts pl.,ntaslDiforlllls. B.aGtdtocarp. 
epieutis, p1 l e~yst1d1vc:, basidia and spores. Clsoty­
pus, PR 676867>. 
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Ft gs . 16-24 . Gttl erop~ t s bl spora. B4s fd i ocaro, 
e pi culis. pi l eoc ys tld ta . b4GtcHa and spores: 
<Is.otypus. PR 678864). 



Figs. 25-29. G.Jstra ... ~ ·;be i f:.cr ic(J . Sas ! d l cc~q>s . 

epl cu t.i s. , pt leo-: yst id1a, ba z !d!uo .!lnd S!)Or i!s.. 
CHolotypus, II. AH 999Q ). 
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Figs. 30- 35. Orde r ops!s .!nd!nll . Basidiocarps, 
ep1.-:utts and spores. < J sot yptu~. BAFC 3151 4>. 



GJ~leropau deaert.oru• 

Epteuua 
Hymenlform Wlth tace nl­

form plleoeyatldla 

BU1dla 
Tetruporlc 

Spore a 
11-111 X 7-8 ~111 (I:OTLABA 

& POUZAR, 1959) 

GJ~Ieropala bUpora. 

Eplcutu 
Hymentform with laltnt­

for111 pUeocyltldla 

Buldla 
bUporlc 

Spores 
tll-16 X 10-U ~111 (I:OTLABA 
I POUZAR, 1959) 
IZ,S-15(17 ,5) X 7,5-9,8 
(S0,5) ~~~~ (personal rev l­
llon) 

E p l cut.U 
Hymenlform with Jaunt -

form pueocylti<Ha 

Balldla 
Bllportc (SINGER, 1963) 
tetruporlc precomlnate 
(per•onal rev111on) 

Spores 
t0-1Z,5 X 5,5 - 8,3 ~m 

(HElM, 1950) 
9-1Z,5 X 5 ,5 - 7,2: ~m 

(I:OTLABA & POUZAR, 1959) 
10,5-JJ X 6- 7,5 ~ID 

(per• o nal revlJion) 

Gaatrocybe Iberica 

EpJcutll 
Hymenlform wtth Jacent-

form p1leoc y1t1dla 

Blllldta 
buporl c 

Spore a 
15-20(2:3) X 9- 13(18) ~m 

MORENO & ;U ., 1981) 
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ABSTRACT 

Phytopbth ora erythrosepti ca was established by 
Pethybridge in 191 3 as the fungus causing pink. rot of 
potato tubers. It was characterized by forma t ion of 
nonpapillate spora ngia in water and the production in 
single cultures of abundant relatively large oogonia with 
amphiqynous antheridia. Recen t ly, seve.r al authors 
questioned the species concept ot .£ . erythroseptica by 
including isolates that produced both amphigynous and 
paragynous antheridia. The present study ... as undertaken 
to compare 14 isolates of .f. erythroseptica f r om various 
parts of the world in order to re-define the species based 
on morphological and cultural characteristics . It ... as 
concluded that isolates producing paragynous antheridia 
should not be assigned to f. ervth r oseptica . 

IN'l'RODOCTIOH 

Phytophthora erythrosept ica Pethyb. ...as named by 
Pethybridge ( 191 3) as t he incitant of pink rot of potato 
tubers . It was character ized by the formation in ..,.ater 
of "conidia • .... more or less ovate or i nversel y pear­
shaped , with a rather blunt or even somewha t flatte ned 
apex " and the production i n single culture of abundant sex 
o rgans so that "the oogonia l incept e nter s the entheridium 
at or near i ts beses, grows up through i t a nd o u t at the 
top, expanding there to form t he oogonium proper in which 
the oospore develops" . This unique method of sexual 
reproduction i n f. erythr oseptica was con firmed by Murphy 
(1918 ) who described the a ntheridium as "amphigynous" in 
contr ast to the "paragy-nous antheridium ..,.hich grew up t o 
the side of the oogonium". 

Since the erection of f, e r ythroseptica , t hree 
variet ies have been proposed: var. ~ on M.l.:2.RA 
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belladonna (Alcock, 1926), var. ;QiU on pea (Bywater & 
Hickman, 1959) and var. drechsleri as a new combination 
for .f. drechsleri Tucker (Sarejanni, 1936). They were all 
rejected by Waterhouse (1963) who considered var. ~ 
not significantly different from var. erythroseptica and 
var. drechsleri synonymous with .f. drecbsleri which she 
retained and var. Ri.U, invalidly published for failing 
to cite the type speci111en . But she retained var. WJ. in 
her key and considered ,e. himalayensis (Dastur, 1948) 
identical to .f. erythroseptica. Regardless of their 
taxonomic status, members of these taxa had one character 
in common: the production of entirely amphigynous 
anther idia. 

However, cooper (1928) studied the type culture of 
.f, erythroseptica and found no amphigynous antheridia . 
Instead, he found paragynous antheridia closely appressed 
at the base of the oogonia. converse and Schwartz (1968) 
identified the causal agent of root rot of red raspberry 
as f. erythroseptica .UWiY lAt2 even though paragynous 
antheridia were produced in addition to the abundant 
amphigynous antheridia. savage n Al · (1968) also found 
that some isolates of .f:. erythroseptica produced 
paragynous antheridia and amphigynous antheridia in 
varying proportions. They pointed out the similarity 
between .f. erythroseptica and f. megasperma Drechs. in 
producing nonpapillate sporangia and both antheridial 
types in single cultures as well as pathogenicity to 
potato tubers. Recently, Pratt (1981) identified some 
fast growing isola tes from arrowleaf clover tentatively 
as .f . erythroseptica although the antheridia were 
predominantly paragynous in agar but mostly amphigynous 
in broth cultures. He also questioned the distinction 
between f. erythroseptica and f . megospermo based on the 
antheridial type. Thus, Erwin (1983) listed .f:. 
erythroseptico as one of the few species of Phytophthora 
where particular nomenclature problems exist requiring 
critical re-evaluation. 

The present study was undertaken to compare colony 
morphology and culture characteristics of a wide variety 
of isolates of f.erythroseptica under uniform conditions 
i n order to define the species more precisely. 

OT!RIALS AND METHODS 

Isolates and media: Specific information o n the 
isolates of f. erythroseptica used is given in Table 1. 
All isolates were obtained from the American Type culture 
Collection (ATCC), Rockville, Maryland. Unless othendse 
stated, clarified v-e juice agar medi um (Ribeiro, 1978) 
supplemented with sitosterol (JO mg/1) (CV8) was used for 
culture. 

Morpholoay: Colony characteristics on eva were 
compared after incubating the cultures i n darkness at 20C 
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tor 7 days. The colony diameters were measured at right 
angles through the inoculum, and the width ot primary 
hyphae measured using a light microscope. The minimal and 
maximal temperatures for growth were tested by growing the 
isolates at 5 C and 35 C. Sporangia formation was induced 
by i ncubating small mycelial agar discs on eve in freshly 
collected stream water that had been til't.er ed through 0.45 
1£tD pore size membrane discs and incubating 'the produced 
discs under light at 20 c. Sex organs in single cultures 
were examined periodically by microscopy through the 
bottom of the petri dish . If the isolate tailed to 
produce sax organs in single culture, it was paired with 
the appropriate mating types o r .f . nicotianae (ATCC 38606, 

~hean:b~if;y 3 ~~07 th:1
) isol1ant::a~~ 0:r!tu~~cc:::r~1rg~an~i n~Y 

selling was confirmed by pairing it with the compatible 
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strain across a polycarbonate membrane to prevent physical 
contact between the cultures (Ko , 1978). They were 
examined for sex organs after 2-3 wk incubation in the 
dark at 20 c . If these attempts failed to induce 
formation of sex orga ns, the isolate was grown on 
tryptophan medium (Ribeiro, 1978) and sterilized oat 
grains (Van der Zwet & Forbes, 1961) and examined after 
4-5 months. 

RESULTS 

Colony morphology 

Isolates of £. ervthroseptica grew well on eva (4-
8 mmjday at 20 C) forming uniform , non-fluffy to 
moderately fluffy colonies with a diffuse and slightly 
irregular outline and no special grot.tth pattern. ATCC 
64047 colonies were distinctly f lu ffy with tall, erect 
aerial hyphae almost reaching the cover of the petri 
plate. ATCC 16699 colony radial growth was exceptionally 
slow (2mmj day), whereas ATCC 58104 grew faster than the 
others (11 mm/day). No isolates grew at 35 c, while some 
grew at 5 C (Table 2). The leading hyphae were uniform and 
fine, measuring S-6 J.l.m wide . In most isolates, small 
spherical to angular swellings in clusters or in chains 
were produced when mycelial agar discs were transferred 
to water although ATCC 46725 produced them also in old 
cultures. 

All isolates produced sporangia readily in water 
within 24-48 hr, except ATCC 16698 and ATCC 64861 which 
formed them sparsely only in non-sterile stream water. 
The sporangia were non-deciduous, non-papillate and borne 
terminally on short sympodial branches of a slender 
sporangiophore. They were most ly 40-55 x 25- 30 JJm (Table 
2), obpyriform to ovoid with rounded base although 
elongated ellipsoidal sporangia with tapering bases were 
also found, especially in ATCC 36302, ATCC 46725 and ATCC 
58104. ATCC 6404 7 produced distinctly larger sporangia 
(68±11 x 35±7 J.~.m). The apex of the sporangium in all 
isolates flattened easily when prepared for mi croscopy, 
and the empty sporangium partially collapsed after oospore 
release. The base of the sporangium was often plugged, 
and the ability of sporangia to proliferate internally 
varied with the isolate. Internal proliferation of 
sporangia was rare in ATCC 16699, ATCC 28766, ATCC 36302, 
ATCC 46725 and ATCC 58104 and occurred mostly in 
nonsterile stream water only, but it was commonly found 
in ATCC 16698 and especially ATCC 64047. Repeated 
emergence of zoospores was observed only in ATCC 46725. 

Be][ organs 

Most isolates of f. erythroseptica produced abundant 



Teble 2. Growth and sporangia l characterist ics of ~!!l:throseptica 
Sporangiun 

Growth at Hypha I 
ATCC Colony 5 c 35 c Svell ings(a) length( l )Breadth(& LIB Median f lat Internal 

(~m) (~m) constriction .... proliferat ion 

------
10923 "' •I· . 48+6(b) 31+4 1.6•0 .2 •I· •I· •I · 
10924 "' . 47•8 26+4 1.8+0. 3 •I· . •I· 
16698 "' . 47+5 28+3 1.7+0. 1 •I · 
16699 "' . 38+5(c) 23+3 1.7+0.3 
28766 Sf •I· 54+6 31+5 1.8+0 . 3 •I · •I · 
36302 Sf . , .. , 28+3 2.0+0.1 •I· •I· •I· 
46ns Sf . . 49+7 27+5 2.0+0.4 . •I · 
58104 Sf . . 42•8 24+3 1.8+0. 4 •I· 
64047 f •I· 68+11 35+7 2.0+0.5 •I· . 
64127 Nf . 48+6 30•3 1.6+0.2 •I· 
64128 "' •I· 51+6 3 .. 4 1.7•0 .2 •I· 
64155 " . 41+5 26+3 1.6+0 . 1 •I· •I· • I· 
64156 " . 47+3 31+2 1.5+0.1 •I· •I· •I· 
64861 Nf . 39+7 24+3 1.6+0 . 2 

(8) Slnall, angulu , clus tered or in ch1 in 
(b) Mean + stand41rd error, based on 50 .eas uretnenu 
(c) Less than 50 llltiSUre~~Mts due to peuc:ity of sporang ia 

:::J 
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sex organs readily either in water i'llllllediately following 
sporangia! production or in single cultures on agar plates 
in 2-3 wk. The spherical oogonia were rather large, 
mostly 35-40 p.m diam (Table 3), narrowing abruptly to a 
tubular stalk and were non-piqmented, although they 
eventually became faintly yellow or straw-colored with 
age. The oospores were aplerotic to markedly aplerotic 
with oospore wall 2-4 ~m thick . The antheridium was 
unicellular, amphiqynous and cylindrical. Occasionally, 
structures resembling paragynous antheridia, as described 
by Ho ~ Al · (1983), 'Jere found in addition to the 
a mphiqynous antheridium. The dimensions of the sex organs 
are summarized in Table J. 

oo;ont ... ,..,. .. f r "oogot'III L 

di-ttrC,U. ) d l-ttrq.J ~~nC•J 

, .. , l4•3 (b) 211•3 "" ""' 3r;-4 5~3 ,.. 
, .... 4f 3 3~5 "" 16699 Monxorg-
211766 ,.., lZ•2 ""' 36J02 ,;, Jl') ""' 46725 ,;, 3i=3 "" 511104 .. ;-.. ._ or,..,_ proO.a:l'd-l n l if'lllll• culture 

41•1 3 1•4 '" 6/.127 3T."3 3;;3 ,.. .. , .. 37:"2 
,.,, 

'" 641 55 34-;4 '"' "" .. ,,. lz;-2 3~2 "" .... , IIOHll or''il- proci,.~ced l nsll'l!ll•cell 

( b) " .. n • s t~rd error , bloud on 50 .. uur-u 
A • ~l gynoue 

,,. ltf'lgth q,.) V ldth(~) 

14•2 1l.!J 
117zCbJ IW 
12~ '"' 
·~ 

12•2 
12•2 13~ 
10 ll!l 

17•3 '"' 12-;-2 12,!.2 

1~ 12• 1 
11•2 137 1 

12:!:_2 li!) 

ATCC 46725 produced sex organs only in old cultures or on 
oat grains, whereas ATCC 16699 never produced sex organs . 
Sex organs were produced by ATCC 10924 only once in water 
but were consistently induced by pairing it with Al mating 
types of .f. nicotianae and other heterothallic species of 
Phytoohthora (Table 4). Similarly, ATCC 58104 never 
produced sex organs in single cultures but produced them 
readily when crossed with an A2 mating type of .f . 
nicotianae and other heterothallic species . None of the 
other isolates of .f. erythroseptica demonstrated 
heterothallic behavior . However, the oogonia of ATCC 
10924 and ATCC 58104 formed heterothallically by selfing 
on membranes were smaller 1 mostly 29-33 ~m diam and 
pigmented (brown) 1 different from those normally formed 
in single cultures . 



Tab t~ 4, ProO.Et ion at su a r,.,_ In cros5H bet"'"'"' ATCC 10924 ....cl AICC 58\04 
Pllvtopl\t!Nanerythrouptlc:•ll'ldotlltr tpecluof Phytopl'ltl'lor• 

P.•rythro.f9tlu 

"'' M•t in;Type ATCC 10924 

!.:~ '""' "' 
'""' .. ~ 46n1 " "' 

~~ 31606 "' ,..,, 
.............. ,.,,. .. 

26201 

~ •rythros"Ptlu 

"'" 
Chlamydospores 
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No chlamydosporcs was produced by any isolate of .f. 
erythroseptica under the stated cultur al conditions. 

DIBC'DSS:IOH 

Phytophthora erythrosep tica is well known as the 
causal agent of pink rot of potato tubers throughout the 
world {Hickman, 1958; Stamps, 1978) although it has mi nor 
hosts in belladonna (Alcock, 1926), tulip (Buddin, 1938), 
calla (Tompkins & Tucker, 194 7, 1950), s ugarcane (Steib & 
Chilton, 1950; Singh, 1955), onion (Hickman, 1958), pea 
(Bywater & Hickman , 1959), tomato (Walker & McLeod, 1970), 
cineraria (Lucas, 1977), and ca1ceola ria (anonymous, 
1980) . The disease in potato is characterized by 
formation ot a deep salmon-pin k coloration when affected 
tissue is exposed to the air due to a tyrosinase reaction 
(White, 1946) and was i nitially considered as a diagnostic 
symptom. I t was later found that similar or identical 
symptoms could be induced by other species of Phytophthora 
by artificial inoculation, and in nature f. megasperma, 
.£. ~ and .£. drechsler i were also isolated from 
diseased potato (Tucker, 1931; Carnes & Huskett, 1933; 
Goss, 1949; Rowe & Schmitt henner, 1977). Thus , the 
p r ecise ident ification of f . grythroseptica is critical 
to identification of the pathogen t hat causes pink r o t of 
potato i n the field. However , t here have been 
controversies over the species concept ot t h e pathogen. 
For t h e sake of discussion, the published data on f. 
erythroseptica are summarized in Table 5. 
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Our study confirmed the findings of previous workers 
concerning the cultural and hypha! characteristics of .f:. 
erythroseptica. Isolates of f. erythroseptica grew well 
on common agar media, producing non- fluffy to fluffy 
colonies with uniform and fine hyphae. ATCC 16699 which 
grew exceptionally slow, showed signs of degeneration 
probably as a result of l ong-term s torage. I n literature, 
f. erythroseptica var. JU.ll was unusual in having 
irregular, tortuous hyphae , whereas the luxuriant, tall 
aerial mycelium of ATCC 64047 in the present study 
distinguished itself from t he other isolates. Small 
angular to spherical hypha! swellings , in clusters or in 
chains, as r eported earl ier by some researchers, were also 
produced by some isolates in the present study 1 u sually 
in water culture . Chlamydospores were never observed. 
Previous authors also failed to record chlamydospores in 
z. erythroseptjca although Ershad (1971) and Krober (1985) 
reported chlamydospores 1 whereas hyaline spherical 
structures were interpreted as "poorly differentiated 
chlamydospores 11 by Tompkins & Tucker (1947) or 
"chlamydospore-like bodies" by Novotelnova (1974). As 
noted by previous workers, no isolates of f. 
erythrospetica grew at 35 C. The sole report ot' good 
growth at 35 C by f . erythroseptica (Van der Zwet & 
Forbes, 1961) needs to be confirmed. Tucker (1931) 
considered the r ather narrow temperature range ( 15-30 C) 
a diagnostic character of f. erythroseptica, but this 
could neither be confirmed in the present study nor by 
most authors in the liter ature. 

In the species description of .f. erythroseptica by 
Waterhouse (1963) and Stamps (1978}, the sporangia were 
described as variable in shape, ellipsoid or obpyriform 
(43 - 26 ~o~m; L/ 8:1.65), often constricted near the middle, 
sometimes tapering to t he sporangiophore. In our study, 
the overall mean length(L} and breadth(B) of the sporangia 
for all isolates were 48 ± 7 x 28 ± 3 ~m with L/ 8• 1. 7 ± 
0.2 1 agreeing well with those reported in literature (46 
± x 28 ± 4 ~o~m; L/B-1.6 ± 0.2). ATCC 6 404 7 produced 
distinctly larger spora ng ia. that were similar to those 
reported for f. erythroseptjca var. R.i.U although not as 
narrow. Median constrictions of sporangia were not 
mentioned in the original description (Pethybri dge, 1913) 
and have been reported to occ ur only occasionally by 
Bywater & Hickman (1959) and vargus & Nielson (1972). 
They were observed in some isolates in the present study 1 

and were especially common in ATCC 46725 and ATCC 58104 
which produced mostly elongated sporangia with tapering 
bases. The elongated sporang ia or the type c ulture (ATCC 
58104) differed from the obpyriform sporangia diagramed 
by Pethybridge (1913) for f. erythroseptjca. It is not 
clear if the type culture has undergone changes accounting 
for the difference which could conceivably be due to 
different culture conditions . Similarly, ATCC 16699, the 
sporangia of the type c ulture of f . himalayensis (•f . 
erythroseptica) were oval to ellipsoidal instead of 
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11 slipper-shaped" as described by Dastur initially (1948). 
The broad apex of sporangium or f . himalayensis could be 
due to its flattening upon mounting . 

As reported previously, the sporangiophore of ,e . 
ervthroseptica shoved distinct sympodial branching, but 
we found that in most cases, the branching was close 
rather than "lax" (Waterhouse, 1963), and our observation 
seemed to agree with those of other authors based o n their 
diagrams and/or photographs . Waterhouse & Blackwell 
(1954), Hickman (1940) and waterhouse (1963) stated that 
internal proliferation of sporangia was rare in f . 
erythroseptica, whereas Gerrettson-Cornell (1981) failed 
to observe it in an Australian isolate from potato. In 
our study, the ability of the sporangium to proliferate 
internally varied with the isolate but was usually not as 
common as in other rela ted species of Phytophthora with 
non-papillate sporangia. Many sporangia were plugged at 
the base after zoospore release. In fact, the sporangia 
of most isolates of z_. erythroseptica, did not release 
zoospores easily unless the sporangia were chilled 
(Vujicic & Calhoun, 1966) . Pethybridge (1931, 1914) 
experienced difficulty in inducing zoospore release in E_ , 
erythroseptica , whereas Dastur (1948) reported that the 
sporangia of ~- himalayensis (-.f. erythroseptica) 
germinated only "conidially" . Ne i ther of them noted 
internal proliferation of sporangia. 

We have also confirmed. previous observations that 
~- erythroseptica produces readily in single culture 
abundant rather large , smooth spherical oogonia narrowing 
abruptly to a tubular stalk . Apparently, some isolates 
of f . erythroseptica have lost their self-fertility due 
to prolonged storage and/or repeated subcultures. It is 
interesting to note that ATCC 10924 and ATCC 58104 behaved 
heterotballically instead, trusting successfully with A1 and. 
A2 mating types, respectively, of various Phytophthora 
species. This may be considered a case of "secondary 
heterothallism" derived from a homotballic precursor, 
lending support to the hypothesis that heterothallism 
probably evolved from bomothallism (Brasier, 1983; Ho, 
1986). Heterothallic isolates of normally homothallic .f. 
megasperma have also been reported (Barr, 1980). Howeve r , 
the oogonia formed by ATCC 10924 and ATCC 58104 as a 
result of selfing on membranes when crossed with the 
appropriate mating strain of Phytophthora were smaller and 
brown in color, different from the larger, usually non­
piqmented to pale yellow oogonia formed in single cultures 
of .f:. erythroseptica. It is diff i cult to assess the 
differences in ooqonia characteristics without knowing the 
changes t hat have occurred during storage: the 
beterothallic behav i or should not be considered typical 
for the species. ATCC 16698 never produced any sex organs 
alone or in pa i r cultures . The loss of sexuality by 
isolates of .f:, grythroseptica in artificial culture was 
noted by Bywater (1956), Carnes ' Muskett {1933) and 
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Ribeiro rt A.l. (1975) . Waterhouse {1963) and stamps 
(1978) descr i bed the oospores of £. erythroseptic a as 

11 nearly fill i ng oogonium", but we found that the oospores 
in most isolates largely aplerotic. The overall mean 
values of oogonial diameters and oospore diameters for all 
isolates in our study \ol'ere 37 ± 2 and 34 ± 4 ~~~~. 
respectively, agreeing well with those i n the literature 
(39 ± 3 and 34 ± 5 ~m, respectively) . 

we are also i n agreement with those authors who 
believed that f. ervthroseptica produces solely 
amphigynous antheridia (Hickman , 1958; Tucker , 1931; 
Waterhouse & Blackwell , 1954; Waterhouse, 1963; Stamps, 
1978; Gerrettson-Cornell , 1985) . The brief report by 
Cooper ( 1928) that .f . ervthroseptica produced only 
paragynous instead of amphigynous antheridia should be 
quest i oned. It is also our opinion that Phvtophthoro 
s pecies identified as .f:. erythroseptica i n the past 
producing both amphigyno us and paraqynous anther i dh 
s hould be reclassified because the identification was 
either debatable or provisional. Thus, the causal agent 
of root rot of red raspberry was identified as .f:. 
erythroseptica by Converse & Schwartz (1968), .f:. 
megas perma by Duncan ~ Al· (1987) and f. ~ by 
Wilcox (1989). Pratt (1981) identified some fast growing 
isolates from arrowleaf clover tentatively as .f:. 
erythros eptica, but a thorough search of the literature 
and a comparative cultural study under similar conditions 
showed that these isolates are within the range ot 
intraspecific variability for .f:. meqasperm,a and could be 
identified as such (Ho, unpublished}. Morgan & Johnson 
(1965) identi fied the pathogen from vetch as .f:. 
e rythroseptica because it produced only amphigynous 
antheridia. However, paraqynous antheridia were later 
found in their isolate (Savage ~ Al·, 1968), and it 
should be re-classified as f. megasperma which it 
resembled closely based on the published photographs. 
There is no doubt that the antheridial type, along with 
the sporangia! papUlation , is the most important 
taxonomic criterion in .f:hytophthora (Tucker, 1931; 
Waterhouse, 1983; Gerrettson-Cornell 1985). It would be 
unwise to cloud the species concept of .f:. erythroseptica 
by including controversia l isolates that produce both 
amphigynous and paragynous antheridia (Savage 1tt. .i\l., 
1968 ; Pratt, 1981) . Gerrettson-cornell (1985) considered 
the occasional presence of two or three antheridia 
(amphigynous) to a single oogonium a characteristic 
teature of ..f: . erythroseptica but we could not confit111 this 
observation in present study. 

Since Pethybridge erected .f: . erytbroseptica as a ne._. 
species (1913) Leonia n & Geer (1929) s uggested combining 
..f:. erythroseptica an1 ~ Hotson & Hartge, but this 
... as promptly rejccteo by TUcker (1931). Bywater & Hickman 
(1959) proposed that .f . ~~ ..f: . drechsler i, .f. 
erythroseptica, ..f: . himalayensis and .f. richordioe Buis 
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should be grouped together one species: .f. 
e rythroseptica. Although we agree with Bywater (1956) 
that these species have much in common especially in 
growth - temperature relations and sporangia! 
characteristics, f. richardiae seems distinct enough to 
be retained as a separate species (Ho, unpublished) , 
whereas£. ~ (.f. drechsleri) can be differentiated 
based on its heterothallism and usually smaller, brown 
oogonia with plerotic oospores. The merging of f. 
drechsleri with f. ~. which has priority, is 
favored by many workers {Ho & Jong, 1986) . sarejanni 
(1936) treated f. drechsleri as f . erythroseptica var. 
drechsleri, but it was not well received. f. h imalayensis 
should be treated as synonymous 'oo'ith £. erythroseptica as 
suggested by Waterhouse (1963). Thus, .f. erythroseptica 
is characterized by non-papillate sporangia, homothallism 
and entirely emphigynous antheridia. Based on this broad 
species concept, the pea isolate was treated as a variety 
of .f. erythroseptica: .f:. erythroseptica var. o.ill (Bywater 
& Hickman 1959) even though initially it was considered 
different enough to warrant a new species epithet: .f: . 
Jl1i.li, (Bywater, 1956). The acceptance of .f. 
eryt h roseptica var. Q.ili as a validly published taxon is 
debatable. Art icle 37 of the International Code of 
Botanical Nomenclature (Voss, 1983) stipulates that 
"publication on or after 1 Jan . 1958 of the name of a new 
taxon of the rank of family or below is valid only when 
the nomenclatural type is indicated". Waterhouse (1963) 
considered .f . erythroseptica var. .Qi.ll , which was 
published in 1959 without specifically citing a type 
specimen according to recommendations 37A and 378, to be 
invalid . On the other hand, it is true that the 
nomenclatural type was clearly indicated in Bywater & 
Hickman's paper. we believe that this well-defined and 
well-described taxon should be retained . The isolate from 
wild rice is of special interest . Although it was 
identi fied as f . erythroseptica ~ lltQ, (Grunnel & 
Webster, 1988}, it is different from the other isolates 
in its distinctly fluffy colony, larger sporangia, poor 
growth on malt extract agar medium, inability to hydrolyze 
starch, sensitivity to HMI and lack of pi<Jl'l'lent production 
on casein- hydrolysate medium {Ho, unpublished) and may be 
considered as a new variety . ATCC 10924, received 
originally as .f:. drechsleri (Ho & Jong, 1986), is now re­
classified as .f. erythroseptica based on its homothallism. 
The isolate of .f. e rythroseptica from sugarcane was 
identified primarily based on the production of oogonia 
with amphigynous antheridia in single cultures (Steib & 
Chilton, 1950; Van der Zwet & Forbes , 1961}, but a 
detailed description of the fungus was not published. 
Based on the data and photographs in Singh's Ph.D. Thesis 
(1955), the unusually large oogonia ( 46. 75 ± 4.11 l!ID 
diam), the rather large obypyriform sporangia (60.94 ± 
6.25 X 37.38 ± 3.66 l£m; L/8=<1.6) and the spherical hyphal 
swellings spaced evenly in chains suggest greater 
similarity with the large- spore type of .f. megaspenna 
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rather than .f. erythroseptica urunJ. ~- Perhaps, the 
antheridial configurat ion of the sugarcane isolate should 
be re-examined to determine if it produces any paraqynous 
antheridia . Erwin (1965) initially identified the alfalfa 
isolate as f, ~ on account of its amphigynous 
antheridia but later renamed it as f. meqasoerma when 
paragynous antheridia were found. 
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SUMMAR I 

Three new species ot Htpbomycetee have been tou.nd 
recently in the Antarctic Continent, growing on rhizoepbere 
soil ot Colobaptbue guitenais (ICuntb) Bartl. (Caryophylla­
ceae) and Deachaapaia antarctica Desv . {Gra•ineae). 

The new species here proposed are: Acrodontiua ~­
~ nov. ap., Chalara antarctica nov. ap. and Phialophora 
dancoii nov. ep. 

These nev species vere found during the "Campaft.a 
A.a.t&rtica Argentina de verano 1989" in Danco Coaat, Baae 
Primavera (64010 1 5, 60057 1 W) . The same locality is indica­
ted in a aap by Gamu.nd! and Spined! ( 1987) . 

The fungal leola tion vae carried out ueing the a oil 
vashing technique (Parkinson and Willia•s, 1961). 

The toll ovtng deeoriptione concerns observatlone 
in pure culture. 

ACRODONTIUM ANTARCTICUM Cat>.llo nov. ap . Pig. 1. 

Coloniae in vitro poat 20 diea 15 - dia .. tro, tlooooaaa vel 
tuniouloaae, prbwa grisae ad olivaoeae, aox ni&resoentea. ReveraUII 
nigrua. Hyphae b,y&li.n&e &d. p&l.Ude olineN.e, glabrae . Cellulae oon1-
d1ogen&e polyblaaticae, intep-atae vel dieoretae, a,y.podialea, pallide 
brunnea.e , &d. apioea pallidiorea, pleruaq,u.e 9- 12 x 2.4-3 Ull et raohide 
tenuiter dent1culat&, recta vel tlexuon., 0.9-1 u. oraau., &d. 2.5-6.5 
l onga. Conidia aoropleuros:ena, ebplioia, b,yalina, laevia, ovoidea 
basi apiculata, 2.5-3·5 x 1.5-2 Wl o 

HOLOTIPUSt A.nta.rotica, Penineula A.nt&.rot1oa, Terra de Danoo, Baae 
Pr1aavera, hi• H.H. Cabello, 31-I-1989· Ex aolo . LPS 44594· 

~ in vitro growing rather slovl,y, attaining 
a diaa, ot 15 am in 20 days, appearing tloccoee or somewhat 
!Wliculoee, at first grey to olivaceoua, soon becoming 
blackish . Reverse black . 1!:£R.h.!.!. hyaline or pale olive, 

*Researcher of the Com1s16n de lnveatigacionee Cientiticae 
de la Provincia de Buenoa A.irea (CIC), Argentina. 
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eaooth . Conldiogenoue cel l s polybl aetlo , integrated or 
discrete, eympodial, pale brown, paler towards the apex , 
9- 12 u11 bight , 2.4- 3 Ull. wide at the ba.ee,rachle denticulate 
often not diatinct.ly differentiated trom the· basal part , 
str aight or flexuous up to 2.5- 6.5 UID l ong and 0.9- 1 um 
wide, Conidia acropl eurogenoue , hya l ine, simple, sCI.ooth , 
ovoid , with an a.plcul ate ba.ee, 2 . 5- 3 . 5 x 1.5-2 um. 

Our species differs troll !· craterlfor me (van Beyma) 
de Hoog (de Hoog, 1972) by the Bll&ller size of the conidlo­
genoua cells and the denticulate rachis vhlch in !• ~­
rlfo r me can be up to 45 um while in our species is up 
~um. It also differs by the lack of sharp denticles 
in our species. 
Holotypua: Antartlc Peninsul a, D&nco Coast, Base Primavera, 
leg . H.N.Cabe l lo , 31 - I - 1989 , rhizosfere soU of Colobanthus 
qui teas is . LPS 44594. 

CHJ.LARA ANTARCTICA Cabello , nov . ep. Fig. 2- 4. 

Coloniae in vitro poet 30 di es 50 am diuetro , floceol&e val 
tomantoaae , brwmeaa . Reverswa brunnaua. Phialophora. erect& , a1apl1-
ci a. 1 1- 4 oallul&ria , bru.nnaa, owa ph1al1dlbua 60 u. long&. Pb1al1das 
elongataa, haut intla.tae ad baaim, 20-25 x 3 ua; eylindraeeo vel 
eonieo , interne 2- 3 conlidb an.mitae , 7-10 u. lonj:&. Conidia ellipsoi­
daa , b,yalinaa, 3-4 x 2- 2.1 ua . Chl.e..m.tdosporaa abeunt . 
HOLOTIPOS1 Antarotica. , Paninau.l& Antaretlea , Terra de De.neo , Baaa 
Priuvera, leg H.N.Cabello, 2-II- 1989. Ex solo. LPS 44595. 

Co l onies in vitro attaining a diameter or 50 mm in 
30 days, appearing floccose or t ufted, brown . Reverse 
dar" brown . Phialophores erect , simple, bearing pbialides . 
Total lenght of phialophores with phialidea 60 um with 
1-4 septa. ~ with a medium brown, slightly or 
not inflated venter, 20- 25 x 3 u111 1 and & cylindrical o r 
obconical, light b r own collar, cointaining 2- 3 conidia, 
7 - 10 u.m long. Conidia ellipsoidal , hyaline 3- 4 x 2- 2 . 1 
uCD. Aleuroconidia or chlamydospores absent . 

The ao r e related species are Q. . aicrospora (Corda) 
Hu~hes and Q. neocaledoniae Dadan t ex Kiffer and Delon . 
Our species differs from Q. mi crospora (Nag Raj and Ken­
drick, 1975) by the size ot the conidia (Q. . alcroepor a 
3-8 . 5 x 1- 1 . 5 UID 1 Q.. antarctica 3-4 x 2-2.1 u11). It also 
differs f r o11 Q. . nsocaledoniae (Kiffer and Delon , 1983) 
bt the size of the phialide that is larger to this species. 
Holotypus: Antarctic Peni nsula, Danco Coast , Base Prh.a ve ­
ra , leg. M. N. Cabello, 2 - II-1989 , rhizospbe r e soil of ~­
~ guiteneie and Deecha.•paia. antarctica . LPS 44595 . 

ACROOONTIOM ANTARCTICUM. 1.Con1d.1al structures and conidia . 
~ ANTARCTICA . 2 . Conidiophore , pbiallde and conidia. 3· Phlall­
dea a.nd conidia. 4· Conidia. 
PHIALOPHORA~· 5. Phialidee and conidia.. 6. Conidia . 



93 



94 

PHIALOPHORA DANCOII C.~llo nov. ap. Fig, 5-6. 

Coloniu aodice lente oreaount, olivaoeo-griaae, pulverulent.a.e, 
toaentosae. RevereUII oUvaoeo-nigrua. Srph&e veget.a.tiva.e •odiee pig­
aent&t&e, 1.2-2 u.a latae. Ph!&lidee aiiDplicea vel conidiophora coepo­
dt& r&mO&aJ phl&lidee brunneae, 11-12 x 2-J ua, collare 1-2 Wll altUII 
dlvargena. Conidia •er•&at&, ellipeoidea, h¥•11na, l&evia , 2 . 5-5 
X 1,5-2 Wlo 

HOLOT!PUSz Ant&rotlca, Peninaula Antarctica, Terra de Dance, Baaa 
Priaavera, lea; M.H.Cabello 1 30-I-1989. Ex aolo. LPS 44596. 

~ reaching 36 miD diam . in 24 days at 2QOCi 
olivaceoue grey, powdery and tufted . Reverse olivaceoua 
black. Vegetative ~ slightly pigaented, 1.2- 2 um 
wide. Conidiophoree cona1atlng ot staple phialidee, eometi­
aee septate and branched. ~ brovn, 11-12 x 2-3 
ua, cellarette 1-2 Ull, slightly divergent. Syapodial prolt­
teration absent. ~ in heads , ellipsoidal, hyaline , 
eaooth-walled, 2 . 5-5 x 1 . 5-2 um. 

The species •oat closely related with f· dancoti 
is f.· phaeoehora Gama (Galls and Rolubov!-Jechov&, ~ 
but differs by the shape ot the conidia which are dacryoid 
with a truncate base in Gaae species. 
Holotypue; Antarctic Peninsula, Dan co Coast, Base Priaave­
ra, leg M. N. Cabello, 30-I-1 989, Ieolated troll rhizoephera 
soil ot Colobanthue aut tens is. LPS 44596 . 
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ABSTRACT 

Cultural characters are reported for 22 species of Pholiota and 
allied genera. One or several polarity tests have been made for most 
species in order to determine their mating systems. One species (P. jahnii) 
is bipolar, the others tetrapolar but some are amphithal]jc. The culture 
characters reported here add new information of value for intrageneric 
delimitations. Intercompatibility tests are performed where the species 
limits are unclear. One new combinat ion is proposed: Pholiota 
lignicola(Peck)S. Jacobss. 

INTRODUCTION 

In modern fu ngal taxonomy studies of mycelia in culture play an im­
portant role. Culture characters have been described for a great number of 
species, especially those belonging to Polyporaceae and Cort iciaceae s.l. 
Interfertility tests are increasingly used to delimit species and resolve dis­
cussions of synonymy at the species level. Sometimes the use of culture 
characters and interfertility tests is the only way to solve such problems. ln 
Agaricales s. I. only fragmentary culture data are hitherto available but it 
is evident that they are valuable for a better understanding of the taxo­
nomy. With earlier known methods only the saprophytic species have been 
cultured , thus many of the large, mycorrhizal genera are unknown in cul ­
ture. 

Pholiota (Fr.)Kummer is a genus of saprophytic species. Most species 
in the genus are active wood des troyers and , sometimes, they are parasitic. 
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Some live on charcoal. soil or humus bur no species forms ectotrophic 
mycorrhiza. Since lignicolous species often are relatively easy to culture 
members of Pholiota were 3mong the first agarics to be studied in that 
way. 

Vandendries ( 1933 and 1934) and Vandendries & Brodie ( 1933) studied 
some species of Pholiola in culture and performed polarity tests. KUhner 
(1946) made morphological and caryological studies on P. gummosa. 
Denyer {1960) studied Pholiora alnico/a in culture. The mating system in 
P. adiposa was studied by Arita & Mimura (1969) and later Arita (1979) 
published a comprehensive thesis on the cytology of P. adiposa and P. 
nameko. Farr, Miller & Farr (1977) carried out biosystematic studies in the 
adiposa group by using interfertility tests. HQbsch ( 1978) investigated the 
different types of conidia (accessory spores) in some species. 

However, the published papers based on cultural studies of Pholiola 
are still rather few and only certain species are involved. One is P. adi­
posa, but as this name is interpreted in different ways (cfr Jacobsson 
1987) it is not always clear which species had been studied. 

The aim of this study is to get additional viewpoin ts for a better un­
derstanding of the systematic relat ionships within Pholiota by the aid of 
culture characters and interfertility tests. Twentytwo species belonging to 
Pho!iOla or allied genera have been cultured and studied in different wa ys. 

MATERIAL AND METHODS 

Collecting has taken place in va rious parts of Sweden and Denmark 
during 1979 - 1988. Basidiospores from collected basidiocarps were, as 
soon as possible, dispersed on plastic petri dishes with common malt agar 
fo r germ ina tion. From the germinated spores of each collection a number 
of monosporous mycelia were isolated. If a suff icient number of single 
spore (ss- )isolates were obtajned, the breeding ability (the abi lity to form 
c lamps in matings) and the mating-type was investigated by pairing all 
isolates with each other (polarity tests). The presence or absence of clamps. 
occurrence of accessory spores and other characters were examined when 
the mycelia had been in contact with each other for at leas t three or four 
weeks. 

For some species no Swedish collections were available in cu lture. 
Mycelia of Pholiota albocrenulata and P. luci/era were obtained from CBS 
Baarn , the Netherlands. Compatibility tests between European and Ameri ­
can specimens have been performed between Swedish material and some 
isolates of P. aln ico /a , P. limo,ella and P. squarrosoides, which were ob ­
tained from OAOM, Canada. 

After the polarity tests, compatibi li ty tests between different strains of 
the same species were performed. Compatibility tests between different 
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forms were also made as a method to delimit closely related species or 10 

confirm infraspecific variation. Intercompatibility is accepted as a strong 
support for conspecificity. Negative results consequently indicate different 
species but it is well known that there exist other explanations for negative 
pairings between specimens within a biological species. e.g. a reduction in 
mating capaci ty due to degenerative mutations or senescence (cfr Boidin, 
1986). 

Sometimes only polyspore (ps-) cultures with clamped hyphae were 
available for compatibility tests. They were then used in di-mon matings. 
In this type of crossing, a piece of a ps-mycelium is inoculated at the edge 
of a malt agar dish, while pieces of ss-cultures are inoculated in a half­
circle around the ps-culture. After being in contact for four weeksor more 
the mycelium on the outside of the half-circle is checked for the occur­
rence of clamps (Buller phenomenon). Occurrence of clamps there is a 
strong support for conspecificy. 

When partial compatibility or unexpected results appeared . the matings 
were repeated . There is a considerable variation between different species 
in many charac ters of the cultured mycelia, e.g. growth rate, appearance 
of the mycelial mat, width of the hyphae etc and accessory spores 
(conidia) of various kinds. In Polyporaceae and Corticiaceae a coded sys­
tem developed by Nobles has been used for a long time to describe the 
morphology of polyspore cultures. This system is used herein to descri be 
the Pholiotas. The codes are from Nobles (1965) with emendations by 
Boidin & lanquetin (1983). 

The production of the extra-cellular enzymes laccase and tyrosinase is 
studied by using several phenolic compounds in drop-tests. This method, 
the nature, effectiveness and reliability of different reagents is described 
in detail by Marr (1979). The procedure in this study follows Marr's d irec­
tions. Small slices of tissue, about 10 mm diam and 5 mm thick, were re­
moved from the mycelial colonies. The slices were placed in cavities of 
distilled-water rinsed, porcelain, depression plates. Systematically, the six 
reagents used (Syringaldazine, 1-Naphtol, Guaiacol , Gum Guaiac, P- cresol, 
L-tyrosine) were added to the tissues, each tissue submerged in several 
drops of one reagent. Syringaldazine and 1- Naphtol reagents are l:~ccase­
specific, p-Cresol and L-tyrosine are tyrosinase-specific. 

Also nuclear stai ning in spores and mycelia has been made with 
giemsa according to Boidin (1958) in order to study the nuclear behavior 
in different stages. The terminology in this respect follows Boidin & Lan­
quetin. 

The cultures are scored in the culture-collection at the Department of 
Sys tematic Botany, Gothenburg University. The GB-numbers refer to the 
culture-collection. The original specimens can be identified by the same 
number and are kept in the herbarium at Gothenburg (GB). 
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RESULTS 

The bas idiospores of many Pholiota spec ies germinate easily in culture. 
However, the ability to germinate on common malt agar without any spe­
c ial arrangements varied within the genus. Spores from three species, P. 
f lammans. P. nematolomoides and P. astragalina, never germinated in 
spite of several attempts. These species also have in common to grow on 
decayed coniferous wood. Also spores of P. tuberculosa were difficult to 
ge rm inate, but eventually an attempt succeeded. In P. highlandensis only a 
few spores germinated. In most other species numerous spores germina ted, 
but the vitality decreased rapidly after some days in storage. Spores stored 
more than a week generally did not germinate. In P. alnico/a and P. pini­
cola the spore- prints had to be stored about two weeks in a freezer (ca - 5 
C) before germinating occurred. Some attempts to culture these species 
without this treatment did not succeed . 

Primary mycel ia of mos t spec ies of Pholiota grow rather rapidly and 
usually the two mycelia paired on a dish grew together within two or three 
weeks. Then they became completely interwoven or formed a more or less 
d istinct barrier. A distinct barrier was usually combined with absence of 
clamps but exceptions to this rule occurred . Incomplete clamps were some­
ti mes noted, generally in dishes where also genu ine clamps were present. 
False clamps were rarely seen. In certain d ishes, clamps were noted only 
on one side of the confrontation line (unilateral dikaryotization). 

The positive pairings were compiled in pairing-tables to determine the 
mating- systems. However, the interpretation of the pairing tables were 
often more complicated than expec ted. Certain tables indicated bipolar ity, 
others tetrapolarity , sometimes fo r the same species. Frequent ly irregulari­
ties appearad , fa ilures to fo rm clamps where expected but also clamps in 
combinat ions which at first sight seemed to be impossible. 
CYTOLOGY: 

T he basidia in all species of Pholiota are normally four- spored. Most 
basidiospores in all species investigated contained two nuclei , which is the 
normal condition in Strophariaceae and other chromosporic Agarics 
(Knhner 1980). Certain spores seemed to contain one or more than two 
nuclei. Two nuclei in each spore is a resuh of three success ive divisions of 
the fusion nucleus, the meios is and two mitotic divisions, which yields 
eight nuclei. The th ird division occurs after the sterigmata are fo rmed but 
the location in which it takes place is variab le. Sometimes it occurs in the 
basidia, during the passage of the nuclei through the sterigmata o r in the 
spores. Arita (1979), who studied the nuclear behaviour in P. "adiposa" 
(• P. jahnii?) and P. nameko, found that the third div is ion took place in 
the spores in P. adiposa but this varied and frequently took place in the 
basidia in P. nameko. 
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The results of the polarity tests in this investigation show that it is 
common for the nuclei in certain basidiospores to contain different mating 
factors. In most pairing tables there occur positive pairings that can be ex­
plained only if the spores contain nuclei with two noncomplementary fac­
tors. Such heterocaryotic spores have been recognized in PsaJhyrel/a can­
dolleana by Galland ( 1971 ). She showed that certain monosporic mycelia 
contained two types of nuclei incompatible because they possess the same 
allele for one of the mating type factors, A or B. Thus nuclei A282 and 
A281 may be found in the same primary mycelium. Undoubtedly the same 
conditions are common in most species of Pholiola. A tendency to 
•illegitimate copulations" between haplonts of the same strain occur also in 
Coprinus (lange 1952). Future studies will reveal if this phenomenon is 
common also in other chromosporic genera. 

KUhner ( 1977) considers that the discrepancies in pairing tables of 
tetrasporic species at least partly depends on spores borne on occasional 
basidia with only two or three sterigmata. Such spores may contain one or 
two additional nuclei which are geneticalty different. However , the num­
ber of spores with more than one mating factor appears to be higher than 
the corresponding number of basidia with less than four basidiospores. 
Perhaps spores with more than one mating factor germinate more easily. 
The occurrence of amphithaltism may cause difficulty in interpreting some 
pai ring tables. Mounce (1929) and Vandendries (1933) reported a bipolar 
mating type in Pholiola adiposa (•P. jahnii?) and P. aurivella respectively. 
However. Farr et al. (1977) fo und that although P. aurivella and P. 
limonella first appeared bipolar. a careful reexamination showed them to 
be tetrapolar . As already indicated by Ginns (1974) several cases of re­
por ted bipolarity were the results of misinterpretation. Rewriting of the 
or iginal bipolar tables showed tetrapolarity. The reason for the misinter­
pretations was that the authors did not attempt to explain the irregularities 
that showed up in the pairing tables, e.g. the formation of clamps in 
pairings with presumably identical factors or failures in clamp-formation 
between assumed compatible pairings. Most of the pairing-tables in th is 
investigation which indicate bipolarity are artificial. but Pholiota jahnii 
and possibly Pholiola mwabilis really seem to be bipolar or have bipolar 
forms. 

Isolates from basidiospores of Pholiota usually germinate to non­
clamped mycelia. The exceptions (approx. 10 - 20 %) may partly depend 
on dicaryotiz.ation between two germlings before they were isolated but 
probably spores with two compatible nuclei exist . However, such spores 
are produced only in a low number by chance and no species of Pholiota 
seems to be "second3.rily homotha llic" (Whitehouse 1949. Raper 1966). This 
term is applied to a species that regularily produce a high percentage of 
basidiospores with two compatible nuclei. 
In some cases, e.g. in cer tain isolates of P. gummosa and P. limonella, 



100 

clamps suddenly and unexpected have appeared in ss-mycelia months or 
years after germination. A spontaneous change of a mating type facto r 
must have taken place. Such changes occur in Psalhyre/la candolleana 
(Galland 1971). A spontanoeous mutation of a mating factor may excep­
tionally be the explanation of an unexpected positive mating in a pairing 
table. 
MYCELIA AND HYPHAE: 

T he appearance of the mycelia varied considerably between different 
species or groups of species. The surface of the mycelial mat is smooth in 
many species but d_istincrly granular in others. In P. adiposa and P. 
limonella distinct strands run over the surface. A cottony aerial mycelium 
is present in most species but there is variation between different mycelia 
of the same species. The advancing zones are generally even and 
appressed, with a few except ions. These characters are described in the 
species desc riptions and photos were taken of the cultures afte r six weeks 
growth (Fig. I - 3). Also the growth rate appeared to be ve ry different . 

Most hyphae in a mycelial colony are generally rather narrow ( I - 5 
JJ m). The wid ths vary be tween the species but also between dif ferent iso­
lates of the same species. On ave rage the primary are narrower than the 
secondary mycel ia. In all species certain hyphae become consideraby wider 
and freq uent ly also more irregular in shape. In many species certain 
hyphae contain a row of short, swollen cells , which give them a monili­
form appearance. Such cells appear both apically and intercalary. Also the 
frequency of oi l-drops and other characters is va riable (cfr fig . 8, P. 
tuberculosa). 

The appearance of mycelia and hyphae seems to be ve ry typical and 
constant wit hin each species and therefore of a taxonomic va lue. Closely 
related species, e.g. P. adiposa and P. limonella, P. spumosa and P. mixta, 
P. aln ico/a and P. pinicola , are very similar in these characters. 
ACCESSORY SPORES: 

Mos t mycelia of Pholiotas, both ss- and ps- mycelia , form accessory 
spores in culture. Two types of accessory spores occur in the genus: 
arthrospores (oid ia) and chlamydospores (a leuriospores). The arthrospores 
are generally formed on short , narrow branches (conidiophores) from cer­
tain hyphae on the surface of a mycelial colony. They arise as two or more 
cells in the apical parts of a branch and start as protoplasmic contract ion 
followed by dissolution of the walls of the emptied par ts of the hyphae. 
The process freq uently takes place repeatedly on the same conid iophore. 
Sometimes the arthrospore-forming branches are coiled, e.g. in certain 
mycelia of P. jahnii. T he spore-forming branches appear simple (for 
instance in P. spumosa) or in different-looking ramifica tions. Possibly also 
protoplasmic contraction in ordinary hyphae may lead to the forma(ion of 
ar throspores. 

Chlamydospores are formed in several species. They are ve ry f requent, 
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Fig. I. Cultures after six weeks growth. a) Pholiota squarrosa, GB 1303, b) 
P. heteroc1ita , GB 1457, c) P. adiposa, GB 1071 , d) P. 1imonella, GB 1456, 
e) P. jahnii, GB 1061 , f) P. squarrosoides, GB 1458. 
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Fig. 2. Cultures after six weeks growlh. a) Pholiota spumosa. GB 884. b) 
P. mixta, GB 948. c) P. lenta , GB 1060, d) P. lubrica, GB 1293, e) P. 
highlandensis , GB 1328, f) P. scamba, GB 1221. 



Fig. 3. Cultures after six weeks growth. a) Pholiota gummosa. GB 1295, b) 
P. graminis, GB 1273, c) P. tuberculosa, GB 1692. d) P. mutabilis , GB 
1304, e) P. aln icola, GB 1243, f) P. pinicola, GB 1359. 
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large and conspicuous (15 - 30 x 10 - 20 J£m) in certain species, e.g. P. 
aln ico/a. P. pinicola, P. gummosa, P. graminis and P. squarrosa, but less 
numerous and rather inconspicuous in others. They are formed both later ­
ally and apica lly, f requently as the end-cell in a row of moniliform 
swell ings. Chlamydospores occur anywhere in the mycelia but preferably 
in the submerged par ts. T ypical chlamydospores are not seen at all in some 
species, but probably any kind of swellings may loosen and then serve as a 
chlamydospore. Actually there is no fundamental difference between the 
two kinds of spores more than the size and shape. Of course 
chlamydospores are never so numerous as arthrospores, as they are 
produced for surv ival and not fo r dispersal as arthrospores. 

The type and shape of accessory spores is ve ry constant within each 
species and they are a systematically valuable character. However, they are 
not always formed by all isolates of the same stock. Genetical d iffe rences 
are probabl y responsible for presence or absence of accessory spores but 
also envi ronmental conditions may play a role. Many species form only one 
type of accessory spore but both arthrospores and typical chlamydospores 
are seen in the same mycelial colonies of Pholiota squarrosa and P. gum ­
mosa. Arthrospores are common e.g. in the adiposa and lubrica groups and 
in P. squarrosa and P. gummosa. Conspicuous, moniliform swellings are 
especia lly common in Pholiota tuberculosa and P. albocrenulara. 

HObsch ( 1978) described the accessory spores of certain species of 
Pholiota and also illustra ted some petri plates to illust rate their fo rmation 
process. His resul ts correspond well with those of this inves tigation. 
DROP- TESTS: 

T he resul ts of the drop- tes ts are presented in table I. The reactions 
were recorded 5 min., 30 min. and 2 hours after applicat ion of the 
reagents. In all cases where a positive reaction was recorded, it was vis ible 
within 30 min. 

A positi ve response is an effec t of ox idation and impl ies occurrence of 
enzymes. According to the investigations of Marr (1979) and others 
syr inga ldazine and 1-naphtol are laccase-specific. L-tyrosine and p-cresol 
reagents are tyrosinase-specific. Guaiac and guaiacol are nonspecific fo r 
laccase and tyrosinase but more efrectively oxidized by laccase than tyrosi ­
nase. 

In this study eleven species contained both laccase and tyrosinase: 
jahnii, adiposa. limonella, squarrosoides , graminis. gummosa, scamba, 
spumosa. mixta and mutabilis. Only tyrosinase is ind ica ted in squarrosa. 
heteroclita and Ieiiia. The react ions indicate only laccase in j wwnius , high ­
landensis, lignicola and tuberculosa. Neither laccase nor tyrosinase reaction 
is noted in the followi ng species: albocrenulata, alnico/a and pinko/a. 
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Table I Result of drop-tests 

+ • posi tive reaction.(+) • weak positive reaction, - • no reaction noted. 

Sy N Gl G p-C 

adiposa (+) (+) (+) 
albocrenulaLa 
alnico/a 
graminis 
gummosa (+) 
heteroclira 
highlandensis (+) 
jahnii 
junonius (+) (+) 
lenla 
lignicola (+) (+) + 
limonella (+) (+) 
lubrica (+) 
mixla 
mutabilis + 
pinicola 
sea mba 
spumosa + + 
squarrosa (+) (+) 
squarrosoides (+) 
tuberculosa (+) 

Abbrevations: Sy • syringaldazine, N - 1-Naphtol, Gl • guaiacol, G -
gua iac, p-C • p-cresol, Ty • L-tyrosine. 

Ty 

(+) 

(+) 

(+) 
(+) 

The results of the spot tests in some species var ied from the results 
in other stud ies. K~rik ( 1970) summarized results of spot tests and other 
culture characters for a large number of species, among them eight 
Pholiota species. She reported a strong laccase reaction in P. heteroclila 
and P. squarrosa. whereas no laccase was indicated in this study. She re­
ported a weak tyrosinase reaction in P. gummosa and a strong laccase re­
action in P. adiposa. which do not correspond with the result of this 
study. Marr (1979) studied P. squarrosoides and P. lenta. They were placed 
in the group of species with tyrosinase only. which corresponds with the 
results of this study. 

Marr concluded that syringaldazine is the best reagent for laccase and 
L-tyrosinase or p-cresol the better reagents for detecting tyrosinase. It is 
therefore worth mentioning that laccase in P. tuberculosa and P. high-
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/andensis was indicated by a positive reaction with 1-naphtol but not 
syringaldazine. 

The deviating results of different studies may depend on the fact that 
the localization of laccase and tyrosinase varies either among species or 
during ontogeny. These vadations are associated with other processes, e.g. 
pigmentation or fruiting . Marr and KUrik performed their tests on tissues 
from basidiocarps , which may give other results than tests on mycelial 
colonies in culture. Also environmental factors, such as nutrition, tempera­
ture, pH, etc. influence the production of the enzymes. Results of drop­
tests therefore must be interpreted carefully and preferably compared with 
other methods before conclusions can be reached. 

CULTURE CHARACTERS FOR THE SPECIES 

Phollota squarrosa (Weigei:Fr. )Kummer 

MATERIAL: 
GB 165/ Fagus/ Sweden, Halland, TjoiOholm (SJ 8026 1). 
GB 1249/ Picea/ Norway, Oppland, Ormtjernkampen (NH 8481). 
GB 1299/ Quercus/Sweden , YilstergOtland, V.Tunhem (SJ 84157). 
GB 1303/ Quercus/ Sweden. VilstergOtland, GOteborg (SJ 84165). 
GB 1535/ Abies/ Romania , Neamt (NH 9201). 
POLARITY: Only two polarity tests have been performed , both, however. 
with a rathei small number of available isolates (Tab. 2). In 1249 only two 
positive pairings were observed. They indicate two different compatibility 
groups. The remaining isolates may belong to a th ird and same compatibi­
lity group but the negative pairings may be due to reduced fertil ity. In 
1535 th ree compatibility groups (5 • A IBI; I, 2, 6 • A2B2; 3. 4, 7 • 
A I 82) is the best interpretation of the result. Tetrapolarity therefore is the 
only reasonable mating system in P. squarrosa. 

GB 1249, GB 1299, GB 1303, GB 1535 were compatible wi th each 
othe r. CYTOLOGY: Astatocoenocytic. The cells of the ss -mycelia contain 
a var iable number of nuclei , at leas t 2 - 25 have been noted. Multinucleate 
hyphal cells are distinctly wider than others and occur especially in the 
terminal part of the hyphae. Mult inucleate cells are also noted in a 
secondary mycelium (GB 1303) though most of them are dicaryotic . 
CULTURE CHARACTERS (GB 1303): Growth moderately rapid, the 
dishes completely covered by mycelia in 3 - 4 weeks. Advancing zone 
even, appressed. Mycelial mat soon noccose, at first whitish, later 
ye llowish with brown floccu les (Fig. I A). 
Reverse brownish. Hyphae usually 2 - 4 pm wide, regula rly branched , 
with a clamp at all septa. Young, apical cells are freque ntly somewhat 
wider (3 - 6 pm) and more irregular in out line. Numerous arthrospores (6 
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- 10 x 3 - 4 ~Jffi) are formed by short branches from certain hyphae in the 
noccules on the surface. In the submerged pa.rt of the mycelium also large 

Tab. 2. Polarity ttslS ic PholiDfD sq~UUrOSt:J. 

CB 1249/1 
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CB 1249/ 4 
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chlamydospores (10- 16 x 8 - 12 ~Jffi) are rather common. Fig.4. 

~ ~ 
= ~ 

" " 

CODE: 2b, 3c, 26, 34, 35, 37, 39, 43-44, 49, 54, 60, 63. Oxidase reactions: 
weak reaction with guaiacol, p-cresol and L-Tyrosine, all other tests nega­
tive. 

Fig. 4. Hyphae, arthrospores and chlamydospores in Pholiota squarrosa {GB 
1303). 

The cultural characters of P. squarrosa have much in common with P. 
gummosa (e.g. the appearance of the mycelia and the accessory spores) and 
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indicate a relationship. According to Kliarik (1965), P. squarrosa belongs 
to the group of species which produces bo th laccase and and tyros inase. rn 
thi s investigation only tyrosinase is verified. Possibly the weak reaction 
with guaiacol may be an indication of laccase. KO.llrik also reports a rather 
rapid growth rate for this species. 

Pholiota limonella (Peck)Sacc. 

MATERIAL: 
GB 166/ Alnus trunk/ Sweden, GOteborg, Narurparken (SJ 80286). 
GB 1438/ Betula/ Sweden, vasrergOUand. L~ngared (SJ 85056). 
GB 1456/ cu t trunk of Quercus robur/ Sweden , Va.stergOtland, 
R~da (SJ 85092). 
GB 1508/ Abies alba/ Romania, Neamt (NH 9200). 
GB 1513/ Deciduous wood/ Romania , lasi (NH 9084). 
GB 1597 I Substrate unknown/ USA, VT 397 (Blacksburg, Virginia). 
GB 17171 Populus/ Swede n, Medel pad, BorgsjO. 
GB 1736/ Al11us glutinosa/ Sweden , Uppland, Billudden. 

The compatibility between these specimens and with the closely re­
lated Pholiota adiposa was dealt with in another paper (Jacobsson 1987). 
POLARITY: Tetrapolarity is indicated but there are several irregularities , 
such as failures of c lamp formation in supposed compatible pairings and 
occurrence of c lamps in unexpected combinations. In several cases the only 
explanation fo r compatible pairings is that certain spores must contain two 
or more incompatible factors. It is not always easy to interpret a pairing 
table with total certainty due to irregularities which make more than one 
solution possib le . The interpretation with the lowest number of mating 
failures and without positive matings between isolates assigned the same 
factors is considered to be the most probable one, at least theoretically. 
The pairing tables are showed in tab. 3. 

In GB 166 the most reasonable interpretation is: I ""' A I Bl; 5, 6 • 
A2B2; 3, 4, 7 • AIB2; 2 • AIBI+A2Bl; 8 = A2B2+A2Bl. There a re two 
failures with this explanation (2 x 4, 2 x 7). 

GB 1438: 4, 8 • AIBI; 5 • A2B2; 3, 7 • AIB2; I, 2 • A2B2+A2Bl. 
No 6 is excluded, as it did not result in any positive mating. This isola te is 
supposed to have a restricted fertility for some reason. With this 
interpretation there are two failures (I x 7, 2 x 3), in other interpretations 
there are more failures . 

GB 1456 is tetrapolar without failures: I • AlB I; 2, 4 = A2B2; 3, 5, 7 
• AIB2; 6 • A2Bl. 

GB 1513. Amphithallic tetrapolarity is the only possible interpretation. 
If I, 2, 3, 7 • A2Bl+A IBI; 5 • AIBI; 8 • A2B2; 6 • AIB2; 4 = A2Bl, 
there are no failures. Other interpretat ions are possible, but in those cases 
there a re at least some failures. 
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GB l7 I 7: This pairing table is d ifficult to interpret, but one inte rpre-
tat ion ind icates amphithallic tetrapolarity without fai lures: I, 2 - A I 8 I; 3, 
8 • A2B2; 5 • AlB2; 7 • A2Bl ; 10 • AIBI+A2BI ; 9 • A2B2+AIB2. 

Some polarity tests are excluded, because few isolates were available. 

Tab. ) Polu ity IC$U in Phol101a IHfiOtltfla. 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
= ~ = c c c ~ ~ ~ = = (! c = ~ u u u u u u u u 

cs 166/1 CB 1438/ 1 
CB 166/2 CB 1438/ 2 
CB 166/3 CB 1438/3 
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ca t66/7 CB 1438/7 
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ca 1717/2 ( + ) ( •) CB 1456/ 1 

CB 1717/3 CB 1456/ 2 

CB 1717/5 CB 1456/l 

CB 1717/7 CB 1456/ 4 

CB 1717/ 8 CB 1456/S 

CB 1717/ 9 <•> CB 1456/ 6 

( +) -an• that 011ly a f ctv clupa w-ere found , 

r eatriued t o the con! rontat ton line. 
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CYTOLOGY: Astatocoenocytic. The hyphal cells of a homocaryotic 
mycelial colony contain a various number of nuclei , 2 - 22 are counted. 
The highest number of nuclei is found in the youngest, terminal cell of a 
hypha. Most cells in the secondary mycelia are dicaryotic but multinucleate 
ce lls containing as many as 25 nuclei are also seen. 
CULTURE CHARACfERS: Growth slow, dishes covered in 5 or 6 weeks. 
Advancing zone even, appressed. Aerial mycelium cottony-floccose, at 
first whitish, becoming yellowish brown in old parts. Conspicuous, 
branched strands ru.n over the surface (Fig. I D). Reverse brownish. 
Hyphae I - 4 JJm wide, regularly branched, with a clamp at most septa, 
hya line or yellowish. Walls in old hyphae brown and incrusted. Numerous 
archrospores (5 - II x I ,S - 3 ~Jm), formed by short branches from hyphae 
on the surface. Chlamydospores (8 - 30 x S - 10 ~Jm) occur in submerged 
mycelia, but not numerow. Old hypha! cells in the submerged mycelia fre ­
quently becoming filled with reddish brown necropigments and finall y 
broken in pieces (Fig. S). 
CODE: 2a. 2b, 3c, 16, 26, 34, 35, 37, 39, 45-46, 49, 54, 60, 63. 
OXIDASE REACTIONS: Positive reaction with guaiac (very weak), p­
Cresol and 1-Naphtol (weak), all other tests negative. 

Pholiora limonella is closely related to Pholiota adiposa (•aurivella 
auct.). It is not possible to separate the two species in the basidiocarps . A 
slight difference in the spore size is the only reliable morphological 
character. Since this species earlier has not been distinguished by an y 
European author, it is quite possible that published culture data 
(Vandendries 1933, KUrik 1970, HQbsch 1978 etc) of Pholiota aurivella (a t 
least parlly also adiposa and squarroso-adiposa) ac tually represent Pholiota 
limone/la. However, so far no difference in the cultural characters have 
been found. 

Pholiota adiposa (Batsch:Fr.)Kummer 

MATERIAL: 
GB 161/ Fagus{Sweden, Halland, GrytsjOn (SJ 80307). 
GB 1012/ Fagus{Sweden, Skwe, Silv1kra (SJ 83119). 
GB 1291 / Sa/ix / Sweden, Sk:lne, Kristianstad (SJ 84131). 
POLARITY: GB 167 and GB 1291 were tested (Tab. 4). In GB 167 onl y 
one positive pairing was obtained. In GB 1291 the only possible interpreta­
tion is amphithallic tetrapolarity: 8, 10 • AIBI; I , 2. S, • A2B2; 4, 6 • 
A I 8 2; 7 - A28 1; 9 • A282+A I 82. This explanation gives no failures . 

The three mentioned specimens are intercompatible with each other. 
Pholiota adiposa is ve ry closely related to Pholiota limonella. The taxo­
nomy and the differences between them are published in an earlier paper 



(Jacobsson 1987). 
CYTOLOGY: Astatocoenocytic. Characters identical with those of P. 
limonella. 
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CULTURE CHARACTERS (GB 1072): Grow1h ra1e and general appear­
ance identical with the closely related P. limonella . Advancing zone even, 
appressed. Later a cottony-floccose aerial mycelium is formed. Conspicous. 
branched st rands run over the surface, at first whitish , soon yellowish to 
brownish (Fig. I C). Reverse brownish. Hyphae with a clamp at most 
septa, regularly branched, I - 4 J!ffi wide. Numerous arthrospores (5 - II x 
1,5 - 3 ~m), formed in the same way and of the same appearance as in P. 
limone/la 
CODE: (2ab), 3c, 16, 26, 34 , 35, 37, 39, 45 - 46. 49. 54. 60. 63. 
OXIDASE TESTS: All tests negative in GB 1072. In GB 167 a positive but 
weak reaction wilh syringaldazine and p-cresol. 

Tab. 4, Polarity ttSU in Pholroto cdiposa. 
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~ ~ ~ ~ CB 1291/ 1 
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" " " CB 1291/ S 
CB 167/1 CB 1291 / 4 
CB 167/2 CB 1291/6 
CB 167/J CB 1291/7 
CB 167/ 4 CB 1291/9 
CB 167/S CB 1291 / 8 

This spec ies is better known as Pholiota aurivella (Batsch:Fr.)Kummer. 
However. as this name has been recently questioned (Kuyper & Tjallingii­
Beukers 1986) and Pholiota adiposa in its original sense undoubtedly is 
correc t (cfr Jacobsson 1987) a name change to P. adiposa is unavoidable. 

The confusing taxonomy in this group implies that published data on 
Pholiota aurive/la should actually be referred to PholiottJ adiposa or the 
almost indistinguishab le Pholiota /imonella. On the other hand, published 
data on Pholiota adiposa, at least in recent time (HObsch 1978, Ari ta 1979) 
should be transferred to Pholiola jahnii. 

Pholiota •aurivella"' is one of the most studied species of the genus. 
Manens & Vandendries (1932) and Vaodeodries (1933) repons bipolarily 
for this species, which seems unlikely when compared with later investiga­
tions (Farr, Miller and Farr 1977, and those in this paper, cfr Pholiota 
jahnii). HObsch ( 1968) noticed the occurrence of ar throspores and KU rik 
( 1970) a strong reac tion both for laccase and tyrosinase together with some 
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other characters . Only weak reactions for laccase and tyrosinase reaction 
were noted in this investigation. The difference may depend on the fact 
that KU rik used basidiocarp tissue for her tests. 

I 10 !"' 

Fig. 5. Hyph:te , arthrospores and chlamydospores in Pholiota adiposa (GB 
129 1). 

Phollota jahoil Tjall . & Bas 

MATERIAL: 
GB 83/ Fagus/ Sweden, SkAne, BOkebergssla tt (SJ 7923 1). 
GB 164/ Fagus/ Danmark, Sjalland, Vordingborg (SJ 80210). 
GB 1061 / Fagusj Sweden , SkAne, SilvAkra (SJ 831 18). 
GB 1305/ Fagus/ Sweden , Blekinge, SOlvesborg (L . Orstadius ). 
GB 1342/ probably Picea/ Sweden, SOdermanland, Overjarna 
(K.Jaederfeldt ). 
GB 2021/ buried wood, probably Fagus/ Sweden, SkAne, SilvAkra (SJ88061 ). 
POLARITY. Polarity tests have been performed with the specimens GB 
83, GB 106 1, GB 1305, GB 1342 and GB 202 1 (Tab. 5). 
In GB 1342 only two positive pairings were yie lded, which indicates a 
restricted fertility for some reason. The resul t of the other four polarity 
tests c learly indicates bipolarity. However, there is one failure in GB 1061 
(4 X 9). 
All specimens are complete ly intercompatible with each other (Jacobsson 
1987). 
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CYTOLOGY (GB 1061 ): He1erocy1ic. Terminal cells of ss-mycelia are 
multinucleate and wider than most intercalary cells , wh..ich generally con­
tain two nuclei. In the secondary mycelium only clamped, binucleate cells 
are found. 
CULTURE CHARACTERS (GB 1061 ): Growth slow, dishes covered in six 
weeks. Advancing zone even, appressed. Aerial mycelium cottony, whitish, 
but becoming slightly yellowish brown in patches in old parts (f ig. 1 E). 
Reverse somewhat brownish. Hyphae generally I - 3 JJm wide. regularly 
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branched, with a clamp at all septa. Numerous arthrospores (3 - 6 x I - 3 
.urn) are fo rmed at the surface of the mycelial colony (Fig. 6). 
Chlamydospores (8 - 45 x 6 - 10 .urn) rather rare, only seen in certain 
myce lia. Many old hyphae are filled with dark reddish - brown necropig­
ments and easi ly broken to pieces. 
CODE: 2ab, 3c, 26, 34, 35, 37 , 39, 46, 49, 54, 59, 63. 
OXIDASE REACTIONS: Posi tive reactions noted for all tests except p­
cresol. 

Fig. 6. Hyphae, arthrospores and chlam ydospore forming in Phol iota jahnii 
(GB 1061 ). 

Pholiota j ahnii is a recently created new name fo r the species earlier 
known as Pholiota muelleri (Fr.)Orton . lt also includes Pholiola adiposa 
auct. (ss Lange etc , cfr Jacobsson 1987). T herefore most published data on 
Pholiota adiposa (e.g. Arita & Mimura 1969. Ar ita 1979) probably refe r to 
Pholiota jahnii. 

T he most remarkable characte r of Pholiota jahnii is the bipolar ity. 
Three polarity tests clearly indicate bipolarity, which resuh corresponds 
with earlier reports. Arita and Mimura (1969) reported Pholiola "adiposa" 
to be bipolar. Vandendries (J933) reports a perfect bipolarity in a test with 
16 isolates of Pholiota •aurivella". The latter species is definitely not bi-
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polar and it is more probable that he had collected P. jahnii, a spec ies not 
known at that time. 

The strong reaction for both laccase and tyrosinase corresponds well 
with the report of KUrik ( 1970). 

Phollota squarrosoldes (Peck)Sacc. 

MATERIAL: 
GB 1458/ on dead Populus lrunk/ Sweden, Uppland, Bondkyrka, (S.Ryman 
8065). 
GB 1680/ Canada, Br.Col., Stamp Falls. polysporous & tissue cultures 
iso lated from fruit body (2 cultures, but without clamps, DAOM 221 13). 
POLARITY: GB 1458 is tested regarding the mating type (Tab. 6). 
Amphithallic tetrapolarity is the only possible interpretation. If 6, 7 -
AIBI; I, S • AIB2; 2 • A2BI ; 4 • A2B2+AIB2; 3 • A2B2+A2B I, there is 
onl y one failure (1 x 2). 

Tab. 6. Polarity leSI in Pholiotil JqwuroJoidu. 
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T he Swedish and Canadian specimens turned out to be incompatible. 
However, other explanations than species differentiation are possible. The 
absence of clamps in DAOM 22113, in spite of the fact that it originates 
from a. basidiocarp. indicates that a degenerative mutation has taken place 
and a restricted mating ability therefore is probable. These cultures were 
made in I 949. 
CYTOLOGY (GB 145g): Probably heterocytic. All hyphae in the secondary 
mycelium are clamped and binucleate. 
CULTURE CHARACTERS (GB 1458): Growth very slow, reaching SO -
52 mm and not covering the dishes in six weeks. Advancing zone even, 
appressed. Aerial mycelium almost absent, but the surface of the mat with 
numerous minute granules, whitish -yellowish (Fig. I F). Reverse weakly 
brownish. Hyphae I - 5 pm wide, regularly branched, with a clamp at 
most septa. Arthrospores (3 - 8 x I - 3 pm, frequently curved) are formed 
by irregular, shor t branches in the granules on the surface (Fig. 7). A few 
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ra ther small and inconspicuous chlamydospores (9 - 15 x 6 - 8 JJm) are 
seen. 

I 10 WI 

Fig. 7. Hyphae, arthrospores and chlamydospores io. Pholiota squarrosoides 
(GB 1458). 

CODE: (2ab), 3c, 26, 34, 35, 37, 39, 47, 49, 54, 60, 63. 
OX IDASE REACfiONS: All tests negat ive. 

No data on culture charac ters for Pholiota squarrosoides are published 
previously. The species apparently belongs to the adiposa group, based on 
its characters, e.g. the occurrence of arthrospores, which are similar to 
those of the other species in the group. However, it differs f rom the other 
species in the negatjve reactions for laccase and tyrosinase. 

Pholiota tuberculosa (Schff.: Fr.)Kummer 

MATER IAL: 
G B 1692/ Ti/ia/ Sweden, VilstergOt land, Trollh!ttan (SJ 86019). 
POLARITY: 7 isolates of the specimen GB 1692 were mated in all possible 
combinations but no positive pairings appeared. T hus the mating type of 
this species is still unknown. 



Fia. 8. Hyphae ia Pholiota tuberculosa (GB 1692). A) in ps-mycelium . 8 } 
in ss- mycelium. 

CYTOLOGY: Not studied. 
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CULTURE CHARACTERS: Growth rapid, the dishes completely covered 
in two weeks. Advancing zone somewhat fr inged. Aeria l mycelium 
cottony, slight ly yellowish. Reverse brownish. Normal hyphae 3 - 5 ~m 
wide, regularly branched and with a clamp at all septa, densely filled with 
oi l-drops. Certain hyphae have a moni liform appearance with short and 
very broad (10 - 30 J'ffi) cells. The ss- mycel ia to a great extent consist of 
very wide ( - 20 ~m) hyphae, with very big, sometimes strongly yellow, 
oi ldrops (Fig. 8). Sometimes bladder-like cells seem to serve as 
chlamydospores. 
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CODE: 2a, 3c, 26e, 34, 37, 39, 42, 49, 54, 58. 
OXIDASE REACTIONS: Positive but weak reac tions with guaiac and 1-
Naphtol, otherwise negative. 

Plto/iola tu!Mrculosa has not been studied in culture be( ore. Some of 
the cultural characters such as the rapid growth rate and the very wide 
hyphae densely filled with oildrops differ considerably from other Pholiota 
species and ind icate that this species takes a rather isolated systematic 
position in the genus. 

The species seems to be difficult to culture, as spores from one speci­
men only germinated. Some other attempts have been unsuccessful. It is 
desirable with more cultures to ve rify the results. 

Phollota lucifer (Lasch)Quel . 

MATERIAL: 
GB 1852/ Abies/ Austria/ CBS 595.82 (I ps-culture). 
T he culture characters of this strain appeared to be almost identical with 
those of P. adiposa - /imonella and suggest that P. luci/u belongs to this 
complex. However, this seems unlikely, as the morphological characters are 
ve ry different and more similar to those of P. tubercu/osa. Compatibility 
tests by using Buller's phenomenon have been performed wi th P. limonella 
(GB 1456) and P. adiposa (GB 1072). They were found to be negative. In 
spite ot that it is possible that the culture descends f rom a misidentifiec;l 
basid iocarp. No herbarium material is preserved to check the determina­
tion. It is desirable to get the culture characters ve rified by another strain 
before conclusions. 

Pholiota hereroclira (Fr.:Fr.)Quel. 

MATERIAL: 
GB 1457/ Betula/ Sweden, Halland, Lindome (SJ 85093). 
POLARITY: 8 isolates of GB 1457 were mated in all possible combina­
tions. However, the mycelia ceased to grow after a while and only in two 
combinations were clamps formed and then there were only a few. 
CYTOLOGY: Not studied. 
CULTURE CHARACTERS: Growth rate very slow for the genus, in six 
weeks the mycelia had reached only 30 - 37 mm. Advancing zone some­
what uneven and fringed . Aerial mycelium downy, slightly plumose, 
whitish in young parts. gradually becoming brownish . Reverse somewhat 
brownish . Hyphae 1 - 3 JJm wide, not ve ry differentied, regularly 
branched, with a clamp at most septa. Numerous arthrospores formed in 



the aerial mycelium by short branches in terminal or lateral, brush-like 
clusters (Fig. 9), rather different-looking compared with those in other 
Pholiotas. Occasionally small intercalary or terminal swellings appear. 
CODE: 2b, 3c, 7, 35, 37, 39, 47, 49, 54, 58. 
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OXIDASE REACTIONS. Positive reactions with L-Tyrosine (very weak) 
and p-Cresol. otherwise negative. 

I 10 J.IT1 

Fig. 9. Hyphae, art hrospores and a ch lamydospore in Pholiola heteroclita 
{GB 1457). 

The culture characters, especially the diverging appearance of the 
auhrospore-forming conidiophores, suggest a rather isolated systematic 
position of this species. It is often placed in a separate subgenus 
(Hemipholiota) together with some other species. Pholiota populnea is 
generally considered to be a close relative, unfortunately no strain of this 
species has been available. HObsch (1978) reports, however, that no acces­
sory spores at all were found in any of three stocks of P. populnea. 
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Phollota hlshlandeasls (Peck)Smith & Hesler 

MATERIAL: 
GB 1247/ burnt spot/ Sweden, Vi!.stergOtland, Alings:is (SJ 84091). 
GB 1306/ burnt spot/ Sweden, GOteborg, Botanical garden (SJ 84168). 
GB 1328/ burnt spot/ Sweden, Halland, Morup (SJ 84174). 

GB 1693/ burnt spot/ Fin land, PH. , Konnevesi, Siikakoski 
(!.Jarvinen). 
POLARITY: GB 1247, GB 1306, GB 1693 are tested (Tab. 7). Tetrapola­
rity is indicated and in GB 1247 and GB 1306 there also occur some posi­
tive pairings which could only be explained if spores with more than one 
factor are present. The following interpretations are made: 

Tab. 7. Polarily tHU in Pholi01a highltJrtd~nJiJ . 
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GB 1247: A possible interpretation is I, 3 = AIB2; 4, 5 = A2BI; 6 
- A2B2+A1B2. If nr 2 - A282. the cable shows no failure. However, this 
mycelium looked very different compared with the others (more brownish} 
and a much more clear confrontation line than in all other matings was 
formed. It therefore seems reasonable that this mycelium was incompatible 
for other reasons. 

GB 1306: 3, 5 • AIBI; 4 • AIB2; I , 2 • A2BI; 6 •A IBI+A2BI. No 
failures . 

GB 1693: I, 5 • AlB I; 3, 4, 6, 7 • A2B2; 2 • AIB2 or A2BI. Only 
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three compatibili ty groups were detected, which is reasonable with only 7 
isolates. 
INTERCOM PATIBILITY TESTS: The following tests have been 
performed: 1247 x 1328, 1247 x 1693, 1306 x 1693. These specimens were 
found to be intercompatjble. Only in one dish were no clamps found 
(1247/ 3 x 1693/3). Macroscopically the basidiocarps looked rather 
different. 
CULTURE CHARACTERS (GB 1328): Growth moderately rapid , dishes 
covered in three weeks. Advancing zone even, appressed. Aerial mycelium 
downy, whitish but slightly yellow in old parts (Fig. 2 E). Reverse pale 
yellowish brown. Hyphae rather narrow, 
most ly I - 3 ~m wide, occasionally - S ~m. regularly branched and with a 
clamp at all septa. A few hyphae consist of separate or a row of more or 
less swollen cells ( S - 10 JJm wide). which probably may ser ve as 
chlamydospores . Occasional slight intercalary swellings also seen (Fig. 10). 
A rthrospores not seen. 
CODE: 2a, 3c, 26e, 34?, 37, 39, 43, 49, 56, 60. 
OXIDASE REACTIONS: Positive reac tion with syriogaldazine, guaiac and 
guaiacol, otherwise negative. 

I 10 )HI 

Fig. 10. Hyphae in Pholiota highlandensis (GB 1328). 
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No data on cultural characters have been previously published fo r this 
species. Systematically, it undoubdy belongs to the lubrica group (subgenus 
Lubricula ). Morphologically it has much in common w ith Pholiota spumosa 
but in the c ulture characters they clearly differ . 

The basidiocarps of the four stocks in this investjgation va ried consi­
derably in size and colour but were found to be intercompatible. Some 
mycologists (cfr Smith & Hesler 1968, Orton 1988) recognize several 
closely related species growing on charcoal. It is quite possible that more 
than one species exists but as the morphological characters, especially the 
pigmentation, vary with the age of the basidiocarp and are influenced by 
ex te rnal factors, it should be confirmed by interfertil ity tests. Pholiora 
carbonada A.H. Smith is described f rom the USA and is said to differ 
from P. highlandensis in the distinctly red veil. It is desirable to have in­
terferti lity tests made between this species and P. highlandensis. 

Only a ve ry low number of spores germinate . Probably it depends on a 
factor connected with the special habitat as basidiospores from all other 
spec ies of this group are easily germinated on common malt agar . The 
habitat burned wood indicates that it is adapted to a high concentration of 
minerals. 

Phollota spumosa (Fr .)Sing. 

MATER IAL: 
GB 884/ Picea{Sweden, Medelpad, Bor3siO (SJ 83069). 
GB 1245/ Picea{Sweden, YilstergOtland, Skepplanda (SJ 84089). 
GB 1349/ Picea{Sweden, Medelpad, Tuna (SJ 84 187). 
POLAR ITY: Two polari ty tests are performed (Tab. 8). 

T~b . a. Polarity te-sts in Pholiofc JPWflOJC. 
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The pairing table of GB 884 is complicated and difricult to interpret. 
Several explanations are possible, that with the fewest fai lures is: 9, 7 • 
AIBI; 4 • A282; 8 • AIB2; 6 • A2BI; I, 3 • AIBI+AIB2; 5 • 
A2B2+AIB2; 2 • A282+A281. However, there are .5 failures (I x 6, 2 x 7, 
2 x 9, 3 x 6, .5 x 6). It seems impossible to interpret these results with cer­
tainty , but spores with more than one factor must be involved 
(amphithal lic tetrapolarity). 

GB 124.5 is easily interpreted as normally telrapolar: I, S .,. A I B I; 4 '"" 
A282; 2, 3 • AIB2; 6 • A281. However, there is then one failure (4 x 5). 

Also GB 1349 is tested but in this specimen (8 isolates) no clamps 
were formed in any combination. 
CYTOLOGY: The spores are binucleate. Ss-mycelia are in terminal cells 
multinucleate, otherwise generally binucleate (heterocytic behaviour). Only 
dicaryotic cells seen in ps-mycelia. 
LNTERCOMPATIBILITY TESTS: Tests have been performed between the 
specimens 884/ 1245 and 1245/1349. They proved to be completely 
interfertile . Clamps were formed in all dishes and no distinct confrontation 
line between the different mvcelia was seen. 

~ 

Fig. II. Hyphae and arthrospores in Pholiota spumosa (GB 884). 

CULTURE CHARACTERS (GB 884): Growth slow, dishes covered in five 
- six weeks. Advancing w ne even, appressed (Fig. 2 A). Aerial mycelium 
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absent. Reverse unchanged. Hyphae narrow. only I - 2 ~m wide, regularly 
branched, wi th a clamp at most septa. Arthrospores (5 - 10 x 2 ~m) occur , 
formed by short, single branches (Fig. II ). No chlamydospores found. 
CODE: 2ab, 3c, 7, 35, 36, 38, 45 -46, 49, 55, 60, 63. 
OXIDASE REACTIONS: Positive reactions are noted for syringaldazine, 
guaiac, guaiacol, p-Cresol, L-Tyrosine, but all rather weak. 

Phollota mixta (Fr.)Sing. 

MATERIAL: 
GB 141 / on so il in coniferous forest/ Sweden, Vg, GOteborg (SJ 80165). 
GB 948/ on soil in coniferous forest / Sweden, Vg, Lftnghem (SJ 83099). 
GB 1302/ on soil in coniferous forest/ Sweden, Vg, St. Mellby. (SJ 84110) 
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POLARITY: Three polarit y tes ts are performed (Tab. 9). The pairing table 
of GB 141 f its a tetrapolar pattern. However, isolate nr 5 does not form 
clamps with any of the other isolates. GB 948 seems to be clearly bipolar. 
wi thout any failures. In GB 1302, however, the pairing table could not be 
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explained without amphithallic tetrapolarity . If I, S - AIBI; 4, 7 - AIB2; 
3, 6 - A2BI; 8 • A282+A2Bl: 2 - A2B2+AIB2, there are no failures . 
Other interpretations seem to be improbable. 
INTERCOMPATlBILITY: The three specimens have been tested with each 
other and are found to be completely interfertile. 
CYTOLOGY: Heterocytic. The spores are binucleate, terminal cells of ss­
mycelia multinucleate, other cells seemingly most binucleate. In a 
secondary mycelium only dicaryotic cells were seen. 
CULTURE CHARACTERS (GB 948): Growth moderately rapid, dishes 
covered in four weeks. Advancing zone even, appressed. Aerial mycelium 
absent (Fig. 2 B). Reverse unchanged. Hyphae I - 3 JJffi wide, a few with 
somewhat wider with slight moniliform swellings, regularly branched , with 
a clamp at most septa. The mycelium is identical in appearance with that 
of P. spumosa, but no accessory spores seen. 
CODE: 2ab, 3c, 26e, 32, 36, 38, 44, 49, 56, 59, 63. 
OXIDASE REACTIONS: Positive reactions are noted in all tests, rapid and 
n rong with syringaldazine , guaiac and guaiacol , but very weak with L­
Tyrosine. 

Pholiola mixla is very similar to P. spumosa in most characters and 
the two species are undoubtly closely related. Several interfert ility tes ts 
be,tween them have been performed , but none of the matings led to clamp 
format ion. 

Phollota leota (Fr.)Sing. 

MATERIAL: 
GB 82/ Fagus forest/ Sweden, Sk!.ne, AndersiOv (SJ 79228). 
GB 1060/ litter/ Sweden, Sk!.ne, Degeberga (SJ 83127). 

T~b. 10. PoWit' tntl ill f'llo/•«~ lnl~. 
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POLARITY: The two available specimens are tested (Tab. 10). Amphi ­
thallic tetrapolarity is indicated in the pairing tables of the two specimens 
studied: 

GB 82. The most probable explanation is: 2, 4, 7, 10 - AIBI; I , S • 
A2B2; 3 • AIB2; 6 • AIBI+A2BI; 8 • AIBI+AIB2; 9 • A2B2+A2BI. This 
interpretation yields S failures . There may be other interpretations but in 
that case the number of failures is higher. 

GB 1060. If I, 2, 6, 7 • AIBI; 3, 9 • A2B2; 8 • AIB2; 4, 5, 10 • 
A2B I, there is a regular tetrapolar pattern without failures. 

Fig. 12. Hyphae and arthrospores in Pholiota lenta (GB 1060). 

INTERCOMPATIBILITY: The two specimens a.re completely compatible 
with each other. 
C YTOLOGY: Astatocuenocytic behaviour is established. Most cells in ss­
mycel ia contain two nuclei but some of them. also intercalary cells. are 
plurinucleate with 5 - 10 nuclei. ln a secondary myce lium except normally 
binucleate, clamped hyphae also pluri- or multinuclear cells in wide 
hyphae without clamps are seen. 
CULTURE CHARACTERS (GB 1060): Growth slow, dishes covered in 
five weeks. Advancing zone even or somewhat fringed , appressed . Aeriill 



127 

mycelium absent (Fig. 2 C). Reverse unchanged. Hyphae 1.5 - 4 JJffi wide, 
ordinarily branched, with a clamp at most septa. Arthrospores (5 - 10 x 2 
JJm) occur. Only a few, somewhat wider hyphae with slight irregular 
swell ings seen. No chlamydospores found . (Fig. 12). 
CODE: I (2 b), 3c, 7, 34, 36, 38, 45, 49, 54, 60, 63. 
OXIDASE REACTIONS: a weak posit ive reaction with L- T yrosine noted, 
all other tests were negative. 

Pholiota lubrica (Pers .:Fr.)Sing. 

MATERIAL: 
GB 508/ li tter/ Sweden , Vi!ste rgOtland, Halleberg (SJ 82140). 
GB 881 / Picea/Sweden. J~mtland , Morsil (SJ 83055). 
GB 1293/ Austria (M.Moser as Pho/iota decussata ). 
GB 1495/ Sweden, Medelpad, Seldnger (J.O.Tedebrand). 
POLARITY: Only GB 88 1 and G B 1495 are tested regarding their polarity. 
In both specimens amphithallic tetr;mol:u itv is showed fTab. 11 ). 

T3b. II . Polarity tests in Pholiolo lubnca. 
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GB g81 : T he best interpreta tion is: 2, 4, 6 • A2B2; I = A IB2; 5 • 
A2BI; 7 = AIB I+A IB2; 3 = A282+AIB2. One failure (I X 5). 

GB 1495: I, 2. 3 = A IB2; 4. 5. 6 , 7 = A2BI . 8 = A I BI+AI B2. Two 
railures with this interpretation (8 X 6, 8 X 7). 
INTERCOMPATIBILITY: GB sog, g31 , 1293 are tested with each other 
and were found to be complete ly interfertile. However, GB 1495 was not 
compatible with any of the others. The basidiocarps of this collection 
appeared strikingly yellow ("forma lutea") and it seems probable that it 
re present a separate species. This will be d iscussed later. 
CYTOLOGY: As ta tocoenocytic. In ss-mycelia the number of nuclei is ve ry 
variable (2 - IS are noted). Also in secondary mycelia with clamps a num ­
ber of multinucleare (5 - 15) ce lls are found. These are wider than norma l 
ce lls and lack clamps a t the septa. 
CULT URE CHARACTERS (GB 1293): G rowth moderately rapid or slow, 
dishes covered in four or five weeks. Advancing zone even, appressed. 
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Aerial mycelium absent (Fig. 2 0). Hyphae 2 - 4 JJffi wide, regularly 
branched, with a clamp at most septa, in appearance identical with P. 
lenta. Arthroconidia (S - 10 x 2 l'ffi) occur. No chlamydospores seen. 
CODE: I (2), 3c, 7, 34, 36, 44-45, 49, 54, 60, 63. 
OXIDASE REACTIONS: A weak positive reaction noted with guaiac, 
otherwise negative. 

Tab. 12 . lnlerferlilily tell between P. lubrica :and P. ll'l'lltl . 

GB 881 

"' " 

In most characters, both morphological and in culture studies, Pholiota 
/ubrica is identical with P. lenta and without doubt the two species are 
very closely related. The most evident difference seems to be the pigmen­
tation of the basidiocarps. Some intercompatibility tests have been per­
formed between different strains of P. lubrica and P. lema. Four isolates 
of /enta (GB 507) were mated with four each from GB 508 and GB 881. 
Clamps did not appear in any dish and a distinct barrier was always 
formed . But in an interfertility test between GB 881 and another speci~en 
of P. /enta (GB 1289) clamps were formed in three cases (Tab. 12). This 
confirms their close relatioship but is not a reason enough to consider 
them conspecific. Interfertility tests have also been made between P. 
lubrica and P. mixta but they were , as expected, negative. 

Phollota scamba (Fr.)Mos. 

MATERIAL: 
GB 1221 / Picea/ Sweden, Jamtland, MOrsil, 5allsjO (SJ 84057). 
GB 1710/ Picea/ Sweden, V!ster80tland, Hindil.s (SJ 86043). 
POLARITY: A polarity test was performed with GB 1221. T he pairing 
table fits a tetrapolar pattern: I, 5 = AlB I; 3, 6 - A2B2; 2 - AIB2; 4 = 
A2B I (Tab. 13). 
INTERCOMPTA TIBILITY: The two specimens are completely compatible. 
CYTOLOGY: Heterocytic. Several cells of ss-mycelia are multinucleate ( -
15 nuclei) and wider than other cells. In ps-mycelia only binucleate cells 
are seen. 
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CULTURE CHARACTERS (GB 122 1): Growth slow, dishes covered in six 
weeks. Advancing zone eve n, appressed. Aerial mycelium absent .(Fig. 2 F). 
Reverse unchanged. Hyphae I - 4 ~m wide, regularly branched, with a 
clamp at all seota. Irregular or moniliform swellings ( - 10 JJffi wide) fre­

' 

Fig. 13. Hyphae in Pholiota scamba (GB 1221 ). 

quent ly occur (Fig. 13), probably some of them may serve as 
chlamydospores . 
Arthrospores not seen in any isolate. 
CODE: 2ab, 3c, 26, 34?, 36, 38, 46, 49, 55, 60. 
OXIDASE REACTIONS: A strong positive reaction was noted in all tests. 
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Phollota aummosa (Lasch)Sing. 

MATERIAL: 
GB 1254/ buried wood/ Sweden, Halland, Tjo!Oholm (SJ 84095). 
GB 1295/ buried wood/ Sweden, VllstergOtland, Angered (SJ 84163). 
GB !300/ Pinus bark/ Sweden, VAstergOtland, Bergum (SJ 84164). 
GB !327/ buried wood/ Sweden, Halland, Kungsbaeka (SJ 841801. 
POLARITY: The first three specimens are tested regarding their 
polarity (Tab. 14). The pairing tables show several irregularities and are 
difficult to interpret with certainty. Amphithallic tetrapolarity is the only 
possi ble explanation. 

TJ.b. 14. Polarity tests in Phol iO/a t wnmoJo. 
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CB 1300/ 1 

CB 1300/2 

CB 1300/3 

CB 1300/4 

CB 1300/ 5 

GB 1300/6 

CB 1300/7 

CB 1300/8 

~ 

~ ~ 
~ ~ 
~ ~ 

~ " 
~ ~ ~ ~ 
~ 1l ::! ::1 u 

- (+) 

~ ~ ~ 
1l ~ 1i u 

CB 1295/ 1 { + ) 

CB 1295/ 2 { +) 

CB 1295/3 

CB 1295/4 

CB 1295/ 5 

CB 1295/ b 

GB 1295/ 7 

I• ) means only a few cta mpa seen, limi ted to the conrrontat lon line. 

:;;- " ~ 

~ ~ £ ~ 
1l ~ 

~ ~ 
u u 

GB 1254 is best interpreted as follows. 2 • A IBI ; I , 3 • AI B2; 
4, 5 • A2BI ; 6 y A2B2+A IB2; 7 • A2B2+A2Bl. In this interpre tation two 
failures exist:(! x 7, 3 x 7). Other interpretations yie ld more failures. 

There is one inrerprerarion of GB 1295 without failures: 5 • AIB I; 6 • 
A2 B2; I, 4 • AIB2; 8 • A2 BI; 2, 3, 7 • AIBI +A2BI. However, it is 
remarkable that three mycelia have the same combination of factors . 

GB 1300 is diffjcuh to interpret. The mosr reasonable interpretation 
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yields five failures: 5 • AlB!; 4 • A2B2; 6 • AlB2; 2 • AlBI+AIB2; I, 3, 
7, 9 • AlBI+A2BI; 8 • A282+A2Bl. 
The failures are 2 x 4, 3 x 4, 2 x 8, 6 x 7, 6 x 8. The interprelation must 
be considered as theoretical and uncertain, others are possible but yield 
more failures. 
lNTERCOMPATIBIL TY: Tests have been made between all possible com­
binations of the 4 specimens. They appeared to be competely intercompa­
tible. 
CYTOLOGY: Boidin (1971) reported an astatocoenocytic behaviour in this 
species. In this investigation, ss- mycelia were found to have a varying 

Fig. 14. Hyphae, arthrospores and chlamydospores in Pholiota gummosa 
(GB 1295). 
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number of nuclei in the cells, frequently two but many were multinuc­
leate. No multinucleate cells seen with certainty in ps-mycelia. 
CULTURE CHARACTERS (GB 1295): Growth moderately rapid , dishes 
completely covered in three weeks. Advancing zone even, appressed. 
Mycelium floccose, whitish with brown ftoccules (very similar to that of 
P. squarrosa) (Fig. 3 A). Reverse somewhat brownish. Hyphae 1,5- S JJffi 
wide, regularly branched, with a clamp at most septa., frequently with oil­
rich , terminal swellings (chlamydospores, 15 x 30 x 12 - 20 ~m), single or 
in chains. The brown noccules contained numerous arthrospores. 4 - I 0 x. 
2 - 4 IJID (fig. 14). 
CODE: 2a, 3c. 26e, 34, 35, 37, 39, 43, 49, 56, 60, 63. 
OXIDASE REACTIONS: A weak positive reaction was noted with 
syringaldazine and guaiacol, other tests were negative. 

Pholi01a gummosa has been studied in culture. KUhner (1946) made a 
careful investigation of cultured mycelia and describes the formation of 
both types of accessary spores. KUrik (1970) states a strong laccase but 
weak tyrosinase reaction. Jn this investigation a weak laccase but no 
tyrosinase reaction was found. The different results may depend on the 
fact that KUrik used basidiocarp tissue for her tests. 

Phollota &ramlnls (Quei.)Sing. 

MATERIAL: 
GB 1273/ moist ground, close to Salix scrub/ Sweden, V:l.stergOtland, Oster­
plana (SJ 84102). 
POLARITY: Unknown, only one ss-mycelium received. 
CULTURE CHARACTERS: Growth moderately rapid , the dishes covered 
in three weeks. Advancing zone even, appressed. Aerial mycelium sligh tly 
co ttony, brownish in old parts (Fig. 3 8). Reverse brownish. Hyphae 2- 5 
~m wide, regularly branched, with a clamp at most septa. Frequent 
chlamydospores, 15- 20 x 10 - 15 JJffi (Fig. 15). No arthrospores seen. 
CYTOLOGY: Only ps-mycelia studied. All hypha! cells seemingly binu­
cleate. 
CODE: 2ab, 3c, 26e, 34, 37, 39, 43, 49, 56, 58. 
OXIDASE REACTIONS: Positive reactions were noted with all reagents. 

The culture characters are very similar to those of P. gummosa, for 
instance the conspicuous chlamydospores, which indicate that the species 
are closely related. Certainly the mycelia on the dishes look very different , 
very smooth compared with distinctly floccose in P. gummosa, but this 
character seems to be connected with presence or absence of arthrospore 
formation. The two species also have morphological similarities, especially 
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Fig. IS . Hyphae and forming of c hlamydospores in Pholio ta graminis {GB 
1273). 
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in the shape of the spores. Interfertility tests between GB 1273 and some 
strains of P. gummosa by Buller's phenomen indicate incompatiblity 
between them. 

Phollota alnlcola (Fr.)Sing. 

MATERIAL: 
GB 174/ Ainus/ Swede n, GOteborg, Botanical Garden (SJ 80194). 
GB 1243/ Betula/ Sweden, Asele Lappmark, StenbithOjden (SJ 84073). 
GB 1341 / Sorbus/ Sweden, Medelpad, Sundsvall (SJ 84097). 
GB 1366/ Salix/ Sweden, Scania, Kristianstad (SJ 84132 A). 
GB 1763/ Fagus/Sweden, Scania, Vegeholm (SJ 86071 ). 
POLAR ITY: GB 174 was tested, but clamps did not appear in any dish. In 
GB I 763 6 ss-mycelia were tested . It proved to be normally tetrapolar 
(Tab. IS). 
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T2b. 15. Pol:u ity test in Pholloto aftt ico/ll . 
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Fig. 16. Hyphae and chlamydospores in Pholiota alnicola (GB 1243). 

INTERCOMPATIBILITY: The specimens mentioned have been tested in 
most possible combinations and were found to be completely intercompa­
tible . It is especially notable that specimens growing on Sorbus and Fagus 
were compatible with specimens growing on Alnus or Betula, as substrate 



specificity is sometimes used in discussions on species delimitations (cfr 
Flammu/a apicrea ss. lge.). 
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CYTOLOGY (GB 1243): Heterocytic. Cells of ss-mycelia frequentl y pluri­
to mult inucleate. All hyphae of the secondary mycelium are regularly 
clamped. 
CULTURE CHARACTERS (GB 1243): Growth very slow, in six weeks 
three mycelia had reached only 42 - 50 mm from the place of inoculation . 
Advancing zone appressed, fringed . Aerial mycelium downy - cottony 
{Fig. 3 E). Reverse somewhat yellowish brown. Hyphae 2 - 5 .um wide, 
regularly branched, with a clamp at all septa. Numerous large 
chlamydospores, 15 - 30 x 12- IS 11m, i all parts of the mycelium (Fig. 
16). They arise both apically and as lateral inflations. 
CODE: I , 3c, 26, 34, 37, 39, 47, 49, 54, 60, 61. 
OXIDASE REACTIONS: No positive reaction noted. 

Pholiota alnico/a and P. pinicola diverge morhologically from other 
Pholiotas and therefore appear to take a rather isolated systematic position,. 
and the culture characters emphasize this . The mycelia look rather difre­
rent from most other species by the rich occurrence of large 
chlamydospores. P. alnico/a - pinicola appear to be normally tetrapolar 
contrary to others, which mostly are amphithallic. 

According to KHrik (1965) P. alnico/a belongs to the group of fungi 
producing laccase but not tyrosinase. 

Pholiota pioicola S.Jacobss. 

MATERIAL: 
GB 1356/ Pinus/ Sweden, GOteborg, V.FrOiu nda (SJ 84169). 
GB 1359/ Pinus/ Sweden, V~tergOtland , 5atila (SJ 841 58). 
POLARITY: 10 ss- mycelia of GB 1359 are tested (Tab. 16). The specimen 
was normally tetrapolar. 
INTERCOMPATlBILITY: The two specimens in culture were found to be 
compatible. 
CYTOLOGY: Not studied but probably heterocytic like P. alnico/a. The 
hyphae of the secondary mycelium are not very variable in wideness and 
always clamped. 
CULTURE CHARACTERS (GB 1359): Growth very slow, in six weeks 
the mycelia only had reached 35 - 37 mm from the place of inoculation. 
Advancing zone appressed, bayed - fringed . Aerial mycel ium downy and 
whit ish in distal {young) parts, patch- wise brownish and subfelty in old 
parts. (Fig. 3 F). ln ail mher respects , chlamydospores etc, identical with 
those of P. alnico/a . 
CODE: I , 3c, 26e, 34, 36, 39, 47, 49, 55, 60, 61. 
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Tab. 16. Polarity test in Pholiota pmicola. 
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OXIDASE REACTIONS: No positive reaction noted. 
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The culture characters of this species are very similar to those of P. 
alnico/a and confirm their close relationship. 

Phollota mutabllls (Schaeff.:Fr.)Kummer 

MATERIAL. 
GB 1304/ Betula/ Sweden, Vl'lstergOtland, GOteborg (SJ 84172). 
POLARITY: 10 ss- mycelia of the specimen GB 1304 were mated in all 
possible combinations (Tab. 17). The most reasonable interpretation 
suggests bipolarity, in that case with two failures (1 x 8, 2 x 7). 

Tab. 11, Polarity teSt in Phobota mutabtlu. 
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Fig. 17. Hyphae and arthrospores in Pholiota muta.bilis (GB 1304). 

CULTURE CHARACTERS: Growth slow, dishes covered in five weeks. 
Advancing zone even, appressed. Aerial mycelium cottony, white (fig. 3 
D). Reverse only weakly brownish. Hyphae I - 3 (-4) ~m wide, regularly 
branched, with a clamp at all septa. A rather low number of anhrospores 
(5 - 10 x. 2 11m) are formed in the aerial mycelium. The hyphae are very 
little differeniated, only occasionally slight intercalary swellings (2 - 5 Jim 
wide) appear (Fig. 17). 
CODE: 2ab, 3c, 7, (26), 35, 36, 38, 45, 49, 54, 59. 
OXIDASE REACTIONS. Strong positive reaction noted with all reagents. 

Pholiota mutabilis has long been placed in the genus Kuehneromyces. 
However. KOhner (1980) has pointed out that there actually are no real 
differences between this and other species of Pholiota and therefore pro­
poses a reunion or Kuehneromyces with Pholiola. The culture characters 
noted are normal for the genus and do not support generic separation. The 
bipolarity must be confirmed by additional investigations, it may be an 
artifact. Vandendries & Brodie (1933) reported this species to be tetra­
polar. Bipolarity is apparently uncommon in Pholiota , with certainty only 
known for P. j ahnii. 

The strong reaction both for laccase and tyrosinase was noted also by 
Kaarik ( 1970). 
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Phollota tlcnlcola (Peck)S.Jacobss. comb. nov. 
(basionym: Agaricus lignicola Peck, N.Y.State Cab., Ann.Rep. 23:91, 1872) 

MATERIAL: 
GB 1908/ coniferous wood/ Sweden, GOteborg, Skat:ls (SJ 87001). 
POLARITY: The polarity test indicates that the species is normally tetra­
polar (Tab. 18). If I, 2 • AlB!; 4, 5, 8 • A282; 3 • AIB2; 1 A2BI; 6 • 
A282+A I 82, there are no fail ures. 

Tab. 1&. Polarity test in PM/uno llflflt'DID. 
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CB 1908/4 
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CYTOLOGY: Not studied. Only clamped hyphae are seen in the secondary 
mycelium. 
CULTURE CHARACTERS: Growth slow, dishes covered in six weeks. 
Advancing zone even, appressed. Aerial mycelium sparse, downy. Reve rse 
pale yellowish. Normal, straight hyphae 1,5 - 4 ~Jffi wide, regularly 
branched and wi th a clamp at most septa, but a great part of the hyphae 
are very irregular in shape and (mostly S - 10 IJffi wide) with numerous 
swellings, often with a moniliform appearance (Fig. 18). Many of the 
swellings serve as chlamydospores. No arthrospores are seen. 
CODE: 2a, 3c, 26e, 34, 36, 39, 46, 49, 55 , 60, 63 
OX IDASE REACTIONS: Positive but rather weak reactions were noted 
wi th syringaldazine. 1-naphtol and guaiac, otherwise negative. 

This species was earlier known as Kuehneromyces venra/is 
(Peck)Singer & Smith, which name, however, is illegitimate because the 
basionym Agaricus vernalis Peck is a later homonym of Agaricus vernalis 
Bolton(Redhead 1984). It is frequently placed in Kuehneromyces close to 
mutabilis, depending on similarities in microscopical characters as the 
prominent germ-pore in the spores and the absence of chrysocystidia. The 
cultural characters of P. lignicola are very different from those of P. 
mutabilis and it is obv ious that the two species are not closely related. 



Fig. 18. Hyphae in Pholiota lignicola (GB 1908). 

Pholiota albocreoulata (Peck)Sacc. 

MATERIAL: 
GB 1851 / Acer/ USA (CBS 228.30). 
POLARITY: Unknown. 
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CULTURE CHARACTERS: G rowth slow, dishes covered in five weeks. 
Advancing zone even, appressed. Aerial mycelium absent. Hyphae gener­
ally 3 - 6 pm wide, regularly branched , without clamps. Ac tive ly growing, 
terminal hyphae frequentl y monili form with S - JO pm wide swellings 
(F ig. 19). No accessory spores seen. 
CODE: I, 6, 26, 32, 37, 45, 49, 54. 
OXIDASE REACTIONS: No positive reaction noted with any reagent. 

The secondary mycelium of PhoUota a/bocrenulata is normally 
clamped. The culture CBS 228.30 is apparently very old (originally 
collected by I.Mounce) and lacks clamps. The reason fo r the absence of 
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Fig. 19. Hyphae in Pholiota al nocrenulata (G B lUI). 

clamps is probably senescence. P. albocrenulata (often placed within 
Stropharia) differs in some characters, e.g. pigmentation and the spores, 
from other species of Pholiota and might perhaps better be transferred to a 
genus of its own. However, there are no special microcharacters noted 
which give additional support for th is . 

Gymnopilus junoaius (Fr.)Orton 

MATERIAL: 
GB 1311 / Betula/ Sweden, BohusiAn, HOnO (Sl 84074). 
POLARITY: Unknown, only one ps- mycelium studied. 
CULTURE CHARACfERS: Growth moderately rapid , d ishes covered in 
four weeks. Advancing zone somewhat fringed. Aerial mycelium downy, 
whitish. Hyphae 2 - 5 JJm wide, regularly branched, with lamps at most 
sep ta . Piriform to globose chlamydospores (10 - 20 1t 7 - 15 ~m) are rather 



numerous (Fig. 20). No arthrospores seen. 
CODE: Za, 3c, 26e, 34, 36, 44, 49, S4. 
OXIDASE REACTIONS: A weak positive reaction noted with guaiac and 
1-Naphtol. otherwise negative. 

The culture characters noted correspond well with those of species 
belonging to Pholio ta . Gymnopilus is separated from Pholiota by having 
rough spores. which is easily seen also in a light microscope, and the 
absence of chrysocys tidia . The two genera have the pigments and ecology 
in common and are undoubtly related. 
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Fig. 20. Hyphae and chlamydospores in G ymnopilus junonius (GB 1311 ). 

CONCLUSIONS 

The culture characters of thjs investiga tion are part of a taxonomic 
work on Pholiota in northern Europe which will include morphological and 
ecological data. Culture characters, until now, have been rarely used in the 
taxonomy of agarics, though regularly used by mycologists in Aphyl­
lophorales. No doubt c ultural sludies add many valuab le characters for a 
better understanding of relationships between species, groups of species or 
genera, but of course, the results must be used with care, as the infra-
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specific va riation is not well documented. 
In Pholiota and allied genera there are clear differences between 

species in several characters as the general appearance of the hyphae, 
growth rate, type of and freque ncy of accessory spores, presence or 
,absence of laccase/tyrosinase etc. The reliability of a character increases 
with the number of studied isolates. It is desirable to sample several cul­
tures of each species, which, however, not always has been possible. 

Some natural groups of closely related species are easi ly distinguished 
in Pholiota , e.g. the adiposa and the lubrica groups. That the species in 
these groups are closely related is quite obvious as they have many basi­
diocarp characters in common. As expected closely related species in cul ­
ture also have most characters in common. For instance, all members of 
the adiposa group have a slow growth rate and all form numerous 
arthrospores in aerial mycelia and chlamydospores in submerged parts of 
the mycelia. The lubrica group is characterized by moderately to slow 
growth rate and a rather simple appearance of the hyphae. Arthrospores 
are formed in some species but chlamydospores are absent or rare . 

However, there are also divergences. Pholiola highlandensis, judging 
from basidiocarp morphology a typical member of the lubrica group, 
differs from the others in some respects . It is rather difficult to culture. 
only a very low number of spores germinate on common malt agar (the 
other species are easily cultured) but when germinated, the growth is 
rather rapid . The differences are probably connected with the specialized 
ecology of this species. 

Some species, e.g. P. tuberculosa and P. heteroclita, deviate in many 
characters from others and therefore appear isolated systematically. 
Pholiora squarrosa has some characters, e.g. the chlamydospores and 
growth rate, similar to P. gummosa - P. graminis and may therefore be 
related to these species, though they generally are placed in a different 
subgenus (F/ammula) based on their morphological characters. In any C3Se. 
it is obv ious that the old division of Pholiota into two subgenera Pholiota 
and Flammula is not natural. P. mutabilis and P. lignicola are earlier 
genera lly placed in a separate genus, Kuehneromyces. The characters in 
culture reveal that the two species are not closely related and apparently 
there do not exist any tenable reason to maintain Kuehneromyces. 
Gymnopilus junonius has characters which correspond with many species of 
Pholiota and the cu lture study supports a close relationship between the 
two genera. Owing to the rough spores Gymnopilus often is supposed to be 
related to Cortinarius rather than Pholiora. 

The result of the oxidase drop tests indicate differences also between 
closely related species regarding occurence of laccase and tyrosinase. It is 
difficult to distinguish any pattern. Some results do not correspond with 
earlier published reports and it is probable that the occurence of the en­
zymes vary depending on environmental circumstances. Reports on absence 



or presence of laccase or tyrosinase therefore seem to be of restricted 
taxonomic value. 
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Several polarity tests were in PhoUota difficult to interprete, due to 
unexpected irregularities. Tetrapolarity is the normal state within the 
genus, only one species (P. jahnU) seems to be bipolar. Amphithallism is a 
common reason to irregularities in the polarity tests , which corresponds 
with earlier results (cfr Ginns 1974). Many species have an astatocoeno­
cytic behaviour in their cytology. 

The intercompatibility tests have proved to be very valuable for taxo­
nom ical studies in Pholiota. Several species complexes investigated with 
this method included some which were, on the basis of morphological 
characters, essentially unresotvable. 

In most cases macings becween isolates of the same species have 
resulted in the formation of clamps in almost 100 % of the crosses, 
because of the multiple allele effect. Sometimes positive marings do not 
occur in all crosses. A reasonable explanarioD is deficient monokaryons. In 
many cases collections with slight morphological differences which 
possibly could be united within the same species, were completely incom­
patible and, hence, regarded as distinct species. 

Generally all crosses between closely related species are negative. In 
some cases a few positive pairings have appeared between closely related 
species, e.g. between P. /enta and P. /ubrica. This suggests that the two 
taxa involved have not been completely genetically isolated. Also between 
P. adiposa from the USA and P. limonella from Sweden some positive 
pairings have appeared. However, the species concepts in the adiposa com-, 
plex is rather complicated (Jacobsson 1987). 
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ABSTRACT 

Analysis of scientific names of 150 species in the Endogonaceae suggested 
correction of one generic name and 10% of the specific epithets that were 
not in accordance with the rules of the lntematlonal Code of Botanical 
Nomenclature. It is suggested that authors be more cognizant of 
etymology and pay more attention to the rules of the Code when naming 
new species In order to have more uniformity In nomenclature of this 
important group of fungi. 

The Endogonates, with one family, Endogonaceae, is composed of seven genera 
and 150 described species. Mhough some species probably wilt be relegated to 
synonyms, there probably will bo a proliferation of new species in future years. To 
describe new fungal species, knowledge of nomenclature, a word of Latin origin or 
its Greek equivalent, onomatology (Leal , 1972), is necessary. Nomenclature mainly 
involves studies on the Interpretation of the International Code of Botanical 
Nomenclature, rules of Greek and Latin etymology and Latin grammar. Etymology 
(Gr. etymon, the true, original or iitorai moaning of a word and Gr. logos, science oQ 
is a branch of linguistics that studies the origin or derivation of words. 

Under Principle V. of the International Code of Botanical Nomenclature (ICBN) 
(Stafleu et al. , 1963), scientific names of plants and fungi are Latin or treated as Latin 
regardless of their derivation. The name of a genus is a singular noun and the first 
loner is always capitalized. tt may be taken from many sources but its derivation Is 
based on regulations established by ICBN (Stafleu et al. , 1983). 
Genera 
-excluding Glomus, {Latin, a ball of yarn, gender noutor) all other genera of the 
Endogonaceae are feminine and 81e compound or hybrid words: Endogone, Gr. 
endo, inside, and Gr. gone, seed; Scferocyslis, Gr. skleros, hard, and Gr. Jcystis , 
bladder; Gigaspora , Gr. gigas, giant, and Gr. spars, spore; Acaufospors , Gr. a, 
without, Gr. kaufos, stem, and Gr. spora, spore; Entrophospora , Gr. en, within, Gr. 
trophos, nourished or reared, and Gr. spora, spore; Scutellospora, L scutellum, small 
shield. and Gr. spora , spore. Scutellospora is a hybrid word formed from two 
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different languages. According to recommendation 75A.2 of ICBN (Statfleu et al., 
1983), the gender in generic compound names is determined by the gender of the 
last word. If tho termination is altered, however, the gender should agree with it. In 
the formation of compound names, the recommendation 73G should be followed 
also (Stafleu et al. , 1983). The prefixes a- and en - are connected to the stem ol 
the first word. In Scfer-o-cystis, Aceul-o-spora and Entroph-o-spom, a connecting 
vowel -o- is Inserted before a consonant in the second word if the first word stem 
Is Greek and ends In a consonant (sc/er- , acaul- and entroph-) . In Gigaspora , the 
stem of the first word Is gigas. In this case the last vowel of the stem may be 
preserved just as it was in the prefix Endo-to form Endogene. In Scutellospora, the 
recommendation is that an - i- , and not an - o - be inserted between the two 
consonants since scutellum is a latin word. Thus, the correct spelling lor the genus 
Scute/lospora is Scutelllspora. Article 73.8 (Stafleu et al., 1983) stipulates that the use 
at an Incorrect compounding form in an epithet is treated as an orthographic error 
to be corrected (see Rec. 73G). 

Specific Epithets 
Most of tho specific epithets in the Endogonaceao are adjectives {Table 1) and 

are found in Schenck & Perez (1988), the Endogene species in Gerdemann & Trappe 
(1974) and Tandy (1975), and other new species in Blaszkowski (1988), Sieverding, 
Chaverri & Rojas (1988), Sieverding (1988), and Spain, Sieverding & Schenck (1969). 
Most Greek and Latin words in the etymology portion of Table 1 were obtained from 
Lewis and Short (1907), Brown (1956}, Nybakken (1960), Ayers (1977) and Simpson 
(1979). Examples of compound specific epithets in the Endogonaceae that were 
formed in a similar manner to Scutelllspora , with the first word in Latin, are 
Sclerocystis clav-i-spora, Glomus magn-1-caufe and 18 other specific epithets (Table 
1 ). In Sc/erocystis pachy • caulis and Acaulospora myrio-carpa , the last vowels of the 
Greek stem were maintained as in compounding the word Giga-spora. For Glomus 
microaggregatum, the recommendation is to form the epithet micraggregatum, as in 
the genus Mlcranthus, small flowered, because the second word starts with a vowel. 
The specific epithet of Glgaspors alborosea Is a pseudocompound formed by two 
adjectives and the adjective in a non final position (alba) appears as a word with a 
case ending not as a modified stem, afborosea, meaning pink with white. 

The specific epithet may be an adjective, a present participle, a noun, or a 
combination of an adjective and noun or two adjectives. It may be taken from any 
source but must be based on regulations (Staneu et al., 1983). Present participles 
follow the normal declension rules and must modify nouns like any adjective. 
According to Houg (1953), all present participles conform to one-ending third­
declension and may be compared in the same fashion as adjectives. When specific 
epithets are adjectives they must agree grammatically - gender, number and case -
with the generic name. Specific epithets, when they are nouns, do not necessarily 

agree grammatically with a generic name. These epithets may be either 1) a noun 
In apposition or In the nominative case, singular number, or 2) a noun in the genitive 
case, singular or plural (Staneu et at. 1983, Article 23.5). 

A noun in apposition or a noun in the nominative case, singular number, is found 
In Acaulospora appendicula, Endogene ftammicorona, Glomus pansihalos, G. 
desenicola, Scutellispors savannico/a and Glomus citricola, instead of citricolum, as 
found In the original description. The nouns ending in -cola as desenicofa, 
savannicola and citricola, used as specific epithets do not have to change their 
endings In order to agree with the gender of the genus. Snell & Dick (1971) point 
out that Cronartium ribicola is correct but Pythium graminicolum is incorrect. In 
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Gigaspora margarita, the specific epithet can be either a noun in apposition, 
margarita, se, pearl or an adjective margaJitus, a, um, pearly (Gledhill, 1985). The 
specific epithet of Scutelllspora aurlgloba is formed by L aurum and L globus. Used 
as a noun. it must be Scutelfispora auriglobus, not aurigfoba in order to agree 
grammatically with Scutelllspora. As an adjective it Is formed by L aurum; L 
globosus. a, um giving Scutelfispora auriglobosa as the suggested name for this 
species (Table 1). 

Fifteen specific epithets in the Endogonaceae, which honor individuaJs, are in the 
genitive case (Table 1 ). According to Staneu et at. (1983) when the patronym ends 
In a vowel, substantive epithets are formed by adding the genitive inflection 
appropriate to the gender of the person honored as in Acaulospora trappe!, for 
Trappe {masculine) and In Glomus mosseae, for Mosse (feminine). When the 
personal name ends in a consonant, substantive epithets are formed by adding -
i- (stem augmentation} plus the genitive inftection appropriate to the gender of the 
person honored as in Enrrophospora schenckii, for Schenck (masculine) and 
Scutelfispora weresubiae . lor Weresub (feminine) . Stafleu et al . {1983) do not 
recommend the dedication of genera to individuals not connected with botany or the 
natural sciences. This recommendation should be followed also when naming a 
species. 

Glomus manihotis is an example of a noun in the genitive case used to name 
a species, referring to the host Manihot. According to Stalleu et al. (1983) Boehmer 
and Adamson failed to indicate the gender of Manihot when they described the 
genus. The first author to supply a specific epithet to Manihot was Crantz who in 
1766 proposed the name Manihot escu/enta, thus Indicating that Man/hot was 
feminine. Stearn (1966) stated that Manihor Is best treated as indeclinable, I.e, as 
being the same as the nominative in au cases. Based on this recommendation, the 
correct name for this species is Glomus manihot similar to that applied to Meflola 
manihot by Stevens & Tehan (1926). The epithet for Glomus lnvermaium was derived 
from the locality lnvermay. Recommendation 730 (Staneu et al. , 1983) proposes that 
an epithet derived from a geographical name is preferably an adjective and usually 
takes the termination -ens/s, -(a)nus, - inus, or -/cus. Art. 73.4 adds that the 
letters wand y, foreign to classic Latin and k, rare in that language, are permissible 
in Latin fungal names. Based on this , a more appropriate name lor Glomus 
invermaium would be Glomus invermayanum. This epithet provides a better notion 
of the location from which the specific epithet was derived. Similarly, in Acau/ospora 
gedanensis. a more appropriate name would be Acaulospora gdanskensis named for 
the Gdansk area. The words formed with the Latinized Greek ending -aides, as in 
the word bryoides (moss like), have in nominative singular the same ending in all 
genders: txyoides (m.), bryoides (f.) , bryoides (n.) (Stearn, 1966; Gledhill, 1985). In 
the Endogonaceae (Table 1 ). the specific epithets of Sclerocystls coremioidas, Glomus 
botJyoides, G. claroides. instead of claroideum, and Scutellispora coralloides. replacing 
coralloidea , are formed with the invariable ending - aides regardless of the gender 
of the genus. Stearn (1966) gives the neuter name sporocarplum, sporocarp, that 
could form the adjective sporocarplus, a, um and justify the specific epithet of 
Acaufospora sporocarpfa. The specific name of Acaulospora sporocarpia is formed 
from Gr. spora , spore and Gr. karpos, fruit , giving spor-o-carpa (Table 1). Based on 
etymology the suggested name for A sporocarpia is A sporocarpa formed in the 
same way as in Acautospora myriocarpa. G. macrocarpum and G. microcarpum 
compounded with the adjective carpus, a, um. Glomus intraradices (Table 1) has the 
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A. ~n~~¥i Amos & lk'lderman 
A.. tubnculnla Janos & Trappe 
A.. IUidulata Sleverdlng -£. tJCr'Of:tNI GerdemaM. Trappe & Ho5tord 
£oggrt'f;GiaT~ 
£. D1ba (P«ch) GerdomaM & Trappe 
£ crtWa Tandy 
£ jlwnmitM>M Trappe & Gerdemann 
£ UtcrtworaThaxter 
£. lot:tijlmJ BOOCeley & Broome 
£. multipkx lhaxler 
£. ~tUis GerdemaM & Trappe 
£. pUifonnls Link ex Fr1es 
F.. rttitu/aUJ Tandy 
£ nnuOJa Trappe & Gerdemann 
£ tubtrtuloso lloyd 
£ 1omut0U1 Gerdemann & Trappe 

""-""" 
E.. colombiana Spain & Schenck 
E.. infn~M (Hal) Ames & Schneider 
E. sclt<ttCkii Skwerding & Toro 

Gipportl 

G. albido Schenck & Smllh 
G. tondida Bl'lartacharjee, Mukerll, 

Tewan & Skoropad 
G. d«ipktU Hall & AbboCt 
G. giBtw~a (NICol. & Gtwd.) Gerdemann & Trappe 

Honor Dr. Trappe; noun m.; i, gen. 
L tubtrculatw, o. um, wllh amal rounded prOjectiOnS 
L l.llldulattu.o. wn, undulalory, WIN'f 

Gr. akTt», a1 lhe end; Gr. /l'fiiU, to be produced 
L aggrtgrJOO. o. um, Clustered 
L albw, o, JUri, White, wtllllsh 
L t fGUW, Q, IU7l, thick 
L Jlomm4, a flame; L tOtOna , crown 
L UtcT~JSUJJuJ, o. um. thickened 
L lac, l«tis, milk; L jmo, to now 
L mubipla (tnullus/plico) , having many IOids 
Place Oregon; ensis, is. t 
L pisum, pea; L jomuJ, shape 
L mind4tw, o. um, retlcuUI!e 
LJUQJOSW. o. um, layered 
L ~~~ Q, um, providod with smal swellings 
L l'tmlCOftd,Q, um, warty 

PlaCe Co6ornbla; anw, ~ wn 
L~ru,rru,mr, rare 
Honor Or. Schenck; nooo m.: ii, gen. 

Lolbidus,a. wn, whlllsh 
L colldidw, a. um, d a Shinning, dazzling Wh~e 

L fkripUtU, t!U, ttU , deceiving, decepclve 
L Jl'ganttw, c, um. d or belOnging to the giants 

A. trdppd 
A. tubanlldta 
A..l.lllduldta 

£NJ6goftt 

£."'"""M £.­£.<1/bo 
£ mfsJtJ 

£. jlommkordtla 
£.Utcrtm6Jo 
F-lactljllUJ 
E.nullJiplcr 
E. ortpt/tUis 
£pisifdnnis 
E. rttinlldta 
E.Jtrllldsa 
E. tubnnlldsa 
E. 1"m"UC'6JIJ 

t:mropMspom 

E. colombilfM 
£ lttfnqw!U 
£ schinckii 

GigdJpcwD 

G. d/bido 
G. rdndidtl 

G . d«lpictU 

G. gigrwla 

"' 



G. ~Beclo:tc & Hd 
G.~ Spain. SleYercing & Schanck 
G. toJt.a Nicolson & Schenck 

G""""' 
G . .aBB"P'W" Schenck & Smltn emend. KoSka 
G . .albidum Walker & RhOdes 
G . .ambUponmt Smith & Schenck 
G. arlJotvl# McGee 
G . .awtr.ak (Berk.) Berctl 
G. bottak (Thax'ttr) Trappe & Gtrdemann 
G. bolryoida Rocrwtel & VIctor 
G. cllkdMWM (Nicol & Gerd.) Trappe & GerekltnaM 
G. callouurtSiaverdlog 
G. t411.a.thnu (Thaxler) Trappe & Goroomann 
G. tcrtbrif~ McGee 
G. cirricoium Tang & lang 
G. cl.aroidnun Seheoek & Smllh 
G. c!Dnun Nlcotson & Sc:ntndl 
G. conslricrum Treppe 
G. ccn•'Olutwn Gtldemann & Trappe 
G. dtlhU11H MIA!erji, Bharlachaljee & Tewarf 
G. damicola Trappe, Bloss & Menge 
G. di.apltDNorl Morton & Watk0t 
G. dimorphinun BoyeccNco & Tewari 
G. dominikii Blaszkowskl 
G. cttuektJJUnt Becktc & Getdemann 

G. ftUCGlalum (Thaxter) Gerd. & Trappe emend. 
Walket & Koski 

G. f«WidiJponmt Schenck & Smilh 
G. flD•iJponmt (M. L.ano• & Lund) Trappe & Gerdemann 
G. fcnnM(JnJJnl Wu & Chon 

L II'II'IIJdfinu. a. urn, peatty 
L rwrw.r, branch; Gr. Jf'O"' , spcwe; 0... phon:n, bear 
L~w. a.wn, piM 

L .a88'~ a. um, grouped 
L .albidw, a, um, whlli:Sh 
L ambi, both; Gr. sporu, apcxt 
L .arbor, a uae: tnJU. U, ' 
L.awtraJis, U, c, SOUit\ern 
L btwoliJ. is, c. notlntrn 
Gr. bob):s, clu$lar ol wapes; Gr. oidu, like 
L rtJkdoru"w, a, um, pertaining 10 Scotland 
L c.allowJ, a. um, horny skin, caiOse 
Place Canada: tn.si.t, it. ' 
L ctrtbnmt , the bfaln; L forma , 101m 
L timu, Citron uea; L rolo, to W\abll, 10 c:twell 
L cl.arw, a, wn, clear, Gr. ouln, like 
1- cltvw, a, wn, Clear, transparent 
l CCNUirictuJ, .a, W'TI, COflSIIICied 
L ccn•oolutw, a. um, convOiutt 
Place Delli; t AJU. U, t 

L duutum, desan; L ccio, to o.v.•. to lohablt 
LdiiJpluw.u, a,wn, eolotttss 
Gt. dJ, two, twice; 0... motp/M, lhape 
Honor Prof. Domnlk; noun m.; ii, oen. 
L c, deptlved of. L twtictUW, a. um, Clolhe<l 

In a tunic 
L faKi<ul.anu, a. um, Clust&fed 

Lftcruulm, a."'"· pi'Oilfie; Gr. 1por.a, Sj)OI'& 
L flanu, a. um, gok:l-colofed; Gr. 1por.a, spot& 
Place Formosa: 1111w, a. um 

G.­G. romilpor6p#ti:Jf'# 
G.nlua 

G/6mw 

G . .a~ 
G. dlbidum 
G. amblJponrm 
G. ,....,_ 
G. tnuD'ak 
G. bonJjk G.-G. c.akddnium 
G. c.alldswn 
G. tiWMUt~K 
G. cmbrif6nM 
G. cilrlcola 
G. cl4roldc 
G.cldnun 
G. consl7icrum 
G.comoo~Uatm 
G. dtiAibt.s.t 
G. dtsmkol.a 
G. di4plwuun 
G.~ 
G. domuslkii 
G. ~dlum 

G. f(J.ff: i<.ulmwt! 

G. fctW1dlJpcnur~ 

o.pavo""""" G.-

iii 



G. frogiLt (Bark. &. Broome) Tlappe & Gecoemann 
G. fu~ {Spegeuln~ Tlappe &. G.rdemann 
G. fuhvm (88111:. & Broome) Trappe & GerclemaM 
G, f«''f'O'W" (Nicol & Geld,) Walk« 
G.~ RoM, Denlels & Trappe 
G. flobifrrwrt Kosta & Walker 
G. - ....... dlng 
G.~ Rose & Trappe 
G. II<~ Smith & Scheoctc 
G. ltoi Berch & Trappe 
G. iMurodJcu SeMndt & Smith 
G. illl'tl'lftlliwn Hd 
G. l«*"'m Rose & Trappe 
G. ltptoticlwm Schendt & Smlln 
G. mt1Ct0Crpwn Tul. & Tul. 
G.~Miller&Walket 
G. f'fiOI"kiJUk Hal 
G. IJVJIIihotil Hootvelet, SlevefdU'Ig & Schenck 
G. trttllwlJponurt Gwdemann & Trappe 
G. I'Jii~lfJIIU" Koska, Gemma &. Olexla 
G. microcarpun~ Tul. & Tul. 
G. 1'110tt01pon.utt Gerdemann & Tfappe 
G . MOJJtot (Nicol & Gerd.) GerdemaM & Trappe 
G. fftldlic~Wlt Gefdemann & BakShl 
G. multiJubJrttUum Mull81ji, 81\attac:tlerjoe & Tewasl 

G. occubum Walker 
G.pa/JidwnHa.D 
G. ptWiiWM BerCh & KOSka 
G. pubucw ($ace. & Ella) Trappe & Gerdemann 
G. puMtwum (P. Htnn.) Trappe & Gel'dematln 
G. pcutulalvm Koslce, Friese, Wllklf & Dalpe 
G. roddwn (l'h&xler) Tfappe & Ge«<emaM 

Lf,ug.li.r , u, t ,lragile 
P laca Tlefra del FUDQO: iMut, a,. "'" 
L filhw. a,. "'"· yellOwbn brown 
0.. ~. earth, Gr. Sptw'fl, spore 
Honor Dr. Geroemann; noun m ; u, gen. 
L globw, sphara; L ftro , 10 baar 
L ~a,. wn, dumped 
L~a.wn,halotel 
Gr. lltrnw. ditfartnl; Gr. JptXa, spora 
Honor Or. Ho; noun m.: i, gen. 
L uuro, Wdhin; L NJdi.r, rOO! 
Plac:e lfl'\18mlay; IUIUJ, 11. um 
Ll«rtur.a.~m~,milky, mKk-while 
Gr kpiDS. lh1n; Gr. rtithos. wal 
Gr. ma.bos, ialgt; Gt lu2rpos, fruit 
L maculosw, a. um, full Of spots 
L mDpW. Q,. wn, large; L caulil, Slam 
retoohg to the hOSt, MQil ihol; i.r, gen. 
Gr. md41l01, blatt~ : Gr. spora. spore 
Gr. mikros, small; L at8"f0/IU. a,. wn, grouped 
Gr. mi.kros, smal; Gr. l«upoJ. fruit 
Gr. mono, one; Gr. 1pora, spore 
HOI'IOf Of. Mosse; noun t ; IJt , gen. 
L rrudiiU. .:~, ~~m ; many, L caulil , stalk 
L muJnu. Q, um, many; L JubltJUw, Q. 11m , 

'""''""'"" L occuitw, .:~, wn, hidden 
Lpollidus,a.wn, p-. 
L pandtrt (panrus) , to spread 01.1!; L lulJM, halO 
L ~boctfU, t!U. tM, pubeSCert 
L p1lvilww.."" um, ~ shaped 
L~a.wm, havlogpustu!es 
LI'Gdiatu1, a. um, radiate 

G. Jrdgik G.,_ 
G. fiJ/vwn 
G. fMSpotum 
G. rmftmdNtii 
G. floblfnum 
G.~ 
G . ..... 
G. llttmhporum 
G. hdi 
G. illo-arddU 
G. ill~ 
G. ldcrnun 
G. ltptot!chum 
G. m«7'0C'~ 
G. maa.d6Jum 
G.mapicduLt 
G. Mdnihof 
G. mtlon&ponurt 
G. '";~ 
G.mic-r«drpwrt 
G. m<Jft61porwn 
G. md:ntlle 
G. MUllic:dLdt 
G. rnWJisublbu~~m 

G.occlllrum 
G.pdJiid­
G. poruiMJos 
G.pubisc:au 
G. puhWWm 
G.~ 
G. rodi4twn 

~ 



G. IYI~u!Dtum Bhanachartee & Muketjl 
G. tciluilkw Rose & Trappe 
G.~ Trappe, Spooner & 1v0ty 
G. kill'~ {ThUIII) Berch 
G . ltlll'nUn Tandy .mend. McGee 
G. k nUit (Greenhal) Hal 
G. IOrtUOSiu7l Schenck & Smilh 
G. tubotfomtt Tandy 
G. 1-mifonnt (Karslen) BerCh 
G, 1Cku6fmm. {ThUIGI) GerdemarYI & Trappe 
G. won:upii McGoe 

Sdmxystis 

S. d111'ispom Trappe 
S. COUogtNI (Pat.) V, Hohn. 
S. cortmioidu 8ef1c.. & Broome 
$. duJJii {Pat.) V, Hotn 
S. iNli<us Bhattachll!ee & Muk.er~ 
S. mkrocarpus Iqbal & Bustva 
S. poc!¥DJt!is Wu & Chen 
s. poidnatriClllqbal & susnra 
S. N bifomtU G«~ & Trappt 
S. Wwcw GerdtmaM & Bakshl 

Scutcl!ruptxa 

S. aJIJotomJ (Forr. & Herr.) Walkll & Sanders 
S. Clllriglobo (Hal) Walk.- & Sanders 
S. coimpoN (Nicol. & Geld.) Walker & Sanoers 
s. ~o (Tarppe, Gerd. & Ho) Walktw & Sanoots 
s. dipopillbJ4 (Walk., & Koske) Walker & Sanders 
S. dipwpwuctru Monon & Koske 

\... rtticulatus. a, um, reticulale 
L K Uttilltuu,DIU,IIIU,sparkllng 
L JtlmCNMU, a, um, aegmetled 
Lr~a.~m~, darlc 
L trMT, ua, tnul'l, 50ft·lextuttd 
LkruW,is,t,thln 
L k:tttuonu, a,um, full 01 ~ 
\...tuba, trumpet; \... }'omtD. shape 
L vmifonnis, iJ. t ( l'trfol{onrtaJ, Changing Shape 
L 1'Ukula. small vesk:le; L ftm. to Dear 
Honor Or. War~; noun m.: ii, gen. 

L clm'D, Glib; Gt. sporo, spore 
Gr. kblcJcbs, beny, Gr. grnu, to be prodooed 
Gr. korrnw, coremlum; Gr. oidn, like 
Honor Df'. Duss; nou"l m.: ii, gen. 
Placa lndla; icu.~, Q, um 
Gr. mikTol, small; Gr. knrpof, lru• 
Gr. podrp, thick; L cmJis, stom 
Place Pakistan; M'll1. a. um 
L ntbw, blackbefry, L fomvJ, Shape 

L sUtuouu. a. "'"• sinuous 

\... albru, a, um;white , \...ronw.,a, wn, plnJc 
L aunun, gotd; L Jfolu.u, &phlte 
Gr. luJios. beatJiful; Gr. ~poro. spore 
Gr. corallion 01 L roralblm. coral; Gr oidn, like 
Gr. di, rwo; L papill<mu. a. um, having peplna 
Or. dl, rwo: L purpurtJ.Kcru, cru. ttts. becoming 

purple colotad 

G. rtticu!Mum 
G.sciNfllmu 
G. stptnJdtatm 
0. rtllt'br61vm 
G. tbttnun 
G. lbw< 
G.torrudsum 
G. tu!HM{6n'M 
G. wnif6mw 
G. \YJiculifmurt 
O. wtJI'CJJpii 

Sci~ 

S.cloiUpora 
s. t:ON:6tftNJ 
£~ 
s. tiUuii 
S.fndira 
s. Mirn:x"Wpa 
S. f""hyc­
S.paJd.n.611ka 
S. rubif6nrtis 

£"""""' 
SndclliJpora 

s. aib«6Jtd 
£ ............. 
S. raJ61pord 
£<cmllcida 
s. diptJpi/11»4 
S. dipurpcudJcms 

~ 



s. oyWoptJ (Kosh & Walrtl') Walker & Sanc:Sers 
S.{ulgtdD Koe.ke&Walktr 
S.prtorti {Tra~ & Gerd.) Walker & Sanders 
S. ~ (Schenck & Nicol) W'*er & Sandels 
S. IINrofamG (Nk::Ol & Geld.) Walker & Sanders 
S.~(Ferr. &Herr.)Walker&Sanc:lers 

s. m,ra (Aedlead) Walker & Sanders 
S. ptlluddD (Nk:ot & Schenck) Walker & Sanders 
S. pmka (Koske & Walkie) Walker & Sanders 
S. minllDia (Koske, Miller & Walkef) Walker & Sanoors 
S. :saowrnirola (Herr. & Ferr.) Waller & SIV'ldors 

s. tNQ/yJM (Hetr. & Ferr.) Walker & Sander1 
S. womKCStJ (Koska & Walkef) Walker & Sanders 
S. ~>"D"UUbi« Koske & Walker 

Gt. t6)'1lvm, red; Gr. tra~, wm. afflniry lor 
Lfu/Fu.J, 11, "'"· lhiMing 
Honor Of. Glmofa; noun m.; i, gen. 
L &"Piw. 11, um, associating together 
Gt. Mrnos, dlferent; Gr. JdMOf, gametes 
Lmillutw,tJ,wn,sma.ll 
L ni~. vu. rrum. black 
L ptlJuddw, 11, um, transparent 
L pmicus, 11, WPI, peach 
Lntkulanu,tJ,um, retlculata 
latiniza!IOn savwwr, savannah; L rolo, to dWOI, 

to Inhabit 
Gr. tri, three; Gr. lwJypU>, covet 
Ll't!TUCOJJU,tJ,um, warty 
Honor Or. Weresub: noun 1.; iut, gen. 

s."""'""" £-s. gilmtJrri 
£ FTP"' £­s.~ 

£ nfvo 
S.ptlJUciM 
S. pln~a 
S. nlin~ldta 

£ """"""'""' 

S.tNtJljpw 
S. W17WC61a 
s. wtTrnibi.at 

tll 



156 

specific epithet formed by L intro, within, L radix, root. The noun radix, -icis is third 
declension feminine and according to Stearn (1966), when used as an adjective, has 
the same nominative singular for all genders. The specific epithet of G. intraradices, 
as found in the species description, is in nominative plural of the noun and 
nominative plural masculine and feminine of the adjective. Tho suggested name for 
G. intraradices is Glomus intraradlx. the epithet being either a noun in apposition or 
an adj9C'tive (Staneu et aJ ., 1983. Article 23.5) . 

AccOfding to Stafleu et al. (1983) in Article 32.5, names published with an incorrect 
Latin termination, but otherwise in accordance with this COde, are regarded as validly 
published. They are to be corrected without chango of tho author's name or date 
of publication. Trappe (1982) changed Latin endings of specific epithets In many 
Glomus species to agree grammatically with the neuter generic names. According to 
Morton (1988) such minor modifications are mildly Irritating to researchers for a time, 
but they are necessary to preserve consistency in nomenclature. 

Based on etymology typographic errors are lound In the specific epithets of 
Glomus muftisubstensum, that should be corrected to G. multisubtensum, and in 
Scutellispora dipurpurescens. corrected to S. dipurpurascens. The original spelling 
of a name or epithet Is to be retained, except for the correction of typographic or 
orthographic errors, Article 73.1. Although Stafleu et al. (1983) recommend that names 
not be made by combining words of different languages, they established in example 
2 from Article 62.1 that Ardisia quinquegona should not be changed to A. pentagons, 
even though the specific epithet quinquegona Is a hybrid word ol Latin and Greek. 
Similar words are found in the Endogonaceao, e.g. in the specific epithets of 
Scurellispora dipapillosa, Gr. dl: L papiflosa, and Scfetocysris pactrycaulls, Gr. pachy, 
L caulis. Better names for these ephhets would be bipapiflosa, L ~·: L paplffosa, 
and Sclerocysris pachycaula or pactryc.aulos (Gledhill, 1985), Gr. pachy: Gr. kaulos, 
respectively. Wrth regard to the etymology of Glomus halon a tum, the word halonate. 
haloed was found in Snell & Dick (1971} and Hawksworth et al. (1983) , but not in 
English dictionaries. Stearn (1966) gives the Latin adjective halonatus, a, um, haloed, 
from halos, halo, which Is not found in Latin dictionaries. The word halo, L halos, 
was found in Lewis & Shon (1907) and In Cash (1965). Gledhill (1985) showed that 
the corresponding adjective in nominative singular tor L halos is halos (m.}, halos (f.). 
halon (n.). In my opinion based on etymology, Glomus halos (the specific epithet as 
a noun in apposition, e.g., in Glomus pans/halos) or Glomus halon (the specific 
epithet as an adjective) are beHer and shoner names than Glomus halonarum. 

Pronunciation ot Scientific Names 
According to Alcock (1 876) , it would be impossible to lay down absolute rules for 

the correct pronunciation of scientific names. and absurd to Insist upon the accuracy 
of a certain pronunciation when another may be more customary. Latin is a •dead• 
language, and each nation pronounces these words according to the usage of its 
own language. The pronunciation of Ver6nica is much more common and Is 
accepted by most, but according to Alcock (1 876), based on its derivation, the 
COfrect accentuation is Veronica and it is the pronunciation given by the older 
authorities. Undsay (1923) points out that scientific names can be pronounced in any 
way preferred. There is no rule, and it is equally correct to say Pitt6spotum or 
Pittosp/Jrum. Although there are many exceptions, there aro some rules that apply 
to the pronunciation or Latin words. According to Nybakken (1960) a Latin word has 
as many syllables as it has vowels and diphthongs (ae, au, ei , eu, oe). In Latin every 
vowel, lnduding the final one, is pronounced, hence co-to-ne-as- ter and not cot ­
on-easter. The same rule applies to the Latinized Greek ending o-1-des (not oi-
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des). The quantity of a syllable is either long or short. A syllable is long if It 
contains a long vowel Of a diphthong or if it has a short vowel followed by two 
consonants or by x or z. The last syllable Is never accented. If the next to the last 
syllable ts long it receives the accent; otherwise, the accent falls on the preceding 
syllable, the antepenult. Also, Nybakken (1960) provides the vowels and diphthongs 
In latin with their respective pronunciations In English: a (as in arch and father) , e 
(met, prey), I (pit, machine}, o (obey, hole), u (full, rule), ae {aisle) , au (out) ei, 
(freight), eu (feud) and oe (boil). The Latin consonants have the same sounds as 
they have in English except that c is pronounced like cap; g like gas, v llke w In 
window and s like son. 

In a survey on pronunciation of the genera in the Endogonaceae conducted at the 
University of Florida. Gainesville. lnvoMng 30 Individuals working in biological 
sciences. with many working on VA mycorrhizal fungi, the following results were 
obtained: G/6mus (HlO%) , SclerocysUs (1 00%), End6gone (80%), Endog6ne (20%), 
Acaul6spora (40%) , Acaulosp6ra (60%), Gigasp6ra (60%), Gig8spora (40%), 
Eni!Ophosp6ra (66.6%), Entroph6spora {33.3%) and Scutel/6spora (80%), Scutellosp6ra 
(20%). Pinosporum is a compound name, Gr. pins, pitch, and Gr. spora, seed, Pin· 
o-sporum, formed in the same way as most genera in the Endogonaceae, and having 
the last Greek word-spora. Bayley (t963), Undsay (1923), and Nybakken (1960) 
applying the rules mentioned previously for pronunciation would prefer Pin6sporum. 
Nybakken's recommendation for accentuation of the names applied to the genera of 
the Endogonaceae that have two consonanls following one vowel would be 
Scleroc:Yslis, Gigtispora, Scutell6spora, Acau16spora and Entroph6spora. Stearn (1966) 
indicates that for -gone, reproductive organs, used in Greek compounds, the correct 
pronunciation is End6gone. In order to have a more uniform pronunciation, based 
on these observations. for the genera in the Endogonaceae the following 
accentuation Is sugges1ed: Gf6mus, ScJefOC"istis, End6gone, Acaul6spora, 
Entroph6spora, GigBspora and Scute/16spora . 

The author would be pleased if this paper contributed to a more uniform 
nomenclature for species in the Endogonaceae. Authors should give more attention 
to etymology and to the rules of the International Code of Botanical Nomendature. 
when naming new species in this important family of fungi. To accomplish this the 
suggested references for reading and consulting are. Stafteu et al. (1983), Stearn 
{1966), Gledhill (1985) , Ayers (19n}, Nybakken (1960), Brown (1956), and latin and 
Greek didionaries or glossaries. 
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CONTRIBUTI ON TO THE LI CHEN FLORA OF BRAZIL.XXIII. 
LICHEN S FROM SAO PAU LO CITY. 

HECTOR S. OSORIO 

Depar tamento de Botfinica 
Mu seo Naciona l de Historia Natural 

Casilla de Correa 399 
11. 000 Montevideo URUGUAY. 

SUMf.\ARY: Se venteen 1 i chens gathered i n two f ar es ted 
l oca lities within Sao Paulo City, Brazil, are l isted. 

During November 1968 the author was ab le to collect lichens in two f o­
res ted areas located in Sao Paulo City, Brazil. 
One of them was the park surrounding the wel l known " Inst itute Butan­
tan" ( 18). The other collection site was t he "Horta Florestal" (HF) 
composed of remnan ts of t ropical forest i n the zone named Cantare i ra. 
15 km far from the centra l part of Sao Paul o City. 
Both localities are s ituated inside the urban i zed area of Sao Paulo C1 
ty and surrou nded by a hi gh density of popu lation . -
I do not know t he pr esent status of both places ,but the increased po l· 
lution occurring in the last 20 years in Sao Paulo led us to suppose 
possible damage to the l ichen flora. 
Notwiths tanding t he small number of collections, the occurrence of so­
me taxa rarely repor ted in the literature deali ng with the studied a· 
rea encouraged the author to publish the present list. The numbers 
between parentheses belong t o my numbe ring system and are prese rved 
i n my private herbarium. 

Bul bo thri x tabacina (Mont. & v.d. Bosch ) Hale 
~ ~a tree (l egumi nosae) (4920).det. M. Ha le 
Cande laria concolor (Dicks.) Arn. 
-rs:-=on trunk of Mella azedarach (4917). 
Catinaria versicolor\'FTe)~ 
---.rr::-on trunk of a tree (4895) . 

Chi~~:~ t~~ ~~~~~ 1 ~fu~ri~~:) ~~~! ~ iy conmon ( 4g23). 
HF. : on trunk of a tree ( 4894, 4899) . 

Cladonia subradiata (Vai n.) Sands t. 
--rB":": o~a tree (My rtaceae ) (4924) , det. T. Ahti 

HF .: on so il, i nner part of the forest (4902}, det . T. Ah t i 
Oirlnar i a 2.!£.!! (Sw .) Clem. & Shear 
-rs:-=on trunk of Me l ia azedarach (4918} 
Gl.1£h.!1. cicatricosa TAC'fi':')-varn:T. confluens {Zenk. )Zah l br . 
- HF. : on t runks of s hrubs (49 13 pro parte) . 
Pannelina Ri.!.21a (Nyl.) Hale 
--.w:-:on trunk of a tree {4903 ). 
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Parmotrema sancti-ange l il (Lynge} Hale 
HF . : on trunk of a tree (4898). 

Parmot rema t inctorum (Nyl.) Hale 
--rs:;-on trunk of a tree (Leguminosae) (4921). 

HF. : on trunk of trees ( 4893 , 4897 , 4906). 
Phaeogra phina caes1opru1 nosa { F~e) MUl 1. Arg. 

HF.: on trunk of Melia azedarach (4908). on trunk of shrubs (4913 
pro parte , 4~4~ 

Phl c te ll a brasiliensis (Nyl.) Nyl. 
HF.: on trunk of a tree (4909). 

Pseudoparme l i a caro l iniana (Nyl.) Hal e 
IB.: on trunk of a tree (leguminosae) (4925), det.M . Hale 

Pseudoparme 1 i a texan a (Tuck.) Hale 
IB.: on tr'unkOT'a tree (Leguminosae) (49 19, 4926), det. M.Hale 

Pseudopyrenul a dil uta (Fee) MUll. Arg . 
HF.: on trun'k""OT"'i shrub (4911), det. R. Harris 

Punctelia rudecta (Ach.) Krog 
~n trunk of a tree ( 4896), conf. M. Ha l e 
Tylophoron protrudens Nyl. 

HF.: on bark of a tree, N s l ope of a small hi l l (4904), det. l. Ti 
bel l. 
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A NEW SPECIES AND FIRST RECORD OF GYMNOPAXILLUS 

(HYMENOGASTRALES) FROM ARGENTINA 

SUSANA CALVELO and LAURA LORENZO 

Centro Regional Universitar io Bariloche 
Universidad Nacional del Comahue 

C.C.l336, Bariloche, 8400 RN , Argentina 

SUM,'IARY 

Gymnopaxillus crubensis is described 
from North-Western Pa t agonia. The new 
species grows sub-hypogeously,on so i l , 
under No thofagus pumilio and ~-dombeyi. 
Gymnopaxillus morchellaeformis Hor ak 
~s reported for the first time from Ar­
gen t ina. Up to now the genus Gamnopaxi­
llus liorak was monospecific an previ ­
ously recorded only from Tierra del 
Fuego, Chile. 

DESCRIPTION 

Gymnopaxillus crubensis Ca l velo & Lorenzo. Fig .l 

Carposomatis subhypogaeis, habitu morchellifo r 
me. Pileo 12-22 mm lato , 20-26 mm alto , e l lipsoi: ­
deo vel subgloboso, ferrugineobrunneo , peridio n~ 
l lo. Gleba exposita et denuda t a , mor chelaeforme , 
loculis 0.5 - 1.5 mrn, sicca . Stipite 3- 8 mm l ata, 
8- 15 mm alto, cylindraceo vel ad basin versus 
attenuato , a l bidus , sicco. Columel l a ramosa , plena, 
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deinde vetustate subcava . Odor e et sapore gratus 
vel fortis aromaticus , Solanum t uberosum assus 
simile. Sporis (8-) 10-"f4"("-=I5) x (4 - ) 5- 7 ,'..UT\ , 
s ymmetricis, ovoideis vel subfusoideis, aur ian t io 
luteus, n umquam episporio perforate , pore germi-­
native nullo. Bas i dia 33-42 x 6 - 9 ~m , tetrasterig 
mata. Cys t idiis nullis. Fibulae absentes. Ad te­
rram in Notho fagetis (Nothofagus pumilio) . Holo­
typus in Herbaria BAFC 31767 conservatum est. 

Carpophore fleshy , pileate, caespitose and gr~ 
g arious . Pileus 12-22 mm wide , 20 - 26 mm height, 
broadly ell i psoidal t o subglobose; brownish- fer­
rugineous ; hymen i um morchellaeform , irregularly 
wrink l ed in smal l chambers 0.5-1. 5 mm , not fo l low 
ing a regular pattern of distr i bution; with rest ­
of peridium present only at the apex of the pi­
leus. S t alk 3-8 rnm wide , 8 - 15 mm height , cylindr ! 
cal, slight l y tape r ing to the base, white, dry. 
Co lumella irregular ly b r anched, up to t he apex of 
the p i leus, solid , partial l y hol low after desic­
cat i on. Sme ll and flavour de l icious , resembling 
r oasted potatoes. Chemical reactions of context: 
KOH nega t ive , Cl H nega t ive, KOH - ClH negative. 
Spores (8 - ) 10- 14 (-1 5) x (4 - ) 5-7 ;ll!l , bi - radial 
symme tric , ovoid to subfus i form, append i x apical, 
smooth , golden-yellowish , without germinative 
pore. Spores in mass f errugineo us. Basidia 4-
s pored, cylindrical, 33- 42 x 6 - 9 ~m , sterigmata 
4-6 ~m long . Basidiole cylindrical , unbranche d , 
21-30 x 4- 5 AJm . IHthou t cystidia. Tramal hyphae 
c yl i ndrical , 2- 6 ~m diam ., smooth, not je l lified, 
without clamp connections. 

Holotype : Argentina , Prov. de R! o Negro . Par­
que Nacional Nahuel Huapi , headwaters of Rio Si ­
reco , 1560 m above sea level. On soil , Nothofagus 
pumilio forest , S . Calvelo, 26 - II - 1989. BAFC 31767. 
Isotype: BCRU 00140 

f i g . 1 Gy mno pa x illus c ru b en sis 
a - Ca r po p h o r e 
b - Ca r po ph ore , lon gi tudi nal s ec t ion . 
c- Ba s idia 
d - Ba s idiospore s 
e - Basidioles 



165 

QO 

c ~::. : -_ : _. o ·o 



166 

Additional specimens examined: Argentina, Prov . 
de Rio Negro, Parque Nacional Nahue l Huapi, Puer­
to Alegre , 820 m above sea level. On soil, Notho­
fagus do4bey i fo r est , L. Lorenzo , 1 5- III-19~ 
BCRU 001 1. 

REMARKS 

The genus appears t o be endemic of sou t hern 
South- American No thofagus forests.The s pecies is 
strongly water dependent , since the collections 
were made in places with very high precipitations 
l eve l s , headwaters of R1o ~ireco : 1 900 mm/ year, 
and Puerto Alegre : 3000 mm/ year. Fur thermore , on 
soil with high content o f water , one a few meters 
away from a bog a nd the other from a lake. 

Gymnopax i llus crubensis grows subhypogeously 
and inconspicuously on humus under fallen leaves 
of No thofagus sp. 

The new species is close to G.morchellaeformis 
Horak with which our specimens Were compared; the 
results are shown on Table 1 . 

The name of the new spec i es refers t o CRUS, 
Centro Regional Universitario Bariloche , were the 
authors develop their research wo rk. 

NEN RECORD 

Gymnopaxillus morchellaeformis Horak ,described 
from Tierra del Fuego, Chile , is reported for the 
fi r st t ime f rom Ar gentina , Lago Roca, Prov. de 
Santa Cr uz. 

Specimens examined: Argentina , Prov. de Santa 
Cruz , Lago Roca , Leg. ? , III?- 1986 . BAFC 30668. 
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Table 1. Differential features between Gymnopaxillus species. 

Gymnopaxillus c rubensis 
(BAFC 31767) 

Columella white, not concolour-
and stalk ous with the pileus 

Hymenium 0. 5-1.5 mm, wit hout a regu-
c hambers lar pattern of distribution 

Smell-flavour delicious 

Context chemical re- negative 
ac tions (KOH- C1H) 

Spores 10-14 .urn 
golden-yello"'•ish 
appendix apical 
hi-radially symmetric 
ovoid to subfusiform 

Basidia 33-4 2 x 6-9 AJm 

Sterigmata 4-6 .um 

Basidioles 21- 30 x 4-5 .um, unbranched 

Gymnopaxillus morchellaeformis 
(LPS 38227) 

concolorous with the pileus 

6 mm, distributed along 
longitudinal ribs 

disagreeable 

positive 

12-15 AJIU 

brownish-yellow 
appendix la t eral 
asymmetric 
fusiform to ellipsoid 

48-65 x 8-10 AJrn 

3 AJIU 

20- 45 x 4-7 .um, branched 

~ 
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ABSTRACT 

Type material of Cheilymenia r ubra (Cooke e x Ph ill . ) Baud. 
a nd Cheil ymenia human.oides <Rehm) Gamund i has been exami ned. 
Two new t a xa a r e described : Cheilymenia pseud ohuma r ioi.des 
Di s sing ,J .Mo r a vec et Sivertsen ba sed on col lect i ons from 
Greenland , and Cheihmenia liskae J .Mo r avec , Fe l lner et La nda 
spec. nov . based o n a co ll ection from Svalbard, West Spits­
bergen. One new combina t i on, Scutellinia alleghcnensis 
(De nis on) comb . nov., based o n Che ilymenia all eghenensis 
Denison (1964) is proposed . Descrip tions , line d r awings a nd 
SEM photomicrographs of ascospore orna ment ation accompany 
the paper. 

INTRODUCTION 

Taxonomic revision of the genera Coprobia Boud. em . J. Mo r. 
and Cheilymenia Boud. has revealed ch at: t hese are la r ge 
gene ra with many species . It is intended t h at the r esulcs o f 
the examination of almost all relevant. t.ype materia l will be 
published i n several parts, c u lminat.ing in a monograph of 
t hes e gene r a. I n the present paper , t. he resu l ts of an examin­
ation of mat.erial of Cheilymenia r ubr a (Co'oke ex Phill. ) Boud. 
a nd Cheilymen i a humarioides (Rehm) Gamundi are presen t.ed , 
and two new taxa are desc r ibed. 

t-1ATER1AL AND METHODS 

Relevant type material from the herbar ia o f the Royal Botan ic 
Ga rdens , Kew (K), I nstitute de Bot3nica " Spegazzin i " , La 
Plata (LPS), The New York Botanical Gardens, New Yo r k (NY) 
and Oregon State University, Cor vallis (OS U) we r e examined. 
Dried specimens we r e revived i n 4 % NH4 OH. Sect ions were 
sta i ned in Cot ton Bl ue in l ac t ic acid (CB) and fuch sin acid. 
In t he case of £. pseudohumar i o i des , ult r amic r otome sections 
were prepa r ed and s e nt to me by Dr. H. Dissing, Kobenhagen. 
Ascospore.s were observe d a nd measu red unde r an oil imme r sion 
obj ective at a magnifica t i o n x 1600. The perisporial o r namen­
t at i on of ascospores .... •as st.ud i e d on sec t ions stained with C8 

;j iS~s ~ · '1'~ ~~' i~ht~~o:~=~~s a~rh:~~i~gw;;~o~;s ~i~t~~~t~~~ t he 
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perisporium . A st'anning e l ectron micros cope TEStA BS 
300 was used and t.he pho t omicrogr aphs (SEM) were prepared 
from dried specimens in the usual way . 

TAXONOMI C RESULTS 

Cheil yme nia rubra (Cooke ex Ph ill . ) Baud. 

Peziza t helebo l oides Alb.et Schw. var . rubra Cooke , Fungi 
Britt. ser. 1 N° 5 72 , 1872 ; Gr evi ll ea Ill , fi g 119, 18 74 . 

llilli (Sarcoscypha) rubra Cooke, Mycogra phia 83,1 8 76 (nomen 
abortivum). 
~ ru b ra Cooke ex Phillips, British Discern. 225 , 1887 . 
Scutell inia rubra (Cook e e x Ph ill .) Kuntze , :\ev. Gen . Plan t . 

2,8&9 , 18~ 
Cheilxme nia rubra (Cooke e x Ph ill.) Boudier, Hist. . class . 

Oiscom. Eur. 63, l 907. 

:r~~~:~i!n~- ~ ~~~e~ i!~~~ ~~~~~ ~ e be~~:i~:r:~a i~o~r~~~~1~c!0~~ 
discoid, f leshy; hymenium o r ange -red (th e dried apothecia 
a r e d a rk recid ish-brown), externally conco l orous o r paler, 
cover ed wi t:. h s h ort:. , brownish hai r s of a very irregular size: 
t:. hese are densel y aggregated at t he margin of the apothecia 
where lon g h airs are mixed with sma ll hairs or pyriform 
cells \o:i t h t hi ckened' , brownish wa lls , g iving a br ownish 
colour t:.o t:.h e marginal zone . Rooting marg i nal hairs 80-320 
x 12-28 }Jm, pale b r own t o reddish ~brown, r i g id, th ick - walled 
(walls 1 .5 - 4 pm chick), usually poin ted above , ir r e gularly 
more or less c urved, with a simpl e att:.e nuated base or, 
rare ly , wi t h a shortly bifurcate base , ar i sing among t h e 
e xc ipular ce lls. Hairs o f the lower surface of the excipulum 
a r e smaller , 40 - 160 x 10 - 25 }Jm. wi t h thinner walls a nd 
occasiona ll y with hyaline tips. Ec t a l exc ipulum o f textura 
globu l osa - a n g ul a ris, consis ting of 4-5 rows o f l a r ge ce ll s, 
whic h become s ma ller and angula r towards t.h e ma r gin of apo ­
t hecia , a nd very l arge and globose near t h e base, (15-)4 5 -80 
(- 100) }Jm diam. Medull c. composed of compa ct:. , inter....,oven, 
o f ten in f l ated. hya line hyphae, which a re 7 - 12 }Jm thick , 
f o rming a te xture intricata. Hypothecium poorly diff e r e nti ­
ated , cons i sting o f smaller hyphae. Asci 135-1 70 x 14-21 pm , 
cylindrica l with rounded t:.ips and at:t.enuat:ed be l ow towards a 
s impl e or incons pic uously bifurcate base , 8- spored . 
Ascospores uniseria te, ellipsoid , (15 -) 16 . 5 - 21< - 22 . 5) x (8 - ) 
9 - 11(-12) pm, mostly 19 x 10.5 J,.lm , subhya line , without 
gut:.t.u les, wi t h a yellow refractive c o lour when stained wit:.h 
CB and with a looseni ng perisporium covered by f ine , l ow, 
irregu l ar cyanophilic wart:s and crests 0 .1 - 1.0 J,.lm diam. and 
up co 0. 3 prn high . Paraphys es filif o r m, 3 - 4 pm thick, wi t h 
apex slightly e nl a r ged t o 4 - 0·( - 7) pm diam ., cluste red together . 
Habitat: On spent decaying hops and vegetable deb r is , straw 
mixed with dung and soil . . 
t-later ial examined : England, Batheaston, o n spent hops, Apr1. l 
1872 leg . E. C . Broome , labelled " P . t helebo l o i des red f o r m" 
(K ex Cooke , h o 1otype); England, Batheaston , s.date (NY ex 
her barium of G. Nassee , iso type); Ed . 1, N• 572 and No 186 of 

~~~~! ~~ ~~ c;~t~!e;~:~~~a ~~~i~~~e~~~d c~:z !~~u~~~:c~~~llh!~as 



leg G. Winter, Fungi Helvetici Suppl. 78, labelled~ 
r ubra (K). 
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This taxon was first described as a variety of Peziza !.hili_­
boloides and later described at specific rank by Cooke 087&> 
under the invalid name ~ (Sarcoscypha) rubra Cooke 
(a lacer homonym of Peziza rubra Peck 1872). 
1 t was redescr ibed by Ph i 11 ips ( 188 7) under the new name 
Lachnea rubra Cooke. As Phillips used Cooke's epithet and 
attributecrrt' to the author , t h e correct name f o r this spe ­
cies, following the combination in Cheilymenia by Boudier 
tl907) , is Cheilvmenia rubra (Cooke ex Phill.) Boud. 
All packets of the type material contain the same species. 
The holotype must be the specimen co llected by C. E . Broome 
and labelled "P. theleboloides red form',' which includes 
about eigh t apOthecia g r owing o n spent h ops. Material , which 
is appa r ent ly a part of the same collection is deposited in 
NY herbarium and must be consid ered co be isotype, though 
Denison (1964) referred to it as "holotype". The two othe r 
collections deposited inK as well as Wi n ter ' s collection 
(NY) r epr esent the same species. However , the subs trace 
of Winter's co llect i on is not just soil ("on the ground" as 
a nnotated by ~'inter) but in fact consists of soil mixed with 
scraw and chaff (probably from horse dung) and t he apothecia 
are growing on t h e vegetable deb r is. 
It s hould be noted t hat another specimen deposited in NY 
labell e d as "Sarcoscypha rubra Cooke (Sur les feuilles pour­
rissantes dans les bo is, au voisinage du type , Shrewsbury 
(Angleterre) , l-Iars 1882 l eg . W. Ph illips) and with a diagnose 
identical to that of Cooke, is, in my opinion , Coprobi.a t hele­
boloides (Alb.et Schw.) J .~lor. 1 h ave found only apothe~ 
with superficial. pale hai rs and immature asci without 
developed ascospores. According to Cooke (1876), f. thelebo­
loides often grows together with £. rubra on the same5"1:ib­
strate (spent hops), and this may explain the error . 
The most conspicuous features of f. rubra are the short but 
rigid thick - walled broTJOish hairs, which have a simple or 
shortly bifurcate base, and the irregu 1 ar arrangement of the 
hairs, which are densely mixed with copious, very short hairs 
or even pyriform or irregularly-shape d ce lls with brownish 
thickened wa l ls , giving a b r ownish colour to t h e marginal 
zone. The size and shape of the hairs, t heir arrangement, 
and also the larger asC'ospo r es clear ly distinguish f. rubra 
from Cheil~menia coprin(fia (Cooke) Boud. as has alrea~ 
been state by De n1son 964) . The type of £. coprinaria (K} 
has also been examined <J.Moravec 1989). 

Cheilvmenia humarioides (Rehm) Gamundi 

Lachnea humarioides Rehm , Bih. Kon . Sv. Vet. Ak. Handl 25; 
-xr.r:- lll, N' &di, 1899. 
Cheilymenia humarioides (Rehm) Gamundi , Bull. Soc. Argent . 

p; 0),1&8, 1972 . 

:r~~~=~ ~a b!~~m~~g d~~~~ia~:s~! 1 ~is~~~~a~i~~s ~n a~n~tl:~e sub -
margin, fleshy, hymenium brigh t orange- red when f'tesh, 
becoming orange-red when dr y, with a pale yellowish margin, 
exte rnal surface pAler, covered with scattered curved hairs; 
Hairs brown, becomi:tg hya 1 ine in their upper part (as seen 



Fig . l: Che ilymenia r ubra . A. apoth ecia; B. section of t he 
marginal part of t. he a pot.hecium; C. ha irs. (Ho l otype K) . 
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with t he naked eye). Root ing ma rgina l hairs 90 - 300(-400) x 
11 - 25 ~m. rigid , yellow-br own to brownish, a pically 
colourl es s , o btuse to pointed at t he apex , sparsely septate 
o r r a rely lacking septa , thic k - ... :al led, (the walls 1- 2 pm 
thick) with a bifurcate o r simply attenuated base, arising 
deeply wi t hin the ec t a l e xcipulum. Ha irs towards the base o f 
the exc ipulum yellowish o r subhya l ine , se pt a te , wi th a n 
o btuse a pe x, 90-180 x 8-15 pm. Ectal excipulum a textura 
g l obu l osa - a ngu l a r is composed of pa l e ye llowish ce ll s, 20- 75 
pm diam. , which a r e mo r e angular a nd smaller towards the 
margin of a po thecia and become subglobose and angu l ar cowards 
t he base. Medull a r y exc ipulum c learly differentiated, com ­
pris ing a textura intrica r a comp o sed o f int:erwoven, of t e n 
i nfl ated , most l y h o rizonta lly a rranged 4 -7 )Jm chi c k h yphae . 
Hypothe cium poor l y developed, composed o f sma ller hyphae and 
c-e lls. Asc i I 50- 240 x 16-26 lJm , cyl indrica l wi t h sub c runcated 
t ips, shortly attenuated t owards a simple or s hort l y bifur cate 
base , inamy loid , 8-s po red. Ascospo r cs un iseriate , e 11 ipsoid , 
09 . 2-)21-2&(-28.5) x 12- 14.5 ( - 15 .7) vm. mostly 24 x 13.8 vm , 
wi t hout guttules, subhyaline, with a d a rk yellow r efractive 
co l our when stained wi th CB. The ascospo r e wall cons i sts of 
t h ree I ayer s, c he per i spo rium bea ring conspicuous, cyanophi lie: 
r o unded o r i r r egula r warts 0. 3 - 1 .5( - 2 . 5) pm diam. a nd 0 . 2 - 1 
( - l.S})Jm h igh (me asured under oil immersion + CB>. Pa r aphyses 
filiform , simple, septate, 3 - l.i )Jm thick, the upper cel ls 
somewh at e nl a r ged (4 - 9 )Jm ) containing yellowish t o o r ange 
pigment . 
Habitat: coprophilous, co llected o n c ow-dung and horse 
excr ements in Argentina and Chile . 
Materia 1 examined: Argen t i na , Tierra del fuego , De pto . Ushuaia , 
al r ededore s de Ushuaia, "ma lin" al NE de l pue bl o , 20. 1 . 1964 
l eg. I.J. Gamundi {Neotype LPS J3427a). 
Cheil ymen i a humarioides is a distinct species whi<:h d iffe rs 
from f. r ubra in having la r ger ascospores with a three 
layered wa 11. This unusua l f eature has a 1 ready been noted by 
Gamundi 09 72 , 1975). The o r namen tation of the perispor i um 
( t he e xternal delica te easily l oosening coa t ) c onsi sts of 
much lar ger and highe r wa rt s than that i n f . rubra (compare 
a lso SEM photomicrographs). Mo r eove r , t he a pothecia of£. 
h uma rioides a r e sma ller and not so densel y covered wi t h ha i rs, 
the hairs being usually co l ourless in thei r upper pares and 
W"ith t h inner walls. For a detailed illustra tion o f a po thecia , 
their a natomy a nd o ther microfeatures s ee Gamundi ( 1972 , 197 5). 
The ascos pore pe r isporium was described and illustra ted a s 
smooth by Camundi, perhaps because t he slides W"ith sections 
stained in l acto phenol we r e h eated, and t he per i sporium 
cons equent ly destroyed . 
C . humarioides is knoW"n fr om 7 other co llections from Argen­
tina (Tl.erra de l Fuego) and 2 co llect i o n s from Chil e e xamined 
by Camundi <19 72 ,19 75) . Holotype ma teri a l does no t ex ist and 
t h e neo type se l ected by Gamund i 0972) is fr om t he same area 
as t he o r iginal co llection. 

Chei lymenia p seudo humarioide s Diss i ng , J .Mo r avec er Sive r t s e n 
spec . nov. : 

~~~~~~~!: • 2~!r~n~ i~:~~i~!!~~~~~ ' d~!~~i~~~a~~ I~~~a~:qu~sque 
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fig . 2: Cheilvmenia E_!!!udohumarioides. A. apothecia : 
B. section o f apothecium of t he ho l otype (C) : C. secr:ion 
of apochecium of the par atype Cr.838 7 (C). 
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F'ig. 3 : Ch eilvmenia pseudohumar i oides. Ha irs. {Holotype C) . 
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laece aurantiaco ~ rubro , e xcus pallide aurantiaca, pilis pa l­
lidis disperse obsita . Pili 80-300 x 8 -27 pm, luteo fusci, 
parce super i or i eco lorati , memb 't'an is 1- 2 J,Jm crass is, sparse 
sepcat i, curvaci, a pice acut i vel obtusi, infra a tt e nuaci, 
basi simplices vel int e rdum b i furcat.i. Excipuluro externum 
textut'a angu lari usque globuloso - angular i . Exc i pu l urn internum 
(medulla)e textura intricata const.at. Asci cylind r acei , 187-
250 x lb- 22 pm, api. ce obtusi, inf r a angustati , basi nonnum ­
quam brev i ter bifurcati, oc t ospor i . As cospo rae monost ichae , 
l ate ellipsoideae , (18 .2-) 19 - 22.8 (-24) x (10 . 8-)12- 13 . 8{ - 15) 
pm, c reberime 20 x 12.5 pm , eguttulatae, pe rispor i o verrucis 
cyanophilis, Q.l-0.3 J.lm di.am., 0.1 J,Jm a l t is. Paraphyses f ili ­
f o rme s , (1.3 -)2. 5 - 4 J.Jm crassae, a pi cc 5-10 pm dilatatae, 
g r a nulis ve l fibrillis aurantiaco - color atis impletae . 
Habitat : fimicola . 
Holotypus: Cr ec nL:md, prope Nyhavn , Metsersvig , in fimo 
Brantae bernic lae, 5 . Vlll. 1983 leg. H. Dissing. ( Ho l otypus 
in herbario C, isotypus BRA , Paratypus PRM. 

Apo the c i a 2-3 mm dia m., low t:urbina te t o dis coid with a pale 
ma r gin , h ymenium 1 ight o range to bright o r a nge -red, dried 
a po thecia yellow ochra ceou s to ochraceous . outer surface con ­
colorous, covered with pale hairs , which a r e sparsely scat­
tered . Rooting margina l hairs 80-300 x 8 - 27 J,Jm, st-ra1.gh t 
or o ft en curved o r wavy, ye ll o w- brown , apica ll y co lour-
less, sparsely septate, usua lly bifurca t e bello"'' o r 
with a simple attenuated base; excipu lar hairs near the 
base o f t\'lc apothecia shor t.er, wi t h t hinne r wall s <up to 1. 5 
pm thick ). Exc i pu l um clea rly different i at.cd : Ectal excipulum 
a textura angular is o f two rows of ce lls , which become sub­
globose or verticall y elongated toward s the base o f t he a po ­
t he c i a , smaller and angu lar towards t he margin, (15-)25- 45 
(- 7 5) pm diam. , with o r ange pigment. ~ledull ar y e xc ipu lum a 
te xtura int ricata composed o f interwoven, inf laced hyphae 
occasionally mixed with globose co irregul a rly angular 
eleme nt s, the hyphae 5- 12 lJm t hic k , sep t ate, hyaline. 
Hypo thecium not clearly diffe ren tia ced, composed of smaller 
hy phae a nd cells. As c i 187 - 250 x 16 - 22 J,Jm , cy l ind ric wi t h 
r ounded or broad pleuro r hynchous base , eigh t- spored, 
inamy l oid . As cos po r es uniseriate, globose-ellipsoid co br oad­
l y e llipso id, (18. 2- )1 9-22.8( - 24) x (10.8-)12- 13 .8 (-15) "m . 
hyaline, without guttules. wit.h a refract ive yel l ow co lour 
when s t ained with CB , the loosening pe rispor ium cove r e d with 
inconspicyous f ine cyanophilic warts 0.1-0.3 pm diam. and 
0.1 J,Jm h igh. Paraphyses filiform , s t r aigh t, sometimes 
b r a nc hed , (1.3-)2.5-4 pm thick, e n la rged to 5 - 10 J,Jm ch ick at the 
apex, with o range gr anular to fibr ous content.. In Melzer ' s 
reagent the carotenoids in the paraphyses a nd excipulum 
stain at. first bluis h for a ve r y sho rt while , cha n be come 
reddish -brown co violet and finally dark greenis h. 
Habitat: On dung of Barnacl e goose and summer dung o f musk­
ox. 
Ho l otype: East Greenl a nd , 72'"15'N,24•w nea r Nyhavn, 
Metsersvig, on ol d dung of Barnacle goose , 5.VIII.l983 l eg . 
Henri Dissing (Cr.83.96 - ho l oty pe C, iso cype BRA). 
Pa r atypes: Ease Greenland, Along G!ses0en , nea r t he aeroport 
in Mestersvig, Kong Oscar Fjord , o n dung o f Barnacle goose, 
9. V111.1982 leg. H. Dissing et. S .S ivertsen (Gr.82.134 ,C,BRA); 
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;~:~ 4~~~e~~~~~i . Ni9~3Nr~:~" H. ~~~=~~:v~~~ . ~~8 ~~m~~r a~~~~ of 
This new species has several features which are virt:ually 
identical to those exhibited by f. humarioidcs , not: ably t he 
size and shape of the hairs , which are colourless in their 
upper part, the broadly ellipsoid ascospores which are of a 
simil.1r si:'..e , the shape and size of asci , and excipu lar con­
scruction. However, the ascospore wall in f. humarioides 
consists clearly of three l ayers and the perisporium is 
covered by much lar ger a nd higher warts ,whilst th ascospoTe 
wall in f. pseudohumarioides consiscs of only two layers and 
the perisporiut:l has a finer ornamentation o f muc h smaller 
and l ower warts giving it a punctate appearance . In both 
species the perispo t: ium is easily sepat:able, as in other 
species of the genus. f. t:ubt:a c l eat:ly diffet:s ft: om the new 
species in having lat:get: apothecia with much mo r e densely 
arranged ha ir s , especially neat: the margin, giving a dark 
brown colour to the marginal zone. ln contrast, apothecia of 
f . eseudohumarioidcs a re only sparsely cove r ed with paler 
hairs, which are scarcely visible to the naked eye . 
In addition, marginal hairs in f. . rubra are entire ly br ownish , 
without a hyaline apex; only hait:s near the base o f apothe cia 
occasionally have a colourless apex . 
ln f. pseudohumarioides, £. humat:ioides and f. liskae, the 
marginal hairs oft en possess a hyaline apex, which extends 
approximate l y one third of the hair length. Moreover, the 
ascospores o f f. rubra a r e nar r ower than the ascos pores of 
these three species. 
All the apothecia o f examined material of f. ps eudohumario­
ides are yellow- ochr aceous '-'hen dried, with on l y scattered 
pale hairs as seen on the r evived apoth ecia . The above 
description of fresh a pothecia is based on observations made 
in the field laboratory in Mestersvig by Dr . II . Dis sing, 
accompanied with colour s lides, and sent to me together with 
the material. The co l lection from musk-ox excrement. has more 
reddish apothecia (when fresh,according to the colour slide) 

~~~, s~!~~~ ~~fi~~e~~~=r ife:~~~~~:a~ ~~~·:~~~~t~~n i~=~~i~!f· 2) , 
with the holot:ype . 

Cheilyme nia liskae J. Moravec , Fellner et: Landa spec. nov. 

Apothl!cia 1 - 5 mm diam ., primum subglobosa dein subpat:ellaria 
usque dis co idea , disco au rant iaco. ext: us conco l or, pil is 
brevibus, saepe curvacis, pal l idis, solum basi brunneo­
co l oratis obsit:a. Pili 90-240 x 10-30 pm, rigidi, recti ve l 
curvati, luteo - fusci , parte superiori ecolorat:i , ap ice acuti , 
sparse septat:i (septis 1-4 instructis) , membranis 1.5 - 3 ~m 
c ra ss is, ad bases radicantes , saepe basi b ifut:cat:i vel t:r i ­
furca ti ( r a r ior quadrifurcati) sed etiam simplices , attenuati ; 
praeterea pili breves, clavati., lut:eo-fusci adsun t. 
Excipulum externum textura globuloso-angulari. Excipu l um 
internum (medulla) e t:excura intricata constat. Asci 150-180 
x 08-)19.5 - 25( - 27) )Jm , crasse cylind r acei, sursum saepe 
attenua t:i, apice obtusi vel truncati, deorsum bt:eviter angus­
tati , basi simpl ici, octospori. Ascosporae mono - vel disti­
chae, ellipso ideae, 08-)19.5-21<-22.5) x 10 . 5-12( - 13.&> pm, 
subhyal inae, eguttulatae, perispo rio separabil i, ve r rucis 
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I· .. ,. 

fig. 4: Cheilymenia l iskae. A. apothecia : S . section of the 
marginal part o f the apothecium; C. hairs. (Holotype PRN). 



cyanophilis, rotundatis vel e l onga t is usque irregular ibus , 
sed etiam saepe reti culum haud comp l etum formantes; 
verrucae 0 . 1- l. S j.J m diam., 0.1-0 . 5 j.Jm altae . Para physes 
filif o r mes , 3 j.Jm c r assae , sep t. a t ae, a p ice 6- 9 pm dila t a tae , 
succo aurantiaco irnpl e tae. 
Ha bitat : fimicola . 
Holotypus: Spitsbergen occ ide ntalis, Svalbard , Kongress, in 
fimo , 2 1 Vll. 1988 leg . J. LU ka et Z. SoldSn. (Ho lo typus 
PRM, isotypus BRA asse r vantur) . 
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Apothecia l - 5 mm diam. CO. 75-3.50 mm when dried ), at f i r st 
subglobose and closed, becoming s hallow cupulate t o f la ttened , 
hymen ium o r ange (o r ange - ol ivaceous when d ried), exter nal sur ­
face conco l o r ous , cove red with s hort, densely aggrega ted. 
i rr lj!.gu l arly cu rve d pa le hairs, which are b r ownish at their 
base, g iving a brownish co l our to t he a pothecial ma rg in . 
Root ing marginal ha irs 90-240 x 10-30 ~m . rig id, straigh t or 
curved, with f ew 0 - 4) septa, pointed a bove, thick -walled 
(walls 1 . 5 - 3 ~m thick) , ye l l ow- brown but u s ually wi t h the 
upper th i r d co l ourless, the base o ft en root ing , b ifurcate or 
with t hree, r a r ely four r oots, some time s simply a ttenua t ed , 
a rising dee p amongst the e xcipula r cells. Hairs c owards t he 
base of the apothecia shor t.er, with thinne r walls (0 . 7 - 1 .5 pm 
t h i ck ) , mixed with juvenile , clavate yellow - brown hairs . 
Ec ta l excipulum a textura globulosa - a nguh.ris, composed o f 
3 - 4 r ows of cells which are slight l y c l ava t e a t the ma rgin 
of the apoth ecia , large r and subglobose near the base , 45 - 65 
~m diam . , subhyaline. Medullary excipulum composed of hyaline, 
septate , int erwoven , mostly hor izonta ll y a rranged hyphae 
which are (4 - ) 7 - 9 ~m d iam. , occas i o na ll y i nfla t ed u p t o l 5~m 

diam . Hypoth ecium no t clearly differentiated, composed of 
narr ower hyphae and smaller ce lls. Asci 150-180 x (1 8-)19.5-
25( - 27) ~m . eigh t spor ed, broadly c ylind ric , usually actenu ­
a ced above , \"ith apex obtuse o r truncated, the ba se sho rt ly 
a tt e nuated . simple. As cos pores uniseria te o r bis e riat e , 
ellipsoid , 08 - ) 19 .5 - 21( - 22 .5) x 10.5 - 12(- 13 .6) ~m . sub ­
hyaline, wi thou t guttules , with a ye ll ow r e fra c tive colour 
when stained in CB; perisporium loosening , cove r ed by cyano ­
philic ir regular c r e sts, which occasionall y form a f ine, 
incomp l ete reticulum, or with rou nded warts 0. 1 - 1 .5 ~m diam . 
and 0 . 1- 0.5 ~m high . Pa r aphyses filiform, 3 ~m thick , septa ­
t e , wi t h yellow-or ange apices enlarged co 6 - 9 pm. 
Ha bitat: coprophilous . 
Holotype: ~~es t. Sp i tsbe r gen , Sva 1 bard , Ko ng ress , on dung 
(p r obably of r eindee r), 21 VII. 1988 l eg . J.Li~ka and Z . 
Soldan. (Hol o type PRH , isotype BRA) . 

Th e p r e sent spe c ies r esembles f. ~ es pecially wit.h 
rega r d to t he densely a rr anged ha i rs near the margin and 
ascospor e c haracters. Hov e ver, t he margina 1 hairs o f 
f . r ub r a are brownish throughout, wi t h a much simpl er base 
and usuall y t hicker wa lls . The margina l h a irs of f . l iskae 
a r e hyaline i n t hei r upper pare. ~1oreover , the ascospores 
of f. lisk.ne arc broade r and bear higher, coarser warts . 
ln addit ion , t he cells o f the e c tal excipulum o f f. rubra 
are much larger , the asci a r e sho r te r a nd na r rower, the 
ascospores uniseriace and the apices of t he paraphyses 
narrowe r. The s pecies a l so differ in habitat. . 
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C. humarioides differs c learly from £. li s kae in having much 
Targer ascospores with th r ee - layered waii"'S""iii'd l a r ge r warts 
on the perisporium. £. pseudohuma r ioides differs in hav ing 
broader ascospore.s with a more fi nely ornamen t ed pe ri spot'ium 
(the warts a r e muc h lower and smaller) and, especially , in 
the a ppearance of c he apothecia, which a re only sparsely 
covered by hairs. ~1o reover , t he hairs in .£. pseudohuma rio ides 
have th i nner walls and a simp l er base and t he asci a r e 
narrowe r and conta in unis e riate ascospores. 
All taxa d i s cussed i n the present pape r are quite distinc t 
from f. cop rinaria , especia l ly with r egard to t he shape , 
co l our and length o f t he hairs . ln the course of the investi­
gat ion of the type and other material I have fou nd t h at f . 
coprinaria, as commo n ly int erpreted , is , in fact, a complex 
o f several species . These i nclud e Cheilymeni.a magnipil a 
J.Moravec (19 b9) , £. megaspor a (Camundi) J. Mo r avec 0988) a nd 
an undescribed species f or wh i c h a description is current ly 
being pr e pared . 
Cheilymenia ~ Boud. ma y a lso be related to f. coprinar ia. 
However , it is insuffic ientl y known as the t ype co llection 
contains no a po thecia and no other ma t e rial is pr eserved in 
Boudier ' s herba rium i n PC. Accor din g t o Boudie r 0905-1910), 
f. aurea has l ong , narrower (270-b80 x 10-15 1Jm) , bro"'"fl hairs . 

;~:!!S~:~i~. c~~~~~~r ~~...,!:~~~ ~~u~!~~r~!~o~f 1 ~~~> c~~~=~~~~n 
illustrated by Bo udie r is preser ved in PC. 
The type o f Arhenia fimicola de Not . et: Bagl ., identified 
with f . copr i nar i a by Dennis <1978), has no t been e xami ned. 
However , i t may not: be identical with t: he t:y pe of f. cop rina­
ria (see J .Noravec 1989) as it is desc ribed a s having la r ger 
ascosporcs (Dennis 1978). 
Cheilymenia fraudans (Kars t . )Boud . , ~.o:hich has e xc i pu lar 
s truc t u r e and hairs similar t o those o f t he species under 
discuss ion , in fact d i ffers from all these taxa in h aving 
smalle r and more subgl obose ascospores which bear a dense 
subret icu 1 ate ornamentatio n of the pe r ispo rium , nar r owe r 
asci and hairs . Furthermore , due t o the absence of che yellow 
r e fr ac tive co l our of ma ture ascospores whe n scained with CB 
(see also t.he des c ription a nd drawings i n J . Moravec 1989) , 
it seems l ikely chat f. fraudans belong t:o Scute l linia sect . 
Hi.nutae Sv -c ~ek 0971). 
During che course o f c h is study , isotype material (OS U) of 
Cheilvmenia alleghe nens i s Den i son (1964) was examined . 
Mature ascos po r e& o f C. alleghenensis are without. c he yellow 
refractive colour when stained with CS a nd this spe c ies 
proves t o belong in che ge nus Scutellinia (Cooke ) Lamb . sect.. 
1-ti.nu cae Svr. l , the r e f o r e , propose the new combination: 
~inia a l leghe ne nsi.s (Denison ) J .Nor avec comb. no v . 
Basionym : Ch eilvmenia alle ghenensis Denison, Mycolog i a 56: 
732 ' 19&4. 
The ascospores of §_. a lleghenensis have a s imilar o rnamenca­
tion to those of a simil ar Scut.ellinia convexa (Velen .) Svr. 
but. are much sma ller, 12-16.5 x <7.5->8 - 9(·10> 1Jm . Indeed, 
they a rc smaller cha n measured and pub lishe d by De nnison 
(19b4). They are similar i n size c o chose of Scucellinia 
minute l la Svr. e t J .Nor . but their o r name n cac i o n consist.s of 
wa r ts and c res ts which are much coar ser than in chat. spec i es. 
The specie s of Scucell inia whic h have ascospor es wit.h a 
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separable per is porium and a-re referred to the sections tli!:ll! ­
~ a nd Pseudocheil ymeniae Svr . (including Scutell inia cruci­
~ (Cooke et Ph ill. in Cooke) J. Moravec 0984 >)may , in my 
opin i on , represent a disc i n t genus. 
The rev is ion h as confi rmed my o pinion (J .Mo r avec 1984) that 
the genus Ch eil yme nia as commonly interpreted is a complex 
of several dist inct genera and a pro po sal f o r a new division 
o f t hi s ge nus is being prepared . 
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Fig . 9: SEM of a scospores of Cheilvmenia ~. Hol otype (K) . 
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~~f~t~~~ ~~~S~~ ascospor es of Cheilymenia huma r ioides . 



Fig . 11 : S£1>1 
Holotype {C) . 
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ascospores of Che ilymenia pseudohum:uioides . 
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ft~fOc~~~ ~ ~~N)~ ascospo r es of Cheilymenia liskae . 
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ABSTRJ\CT 

Urediniospores of 21 rust species were examined 
under natural and/or artificial conditi ons to 
determine their size and shape when hydrated or 
dehydrated. Urediniospores under r00111 conditions 
were 70-80% of the i r hydrated size and were 
indented or collapsed. Shape of dehydrated 
urediniospores varied among species depending on 
several factors, primarily the distribution and 
nwnber of germ pores. Urediniospores of Puccinia 
graminis, ~- recondite , and Urcmyces 
appendiculatus were manipulated experimentally to 
determine the relative humidity (r . h . ) at which 
they would assume their expanded or collapsed 
shape . The three species responded differently 
to the r . h. levels studied. Urediniospores of 

•Based on an undergraduate research project by 
the junior author at North Dakota State 
University, Fargo, NO. Journal Paper No. 5655, 
Oklahoma Agricultural Experiment Station, and 
Journal Paper No. 1763, North Dakota Agricultural 
Experiment Station 



188 

P. graminis were expanded at 92.0t r.h. and 
above , were partially collapsed at 80.3\ r . h. and 
were entirely collapsed at 75 . 8\ r.h . P. 
recondi ta uredinlospores were expanded at 92. a, 
r . h . and above, but were collapsed at 80.3\ r.h. 
!:! • appendiculatus urediniospores were expanded at 
100 and 96 .9\ r.h., were only partially collapsed 
at 92 . 0\ r . h . , and were entirely collapsed at 
80. 3' r. h. When placed into 100' r. h. collapsed 
urediniospores of these species absorbed moisture 
and regained their expanded size and shape 
usually within 1 - 2 min. 

INTRODUCTION 

Most descriptions of rust uredinioapores are based on 
spores mounted in aqueous solutions such as chloral 
hydrate or lactophenol (Arthur, 1934; C\mmins & Hi.ratauka, 
1983) . SUch descriptions moat connonly characterize 
urediniospores as globoid to ellipsoid , although fusiform, 
lanceolate, reniform, or other configurations are not 
uncorrmon . Distribution and number of germ pores have also 
been described for most urediniospores. Germ pores may be 
scattered, bizonate, equatorial, supraequatorial, 
subequatori al,. or basal near the hilum, with both their 
numbers and distribution varying among and sometimes 
within species (CUnmins, 1936) . 

Seldom have dehydrated urediniospores been described. 
If collapsed or indented areas on dry urediniospores are 
observed they are often attributed to dehydration damage 
and dismissed as artefacts of preparation (Littlefi eld & 
Heath, 1979) . Hardwick et al. (1975), however, contended 
that the collapsed, "dOughnut" form of ~ 
appendiculatus is natural and occurs under normal 
atmospheric conditions. C\mmins (1935) noted that when 
hydrated urediniospores of Puccinia spp . exposed to an 
alcohol solution collapsed into characteristic 
configurations that were related to the number and 
arrangement of germ pores . Jones (1971) suggested that 
depressions in the surface of Uromyces dianthi 
urediniospores are associated with underlying weak germ 
pore regions of the wall. In a survey of 150 collections 
of Melampsora medusae, !!· occidentalis and !!· abietis -
canadensis the length of dehydrated urediniospores 
examined by scanning electron microscopy was noted to be 
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39' less than that of hydrated spores (Stack and Ostry, 
1989). Strobel ( 1965) noted that dehydrated 
urediniospores of Puccinia striiformis were about SO' the 
size of hydrated spores. The reduced size and weight of 
Puccinia graminis f. sp. tritici urediniospores caused by 
dehydration, and their effects on rate of fall in still 
air were studied by Weinhold ( 1955) • The collapse and 
resulting characteristic shape of dehydrated smut 
teliospores has been used to help differentiate Tilletia 
species in contaminated grain samples (Trione & Krygier, 
1977). 

The objectives of this study were threefold: 1) to 
determine the size and shape of the urediniospores of 
various rusts under natural atmospheric conditions; 2) to 
determine if the pattern of wall collapse, if any, is 
related to the number and/or distributi on of germ pores or 
any other factors; and 3) to determine the relative 
humidity levels at which selected rus t urediniospores will 
assume either their collapsed or their expanded shape. 

MATERIALS AND METHODS 

Urediniospores of 21 rust species in 8 genera, either 
dry or mounted in aqueous chloral hydrate solution, were 
examined and measured. For some photographs enhanced 
contrast was required. This was achieved by mounting 
urediniospores i n lactophenol plus .05\i (w/v) cotton blue. 
Fresh urediniospores from glasshouse-grown plants ( 6 
species) and urediniospores fraa herbarium material ( 15 
species) were used (Table 1). All herbarium specimens 
came from the North Dakota State University Plant 
Pathology Department herbarium. Specimens were selected 
to provide a variety of germ pore arrangement, 
urediniospore shape and size, and wall thickness. Lenqt.h 
and width dimensi ons were recorded for 30 urediniospores 
of each species examined, both in hydrated and dehydrated 
states. Patterns of collapse and general shape of the dry 
urediniospores were determined. An Olympus interference 
contrast microscope, model BH-2, and Kodak. Plus X Pan film 
were used throughout the study. 

To determine the relative humidity levels at which 
various urediniospores would assume their collapsed or 
expanded condition, three rust species were utilized , 
Puccinia graminis, Pucci nia recondite and Uraayces 
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apPendiculatus. Small humidity chambers were constructed 
on 25 x 75 x 1 DID glass microscope slides to allow light 
microscopic examination of spores without disturbing the 
controlled relative humidity environment within. Each 
chamber, 2. 5 X 5. 0 em, was constructed from four pieces of 
Srm1 outer-diameter glass tubing cemented together and to 
an underlying microscope slide with clear epoxy cement. 
Within each chamber two short pieces of 4 tm1 diameter 
glass tubing were also cemented to the microscope slide. 
These pieces provided the base for a small ( 10 X 12 DID) 
observation platform (a piece of a coverglass) onto which 
the urediniospores were sprinkled. To prevent 
condensation on that platform, each side of it was coated 
with a thin film of an anti-fog agent (Anti-Fog•, World 
Optical, Arlington, TX) prior to adding the 
urediniospores. Urediniospores freshly collected from 
glasshouse grown plants were used exclusively. 

Solutions of ~so .. , ~. (NH.):aSO .. , and NaCl were used 
to establish relative humidity (r.h.) levels of 96.9, 
92.0, 80.3, and 75.8,, respectively, at 25°C within the 
chambers (Wexler & Hasegawa, 1954). Distilled water was 
used to establish a humidity level of 100'. A small 
amount of these liquids (0.8 ml) was added to the humidity 
chambers containing the urediniospores. The humidity 
chambers were then covered with a 25 x 60 am coverglass 
coated with anti-fog agent. The coverglass was sealed to 
the chamber with petroleum jelly to prevent loss of 
moisture. 

Humidity chambers were held at 25°C on a temperature 
controlled hotplate in a 20-22°C rocn for at least 24 h to 
achieve the desired humidity levels. Following that 
equilibration urediniospores were examined microscopically 
and photographed. The temperature under the light 
microscope was also held constant at 25°C by use of heat 
absorbing blue filters placed between the light source and 
the condenser. Light intensity and i r is diaphragm 
settings were predetermined in order to maintain a 
constant temperature among experiments. The temperature 
was monitored with a calibrated glass bead thermistor 
(accurate to± 0.1°C) placed on the field diaphram of the 
microscope light source. To approximate the percentage of 
urediniospores expanded, collapsed, or partially 
collapsed, 100 spores were counted and the individual 
configuration of each spore was recorded for each humidity 
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chamber. Three replicate trials were made with all three 
rust fungi at all humidity levels, each time using fresh 
urediniospores collected from glasshouse-grown material. 

Table 1. List .Q! species examined 

Urediniospores obtained frau fresh glasshouse-grown 
material 

Melampsora lini (Ehrenb.) Lev . 
Puccinia coronate Cda . 
Puccinia graminis Pers. 
Puccinia recondite Rob. ex Deem. 
Uromyces ~latus (Pers. ) Unger 
~~Schroet. 

Urediniospores obtained from herbarium specimens 
Hemileia vastatrix Berk. & Br . 
~ra medusae Thuem . 
Pileolaria brevipes Berk. & Rev. 
Puccinia caulicola Tracy & Gall 
Puccinia helianthi Schw. 
Puccinia ~is Thuem. 
Puccinia ~eke. 
Puccinia sporoboli Arth. 
Puccinia tanaceti DC. 
Puccinia tumidipes Pk. 
Tranzschelia pru.ni-spinosae (Pers . ) Diet. 
Uredinopsis os:nrundae Maqn. 
Uranyces plumbarius Pk. 
~ silphii Arth. 
Uropxxis amorphae (CUrt. ) Schroet. 

RESULTS 

Dimensions of rust urediniospores examined in both 
hydrated and dehydrated states and the percentage 
reduction in size of dehydrated spores are given in 
Table 2. As would be expected. the dehydrated spores were 
nearly always smaller than those mounted in chloral 
hydrate. Urediniospores tl(pically dehydrated to 70-80' of 
their hydrated size. Extremes in shrinkage observed were 
67.9% width and 71.1' length, compared ·to hydrated spores. 
It appeared that in sane rusts, e . g. Uredinopsis osmundae 
and Pileolaria brevipes, the width of dehydrated 
urediniospores did not change, or even increased, while 
the length was reduced. 
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Urediniospores of ~. lini, f. coronate, f. graminis, 
f · recondite , !:!· appendiculatus and !!· atriatus that had 
fallen free of the uredinia onto the leaf surface of 

FIGURE LEGENDS 

Note: All micrographs of dehydrated spores were made frau 
dry spores with no mounting medium or coverglass applied. 
All hydrated spores were moWlted in aqueous, saturated 
chloral hydrate , and covered with a coverglass . 
Experimentally dehydrated and rehydrated spores (Figs. 
14-21) were photographed unmounted on dry coverglasses 
located within controlled humidity microchambers. All 
figures X325. 

Fig. 1. Dehydrated urediniospores of Uromyces 
appendiculatus. Note their characteristic "doughnut" 
shape, the result of wall collapse in the region of the 
two equatorial germ pores. 

Fig . 2 . Hydrated urediniospores of Uromyces 
appendiculatus. Note their typical ovoid shape and 
larqer s i ze compared to dehydrated spores, Fig. 1. Germ 
pore (arrow). 

Fig . 3. Dehydrated urediniospores of ~ striatus. 
Note collapsed areas which apparently are centered 
around the equatorial germ pores. 

Fig. 4. Dehydrated urediniospores of Puccinia graminis. 
Note the equatorial "valley" that results from 
coalescence of collapsed wall areas around the 3-4 
equatorial germ pores. 

Fig. 5. Hydrated urediniospores of Puccinia graminis. 
Germ pore (arrow). 

Fig. 6 . Dehydrated urediniospores of Tranzschelia pruni­
spinosae . 

Fig . 7 . Hydrated urediniospores of Tranzschelia pruni­
spinosae . Note the thickened apical wall areas that 
apparently prevent collapse of the cell wall in those 
same regions close to the germ pores (arrow) . 

Fig. 8. Dehydrated urediniospores of Puccinia recondite. 
Note the localized regions of cell wall collapse around 
the germ pores . 

Fig. 9 . Hydrated urediniospores of Puccinia recondite. 
Germ pore (arrow). 
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Fig . 10. Dehydrated urediniospores of Melampsora lini. 
Note the localized regions of cell wall collapse around 
the scattered germ pores. 

Fig. 11. Hydrated urediniospores of Melampsora lini. 
Fig . 12. Dehydrated urediniospores of Puccinia caulicole . 

The bowl shape of these spores results apparently fran 
wall collapse around the basally located germ pores . 
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Fig. 13. Hydrated urediniospores of Puccinia caul leola. 
Germ pore (arrow) • 

Fig. 14 . Experimentally rehydrated urediniospores of 
Puccinia graminis at 100 ' r. h. Note the expanded 
ellipsoid shape and the absence of wall depression. 

Fig. 15. Partially dehydrated urediniospores of Puccinia 
graminis at 80. 3' r. h. Note the partial collapse of the 
cell wall in distinct rE!9ions, but the lack of 
coalescence of those depressions to form an equatorial 
"valley". compare to totally collapsed spores, Fig. 16. 

Fig . 16. Totally collapsed, dehydrated urediniospores of 
Puccinia graminis at 75 .8' r.h. Compare to the 
naturally dehydrated urediniospores in Fig. 4. 

Fig. 17. Experimentally rehydrated urediniospores of 
Puccinia recondita at 100' r . h. 
Fi~ Experimentally dehydrated urediniospores of 

Puccinia recondita at 80. 3' r o h . Callpare to the 
naturally dehydrated urediniospores in Fig o 8. 

Fi g . 19. Experimentally rehydrated urediniospores of 
Uranyces appendiculatus at 100% roho 

Fig. 20. Partially dehydrated urediniospores of Uromyces 
appendiculatus at 92% r.h. Note the small depressions 
on the surface of several spores. 

Fig. 21. Collapsed~ dehydrated urediospores of Uranyces 
appendiculatus at 80.3% r.h. Caupare to the naturally 
dehydrated urediniospores in Fig. 1. 

glasshouse grown plants were always collapsed when the 
leaves were vi ewed by epi-illumination light microscopy. 
Urediniospores within uredinia were also typically 
collapsed except for those deeply enmeshed in the central 
areas of uredinia . 

Urediniospores with two opposite, equatorial germ 
pores (Puccinia helianthi , ~ appendiculatus~ !:!· 
plumba.rius) typically collapsed into the 'doughnut' shape 
as described by Hardwick et al. ( 1978) for 
!:! . appendiculatus (Figs . 1, 2) . !! o&itphii, which has two 
aupraequatorial germ pores, appeared to behave scnewhat 
differently . Although the "doughnut" shape camx:mly 
occurred in the urediniospores of !! . silphii, other 
configurations, e . g. bowl-shaped, or simply irregular 
patterns of collapse were also noted. 



Table 2. Average dimensions 1.!!!!1 ~ urediniospores studiecr . ~ 
Percentage value 
dehydrated spores 

compared to 
h)':drated BE2res 

Hydrated state; Dehydrated 
Species mounted in state; on dry Width" Length" 

chloral hydrate glass slides 
Urediniospores with 2 
equatorial germ pores'" 

Puccinia helianthi 26.0 X 32 . 5 24.9 X 27.5 98.5 84.6 
Urauyces appendiculatus 20.4 X 27.5 17 . 6 X 21.0 93.1 86 . 9 
Uromyces plumbarius 19 . 0 X 23 . 7 18.1 X 20.2 95 . 3 85.2 

Urediniospores with 2 
supraequatorial germ pores 

~ silphii 19.5 X 23 . 6 17.6 X 21.0 90 . 3 88.9 

Uredini opores with >2 
equatorial germ pores 

Puccinia graminia 18 . 5 X 32.2 14 . 8 X 22 . 9 80.0 71.1 
Puccinia tanaceti 24.5 X 32.6 18 . 3 X 26.2 74.7 80.4 
Tranzschelia pruni- 19.1 X 34 . 8 16 . 0 X 32 . 5 83 . 8 93.4 

spinosae 
Uromyces striatus 17 . 7 X 19.3 15.9 X 18.6 89 . 8 96.4 



Table 2 continued . .. 

Urediniospores wi th 
numerous , scattered 
germ pores 

Mel!!l!!?BOra lini 18.2 X 21.5 14.2 X 19 . 2 78 . 0 89 . 3 
Mel!!l!!?sora medusae· 20.1 X 32 . 6 13.9 X 25 . 4 69 . 1 77.9 
Puccinia coronata 21.6 X 26 .1 15.2 X 19.0 70.4 72 . 8 
Puccinia minusaansia 22 . 6 X 24 . 6 17 . 0 X 21.2 75 . 2 86 . 2 
Puccinia~ 26 . 6 X 34 . 7 22.9 X 28 . 8 86.1 83.0 
Puccini a racondi ta 21.3 X 25.3 16.6 X 19.9 77 . 9 78.7 
Uropyxis amorphae 16 . 2 X 20 . 8 11.0 X 15 .5 67.9 74.5 

Uredini ospores with 2-6 
germ pores near base 

Piloolaria brevipes 21.9 X 44 . 1 23 . 5 X 37 . 5 108. 0 85.0 
Pucci nia caulicola 21.4 X 23 . 8 18 . 6 X 20 . 9 86 . 9 87.8 
Puccinia sporoboli 26.0 X 27 . 3 20 . 8 X 22.7 80 . 0 83 . 2 

Urediniospores with 8 
germ pores, 4 in each of 
2 transverse banda 

Puccinia tumidipes 22 . 8 X 33 . 7 7.7 X 27.8 77 . 6 82 . 5 

continued on next page . .. ~ 



Table 2 continued . . . 

Urediniospores with 4 
germ pores; 2 much above 
and 2 much below equator 

Uredinopsis osmundae 

Urediniospores reniform 
to pyramidal, with 3 or 4 
germ pores typically at 
the acute-angle regions 
of the spore 

Hemileia vaatatrixc 

12.9 X 45 . 4 13.7 X 40.2 

20.9 X 29.7 l1.7X23 . 8 

•All size measurements based on 30 uredini ospores per species . 

106.0 88 . 5 

84 . 7 80 . 1 

.. Germ pore descriptions based on Arthur (1934), C'Uilmins (1936), or our observations . 
"Length i s considered the side with the greater dimension, width the side with the smaller 
dimension. In a collapsed state, a urediniospore may measure smallest on one side where it 
would not when expanded . 
•Some germ pores supraequatorial; a few subequatorial. 
~ically 2 germ pores on apical shoulders; occasionally with 1 more near the base . 
cGe:rm pores are extremely diff i cult to observe in the thick walled urediniospores of 
H. vastatrix. Germ pore locations were assumed to be restricted to the locations of germ 
- tubes illustrated by liard (1882) and Harr and Guggenheim (1978) . 

~ 
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Urediniospores of species with more than 2 equatorial 
germ pores tended to collapse around the equator where 
the pores are located. Urediniospores with 3-5 
equatorial germ pores showed variations in collapse 
depending on the nwnber of germ pores as well as wall 
thickness and spore shape. Puccinia tanaceti, with 
three equatorial pores, appeared more on less 
elliptical, with 3 indented areas, g i ving a triangular 
confiquration in optical section. A scmewhat similar 
appearance, i.e. , 2- 4 localized depressions around the 
equator, typified the globoid spores of ~ 
striatus (Fig. 3). Some urediniosporea of that species, 
however, collapsed into a 11 doughnut 11 confiquration, 
whi ch suggests those particular spores had only two 
equatorial germ pores. ~- graminis wi th 4-5 equatorial 
germ pores collapsed mostly at the equator, forming a 
distinct "valley" across the middle of the spore with 
noncollapsed areas on e ither side (Figs . 4, 5) . The 
configuration of dehydrated urediniospores in 
Tranzscheli a pruni -spinosae may be more dependent on 
spore wall thickness than on germ pore arrangement . 
Spores of this species collapsed throughout, including 
the germ pore regi ons, except in the apical areas where 
a thickened cell wall i s present (Figs . 6, 7). 

Uredi niospores wi th scattered, numerous germ pores 
tended to have a more irregular pattern of collapse, 
e.g. !'· recondita and Melampsora linl (Fi gs . B-11). 
Some showed small i ndentat i ons across and around the 
spore, and others had larger collapsed areas on one 
side. The irregularity of collapse seen in these 
uredinioapores is consistent with what would be expected 
frau the scattered arrangement of germ pores. 

Urediniospores with pores near the hilum, e.g. Puccinia 
caulicola and Puccinia sporoboli, collapsed into a 
'bowl' shape, with one large indentation, upon 
dehydration (Figs. 12,13) . Presumably the indented area 
occurred in the hilum region, although this was not 
proven. 

The patterns of collapse in Hemileia vastatrix, 
Melampsora medusae and Uredi~smundae were 
difficult to categorize. In these rusts urediniospores 
were variously shrunken when dehydrated, M. medusae more 
so than the other two. The shrinkage was-more or less 
uniform throughout, wi th no marked depressions around 
germ pore regions. 
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When maintained under the controlled humidity conditions 
~. graminis urediniospores did not collapse at 100, 
96.9, and 92.0\ r.h., (Fig. 14) . At 80.3% r.h., 81\ of 
the urediniospores were collapsed to the extent that the 
characteristic "valley" could be seen across the spore; 
19\ were partially collapsed to the extent that 
indentations in the wall were evident but no "valley" 
was visible (Fig. 15). Nearly all urediniospores of 
~- graminis were collapsed at 75.8% r.h. (Fig. 16). At 
100, 96 . 9, and 92.0' r.h. P. recondite urediniosporea 
remained expanded with no Visible signs of collapse 
(Fig. 17). All urediniospores of P. recondite were 
collapsed at 80.3\: r.h. and appear8d as irregularly 
collapsed spheres (Fig. 18). !!· appendiculatus 
urediniospores were not collapsed at 100 and 96.9\: r . h. 
(Fig . 19). At 92 . 0\ r.h . those urediniospores showed 
various configurations, being 2' fully expanded, 21' 
partially collapsed but not "doughnut" shaped, and 77\ 
collapsed to the characteristic "doughnut" configuration 
(Fig. 20) . All urediniospores of !! . appendiculatus were 
collapsed into the "doughnut" shape when held at 80.3\ 
r.h. (Fig. 21). 

Expanded, freshly collected urediniospores from leaf 
pustules assumed their characteristic dehydrated 
configuration in as little time as 30 sec to 1 min when 
placed onto a microscope slide at laboratory , ambient 
r . h . ; conversely, dehydrated spores regained their 
characteristic hydrated configuration within 1- 2 min 
when placed in a saturated atmosphere. These times were 
typical of spores individually situated on the 
microscope slide; spores in clusters required greater 
lenqths of time to respond, particularly to rehydrate to 
their fully expanded state. 

DISCUSSION 

Light microscopy showed that rust urediniospores do 
indeed assume collapsed configurations under certain 
natural environmental conditions . Those shapes can 
d iffer markedly frau the shapes of hydrated spores, 
which are generally used to study spore morphologoly . 
Uredini ospores can change from their hydrated to their 
dehydrated configuration, or vice versa, within 1-2 min 
when placed in the appropriate atmospheric environment. 
Results of this study suggest that several aspects of 
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rust taxonomy, morpholoqy and aerobiology may be 
significantly influenced by the effects of atmospheric 
relative humidity. 

Urediniospore size is a major criterion when identifying 
rust species. The use of scanning electron microscopy 
in such determinations can be inaccurate, or misleading 
at best, if the shrinkage effect is not taken into 
account. Identification of Melampaora app. on Populus 
spp. by scanning electron microscopy of urediniospores 
required that shrinkage factors be determined and 
calculated into the data when species were being 
determined (Stack and Ostry, 1989); otherwise, serious 
errors would result. 

Urediniospore germ pore regions are considered to be 
areas where the spore wall is weakened (Jones , 1971; 
Bennell and Henderson, 1978); it is thus reasonable to 
assume that spores would collapse at these weaker areas 
upon dehydration. If this is true, urediniospores with 
similar germ pore distribution and number should show a 
similar pattern of collapse, other factors being equal. 
Indeed, certain patterns of collapse could be noted 
which seem to correspond to germ pore number and 
arrangement. Species with 2 equatorial germ pores 
generally collapsed to the "doughnut" configuration; 
those with more than 2 equatorial germ pores collapsed 
around those pores to form a series of depressions, or 
when coalesced those depressions formed an equatorial 
"valley" across the spore. Those with basally located 
pores collapsed to form a "bowl" configuration . Spores 
with numerous , scattered germ pores collapsed in a more 
random, nonuniform manner. Exceptions such as H. 
vastatrix, !!· medusae, !!· os:mundae, !· pruni-spinosae 
exist. Those urediniospores have either nonuniformly 
thick spore walls, or have germ pores restricted to 
rigid "corners" of the spores. It can be concluded frau 
this study that the shape of dry urediniospores of many 
species is determined to a large extent by germ pore 
number and distribution, wall thickness, and possibly 
spore shape . 

This study indicates that at humidity levels below 75-
60' many urediniospores normally occur in their 
dehydrated configurations. Consequently, in many areas 
of the world those urediniospores are disseminated, not 
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as round to oval spores, but as irregularly shaped, 
indented structures. SOme of the theoretical advantages 
of this fact were discussed by Hardwick et al. ( 1975) . 
The state of the urediniospores on the lMf Surface, 
whether hydrated or dehydrated, would depend upon the 
microclimate in the imnediate vicinity . Urediniospores 
wi ll attain complete expansion at 100% r.b. within only 
a few minutes after being held at 53' r. h. for 24 h. 

The configuration of urediniospores could be significant 
in spore dispersal. The terminal velocity of falling 
spores, as defined by Stoke's Law (Gregory, 1973), is 
positively correlated to spore diameter . Consequently 
spore diameter can influence the horizontal distance 
that spores can travel in moving air. Most calculations 
of theoretical terminal velocity have been based on 
spore dimensions obtained from measurements of liquid­
mounted spores exami ned by standard light microscopy. 
The smaller size and the variously convoluted shapes of 
dehydrated spores could affect their rate of fall. 
Results consistent with Stoke's Law were obtained by 
Ferrandino and Aylor ( 1984 ) for !! . appendiculatus 
urediniospores. They observed that air-dried spores and 
fresh spores released into a settling chamber directly 
from the leaf surface settled at a rate of 0 . 86 and 1.08 
em s-"' , respectively. Presumably the faster rate of 
descent of fresh spores was related to their larger 
diameter, and perhaps a greater percentage of inflated, 
oval shaped spores compared to the percentage of 
dehydrated spores in their typical "doughnut" shape. 
Little is known, however, about the precise 
appl i cability of Stoke's Law to nonspherical spores or 
the effects of spore surface ornamentation on the rate 
of descent of spores in air (Gregory, 1973) . 

We thank Dr. V. D. Pederson for use of the glass bead 
thermistor and his advice on methods, Drs . J . D. Miller 
and G. D. Statler for fresh specimens of ~. graminis, ~ . 
recondite and K. lini, Dr. R. W. Stack for specimens of 
U. striatus and K:-medusae and Drs. J. F. Hennen, J . W. 
McCain, K. E. eoflway and R. W. Stack for their corrments 
and review of the manuscript. 
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ABSTRACT 

Estimates of nuc l ear DNA in t h e hap l oid nuclei of t wo 
species of Naurospora (Ascomycetes) and 70 smut fu ngi 
(Ust1la g i nales) were calculated by raicrofluo romet ry. Hllploid 
and d i plo i d nuelei stained lo'ith Schiff reagent (pararosanil i ne) 
consistent ly fluoresced i n proportion to DNA content , I n u s i nt 

~::c~~r~~~c~s towv;:l!:o~,:e~~"o~~ ":c~5~~:~o~db~~~~:::~ ~~s:~~ 
~;~;m:c~g9 t~:\:.a:~ \do~~~ ~~:~~ t~~ :~ncsp5~:~etesr~~~~~d f~~: 
avera&e amounts of DNA in haploid and dip loid nuclei closely 
approxima ted racios of 1 :2. t"e spectlvely. The estimated amount 
for mic rocon idia of Neurospora c r assa Shear & Dodge by chemical 
analysis ( llocowitz & Macleod, 1960) \o'llS conflrmcd by micro · 
fluorome t ry. Horeover, DNA replication oceu.rred after karyo · 
gamy ln f usion nuclei o f both asci and teliospores. The 
potent i al use of genome size for t:axono11 i c purposes as a n 
adJunct to morphology is discussed . 

INTRODUCTION 

Thus f ar chromosome counts have had little application 
in fungal taxonomy , probably because the chromosomes of fungi 
generally are extremely small, they are hard to separate, and 
hence are difficu l t to count. For example, nuclei of smut 
fungi general ly are so small that chromosome counts have yet 
to be categorically demonstrated with convincing photomicro­
graphs. Consequently, the taxonomy of Ustilaginales 1 ikely 
will continue to be principally based on spore morphology, 
the way spores germinate , soral characteris tics, and host 
specialization (Dur.!n, 1988). Howe ver, Boss ha rd (1964) and 
Ruch (1966) have shown that the desoxyribonucleic acid (DNA) 
content ot individual nuclei can be accurately measured wi th 
cytofluorometry, if a n organism in which DNA has been deter­
mined by some other means is use d as an interna l s tandard, 
such as Sacchar omyces cerevisiae Heyen ex Hansen . Since t he 
chromosome number has been demons trate d o nly i n random fungal 
taxa from time to t ime, i t has thus far failed to figure 
prominently in the t axonomy of any of the major groups of 
f ungi. As an alternative to t he chromosome number, and; or in 
addition to it, the genome s ize (a long with classica l morpho-
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logical criteria) should help the taxonomist to distinguish 
more critically between morphologically similar taxa, 
especially if the amoun t s of nuclear DNA can be shown to 
differ significantly. 

Recently Caval ier - Smith (1985) summarized genome sizes 
for a large number of bacteria, protozoa, higher anima l s , 
plants , etc.; however , few estimates were i ndica t ed for 
fungi, apparent l y because thus far t here have been relatively 
few quantitative studies of fungal DNA. 

s. cerevisiae has been used for many years as a eukaryote 
of choice i n genetic research , yet estimates of the genome 
size have varied considerably. Researchers have estimated 
the genome size by renaturation kinetics with very different 
results. Consequently, what genomic size to attribute to s. 
cerevisiae which was used as an internal standard in the 
present study was given careful consideration because it 
presented a dilemma. Based on the rate of DNA renaturation 

~~§k~:~~o~s~ou~~::e~;9~~e~~PC:o;~drts,mi~i~~~tientt9e77°t ~~~n~ 
both the diaminobenzo ic acid and ethidium bromide methods to 

~~~~~~:t~0~~~~~;~ ~: 0 D~A 1~«ib ~el01. 1co:;c:~f8d d!~:~n: ~~P~~!~ 
adding ... 'recent DNA per cell studies from two other l a bor-

~t~~~e:o y9i~l~~~ ~a~~~;~a(w~~~n~~n~e~~l~~r p!~s~~~~v~~!!~n~~a~ 
tion; Kaback, personal communica t ion) in agreement with our 

~ai~gs ci~1 t~~s c~~;r:::·h:;ll:~dt~~n~;ea.l. wi~~8 ~he r:~~~~~~o~ · ~~ 
the latter estimate those indicated above agree with the 
recent one of Mortimer & Sch ild (1985) who calculated that 

~~~~~~~n~~~l \~;~:f:orfg0:nst~~M~~ ~~~~m~~~~~s9 ~3f4 5x. l~~r~;f~~~= 
of DNA based on the DNA content of interva l s of known genetic 
length. Their regress ion line showed a general correlation 
between chromosome size a nd recombination lengths. 

Using orthogonal field alternating gel electrophoresis 
(OFAGE) to separate large c h romosomal DNA's carle & Olson 

~!~~~!. e~~*:!;~~d t~~t a~~~~mo2s.o0m6e XXIi09 t~:ltlc:":ie~; ~~A,th: 
figure which fel l within a range of DNA values earlier 
reported tor the same chromosome by Lauer et al. ( 1977). 
Using microfluorometric techniques to measure nuc l ear DNA and 
C. C. Lindegren 's haploid alpha str ain of s. cerevisiae (ATCC 
110275) as a n internal standard, we present herein estimates 
of nuclear DNA in two species of Neurospora (Ascomycetes) and 
70 species of smut fungi (Ustilaginales) . 

MATERIAlS AND METHODS 

Considering that the estimat es of Bicknell et al. (1970) 1 

Lauer et al. (1977}, and Mortimer et al. ( 1985) we r e in large 
regar d comparable, and since some decision had to be exer­
c i sed in assigning a genome value to the internal standard, 
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we settled for a genome size of 1. 5 X 1010 daltons of nucle~O 
DNA which is the mean for dividing cultures (1.0 x 10 
daltons being a 1 C value for non-dividing cultures reported 
by Lauer and co-workers in their 1977 paper. 

Teliospores were streaked on 2\: potato dextrose agar or 
2\ water agar. Those that germinated and others prcsumably 
in very early stages of the germination process but not show­
ing germ-tubes, as well as the products of germination which 
consisted mostly of uninucleate sporidia, were smeared onto 
glass slides coated with Haupt ' s adhesive (Johansen, 1940) 
and fixed . 

A microconidia! strain of Neurospora crassa (stock fFGSC 
2179) with mutant genes for peach/fluffy (Barratt & 
Garn j obs t, 19-'9) was grown on neurospora culture agar (NCA). 
It was selected for study because the mutant genes eliminate 
production of macroconidia; moreover, uninucleate haploid 
microconidia are p r oduced in prof usion which auto- arrest as 
soon as forme d . Material studied consisted of mic r oconidia 
and mycelium removed from subcultures 4 days old, smeared 
onto s l ides coated vith Haupt ' s adhesive and subsequently 
fixed. Neurospora tetrasperma (ATCC 13809 7 ) was subcultured 
on corn meal agar (CM.A} . Perithecia , mostly inmature, were 
removed with microtorceps from cultures 5-8 days old, 
squashed be tween two glass slides coated with Haupt's adhe­
sive, tixed , and dried on a warming table at 45 "C, Haploid 
and diploid strains of s. cerevisiao, ATCC 110275, and ATCC 
126109, respectively , were subcultured on yeast malt agar 
(Yt'.A) . All s ubculturing was done at room temperature. 
Except tor the tel iospores or Tilletia controversa which were 
germinated at 4 ·c with a h of light and 16 h of darkness , 
those of all the other smut fungi were germinated at room 
temperature. All materials were fixed for 24 h or more in 
FAA (formalin/glacial acetic acid/ 50\ ethanol (1: 1:18, by 
vol.). 

After fixation the specimens were brought down to water 
through 70\: ethanol and hydrolyzed in 3.5 M HCl (J7'C} for 20 
min. Nuclei were optimally stained with this hydrolysis 
schedule (Fand, 1970) and hence i t was used throughout the 
study (Fig. 1}. After hydrolysis the specimens were rinsed 
in water and stained 3.5 h in Schiff reagent (Leuchtenberger, 
1958). Pararosaniline was used as the stain of choice 
because 1) nuclei stained vividly and were very clearly 
resolved with fluorescence microscopy 2) unlike other 
fluorochromes it quenched very slowly upon excitation and 3) 
it fluoresced in green light in proportion to DNA content 
{Bosshard, 1964; Ruch, 1966; BOhm & Sprenger, 1968) . 

To prepare the nuclear stain 0 . 5 9 para rosaniline hydro­
chloride (Har leco basic fuchsin , lot 160801 , certified by the 
Biological stain Commission) was dissolved in 100 ml of boil­
ing ... ·ater, cooled to so·c and filtered. To the fil trate were 

:~~~=d 1fn mt1he0~a~k H t~;11:~d; ;~~s~;!n~f~~08 ." 25 ~h~fs~:~~l~~~ 
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izing carbon was added, the materia l shaken 1 mi n a nd then 
rapidly filtered. Stained specimens were differ entiated 10 
min in each of t h r ee s ul f ite r inses o f deion ized water/10 \: 
aqueous potassium meta- bisultite/1 M HCl (18:1 : 1 , by vol . ), 
dehydrated in 50\:, 70\ , 95\ , a nd lOO t ethanol , clear ed in 
ethanol/xyl ene ( 1 : 1, by vol.) , three changes of xylene , and 
mounted in Ente l lan, a no n f luorescent resin. 

Mic r o fluorometry with epifluorescence was used t o esti­
mat e nuc l ear DNA because it is much mor e sensi t ive than 
absorbance microphotometry , light scattering is less trouble­
some , a nd the l igh t quanta emi tted by specimens are u niformly 
measured by the photomultiplie r , even whe n DNA in the nucleus 
is uneven ly distribut ed (Bosshard, 1964; Ruch, 1966 ) . Al so , 
the l aborious calculations associa t ed with the t wo- wave 
method (Patau, 1952) required to overcome distributional 
errors were avoided. 

A Dialux 20 mi croscope equipped with a Leitz MPV photo­
meter, fixed measuri ng d i aphragms, a lX Ploemopak ver t ical 
illuminator , and a 100 W Hg vapor l amp were used to measure 
fluor escence intensities of individual nuclei . The l amp 
routinely was a llowed to burn 15 - 20 min before f luorescence 
int ensities were read. A Leitz MPV control panel i nterfaced 
with a He wlett- Packard 86 B computer was u sed t o recor d and 

65r----------------------------------, 

45 ~5-------,~0~----~,5~----~2=0------~2~5------~30' 
Hydrolysis Tim e (Winulea) 

Fig. 1. Saccharomyces cerevi siae. The rela tionship between 
fluorescence of haploid nuclei stained with pa r a r osaniline­
Schiff a nd hydrolysis per iods of from 5 to 30 mi n in 3. 5 M 
HCl at 37 • c . Each point is the mean of 30 fluorescence 
measurements. 
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statistically analyze fluorescence data. An A fil ter block 
(excitation r a nge 340- 380 nm, barrier filter 430 nm) and a 
uranium glass slide (Schott s -Hainz CC-17) were used to 
sta ndardize the panel. With the iris in the illuminator 
open, and a fixed 0, 2 tntD cir cular measuring aperture in 
place, a XlOO oil immersion objective {N.A . l.32) was focused 
on the slide for max i mum fluorescence and the potentiometer 
adjusted to give a digital display reading of 99 . 9-100. 
During s tandardization the preselector was set for minimum 
sensit i vity (Xl), the measured-value integration for contin­
uous measurement and display (nx), and the high-tension amp­
lification adjusted to 700 V. To isolate incident light and 
record fluorescence intensities ot nuclei an N2 filter block 
(excitation range 530-560 nm, barrier filter 580 nm} 1Jas 
used, the sensitivity range increased to XlOO, and the 
measured-value integration adjusted for readings averaging 
1. 0 sec (T2). 

To standardize exposure of the stained nuclei to the 
excitation source microscopic fields were selected in 1Jhich 
the nuclei were separated by distances several times thei r 
diam. Using the XlOO objective 1Jith the illuminator iris 
closed provided a field 22.0 ,um in diam. A fixed aperture 
0. 2 mm in diam 1Jas used to isolate single nuclei. The aper­
ture provided a field 2. 0 ,urn in diam or slightly larger than 
the nuclei. Fluorescence intensities 1Jere recorded after 
each nucleus 1Jas exposed to 1 min of excitation because this 
much time 1Jas required for the intensity/time curve to 
stabilize. After each measurement a background reading of 
the accompanying cytoplasm 1Jas subtracted from t he fluores ­
cence intensity of each nucleus. Since other nuclei in the 
field unavoidably 1Jere exposed to excitation, only one 
intensity r eading was taken per field. 

Specimens consisting of 6 to 10 species were simul tan­
eously processed 1Jith specimens of the internal standard in 
each series of experiments. In each experiment the fluore s ­
cence intensities of 30 nuclei of the standard were averaged, 
the means ranging from 55 . 7 to 61.0 fluorescence units , the 
standard errors of the means from 2. 2 to 3 .1. To estimate 
the average amount of DNA of each species the fluorescence 

!~~~~s!~~~~p~fe~ob;o1.650 XnulcO)_Cfli d:~~~n~~k:~~s~h:v;~::~t ~~~ 
vided by the mean fluorescence of the corresponding standard. 

Diploid values for the smut fungi were based on measure­
ments of the single nucleus contained in each t eliospore , 
haploid values mostly on uninucleate sporidia. Haploid 
nuclei of N. tetrasperma were measured in immature ascospores 
at the 2- and 4-nucleate stage. Lacking melanin at this 
time, the measurements 1Jere made 1Jithout frustration. Be­
cause the nuclei in ascospores were often closely spaced, 
only one nucleus per ascospore was measured. Diploid values 
1Jere measured in you ng developing asci, all of 1Jhich con­
tained one nucleus. Haploid values for N. crassa were based 
on measureoents of pre-S microconidia and vegetative mycelium 
in 1Jhich cells 1Jere dividinq. 
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RESULTS AND DISCUSSION 

The average amounts of haploid DNA for the various 
species were plotted against f luorescence intensity. A 
linear relationship was shown , (Fig . 2) the slope of the line 

;~:cf~~ 3i~~t~~t~ee-n ~3~~2 X lO~:n~v;~~&e x a~~!Y"::lt~~~- mo~~ 
general correlation of genome size and generic affinities was 
suggested, although nine species of Tilletia and Schroeteria 
delastrina con t ained the most DNA. The average haploid DNA 
content of each species and other data are summarized in 
Table 1. 

The average amounts of nuclear DNA, the range of values, 
and the c - values for haploid and diploid nuclei of the nine 
species tested were summarized (Table 2). Si nce all mater­
ials were unarrested the values of haploid nuclei ranged from 
1 to 2 c , those of diploid nuclei from 2 to 4 C . The va lues 
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~ 300 .. 
~ ., ... 250 .9 

" tJ 200 
~ ., 
tJ 

"' 150 
" .. 
0 
::I 100 &: 

50 

0 
0 15 

Schroeteria delastrina + 

T. lycuraides -... Tilletia tritici 

T. indica + T. can traverse 

+ T. laevis 

+ + Neurospora tetrasperma 

cerevisioe 

30 45 60 75 
Daltons x 10 9 

90 105 

Fig. 2. Proportionality between fl uorescence and DNA content 
in haploid nuclei of 70 species of smut fungi and Neurospora 
tetrasperma. Each point is the mea n of 20- 38 fluorescence 
measurements . The slope of the line is 5 . 1 37 and r = 0 . 982. 

~;;~~~=i::)zew:sss1i.g5n:d 1~~'0 ~~i~~~=l0tt;NnAdt.rd s~!a~~~~:o~y~~~ 
statistical data. 
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are graphically shown in Figure 3 . Especially noteworthy 
were values of young asci of tl. tetrasperma because t h e 

!~~~~era":;;: 1tr~': ;~ ~ ~=~2;~:r: \"o95~~~~~n!"~;f:~a~)i ~g T~! 1 ~~= 

0 

+ ....... +IHti+ + + 
+iHIIf+t+- ** +++ Ustilaga vialacea 

11111111111111111111 -11-+ -+ti-++ + 
-!HI- 11 111111111111 ++ +Neurospora tetrosperma 

**" 1111111111111 + 
111111 .. 1111 Ustilaga segetum var. segetum 

I IIIII II! I II te- + + 
~+ Ustilaga spegazzini var. agrestis 

-*++ 
~ Ustilaga zeae 

-IHIIHH+-

~ Ustilaga cynadontis 

~+ + 

+ Sparisarium reilianum 

i+H-fl- .... 
~ Thecaphora hennenea 

._. ill-

..... Saccharomyces cerevisiae 

15 30 45 60 75 90 105 120 135 

Daltons x 10 9 

Fig. 3. Ranges of nuclear DNA in haplo- and diplophases of 
seven spec i es of smut fungi, and in Neurospora tetrasperma 
a nd Saccharomyces cerevi siae. (Average amounts and 1 and 2 
c values are s ummarized in Table 2 . ) 
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nuclei i n primary asci which gave va lues around 4 C (Fig. 4) 
might have r e sul ted from replicat ion in the croz i ers , 
although the data mostly suggested that the diploid nuclei 
'Je r e i n vary i ng s t ages of post-karyogamy synthesis. This 
contrasts what has been described in Neo ttiella rutilans 
(Fr.) Dennis by Rossen & Westergaard ( 1966) , namely , that 
meiotic chromosome r epl !cation is completed before karyogamy 
i n the croz i ers , i.e. before primary asci form . The diplo id 
nuclei of teliospores , like those of asci, were likewise in 
varying s tages of post- ka r yogamy replication, as evidenced by 
va l ues wh ich ranged i n general from 2 C to 4 C (Table 2). 

The hapl oid genome of N. crassa has been variously 
estimated over t he yea r s and he nce merits brief discussion . 

~~~~ C:tcmr~~aoln::J:a~~!~~:e~o~~~;t\ & io\cl:ao:t~;=6~~ e0sN~i.mat:~ 
~~~~t~~;;~r~ nku~nl~~i~~ !;~:if~fco'nt~~~~~u!b~~~ 8~!7 ;a~~~l:;:~ 
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7 ... 
Q) 

6 -CJ 
::s 
z 5 .... 
0 

4 ... 
Q) 

,.CI 3 

~ 2 z 
1 

0 
45 60 75 90 105 120 135 

Daltons x 109 

~!~i, 4 .a 1fe~~~~~:e t~~~~~:_~ma. Me~~pl~i~ ~~A ;a;~~s ~;1 ~~~;~ 
s.e.m.- 2.16; t he range 51.9 - 129.6 x 103 daltons ; n - 60. 
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Fig. 5. Neurospora crassa. 
Haploid DNA values i n microcon-

i~~~ !halt~Jte~albta:;~; s.:~:~ : 
0.39; the range 23.9 - 31.6 x 109 

~=;~~~s: nM•e3aOn. • My3ctl6ia x ( oi~B 

~:~~~n~~-7':s~·-~· x -~a~·~:{to~~~ 
n•30. Chromosomal DNA in micro­
conidia most l y unreplicated , 
some in mycelia replicated a nd 
he nce somewhat greater. 
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pairs. Microconidia of the 
peach/fluffy stra in we used 

~:~~ag9e~\ 27°.0oi~u~~gadt:l t~~~ 
per nucleus . Mycel ill , ho ... -
ever, averaged more DNA 
than microconidia , appar­
ently because some nuclei 
were pre- S a nd some post­
S. Since N . crassa micro­
conidia mostly were 
unreplicated (Fig. 5), the 
mean and 1 c valu es were 
virtually the same. If the 
estimate of Krumlauf & 

Harzluf (op. cit. ) is a 1 
c value fo r non- dividing 
cultures, multiplying it by 
1. 5 would yield also a 

;~~~r~t!~gl d:::~nso.f about 

Using an alternating ­
field gel electrophoretic 
system which employs 
contour- clamped homogeneous 
electr ic fields (CHEF) , 
Orbach, Volbrath, Davis & 
Ya nofsky (1988) est imated 
the molecular karyotype of 

~ - c[gisa d~~::n:~ound ;~;_! 
exceeds the es t imates 
indicated above but equals 
the amou n t indicated herein 
for mycelium (Table l; Fig. 
5). 

Estimates of nuclear 
DNA should be i ncluded in 
descriptions of fungi when 
possibl e , either in lieu of 
the chr omosome number or in 
addition t o it. Such infor­
mation cou l d prove t o be 
very useful i n taxonomic 
studies of fungi , especially 
among fungi with a dearth of 
definitive charact eristics. 
Du rAn and Fischer (1961 ) , 
for example, concluded that 
Tilletia horrida Tak. on 

rice was a synonym of Tilletia barcl ayana (Bref . ) sacc . which 
parasitizes range grasses. However , this study showed t ha t 
T . horrida contains 24!t more DNA than T. barclayana hence t he 
two probably are distinct species. Furthermore , the protocol 
for the quantification of nuclear DNA as descr ibed herein was 
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s imp le, inexpensive, a nd consistently y ielded reproducible 
results. 

The amount of DNA ascr i b ed to s. cerevisi ae for purposes 
ot estimating the DNA content of the fungi i nclude d in t h is 
s tudy deserves edditional me ntion because it relates to t he 

~~~a~ii&18rd;r:o~:t:n P;-he:ec"attc"ulhaetri~1n"s· st~~~e~e~~~~o~ ~~m~=~ 
of sophisticated researches, namely, those of Bicknell e t al. 
(1970), Lauer et al. (1977), and Mo rtimer et al. (1985), all 

~;e~h~~~u~~o~~~e~ ;~\\r~~~stoonfs .thesf~%:of~iie~r;~r=h~~~b~~~; 
c losely approximated the 1 C value of haploid nuclei, the 
estimates of DNA presented here we r e conside r ed near absolute 
amounts for dividing cells, exclusive o f mitochondrial DNA. 

ACKNOWLEDGMENTS 

We thank Professor Dav id D. Pe r kins , Stan ford University 
tor h is critical and unstinting review of the manuscript and 
for the suggestions he offered to improve it . We are like­
wise i ndebted to him for the peach/flu ffy microcon idial 
strain of Neurospora crassa wh ich p roved to be an invaluable 
part ot this study. We also thank Professor Jack D. Rogers 
for t he culture of Neurospora tetrasperma. Fi na lly , we are 
most grateful to J a ne M. Lawford for her unflaggi ng patience 
in t yping several versions of the manuscript. 

LITERATURE CITED 

BARRATT, R. W., & GARNJOBST, L. (1949). Genetics of a col­
onial microconidiating mutant strain of Neurospora 
crassa. Genetics 34, 351 - 369. 

BICKNELL , J . N. , & DOUGLAS, H. C. (19 70). Nucleic acid ho-
mologies among species o f Saccharomyces . Journal of 
Bacteriology 101, 505. 

B6HM, N. & SPRENGER, E. ( 1968). Fluorescence cytophoto-
metry: A valuable method for the quantitative determina ­
tion of nuclear Feulgen- ONA. Histochemic 16 , 100-118. 

BOSSHARO, u. (1964). Fluoreszenzmikroskopische Messung des 
DNS Gehaltes von Zellkernen. zeitschrift fUr Wissen­
schaftliche Mikroskopie und fU r Mikroskopische Technik 
65, 391- 408. 

CARLE, G. r. & OLSON, H. V. (198 7). Physical characteri za­
tion of the rONA cluster and of c hromosome XII in 
Saccharomyces cerevi siae. Yeast Genet ics and Molecular 
Biology, p . 119. Con ference sponsored by Genetics Soc. 
of Amer., San Francisco, CA , June 16-21. 

CAVALIER- SMITH, T . (1985). Eukaryote gene numbers , non-
coding DNA, and genome size. In Tho Evolution of Genome 
Size (ed. T. c avalier-Smith), pp. 69-103. Chichester, 
Ne w York, Brisbane, Toronto, Singapor e. John Wiley a nd 
Sons. 

DURAN, R . (1988) . Ustilagina l es of Mexico. Taxonomy, 
Symptomatology , Spore Germi nation , a nd Basidial Cytology. 
Pullman, U.S.A.: Washington State University . 



215 

DURAN, R. & FISCHER, G. W. (1961). The Genus Tilletia. 
Pullman, U. S.A. The President and Regents ot washington 
State Un iversity. 

FAND , S. B. (1970). Environmental conditions for optimum 
Fculgen hydrolysis. I n Introduction to Quantitative 
Cytochemistry II (ed. G. L. Wied & G . F. Bahr), pp. 209-
221. New York, U.S.A.: Academic Press. 

GALEOTTI, C . L., S RIPRAKASH, K. S., BATUH, C. H. & CLARK­
WALKER, G. D. (1981). An unexpected response ot 
Torulopsis glabrata fusion products to X-irradiation. 
Mutation Research 81, 155-164. 

HOROWITZ, N. H . & MACLEOD, H. (1960) . The DNA content ot 
Neurospora nuclei. Hicrobiol Genetics Bulletin 17 , 6-
7. 

JOHANSEN, o. A. (1940). Plant Hicrotechnique. New York, 
U.S.A.: McGraw-Hill. 

KRUMLAUF, R. & MARZWF 1 G. A. (1980). Genor:te organization 
and characterization of the repctetive and inverted 
repeat DNA sequences in Neurospora crassa. Journal of 
Biological Chemistry 2 55 , 1138- 1145. 

LAUER, G. D. 1 ROBERTS, T . M. & KLOTZ, L . C. (1977). Deter-
mination of the nuclear DNA content of Saccharomyces 
cerevisiae and implications for the organization of DNA 
in yeast chromosomes. Journal of Molecular Biology 11 4 , 
507-526. 

LEUCHTENBERGER, C. (1958). Quantitative determination of 
DNA i n cells by Feulgen microspectrophotometry. In 
General Cytochemical Methods, (ed. J. F. Daniell!), vol. 
1, pp . 219-278. New York, U.S.A.: Academic Press. 

MORTIMER , R. K. & SCHILD, D. (1985). Genetic map of 
Saccharomyces cerevisiae, Edition 9. Microbiological 
Reviews 49 , 181-212. 

ORBACH , M. J. I VOLLRATH, o. I DAVIS , R. w •• & YANOFSKY I c. 
(1988). An electrophoretic karyotype of Neurospora 
crass a. Molecular and Cellular Biology a , 1469- 14 73. 

PATAU, K. (1952). Absorption microphotometry of irregular­
shaped objects. Chromosoma 5 , 341-362. 

ROSSEN, J. M. & WESTERGAARD, M. ( 1966). Studies on the 
mechanism of crossing over. II. Meiosis and the time 
of meiotic chromosome replication in the ascomycete 
Neottie11a rutila.ns (Fr.) Dennis . Compt. Rend. Trav. 
Lab . Carlsberg 35, 261-386. 

RUCH, P. (1966). De t ermination of DNA content by micro-
fluorometry. In Introduction to Quantitative Cytochem­
istry . (ed. G. L. Wied), pp. 281- 294 . New York, U.S.A.: 
Academic Press. 

SCHMIT, J. c. & BRODY, s . (1976}. Biochemical genetics of 
Neurospora crassa conidial germination. American Society 
for Microbiology 40 , 1-41. 

SWIFT, H. H. (1950} . The constancy of desoxyribose nucleic 
acid in plant nuclei. Proceedings of the National 
Academy Science, USA 36 ,643-654. 

PPNS 0030. College or Agriculture and Home Economics 
Research Center, washington State university, Pullman, WA 
9916.;. 



216 

Table 1. Estimates of nuclear DNA i n h aploid nucle i of 7 2 
species of fungi. 

Species 

Ustilago succisae 
Tolyposporium 

penicillariae 
Sphacelotheca 

hydropiperis 

;1:~~:~~;ze~:"~~~=~S? 
Sporisorium anthistirae 
Usti lago betonicae 
Tolyposporium bullatum 
Sporisorium puellare 
Urocystis colchici 
Cintract i a tauber tiana 
Ustilago convertere-sexualis 
sorosporium consanguineum 
Sorosporium penuriasorus 
Sporisorium r eilianum 
Ustilago cynodontis 
Ustilago zeae 
Ustilago scitaminea 
Usti l ago aschersoniana 
Ustilago spermophora 
Ustilago tricophora 
Ustilago buchloBs 
Sporisorium rhynchelytri 
Sporisorium sorghi 
ustilago ixophori 
Til l etia barcl ayana 
Sphacelotheca dipl ospora 
Sorosporium caledonicum 
Sphacelotheca pamparum 
Sorosporium cenchri 
Ustilago bethelii 
Sphacel otheca 

monilifera 
Ustilago opiziicola 
Sphacelotheca nealii 
Sphacelotheca andropogonis-

hirtifolii 
Ustilago neglecta 
Sorospori um confusum 
Tilletia t uberculata 
Tilletia t rachypogonis 
Ti lletia r ugispora 
Tolyposporium junci 
Sorospori um mixtum 

mean 

u . 5 1/ 

1:1 . 9 

15.0 
15. J 
15.9 
15 . 9 
16.3 
16.9 
16.9 
17.1 
17.1 
17.2 
17.7 
18 . o 
1 8.3 
18 . 7 
19.5 
19.8 
19.9 
20.4 
20.5 
20.7 
20.8 
21.0 
21. 1 
21.1 
21.4 
22.2 
22.5 
22.6 
22.8 

23.2 
23.4 
23.5 

24.0 
24.3 
24.4 
24.9 
25.5 
25.5 
26.4 
26 . 4 

dal tons x 109 

range 

9.1 - 21.6 0.61(30) 

5.5-36.1 1.26(30) 

7.9-26.7 o. 76(30) 
9.7-22.6 0. 70(31) 
8.5- 22.3 o. 70(31) 

10 . 2-24.9 0.69(30) 
8.5 - 2 4. 6 0 . 69(30) 
9 . 6-23 . 4 0.79(30) 
9.0-28.6 0.79(30) 

11.5-24.1 0.58(30) 
9.7 - 31.6 1.14(30) 

10 . 5-29.7 0.99(30) 
8.7-2 4 .7 0.88 ( 30) 
8 . 4-32.4 1.08(30) 
9.6-33.4 0.88(30) 
9.7 - 26.8 0.84(30) 

14 .8 - 28 . 3 0.57(30) 
11.5- 27.6 l. 00 (JO) 
13.8-28.2 0 . 69(30) 
12.1-34 . 9 l. 18 (JO) 
11.2-30 . 9 L 02 (JO) 
15 .4-29.1 0.61(30) 
11. 2 - 28.6 0. 79(30) 
11.2 - 33 . 9 0.99(30) 
12.1-28.8 0 . 88(30) 
13.8-28.8 0. 96 (30) 
12.7 - 32.5 l. OJ (JO) 
11.8-36.7 1.21(30) 
9.6 - 34.8 1. 18 (JO) 

12.1-33.1 1. 29 (JO) 
14.1 - 31.5 0.99(30) 

14.2 - 34.6 l. 08 (JO) 
12 . 1 - 32.8 1.24(30) 
13.6- 38.5 1. 35 (JO) 

16.0-34.6 0.79(30) 
1J.J-Jl.8 0.64(30) 
13 . 2 - 39.3 1. 29 (JO) 
17.7-40.3 1. 23 (JO) 
14 . 1 - 32.4 1.29(20) 
17.1-29.5 0.45()0) 
14.2-33.0 0. 88 (JO) 
13.3-35.1 1.26(30) 



Ustilago e l egans 
Us ti l ago tricuspidis 
Us t!~:~~t~~yazzini var. 

Ustilago minor 
Ustilago enneapogonis 
Tilletia horrida 
Melanopsichium 

pennsylvanicum 
Usti lago bullata 
Us t il ago segotum var. 

sege tum 
Us t ilago aegopogonis 
Us til ago segetum var . 

a venae 
Tilletia narasimhanii 
Neur ospora c rassa 
Tilletia obscura-

reticulata 
Til letia boute l ouae 
Tilletia buchl oeana 
Tilletia muhlenbergiae 
Tilletia 

Neu~~~z::a~:~:::perma31 
Us til ago violacea 
Sorosporium saponariae 
Tille tia durangensis 
Tilletia aegopogonis 
Ti lletia brunkii 
Ti lle t ia laevis 
Ti lletia indica 
Tilletia contraversa 
Tilletia lycuroides 
Tilletia tritici 
Schr oeteri a delas trina 

26.7 
26. 7 

27.0 
27.3 
27 . 7 
27.9 

27.9 
28.3 

28.6 
29.5 

30.1 
31.0 
3 1.6 

32.7 
33 . 0 
33.6 
3 4.5 

39. 7 
39.9 
40.5 
4 1.8 
42.6 
45.7 
47.8 
60. 1 
61.9 
70.2 
73.6 
77.2 
95.8 
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1 9.0- 36.6 0.88(30) 
1 6.0 - 41.8 1.32(30) 

15.4 - 38.4 1.02(30) 
1 5.0 - 50.2 1.84(30) 
15. 1 -47.8 1. 42 (30) 
18.9- 46.9 1.68(30) 

16. 5 -4 7.4 1.38(30 ) 
18.6-37.6 0.88(30) 

18 .7 -40 . 0 1.08(35) 
18 . 1 - 4 4.7 1.56(30 ) 

17.2-49.6 1.86(30 ) 
17.2-45.9 1.24(30) 
20.7 - 5 1.0 1. 5 4 {30) 

25.0 - 5 4.9 1.78(30) 
24 .4-43.2 0 . 99(30) 
25.0 -43. 0 0.79(30 ) 
18.0-46.5 1.60(30) 

2 3.5-54 .1 1. 7 4 (30) 
20.5 - 68.7 1.77(38) 
23.2-64.8 2.28(30) 
22.5 - 59.1 2.22(30) 
30.9-73 . 5 1.77(30) 
2 5 .6- 63.6 l.98(JO ) 
25.6- 79.3 2.65(30) 
35.5- 80.1 2.28(30 ) 
41.2-8 1. 6 1. 98(30 ) 
38.4-99.9 3.16(30) 
27.0-127.8 4 .93(30) 
40.5- 117 . 7 4.48( 30) 
43.9-164.8 6.10(30) 

1 / The mea ns shown are 1. 5 t imes the 1 C v a lue and are 

~~!~~!;~, t~a~~~!;~~Y~::s~!~:~~~1a!~ ~~v~7~f~i ~~l:_u~~~ ~f 1~~8 
~a ~~~n~ ~~ 1BN~~l~~~s~he O:~:n pfl~~t~~v ii~inFgigcuurlctures t herefore 

21 Measurements fo r Thecaphora hennenea, urocystis colchici, 
Ustilago spegazzini va r . agr estis , and Neur ospor a c r assa from 
mycelial nucle i ; all other measurements of smut f ung i f r om 
seconda r y sporidia. 

3/ From 2 - and 4-nucleate ascospores. 



~~~~~h!i.r ~~~~:~~:n~~~~t~ ~falnuu~;.~af DNA estimated for haploid and diploid nuclei of nine fungi 

dal tons X 10 9 

n nuclei 2n nuclei 
Species 1C 2C 

mean s.e.m. range value mean s.e m~ range value 

Ustilago violacea 40.5 ±2. 28 (30 ) 23.2-64.8 27.0 83.8 ±2 . 14 (30) 61.9- 112.0 55.8 

Ne urospora tetrasperma 21 39.9 %1.77 (38) 20.5-68.7 26 . 5 79.3 ±2.16(60) 51.9-129.6 52.9 

Ustilago segetum var I 
segetum 28.6 ±l. 08 (35) 18 . 7-40 . 0 19 .0 56. 1 ±1. 63 (30) 40 . 0-73.6 37.3 

Us!!;:~~i!§'?gazzini var. 
27 I 0 ±1.02(30) 15.4-3814 18.0 54.1 ±1.99(30) 36.3-78.3 36.0 

Ustil ago zeae 19.5 ±0.57(30) 14.8-28.3 12.9 41.1 ±1.18(30) 28.2 - 54 . 6 27.3 

ustilago cynodontis 18.7 ±0.84(30) 9. 7-26.8 12.4 36.7 ±0.91(30) 27.7 - 46.2 24.4 

Sporisorium reilianum 18.3 ±0.88(30) 9.6-33.4 12 . 1 37.5 ±1.14 (30) 28.0-55.0 24.9 

Thecaphora hennenea 15.9 ±0. 70(31) 8.5- 22.3 10 .5 31. 0 ±1.48(31) 18 . 1-45.0 20.7 

Saccharomyces cerevisiae4l15. o ±0.57(30) 10.3-21.0 10 .0 30 . 1 ±0.99(30) 23.5-4318 2011 

11 See Swift (1950) for c-valuc terminology . 

2/ Haploid nuclei measured in ascos pores at the 2- and 4-nucleate stage. Di ploid nuclei 
measured 1n developing asci with one nucleus . Measurements based on i\TCC 138097 . 

N 
;; 



31 Haploid nuclei of the smut fungi measured in uninucleate sporidia, diploid nuclei in 
uninucleate teliospores. (In Ustilago spegazzini var. ~and Tbecaphora he nnenea haploid 
nuclei measured in young thalli formed by germinating teliospores.) 

4/ Ha ploid measurements based on c. c. Lindeqren•s 2333 haploid mating type alpha strain (ATCC 
110275) . For diploid measurements ATCC 126109 was used (E. Cab i b x 2180 & R. K. Mortimer , NCYC 
826) 0 

!::1 
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SUMMARY 

This paper reports in part the results of a survey 
undertaken during 1981-1984 of the meliolaceous fungi found 
in the Idukki Hydroelect r ic Project Area in the State of 
Kerala, India . TW'o hundred fifty eight collections were 
made, resulting in t he identification of 103 species and 
infra- s pecific taxa. Of these, 32 are undescribed 
species, a nd 13 have been determined to be new varieties. 
These fungi will be described in subsequen t papers . 
Twenty-seven taxa ...,ere recorded from I ndia for the first 
time . The taxa were dis t ributed in fi ve genera, as 
fol l ows: Amazonia (4), Armatella (2) , Asteridiel l a (9) , 
~ (4), and t1ti.i..21A (84). 

Species belonging to genera other than ~ are 
treated in t h i s pape r, and i nclude four species of 
Amazonia, with three new species 6,. acronychiae, A· 
actinodaphnis and A· mvs.i.i; two species of ~, 
nine s pecies of a s teridie lla, inc ludi ng the four new 
species A· clerodendricola , A· ~. A· macarangicola, 
and A· turpiniicola ; four species of ~. including 
t he new species 1 · eriolaenae, a nd a new variety l · ~ 
Han sfo rd var. indica. 

Keywords : Heliol aceae , Amazonia, Armatella , Asteridiella , 
~. India, Kerala, black mi l dews. 

The Meliolaceae COrder Meliolales ) , commonly known as 
the 'bl ack mildews' o r ' dark mildews', are epiphyllou s 
parasites o n a broad range of host plants. As a group, 
they show many parallels with the 'powdery mi l dews ' CO r der 
Erysiphales> (Alexopoulo s & Mims, 197 9) and have been 
considered by some authors (Wellman, 1972) to be a tropical 
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counterpart of that g roup. They are s ometimes erroneously 
referred to as " soo t y rr.oulds " , which are saprobic fungi 
associated with scale insects or honey dew producers and 
which are placed in another order of fungi <Steve ns , 1931; 
Hughes, 1976). Jn contrast to the sooty moulds, the black 
mildews are parasites, penet rating their ho s t s by means of 
haustoria t h at arise from the character i s tic supe rficial 
hyphopodiate mycelium. The production of the bulbous 
haustoria fr om the lower su rface of the head cells of the 
capitate hyphopod ia has been schematically illustrated by 
Doidge <1921) Roger (1953) and Luttre ll 0989). The black 
mildews are most abundant in the tropics, although some 
species occu r in tempe rate reg ions. 

As with £rysiphales and the Uredinales , t he 
Meliohles show a high level of host specialization, making 
it essential to know the hos t species before any attempt is 
made to identify these fungi to t he species level. The 
pcobab j lity of accurately identifying these fungi to the 
species level or of recognizing a new taxon without first 
identifying the host are remote. Although attempts have 
been made to c ul ture t hese fungi, both in the laborator y 
and on host plants CBal , 1919; Hansford, 1961; Thite, 1975; 
Goos , 1978), no one has yet succeeded in doing so. 

Hansford ' s (1961) monumental monograph of the group 
gives an account of 1814 taxa, known from throughout the 
woclc.l . About 100 taxa, including homonyms and synonyms, 
have been r eported from India (Bilgram i et. al., 1979, 
1981; 1-!osagoudar , 1985). 

To learn n:ore about the occur renee of the Meliolaceae 
in India , a survey was made in t he region of the Idukki 
Hydroelectric Project Area in Kerala. This study was 
carried out during the pe riod 1981-84, when twen t y 
well-planned collecting trips , covering all seasons , were 
conducted. These surveys resulted in 258 collections. 
There are no prior collection records for this region, and 
several of t he collections ace new records for India. 

THE STUDY AREA 

is loc!~~~kt~ ~~: ~:!~=~~ ~~!~;. d~!~~~~~ ;s i~~a!~d s~~Se, 
21' of north latitude and 76° 37 ' and 77° 25 ' of east 
longitude . The di s trict extends 115 km north to south and 
67 km east to west CFig. 1). The important feature of t his 
d istr ic t is the Idukki Hydroelectric Project. The 
reservoir co111bines t h e courses of the Cheruthoni and 
Periyar rive rs and is spreaO over an area of 59.8 sq km. 
The catchment. area of the reservoir i s 649.3 sq km and is 
si tuated at an altitude of 695 m. 



The forest area bordering the reservoir , a n area 
estimated to contai n 57 , 312 hectares including the 
reservoir and the catchment a rea , was c ho sen for study . 
<see Fig . 1> . Climatological data for the area are 
summarized in Fig. 2 . 
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The following types of forests, as classified by 
Cha ndrasekharan (1 962> , Champion and Seth {1 9621 and 
r..ohanan (1985), are found in the study a rea: (1) West 
Coast Tropical Evergreen Forests , (2) West Coast 
Semi-Evergreen Fo rests , (3) Southerr. Hois t Mixed Deciduous 
Forests, and C4l south Indian Subt ropical Hill savan na 
<grassland wit h exposed rocks and scattered trees). The 
understory of the evergreen forests has been cleared and 
cash crops such as cardamom, coffee , and ginge r are now 
grown . 

METI-!ODS AND MATER! ALS 

Iden t ification of the hos t plant is an essential s tep 
in the identification of these fungi; hence , it was 
necessary to collect s pecimens of the host , preferably with 
reproductive par ts , when rr.aking collections of the fungi. 
Each specimen collected was assigned a collection number, 
and data re9arding pathogenicity, nature of the colonies , 
nearby infected host pl.:1nts and other relevant information 
was recorded. Following collectio n , the leaf material was 
dri ed between b l otters , cha nged daily for seve r al days. 
(Jain and Ra o , 1977). Host identity Wil£ confirrr.e<l wit h the 
help of experts and through compa ri son with specimens 
deposited in the M.aciras i-ierbariurn , Coim!::..?.torc , (i.l.i-i.). For 
rapid tempera ry mounts , cellophane tape worked well. For 
permane n t mounts, u se of c l ear nail polish , wh ich is both 
cheap and readily available, was p r eferred. With this 
method, a drop or the nail polish was applied to the fungal 
colonies, spread carefully with the tip of a fine brush so 
as not to disturb t h e colo nies , and allowed to dry i n a 
dust free chamber fo r abou t half a n hou r. >. "flip" was 
formed , with the fungal colonies firmly embedded in it. 
This was easily eased off the leaf with the help of a razor 
bl ade or s c alpel. /1. drop of mounting medium , such as 
Canada balsam or !).P.X. was s pread on a clean slide , and 
the flip careful!)'· placed upo n it so as to avoid air 
bubbles . Two mo r e drops of the moun t ing medium were placed 
over the flip , anO a clean cover qlass gently applied. The 
slides were a llowed to dry fo r 2 to 3 days in a dust free 
chamber, after which t h e excess mounting medium was 
removed. 

In sowe funyi , septa may not be visible be-.;ause of 
the heavy pigmentation . In such cases, fungal material was 
scrilped from t he l f'af a n cl mounted in 10 % KOH solut io n . 
.&.f ter 30 minutes, t he KCH wils removed and replaced with 
clear ]acto- phenol {p[epa red according to Rangae:w~my, 
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1975) . Soth KOH and !acto-phenol ace good cleacing agents, 
making the septa visible for study. Camera lucida drawings 
were made of all specir..e ns. 

TAXONOMIC REVIEW 

Meliola and its associated genera were formerly 
considered under the tribe Heliolineae (Stevens, 1927, 
1928; Han sford, 1961>. Martin 0941) proposed the family 
Heliolaceae in the Order Heliolales; the description of t he 
family was emended and validated by Hansford (1946). 
Alexopoulos and Mims (1979> followed this arrangement. 
Yarwood (1973), however, cons idered all of the genera of 
the hmily Heliolaceae under the Perisporaceae of the Order 
Erysiphales. MUller and von Arx (1973) considered the 
Meliolaceae under the unitunicatae of the Order 
r.teliolales. Hawksworth tl y. (1983) and Eriksson <1982) 
placed the Meliolaceae under a broadly co nceived Order 
Oothidealeso Hawksworth and Eriksson, in Eriksson and 
Hawksworth Cl986), emended the description of the Orde r 
Meliolales proposed by Gaumann <1964), treating it under 
the bitunicatae, and compared the group with the 
Microthyciales o Luttrell <1989) concluded that the 
HelioJales belong in the Pyrenomycetes <in the narrow 
sense) and should not be placed with the Loculc..ascomycetes, 
thus essentially agreeing with Mi.iller and von Arx 0973) o 

roc many years, Meliola amphitricha Frie s was 
considered to be the type species of the genus. Arnaud 
<1918) was the first to question its validity, and 
subsequent study has shown it to be a nomen confusumo The 
situation was reviewed by Toro <1952) who resolved the 
problem by selecting t1o trichostroma (Pro) Toro as the 
lectotype species. Han s ford <1961) accepted Toro ' s views 
and segregated from the •catch- all" species, tj, . amph it richa 
Pro, more than 100 species , relegating the na me M· 
amphitricha to his list of Species Excludendae , with the 
comment: "that ephithet is discarded• 0 

The number of genera assigned to the family 
Meliolaceae varies from 5 to 50, depending on the limit s 
established for the family. Stevens (1927 , 1928) 
considered seven genera; Hansford (1961) gave an account of 
five gene ra; /'.insworth 0971) recognized about fifty 
genera; Miiller and von Arx <1973) included seve n genera , 
while Edksson and Hawksworth (}986) included twenty-two 
genera, three of which were doubtful. To keep the group 
homogeneous , we are following rtillJer and von Arx (1973) in 
treating six genera, namely: Amazonia, Appendiculella, 
~. Asteridiella, ~and Meliolao The 
saprobic , rhizophyllous , mono typic 9enus Diporotheca Gordon 
and Shaw is excluded. 
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0 

Fig. 1. A map of the Idukki Bydroelectric project area . 
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We are following Hansford <1961) and Lut t rell (1989) 
in using the term mucronate hyphopodia for the 
phialide- like branches found on the mycelium of many 
members of the Heliol aceae . Hug hes (1981> , followint;~ the 
exam i na t ion of seve raJ species , conc l uded t ha t t hese 
structu r es do indeed function as ph ialides, but Luttrell 
<1989) did not fi nd th i s to be the case i n Meliol a 
floriden sis Hansf. Until further evidence i s brought 
forth, it seems advisable t o contin ue use of the 
established terminol ogy. 

ORD ER M.ELIOLJ\LES : with a s i ngle family. 
PAHILY MELIOLACI::AE t-!c.rtin ex Hansford . CMI Paper 

15,23. 19 46. 

f'oliicolous ectoparasites; mycelium s uperficial , 
brown, septate , branched, hyphopodiate; thi n, penetration 
hyp hae arisi ng from th£> apical (head) cells of the capitate 
hyphopodia penetrati n9 the underlying hos t epidermis and 
forming haustoria within the epide r mal cel l s ; mucronate 
hyphopodia often presen t, mycelial setae present or absent; 
ascomata s uperficial, g l obose , dark , with parenchymatou s 
wall of one or more layers, usually without ostioles , setae 
and appenda9es often present on ascomatal wa l l; asci bo r ne 
i n hymenium, 2 to 8 spo r ed , evane5cent; ascospores 1 , 3, 
or, 4 septate, brown at maturity. 

KEY TO THE GENERA OF' THE MELIOLACEAE: (~ MUll£>! & von 
1\!X , 1973) 

1. As cospores 0-1 ~eptal:e •.. . . ~ 
1. 1\scospores 3- <1 septate . • • • • • • . . 2 

2. ~ycelial se tae present ... . Melio1a 
2. MyceJ ial setae absen t ...... . 

3. Setae p r esent on ascoma t a .. . . Irenopsi s 
3. Setae not present on ascomata •• .. .. 4 

4. Appenda9e s p r esent on ascornata .. . . 
• • • • • • • • • • • • . Apoendicu l e l la 

4 . Appendages not found o n ascomata .. 5 
s. Ascomata below a shield of radiating mycelium 

. . . . . . . . . . . . . . Amazo nia 
5. Ascomata lacking shie ld . . . Asteridi£>lla 

Oeser iption of the genera 

l. Amazonia Thei sse n, Ann . Mycol. 11:499. 1913. 
= Acti nodothis SydO\• & Sydow, Philipp. J. Sci. 

9'1 7 4. 1914. 
= Meliolaster Doidge , Trans. Roy. Soc. South 

Africa 8:123. 1920. (non Melio l aster 
P.oehnel, 1918) 

Mycelium superficial, brown, septate , branched, 
hyphopodiate. 1\sco!T'ata globose , perithecioicl, i n a shield 
of radiating mycelium. A.ill 2-4 spored, evanescent. 
Ascospor es 3 or 4 septate , brown . 
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Type species: ~- psychotriae (P. Henn.) Theissen, 
based on Melio l a asterinoides Hinter vac. p s ychotriae P. 
Henn. 

2. Apoendiculella Hoehne! , Sitzb. K. Akad . Wiss. Wien , 
Math. - naturw. Kl. 128:556 . 1919. 

• ~ Theiss. & Sydow sensu Stevens, Jl.nn. fo!ycol . 
25:420. 1927 . (n.2!! ~Theissen & Sydow, 
1917). 

Mycelium superficial, brown, septa te, branched, 
hyphopodiate , without setae . Ascomata superf ic ial, 
globose, perithecioid, bearing larvifonu appendages , setae 
lacking. M£1 2 - 4 spored , eva nesce nt. Ascos pores 3- 4 
septate , brown. 

Type species: A· ca!ostroma (Desrr.,) Hoehne!, 
based on Sphaeria calostroma Desm. 

3. Armatella Theissen & Sydow, P..nn. Mycol. 13:235. 1915 . 
= Artallendea Bat. & Maia, Atas ln s t. Micol., 

Univ. Recife 1:222. 1960 . 
Mycelium superficial, brown, septate , branched, 
hyphopodiate, l acking setae. 1\scomata s uperficial , 
globose, lacking appendages and/or se ta e . A§.£! 4- 8 spored, 
evanescent. Ascospores initially non-septate and hyaline , 
becoming brown and 1 septate at ma turity. On ge rmination , 
t he upper cel l enlarges to from a capitate hyphopodium; the 
other empties and collapses. 

Type species: A· litseae (P. Henn.> Theiss. & 
Sydow. 

4. 1\steridie1la McAlpine, Proc. Li nn. soc. New South 
Nales, 1897, p . 38. 
"" Irene Thei ss . & Sydow, Ann. Mycol. 15:194. 

1917. 
=Icenina Stevens , Ann. ~iycol. 25:411. 1927. 
Mycelium superficial, brown , septate , branched, 

hyphopodiate , lacking setae . Ascomata superf icial, 
globose, lacking appendages and/or setae, cells 
protruding. A.§..£i 2 - 4 spored, evanescent. Jl.scospores 3- 11 
septate, brown. 

Type spec ie s : [! . sohni Mc Alpine. 

5. Irenopsis Stevens , 1\nn. Mycol. 25 :411. 1927. 
1'-IYceli um superficial , b rown, septate, branched, 

hyphopodiate, setose. {!scomata supe rf icia l , globose, 
pe ri thec ioid. M.£i 2- 4 spored, evanescen t . Ascos pores 3-4 
sept ate , brown. 

Type species: l · ~ (Win ter> Stevens, ba s ed 
on Meliola tortuosa Winter . 

6. Meliola Fries emended Bornet, 1\nn. Sci. Nat. Ill, 
16,267. 1851. 

;Meliola Fries, Syst . Orb. Veg. 1825, p . 111. 
=Amphitrichum Nees ex Spreng, Pl. Crypt. Trop. 

1820. p. 46, 2!.Q parte 
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=Sphaeria Fries , Syst. Myc. 2:513 . 1823 . Q!Q 
2lili· 

=Hyxothecium Kunze in Fries , Syst. Mycol. 3:232. 
1829 . 
•Couturea Cast. in Fries , Summa Veg . Sand. 1846 , 
p. 407. 
• Asteridium Slice., Syll. Fung. 1:49. 1882. 
Mycelium s uperf icial , brown, septate , branched, 

hyphopodiate , setose. ~ supe rf icial, c;! lObose, 
perithecioid , lacking setae and/or appendage::;. 8.§.£!. 2-4 
spo red, evanescen t. Ascospo r es 3- 4 septate , brown . 

Lectot~·pe species: fi. tricho s troma (Kunze> To r o , 
based on ~? trichostroma Kunze. 

RESULTS 

Meliolaceou s fungi collected and identified in 
this survey i nc lude 103 t axa , dist r ibuted among five 
genera, as follows: Amazonia (4) , Arrnatella <2> , 
f:steridiella (9), ~ (4), and ~ (84). Of 
these taxa, 32 are new species , 13 are new varieties , and 
27 taxa ace r epor t ed from India for the first time 
CHosa<)oucla r, 1987). Formal description ~ of new taxa will 
be prese nted in subsequent pape cs. The hi9hes t inc idence 
of meliolaceous fun9i occur r ed at t he end of t he rainy 
season. 

Twenty - four of the host p l ants are endemic to the 
Western Ghats CAhmed ul lah & Nayar , 1987). Of these, 
1\podytes benthamiana (Icacinaceael , {l.tylosia lineata 
(Papilionaceae), Cinnamomum malabatrum {Lauraceae) , ~ 
elongata CP.ubirtceae) , ~ coriacea, _b. ~ var. 
glaluescens (Lau r aceae) , eucuna t'lirsuta {Papilionaceael, 
Nilsi rian thu& ~ (hcanthaceae), Otonepheli um 
stipulaceum (Sapindaceae) , Premna g laberri~ (Verbenaceae>, 
t•:=endhndi.a notoniana (Rubiaceae> are the hosts of 
undescribed taxa . The remainder of the endemic species are 
t.osts o f rr.eliolaceous fun9i previously unrecorded f rom 
tndia, but known from otl"ler t ropica l count r ies. 

The J ar(]e number of taxa of melJolaceous fun CJi 
found in the small area i ncluded in this s tudy illustrates 
their abundance i n t he tropics . /\bout one-third of the 
total taxa encountered have proven to be new. Is this d ue 
to a <;enecal l ack of exploration in the tropics for the 
meliolaceous fur.gi , or is it due to the exploration of 
are.:J t hat has previously been Lotally unstudied? The 
~n:.· ... cr can onl y be determined by furt he r collecting in 
un explored areas. 

Results of the present study reveal the a ffi nity 
of the meliolaceous fun gi of India with t hose of North and 
South /l.meric a, tropical P..frica, China , and the islands of 
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Santa Domingo , Puerto Rico , Trinidad, Sri Lanka, Sumatra, 
Java , The Philippines, New Guinea, New Caledonia and 
Taiwan. In a paper on an Indian speciE>s of Meliolina, 
Hughes and Pirozynski (1985) stated: "To students of 
Indian fungi •.. puzde<.i by consistent similarities of 
th e mycota of India, i ntertropical Africa and 
1\ustralo-Papua/New zealand, we offer a reminder: the 
mycological road from Ootacamund winds its way to Mysore 
through Gudalur, ecisbane and Entebbe." 

The Genera Amazonia, ~. 
As teridlella and ~ 

1 . Amazonia acronychiae l:!o s a9oudac, sp . 
nov. Fig. 3 

Plagulae amphigenae, plerumque epiphyllae , subdensae, 
ad 3 mm diam. , confluentes. P.yphae brunneae, sub r ectae , 
opposite lateque ramo sae , dense r eticulatae, cel lulis 22-30 
x B-10 J.lm. Hyphopodia capitata alternata , antrorsa, recta 
vel curvula , 24 - 44 Jlm longa; cellula basali cu neata , 10-22 
pm longa; cellula apicali ovata, clavata, angulosa vel 
irregulariter sublobata , 18-22 x 14-18 urn. Mucronate 
hyphopodia numerosa , illis capitati s commixta, alternata 
vel opposita, conoidea vel ampullacea, 22-30 x 8 - 10 j.lm. 
Pe rithecia dispersa , applanate-9lobosa , ad 110 .urn; spcrae 
obovoidae, 4-septatae, constrictae, 42 - 46 x 20-22 .JJm. 

Colonies amphigenous, mostly epiphyllous, 
subdense, up to 3 mm in diameter, con! lu en t. Hyphae 
s ubs traight, branching opposite at wid..- angles , closely 
reticula te , cells 22-30 x 8-10 pr.t. Capitate hyphopod ia 
alternate, closely a ntrorse, s tra ight to cu rved, 24-44 J.lm 
long; stalk cells c uneate, 10-22 J.lffi long ; head cells ovate, 
clavate, angular to irregularly s ublobate, 18-22 x 14-le 
pm . Mucronate hyphopodi.e. numerous, mixed with capitate 
hyphopodia, conoid to ampulli form, 22- 30 x 8- 10 11m. 
Perithecia sca ttered, flattened globose, up to 110 J.lm; 
s pores obovoidal, 4-septate , constricted, 42-46 x 20- 22 .urn . 

~: On l eaves of Acronych ia pedunculata (L . ) 
Miq. (Rutaceae), r.akshmi Estate , June 1 2 , 1983, V.B. 
P.osagoudar HCIO 40463. 

There i s no record of the genus Amazonia on the 
members of the family Rutaceae: (Hansford, 1961). 

2 . Aaazonia actinodaphnis Hosagouda r, sp . nov . 
Fig. 4 

PlaguJ ae epiphyllae, densae, ad 5 mm diam .. 
confluentes. Hyphae s ubrectae vel leniter undulatae, 
alternatim acuteque vel l ate-que ramosae, laxe reticulatae, 
cellulis 26-36 x 3-5 .urn . Hyphopodia capitata alternata , 
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Figs. 3-11. New taxa o f th e Me lio lace a e. Key to 
abbreviations: Ch • capitate hyphopodia. Mh = mucconate 
hyphopodia. Sp c ascospo r e. Pc = pe ri thecial cell. Ps = 
per ithecial setae . 

Fie;. 3 Amazonia acro nychiae Hosagouda r . Pig. 4 Amazonia 
actinodaphnis Hosagoudar. 
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Fig . 5. Amazonia mYS!l Hosagouder.. Pig. 6. As t eridiella 
c l eroclt;ndr icola fiosagoudar. 
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Pi ~ . 9. Aster i diella t urpi niicola Hosagou dar . Fig. 10. 
I renopsis er iolaenae Hosagouda r. 
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dispersa, antrorsa, patentia , recta vel curvu la, 16.5-20 urn 
longa; cellula basali cylindracea vel cuneata, 3-6 urn 
lo nga; cellula apicali ovata, globosa, piriforrnia, stellate 
lobata, apice rotundata, 10-15 x 10- 16.5 urn. Mucronate 
hyphopodia pauca, illis capitatis commixta, alternata, 
ampullacea, 13-26.5 x 6-10 urn. Perithecia acuteque 
dispersa, applanate- globosa, verrucosa, ad 165 urn; sporae 
cy li ndraceae, 4-septatae, constr ictae, 43-46 x 15-16 . 5 urn. 

Colonies epiphyllous, dense, up to 5 mm in 
diameter, co nfluen t . Hyphae straight to slightly 
undulating, branching alternate at acute to wide a ng l es, 
loosely reticulate, cells 26-36 x 3-5 urn. Capitate 
hyphopodia alternate, scattered , antrorse, spreading, 
straight to curved, 16.5-20 urn long. Stalk cells 
cylindrical to cunea te , 3-8 urn long; head cells ovate, 
globose , pyriform, s tellately lobate , rounded at the apex, 
10-15 x 10-16.5 urn. Mucrona te hyphopodia few , mixed with 
capitate hyphopodia, alternate, ampulliform, 13-26.5 x 6- 10 
urn. Perithecia closely scattered, flattened-globose , up to 
165 um; spores cylindrical, 4-septate , constricted, 43-46 x 
15-16 . 5 urn. 

~: On leaves of Actinodaphne hookeri 
Me issn . <Lauraceae), Idukki, Oct. 11, 1982, V.B . 
Hosagoudar HCIO 40465; isotype: HCIO 40466. 

/'. single species of t.rnazonia , v i z. A· 
philippinensis Theiss. has been r ecorded on Ullolitsea 
v illosa from the Phi lippines ( Hansford, 1961). The present 
species differs from it in having substraight to undulat ing 
mycelia, stellately lobed head cells of the capitate 
hyphopodia, smaller perithecia and ascospores. Further, 
there is no record of the genus Ama?.onia on Actinodaphne 
hooker i . 

3. Amazonia peregrina Sydow & Sydow , Ann. l'!ycol. 15 : 414 , 
1927; Hansford , Sydowia Beih. 2:507, 1961. 

On leaves of Maesa i ndica ( P.oxb.) DC. 
<Myrsinaceae), Idukki, Jan . 10, 1982, v.s . Hosagoudar ~!H 
72647; HCIO 40467. 

This species occurs mostly on the leaves also 
infected with fo!eliola aroteana Syd. but f. . peregrina can be 
easily dis t inguished by its crustose colonies . 

<1. Amazonia syzygii Hosagoudar , sp. nov. Fig. 5 
Plagulae amphigenae, subdens e , crustosae vel 

l en iter velutinae, ad 2 mm diam., rare confluentes . Hyphae 
s ubrectae vel leniter undulatae, plerumque opposite lateque 
ramosae, densae re ticulatae , cellulis 16-20 x 6- 8 um. 
Hyphopodia capitata alternata, recta, antro r sa vel 
patentia, 18-20 urn longa, cellula basali cylindracea vel 
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cuneata, 4- 8 J.Jm longa ; cellula apicali ovata vel 
subglobosa, int~ca, 10- 14 x 8-10 ,urn . Mucronate hyphopod i a 
illis capitatis commixta , opposita vel altecnata, conoidea 
vel ampullacea , 20- 24 x 8-10 }Jm. Perithecia 
apphnate-globosa, dispersa vel aggregata , ad 180 }Jm; 
sporae obovatae, 4-septatae, leniter constrictae , 44- 48 x 
16-20 J.lm. 

Colonies amphigenous , subdense, crustose to slightly 
velve ty , up to 2 mm in d iame ter, rarely co nfluent. Hyphae 
substraight to slightly undulating, branc h ing mostly 
opposite at wide angles , closely ret iculate, cells 16 - 20 x 
6-8 ,um. Capitate hyphopodia alternate , straight, antrorse 
to spreading, 18-20 )Jm long; stalk cells cylindrical to 
cuneate , 4-8 Jlffi long; head cel l s ovate to subglobose, 
entire, 10-14 x 8-10 )Jffi. Mucronate hyphopodia mixed with 
capita te hyphopodia, opposite to alternate , conoid to 
arnpulliform, 20-24 x 8- 10 pm . Perithecia 
flattened-globose, sca ttered to grouped, up to 180 lJm; 
spores obovate, 4-septate, slightly constricted , 44-48 x 
16-20 )Jffi. 

~: On leaves of~ £.J.!!!l!.n1 (L.) Skeels 
(Hyrtaceae ), Jdukki , Dec. 13, 1982, V.B. Hosagoudar HCIO 
40469. Isotype: MH 75742. 

So far there is no record of the genus Amazonia on 
members of the family Myrtaceae {Hl!ln sf. , 1961) . 

5. Armatella cinnamom.icola Han sf., Reinwardtia 3:87, 1954 . 
On leaves of Cinnamomum malabatrum (Burm . f.) Blume 

(Lauraceae} , Jduk ki , April 18 , 1982, V.B . Hosagoudar HH 
72696. 

Hansford (1954) described this species from 
Indonesia . The present collection s hows variations in 
having smaller capitate hyphopodia, larger perithecia and 
sma ller llscospores . 

6. Araa t e lla l i t seae (P. Henn.) Theiss. , Sydow & Sydow, 
1\nn . Hyco!. 13:235, 1915. 

On leaves of ~ zeylanica Herr. (Lauraceac) , 
Lakshmi Estate, Dec . 6 , 1983, V. B. Hosagoudar HH 78177, 
78190; HCIO 40474. 

7. As t erid iella clerodend ricola Hosagoudar, sp. nov. 
Fig. 6 

Plagu l ae amphigenae , plerumque epiphyllae, densae, ad 
10 mm diam., raro confluentes, maculae halonate , folia 
infecta corrugata. Hyphae mycelii tortuosae , alternatae 
vel oppositae lateque ramosae, densae reticulatae, cellulis 
18-38 x 6-8 pm. Hyphopodia capitata alternata vel 
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unilateralia, recta vel curvula , patentia vel antrorsa, 
22-30 JlfD longa; cellula basali cylindracea vel cuneata, 
8-16 pm longa; cellula apicali globosa , angulosa , integra 
ve l sublobata, 14-18 x 12-16 jlffi. Mucronate hyphopodia 
pauca, illis capitatis commixta, ovposita vel alternata , 
ampullacea , 20-22 x 8-10 JJnl. Perithecia plerumque 
aggregata , ad 245 )lm: cellulis parieti s ir reogula dter 
protrude, 30-36 ,urn longis; sporaE" ellipsoidae, 4-septatae, 
rect a vel leniter curvulae, 36-42 x 14-18 pm. 

Colonies amphigenous, mostly epiphyllous , dense, 
sca ttered, up to 10 mm dJarneter , rarely confluen t, causing 
stretchi ng of the sur rounding leaf surface with a yellow 
halo sur rounding the spots. Hyphae strongly adpressed to 
the l eaf surface, not easily sepa rable, tortuous, branching 
alternate to opposite at wide angles, s trongl y reticulate , 
cells 18-38 x 6-8 ).lm. Capita te hyphopodia alternate to 
unilateral , straight to curved , antrors e to spreading , 
22-30 ,um long~ s talk cells cylindrical to cu neate, 8-16 }Jm 
long; head cells globose , angulose, entire to sub lobate , 
14-18 x 12-16 pm. Mucronate hyphopodia few, mixed with 
capitate hyphopodia, opposite to alternate, ampulliform , 
20-22 x 8-10 J.Jm. Per ithecia mostly aggregated , up to 245 
pm; perithecial s urface cells irregularly protruded, 30- 36 
pm long; spores ellipsoidal , 4- septate , straight to 
slightly curved, 36- 42 x 14-18 J.Jm. 

~: On l eaves of Clerodendrum viscosum Vent. 
(Verbenaceae) , Idukki, Dec. 22, 1983 , V.B . Hosagoudar HClO 
40475. Isotype: !'!H 78998. ~· Lak shmi Estate, 
oec. 25 , 1983, v.o. nosagoudar MP. 78998. 

The infection was restricted to the young growing 
le~wes . Two to many such infected spot s on the leaves 
resulted in hypertro!)hy of the Jeaf , giving a peculiar 
appearance to the growing plant parts. 

Twelve species of the ge nu s Asteridiella have been 
recorded on various members of the family Verbenaceae . The 
present species differs in producing a pathogenic effect on 
the host plant. 

8. Asteridiella combreti (Stev . ) Han s f. var. leone nsis 
Hans£., Sydowia eeih. 20:160 , 1961. 

On leaves of Terminalia panicuJata Roth 
<Combret aceae), in the savanna of Idukki, Dec. 1 3 , 1982, 
V.B. Hosagoudar HCIO 40476 ; V.B. Hosagoudar MH 75727, Jan. 
24, 1983; v . s . Hosagoudar HH 75824; Dec . 27, 1983 , v.e . 
Hosagoudar I'!H 78990; Oct . 4, 1983 , v.e. Hosagoudar MP. 
78142. 

9. Astecidiella confragosa (Sydow & Sydow) Hansf . , Sydowia 
10:47, 1957. 
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On leaves of Trichosa n thes palmata Roxb. 
(Cucurbitaceae), Idukki, Oct. 8, 1983, V. B. Hosagoudar HCIO 
40477; MH 78904; Dec. 12, 1983, V. B . Hosagoudar MH 79042. 

10. Asteridiella crotonis Hosagoudar, sp. nov. 
Pig. 7 

Plagulae hypophyllae , densae, ad 5 mm diam. Hyphae 
s ubrectae vel undulatae, opposi t e lax eo ramosae, laxe vel 
densae reticulatae et solidae , ce l luli~ 18-24 x 6-8 )Jm. 
Hyphopodia capitata alternata vel unila teralia, patentia , 
antrorsa vel ref lexa, 22-26 pm longa: cellula basali 
cylind racea vel cu neata , 6-8 JJm longa; ce llula apicali 
ovata, integra vel s ublobata , 16-20 x 12-18 pm. Mucronate 
hyphopodia pauca, illis capi tatis commixta, opposita vel 
altecnata, ampullacea, H.i-18 x 6- 8 .um. Perithecia 
dispersa, ad 196 )Jm; cellulae parietis conoidae, 20-26 pm 
longae; sporae el lipsoideae, 4-septatae, constr ictae , 
rectae vel curvulae, 44-48 x 16-20 )Jm. 

Colonies hypophyllous, dense , up to 5 mm in 
diameter. Hyphae substraight to undulat ing , branching 
opposite at wide angles, loosely to closely reticulate and 
forming a solid mass of mycelia, cells 18- 24 x 6-8 J,~m . 
Capitata hyphopodia alternate and unilateral, spreading , 
ant rorse to reflexed , 22-26 J.lm long; stalk cells 
cylindrical to cuneate , 6-8 pm long; head cells ovate, 
entire to imperfectly lobate, 16-20 x 12-lB )lm. Mucronate 
hyphopodia few, mixed with capitate hyphopodia, oppos i te to 
alternate, .!!impulli form, 16-18 x 6-8 )Jm. Peri t hecia 
s cattered, up to 196 )Jm; pecithecial cells conoid, 20-26 ~m 
l ong; spores ellipsoidal, 4-septate , const ricted, s traight 
to slightly curved, 44-48 x 16-20 )Jm . 

~: On leaves of Croton reticulatu s Heyne 
CEuphorbiaceae), Pamba, Oct . 10, 1983, V.B . P.osagoudar HCIO 
40478. 

Note: Six species of Asteridiella have been reported 
on members of the family Euphorbiaceae, having t he Beeli 
formula 3101 .4220 (Hansford, 1961) . Of these, ft. 
an tidesmatis Han sf. and A· dryoeticola Han sf. are closes t 
to the present species . However, a. crotonis differs from 
a. antidesmatis i n having dense hypophyllous coloni es and 
la rger capitate hyphopodia. It differs from A· drypeticola 
in t he morphology and arrangement of the capitate 
hyphopodia, and i n having l arge c ascospores. Further, 
there is no record of the genus Aster idiella on this host 
genu s . 

11. Asteridiella cyclopoda CStev.) Hansf., Sydowia 10:47, 
1957 and Sydowia Beih. 2:619, 1961. 
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On leaves of ~ ~ Clarke <.a.steraceae), 
Idukki , Oct. 6, 1983, V.B. Hosagoudar HCIO 40479; MU 78174. 

The present collection varies slightl y from the 
species description (Hansford, 1961) in forming 
hypophyllou s colonies, and in having larger capitate 
hyphopodia and smaller peri theci al cells. 

12. Asteridiella for•osensis ('farnam.) Han sf., Sydowia 
10:48, 1957 a nd Sydowia Beih. 2:686, 1961. 

On leaves of Callicarpa tomentosa (L) Murray 
(Verbenaceae), Pamba, Oc t. 10, 1983, V.B. !lo sagoudac MH 
78929. 

13. Asteridiella •acarangicola Hosagoudar, sp. nov. 
Fig. 8 

Plagulae epiphyllae, tenues, indi s tinctae, ad 2 mm 
diam . Hyphae tortuosae, opposite vel alternate r amosae, 
laxe reticulatae, cellulis 38-44 x 6-8 ).lm. Hyphopodi a 
capitata alternata , recta vel curvula, patentia , plerumque 
antrorsa, 20-28 IJffi longa; cellula basali cylindracea vel 
cuneata, 8-12 J.lffi longa; cellula apicali globosa , ovata, 
integra, raro leniter angulosa, 12-16 x 6-10 )Jm. 
Pe rithecia dispersa, ad 180 pm; cellulis parietis 
conoideis, usque ad 14 pm longis; s porae ellipsoideae, 
4-septatae, constrictae, 38-40 x 16-18 JJm. 

Colonies epiphyllous, thin, indistinct , up to 2 
diameter. Hyphae tortuous, branching opposite to 
alternate , loosely reticulate , cells 38-44 x 6 - 8 J.lffi. 
Capitate hyphopodia alternate , straight to curved, 
spreading, mostly antrorse, 20-28 J.lffi long; stalk cells 
cylindrical to cuneate, 8-12 pm long; head cells globose, 
ova te, entire , rarely slightly angulose, 12-16 x 6-10 ~m. 
Perithecia scatte red, up to 180 um; perithecial cells 
conoid, up to 14 )Jffi long; ascospores ellipsoidal, 
4-septate, constricted, 38-40 x 16-18 )Jm . 

Holotype: On le aves of Macaranga peltata Muell.-A.rg. 
(Euphorb iaceae), Calvary Mount, Dec. 24, 1983, V.B. 
P.osaqoudar HCIO 40481. Isotype: MH 75050. ~= 
Laks hm i Estate, Dec. 25, 1983, v.n. llosagoudar MH 79054. 

The present species is similar to a. erythrococcae 
Hansf. and a_. hansfordii (Stev.) Hansf. but differs from 
both in forming inconspicuous colonies, tortuous mycelia, 
larger capitate hyphopodia , and i n having entire head cells 
of the capitate hyphopodia and distinctly broader 
ascospores . Further, t here i s no record of the genu s 
t.steridiel 1a on this host genus. 



14. As teridiella malloti (Hansf. & Thirum. ) Ha n sf. , 
Sydowia 10:49, 1957. 

On leaves of f:!alJotus philippinensis (Lam.) Muell. 
(Euphorbiaceae), Laks hmi Estate, Dec. 25 , 1983, V.B . 
Hosagoudar HCIO 40482; MH 79098. On leaves of t:.. 
tetracoccu~ (Roxb .) Y.urz, Pamba , Oct. 12 , 1983 , V. B. 
Hosagoudar ~~ 7£»950. 

15. Asteridiella tutpiniicola l!osagouda r, sp. nov. 
Fig. 9 

Plagu l ae amphic;enae , plerumque hypophyllae , densae, 
ad 3 mm cliarn. Hyphae rectae vel sut>rectae , alternate vel 
opposite lateque ramosae, laxe vel dens ae reticulatae vel 
reticulato-intertextae , cellulis 16-32 x 8-12 pm. 
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Hyphopod ia capitata alter na ta , patentia, antrorsa , 26-30 }liD 
longa; cellula basali cylindracea vel cuneata, 6-10 )Jtn 
lon<;.~a; cellula apicali globosa , stellate sublobata , 18-20 x 
16 - 24 JJD•. Hucconate hyphopodia pauca, illis capitatis 
commixta , opposita ve l alternata, 20- 24 x 8- 10 J.~ m. 
Perithecia aggregata vel dispersa , ad 360 }Jm., appendiculae 
peritheciales larviformae , flexuosae , fu lvus , simplices, 
patentiae, ad !96 }Jm longae e t 7 - 8 urn crassae, rotundae ad 
apicen1 , rec l ae vel tortuosae ad apicem ; sporae fusiformae, 
plerurnque curvulae, 3-septatae , constrictae , 44-56 x !6-20 
~m. 

Colonies urr.phiqe nous , mostly hypophyllous , dense , up 
to 3 mm in diameter. Hypha e st rai gh t to substraight , 
branching alternate to opposite at wide angles , loosely to 
closely reticulate and forming an almost solid mass of 
mycelia; cells 16-3 2 x 8-12 pm . Capitate hyphopod ia 
alternate, spreadinCJ , antrorse, 26 - 30 pm long; stalk cells 
cyli ndr ical t o cuneate , 6-10 urn long; head cells globose , 
s tE>J lately sublobate , 18 - 20 x 16 - 2'1 pm. fo!acronate 
hyphopodia few , mixed with capi tate hyphopodia, alternate 
to opposite, ampulliform, 20-24 x B-10 Jlm. Perith ecia 
aggregated to scattered, up to 360 Jlm; perithecial 
appendages larvi form, wavy, golden- b rown, simple, 
spreading, up to 196 }lm lo ng and 7 - 8 pm broad , tip obtuse , 
s traight to t\oli sted; spore-s fusiform, predominentl y c ur ved, 
3-septate, constdcted, 46 - 56 x 1€- 20 JJm. 

HolotyoE>: On leave!';. of Turnin i a malabarica Gamble 
(Staphyleaceae) , Idukki, Jl.pril 4 , 1982 , V.B. l-!osagoudar 
HC!O 40483. lsotype : lo!P. 73701 . Paratypes: Oct. 11, 
1982, V.B. P.o saqoudar /'!H 73623, 73630; Pamba, Oct. 10 , 
1983 , v . e. Hosagoudar MP. 78929; I dukki , Dec. 21 , 1983 , V. B. 
P.osagoudar MH 78961. 

N.Q.ll : P.ppendi Cl1lella turpiniae (Yamam.) l!ansf. has 
been reco rded on ~ formo sana Nakai and :r. p omifera 
DC. from Porlf!Csa a nd the Philippines (Hansford, 1951), 
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having repent, abnormal myce l ial setae and the perithectal 
appendages . The present col l ection differs from it i n 
lacking the perithecial appendaqes, a nd i n having smaller 
capitate hyphopodia , per ithecia and as co spores. 

Yamamoto (1941) described Irenina turuiniae . Later, 
Hansford Cl961) transferred this species to Apoendicule lla 
as (1. turpiniae (Yaman.) Ha n sford, noting two 
character is tics: 

1. No species of ~ is hitherto known wit h 
per ithecial appendages. 

2. The "mycelial setae• are quite different from those 
commonly fou nd in the species of Heliola, where th ey are 
erect, but are close r to those f ound on the perithecia of 
species of Irenopsis. They d iffer in be ing produced around 
the base of t h e perithecium, on mycelil!ll hyphae , "nd i n 
being repent , as well as being longer than in t he so far 
known species. 

In the presen t material, also , the repent appendages 
(termed here as peritheci.,l) arise from the subicle just 
below the perithecia. Such appenda9es have also been seen 
on the mycelia where there were no peritheci.,. These 
repent setae/appe ndage s are neither perithecial nor 
mycelial setae. He nce the present material has been placed 
u nder the genu s Asteridiella. 

16 . I r e nops i s benguetensis Stev. & Rold. ex Han s f ., 
Sydowia 26 : 311 , 1963. 

On le.,ves of Ficus asperrima Roxb. <Moraceae), Calvary 
Mount, OCt. 12, 1 982, V.B. Hosagoudar ~H 73639; Oct. 4, 
1983 , V.B. Hosagoudar MH 781 55 . On leaves of Ficus~ 
81. , Calvary Mount, Feb. 21, 1983 , v.a. Hosagoudar MH 
75890; Lakshmi Estate, Dec. 12, 1982, V. B. Hosagoudar: MH 
79073 , 79078; oct. 12 , 1982, v.s. P.osagoudar MH 73639; Oct. 
4 , 1983 , v.s . Hosagoudar MH 78155. On le.,ves of Ficus 
hispida L . f., Idukki, Oc t . 11, 1983 , V.B. Hosagoudar Mtl 
78943. 

17. trenopsis eriola~ Hosagoudar , f: p. nov. 
Fig . 10 

Plagulae epiphyllae, t enues, dispeulae , ad 3 /Tim 
diam., confluentes . Hyphae subr ectae vel undulatae, 
alternatae vel oppositae Jateque ramosae, laxe reticulatae , 
cellulis 30-34 x 6 - 8 JJm. Hyphopodia capitata a lternata vel 
unilateralia , r ecta, antrorsa vel pa tenti a, 14-16 pm Jonga; 
cellula basali cylindracea vel cuneata, 4-5 )Jm longa; 
cel lula apicali ovata , clavata, integra vel lenit er 
angulosa , 10-12 x 8-10 pm. Mucronate hyphopodia illis 
capitatis commixta vel in hyphis distinctis evoluta, 
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alternata vel opposita, ampullacea, 12-20 x 6-8 urn. 
Per i thecia dispersa, vercucosa, ad 110 urn: setae 
peritheciales 8-12, rectae, s implices, olivaceo-brunneae, 
septatae, ad apices acutae ve l obtusae, ad 72 urn longae et 
6-8 urn crassae; sporae obovoidae, 4-septatae, constrictae, 
32-3 8 x 10-14 urn. 

Colo nies epiphyllou s , t hin, scattered , up to 3 mm in 
diameter, confluent. Hyphae s ubs traight to undulating , 
branchi ng alternate to opposite at wide angles, loosely 
reticulate, cells 30-34 x 6 - 8 urn. Capitate hyphopodia 
alternate to unilateral, straight, antrorse to spr eading , 
14-16 urn long; s talk cells cylindrical to cuneate, 4-5 urn 
long ; head cells ovate, clavate, entire to s lightly 
angular, 10-12 x 8-10 urn. Mucronate hyphopodia mixed with 
capitate hyphopodia and borne on a separa te mycelial 
branch , al te r nat e to oppos i te, ampulliform , 12 - 20 x 6-8 
urn. Perit hec ia s cattered, verrucose, up to 110 urn; 
peritheciul setae S-12, straight, simple , septate, 
olivoceous brown, acute to obtuse at the tip, up to 72 urn 
long and 6-8 urn broad; spores obovoidal, 4-septate , 
co nst ricted, 32-38 x 10-14 urn . 

Holotype: On leaves of ~ guinqueloculacis 
{Wi ght & Arn.) Wi gh t (Sterculeaceae), Idukki , Dec. 23, 
1983 , V.B. Ho s a goudar HCIO 40487. Isotype: MH 79027. 

The present species i s close to l· tiibodense Ha n s£. , 
recorded on Pterospermum ia vanic um Fungh., a nd .f:. ~ 
Vidal from Java and the Philippines (Hansford , 1961), but 
differs in havi ng smalle r capitate hyphopodia , perithecia 
and perithecial s etae; absence of radiate exhyphopodiate 
mycelia below the perithecia, in having mucronate 
hyphopodia mixed with capitate hyphopodia which are also 
borne on separate mycelial branches. Further, there is no 
record of me liolaceous fu ngi on this hos t genus. 

18. I renopsis leeae Han s£ . va r. i ndica Hosagoudar, va r . 
nov. Fi g . 11 

Differt a l · leeae Hans£. var. l eea hyphopodiis 
capitat i s aJte rnatis et myceliis subrecti s ad undulati s. 
Differt a 1. l eeae Han s £ . var. javensis Han s £. Plagulis 
tenuibus, hyphis subrect is ad unduhtis lateque 
ramificantibus. 

Colonies epiphyllous , very thin, up to 3 mm in 
diameter. Hyphae straight to undulating, b ra nching 
opposite to alternate at wide angles, loosely reticulate, 
cells 18-28 x 6-8 ur:1. Capitate hyp hopodia scat tered, 
alternate to unila teral, closely antrorse, 18-24 urn long; 
s talk cel l s cu neate , 6-10 urn long; head cells ovate, 
~ 1obose, entire to irregu larly sub1obate , 10-18 x 16-20 
urn. r.lu cronate hyphopodia numerous, mixed with capitate 
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hyphopod ia, alternate to opposite, ampu l liform , 16-22 x 
8-10 )Jm. Perithec ia scattered to g ro uped , verrucose , up 
to 150 urn; perithecial setae 3-8, straight to flexuous, 
spreading , dark at the base and pale r towards the apex, tip 
obtuse , 84-150 x 8-10 )Jm; spores obovoidal , 4-septate, 
co nstric ted .. 30-36 x 12-16 Jlm . 

~: On !Paves of ~ indica (Burm. f.) Mere. 
(Leeaceae), Kanchiar forest, Dec. 17 , 1982, V.B. Hosagoudar 
HC IO 40488 . !sotype: MH 75 79 5. 

Paratypes: Y.a nchiar forest, Dec . 17 , 1982, V.B. 
Hosagoudar MH 75795; Dec. 23 , 1983 , V.B. Hosagoudar MH 
79032; Reservoir side of Calva r y 1-!.ount, cec. 24 , 1983, V.B. 
eos agoudar Mfl 79069; Lakshmi E:state , Dec. 25, 1983, V.B. 
P.o sagoudar ~P. 79088. 

The new varie ty indica differs from var . ~ i n 
having alte rnate capitate hyphopodia and s ubstrai ght to 
undulating mycelia. It also differs from l· leeae Hansf. 
va r. javens1s Ha nsf. i n havi ng thin colonies , s ubs traight 
to undula t ing mycelia and branching at wide ang l es. 

19. Irenopaia tdumfettae (Stev.) Hansf. & Deight., Mycol. 
pap. 23,14, 1948. 

On leaves of Triumfetta oilosa Roth (Tiliaceae), 
Lakshmi Estate, Dec. 14, 1982 , V.B. Hosagoudar , F.CIO 40489; 
MH 75746; Ca l vary Mount, Dec. 15, 1982 , V. B. Hosagoudar MH 
75779; Dec . 28, 1983, V. B. Hosagoudar MH 80322; Oct. 6, 
1983, V.9. Hosagoudar MH 78175 , 78176. On l eaves of 
Triumfetta rhofTiboicles Jacq., Pamba, OCt . 10, 1983 , V.B. 
Hosa~oudar MH 78935. 
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CU LTURAL, ENZYMATI C AND CYTOLOGICAL STUD I ES 

IN THE GENUS PHOLIOTA 
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Czechoslovakia 

Myc~ l ial cul tu r es o f 14 s pecies o f the genus Pho l io t a 
Kum.;.er ( Basidio mycot i n a , Agarical es ) togethe r with Kuehne­
romyces muta b111s (Schae ff.: Fr. ) Sing. et Smith spec i es have 
be· n studied. The morphological, mi c r oscopical , cu ltura l and 
cy tol ogica l characte r istics of t he species and the ir enzymati c 
activ i ty are presen ted. Emphasised are the featu r es appli c able 
fo r the taxon omy of t h e genus. These r esults have been used to 
ar .. ange the dic ho tomi c key for de t ermination a f a ll the sp .. cies . 

I NTRODUCTION 

Stu ... y o f Basidiomyce t es i n pure c u ltures is one of 
impo rtant but still little spread taxonomic methods . Nobles 
(1965) s ugge s ted t he use o f cu l tura l c haracte r s i n deve l oping 
a t&.:'< onomy o f t he Po l ypo r aceae that reflects natur al rela t ion­
ship and phylogeny. Study of Basi diomycetes i n pure cu ltures 
h;,. ::: mostly been pursued on wood- decaying basidi omycetes. 
NO~l : es ( 1948 ) provide d an 11-character ke y pattern a nd de scrip­
tlun based on c u l tural i nfo rmation to 1 26 basidiomycetes t hat 
df: ay wood. Othe r studies were done , e. g . , by Boidi n ( 1958) , 
Slt~ J.·mann and Zyc ha ( 1968) , Siepmann ( 1969) , Boldin and Languetin 
( 19fi3) , Job ( I 968) , Adaska veg a nd C ilbertson ( 1989) . Some Aga­
rical es in pure cultures were studi e d by Lyman (1907), KUhne r 
(1~ 46, 1947) , Semerd~ieva (1965), Pantidou e t al. (1983), Buchal o 
(1988) . 

Ttl~ genus Pho l io t a that i ncl udes mostly · .... cod-decay ing 
s r.ot-e ies, has been studied r elative ly o f t en (Sawyer, 1917; 
Ma r t eJ ·s and Va ndend r ies, 1933 ; Smith a nd Brod ie, 1935 ; De ne yer , 
1960 ; Farr et al. , 1977 ; HUbsch , 1 ~78; Ari t a , 1979 ; Arita et a l. , 
19 go) bu t the s tudies conce r ned only a few gene r ally occurr ing 
s p- cies. No comprehensive comparative study o f a lar ge r numbe r 
of s pec ies includi ng r are ones has so far b een undertaken. 

MATERIAL AND HETHODS 

Ttl ·~ ulture used we re from the co llection of macromyc etes 
cultu re s , I ns titute f or Toxi cology , Char les Univers i ty i n Prague 
(KIM and S t ipek, 1 9e7) . The species under study a r e as f o ll ows: 
Pholio t a des t r ue ns (B rond. ) QwH . s. 1 ., ( year of i solation 1965) 
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- S'"'·:l . Hemipholiota; Ph . squarrosa (MUll .: Fr.) Kumm., (st ra i n 
! - 1 985 . I l - 1986) - Sect . Pholiota; Ph. a diposa (Betsch : Fr.) 
Kum1r.. , (1983); Ph. conifera ( Ka rst . ) Karst. ( 1984 ) ; Ph. £lammans 
(Fr . ) Kumm. ( 1982) ; Ph . jahnil Tjall. et Bas ( 1979); Ph. luci­
fe r a (Lasch ) Ouel. , ( 1978) ; Ph . squarroso- adiposa Lange ( 1986) 
- Sect. Adiposae; Ph . alnico l a ( Fr . ) Sing . ( 1983) ; Ph. fl a vida 
(St-:hae ff.: Fr.) Sing . (I-1980, 11-1983) - Sect . f l81M'lula ; Ph . 
g ummosa (Lasch) Sing . {1 - 1975, tl - 1982) - Sect . Subsiccae; Ph . 
carbonaria ( Fr.: Fr.) Sing . ( 1-1 986, II -1 986, III - 1977) ; Ph . 
lenta (Pers .: Fr . ) Sing. (1983); Ph.spumosa (Fr . ) Sing. ( 1983) ­
-Sect. Lubricae; Kuehneromyces mutab111s (Sc haeff. : Fr. ) Sing 
e t Smith ( 1983) . 

Ail isolates were cultiv::ated on malt extract aga r•- MEA 
(n.g .• r I S g , ma l t e x t r act (Oi fco ) 10 g , demineralized water 
10 ·0 ml, pH 6 - 6.5) in Petri dish 90 mm in diameter , with 20 
ml medium. They were inoculated by means of strike co rk borer 

: ~~e~~o~~=~e~~r2A!,n~u~a~:~B ~~s carried out in the dark in 

C•J l tural c haracte ristics were examined after 14 - 21 day 
ct; lti vation . The following features were exami ned : colonv 
colour (af t er Korne rup and Wanscher 198.:1 ) , the textu re of the 
mycelial mat, margin of the colony, growing zones , colou r chan­
ge in the agar induced by the fungus, odour, guttation. Growth 
rate was evaluated as we ll . Cul turat c haracte r istics were exa­
mined microscopically (oil mmersion magnif. 1000 x usi n g Melzer 
reagent and phloxine ) . Macro and mic r-o c haracteris tics were com­
pleted by c hanges after one, 3 and 9 mon ths c u ltivat i on. Spon ­
taneous fructifica t ion is mentioned whe r ever observed. The HCl-

l~~:m;~ :~t~~~P~~~~~~;o~~0e~h~~o~-~~~~i~l s~~~~i~s a~~~ ;~ 1 j 0Syg rr 
'"'as used f or caryological study. 

Asex'ual reproductive st r uctures. As some authors call 
certain structures of the genus Pholiota by different names , 
we are descr ibing the structures obse rved os follows: a:--thro ­
spores (accOI'dlng to other authors "oidia, a r throconid1a " ) -
- r eproductive structures formed seriately by fragmentation 
of the hyphae , tt1ln wall ed , 1- 2 (o r more ) nuclei. Conidia -
- reproductive struct.ures f o r med o n conldiophores, o ften verti ­
cally o n vegetative hyphae, thin-walled, 1- 2 ( or more) nucle i . 
Aleurospores (according to Jome authors " ch l amydospo r·es" ) -
- terminally f ormi ng structu r es , often on conidi ophore, thick 
walled . Allocyst.s - swollen cells with thi n or slightly thick 
wall . They are no t r eproductive st1·uctures. 

Enzymatic activity has been studied. Ox:ldoreductases: 
l. Spot tests (laccase - as substrate used syringaldazine ; 

~e rgx ~d~s~ ) . p2~h;~~ ;:n~! ~~~~~o~a~~ ~~~~ (~~ r~s~n~~~2 : ~~ ~~ ~~~~ n ) 
all oxid~r~ductases according to KlAn and Baudt Sova { 1989 b ) . 
Hydrolases 1. Plate diffusion methods (lipase - Tween 80 ; l eci ­
thinase - soybean lec i thin ; amylase - sta r c h a nd Lugol solu tion ; 
protease - gelatine or dried milk ; milk clo t t ing enzymes -
- dded milk; urease - urea and phenol r ed ; according t o KJ iln 
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and Bau d iSovA, 1989 a) and cellulase - 1. 5 " agar, 1 " pepton, 
l " mic r oc rysta lline cellulose, pH 6.5. After six day incuba­
tion, the Pe tri dishes were overlaid wi t h 1 ml 1 M HCl and 5 ml 
0 , 5 % Iod i ne so lu tion i n 2 % KI. 2. Cytochemical methods ( .. : -
- g lucosidase - 6-b rom - 2- naph tyl- ,/,. - 0 - g lucopyranoside, B- gllacto­
sidase - 6 -brom- 2-naphtyl - B- 0 - galactopy ranoside; Kl 3n et al ., 
1989). 

RESULTS 

Macroscopic and microscopic description s are g i ven of 
cul turcs of 14 species of the genu s Pholiota a n d the s pec i es 
Kuehneromyces mutabilis, includi ng their enzyma tic activities 
{see Tab . 1 ) . A key is suggested for dete rm i n i n g myceli a l c ul­
tu r es of the spec ies under study according t o charac teristic 
features . 

Pholiota adi posa (Batsch : Fr.) Kumm . 

The c ul tu r e g r ows well, the colony a tta inin g a 80 mm dia­
mete r i n 15 days. The growth does not a l te r t h e co l o ur o f the 
nu t rient me d ium. Aerial myc elium i s sparsely woolly , with out­
lined advanc ing zones and radia l f ilamen ts. Th e pro f ile is fl a t. 
Th e colony margin is regula r, inconsp i c uosly demarcate d , finely 
ciliate ; marg inal hyphae do no t grow into the s ubstrate . The 
colou r is whitish: during agei ng the cul tu re becomes yell o""' in 
t he direction f rom the cen t r e . (Tab . 4, SA according to t he 
co l ou r scale o f Ko r nerup and Wanscher 1984} . The odou r is incon­
spicuou s ; no guttat i on has been o b s erve d. 

Aeria l hyphae a r e thin-walle d, 1. 2 - 3 . 3 jJ ffl diam. Clamp 
connections a r e very frequen t , on nearly every septum. Anasto­
mo s es are ra r e , branching ve ry r are. Conidia 5.2 - 10 . 5 X 2 . 1 -
3 .0 pm. bullet- shaped , el ongate o r cylind r ical , observed already 
from d ay 14 of the cu l ture age ( Fi g. 1) . After 28 days con idia 
ve ry f r equen t , as a ru l e separated from con idiophores . 

A 9 - month o l d c ulture obse rved to contain, in addition 
to conid ia , a l so aleurospores of a cy lindrical (7 x 12 pm ) to 
mo r e or l ess s pherical s hape, wi t h slightly t hi ckened wa ll 
( Fig . 1). 

Hyphae dikaryo tic, conidia mo s t often dikaryotic , r a re l y 
1 , 3 or 4 -nuc l eate. 

Ref.: Arita (1979), Arita e t a l . ( 1980 } , Buch a l o (1988) , Bucha­
lo et a l. ( 197 1, 1985), Hashioka and Arita (1978), HUbsc h 
(1978 ), K3.3.rik (1965) , Nerud et al. ( 1982} , Noble s (1948) , 
lUSur·covil ( 1987) , Ryp8.Ce k ( 1957). 

Pholiota alnicola ( F r . ) Sing. 

The culture grows ve ry slow l y, the co l o ny attaining a 
diameter o f 62 nun a fter 44 days. The g r owth does not alter the 
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Q . 
? 

Q 

F le . 1 A- Pholiota adiposa, a) conid i a on conidiopho re 

b) u leurospores, B- Ph. jahnii, c lub-like termina l cells 

with inc rusted wall, C- Ph. spumosa, branchi ng 011 !".y phae 
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medium hue. Aerial mycelium is very finely woolly, low, with 
demarcated growth zones. Profile flat, colony margin 1 rregularly 
shallow l y lobate with fine ciliate. Colour pastel yellow (Tab. 
3 , 4A) , most i ntensive in the inoculum, becoming more intensi­
vely yellow on agei ng. Odou r conspicuous; guttation not observed. 

Aerical hyphae a r e thin-walled , 2. 1 - 3.0 )lffi wide. Clamp 
connec tions on each septum . Anastomoses present, branchi ng 
relatively frequent . Allocysts 10-1 5 urn tg diameter branch off 
the main hypha (usually at an angle of 90 ) , the branching hypha 
usually carries a clamp connection (Fig . 2). Intercalary allo­
cysts also obse r ved (a hypha 2 . 5 pm in diameter extends after 
the septum with a clamp connect i on to up to 5 - 7 pm wide swe l­
ling). 

9 -month old culture withou t change . 
Hyphae an~ allocysts dikaryo'tic. 

Ref.: Deneyer (1960) , Kaari k (1965), KUhne r ( 1947) , Nobles (1965). 

Pho liota carbona _ria ( Fr.: Fr.) Sing. 

The cu i ture grows very well (colony diameter 80 mm i n 7 
days) . The growth does not alte r the colour of the medium. 
Aerial mycelium f i nely and sparsely filamentous, no advanci ng 
zones observed. Profile flat. Colony rim even, inconspicuously 
demarcated , finely cil i ate. Peripheral hyphae do not grow into 
the substrate. Colour .... :hi tish, no changes observed in the cha­
racter of the mycelium on ageing . The culture produces readily 
fruiting bodies under laborato ry conditions. 

Aer-ia l hyphae thin-walled , 1.2 - 3.1 )Jm diam. Clamp con­
nections frequent, on nearly every septum. Anastomosgs noticed, 
branching not too frequent, hyphae originate at a 90 angle. 
Anamorphs not observed. 

A 9-month old culture without c hange. 
Hyphae dikaryotic. 

Ref. : HUbsch (1978). 

Pholiota c onifera (Karst.) Karst. 

Syn.: Pholiota aurivella (Batsch: Fr.) Kumm. 

The cultu r e grows well (colony diameter 80 mm in 18 days). 
Ttle growth does not alter the co l ou r of the medium. Aerial 
mycelium finely woolly with perceptible radial filaments, 
growth zones not observed. Profil e disc-shaped. Colony margin 
finely ciliate . Colour white, turning yellow from the inoculum 
""'ith ageing (Tab. 4, 6A). Odou r musty, guttation not observed. 
Prolonged cul turing in a r efr igera tor on malt agar produces 
primordia with partial dt fferentiation. 



254 

JL 
c 

Fi&. 2 A- Pho liota conifera, a) con idia on conidiophore 

b ) ~, l eurospo res, B- Ph. gummosa a) aleurospores, 

b) 1:o nidia on conidiophore, C- Ph. alnicola, 

allocysts 
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ginning on day 10 cylindrical conidia 5-12x2 .1-7 pm ob se r ved 
( Fig . 2) . Con idiophores 35 - <10 ,.um long, multiple b ranching . 

A 9 - months old cul tu re contains cy lindrical (5xl5 ,.urn) to 
spherical aleurospores with thickened walls (Fig. 2). 

Hyphae dikaryotic, conidia most o ften dikaryotic , rare ly 
l, 3 , 4 or 5-nuc l ea r. 

Ref. : Buchal o ( 1988) , Buchalo et al. ( 1971, 1985}, Hash i oka a n d 
Arita (1978 ) , HUbsch (1978), K~l:irik (1965), Nerud et a l. 
(1982); Nob les (1965) , Pantidou et al. (1983), Rypit~ek 
( 1957) , Watling (1983). 

Pholiota destruens ( Brond.) Que!. s.l. 

The culture grows very slowly (co l o ny diameter 80 mm after 
52 days) . The g r owth does not alter the co l our or t he medium. 
Aeria l mycelium finely powdery with coa r ser sp rinkling , very 
low, growing zones not observed . Profile flat. Co l ony margin 
sharply demarcated, very fine l y ciliate. Colour yellowish white 
( Tab. 3, 2A). Odou r i nconspicuous, gut tat ion yellowish. 

r.acroscopic description available o nly for s ubmerged 
mycelium. Hyphae thin- walled, 1.8 - 2 . 2 ).1m diam. Clamp connect-

!~~= t~~~i~:n ~~ r:~p ~: t: ~!~o~; p~~=m~ r ~~~~=~; 1 ~~s a~1 !~g~~s~~v~g:60° 
most often at the s i te o f the septa. Ana.morphs not observed . 

A 9 - month o ld cultu re wi t hout c ha nges. 

Ref .: H\1bsch (1978) , K~~rik (1965) , K~hncr (1946 ) , Ryp8.Cek (1957). 

Pholio t a flammans (Fr. ) Kumm. 

The culture grows very well (colony diameter 80 mm afte r 
18 days) . The growth does not a l ter the colou r of the medium . 
Aerial mycelium finely woolly, i O'N", '"' i th I'Sdially extending 
hyphae. Ad vane ing zones not o bserved . Profile f lat . Col o ny mar­
gin even , inconspicuously demarcated , marginal hyphae do not 
grow into the s ubst r ate . Colour pale ye ll owish '"'hi te (Tab l e 2, 
A2) , mycelial c haracter does not c hange during ageing . Odou r 
faint ; guttation not observed. One-year culturing in a r efrige­
rator on an app l e-carrot medium produces well dcvelopped pri­
mord i a. 

Ae r ial hyphae thin- walled, 1.1-3.0 )Jffi diam. Clamp connect­
ions very f r equent, on almost eve ry septum. Anastomoses ve ry 
freque n t, pro jections very rare, branching fairly frequent. No 
anamorphs o bserved a fte r a 1-month cultivation, a f ter 3 months 
discerni ble aleurospores with a thin wal l •..,•hich becomes t hickened 
on ageing . They are 15x30 )Jm t n size, round to pyriform ( Fi g. 
3) . 

A 9 -mo n th old cul t u re con ta ins as a r ule t h ick- walled 
a leu rospores . 



256 

Fi g . ;i A- Pholiota f'lammans, aleu r ospores , 8- Ph . luc ife ra 

al l ocysts, C- Ph . s quarros o-adiposa , a) allocyst, b) conidi a, 

D- Ph. !'lavida a) a leurospores, b) in tercal ary thickened hyphae 



Hyp~.ae most often dika ryotlc but also monokaryotic, 
aleurospores mono- or dikaryottc. 

Ref.: K;.i larik (1965). 

Pholiota flavida (Sc heff. : Fr.) Sing. 
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Stt"Ain I grows very slowly (colony diameter 65 mm after 
SO ~ays) , strain II grows moderately ( 80 mm after 28 days). 
Mc J i . turns dark during growth. Aerial mycelium powdery, at 
ce r tain sites finely floc cu late, very low, with perceptible 
raC: i c.l arrangement of hyphae. Colony margin delineated, finely 
ci l iate. Colour yellowish , at t he site of the inoculum more 
in b · :·slve ly light yellow (Table 4, AS). Odour pleasant but in­
consp icuous, gut tat ion no t observed. 

Ac rl<tl hyphae thin-walled, 1.1 - 2 .5 ,urn dtam. Clamp con­
ne f~ tions frequent, on almost every septum. Anastomoses very 
f rtH,uent, branching frequent, 0 hyphae o f uniform diameter branch 
off usually at an angle of' 90 . Fre-quent terminal coils on 
hyphae 35-80 ,urn in diameter. Aleurospores 15-25xl5-ll .om, 
py !"l .. cnn or bo ttle - shaped, are formed on a hyphae with a clamp 
co:-.nection ( Fig. 3) , in a Melzer reagent they are filled with 
a ye-~ low substance . Intercalary thickened hyphae 65-66 )Jm also 
rarely present (Fig. 3) . 

A 9-month o ld culture w.1 t. hou t changes. 

Hyphae dikaryotic, aleurospores also dikaryotic. rarely 
monokaryotic. 

Ref. : HUbsch (1978). 

Pholiota gummosa (Lasch) Sing. 

The c ulture grows well (colony diameter 80 mm after 9 
dn.ys). The grow t h does not alter the col ou r o f the medium. 
Ae r ial mycelium very sparsely woolly, surface grosty. Profile 
f lf" t. Colony margin even, inconspicuously demarcated, peripheral 
hy~hae do not grow into the substrate. Colour whitish, ageing 
pr·cJduces fine powdery to groaty sprinkling, greyish orange to 
yellowish brown ( Table 5, B5 - Table 5 , 08), in the direction 
fr·or.1 the inoculum . Odour pleaso.nt. Guttation yellow-brown. 

Hyphae thin-walled, 2.5 - 3 .1 )Jm diam. Clamp connections 

~~~~c~~~~u!~~Y ~~e:~~~~~ ~;~~~e s~~!~~h ~~a=~o:~s~8~~s~~v~g:900 . 
Al .. urospores 7-13x3-5 )Jm, bottle - shaped, pyriform to round ( Fig. 
2). J n Melzer reagen t they are filled wi t h an amorphous yellow 
su~' stance. After aleurospores there appear conidi a 1. 5-3x5-10 ,.urn 
in ~ize, oval or bullet-shaped, sometimes with sharp or rounded 
ed~es (fig. 2). Yellowish droplets observed in Melzer reagent . 

A 9-month old culture without c hanges . 



258 

mm 

10 15 lO 15 
days 

10 15 lO l5 
days 

fig . 4 Gro·,.,. th curves o f t he species , a) Pholiota g urnmosa, 

b) Ph. adt posa , c) Ph. s quarroso-adipo s a, d ) Ph. coni f e r s, 

e) Ph. carbonaria , f ) Kuchneromyces mutab111 s , g) Ph. flam­

mans , h) Ph. lucifera 
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Hyphae and conidia dikaryotic, aleurospores o~served to 
have 2 or 4 nuclei, more rarely 1 or 3. 

Ref.: Oeneyer ( 1960) , HUbsch ( 1978), K~UI.rik ( 1965), KUhner. ( 1946) . 

Pholiota jah.nii T j a ll. et Bas 

Syn .: Ph o lio ta mue lleri (Fr.) Or'ton 

The culture grows very slowly (colony diamete r 20 mm after 
90 days ) . Aerial mycelium velvety. Profile h igh , convex , ir­
regularly pucke red. Peripheral hyphae grow into the substrate. 
Colour pale yellow (Tab l e 3 , A3) . Odou r inconspicuous , gut tat­
i o n not o bserved. A 1-year incubation in a re.frigerator o n malt 
&gar yie l ded partially deve i o H~ lr ) n ... o oC: ia . 

Hyphae thin wall ed, l . 0-3 . S ,..um diam . Clamp c onnections 
frequent. Anastomoses no t ob::;erved , hypha! branct1ing rare . 

After 9 month s frequ e n t. c lub- like termina l ce ll s of hyphae, 
wi t h i ncrusted wall (Fig . 1 ) . 

• o refe rences . 

Pho l ioto lenta ( Pers .: Fr.) Si ng. 

The cu l ture g r ows moderate l y wel l (col ony dh:meter 80 mm 
after 28 da ys ) . The growth does not a lter the c o l e u r o f the me­
Ci llm. Ae1 ·:ial rr.ycel1um is very finely powdery, with tiny groat­
- Uke sp z•:i. nk li ng in the regi o n o f the inocul um. No advancing 
zones were observed. Profile fl a t, col ony marzin e ven , wi thout 
ma t·ked Celine ati on. Col our wh11.i s t1, wi tl o <,: fo: r•tr·E: l yel l owing. 
Ooou r i nconspi cuolJ s , gu tt~ t. i on no t obse:·ved. 

Hyphae thtn- \o.•a l Jed, 2 . 5 - tl ,om d!a-.n ., '1"1 t h I • Vn.~ I 'C>lJ E- sE: p lt• . 
C'l ;;n i ' t·t•nr•Cc t.! on s ve:·y f r equen t . Arob!; 1 f oJ .c•t• ... ,._ Ju • l c ! -~ · ·~ ., , •', 
bra nc hing freque n t , especially in s ubmerged mycelium . 

Anamorphs not observed . 

A 9 - month old cu lture without change. 

Hyphae di ka ryotic. 

Ref . : Has hioka and Ar i ta (1978 ) , IH.lbsc h ( 1978 ) , KUhner ( 194& ) , 
r-l a rr et a l. ( 1979) . 

Pholiota lucifera ( Lasch) QuCl. 

The cu1 ture gro•,.,. s moderately well (col ony diameter 80 mm 
after 24 days) . The growth does no t alter the col our of the me­
dium . Aerial myce l ium with marked r ad i a l filamcntation. The 
mycelia l mat is de nser in t he c entre and looser at the periphery, 
with tree -1 1 ke arrangemen t . Colony margin with l o ng f i laments, 
hypha e do not g r ow into the subst r ate. Pr ofile f lat . f-lycelium 
colour white, with g reyish- orange stri pes spreadi ng radially 
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(Table 5 , BS). Odour fungal, guttation not ob served . 

Ae r ial hyphae are thin-walled, 1. 0 - 3 . 3 ,urn diam . Clamp 
connections very freque nt, septa withou t clamps observed as 
well. Anastomoses presen t , branching very frequen t . Hy phae 
some times wi th c lub-like ends, somet imes with termi nal coils, 
hypha! wall often corrugated, hyph a l cells alway s bonded by 
t wo clamps. Frequent allocysts r ound to ovo i d , l 2x17 ,urn (Fig. 
3). 

A 9 month old c u lture without change. 

Both hyphae and a ll ocys ts di k a ry o tic. 

Ref. : KUhner {1946) . 

Pholi o t a s pumosa ( Fr. ) Sin g . 

The c ulture grows very s l o•..,. ly (colony diamete r 80 mm afte r 
60 days). Oiscolou ration of n u tri e n t medi um during g rowth. 
Mycelium f o r t he most pa rt de n se l y woo lly, compact , a t places 
the myceli um thinner . Profile f l at. Col o ny margin markedly l oba­
te. I n places the margi n i rregularly demarcated with a woolly 
fluccu lose character , sometimes with c i rc ul ar isl ets separated 
from t he main co l o ny . Colour wh i te. Odour j nconspicuous, gut­
t at l o n not o b served. 

Hyphae t hin-walled , 1. 2x4 . 8 j..Jm diam. Cl amp connection s 
frequen t , septa without cl amps also observed . Anastomoses ob ­
serve d , b ranching a bundant (fig . l ), fr·a:tuen t connections via 
c lamps. 

A 9 -mon th o l d c ulture w1 thout c hange. 

Hyph ae d ikaryoti c . 

Ref.: Hashioka and Ari ta ( 1978) . 

Pholiota squar r osa ( MUll.: Fr. ) Kumm. 

The cultu re grows very slowly (colony diameter 74 mm a ft e r 
57 days). Nut r i e n t me d ium turns darke r during growth, more 
con::,"J)t::uously in strain II. Ae r ial myce lium woolly to fl occul ose , 
finely groaty in the cen tre. Prof il e f l at . Colony margin deli­
neated . Co lou r whi tish, on agei ng turni ng g r a dually darker -
-light yellow (Table 4, A4 ) t o greyish orange (Table 5, 85 ) . 
Odour unpleasant, musty , guttatton very ftne, colou r less . 
Fructi f ication recorded on ma l t a gar in a refrigeratot' . 

Aeria l hyphae t hin-wall ed, 1 .0- 2. 0 }JID d iam. Cl amp connect­
ions frequent, s epta wi t hout c l a mps a l so f requen t. Anastomoses 
observed , b r anc hing not very frequent. After 3 months conidia 
observed very ra r ely , be longi ng t o two types: cy lindr ical 8 - 3 ).liD, 
and pear- shaped or c lub- like , 6-1 2x4- 7 ,.um; most l y uni cel lular 
but a l so bi - o r trice llular. Both types of con id i a arise o f ten 
on a si ngle conidiophore. 
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After 9 months abundan t conidia . 

Both hyphae and coni dia dikaryotic. 

Ref .: Buchal o ( 1988 ), Buchalo et a l. (1971) , Hashioka and Ar i ta 
{1978 ) , Htlbsch (1978), Ki:Uirik (1965), KUhner (1946), Lyr 
(1958), Hi~urcova et o.l. (1987) , Watling (1983} . 

Pholio ta squarroso-Qdiposa Lange 

The cu l t ure grm.·s well (colony diameter 80 mm after 15 
day s ) . The growth does not change the colour of the medium. 
Aerial mycelium finely filamentous, in places subtly flocculose. 
P r ofile flat. Colony margin delineated , fi nely woolly, colour 
white, tu r ning yellow o n ageing. Odour pleasant, yell o•.<iish 
guttat i on appears a ft er 3 weeks in the region of t he inoculum. 

Aerial hyphae thin-walled, 2- 3 ..urn diam. Cl amp connect­
ions frequent , on almost every septum. Anastomoses observed , 
lateral hyphae o r iginate at the si tg o f the septum as well as 
in other- places, most often at a 90 angle. Aerial mycelium 
rarely features club-li ke allocysts 7xl2 1\lm. 

The occurrence of cy lindrical to bullet- s haped conidia 
5x12 ,om observed after 9 months (Fig. 3) . 

Hyphae dikaryotic , allocysts and con idia a l so dikaryot ic. 

Ref.: Htlbsch ( 1978). 

Kuehneromyces mutabili s (Sc heff.: Fr. ) Sing. et Smith 

Syn.: Pholiota mutabilis ( Fr . ) Kumm. 

The culture g r ows well ( colony diameter 80 mm af te r 16 
days). The g t•owth does not alter the colour of t he medium. 
Aer i a l myc elium sparsely velvety with o; uggestion of radi al fil­
aments. Advanc ing zones regular a nd a b out 0 , 7 mm wide. Profile 
flat. Col ony margin even, dema r ca ted , very finely woolly. 
Colour white . Odou r inconspicuous, guttation not o bserved. 
A one-year incubation in a re f rigerator on malt agar y i elded 
moderate l y developed primordia. 

Aerial hyphae thin- walled, 1.3x4.2 .,urn diam. Clamp conect­
ions frequent, septa •• ,:tthout c lamps also re latively frequen t. 
Anastomoses very frequent , b ranching very r a r e. Anamorphs not 
observed . 

A 9 - month old cu l ture w1. thout change. 

Hyphae dika r yotic. 

Ref . : Boldin ( 1959) , Brcsinski a n d Besl ( 1979 ) , Buchalo ( 1988), 
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Bu c h a l o et al. ( 1 971 ) , KfUi rik ( 1 965) , KUhner (1946), 
Lyr ( 1 958 ), Mi Su r cova et a l. (1987), SemerdZieva ( 1965). 

KEY FOR DETERMINAT ION OF SP ECIES OF THE GENU S PHO LIOTA 
ACCORDINZ TO MORPHOLOGICAL AN D BIOCHEMI CAL CHARACTERIS T ICS 
OF MYC EL IA L CU LTURES 

la. amyl ase positive 

2a . t y ros ina s e posi tive 

3a. pe r oxidase posi ti ve . .. . ...... •. ... Pholiota spumosa 

3b . peroxi dase negati ve 4 

4a . urease posit ive ..... . .... .. . • ... . Ph . lenta 

4b. urease negati ve 

Sa . growth rate mo r e than 90 mm i n 
24 days 6 

6a . conidia or aleu rospo r es present 

?a. a l e u t'ospores p r esent a ft er 
2 1 d ay cult i va t i o n, cel lulase 

activity very weak • .. • .. . ... .• Ph . gUJMiosa 

? b. a l e u rospores a bsent a fte r 2 1 
day cu l t i vat i on, s tro ng ce llu-
lase ac ti v i ty 8 

ea. posi t ive 0 - gal actosidase, 
cul t ure t u r ns y ellow . •.• •.. .. Ph. adiposa 

Sb. negative A-gal actos i dase, 
culture does not turn yellow . Ph. c oni:fera 

6b. a namo r phs a b sent . .. . .. . . . . . .. . . Kuehneromyces mutabilis 

5b. growth r ate i s rema rkably s l o wer 

9a . aleu r ospo r es p r esen t , 1 ipase 
negative, t he profi le o f t he 
c o l ony f l at .. .. .. . .. . . ...• .. Ph. fl a vida 

9b. a l e urospor es a bsen t , li pase po-
s 1 ti ve, t he p rof ile of the co-
l o ny convex . ... . .. . .. . . . ... . Ph . jahnii 

2b . t yros inase negative 10 

l Oa. l accase pos itive 11 

ll a. growth r a t e more tha n 90 mm 
in 24 day s , ge l a tinase po-
s t t1 ve . ... . .. . .... •... ... Ph . s qua rros o-adiposa 

l ib . growt h r ate is r emar ka bly 
s l owe r, ge l a t inase nega -
t i ve . . . . . . . . . . . . . . . . . . . . . Ph. s quarrosa 

l Ob. l accase negati ve ... . . .... . Ph . destruens 
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lb . amy l ase negative 12 

12a. u rease positive 

1 2b . urease negati ve 13 

13a. growth rate more than 
90 mm in 24 days 14 

14a. aleurospores presen t 
after 3 mo n t h culti va ­
tion , milk peptidase 
positive, f ructification 

Ph. luc ifera 

ve r y r a r e ... . ..... .... Ph. f l ammans 

14b. a.leu r ospores absent, 
milk peptidase negative, 
f ruct i f i cation frequent Ph. carbo na ria 

13b . g r owth rate remarka b ly 
s l owe r . .. . .. . . ... .. . .. . Ph. alnico la 

DI SCUSSION 

Summary treatment of a larger set o f species of the genus 
Pholiota has so fa r been lacki ng , with literatu r e sources br i ng­
i n g on l y partial data on indiv i d u a l species. Pho liota jahnii 
has not yet been cultiva t ed. Most of t he species were found to 
have common cultural characters : thi n-wal l ed dikaryotic hyphae 
with a nastomoses , positive l accase , catalase , amylase. milk­
-c l otti ng enzymes, cellulase, milk proteinase and negaUve 
peroxidase , u r ease, lecith inase , .. -glucosidase, and B- galac ­
tosi dase. 

The mat colour a nd mat tex ture studied as mac r oscopic 
feat u res diffe r ed in ind i vidual spec i es (see Results ) . As to 
the rate of gro·Nth , the set can be div i ded into two more or 
l ess homoge neous g r oups (see growth c urves) - species envtnc­
ing rap i d growth on MEA ( Pholiota adipo se. Ph . c arbonaria , 
Ph. c onife rs, Ph . .flammans , Ph. gummos a, Ph. lucife r a , Ph. s quar­
roso- a dipos a , Kuehneromyces mutabilis ) and species wi th slow 
growth {Ph. a ln icola, Ph. destruens , Ph . flavida, Ph. jahnt.i, 
Ph. len t a, Ph . spumo s a, Ph. s quarrosa ) . 

Among micl"oscopic cha r acte r s a number of authors observed 
conidia in species Pho lio t a adipose, Ph. conife r s , Ph . s quar­
ros e and Ph . squa r r os o - adipos a, i n keeping "''ith ou!" results 
(e . g . KIThner , 19A6 ; Nobles , 1948 , 1965 ; SemerdZieva , 1965 ; 
Arita et al ., 1980; Pantidou et a l . , 1983 ; Watling, 1983) . 
HUbsch (19 78) observe d conidia in t he Pholtota adipos a species 
in al l st r ains , in t he Ph . squa rrose species onl y ln t hree out 
of six strains, in t he Ph. squarroso-adipos a species no conidia 
were observed . 'lie have found t hat species Pho lio t a s qua rrose 
and Ph. squa rroso- a d i posa form coni dia only a f ter a p r olonged 
cu l tivation . I t is therefore necessary to state with individual 
characteristics also the cultu re age and cultivation conditions. 
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Anarnorphs or allocysts are p r oduced abundantly when the mycelia 
a re transferred t o a fresh medium as when they have been growing 
for a l o ng time. Aleurospores were observed in species Pho l iota 
adi posa , Ph. g ummosa , Ph . f lammans. I n Pho liota a diposa our 
observations of aleu rospores were in keeping with t he observat­
ions of Htlbsch (1978 ) an d Ar ita (1979), in t h e Ph . gummosa spe ­
cies with the data of HUbsch (1978) ; the same author observed 
these formations also i n Ph. squ a rrosa where we fai l ed to record 
them. Other authors (Nobles, 1948; SemerdZieva , 1965 ) did not 
observe aleurospores t n the Phol i ota ad i posa species. Acco rding 
to our obse rvations , t he Phol i ota adiposa species forms aleuro­
spores only a fter a pro l onged cult iva t ion. Allocysts were obser­
ved in species Pholio t a a ln icol a, Ph. luci f'era and Ph . !'la v i da. 
In the Pho liota al n icol a species ou r positive observati ons were 
in accordance with t he da te of KUhner (1947), Nob l es ( 1948), 
and Oeneyer {1960). I n Pho l i ota fl avi da HUbsch ( 1978 ) termed 
formations of the same shape and size chlamydospores. 

Enzymatic activi ty . Studies o f oxidase in the Pho l iota 
genus have been r elatively frequent (Boldin, 1951 i Lyr, 1958 ; 
K88. rik, 1965 ; Nobles , 1965 ; Koenigs , 1971 ; Bresinski and Besl, 
1979; 1·1arr, 1979) . The results of tests of peroxidase , catalase 
and tyrosinase activity published by other authors are in keep­
ing ""' i th our results . Laccase tests of the Phol iota destruens 
species performed with syringaldazine o r guiacol were negative ; 
however, the species oxidized with in 24 h .1 - naphtol (guiaco l 
and .l -naphtol are low-specificity agents for determination 
of activity of phenol oxidases which include also lac case). 
l•lar r (1979) fai l ed to detect l acc ase in Pho liota l e o ta by using 
syringaldazine ; however , he worked with fruit - bodies, not with 
mycelial cul tures. Hydrol ases have been much less studied. No 
studies of the genus Pholiota have been done with respect to 
the activi ty of l ecithinase, amylase, J - glucosidase, fi - galac­
tosidase a nd u rease. Nerud et al. (1982) found lipase in Pholiota 
adipose and Ph. c o n ife r s species with trio l ein as substrate. 
On using Tween 80 and 20 we have detected no lipase in these 
species. P rotei nases a nd milk c l ott i ng en:t.ymes have been more 
thoroughly studied . Buchalo et al. (1971) found a s l ight activity 
duri ng casein decomposition (submerged cultivation ) in Ph ol i ota 
adiposa (in our studies milk peptidase likewise positive) and, 
again similar to our data , a negative proteo l ytic activi ty in 
Kuehneromyces mu t a bili s . rn contrast to their fi ndings , howe-
ver , we found sUght peptidase ac ti vi ty in Pholiota s q uarrose 
and Ph. conifera species . No gelatinase was detected in Pholiota 
squar rosa . Similar to 1·11~urcov3 et al . (19 78) we have found 
activity of milk clotting e nzymes in Pholiota adipose . but i n 
contrast to these a uthors also in Ph. s qua r rosa while 1 t 'Has 
absent in Kuehneromyces mutab il is. 

The cu lture of the Kuehne r o myces muta b i li s species, "'h ich 
is re l ated to the genus Pho lio ta , did not differ appreciably 
from cultures of Phol iota either morphologically or biochemical ­
ly . 
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Flg. 7. Pholiota gummosa. A position of a mu l tinucleate tip 

ceJ l • ..,.1 th the nonseptate c lamp o .... •tng to l ack of septa l for­

ma tion as well as repeated division of nuclei Fig . 8 . 

Phol iota gununosn. Aleurospore . .., ith t wo homologous nuclei . 

Fl2 . 9 . Phol1ota adlposa. Conidia. Each eel 1 of contains 

two nucleus o r three homologous nuclei. 
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Ou r results made it poss ible to se l ect cha r•ac ters for 
determination of species in mycelial c ul t u re. These include 
growth r ate, f orma tion of anamo r phs, productio n of tyrosinase , 
laccase , a my lase , u rease a nd pe roxidase. Othe r , less distinc t 
markers i n which the s pecie s di ffered often o nly quantitatively, 
"''ere used as aux iliary , mostly in combinations . 
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SUMMARY 

1'he vesicul a r-arbuscu l a r mycorrhiza l fungi Glomus Ci s -
tu! osum a nd Glomus tra9i1 !stratum are described. The fo r mer 
i s cha racterized by a fi stular l aminated wall, the latter 
by a unit wall which breaks i nto flakes and strips when 
spores are brok e n . 

INTRODUCTION 

Investigations into the eco l ogy a nd agronomic impo r t-
ance of vesicular - arbuscu l ar mycorrhizal (VAM) fungi in 
cultivated soils have been carried o u t in Denma r k fo r sev­
e r a 1 years ( cf. e. 9. Jen sen & Jakobsen, 1980; Jakobsen & 
Nielsen, 1983 ; Jakobsen, 1996) . A number of VAM fungi were 
col l ected. G l o mus mosseae ( Nicol . & Ge r d . ) Ge r d. & Trappe 
predomi nated i n five soils a nd G. ctJledonium (Nicol. & 
Gerd.) Trappe & Gcrd. i n o ne. further , one sixth of the 
spores isola t ed from one soi l were identified as GigaspoctJ 
c a lospora (Nicol. & Gerd . ) Gerd. & Trappe (syn. of Scut.el­
l o spoca calospora ( Nicol. & Gerd.) Walker & Sa nde r s). Some 
iso l ates ( Jense n & Jakobsen, 1980 ) were r egarded as new 
species , and two of these are described in t his paper. 

HATER I ALS AND METHODS 

rso l ates o{ VAM fungi were collected in 197 9 at Askov, 
southern Jutland , at lli.llersl ev , nor the rn Jutland , a nd at 
Jul l erup, funen , Denmar k . Th e fungi , t aken f r om soi l sus­
pensions, ini tia ll y were propagated on white clover ( Trito­
I ium r epen s L.). S i mi l ar- l ook ing spo r es t hen were se l ected 
and rei noculated o n ma i ze ( Zed m<Jy s L.) . Homoge neous cu l ­
tures were obta i ned by five repea t s of this procedu r e . 

The spores we re exami ned in sever a 1 different mo un t ­
ants: PV LG using the recipe of Omar, Bolland & Heather 
(1979} , a nd prepared accor ding to the meth od of Keske & 

Tessier (1983); Shear ' s mo unting fluid (2% cH 3cooK i n 0 .2M 
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pH 8 f.1cllvain c ' s buff e r: glycerol: ethanol (9 5\ ) in a 5:2 : 3 
proportion; Punithalingam , 1971) ; 3% KOH fo r clearing (cf. 
e.g. Bara l, 1987 1 ; 1M suc r ose (osmoticum; cf. e.g . Vill a­
nueva , 1966) , or l>!e l zer ' s reagent. 

Identification of the isola t es were based mainly on t.he 
INVAM species guide !Schenck & Perez, 1988) and by consid ­
e ration of details discussed by Morton 11988). For each 
species , spore size was based on more than 200 mea su rements 
made wi t h an ocul ar screw micrometer . 

RESULTS 

Clo•us £ist ul osu• Skou & Jakobsen sp. 

EtymolO<Jy : The Latin e pithet ' ! istul os um ' means fis t ulae 
and refers to t he pronounced f istular laminated wa l l of t he 
spores. 

Descriptio : Spo cocacp ia iqnota. Spo r 11e i n t e rra singulatim ettocmn t~e. 

luteae , 9Ioboue, 78 - !37 - 200 Ur.! m~9n<1e, inte r: quas 11 pro JOO l ate 
ellipsoideae vel p!JrUo cmes, 67 - I 2l - 166 x 94 - 118 - 118 um ma9n.te. 
Spoc<Je comp lex is cun icis, 5 . 5 - 8.9 - JJ um c r<Jssae. quir:qu£.• strat:s 
(J -S J inst cuc tae. in duo t ucmu• ( A- 8/ f o r:mllttte. St ratum ext ecnum 
evanescens et s tratum unltum (sequens). hc1ec duo st cat<r oldhecentllJ, 
ten u l bus, non plus quam 1 a 2 um , et hyal1n<'l. St r a cum tertium la:n inc1 -
tum , l ute um, vaCJabilit:er e rass um , f istul as hc1bens. quo ad itus tenuiter 
decl !vi s ad apec t ucam an9usta1P1 , quae plerumque 0.5 um. S trata membca.'la­
cea duabus i n turma 9, h!lal l na, non plus quam 1 a 1 um crasstt. HIJphae 
aftixae. hyal i nae , non occlusae, non septdtae, 6- 10 um c rassae ad bas im 
sporde paric c 2.7 um plecumque. Hycocrh i:zas vesJcula c-arbusculttres 
tocmdns. 

Habit.:J in te r r a ad ,;skov e t Hillecslev, J utlandia, D.:Jnla. 
Holotljpus Jnc cevi t: ad zea mays L. anno 1989, in Museo et llecbado 

Hauniens i (C} , D~tnta dcposit us . Isot!Jpus aeque ac cul tura ad JNVAM UnJ ­
versitas Fl o rida. Gainesvlll e . u.S.It. depositus. 

Description: Sporocarps unknown. Spores f ormed singly in 
soil, pale yellow and yellow in ref l ected and tran smitted 
l ight, respect ively , globose , 78 - Ll7 - 200 urn diam. with 
86 % betwee n 12 0 and 160 um; 11\ broadly ell ipsoid or pyri ­
form , 67 - 121 - 166 x 94 - 138 - 178 urn diam. The spore 
wall consists of five walls in 'tWO groups , with c omposite 
wa l l 5.5- 8.9 - 13 um t hick (Fig. 1). 

WALL GROUP A consists of three wa l ls. Outermost , two t.h i n, 
hyaline, adhering walls , each not more than 1 - 2 urn . \</a ll 1 
is eva nescent. and wa ll 2 i s a rigid unit w.Jll (Fig. 2g) . 
\Va ll 3 is a yellow , lam inated and fis tu la r wall which in ­
creases i n th ickness and number of laminar £issures . ..., i t h 
spore age (f'ig. 2a - i). Th e openings o f t.h e fistules in · .... all 
3 gently slope into an apertu re o f 0. 5 urn on an ave r age 
(Fig . 2h, i) . The fist u l c s appear as points at the f oca l 
p l a ne. 1\s the focus is lowered , the fis tul cs incline and 
appear as di ff use rad ial lines un ti 1 they a r e i n horizonta l 
position i'l nd clea r ly visible . This charac t eristic appear -



275 

ance resul~s from ~he degrees of inclination of the fis­
t u les across the spores as they are seen in the microscope. 

The laminat.ed wall 3 breaks rather easily along the 
laminar fissures. The fractures t:ake on a denticular ap­
pearance at the broken edge of th is wal l , a nd thus consid ­
ered ornamented ( r~ig . 2i) . 

Glomus !islulosum 

rtoure 1 . Muraoraphs o r the spore wall struc­
t ure of C. fi.stulosum ana C. lca9ilistntum. 
Mur onrms are A(E UL }, B(MM), and A(EU), 
B(UL), C(MH), resp;ctfvely. 

Wl\LL GROUP B consists of two thin, hya line membra naceous 
wa 11 s , each not more than 1-2 urn thick. The innermost wall 
5 is most easily seen whe n the cell cont.ents contract on 
plasmolysis in 1M sucrose (Fig. 2a, e ). 

,, subtending hypha appears to be inserted in the spore 
"''all s. It is 6-10 um wide at the spore base. Hyp ha l walls 
are hyaline and wi th a n averaged thickness of 2. 7 ~m. The 
pore i n the subtcnding hyphae is ope n without occlusion or 
septum (Fig . 2a, b). Spo re contents are co l ourless and 
appears as va riable-sized globules . 

c . flstulosum forms vesicular-arbuscul ar mycorrhizas on 
severa l cultivated plants. 

Dis tribution . Glomus fistulosum was collected in two habi­
tats by I. Jakobsen in July 1978 . Isolate No. 21 was col­
lected in a crop of wi n ter wheat (Tr i ticum aestivum L.) on 
a long-term experimental field wi th sandy l oam at Askov 
(Askov lermark) in souther n Jutland, Denmark. Isolate No. 
22 was collected in a crop of spring barley (Hordeum vul­
gare L.) on a loamy soil at Hillerslcv in northern Jutland, 
Denmark (cf. Jensen & Jakobsen, 1980). 

Mycorrhizal associations . c. fi.stul o.sum was collected under 
conditions t ha t suggest associations with wheat and barley 
in the field. Further , the fungus (Nos 21 and 22) formed 
VA mycorrhizas in pot cultures with leek (A llium porrum 
L. ) , maize ( Zed mays L.), and wh ite clover ( Trifo lium 
pens L. ) . 

Types . f"or pu r ification of c. fiscul o.sum (Nos 21 and 22), 
ten alike spores were separated under the microscope and 
added to pre-sterilized soil seeded with maize in pot cut-
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tures. The holotype INo. 21) wa s selected in 1989 af t er 
five repeats of this procedure and deposited at the Bota n­
ical Museum and Herbarium , Copenhagen , Denmark ( C ). The 
isotype a nd a living cu lture from No. 21 a r e deposited at 
the Inte rnational Cu l ture Coll ect ion of VI\ Mycorrhizal 
Fungi (INVAM) , University of F lor ida, Gai nesville , U.S.A. 

Cl oaus fc<~yi J istc.:Hu• Skou & Jakobsen sp. nov . 

Etymology: The Lat in epi thet , ' tcaqilll';t r.ttum ' from tragi­
l is ""fragile , easily shattered , and stratum= laye r , re­
fers to t h e third spore wall wh ich is cha racteristicall y 
fragi l e. 

Descriptio: Spo coc.t.rpia ignoca. Spocae in terra smgulatim elfocm.ttae, 
luteae vel poll! Ide auranliacae, qlobosae, 108 - 146 - 191 )Jm magn<1e 
Inte r quas 18 pro 100 late ell ipsoideae vel I rcegula ces. lOS - 141 -
181 1t 111 - 169 - 2JJ um magn.1e. Spo rde comp l ~J<is tunicis, 7 - 9 - l2 
11m c rassae. sex stcatis (1~6) instcuctae. In t res turmis ( A-C) forma­
tae . Stratum ~~ttqcnum hljalinum. gelatinosum cum granulis , e t ev.tnes­
cens, v.tri.tbiliter crassum attingentia 4.S um. Stratum secundum un1tum, 
hyalinum. rigidum. 1. 4-J .O um. Str~tum tertium item unitum. hyalinum. 
v i tri instar, in rimis et ·.dttatls Cragillbus . ca . l lJ,m c r<tssum, plus 
mi nusve ad stratu.e~ Jamlnatum <Jdhaerens. Stratum quartum luteum vel pal­
l ide durant.Jacum, lamlna tum, vaciabiliter c rassum, plerumque 5 .1 um . 
Stratum qu!ntum hyal Inum, r.-.emb c.:maceum. lenitt:!c a l~o~colatum . non plus 
quam 1 um e t s t r.:~t um sex tum hyal inum. membran11ceum et. granulatum, non 
plus quam J um . Stratum pr!mum usque ad quart.um dec/ ivc ad hyphas .tf• 
fi ~t as. quae h<tbentes dillmetrum 9-15 Um ad b.tsim sporacum . Hycocrhizas 
ves Icul ac-.tcbuscul ares lormans. 

Habit<Jt. w cered ad Jullerup, Fionia. Danf.t . 
1/o lotljpUs incce..,it ad Zea mays l.. nnno 1989, ltl Xuseo et Hcrbarlo 

Haun letiSI (C). Dania depositu.o;. Jsotypus aeque ac cultura ad 1NVA."f Ur.l­
•;ersLtas Florida. Gdir.esvllle. U. S.A. depositus . 

Description: Sporocarps unknown. Spores formed singly in 
soil , yellow a nd brigh t yellow o r pale orange in reflected 
and tran smitted light, respectively, globose, 108 - 146 -

F'lgure 2. Glomus !istulosum. a . Br oken spore In 1M sucrose . Arrow s 
in d icate Ute la111lna t ed wa l l ()) and t he t wo Innermost walls (4 and S). 
Note the subtenolng hypha wlth the open pore . x 300 , bar 2S u•. b. 
Spo re showing t he ope" pore to the subler'IOlng hyoha. Tne flstu l es 
appear as r adial stripes Or'l the la•lnateO wall. I" PVLC. x A2S , bar 2S 

um. c . The lamlr'late d •all with radial l l,..es o f Lite flstules. In PVLC. 
I( A2}, bar 25 )JII. d . Broken spo re clea r ed In 3X I<QH. Tne rtstule s ap­
pea r as small polr'lts on tne lnslde (r'lole the fractures) as ltt!ll as on 
the outside , and as r adia l ll nes at the spore periphery . x 300 , bar 2S 
u11. e. Broken spore . Arro 111 s ooir'lt to trte la•lnated .. a l l l ;md t he tiiiO 
l nne r•ost •ails (A and S). In PVLC. x 400, bar 2S um. r . Cross section 
of t h e f istulae, lami nated wa l l in )X I<OH. JC 6SO, bar 10 Um. g . Spore 
In )X I<OH 1111lh th e oute r , hyallr'le •·alls (1 and 2) broken. x SSO, bar 
10 tun. h . SEN l'll lcrograpn or the sur f ace or lite l ami nate d wall wlt h 
flstu l e openings. • 2SOO, bar 1 \.1111. 1. SE N micrograph of fractures or 
the laMinated 11118 1! with the flstules In longitud i na l s ection. 1t 2SOO, 

ba r 1 LIM. 
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191 urn di i:l m. wi th 84.5\ between 1 20 a nd 170 um; 18\ broad­
l y ellipsoid or irregu l ar, 108 - 142 - 18 1 x 121 - 169 -
231 urn d iam. The s pore wa ll consists of six walls in three 
g r oups (A - C), wi't h t.he composite wall 7 - 9 - 12 urn thick 
(Fig. 3 ). 

WALL GROUP A consists of two wal l s. Wall 1 is ge l a t i nous, 
hya l i ne and evanescent. It may have a g r i t t y conten t that 
is most easily seen i n Melzer ' s reagent. Whe n pre sent, t his 
wa ll may be up to 4 .5 u rn t h ick (Fig . 3a - c) . Wa l l 2 is a 
rigid , hyaline unit wall , 1.4-3.0 11m t hick (Fig . 3e, h, i ) . 

WALL GROUP B consists of two wa 11 s ( 3 and 4 ). Wa 11 3 a v i t ­
reou s hyaline uni t wall .,..hich rarely e xceeds 1 urn on thick­
ness . It breaks i nto flakes and strips on broke n spores . 
Cracks radiate from the poi nt whe r e the spores are broken 
wi th a t.ape r ing inst.rument. This wa ll somet.imes is adheren t 
'to t he lami na t ed wall (Fig . 3e-i). Wa l l 4 is a yel l ow or 
pale orange l ami nated wal l of va rying thickness , 5 . 1 urn o n 
an average. This wall becomes r e ddish-brown in Melzer's 
reagent (Fig. 3a-i). 

WALL GROUP c consists of two hya 1 ine membranaceous wa 11 s , 
neither more t ha n 1-2 11m t hick. wall 5 is weakly alveo l ate 
and t he inne r mos t wal l 6 appears g r anu l ar. The l atter wall 
is mos t c l early visible whe n the cell contents con t r act on 
plasmolysis I Fig. Jh, i) . The spore c onte nt cons ists of 
di ff e r ent ly s ize d oil globules t hat become v iscid wi th age 
( F ig . Jh ) . 

Wa ll s 1- 4 e xte nd as walls of the s ubte nd i ng hypha e 
( Fi g . 3d ) fo r a s hort distance and t hen tapes off (Fig. Ja, 
b) . Diameter o f subt.endi ng hyphae a t t he spore base is 9-15 
lJ m, usually with 1-2 hypha l septa positioned c l ose to t.he 
spore . Occa sionally , t.he hypha has a n angular bend be tween 
the fi rst and the second sep t um, and narrow branch hyphae 
may occur at thi s region (F i g. J a , b , d) . 

c. fr<Jgil istr"tum forms vcsicular - arbuscular mycorrhi za 
o n several cultivated p l ants. 

rtgure ). Glomus lragilistratum. a . Spore 1111tn subtenOJng hyph a andre­
mains o f tne exterior. gelatinous, hyaline 111 8 11 . Arrow poin t s t o a 
hy pha ! septu•. x 250 , bar 2~ U•. b . Part of spore with subtending 
hypha. Arr o ws point to hypha ! septa. Note t he thi ck hy pha! wa ll due t o 
the extension of tne four ou t e r walls or t he s pore . x 400, ba r 2~ \Jill. 
c. Spo re 111ith the e xt erior, gelati nous , h ya li ne •a l l. x 225 , bar 25 1.1111. 
d . SEH flllcrograph or sub tending hypnae. Note the continuation of s pore 
oute r •all s onto hypha. x 800, bar 10 urn. e. Broken s pore sho .,. l ng two 
ou ter rigid , hyaline unit • a il s. ~all J is broken i nto radiating sec ­
tions . x 22~ . ba r 25 \.1• . f . Crushed spore IIIIOte clearly shodng the 
s eoaratlon or th e third wa ll ln t o radial seg•ent s. x 175 , bar 25 IJIII . 
g. Hy a li ne fl akes br o l< en orr the third wa ll or a s pore in Melzer ' s rea­
gent . x 225, bar 25 Ulll. h . Broken s pore wJtn wa ll 2-11 and the o i ly t o 
vlscld content visible. x 175. bar 25 u•. 1. Br oken s pore with all six 
wall l ayers vlslb le. x 175, ba r 2~ \Jill. a-c , e and f I n PVL C; h and i 
In I H suc rose. 
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Distribution . Glomus !r.tgilistcatum was collect ed by I. 
Jakobsen after harvest in July 1978. The fu ngus (isolate 
No. 33) was collected in a crop of spring barl ey (H o rdeum 
vulgare L.) o n sandy loam at Jullerup (Statens qArd), 
Funen, Denmark ( cf. J ensen & Jakobsen , 1980 ). 

Mycorr-hizal associations . C . fco~gilistcatum wa s collected 
under conditions that suggest association with barley in 
the field. Further, the fungus (No . 33) formed mycorrhizas 
in pot cultures with leek (A ll!unr p or rum L.), maize (Zea 
ma!JS L.) , and white clover ( Trifolium repens L.). Inocula ­
t i on with this fu ngus improved uptake of phosphorus (PI and 
growth of barley, maize, and white c l over in P-deficient 
irradiated soi ls (Jakobsen, unpublished) . 

Types. After five i noculations on maize in pot cultures , 
the holotype of G. fraqiUstcat.um (No. 33) was selected in 
1989 and depos ited at the Botanical Mu seum a nd Herbarium, 
Copenhagen , Denmark (C J . 

Isotype and a living culture from No. 33 are deposit.ed 
at. the International Cult.ure Collection of VA Mycorrhiza l 
Fungi (INVAM), University of Florida, Gainesville , U. S.A. 

DISCUSSION 

we have used the conventiona l wall-grouping (Walker, 
1983) though in reality o nl y the two outermost wa ll s of 
spores in c. f istulosum may be difficult to separat.e, and 
as flakes or segments of the vitreous wall 3 may occasion­
ally adhere to the lamina ted fourth wall of the spores in 
C. tc~qlllst.c~tum. 

The spores of c . tistulosum and C. tra9ilistr•cum ha ve 
more complex wa ll st r uctu r es than those of other described 
Glomus species. The five-walled spores of c. qecdem•nnii 
Rose, Danie l s & Tr appe is closest in wall complexity, but 
the sequence of wa 11 types , hypha 1 attachment, and spore 
size are dif fere n t (Rose et at . , 1979). 

The fistular or pored structure of the lami nated wall 
in spor es of C. fistulosum is unique. The narrow (about 0.5 
urn) , fistu l as pass through the laminar fissures. They are 
uniformly distributed over the spore wall and are confi ned 
to the laminated wall. Fot" this reason , t. he fistules at"e 
not considered artifacts caused by bactet" ia 1 ot" fungal 
activities. 

The vitreous unit wa ll {wal l 3) in spon~s of C. frtJqi -
1 is t u tum is diagnostic for t hi s species and does not com­
pare to any other wall in described Glom us spec ies. lt is 
visible, however , only when spores are broken with a point­
ing i nstrument . It does not f l a ke as Rose et a 1. ( 1979) 
report fo t" the outermost walls of c. gerdemann11. 

The outer evanescent, gelatinous wall is clear l y t hick ­
er on spores of G. fc.tg llis triltum than o n those of c. tis­
tulosum. This wall r esembles the outer wall of c . c l acum 
Nico l. & Schenck (Nicolson & Schenck, 1979) , c. m•nlhotis 
Howe I er , Sieverding & Schenck (Schenck, Spai n , Sieverdinq 
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& Howe l er , 19841, and probably G. intcaradi ces Schenck & 
Smith (Schenck & Smi t h , 19 8 21 . 

The unit wall 2 of both species is hyaline and rigid 
rather t ha n gelat i nous. Therefor e , th is wall cannot be j ust 
a second layer of t he o u ter wall . 

The p r esence of two i nner membranaceous wa 11 s i n spores 
of C. fJStul o sum a nd C . frll9ilistra c um is unique for Gl o mu s 
species described to d a t e. This wal l structure s uggests a 
p hy l ogenetic re la tionship with members of Ac aul o spo r " (J . B. 
Morton, pe r s . comm.) . 

Walls 1-4 of C . fraqflistratum spo r es ex-cend o n or past 
the closing septum in the subtendi ng hyphae. ln t.hat re ­
spect , they resemb l e several o t her Gl o mu s s pec i es such as 
c . c larum (Nicol son & Schenck , 1979) a nd c. mos.se.te (Nicol. 
& Gerd.) Gerd. & Trappe (Nicolson & Ge rdema nn, 1968). 

Globu l ar to pear-shaped , th in-wall e d , h ya l i ne , vesicle­
like ce ll s , 8 - l S um i n diameter, occur scattered o n the my ­
celium of G. f is tu los um between so il partic l es. Thei r func­
tion , if any, is unknown . 
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s.-ary 

Tile nomenclature and the history of tire r;.•xplortJtiotr o f the genus 
Pezir.clla Fuckel 11nd of generB connected with it ( Allophylaria 
Ka r st., Calycins (Nees) Gray , Cystopczizc.lla Svr. , Hubclonls Clem. , 
£ubclonis IIOhncl . Pezizella s ubgenus Ctcnoscypha St:a rb . , and Pseudo­
hclotiu- f uckcl) ore discussed . Tile •Lypus gcncris " of Pc:d.zclla is 
P. .c;ordidn (Fuckel) Fuckcl. In this connection some systematic 
consequences ore pointed out. eubelonis Clem . is a syt~onym of 
Pczizcllo but nc itf1c r Allophyloria nor Calycina is. The s upposed 
synonymy of Peziza sord1dJJ f'uckel with Peziza avel18118C Ulscll and 
Pczi ?.n vulgaris Fr . is discussed . The typifi cat ion of CttlyciM with 
Pcz1za herbarc. f,ers . is dubious . 

Nat.Urlich System, ein ~~riOersprechender Ausdn.dc . Die 
Natur hat kein Syst e:., sl.e hat , sie 1st Leben lnd folgo 
aus elncm lt'lbckannt.cn Zcnt.run, zu cincr nicht erkern· 
b;nen Cronze . Naturbetrachlung bt claher endlos , man 
11139 iM ~inzeinstl! t.cilcnd vcrfotncn odcr iJn ganzero 
nact'l BraHe unci HOne die S~r verfolgen . 

Goclhc , Probleroo 

I. Introduction 

In the presen t. work T want t o t.ry to r epresent t h e history 
of the exploration and the nome n c l ature of t h e genus 
Pez i z clla ( Ascomyce te s, Leotioles) and o f some further 
ge nera , t.'hich in th is connection are of specia l i n terest.. 
If th is is perhaps done in more detail t h an necessary, 1 
take the follo\o·ing conside r ations as u busis (or the 
style o ( presentation: 
Firstly: l ~,·ant to point out troub l es whi ch arise by 
t.rcnling these o r gouisms - many of .... hich a r e s ma l ler than 
0 . 5 mm in diameter - and \o'hich a r e exclusi\·ely caused 
b}' nomen c laturul problems o( t his o r der . 
Secondly: The more detailed r ep r esentation sho u ld i ncrease 
t h e Legibilit.y o( u subject. which generally i s loo ked at 
as d r y as dust and scarcely readable. 
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The i nterest in t hese organisms is no c hil d o f our t ime, 
but a lr eady our forefathers struggled wi th them mo r e than 
200 years ago. Fi r-st o f al l t hey use d t hei r eyes for th ei r 
exami nat i ons o r , to enha nce th ei r ef f iciency, a hand - lens, 
a nd only in rarer cases t he compound micro sco pe. Bu t not 
unti l the 19th ce ntur y wa s the ap p lication of this devi c e 
used regu l arly. Acco r ding l y t h e desc rip tio ns - u sually 
wr itten in Latin - we re lim i ted l o s u c h c h a r acte r s as 
colo ur, shape. co nsiste n c y, etc . of t he opo t hecia. 
An atomica l cha r ac ter s we re completely abse n t o r were only 
co nside r e d i n su f ficie n tly. 

Ma n y species, th e numes of wh ich ... e s till use t oday , we r e 
named by the o r igi nat o r s of syst c~aotlc my co logy , e . g . , 
ALBER TINI and SC HW EINITZ, BATSCH, FRIES, NEES von 
ESENBECK, PER SOON, to me nt ion o n ly some o f them . The 
pr ese nt u se of th ese no:~mes i s not ar bitrar i ly , but is 
governed by definite ru les, wh ich ore l aid down i.n t he 
1CBN . This " l a w" shul l co ntrib u te to the nomenclat ura l 
stability, if it is obeye d. Oft en a n incon si d e r ab l e 
sacr ifice o f time is necessaq· t o find a reliable 
nomenc l atural bas i s for the species an d genera , before the 
"true" wo rk can start. 

Thi s working method remind s u s o f a c. rhlin ologi.s t' s o r a 
historian ' s wo rk, r ather tha n of the wo rk of o bio l ogist, 
wh o is su pp osed to use modern ond pr omisi ng metho d s , as 
usually employed, e.g ., in molecular biology o r gene 
techno l ogy. This "screen i ng" of old names is by no mean s 
en end in i t se lf: at the sa me t ime the name of a ny taxon 
is its " address," wher e al l characters and quali t ies are 
filed , and , vh a t is mu c h mor e importont , ca n be found 
agai n: i t se r ves f o r sto rin g infor matio n ( d ata). 

ln the herb a r ia of man y a uthor s we often fi nd s pe cimens to 
which the names a r e tied ( "Datentr ii ger" ), so that we 
have t he possibilty t o s tudy ma ny of those ol d species 
with a ~aultitude o f mode rn method s . The "finger-print", 
h o wever , wh ic h is o btai ned by s uc h s tudies, is sufficient 
to identify sp e c i es , wh ich have been [ o und today, e ven if 
i n some cases doubts co n remain . The wor king up , i.e., 
the c h ec k up of t h e "old'' s pecies , ha s s ti l l not been 
comp let ed to t h is doy. Nevertheless agai n a nd again 
species or genera are pu shed t o end f r o i n th e system 
acco rd i ng to descriptions wh ich freque n tly do not mee t the 
minima l demand, wh ic h we nee d [o r t he systematic 
~valuat io n s , o r species and genera ore somet imes desc ribed 
fa r t oo th o ughtlessly. 

As l ong as thi s "h ome wo rk" has not been fin ishe d Lo a 
greotcr extent than till n ow , there ca n s c a r cely be 
nome nc l atural stabi l ity a nd a reliable natural system , 
wh at e ver we may understand by iL for t he f u ng i , fo r the 
at present t h i r d- l arges t orde r o f t h e Ascomycetes. 

Conse quen tly at th e moment it i s only possible t o dedu c e 
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reliable info r mation, s u ch os distribution of species and 
genera, interdepen d ences of substrata or further 
ecologica l data, t.he occu r ence of seconda r y metabolic 
products, as far as these are known at a ll, with g r ea t 
reservation, quite apa rt fr om s uch " si mple" jobs as 
de terminat i on of the families, gene r a and species, which 
o ften r eveal i nco n siste n c ie s and abs u rdities wi t hi n this 
system . 

These commen t s do no t imply t hat t he application o £ 
bioc hemical a n d physio l ogical methods in taxonomy and 
syst.emat. i cs is useless , bu t only t h at these have no sound 
basis as l o ng a s the " classical" ones have l ed to stable 
opinion s . 

Tf it i s right that the qu a lity of a syste m r c£lcc t s the 
acquaintances h ip wi th o group of o r ganisms, then we d o 
not kno~o· - nearly at the end of the 20th ce n tury - very 
much more about the Lcotlalcs than REHM had at its 
beginning. 

tl. The t.ypHication of t he genus Pez _izc ll n 

FU CKEL ( 1870 p. 299) ( I ) fo un ded the genus Pezizel lo wi th 
the follo win g diagnosis: 
" Cupulae grcga r tae, minut.ae , ce r aceae, s ubdiaphon ac , apcr­
tac, stipitatae, totae g l ob r ae : Discus s ub hemisp h oericus. 
Asci e l ongoti, oblong!, li nearsve, 8spori. Sporidia cylin­
d r acea , ob l ongave (?), plc r umquc c urvut.a, conti nu a , h yali ­
na : Pa r aphyses si mplices, [ i l ifo rme s". In hi s genus he 
placed six species in t. he or der li s ted be l o w: 

1. Pez.izella 
2. 
3. 
4. 
5. 
6. 

A'U tllaaae (Lasch) Fuckcl 
so rdida (Fuckel) Fucke l 
pulche lla (Fucke l ) Fuckel 
juncina (Pe r s.) Fucke l 
rubell a (Pe r s .) Fucke l 
dilutella (F r. ) Fuc k e l 

Over th e period o[ its mo r e t h an one hundred - yea r -o ld 
htstory mo r e than 400 (2) species have been added to thi s 
genus ti ll today. ~'UCKEL , as was the custom in the last 
century, did not d esi gnate a "typus generis." F o r that 
re aso n t he few o r i n significant microsco pic charac t e r s had 
inevita bly to l ead to d ifferent i nt e rpr eta t io ns o f the 
ge nu s by subse qu e nt myco l ogists , as £ar as they acce pt 
Pez.izella at a l l ; for the majo r it y of the myco l ogists of 

(1 ) Cav:.erning the p.Gltcatia'\ det.e or FI.O£L 1 s opn cr. RCX'i£RS {19511) and STAFUU & 
ctUAN (1976) . 

(l) ADcl..rL 0"18 ~rler (1D7) or tne "!IPK!es" wre exclusivel y described b)' \IC.L.Et~JVSKt 
( 1934, 19J9, 1967), llho evan r01.11ded a r-uy 0'1 this namo a "12, F8111. 
~" ( 19lll , p. ISO) . lk'lfort~.n~tely 1 1'\acJ not the privilege to s tudy 
any of VEU:MJIISKt's species. Within t.he ~ (CARPENTER 1988 • 
~ not~. ~. BEUEfltRt ( 1976) • Hii1Dt.1alee lk.Ct .) this n..Oer is 
0'1ly exeeeoed in the gerus ~ "lth 110ro tn.n 560 "!PGCles." 
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the l ate 19 th cen tury did not use t.t at a l l (3) o r o nly as 
a subgenus ( 4 ). $ACCARDO (1889}. o fe w oth e r s (5 ). a nd 

~!~~ARb~89 ~~d m~~~M u:~sc0/1 b~~UCKFEULC
1

l!8EL ~:n e;;~u s na:: • h:~~~~ 
sessile apot.hcc. io, whi c h was emphasized by both au t ho r s : 
S ACCARDO, l.c . p. 276: "Est Pbialco scssilis v . Ho ll is:la 
laetic o lor ... " a nd REIIM, l. c. p. 653: "D iese Ga ttung 
um (a Bt ci n e gro8e Anzahl zu~ae is t winzlgc r Arlen mjt 
si tzende n Apot.hccicn ... ". The tw o a uth o r s did not 
d esig nat e a q •pe species , either. REHM (l.c.) did no t e v en 
retain any of the "f o undati on s pecies " i n h is genus 
Pc zizc ll a (6 ) , wh e reas S ACC ARDO ( l. c.) retained o L l east 
P. juncina and P. dilutel la . 

Only jn the 20t. h ce nt ury a typ i f i cat i o n .,..a s made and that 

J¥; ~usf:0 0 ;ott~~:~ 'sn:~::~.~~h u c:lN:~:me~~ =~i· ch ( \
9
s
85

o)n 1 ;t ~~ =~~ 
i f it r e fer s to the origina l a u t hor: 
I . BACHMAN ( 1909 ) : Pe zlzello sordida ( ~~u c.kel) Fuckel 
2 . v. IIOII NEL ( 1926): Pez izella avellanae (Lasch) Fuc keJ 
3. CLEM ENTS & SHEAR ( 1931): Pezize lla granulosella 

( Knrs t. ) Rehm 
4 , SV R~EK ( 1983) : Pezizella pulchcllo (Fuckel) Fucke l 

Let us h a v e a close l oo k ut t hese ty p ifica t io n s i n their 
chro nologi ca l orde r and t.hcn a nalyze t h e re sults r efe rr i ng 
to t h e ir no men c l atural s lgn i f icu ncc . 

BACH MAN ( 1909 p . 55) wr ot e - o,•i th ou t going :Into detail: 
''T ype spec ie s , Pezizella s ordida Fu ckel ." In the di a gn osis 
o f the genus she ul so de sc r ibed t he ap ot hcc.ia as 
"sessi l e ," s u n.• l y inf l uen ced by REIIM' s f lo ra. 

v , HOHNE L (1926) designated P. avellanae (Lasch) 
the type ,;pectmen ( " Gr i.i ndun gsu rt" ). wi thout 
r easons , t oo . f rom h is pub lica tion about fungi 
shO \o' ll that he used the obsole t e " fir:H species 
his typ ificu t io n s : " ,\l s crstc , ;1 \ sn Ty pusa r t, 
d c r Nome Nn e v in sc r ipta F r." ( 1917, p . 300) (7) . 

Fuckcl ns 
;~dequ ate 

it can be 
r u1 e " f or 
e r sc.hc i nt 

CLEME NTS & SHEAR ( \9 3 \ ) selected P. gron ulose lla (Ka r st . ) 

{J) E. Q. KARSTEN (1 871 , 1885) , BRESAOO..A ( 1061), PATOOillARD ( 1683) , ln.OIER (18BS ) , 
llJEt.[l ( 1886) , GIUET ( 1887) , PHilliPS ~ 1 887) ancii'\ASSG: (1995} . 

(A) SCtf!DE TER (1893), LII()IW (1894}. 
(S) HAZSLINSKY (HISS) ana FtLTC.W (1899 fr) lllllfl t laned SPeCies of Pnizell.a in their 

fl oras , too l as did BD'fiiER o!o ROUSSEAU ( 1890)1 but t.he5e two also charocter12cd 
the apothec:ia as ''sessile au subses:~ol l u" . 

(6) As R[H"' placed all of the original species or Pe.z.izcl1a el~YJrc , 118 f o-rded a 
latar ho:lanylll (cf. also v . t0-t£L 1926) . In other l«lrcls thb was already 
t!!lllphashe<l by STARBb (1895, p. 28 ) : " ... die vcn Fuc:kcl (S~. o. 29'9) 
aufgesl ellt w.Jrde , jet:t aoer vcn REI-fill garu. arcers begrenzt wlrd , ••• " Tl'>ougl 
a lso \ltlEM:NSKt (19ltll) did not retain any of the o:lglnal species in rU.t. 
l reatn(!nt of Poz.izeU. , neverthele:os he did not create a second hollonym, oeca~o~se 

he only dea lt ... t lh P. ju"lclna , nballa and pu1.c:hella in hb Df11!1• 
(7) Cf . also NAN.'\FELDT (1932 , p. '1), 



287 

Rehm as the type species, which , h owever , was not amo n g 
t h e s ix o r igina l a pecies . P r obab l y •.dth their c hoi ce t h ey 
intended to co n t r t bute to s t abili q· a nd un i fo r mity in 
u sing th e nomcs o( ge n e ra, as they also e mpha sized in the 
preface of their o pus. (8) 1 pr es ume, t h ey t oo k RE HM' s 
l nf lu cnt iul publications basis for t heir 
t y pif ication , fo r he ...,a s t he mos t r ecognised a nd 
a ppr eciated discomyccte sc ienti st wo rld-vid e until his 
death 19 15. 

Acco rd i ng to SVRl':Eir: ' s ( 1983) considerations, "Fuckel ' s 
Pczizcllo pulcbella is the o nly o n e species ag r eeing 
pe rf ect l y wi t h a ll essential features in the original 
generic diagnosis." ( l. c. p. 68), for " Pe7.1zella a vella nae 
(Lasch ) Fuckel and P. so rdida Fuckc l ore identica l lo'ith P. 
vu lgaris ( Fr. ) HOh nel and t he last three belo n g to o th e r 
ge nera ( P. j uncina (Pe r s .} Fu c kcl, P. rubella ( Pe r s . ) 
Fucke l. P. dilutella (F r .) Fuckel)" ( I. e. p . 68 ) . 

Thus we h a ve (our q•pificatio n s wi th (our diffe r ent 
lec totype species: 
I. P. ao rd i da (Fuckel) Fuckel 
2 . P. avella na e (Lasch} HOh ncl 
3 . P . granulosella (Karst.) Re hm and 
4, P. pulchell o (Fuckc l ) Fuckel, 
but o n ly o ne of these ca n r e p r esent t he genuine type o r , 
n o ne nf the f ou r , co nc clv u bly, typi!i es the genus . 

!~ne~~~~~li:;:c t ow i~: steht"e c::dle~ro~! a!~~g 1;h8~~ s~ ~e s ~ !~r~: 
wh ic h FUCKEL assigned t o h is gen u s , so that CLEMENTS & 
SHEAR' s typification is i nvalid. V, 116 11NEL' s choice has t o 
be exclud e d, too, beca u se it r esulted !rom the "first 

~~e;!:~s .rul~:~'ceanB~C~~~~~:N :~d tJ::t~~~: i:;•pt/i~eadtai~:s r~~a~~ 
to be co nsider ed. 

On the strength of nomencln tur nl consi d e r ations t h ere is 
nothing to argue against BAC HM AN's choice , even 1f it was 
mode wi thout adva nci n g arguments: 
l. P. so rdid a belongs among t he six original species of 
the genus. 
2. The description o ( the genus, which is bas ed rather on 
phys ica l h abits a nd g r oss morpho l ogy , is± compatible with 
P . sord ida, a t leas t grave contradictions do not arise. 
3 . The type v as distributed by FUCKEL in his Fungi rhenan i 
I 2078, thus the species is easily available. 

Conseq uently her typification is t he fi r st one ~o·h ic h 
co r re sponds with t he rule s of the I CBN. Acco rding t o Art. 
8 .1 it is obeyed and the use of the name Pezizella ca n 

(8) " ••• This in NRY aaes roecessltat.es the choice or a species~ ( l.Wlderlined by 

the author ) in:: l l..ded by thl original author of U... gen:n." (l.c ., p. 15). Tl'lis 
typifiallon correspond'S to tho use or tho namu by RE.H'l and other fiiYCO i ogi s ts 
folla.~ing 1'1~ , bul lL CO"'tradict5 the rules or the IC8N . 
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only be unnulled by conservation ( Art.. 14) o r rejection 
(Art . 69) o r ''if (b) it ca n be shown that it is in se riou s 
co nfli ct with the p r otologue and a not h er element is 
ava iLable v hich is not in conflict with th e pr o t o l ogue " 
(ICBN 1966 , A•t. 6 .1, p. 11). 

Onl y in t h e latter case S VR~EK S ' s typification has not to 
be rejected. Then, however, Pezizella becomes a synonym of 
Ciutello ( • Cla•idiaculu• ), Lschnu• (• Dasrscy p h u s ) , 
respectively; for the s tudy of a syntypc spec imen of P, 
p u lch ello (Fuckcl) Fuckel proved vi t hout doubts its 
identity with Cistella acuu• (A lb. & Schw .) Raitv. ( • 
Dooyscyphus acuu• (Alb. & Schv.) Sacc. (Cf. also ARENDHOLZ 
& RAlTVIIR 1988) . In euch cusc the no111cnclatural probl em 
o( "PEZTZELLA" is sohed in any event: since BAC HMAN 's 
typi(icatio n ca nnot be ignored, we co n say with v. I! OIINEL 
( 1926): " Es steh t nun fest , was F'u ckel unter Pezizella 
versta nd." 

111. All ophy l aria - a Syno n ym o( Pezizella or vice versa? 

NANNF'ELDT ( 1932 ) , too, dealt with the Pezizella problem 
lhorough l y ond concluded: "Es scheint mir, als ob de r 
Standpunkt. v. H<Shnels, P. •ulgaris (9) ols Typuso r t einer 
emendie rt cn Col tung zu betrachten, nic h t zweckmii8ig sei : 
£ine Stiit.ze sei ner Ansicht. ist such nicht. vorhondcn . Es 
dUrftc z wc i[e ll os dos Richtigste sein, den ein Ja hr 
jilngeren Namen, Allophyla r ia , beizubehalten, mit: dcm ihr 
Au c t o r cs verstandcn hat, e i ne hOch s t na tilr li che Einheit 
;o:u umg r en;o:en und ;o:u beschreiben" (l.c. p. 290). 

llis a r gumentati-o n is not absolutely reasonable { what is 
the meaning of : "ni c ht. zwcckm3Big" ?) and cont rad ictory: 
on the one hand he rejected th e typHication and 
emenda t ion with P. a•ellanae with sca r ce ly convinci ng 
a r guments on the ot her hand he exactly sy nonymized this 
genus Pezizella , using v.HOIINEL's typi£ication, with. 
Allophyla r ia (10) (l.c. p. 289: "Syn. Pezizella Fuck e l. 
Symb. Myc. 299 emend . v . H<Shnel .. . . (Pseudoty pus: Pedza 
avella nae Lasc h (• P. Yulgaris fr.)"). Further mo r e his 
proceeding i s no l logical : be(o r e a non-typi fled genus ca n 
be synoymized, a "t ypus ge neris " must be designa t ed. 

II is typification of the genus Allophylario seems t o be 
withou t contradic t ion. Ir we, ho,.·eve r, pursue the use of 
this name in somewhat mo r e deta il, some absurdities a r ise: 
(or the (irst time i n 1869 l:ARSTEN u sed the name as 
section Vl of t he (collective) genus Peziza . In this 
section he p l aced two s pe cies : P . e ucrita Kar st . and P. 
a ublico i d es ( 11). 

(9) • Pczlle lla avellanae (Lasd'l) fuckel. 
(10) The gerus is absent 1n f~ et al. (1979) and Q.O£NTS' 5t£AR (1931 ) . 
(11) In the in:lex KARSTEN hia-.elf (1869 , p. 205) ct'larlged the epithet : "Pirziza 

atbl1c:o1.d8s in P. sbli.cMfoma'l est ~~". lf th! l.rQe11 15 MUshed at the 
5811'18 lke as lhe ..ain part , P. ~~ ls valid , othen.tise this Nl!lll is il-
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In the f o llowing year (1870 , p. 243 ) he raised thi s 
sec t ion to generic r an k and i n cluded f o u r s pecies within 
it : A. e ucrit a ( Ka r s t.) Kor st ., A. su bl icaefor•is ( Ka r st . ) 
Ka r st ., A. cl a vu lifor•is (Karst . ) Kar s t . a nd A. b yssocea 
(K ars t . ) Ka r s t. He af f ixed u question mark to the last 
thr ee men t ioned s pecies: I sup pose d he was in the da r k 
about t h e me mbe r ship o f th ese to All o ph y l a ria. 

Again o ne year l at er ( 1871 ) h e co nside r ed h is genus as a 
s ynonym of Pezic ula Tu l. a n d desc ribed in the foll o wi n g 
o rder si x spec ie s : 
I. P. s ubl icifor•is (Karst. ) Ka r s t. , 2. P. clavuli£or•i s 
(Ka r st . ) Karst ., 3 . P. by ssacea ( Karst. ) Ka r st., 4. P. 
•yrtilli n a Ka r st . , 5 . P . euc r ita ( Ka r s t. ) Karst. an d 6 . 
P . phyllophila (Desm.) Ka r st . Near l y I S years later (1885) 
he res t o r ed the genus to li{ e , t. h is Lime with {ou r 
s pedc s , i.e . A. s ubl1c1for•1s , A. clavulifor•1s , A. 
byssacea and A. phyllophila. Until it s r e s u sc itation by 
NANNFELDT (1932) the name sa nk i n a l ong s l eep, a pa r t f r om 
three new spe ci es descri p t ions by KAR S TEN (1889) (12) , 
CLEMENTS (1903) ( 13 ) and SPf:GAZZ I NI ( 1926) ( 14 ) and t he 
sy n o nym idng with Hyaloscyphu b y BOUDIER (1907) (15). 

KARS T EN himse l f ne11e r d esig nated a " typus gc n c r is . " 
Ac cording Lo the ICBN t h e type has to be selected f r o m 
among the two s pe cies men t ione d i n the proto l ogue . Doing 
th is i t would be wise n o t to fa ll back on a s pe cies whi c h 
one yea r l ater ( 1870) v as la belle d by him v it h a q u eslion 
mark . F rom t his viewpoi nt P. eucr i ta Karst . ( • Pez.icula 
euc r ita ( Ka r s t . ) Ka r s L. ) wou ld be a s u i t a ble choice, 
cspccio ll y as he hi mse l f sy n o n ymized hi s genus with 
Pez icula i.n 187 1. In thi s c a s e All op hyl a ria !ide KARSTEN 
1870 'oi Oul d become a synonym of Pezicula ( 16). Thus 1 
ca nnot h elp feel i ng that in 1885 KARS TEN un consc iou sly 
c r eat.ed a la t er homonym, on whi ch NANN FELDT (1932) founded 
his interpretation o£ All o phyl o r io, £o r h e sta t ed: 
" Sic here Art en d i eser Gatt u ng si n d die Ka r s ten sc h e n A. 
su b licifor•is , A. cl o vul ifor•is, A. by sso.cea und A. 
phyllophi la ... ," although he apparent l y di d not s t udy a 
si ng l e of t hese s pecies , whi ch KAR STE N re garded as 
belon ging to Al lophylaria ; at l east he did not mention a ny 

legal (Art. 63 .1 ICSN) . According to STAFLEU & CCJW»j (1979) KARSTEN' s work was 
PLbUst"ed bel--. "2 Oct. - 6 Noll 1869". I interpret this to the effect that the 
I!XIIct date of p..blicatiOI"' is IS'Iki"'CCWt'', and the article i tself ~o~a.s 1>-Jb l ished as OI"'B 

ODq)lel.a lrlit. 

(12) Wqf1yladA tcd.gerw. Karst . 
(13) Wqf1ylada ~ Cle.., alt.hour:jl this species ~~~as de5c r i bed by Q.EJIENTS, 

he d id t'IOt menticn the gener ic narre neither as a gBRJS of its 01111 or as a synor'l)'lll 
in his "GO"Iera of F~i , " p..Oli5hed in 1909 . 

( U ) .,.,._luia """"""-is Soe9· 
( 15 ) This Syncrt)"'Y i.s wilhout any fo.Mldati!TI , especia lly since ncne of KARSTEN ' s 

species is syncnyadled o 
( 16) Pez.iz.a a.:rita Ka r st. ll'a5 lfeflliO'led by NAW'ELOT ( 19J2) as a syncr1ym of Pe:z.1cuJ.tl 

llvl.dli (B. & Br. ) ReM. 
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examination in his work . The listed order o f the spec ies 
cot n c. tdes cxactl)' with KAR STEN ' s (1885) a nd p robabl y v as 
adopted f rom Ilia, 

NANNFELOT su r ely endea voured t o maintain KARSTEN's o rder, 
f o r it is very .i.mprobablc t hat he got th is se quen ce by 
chance. He expanded the genus to include si x additional 
.species , wh ich T interpret as an emendation. Consequently 
he s h ou l d hav e designated the type species of Allophylaria 
us " Neotypu ~ . " ( 17 ) bul h e only wrote "Typus." 

The ubove mentio n ed :Hutcment o f fe r s a [ u r t her, sur pr isi ng 
i nte r pr e tat io n to the typification of Allophylaria : u nder 
the Codes ln effect from 1969 to 1987, KARSTEN co uld be 
Aai d hi.mself to ha\'C typi!ied ( 188S) the genu s by mean s 
o f o( ''schlz.otypification," for h e e xc luded oll ( Peziza 
eucrita Karst., • Pezicula eucrita ( Karst . ) Korst. ) but 
one ( Pcz izo s ublicoidcs Kor s t . ) of the original tnxo. lf 
th i s is ac::c::eptcd as t he fi rst valid and unc::on t r od"lctcd 
typifi ca ti o n , wh ich ~ou ld coi nc ide wi t h NANNFELDT' s 
c::hotce, Allophylaria r ep r esents a genus of i t s o wn , which 
bcco u s e of i ts anotom icu l choroc. tcr s (especia ll y t he 
jod i ne-positve asci and the l arge spores) ca nnot be united 
wi t h Pcziz cllo. But the usc of " sc h lzotyp ifi catio n" was 
o utlawed at the Be r ti n Congress t n 1987, with the r esu l t 
tha t Allophylaria could sti ll be considered o syno nym of 
Pezizella If NANNFELDT' s neotype is not acce pted. Finding 
no difficul t y ~ i th NANNFELDT' s co ncl usio n, r acce pt t hat 
neotypific.otton a nd beUeve that Allophyla rta end 
Pez izella a r c not s yn o n yms. Hen ce i t vi 11 hord l y be 
necessa ry t o asce rta in wh ic h o f t he na me s enjoy s priority, 
because the tvo were both pu blished in 1870, o problem 
wh ich only v o uld hav e to be solved i f Allophylaria and 
Pez izella are sy no n yms. 

JY . l'eziza so rdida F'uekel and Peziza avella noe Lu sc h -
Syn o ny ms of Pezizo vulgaris Fr. 1 

The lectotype species o f Pe ziz ello 1s Pez i zcllo s ordida 
( Fuckel ) F'ucke l, wht h was synonym! zed vi th Pezi z ella 
avellanae (Losch) Fu c kc l ( v. IIOII NEt 19 26 , NANNFEtDT 1932 , 
DENN TS 1956 ) , P. a vella na e itself ~a s synonymized by 
KARSTEN (1870, 1871 , 1885 ) wit h Pcz izo vul g o rio Fr. (as 
Uelot i u• a lbellu• ( \H th.) Kar s t. ). This synonymy wu s 
occepted b y RE HM ( 1893 ) , v . llfi llNEL (1926), NANNFEL DT 
( 1932) and DENNIS ( 1956), so that we ha\'e to disc u ss t he 
ubo ... c mcntl.oned s yn on y ms. 

I st udied seve r al syn lype s pecimens of Peziza o vclla nae 
und a dd itiona l s pecime n s f iled under th i s name, ( 18) but 
never c ould find either usci , bosidlo o r spo res , nl th ough 

(17) "Den Tetmnus ' Neotyr.us ' nab1 ich rUr diejmlgtn ii.rten ~t, die oei 
der U ot:od lefV'lg einer Ciat~ ala Typusart .::u cetred'lt.f!o isl." /~;.tH"(tOT ( 1932, 
Do 8) , 

( tB) f"1119l men. I <0"19 , ii(t'a A!lc . I 63. 
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{r u iting bodies o£ differen t size a n d o f d if f e r ent s t ages 
we r e c ut. Thus t he a r g umen t of overri pe f r u t i n g b o d ies 
hcing s tud ied is exc lu ded. The ques t io n, whe t her a n 
ascomycete is " hid den" be hind th is name, coul d n ot be 
c l ar ified by llght mi crosc opical s tud ies , und hen ce its 
so lu tion i s r eserved for ul t ra st r uct ural e x amina t io n s , 
whi ch , ho ... ·c ver, r eq u i r es li v i n g s pecimens or for n ew 
t ec hn o logies which al l o w one t o do ge ne sequencing f r om 
her b a r i u m speci men s. Still n ol to d ay, but i n a fe w years ; 
th is wil l put a wh o l e n ew l ight on just ho\ol valuable 
herb arium specime n s are . 

Bu t nev e rthe l ess t here are some s ig n i f ica nt diff e r e nces 
betwee n Peziza ave ll a n a e and P. s ordida , e v en vith ou t the 
c h aracte r s o f the hym e nium : 

I . I n P , avcllanae th e h yp hae of the ec tal excip u l u m, 
whi ch a r e embedded in a gelatino us mat r i x in b o t h species 
arc c l ca rl }' i n d iame te r a n d a rranged 
i rregu I a rt y. 

2. Mac r oscopica ll)' t he r eceptac l e o f P . so r dida s h o ws a 
some wh at do ~o· n y sur fac e un de r t h e ste reo- a nd/or 
ref l ee ted -1 ig h t mic r oscope , wh ereas Pez iza a •cllanac look s 
smoot h. 

3. in 3% t o 40% KOH d ri ed fru ti n g bodies o( P. avellanae 
- oddly eno ugh - never soa k up compl e tely, e ven being 
a ll o wed to r eac t u p to 24 h o ur s (a c h a r a c ter wh ich 1 a l so 
noticed i n s t udyi n g fr uting bodies o f Guepiniopsis, a 
ba sidiomy cete ), The apot h e c i.a of P . sordida r eac h their 
"life si ze'' ut the l ate s t uftcr 15 s econds unde r s u c h 
t ests . 

On the basis o£ t h e ab o ve me nt io ned cha r acte r s and 
qualities, I do not co nsider, i n cont r as t to REII M ( 1893). 
v . /I OIINEL ( 1926). NANNFEL DT (1 932) a n d DENN IS (195 6) - P. 
avcllnnae con s pecific with P . so rdida, ~o~h ich i s i n fact 
wha t FUC KEL al so no t ed, si nc e he d ist r i buted t he tw o 
se pa ra te l y. 

Because of t he o u t l ined obsc u rities P. a•ellannc is 
sca r cel y s uit a ble to se r ve a s a type s pec ies f o r the ge nu s 
Pezizella, as v , IIOHNEL ( 1926) c hos e , q uite apar t [r om the 
fuel lha l his typ i ( ica t ion was a n tedated by BAC HMAN' s i n 
1907 a nd from h i s use of t he " first spec ie s rule" (c f. p. 
286 ) . 

KAR STEN ( 1870) was lh e f i r st t o s t a t e t h e s yn o nymy of P. 
avellanae with P . vulgaris lo' h ic h he a l so maint ai n e d in 
18 71 a nd 1885 . SACCARDO ' s (1889) o pinion is co n fused : 
the o ne h a n d h e qu o t e d P . avellanae as a sy n o n ym o f 
Pezizella albella ( With. ) Sacc . (a bou t Peziza olbclla s e e 
bel o w) ( l. c . p. 260 ) . a s pecies wh ich h e , fo ll ow ing FR I ES 
(1823), co n side red as ide nt ical wit h P. vulgaris F r . On 
the o ther hand (l . c . p . 2 78) , h e t ur ned the tables an d 
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synonymi?.ed Peziza albella with Pez ize lla vulgaris (Fr . ) 
Sacc. n o n Pczizello vulgaris (Fu c kel ) S8cc . ( 19). Th is is 
nomen c la t urally untenable because a Lux o n " ... wi Lh a 
c ircumscrlpLion , posi tion and r a nk ca n bear o nly o ne 
co rr ect name" ( I CBN 1988, Art. 11, p. 14) . REHM (188 1 ) 
quoted P. a vell anae as Helotiua nlbellua . l n 1893 , 
how eve r, he transfcred thi s s pecie s as Phialea vulga ri s 
(F r. ) Rehm to Ph ia lco, 

According t o t he s ho r t diagnos i s o ne ca n no t rec ognize 
unquestionab ly wh ich fung us FRI ES meant by thi s na me . In 
his herbarium in Upsa la only one co ll ection ma d e by 
ROBERGE in France wo s f ound , whi c h, ho wever , did not 
co n t ain any apothecia, a nd whi c h j u dged by the l a bel 
appears t o be i d en Lica l with DE SM AZI !RES ' s Pt. c ryp t . 
Pran ce ed. 1 I 106 5 . As FRIES ( 182 3 p. 147 ) s Lated ha v ing 
seen P. vulgari s a l i v e , I su ppose DES HA Z I !RES ' s sp e c imen 
co uld be perhaps idenLl cu l wil h iL , wh e r e by o so lution of 
the problem P, vulgari s co uld be offered. 

Bul o st udy o f th e s pecimen from Paris was disillu s i o ning: 
the s ample on ly showe d poor remains o( (ruling bodie s , a 
dupl ica t e ( r om Ge nf wo s in better condition indeed , but n o 
asci spo r es could be found , Th e macrosco p ic and 
anatomical chaructcrs and th e reac t ion in KOil were 
identical wi th P. avellaaae, so that yo u co n s upp ose wi th 
some probobilily Lhol P . vulgaris Fr. se nsu Desm. is 
co n s pec i f _t c with P. avellanae La sch . Thi s pre s umpt ion do es 
not c l ear either Lhe i d e nt i ty of P. tiYellanae o r that of 
P. vulgaria: wh e the r DESMA ZI£R ES ' s in terpreta t ion I s 
reall y in accordonce with FRIES ' s fun g u s has t o r ema in 
un sett led, because - as al r ea dy mentioned - it is n oL 
possi ble t o tell fr om t he brief de sc ript ion whi c h fu ngus 
h e ha d in mind, especi all)· s ince FR I ES c l os~i(ied i L with 
the tr ib us "XI Holl isia . " P. vulgari s co ul d be a Holli si a 
a cco rding t o tod oy ' s inte rpretati on . Beca u se of t he 
s ketch y facts, 1 r ef r ain (r om d esig n a ting a neotype f o r P . 
vulgaris o L the mo ment , especially si nce this n a me ha s no 

(19 ) Pailiel..t. vulgaris (Fuckel) Sacc . and P. vulgaris (fr. ) Saa: . aN! s ita.ol tanecus 
horonyiiiS lol'llch Nue eq.Jil priority , ~ IJ'IaL " the rt r :sl of thl!lll lNJl i s "dOPl ed 
... by an eutnor ..no :sl.rrulteneo.Jsly rej ects tNI other (s) is treated as tlauing 
priori t y" (ICBN Art . 611,5, p . 01 , 1988). This has not been done hlt.hcrclo. 
Acccording to to my s ludles llliptnn vul9&rb F..ckel is i dentical "'ith Ped..z:el..la 
~ Rem (cf . also v . t6t£t, 1926 ) , the t?ithet of lohi ch b of OOWLfut 
validity en llhlch al ready KEJSSLER (1912) called at.t.-.Llc:n to. In a fllrther papt~r 

I ~II return to this Probll!!ll . These spec~ are not CCI'II)MCdC "'ith Pczizolla 
~ and 111lU further notice they "'ill stard u Cystq.:z1zall.a CIJ'"I:K\a (RIII'YII ) 
Svr . (• Nipten vul.garla Fuckal, • Pez1ul.l.a vul.gui.s (Fu:kd) Sacc: . fOil , illcg . 
ICSN 1986, Ar t . 64.5) . 
As Pullzella vulgaris (F r. ) Sacc . is " the ~ for the t a •c:n t.hal 1s ret. 
renamed {lt) is treat ed as llavlf'l9 priority" ( l.c . p. 01). V. Hl)ir.'tl. ( 1926 ) , by 
thu way , creat.ed a thi rd f'lclr.WJn)'lll P. vulgaris (Fr . ) tOWEL, althoulj'II'IASSEE (1895) 
usee P. vulgaris (F'r, ) Sacc . as a syt'IO'l'r'la of ~z.J.n a1bel..b (III ith. ) 1\11""· 
I'O..UR ( lm) cla:sslfied Pez.W vulgaris Fr. wi th ~: H. \IUlglu"i.s 
(F r. ) Ruehle el l"Glle r. This l .s a later holllonym of H. wulgarl.s (Fr . ) Llrdau . 
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signif i ca nce concerning the typ ifica t io n of the genus 
Pezizel l a. 
FR IES (1823) sy n oy mizcd P . vulga r is .,.i t h P . a lbella With . 
(20).l ndeed WI T II ERlN G never publi s hed a fungus wi t h this 
name , but th e one to whi c h FRIES re fe rr ed, is called P . 
alb i da With . ( WT T II ERIN G 1796, p . 350) . Already ST EUDEL 
(182 4 ) (21) calle d a tte n t ion t o t his e rr o r and was 
f o ll owed by I'III LLIPS (1890), NANN FF:LDT ( 1939) , a nd SE AVER 
( 195 1 ). WTTHER TNC's f u ngus is clearly larger, foun d o n a 
diff e rent substrate , a nd u n d o ubtedly no t i dent ical wi t h 
FRIES ' s P , vulg a r is . According t o NANNFE LDT it is 
identical \d t h, o r c I ose 1 y a 1 1 i ed to Pcziza A do e Sad l." 
( I. e . • p. 244) . 

V. Calyclna Nec s - an o lder n a me fo r Pe z i zella Fu cke l 
a nd Cy stopezize ll a SvrCck? 

Recently BARAL ( in KRI ECELS T E TN ER & BARAI. 1985) deal l with 
lhe genus Pe z i z e lla, wh ic h he sy n o n ymized v i t h Ca lyci n e 
( Nee s) Gray: "Pez i zella Fuckcl 18 70 ss . Dennis pp." At t he 
some t ime he consi d e r ed Cystopez izella S\• r. (S VRCE K 1983 ) 
as conge n e r ic wit h Ca ly c ine, co n seq uent l y Calyc i na mus t be 
congene r ic .,. ith Peziz e lla , too . 

A brief s ta t ement and expla n a t io n of my pos i tion is 
imperative : i t is sa fe t o say t h a t Pe zi z ella is not 
congene r ic wi t h Cys t.o pe zi zell a S v r . (ty pe: Pez izell a 
c o n o r u• Reh m) . The t wo types differ clearly f r om each 
othe r n o t o n l y i n t h e c haracte r s of t h e e xcip ulu m but also 
in t hose o [ the hym c nium. r r these c ha racters were not 
accepted as differen ces, no c l a ssif ica t ion in genera a n d 
accordingly no s ystematic s of the Leotia l es wo u l d be 
realized. The same h o lds for t he d iffe r e nces of Ca lycina 
and Pez i ze lla . 

Th e problem " Ca l ycine - Cy s t.ope z izella" i s some \o•ha t more 
compl ica ted : The name Cal yc i n a , whi c h was rai sed b y GR AY 
( 1821) to generic ronk is traced ba c k t o NEES von ESENBECK 
( 1817). The genus i. ts elf was lecto typ i (ied vith Pezi z a 
hcrba r u• Pers. by DUMONT (1 972) (22) . This species wa s 

(20) Q.U'ENTS & St£AR ( 19 31 ) lectotypified PttWt. (Pers.: Fr. ) Gi llet wi th thts name ; 
c f , also u.m:f:NTER (1981 ) . 

(21) Tl'-!s alrt!ady one yt!ar aftt!r the p.bllcaUon or the Systsr.. : "Villose in Friesio: 
albella" ( l. c . p.lJO ). In tl'e "Index a lphaboticus" (FRIES , 1832) "albella" is 
mlssinog, cut "alblcla" is listed and with that sanctioned . l:ven KJ..fiTZI: (1890 ) used 
the "phantmu" ~ a1be.l.l.a (Fr .) Kt ze.; the COifbination Hye.1.1nLa albella 
(With, ) Bcud, is jU5t IS absurd. 

(22) "Erste Si.pp5Cha rl. FanUla prima ... (Calyeinae)." t.EES rari<ed with this 
"Sippschaft" four spec ies: P. ~ioidas Roth. , P. urc:eo1u!l Alb . & Schor. P. 
tledJar\a Pors. and P. pa1.1.esans Per!~. The first and the third were studl.ed by 
hl.aself and acc~lecl by U lustrat ions . Fur thenrore he raliced with "Calyelnae 
a lle ge:stldt.en (Art en) aus PerSOCJM Ster Anthalllllljl (t. ) Coriaceae, siccae" 
( i .e. p . 266) . ttus DlJIIJH ' s s lal.er.ult, "he (P££:5) lncluded four species" (lx.ron 
l .c. p. 913 ) is incorrect and an additiona l IS species have to be takB'l into 
con:sideratlm .s a possible lectotype. ll i s , tn.ever , ricjlt. lo reject SEAVER's 
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described by PERSOON (179 4 ) , who a l so li :n ed iL i n his 
late r publicatio ns (e . g . 1 797, 18 0 1. a nd 1822 , however not 
1796 / 1799 ) . As I often s tumbled on P . hc rboru• dur i ng 
my studies of t h e ge nu s Pezizella, a nd, as I agree wi th 
KORF (KORF i n KRIEGELSTEINER & BARAL 1985) Lhu t thi s 
s pecies is out of pl ace in HJ•e nosc rphu a , l want e d t o 
st ud y PER SOON's s pecimen, wh ich wa s ma d e available Lo me 
from Leide n generous l y. I go t si x c olle c t ions 1dth th is 
name. As PER SOON did no t designate a holotypc o lecto typ e 
s pec ime n h as Lo be c h oos en f r om these : 
Thr ee s pecimen s co u ld be excluded fr o m t he be ginning , 
accor ding Lo t h e han d-writing t .,. o a r e co llected an d 
labe l e d by hi.mse l f: 1. " Peziza affi n is P. h e rbaru • 
(subs tr a t e i s n ot named , fr agme nt s o f t .... igs) an d 2 . 
" Peziza h erba ru • v a r.' ' (f r agments o f t .... igs , too). ln 
add i tion both gatherings ore n a med wi t h the e n t ry "lib . 
Pe r s. " The t hird is e ntitled "Desm. i n Hb. Pers., No. 9 
Pe zizo herboru• ? Pers ." 

The remainin g three s pecimens whi ch acco r ding to the 
subst r ate were s u i t able as a t ype a re l a beled "Hb . Pers ., 
Chaill . in lib. Pcrs .• Moug. in hb. Pers .• " re spec tively. 
The f i. r s t men ti o n e d spec imens (" li b. Per s ., Pr ope Cottingen 
(si c!) lecta " ) , wo ul d be first qual i ty , fr om whic h yo u con 
conc lu de with some probabil i ty tha t i t lo' as co llected by 
himse lf, f o r PERSOON ( bo rn 17 61/62 i n South Africo) 
s tu d ied medic ine a nd natura l hi sto r y i n GO tt i n gen f rom 
1787 to 1802 . Un fo r t un ate l y he d id n o t s pec ify th e dot e o( 
col lec ti on . lienee i t is unce r tain whe t her he desc r ibed P . 
h e rba ru• by means of this s pe cimen. for j u s t as well i t is 
po ssi ble that h e o nly co llected it afte r 1794 , so tha t , in 
my opinion , th is doc s no t ap pea r qu a l i f ied as a lcc l o l y pc , 
u nd I d is r ega rd i t as a n eotype , oo , be ca us e th e material 
is r a t he r s canty. 

The r e mai nin g spec imens, co ll ected by CHAI LLE T and 
MO UC EOT, c crr..ni n ly got i n to PE RS OON' s han d s o n ly after 
1794, f o r, acco r d i ng to t h e hand -writing the l ettering 
does not do te fr o m him, bu t the labe l a lr·ea d}' bea r s t he 
name " Peziza h e r baru• Pe r s ." Thu s neithe r of t h e t wo 
s peci mens can be us e d as lectoty pe spec imen , t oo , even 
though PE RSOON d i d not add cr i t i ca l no t es an d hence s urel y 
acc epted t hem as i dent i cal with "hi s " P. h e rbo rua . I 
selec t MOUG EOT' s gathe r ing (I 910.261-431) as the neot ype 
of P . h.e r b a r u a Pe r s. , be c au s e the s u bstr a te is de si gnated 
and the origi n al d esc r ipt i o n of the apot h ecia co rr espo nd s 
lo'ith t: he specimen. The mic r osco pi c study of this an d of 
PER SOON's an d CIIA ILLET ' s speci me n s s h o wed that the e xci pu-

typificalic.1 , IIIlo lypirled Ulis gen.JS 111 iU, Pmm f.Lna Pers. in 1934, because 
t.hi!. spacies was not ment.icned even 3t:1009 the 15 addiUcnal ~. PERscnl (1822) 
co-osidered t£ES ' s P. ~ as a S)'I"'IO"Iyo~~ or his P .. scutule Pers. In U,is 
intcrpret.alic.l ne was roUOio'ed by all later authors, e.g. FRIES (1823) , \I!AI.LROTH 
(1831 ) and Rllberhorst (181t.t.o ) . T"hu!l , if PERSOCJN' s interprolalion is right , the 
l ypifica t.iO"' of Calyc.ina wlth Pez1u t.zbuw Per5 . nee t.lees becon:es 
ffJeStlonable , too , bcc:au!m this !;pe!C.iCl'S ~ not belong to the "Cir\no..ngsart en." 
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lum is not composed of r e c tan g ular eel I s (tex tur n 
p rismat ica to te xtu r a angu l aris), a s i t is del ine ated by 
DENN IS { 19 56), bu t of exte nd ed , na rr o .... and s tr o n g l y 
in t er.,· o ven hy phae , the arra ng eme nt of wh ic h i s d i ff ic u lt 
to fo llo"'' n o t o nl y in longi tud ina l sec t i ons but a l so in 
crush mount s . Al so t h e d o ... · ny st ru c ture o ( the s ur f u c e of 
Lh e rece pt acle ca n hardly be seen. The spores co rr espond 
veil in f o rm and s ize ( 14- 16 x 2.5 li m) as i n t he nu mbe r o f 
the se pta (t \o' o-ce Ued ) with t;!lose represented b)' DENNIS 
( 1956) and BRE ITEN BACH & KRA NZLIN ( 198 1 ) . The asci , 
ho we ve r, are c lea rl y sho rt e r ( not exceed i n g 60 x 6 urn), 

lC t hese s pecies belong to P. h e rbarua , in spite of th e 
outli.ne d diffe r ences, t h e value o f t he c xcip u lum as a 
sys t ematic character again would be made dubious. Tt is 
r e. t he r more p robable t h a t the n a me "h e rb a ~ u m " was a nd is 
used by d Ufer en t aut h o ~ s fo r diffe ren t species , •,.;hi c h 
a lso my o wn gat her ings o n Urt ico in d ic ate . However, 
st ud ies heret o a rc no t closed . If th is pres ump tion wil l 
be corrobo r a ted i n t h e last ana l ysis, Calycine a nd 
Cy s topezi ze lla s ur e l y a re no t con ge neri. c a nd the p lacement 
of P. her baru• remains vo gu e , t oo . 

VJ. The gener ic n a mes Eubel o n is Clem . an d 
Eu be l o ni s II Oh nel 

CLE MEN TS ( 1909) f ou n.~ e d t he gen u s Eubclonis wi Lh Rclotiu• 
droso des Rehm . V. HOHNEL ( 19 18 ) transfer r e d this species 
t o Bclonioscypha . Tn 19 26 he placed a (ungus i n Eubcloni s 
wh ic h was d etermined by SACC ARDO (My co t h . venet a I 1509 ) 
as ll e lot i u• su bco rncu• (Sc hum.) Sacc: ., ond wh ich he nam e d 
Eubelonis albosanguinea HOh n. Acc o r ding t o t he rules of 
t h e ICBN v. fl(jiiN EL t hu s created a l a t e r homo n ym, Eubclonis 
IIOhn el , the u s e of vhich as a name of a ge nus is i nval i. d 
(cf . also CA RPENT ER 1981 ) . GRADDON (in CLAR K, 1980) 
t h ough t this species belongs to Pczizcllo. Thi s v as not 
c onf i rmed by my in \·estigotions of the above mentio ne d 
specime n. E. albosanguinea II Ohnel see ms to be a membe r o £ 
o ge nu s of i t .s O'oo·n, for no s u itable p lac e i n an al r aedy 
existin g ge nus has been found unt il nov . 1"-l y effor ts 
t hi s a r c s t il l incomplete . 

Th e s t udy o f Hclot i u• drosodcs, th e ty pe species o f 
Eubelonis Clem . , p r od u ced a su rpr isi ng re s u l t : a fr ee and 
easy c l assif i ca tion ..., i th Pczizcllo is al lowed not o nly by 
the a na t omical c ha r acters of the excipulum but a lso by the 
str uc tur es of t he o sci , so t hat we re gard Eubelonis Clem . 
as a sy nonym o f Pezizella un t il f ur t h e r not i ce . 

In t h i s co nne x ion we have to examine a fu r t h e r sy no nym, 
whi c h va s ment io ne d by v. H() HNEL (192 6 ) , viz . Ctenoscypha, 
more detoi. l e d Pczizclla s ubgenus Ctcnoscypho Starb . ~Ht hi n 
the scope of a sho rt t r ea t me n t of Pezizella th is subgenus 
was f ounded b y STARB XC K (1895) together ... ·i th the s ub ge nus 
Eupezizella. li e pl ace d in to Ctenoscypha -in the f o ll o wing 
o r de r - Pczizcllo dilutelloide s Re hm , P . helotioide s 
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Starb . a nd, wi t h s ome d ou bt, P. punctiforai s (C r e v .) Rehm . 
V , HOUN EL ( \.c. ) r ega rd ed P. d ilutelloidea es t. h e 
"C r und a rt" o f Ct e noscypha (once agai n accor d i n g t o " t h e 
f irst s pecies r u l e " ) beca u se in his op ini on i t is 
c on str u c t ed com ple t ely as in P .. Yul ga r is, t hus Ctenoscypha 
wo uld be i .de n tical with Pezizella . 

Al t h o u g h some simila r ities i n s tr uc t u r e of t h e exci p ulum 
are r ecog n izabl e bet ween P. so rd i d a a n d P. d ilutcl l o ides , 
t h e s truct ur e of the asci (t h e apices of t h e l a t te r a r e ± 
thi c k e n ed a nd ..,. i t h a nd witho ut KOH p r c trcu t men t 
jodi ne-positi ve) a rgu es agai nst v. II OIINEL 's position : in 
my o p i nion th ese d i f fe r ences a r e a d e qu ate t o do no t 
classify P . d i lu telloi des wit h Pezizella , i . e . Peziz.e.lla 
Fu ckel s u bge nu s Ctenoscypha is no t a sy nonym o ( Pezizelln 
Fuckel (23) . 

VII . The genus Pse udo h elocium Fuc k el 

A fu r t h e r genus whi c h is f requently me n tio n e d i n connexion 
wi t h Pezizella, is Pseudohelotiu• Fuckel ( 21. )(e . g . DE NNI S 
1960, 1968 , 19 78),(25) It was also founded by FUCt:EL 
( 1870) wi th: 
1 . Ps e udohelo t i u• pine t i (Batsch) Fu c k e 1 
2 . Pseudohelotiu• puberulu• ( Lasc h ) Fuck e l 
3 , Pse udohelo t i u• hyal in u• ( Pe r s , ) Fu c kel, 
Agai n h e did no t des~gnate a "t y pus gene r is ," t his o n ly 
being do n e by v . HOHN EL ( 1923) a n d CLEM ENTS & S HEAR 
( 1931) . In eac h case t h e a uth o r s selec t ed t he fi r st 
species : v. H~ H N EL ane ._. used the "( i r st species ru 1e"(26). 
Wh et. h e r CLE MENTS & S HEA R a d op t e d h is t ypificatio n , or 
wh et h er they ty pified the genus t hemse l ves , is unclea r. In 
t h e bib liog r ap h y o f t hei r book, i n a n y case , v . HOHNEL's 
post h umous p u b l ish ed work canno t be fo un d . Togethe r with 
t h ei r typificat i o n CLE MENTS & S HEA R sy n o n ymized 
Pseud oheloti u• wi t h Bclon i u• Sacc . an d typified t h is genu s 
with exact l y the same species. As Peziza p i n e ti does not 
be l o n g to t he " Crii ndungsar t en" of Beloniu• i t is out 
of question as a type fo r this ge nu s (cf. a l so KOR F', 
197 8 ) . If we , follo wl n g KORF , acce p t t he ty pif i cat i ons b y 
CLE MENT S & SHEAR as not a r bitrarily , i.e., as a r es ul t of 
t h e " fi r s t s pecies r u le" (27) a nd, as fo r as they d o n o t 
vio l a t e othe r rul es of the lCBN, Pseudohe lotiu• p i n eti 

(23) Already NAIH'ElOT (1932) and AREMli<U. (1979) eXpressed lb.bts iJOO.Jt. the 

!I'IBI!tlet ship of this species t.o PRlzalla. 
SEAVER ( 1951 ) synanymUed PmJ.%el.l.a together wllh llt(rldha Ch!lll. ( Type! Cal.lod• 
.yr.l..oep:ln Phi U. & Hartt . • ~ia .yri.ospon; cf . ~lN , 1976) and Drbll.1.e 
Fr . Thb is enllrel y ._.,rDU"ded . 

(24) FARR e t. al . (1919)1 " T.(yp..rs): I'ICJ"' CSesiq'latus" . 
(25) 10The general espec t b that. af a P8zizel.l.a ~o~ l th aclcul&r ~r11'S" ( l. c . , 1978 , p . 

126} . 
(Z6) "Diese Catb.n;l (~) st.ellt Fu:kel (Syrrtl . lll'fC• 1869, p. Z98) auf Cn.nd 

van Pl!:zha P~ Bal5Ch 17ai auf " (l . c . , p . 113) . 
(27) "In no IIIIIIY'Ier of thirkinq c:an these designations be cans i cler ed ' fl~t clted 

species 85 type ' exa~le" l .c. , p. 494. 
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(Bu t sc h ) Fucke l i s the "t yp u s gener is " o f Pseu dohelot. i u• , 
fo r wh ich a nco type has to be d es ignated, because in 
BATSCII ' s herbarium in Jene no specimen r emains. 

VTll . Some syste matic conseque nces 

Tf we use Pezizella in the sense of Pez izell a sord i da , 
some akward conse qu e nces a ri se : 

1. Nearly all species bearing t h e name Pezizella (e . g . i n 
CANNON ct a l., 1985, ENDERLE in KRIECELSTE INER, 1983 etc.) 
have to be r emoved f r om the genu s a n d to be tr ansf ered t o 
existing and/or ma ny times i n newly-to-be-founded genera. 

2 . The seco nd conseq ue nce , wh ic h does no t a ri se fro m th e 
ty pi f i cation of t h e ge nu s Pez izella it se l f , and wh ich is 
connected with i t on l y indi re ct ly, vi z . by u si ng th e 
characte r s of th e senus to delimit it from neigh bour i n g 
("rc l o t cd") ones, is of g reate r sig n i f icance, because, 
used for o ther gene l" a and familie s of the Le o t iales , it 
co ul d cha n ge t h e system (classificat ion ) o [ the o r der 
g r eat l y : the systematic value of the c haracters, whi ch we 
lear n f r om the s pecies , a r e at sta k e . 

The de limi t ation and i ndepende n ce of Pezizclla f r om 
"r e l ated" gene r a (e.g. , Biaporella, Sta•aaria, Crocicreas 
etc.) is not r ealized tot ally by the structure of t h e 
excipu l um . In addi ti o n to the e xcipu lu m T di rec te d my 
a ttent ion t o the st ru ctu re s of the asci , whi c h in 
Pezizella are r ou nded at t he a pex. The lote r al walls and 
the apex i t se lf ore of e qu al t hi c kness . They arc 
jodine-negative _in HELZE R's r eagent (and also in LUGOL's 
sol ut ion) both without o r with KOH pretreatment (in 
co ntrast to e . g . Bisporella Sacc . ) , a c har acte r whi c h is 
predicted by light op t ic ana l ysis: the o f te n li near wall 
t hickening , wh ic h is r ecog n iz ed exceptionally clearly in 
diffe r ential interferen c e cont r as t mic r oscopy accor d ing to 
Noma r s ki, bu t i t is also o b se rved by trained eyes in 
bright field mic r osco py , is missi ng in Pe:t i:tel la sordid a. 

In other wo r ds, if the se ( linear) light - optic disce rn ible 
thickenings al ways exis t at the asc us apex, the asci of 
the Leotia l es are jodine- posi tivc. Beca use of the 
s mallness of t hese s tructures, a s tate me nt obo ut t h eir 
st ru c tu r e is irapossible , !or tl"u e iraagcs o f s tru cture s a r e 
on l y possib l e i f t he se r each a d i mens ion o f 1 - 4 ~m. h e nce 
r oughly ! t ve- to tenfold o f the l ate r a l r eso l ution. For 
l ess thon 1-4 1.1111 it. ca n o nly be ascertained whether 
" soraethi n g is th e r e , " end mo r phological de fini t io ns of 
light mic r osco pic images disappea r in usele ss s pec ul ations 
(c. f. , e.g., ABBE: 18 73, ANONYHUS 197 1, ICRAHMER 1979 , 198 1 ) 
(28) . 

(28) " •• • wil !Jimer wieder dio Aufl0m.-ogsgrenze des Li chWkroskops... lllit der 
AuflOsbarkait. 1110r~logi5Char Str\Mturen l)leichgesellt wLrd. " (KRAMR 1979, p. 
10) ; "DbtinctLcns ~ld e lways be IIQde be~ resolving power lind -nat can be 
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If these facts not b o r ne in mind and 
mi s und e r sta nd i n gs easily can arise by analyzing very srno ll 
stru c ture s i n the l ig ht mic r oscope : e.g. , as when BARAL 
(1987) stated that he sow fou r layers o[ even d i C!c r cnt 
th ick ness i n a r o u g hl y 1 11 m t hi. c k ascus vall in 
inope r c u la te asci (s ur ely wi t h r efere nce lO BELLEM£RE's 
(1977) ultra s tructu r al s tud ies) . 

Simi l ur considerations ore put Eo r ~o rd if s truct ures the 
si7.e of vhi ch touches t he r eso lut ion of the lig h t 
microscope s h ou l d be f o und agai n i n t h e TEM. A reque st 
such as : " Es sollte doc h mC:i g l ich sein , diese St rukt u r en 
(29) ele ktr o n eno pt isch noch zuw cisc n un d cxuk l zu 
lokalisie r en!" ( BA RAL 1987, p . 123) is of li ttle help , f o r 
it wo u l d be difficul t to ( ix und e mbed a " st ru c ture'', 
whi ch is, e.g., due to diffraction and t o prepare from 
t hat ultra-thin sections. 

The non-observance of the above menti o n ed co ns iderations 
moy have contributed to t he r esult, t h a t the (t hree ) 
"catego r ies of asci" o f t he fr e nch sc h oo l (cf ., e.g . , 
CHA DEFAUD 1942, 1960, \973) have not bee n accepted b y many 
mycolog ist s , beca u se the~· could not r econstruct t he 
o bservations o f the co rr esponding characte r s . (30) 

Nevertheless for n long time t h e st ru ctures o f the! asci 
have been used as an impo r tant (most im portant ?) cri t e r ion 
in c l assifying the ascomyce te s into h i gher t a x a . Also a t 
t he level of families a nd gene r a t hese characters shou ld 
yie l d r eliable " tools " to d is t ing u is h bet ween t hese, 
especia ll y in co rrelation with othe r c h a r acte r s as , e . g . , 
ex c ipulum. spo r C!s , e t c . Therefo r e we agree with II AF' f EL NER, 
who wrote ( 1984, p. 255): " Verschiedene Ascusq•pen diirfen 
in der Regel in eincr Cattu ng (Famili c) nicht vo rk ommcn. 
GrundsiHz li ch i. s t also mit dem As custyp die Gattung 
(Fami l ie) de finiert." In my o pinion , a furth er important 
p r i n ci p le is defined by th is sta tement, which is often 
violated , although i t is a commonp lace, viz. , that the 
characters def ining. e .g., a ge nu s a r e va lid in a ll taxa , 
wh ich are c l assified lo'i th in th i s ge nu s. In other respect s 
t he ci r c um sc r i ptions of Lh e ge nera wo u ld be wa t ered do ~o· n 

in s u ch a manner that we canno t s peak o f ge nera any more, 
u si t uation which hold s t ru e f o r many genera o f the 
Leotia l es today. Yet 1 am absolutely a""a r e t ha t the 
species of a genus have to differ ( r om th e type s pecies in 
de fi nite c ha ra cters, fo r othe n dse a t the end th e numbe r 
of the genera becomes near l y as g r eat as the n umbe r 

se8l with the rrdcrosc:ope. Such dirferentiation b se:ldan clear to the 
microscopisls" (r.'EEOtiAM 1958 , p, 223) . 

(29 ) Certain stru:tures of the apical apparatus of the asci are neant. 
(JO) "A de!Qnslration se:t ~ by Prof essor f'l. Chadefaud <at the 1957 9th International 

Botanical Co-lgrns ln Paris , France , espec i ally to show the various ascus t ype!; 
railed to convince other ascanycete won<ers or the reality of the configurations 
seen in the UCUS 111all (petS . CCI!TII . with llariCIUSIII)'COlogist!l ) ." (R£'1/0..05 , 1959, 
p . 15 ) 
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of the s pccies . But a ge nu s, as , e.g., d esc ribed by 
CARPENTER ( 1981) for Croc icreas, in wh i ch t he majority of 
th e va r iations o{ mo rph o logical and a nat om i cal c haracters 
rec o gn ized thr o ugh out the o r d e r a r c u sed, seems n ot v ery 
"nat ura l " t o me . 

In my opinion only i ncrease d and jo int e ff orts a n d 
co-o peration of man)' mycologists in as man y co unlr lcs us 
poss ible will perhaps lead to a more natu ra l s ys tem of the 
Leotia le s , pos s i bly with a c h ange o f the " paradigm." But I 
th in k it i s s t ill a lo ng journ ey to t hat ti me . 
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ABSTRACT 

Three new specie.o; of Pamu!lia (Pdmlcliaccac, Lichcnized Ascomycetes) arc described 
from southern Africa . They are: Parmelia J~stim Brussc, P. infausra Brussc and P. 
ponderosa Brusse. Two new combinations arc made: Pannelia areolata (Hale) Brusse 
and Pannelia colensoica (Nash. Elix & Johnston) Brusse. One new lichen record for 
soulhem Africa is reported, and one is deleted. Notes on lhree Pumu!lia species are given. 

NEW SPECIES 

P.lrmelia festiva Brussc, sp. nmt Fig. 3 
Thallus minute fo liosus. saxicola. usque ad 5 em diamctro. sat vcllaxc ad natus. Lobi 

sublineares. 0,1-0,8 mm lati , 115-400 Jlffi crassi. 11101/us supcm c flavo-viridis. nitidus. 
pustuli-soraliatus, epicortice poroso. Soralia viridia, capitata , 0,2-0,8 nun diametris. 
Soredia grdnularia , 35 - 80 Jlffi diamctris. Cortex superior l5 - 25 JliD crassus. S!ratum 
gonidialt 35-75 Jlffi crassum. algis Trtbouxiis 5-18 Jlffi diametris. Medulla albida, 
20- 230 ,.m crassa. Ccnex itt/trior 5-15,.m crassus. Thallus inferne piceus. sat rhizina­
tus. RJ1izinae simplices. 60-95 ,.m crassae. Aporhecia adnatll. usque ad 1.2 nun diamecris. 
Hyp011lecium hyalinum, 20- 55 pm crassum , I -. Subhymenium hyalinum, 10-35 11-m 
crassum. J - . H)m t nium hyalinurn , 50- 60 pm crassum, J + caerulcum. Asci clavat i. 
tholis J + caeruleis (figura 1). Ascosporcu octonae. hyalinac, simplices, ell ipsoidcac, 
8,5-U,5 x 5.5-7.0 p.m. Pycnidia globosa , hyalina . 100-120 11-m profu nda, 80-100 ,.m 
lata . Pycnidiosporot Ionge aciculares, hyalinae, 12-22 X 0.8 ,.m, rectae vel subrectae. 
Thallus acidum usnicum, acidum rhizocarpicum. ac idum gyrophoricum. acidum pro­
toconstipaticum et ucidum constipaticum continens. 

TYPUS: SOUTH AFRICA . CAPE PROVINCE- 3319 (Won:ester): Summit of Jona's 
Kop in the Riviersonderend Mountains near Villiersdorp. On Table Mountain Sandstone 
rocks on N slope. Alt. 1630 m (-DC). F. Brusse 5454, 21. ii i. 1988 (PRE, holo-; ANUC, 
BM, LD, US, iso-). Figutu 3. 

Thallus minutely foliose, sax icolous, up to 5 em across. moderately to loosely adnate. 
Lobes sublinear, 0.1-0.8 nun wide, 115- 400 ,.m thick. Upper surface yeUO\II-green, glossy. 
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pustular-soruliate, epicortex pored. Soralia green. 
capilatc, 0.2- 0,8 mm across. Sor~dia granular 35- 80 
pm diam. Upper cortt!'C 15- 25 pm thick. Algal layer 
35-75 ~tm thick . algae Trebouria, 5- 18 ,.m diam. 
Medulla whitish , 20-230 p.m thick. Wwer correr 5- lS 
I'm thick. lLJwer surface black , moderately rh izinatc. 
Rhizines simple. 60-95 p.m thick . Apothecia adnatc, 
up to 1,2 mm across. Hypothccium hyaline. 20-55 pm 
th ick , J -. Subhymenium hydline, 10 - 35 pm thick . 
J -. Hymenium hyaline, 50-60 Jtffi thick. J + blue. 
Asci clavutc, eight-spored , tholus J + blue ( figure I). 
Ascospo~s hyaline, simple. ellipsoid, 8.5-11 ,5 X 
S.S- 71) pm. Pycnidia globose. hyali ne. 100- 120 J'ffi 
deep. 80-100 p.m wide. Pyt:nidiospot?s long hyali ne 
needles, 12-22 x 0.8Jtm, straight to slightly curved. 
Chemistry: Usnic and rhizoca rpic acids in the upper 
cortex . gyrophoric. protoconstipat ic and constipatic 
acids in the medulla . 

The occurrence of rhiza<:arpic acid has no precedent 
in the genus Pamrelia, and causes the upper surface 
to nuorcsce dull orange in long wave ull ra·violctlight. 
This unique species is also pustular·soraliate. which 
is quite uncommon among the Xnmlropannelia~. so far FIGURE l.- Pumwlwfru• m Bru.ue, 
being known only in P. gtuJymedea Brussc (1988b) and beu~ •nd p;~n.ph),;o. F. Bnuu 
P. geckonalis Orussc (1989: = Xanrllopamrelia sa/emp· 5454. ltolotype. B.tr • 10 ,.m. 
tens Hale 1989) fo r southe rn Africa. 

Pamreliafesrhu could also be confused wi th Xonthopannelia oll\-eton'ca Hale (1986), 
which it resembles both in general appearnnce and in chemistry. but is easily distinguished 
by the presence of pustular·soralia and the dull orange colour in long wave ultra-violet 
light. due to the presence of rh iW<.1lrpic acid in the cortex. The med ullary chemistry 
of these two species is the same. both contai ning gyrophoric. protoconstipatic and 
constipatic acids. In fact. these two species grow together in the snme spot on Jona's Kop. 
where the type material of P. festim was obtained. 

This new species is thus far known only from the type locality. the summit of Jona's 
Kop in the Ri viersonderend Mountains closest to the t~·n of Villiersdorp. in the south· 
weste rn Cape. 

P.ilnnella lnfausta Brussc. sp. nov. Fig. 4 
1llallus minute foliosus, saxicola, usque 3d 4 em diamctro. arcte adnatus. lLJbi clongati. 

0,2-1,0 mm lati . 70- 220 pm crassi. Thallus supenr~ viridis, nitidus. isidiatus. c:picon icc 
poroso. /sidiu globosa vel sphaerica. ~implicia (Fig. 5). Corter: s~tpuior 9-14 pm crassus. 
Srrorum gonidiale 15-70 pm crassum, algis TrehoiLr:iis , 6- 23 pm diarnc:tris. Medulla 
a lba. 10-120 p.m crassa. Cone.x inferior 8 - 10 pm cmssus. Thallus infeme pallidc brun· 
neus. sat rhizinaws. Rhizinae parvne. Apolh<'cia adnata , plana . usque ad 0.7 mm diamctris. 
Hypothecium hyalinurn , 10-50 pm crassum. J -. Subll)menium hyalinum. 10-20 prn 
crassum. J + pallide caeruleum. Hymenium hyalinum, 40- 50 ~&m crassum , J + 
caeru lcum. Asd clavati , tholis J + caeru leis (figura 2) . Ascosporoe octonac. hyalinac. 
simplices. el lipsoidcae, 8.0 - 11/.) x 5,5- 6.5 I'm . Pycnidia globosa. hyalina, 90- UO pm 
profunda. 70-90 p.m lata . Pycnidiosporae acicul ares. hyalinae. 5-8 x 0.8 pm. Thallus 
acidum usnicum et norlobaridonu m continens. 



TYPUS: SOUTH AFR ICA . TRANSVAAL-
2428 (Nylstroom): 5 k.m from the main Potgictcrsrus­
Nuboomspruit road to Sterk River. farm Waterval 2W 
KR . On talus rocks at base ofSE Waterberg Sandstone 
c1;rrs. Alt . 1190 m (-BD). F. Brusse 5613. 31. v. 1989 
(PRE, holo-: ANUC. BM , LD, US, ;so-) . F;gum 4 . 

Thallus minutely foliose. saxicolous . up to 4 em 
across. tightly udmHe. Lobes elongate. 0.2-1,0 mm 
wide. 70-220 pm thick. Upper surface green. glossy. 
isidiate. epiconex pored. Jsidia globose to spherical. 
simple (Fig. 5). Upper con ex 9-14 pm thick. Algal 
layer 15- "Xlpm thick. algae TreboiLtia, 6-23pm diam. 
Medulla white. 10 - 120 pm thick . Lower conex 8-10 
1-1m thick. Wwer surfiu:e pale brown (tan). modemtcly 
rhizi na1c. Rlliz.ines small . Apothecia adnate, plane 
(flat ). up to 0.7 mm across. H)potheciwn hyal ine, 
10-50 ,um th ick, J - . Subh)111~11ium hyaline. 10-20 
~m thi ck . J + pale blue. Hymettit1m hyaline. 40-50 
~m thick. J + blue. ~·<.·i eight-spored , clav::ue. tholus 
J + blue ( figure 2). AS(.'OSpor~s hyal ine. monolocular. 
ellipsoid. 8.0 - 11 .0 X 5.5 - 6.5 ~m . Pyc11idill globose. 
hyaline 90- 110 ~m deep. 70-90 ~m wide. Pycnidio­
spores hyaline needles. 5-8 X 0.8 pm. Chemistry: 
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usnic acid in the concx. norloba ridunc and an uniden- FIGURE z.-1\lrmt'lia m~ Bl\n.SC, 
tified substance in the medulla. aK'Us and paraptl)se.. F. Bruss#! 

This new species is similar to l t m mdia e:rillimo Elix 56JJ. holot)'JX. R:u • 10 ~m. 
(1981). bu t the latter is an even smalle r species with lobes up to 0,5 mm wide and cylin­
drica l isidia (E iix 1981. Elix. Johnston & Armstrong 1986). P. infmma has globose to 
spherical isidia (figure 5) and has lobes up to 1 nun broad . The ascospores of P. infausm 
seem slightly larger (8- 11 X 5.5- 6.5 pm) than those of P. exillima (7-9 X 4- 5.5 p m. 
Elix. Johnston & Armstrong 1986). 

Anothe r similar species is Ximthoparmelia lynii Elix & Jo hnston (1988), but this is 
a larger and looser lichen with imbricated and rolled lobes. X. ly11ii comains a minor 
amount of loxodin with the norlobaridonc. whereas P. inftmsta contains no trace ofloxodi n. 
but an unidentifi ed substance instead . 

At present this new species is known o nly from the type local ity ncar Potgietcrsrus. 

P..mnclia pondtrosa Brusse. sp. trm: Fig. 6 
Thallus minute fol iosus. saxicola. usque ad 4 em d iamctro. sat vcllaxe adnatus. Lobi 

~ublincarcs . 0.1 -0,8 mm lati. 70-220 pm crassi . 111allus supem e viridis. nitidus. isid iis 
sorcdi isquc dcst itutu~. V'Jidc nigromarginatus. epicon ice poroso. Cortex superior 18- 30 
pm crassus. Smmmr gonidiale 30- 65 pm crassum. algi s Trebouxiis . 4-17 fUll diamctris. 
Medulla albida. 10-140 ~m cra.'lisa . Cortex inferior 10- 20 pm crassus. nra/lus infenre 
piccus. sat rhizinatus. Apoth~cia non visa. Pyr:nidia globosa. hya lina . 100-UO pm 
profunda , circa 100 pmlata . Pyt~idiosporae hyalinae. aciculares. 12-23 X 0.8 pm. TJtallttS 
:tcidum isousnicum . acidum gyrophoricum et duo pigmcnta ignola comincns. 

TYPUS: SOUTH AFRICA . CAPE PROVINCE- 3419 (Calcdon): Summ;l of Gal ­
gebcrg ncar Gn..")'ton (but accessed via McGregor). fa rm Gaige Berg. On S face o f Table 
Mountain Sandstone cliff o n steepS lope. Alt. 1410 m ( - BA). 1-7 Bnuse 5490. 22 . iii . 
1988 (PRE. holo- : LD. iso·). Figura 6. 
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Thallus minutely foliose, saxicolous. up to 4 em across. moderately to loose ly adnate. 
/.nbes sub linear, 0,1- 0.8 mm broad , "Xl - 220 pm thick . Uppu surface green. glossy. non· 
isidi:ue and non-sorediate, strongly black-margined, epiconcx pored. UpfH!r coru.:r 18- 30 
pm thick. Alga/layer 30-65 pm thick , algae Trebotuia , 4-17 pm diam. M~dulla whitish. 
10- 140 pm thick. Lnwer corte:r 10- 20 p.m thick. Lowu surfau black. moder.uely 
rhizin.atc . Apothecia not seen . Pycnidia globose. hyaline, 100- UO pm deep, about 100 
pm wide. Pycnidiospores hyal ine needles. 12 - 23 X 0.8 ~o~m . Chemistry. isousnic acid 
in the conex . gyrophoric acid and the two ··schcnckiana pigments" in the medulla . 

This new species resembles Punnelia endochromaricu (Hale) Brusse (1988b) rather 
uncannily, but contain.<~ isousnic acid instead of usnic acid and has much longer 
p)'Cnidiospores. The occurrence of isousnic acid has a precedent in P. lu.rido Brusse (1988a). 
but this lichen comains stenosporonic acid as the major medullary subsmnce (sec bciOIN), 
and does not have strongly blackened lobe margins. 

Although the original desc ription of P. endochromotica (Hale) Brusse states lhat 
pycnidia are lacking (Hale 1986). pycnidia were in fact found on lhc isotypc housed at 
PRE. The pycnidiospores of P. e,uJochronuuico are the usua l hyal ine needles. but they 
art only 6 - 8.5 f'm long, compared to the 12-23 JLffi length of those of P. pmulerosa. 

r~r the rest, the two ~pccics om: very similar, wilh strongly blackened margins. which 
give the imernodes a constricted appearance. and lhc ove rall lichen a subsquamulosc 
appearance. Tile medullary chemistry of P. efldochromatico and P. ponderosa is the same. 

Thus fa r. this new spec i e.~ is known only from lhc type collc<.1ion, from lhe summit 
of Galgeberg in the Rivicrsoodcrc nd Mountains, ncar the vill age of Grcyton. 

NOTES AND NEW COMBINATIONS IN PARMEUA 

Parmelia a reolata (Hale) Brusse. comb. nO\t 
Basionyrn : Xnnthopanm~lia arl'olata Hale. Mycotll.xon 29: 251. 1987. 
More material of this lichen collected from the nonhcm Transvaa l. shows that thi s 

is clearly a pustular species, and the use of the term ' isidia' in the original description 
is misleading. The isotypc at PRE has wany dactyls up to I nun across. which are not 
yet pustulate. ~·ever. The additiona l material also shows that lhis is not a small species. 
and the lobes are between I and 2 mm broad , as can be seen on the lov:cr part of the 
orig inal photograph of the type. 

Xamhopannelia cemmlis Elix & Johnston is clearly not a pustular species (Ei ix. 
Johnston & Armstrong 1986. fig . 7). 

Pannelia c::olensoica (Nash. El ix & Johnston) Brussc, comb. nm: 
Basionym: XDnthoparml'lia colensoica Nash. Elix & Johnston. Mycota.xon 33: 355. 

19NN. 
This is a rather similar species to Pannl'lio srl'nosporonica (Hale) Brus.se, but con· 

tains colcnsoic and norcolcnsoic acids as major constituents instead of Stenosporonic acid. 
This species has now been collected on Table Mountain near Cape Town some 80 km 
SW of the type loca lity, Bain's Kloof. So fa r. P. stenosporrmica has not been recove red 
from the south·westem Cape , and is only known from the Swdrtbcrg Mountains at high 
altitude. 

SOUTH AFRICA. CAPE PROVINCE- 3318 (Cape Town): Cape Town. south side 
of summ it of Table Mountain . On S face of Table Mou ntain Sandstone outcrop. Alt. 980 
m (-CD). F. Brusse 5418. 19. iii. 1988 (BM, LD, PRE). 
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Parmella lnuncta Brusse. Mycoraxon 27: 187. 1986. 

The range of this lichen has been increased from the original Robinson's Pass tO Table 
Mountain at Cape Thwn. 

As mentioned by Brusse (1988b) the type material and description of Xilmhopannelia 
oli~·etorica Hale (1986) is based on a mixture of Parmelia astricta Brusse and a new lichen 
containing usnic and gyrophoric acids. However. this lichen is not at all related to P. 
tndochromatica, as suggested (Brussc 1988b), but to P. inuncta . More material of 
XLlmhopa~lia olh•etorica \liaS collected from Thblc Mountain (F. Brusse 5441, BM, 
PRE) and this material contains usnic, gyrophoric, protoconstipatic and constipatic acids. 
The paratype material of X. oli~·etoric:a (Hale 71080. PRE) has no detectable amou nts 
of protoconstipatic and <:onstipatic acids. These aliphatic -y· lactones show· up as whi te 
SpolS on TLC plares in long W'dVC uhra-violct light, after developing with sulphuric acid 
and heat. These two names (which 'A'Crc published simulwneously) may therefore refer 
to the same species. 

SOUTH AFRICA, CAPE PROVINCE- 3318 (Cape Town): Cape Town, eaSI side 
of summit of Table Mounwin near Maclear's Beacon. On low Table Mountain Sandstone 
pavement on gentle NE slope. Alt . 1040 m ( - CD). F. Brusu 5426. 19. iii. 1988 (ANUC, 
BM, LD, PRE, S, US) . 

Parmella lurida Brusse. Mycouuon 31 : l57. 1988. 
The chemistry of this species has been determined as isousnic acid in the conex. and 

stcnosporonic (major), diw.ronic (minor) and colensoic (minor) acids in the medulla , 
by Dr J. A. Elix, G. A. Jenkins and Jcn Johnston (Canberra). This occurrence of isous­
nic acid was unprecedenled in the Xmuhoparmdiae, but has been found since in the un­
relllted P. potuftrosa Brusse (see abo\'e) . 

Parmtlia Juri® must therefore be closely related toP. stenosporonica Hale, with the 
identical medullary chcmh:try and similar morphology. More materia] is required 10 clarify 
the status or this species. 

Pllnnelia squamatica Brussc, MycolaXOn 27: 242 . 1986. 
An isotype or this lichen . with a bcamiful white nuorcscent meduUa in long wave 

ultra-violet light. has been deposited at PRE. The holotype is at J. 

MISCELLANEOUS NOTES 

Pbyllopsora haemophaea (Nyl. ) Miill . Arg. 
This species W'dS recently cited as a new record for the tlom or southern Africa (Brusse 

1988b), but this determination has been amended to Ph. pannosa MUll. Arg. (see below) 
on the basis of chemistry, and is hereby deleted . 

Pbylklpsora pannosa Miill. Arg. 
The chemistry or a lichen cited as Ph. hat!mophata (Brusse 1988b). was rec:ently 

checked by TLC, and found to lack the 'haemophaea unknown', but to contain atmnorin 
and a major terpene (Rr classes 6: 7-8: 6) as does Phyllopsora pannosa (Swinscow & 
Krog 1981). The determination of this material has therefore had to be amended to Ph. 
pannosa , despite the rather pale hypothccium. Phyllopsoro pa1111osa is also a new reco rd 
fo r the nora of southern Africa , and is herewith enstated as such . 

Further materia] (F. Brussr 1846) has been distributed to BM, CBG, COLQ E, 0. 
S, UPS. UC, US. oo.·er and above the o riginal LD and PRE. 
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