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STUDIES IN THE LICHEN GENUS PSDROMA I 
PSOROMA TENUE AND PSOROMA CINNAMOM EUM 

A. HENSSEN and B. RENNER 

Fachbere ich Biologic d er Universi tat Marb urg 
D-3550 Marburg/Lahn , Germa ny 

SUMMARY 

The new s pecies ·Psoroma ten ue Benssen belongs to 
t he P. hypnorum-group and is most c l osely related 
to P. cinnamomeum. Two varieties are described. P. 
tenue var. tenue is restricted to the Southern He 
misphere; the lichen has been collec t ed in Tierra 
del Fuego and the South Shetland Is l ands. P. tenue 
var. borealis Benssen is a wide - spr ead nor the rn ta
xon; localities are given f o r the Alp s , Scandina
via, Ice land and North America. P . tenue is a spe
cies of s nowbanks , g l acia l till and tundral heath. 
The lichen contains porphyrilic acid methyl es t e r 
and pannaric acid. The occurrence of these meta
bolites in other members of the P. hypnorum- group 
i s mentioned. A short description of anatomical 
s tructures in P. cinnamomeum is included. 

INTRODUCTION 

The lichen genus Psoroma Michx, a member of 
the Pannariaceae, occurs predominantly in the 
Southern Hemisphere , in South America and Newzea
land. The type species P. hypaorum (Vahl) S . F. 
Gray (Synonyms : P. bryantii Dodge as " Bryanti" in 
Trans . Amer . Microscop . Soc . 84:5 11 , 1965 , halo
type: hb. Dodge; and P . .foZZmanrz ii Dodge in Trans . 
Amer. Microscop . Soc . 84:510 , 1965, isotype: KAS 
SEL ) on l y is known to be world wide distributed . 
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Our studies in Psoroma are mainly res tricted 
to South American species , based on collections 
made by A. Henssen and G. Vobis in southern 
Chile and Argentina in 1 97 3 I 7 4. P . w. James who 
was planning a monographic treatment of the 
genus encouraged us to collect Psoroma species 
intensively. The series of Psoroma papers , pub
lished in part together with P.W. James and K. 
Marton, may be regarded as preliminary studies 
for a world monograph. In this initial paper , A. 
Henssen is responsible for the taxonomic treat
ment; and B. Renner , for the identification of 
the lichen substances. 

In its current circumscription Pso1•oma is a 
heterogenous genus, and affinities of certain 
species to Pannaria Del . in Bory have been sug
gested (James & Henssen 1976, J~rgensen 1978). 
The species of the P. hypnorum - group , for example, 
form a distinct assemblage of terricolous lichens 
of cold temperature or subalpine I alpin e areas . 
They may be more close ly related to Pannaria 
pezizoidea (G.H. Web. ) Trevis . than to the corti
colous I saxicolous , squamulose or lobate species 
of Psoroma with which they are at present allied 
(James & Henssen 1976 ). 

The new species P. ten ue belongs to the P. 
hypnorum-group. The outstanding character of the 
species is a pattern of lichen substances not 
previously known to occur in Paoroma s .1. The 
specimens of P. tenue so far studied always con
tain pannaric acid and the new compound porphy
rilic acid methyl ester and some specimens con
tain an unknown substance (U 1 ) (Renner et al. 
1981). Specimens from the Northern Hemisphere 
differ slightl y in morphology from the southern 
hemispheric ones and are included in the varie t y 
bo r eaLis . 

In P. hypnorum , no lichen substances were 
found by TLC ( J~rgensen 1978) . We confirmed this 
observation in the type specimen (C) and in the 
types of the synonymous species P. b r yantii (hb. 
Dodge) and P. oZZmannii (KASSEL) as well as in a 
number of our specimens from northern and southern 
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localities . Al l of these specimen s were similar 
with regards to external and internal morphology. 
However , certain specimens , deviating to some 
extent in morphology, were found to contain one, 
two or al l t hree of the compounds described from 
P. t enue . These specimens need further taxonomic 
investigation. Porphyrilic ac i d methyl ester and 
pannaric acid also occur in the r.ew P. rubro 
margi natum P . James & Murray (Henssen et al. in 
man uscript ) , and the unknown ( u

1 
) occurs in a 

South American specimen of P. paZ eac e um (Fr . ) 
Nyl. ( ? P . hirsutulum Nyl.) (Henssen 24353g: MB) . 

Within the P . hypn o rum- group, several patterns 
in thallus anatomy may be recognized. P. tenue 
corresponds to P. cinnamome um in external and 
interna l morphology of the thal l us and cephaloilia. 
The t wo species , therefore, are r egarded to b e 
close l y related . Although the South American 
species P. c i nnamome um was well- described by 
Malme (1952), additional information obtained by 
modern method s is i nc l uded in the presented paper. 

MATERIAL AND METHODS 

MATERIAL . The abbreviations of herbaria follows those 
given in Index Herbariorum; hb. Dodge means the private 
herbarium of C. Dodge, Bur lington , Vermont, U.S.A ., and 
hb. Benssen means the pri vate herbarium of the sen i or 
author. 

Psoroma cinna mom e um : Argentina, Tierra de l Fuego , 
Rio Grande , 1896, Ousen 115 (holotype : S); Cabo San Pablo, 
on plant debris in a tundra heath , over growing a dead 
liverwort, 197 3 , Henssen & Vobis 24448t (HB). P. hypnorum 
(se l ected specimens ): Norway, Vahl (lectotype by J~rgensen: 
(C). Sogn og Fjorda ne , Nordfjordeid, on rock overgrowing 
mosses, 1959 , He nssen 533 9 (hb. Henssen) . - Finland, Lap
ponia enontekiensis, Toskalj&rvi, 1955 , Henssen 6 145 (hb. 
Henssen}.- Argentina , Tierra del Fuego , Glaciar Martial, 
on rock overgrowing mosses, 400m s .m . , 197 3 , Henssen & 

Vobis 24412a (MB) ; Laguna Escondida , Hensse n & Vobis 
24439h and 24460d (MB) . -Anta r ctic Peninsula, Refuge Is 
land, 1940 , Bryant 30- 2 (holotype of P. bryan tii' hb . 
Dodge). - South Shetland Islands , Gree nwich Island, Bahia 
Soberania , on mosses, 1963 , Follmann 11 043 (isotype: 
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Fig . 1. Psoxoma tenue var . tenue (para type) , young and 
mature densely aggregated apothecia; sca l e = 1 mm; drawn 
by H. Becker. 

of P. follmannii: KASSEL) . P. paleaceum: Argentina, Tierra 
del Fuego , between Ushuaia and Lapataia , on rock overgro\<o'
ing mosses , 1973 , Henssen & Vobis 24353g (l.I!B). P . tenue : 
see below . 
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MORPHOLOGY. Sampl es were secti on ed by freez i ng micro
tane and the sections mounted in lactopheno l cotton- b l ue. 
Measurements of spores and anatomical structures were made 
from permanent preparations; measurements of gross morpho
l ogy on a ir- dried specimens. For study i ng the ascus 
structure , KI

3 
sol ution was added directly to the squash 

prepar a tion . 

CHEMISTRY . Crude lichen ex tracts were c hromatograph 
ed i n solvent systems A, B, C of Culberson (1 972), and 0 , 
E of Renner (1980) . The methods of mass spectrometry and 
UV/VIS spectr oscopy were used for the identifica t i on of the 
lichen substances; de t a ils are given in Renne r et al . 
(1981). 

TAXON0 111C PART 

Psoroma tenue Henssen, sp. nov . var . tenue 

Habit , Fig . 1 , 2A-C; thal l us anatomy , Fig . 3A-C, struc
ture of the ascocarp, Fig. 4A- D. 

DIAGNOSIS. Thallus granu l atus vel subsquamulosus , 
pa llidus vel fuscescens , e verrucis formatus semi globosis, 
circiter 0.2 - 0 . 4 mm l atis ve l e squamulis plus minusve 
adscentibus, 0 . 4 - 0.8 mm latis, crassis , dispersis vel 
subcont iguis. Thallus corticatus , hyphae medullosae r eti
culum formantes, alga symbiotica laete viridis , ad fami 
liam Chlorococcaceae pertinens. Cephalodia globula r i a vel 
ramosa , plus minusve aggr egat a , a t ropurpurea , corticata, 
alga ad Nostoc pertinens. 

Apothecia usque a d 2 (- 3 )mm l a t a , disco plano ve l sub
plano, atrofusco, ma rgo thallinus vul go pallidus, tenuis , 
subtiliter crenulatus. Hymenium 95-1 20 ( - 1 50)~ a ltum. 
Asci subcylindrici, 80-110 x 8- 1 2~, 8- spori, annulo amy
loi dea in apice asci incrassato, Sporae eseptatae , inco
l ores, polymorphae , ovoideae vel subfusiformes, 19-24 x 
(5- ) 7- 10 (-12)~ , superfice verruculosa. Pycnidia minu ta, 
circiter 0. 1-0 . 16 mm lata , conidiophora brevicellularia , 
conidia t erminalia e t lateralia formantia. Conidia bacil
liformia, circiter 2-4 x 1 ~. 

Chemistry : thallus and apothecia conta in porphyrilic 
acid methyl ester, panna ric acid, i n t he holotype t he un
known substance CUt) was found. 
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Holotype: Argentina, Tierra del Fuego, Parque Nacional 
de l a Tierra del Fuego , Laguna Escondida, on l oamy soil 
near the lake shor e ov e rgrowing Cepha l oziella and plant 
debris , a t c . 270m s . m. 1973 Henssen & Vobis 24439b (~!B); 

isotypes: BM , LPS. Paratype: near the t ype loca l ity at 
Hosteria Petrel , on soil overgr owing plan t debris i n a 
stand o f Nothofagus at the l ake s hore , 1973 Henssen & 

Vobis 24460w (MB) . 

FURTHER SPECIMEN EXAMINED: South Shetland Islands, 
Greenwich Island, on eart h and p l ant debris , 1963 , Fo l lmann 
14065 (KASS EL ) . 

Tha l lus of pal e o r more ra r e l y brown colour, dull, 
composed of dispersed or aggregated minute granules a nd 
squamules , fastened by rhizoidal hyphae with colourless 
or brown thick walls. Granule s up to 0.4 mm , squamul es 0 . 4 
- 0 . 8 mm br oad, more or less ascending. Thallus sections 
(155- ) 150- 250 (4 50)~ h igh , at least on the upper s urface 
distinct l y corticated. Uppe r cortex in young t ha l li compo
sed by th in-walled cells (Fig. 3A) , l ater o n the wa lls 
gelatinizing , and the lumina in the gelatinous matrix up 
to 1 8~ b road, connected by p its (Fig . 38). Lower cortex 
composed of i sodi ametri c o r elongated cel l s (Fig. 3C ) . 
Medullary hyphae (2 . 5- )4-6~ thick , ori entat ed reticula 
tely and e nclosing singl e or several alga l cells. Phyco
b iont a member of the Chlor ococcaceae , c e l ls c . 6-1 0~ 

br oad , distributed throughout the thallus but more nume r
ous in the upper part. Crystals of lichen substances de
posited i n clus ters in the medulla . 

Fig. 2. Habit phot ogr aphs of Psoroma species. A- B, P. tenue 
var. tenue (paratype); A, lichen ove rgrowing plant debris; 
B, enlarged apothecia. C , P . tenue var . tenue (holotype} ; 
dark co lored , aggregated cephalodia between t ha llus 
squamules a nd apothecia. D, P. cinnamomeum (holotype). E- F , 
P. tenue var. borealis (ho l o type ); E, mature apothecia; F, 
cephalodia (arr owed ) between squamules . G, P. cinnamomeum 
(ho l ot ype) , crowded apothecia sur rounded by a thick thal
lLne margi n; the black a pothecia be long to a Badicia 
species. H, P. tenue var. borealis (hb . Henssen 6130) , 
squamules and apothecia. A-8, sca l e = 1 mm. 
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Cephalodia granulary or coralloidly branched , dark 
purplish br own , singly or forming clus t ers up t o 0.8 mm 
(Fig. 2C). Cephalodia corticated , cortex 4.5- 12~ thick, 
formed b y 1 to 2 rows of ce l ls; medullary hypha e orie ntated 
in a network in young stages, l a ter forming pseudoparen
chyma (Fig. SE) . Alga a Nos toc species. 

Apothecia dispersed or closely a ggregated , up to 2( - 3 ) 
mm broad , di sc f l a t, dark b r own , s urrounded by a pale, 
finely cren ul ated margi n (Fig . 1, 2A, B). Hymenium 95- 120 
( -1 50)~ high: hypothecium - l a yer including the a scog e 
nous hyphae - 20-25(-SO)um; subhymenia l layer of varying 
thickness , frequently extending into a stipe of adglut inat
ed hyphae with enla rged cells t owa rds the base . i1a rgo thai
linus cor t i cated , basal part 1 00-1 20~ broad , composed of 
radiating hyphae with broad , up to 25~ wide cel l s ; joint 
walls between t he cel l lumi n a 3 . 5-6~ thic k (Fig. 4A , B) . 
Crystals of lichen substances i n clus t ers in the medulla 
of the margo thallinus. 

Pycnidia inconspi c uous, in sections 0 . 1-0 .1 6 mm l a r ge. 
Conid i ophor es br anched a nd anas t omosing , conidiogenous 
cells short, the conidia terminally a nd laterally produced. 
Conidia rod- s haped , c.2-4 x 1~. 

Pso r oma ·tenue var. borealis Henssen var. nov .. 

Habit , Fig. 2E , F , H; tha llus anatomy, Fig . 30- F ; struc
ture of apotheci um, Fig. Sc. 

DIAGNOSIS .. Differt a var. tenuethallo ma j ori semper 
d i stinc t e corticate et col ore cinnamomeo vel luteofu sco. 

Chemistry : thal l us and apothecia contain porphyrili c 
acid methyl ester a nd pannaric acid , in the holotype and 
in t he specimens from Austria, Ost- Tirol a nd Canada the 
unknown substance (U

1
) was found . 

Fig. 3. Tha l l us anat omy of Psoroma species (microtome 
sections ) . A- C, P. tenue var. tenue (holotype) ; A, l.s . of 
young thallus, crystal s of lichen substances indicated b y 
arrow; B, t. s . of upper c o rte x and algal zone ; C, t.s. of 
thallus adjacent to an apothecium. D- E, P. t enue var. bor e 
alis (Henssen 22679g); D, l. s . of young thallus; E, l.s. of 
a cephalodium at the base of a n apothecium. F, P. tenue 
var. boreali s (Henssen 23157x) , t.s. of corticat ed tha llus. 
A-F, scale = 20 IJID. 
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Holotype: U.S.A. , Colorado , Boulder Co. , Niwot Ridge, 
on snowbank , between 3300 a nd 3750 m, 196 1, Henssen 13030b 
(hb . Benssen). Paratype: Austria , Tirol. Sarnnaungruppe , 
Zeblasjoch , on snowbank at 2450m, 1975 , Hens sen 22679g (MB). 

FURTHER SPECIMENS EX&'IINED : Austria , Ost-Tirol, 
Matrei, JohannishUtte , in glacial till at c. 2 200 - 24 00 m, 
overgrowing mosses , 1938 F. & Koppe (hb. Henssen 6 130). 
Norway , S0r- Tr5nde l ag , Dovrefjel l, Knuth6 , on snowbank at 
1500 m, 195 9 , Henssen 4 9 74 (hb . Henssen ). -Sweden. Torne 
Lappmark, Abisko . Nuolja , on snowbank at 1160 m, 1954, 
Henssen 6 12 7 (hb . Henssen). -Iceland, Bard , Ko llsvik , 
overgrowi ng mosses in a lichen heath, 1972, Henssen & 
Kristi nsson 23 157 x (f\tB). - Canada , Alberta , Banff Nationa l 
Park , Peyto Lake , Dr yas heath at 2150- 2250 m, 1962 , Henssen 
& Cain 1447ly (CAN , MB). 

Thal lus squamul es up to 1 mm broad , brown or reddish 
brown, thick ; thal lus dist i nctl y corticated o n the uppe r 
and lowe r s ur face by isodiametric cells (Fig. 30 , F). 
Apothecia l disc brown and margo thallinus of the same 
col our, or disc dark brown and margo thallinus slightly 
paler. Crystals of lic hen substan ces depos i ted within the 
medul la of the thal l us and apothecial margin or not. 

In P. ten ue var . t e nu e t he lobes are smaller 
than in var. bo r e aZis (Fig. 2 ), and t he cortex is 
usually less well deve l oped since it is r estric
ted to the upper surface. Broad cortical struc 
tures on both thallus surfaces have been observed 
in thall i closely attached to margins of apothe
c ia (Fig . 3C). In such lobes the thallus corres
ponds exactly to that in P. cin n am ome um (cf . 
Figs. 3B with SA). 

The cephalodia occur either between the lobes 
or are producun in groups below the apothecia 
(Fig. 3E). The alga in the cephalodia is a 

Fig . 4. Apothecial structure in P. tenue var. tenue (mic ro
tome sections of the holotype) . A, median l. s. of young 
apothecium, note the numerous a lga l ce ll s in the stipe ; B, 
cortex structur e in apothecial margin; C, upper part o f 
apothecial margin, crystals of lichen substances indica t ed 
by a r rows; 0 , ascus and spores. A-0 1 scale = 20 ~n . 
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species of Nostoc as is found in most PsoPoma 
species. 
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The margin of the apothecia develops in the 
same way as in Panna Pia Pubiginosa (Ach . ) Bury 
(Henssen 1969, 1981). The cortex in the margo 
thall i nus is differentiated in part by the thal
lus cortex and in part by the medullary hyphae 
growing up between the hyrneniurn and the thallus 
cortex (Fig . 4A, B). The cells formed by the me
dullary hyphae are considerable smaller in size 
(Fig. 4C, SC). As seen from above the f inely cre
nulated margin surrounding the relatively flat 
disc resembles that of certain PannaPia species. 
In very old apothecia the margin may bear granu
les and the disc becomes folded or medianly de
pressed . Young developing apothecia are at first 
urceolate. 

The ascus wall and hymenial gelatine stain 
blue in iodine , and an amyloid ring structure is 
seen in the ascus a pex of the same shape as that 
found in P. hypno rum (Keuck 1977). 

In P. tenue var. tenue yellowish to brownish 
crystals of lichen substances are usually depo
sited in large amounts in the medulla of the 
thallus and apothecial marg in. In var. boPeaZis 
similar crystals have only been observed in t h e 
specimen collected in Canada ( Henssen 14471y). 
These crystals are difficult to demonstrate in 
the sections by black and white photography-but 
are rather impressive in microscopic examination 
of stained permanent preparations . The varying 
occurence of the unknown substance (U 1 J in both 
va rieties of the species is interesting . 

Fi g . 5 . Anatomy in Psoroma species (microto me secti o ns). 
A- B, P. cinnamomeum (holotype ); A, l.s. of tha llus; B, 
cortex structure in apothecial margin; C , P. tenue var . 
bor eali s (He nssen 22670g), apothecial margin; 0, P. cinna
mo~eum {Aenssen 24 44 8 t ) , cortex structure in apothecia l 
margin; E, P. ten ue var . tenue (holotype) , l . s. of cepha
lodium; F, P. cinnamomeum (Henssen 24448t), l. s. of cepha
l odium. A-F, scale = 20 urn. 
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Fig. 6. Psoroma cinnamomeum (He nssen 24 448t), young apo
thecia; scal e = 1 mm; drawn by B. Be c ke r. 

Pso ~oma tenue is characterized by the presence 
of porphyrilic adic methyl ester and pannaric 
acid in correlation with small, flat apothec ia 
surrounded by a thin evenly crenulated margin , by 
dark purplish brown cephalodia, aggregated to 
clusters, and by an upper thallus cortex formed 
by periclinal hyphae with isodiametric cells . 

In comparison to P. tenue , P. cinnamomeum has 
a similar anatomy and the same type of cephalo
dia but differs, apart from the lack of lichen 
substances , by having a very thick apothecial 
margin in the young, strongly urceolate apothecia 
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and by the smaller lumina in the cells forming 
the corte x in the margo thallinus (cf . Figs. 4C 
and SC with B, D). P. cinnamomeum occurs in t he 
same regions as P. te nu e var. tenue . By the pale 
colour of the thallus and the abundant cryst als 
in apothecial or thallus sections, P. ten ue var . 
tenue is easily distinguished from P. cinnamo 
me um . Reddi sh brown soecimens of P. tenue var. 
bo :roeaZis resemble P. cinnamomeum but the vari ety 
is only known from the Northern Hemisph ere at 
this time. 

ECOLOGY. P. te nue var. tenue has been collec
ted on soil , long covered by snow, together with 
P. hypno:roum and P. paleaceum . P. ten ue var. bo re 
alis has been found, hitherto, on snowbanks in 
glacial till a nd in tundra! heath, where the li
chen was growing together with Leciophy sma fin 
ma :roki cum Th.Fr. (231 57x ) or L . fu:rofu:roascen .s (Nyl.) 
Gyeln. (14471 y ) respective ly, among o t he r lichens. 

Pso :rooma cinnamomeum Malme 1925 P. 11, 12 

The specimen studied in comparison to the ho
lotype (Henssen 2444 8t) was growing on the same 
type of substrate . The prominent apothecial mar
gin is especially distinct in younger apothecia 
(Fig. 1G, 6). The cortex was well develope d in 
all sections studied . In the upper cortex the 
cell lumina are embedd ed in the gelatinous mat r ix 
of t he c e ll walls . The lumina are roundish and 
connected by pits (Fi g. SA ). In young t halli the 
cortex is formed only by periclinally arranged 
hyphae , later on cells are added by vertically 
growing medullary hyphae. In the l ower thallus 
cortex the c e ll walls are l ess strongly gela
tinized. The cortex in the margo thallinus is 
formed by radial or somewhat reticulately arran 
ged hyphae with thick walls and relatively small 
lumina (Fi g. SB, D). 

The cephalodia are dark purplish brown and 
form clusters between the squamules or they are 
produced in groups below the a~othecia. They are 
surrounded by a brown p igmented cortex, composed 
of one or, in part , two rows of cells (Fig. SF ). 
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In young stages the hyphae are thin and form a 
network a nd later the enlarged cells become ag
gregated into a pseudoparenchyma. 
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ZUS AMME NFA SS UNG 

Die neue Art Psoroma tenue Henssen, e ine Fl echte auf 
Schneeb6den und in Tundra-3hnlicher Vegetation gehOrt zur 
Psor oma hypnorum-Gruppe und ist am n!chsten mi t P. cinna
momeum Malme verwandt. Mo r phologie und Ana tomie der heiden 
Arten werden ver gliche n. Sie stimmen i n der Wuchsform, der 
Struktur des Lager s sowie in der Gesta l t und Ana tomie der 
Cephalodien weitge hend Uberein. Zwei Variet~ ten der neuen 
Art P. tenue werden unte rschieden. P. tenue var. tenue i st 
auf die sUdliche Hemisphare beschr&nkt und wurde b i sher in 
Tierra del Fuego und auf den South Shetla nd Islands ge
sammelt. P. tenue var. borealis ist ansche:Lnend eine weit 
verbreitete Flechte der nOrdlichen HemisphAre; Fundorte 
werden fUr die Alpen , Skandinavien , Island und Nordamerika 
angegeben. Seide Va r ietat en von P. ten ue enthalten den 
neuen Flechtenstoff Porphyrilsauremethy l ester und Pannarin
sAure , sowie in einigen der unt e r suchten Proben zusatz l ich 
eine unbekannte Subst anz (U

1
) . Das Vorkommen dieser Stoffe 

i n anderen Arten der P. hypnorum- Gruppe wird erwahnt. 

Psoroma bryantii Dodge und P. foll mannii Dodge .,.,.erden 
als Synonyme zu P. hypnorum {Vahl) S . F. Gray gestellt. 
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AN UNDESCR I8ED PLEOMORPHIC SPEC I ES OF CODINAEA 

Nor ihiro TOYAZAKI 

Public Health Research Institute of Kobe City , Mina to
jima-naka-machi 4-chome, Chuo - ku , Kobe 650 , Japan 

AND 

Shun-ichi UDAG\WA 

National I ns titute of Hygieni c Sciences , Kamiyoga 
1-chome, Setagaya-ku, Tokyo 158 , Japan 

In the course of an inves tigation of airborne fungi in 
Kobe, Japan, a hyphomycete was obtained in pure culture 
which proved to represent a previousl y undescribed species 
of Codinaea ~Ia ire. ll'hen grown on a var i ety of media such 
as cornmeal agar, malt extract agar , oatmea l agar, potato
carrot agar and potato - dextros e agar , sporulation is pleo
morphic: It produces (a) po lyphialidic, darker, th ick
walled, and regul arl y septate conidiophores and a ll antoid, 
hyaline, 3- septate, and t erminally setu1ate conidia charac
t eri s tic o f Codinaea, and (b) monophia l idic, paler, and 
less septate conidiopho res wi t h fusiform non-sept a te con
idia s omewhat suggestive of Chloridium. Due to the l a tter 
features, th e isolate superfi cially re sembles Chloridium 
codi naeoides Pirozynski (1972) , which produces monophiali
dic con i diogenous cel l s and narrowly f usiform-obclavate, 
aseptate conidia. 

A recent account of the morphology and taxonomy of the 
genus Codinaea was given by l·lughes and Kendrick (1968), who 
recognized 13 species a nd four anamorphic fo r ms of Chae to
sphaeria (Sphaeriaceac) and described in de t ail numerous 
collections f rom New Zealand. Subsequently the follm<ing 
13 s pecies have been added to t he genus: c . maharashtre nsis 
Pirozynski & Patil (1970), C. novae - guineensis ~1atsushima 
(1971), c. e ucalypti Sutton & Hodges (197 5) , c. septata 
Sutton & Hodges ( 1975), c . apicula ta ~latsushima ( 1975), c. 
l una ta Matsushima (1975), c. britannica ~1. B. Ellis (1976) , 
c. hughesii ~1. B. Ellis (1976) , c. c yl i ndrospora ~!organ

Jones & Ingram (1976), c. unisetula ~!orga n-Jone s & lngram 
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(1976), c. clavulata l·lolubova-Jechova (1976), c . parkhalen
sis S . M. ~ S. S. Reddy ( 1977) , and Codinaea anamorph of 
Striacosphaeria codinaeophora Samuels & E. ~IU ller (1978) (as 
'S. codinaeaphora 1

) • Dictyochaeta fuegiana Speg . , the type 
species of the genus Dictyochaeta Spegazzini that "'·as con
sidered as a possible earlier name for Codinaea (Hughes and 
Kendrick, 1968), has been re-described by Godeas et al. 
(1977). However, there are too few diagnostic features 
available on the type to properly define the type species 
of that genus. 

Since none of the fungi of this genu s are pleomorphic, 
the f ungus from Kobe has been described here as a new 
species. 

Codinaea dimorpha Toyazaki & Udagawa , sp.nov. (Figs. 1-6) 
Coloniae in agaro "cornmeal" lente crescentes , tenuis

simae, ex myce l ia vegetative submerse compositac; hyphae 
aeriae sparsae; conidia abundantia, aggregata, brunneo
grisea; reversum incoloratum. Co1oniae in aliis agaris 
communibus celerius crescentes, pl anae vel rugosae, tenues, 
penitus auratae ve l aurantiacae. 

t-lycelium immersum vel semi - immersum, ex hyphis hya
linis vel subhyalinis, ramosis, septatis, 1-3 urn diam. 
l aevibus compositum. 

Setae steriles absences. 
Structurae conidiogenae macronematae, dimorphae: (a) 

polyphialidicae et (b) monophialidicae. (a) Conidiophora 
ex hyphis repentibus superficia l ibus orientia, singula vel 
2- 3 aggregata, simp l icia, br unnea, cylindrica, 200-280 x 6-
8 ~m . laevia, i ncrassa t a, omnino diarnetro uniformia, apicem 
versus pallescentia, recta vel flexa vel plerumque genicu
lata, usque 6- 8 septata, superne successive elongascentia. 
Cel l ulae conidiogenae elongatae, cylindricae, vulgo usque 
ad 40-60 ~m longae, po l yphialidicac, raro discretae, deter
mi natae, pal l ide brunneae vel subhyalinae, mu ltis co l lari
bus conspicuis praed i tae; col l aria infundibuliformia , 3- 4 x 
1.5-2.5 ~m. subhya l ina vel pallide brunnea, postremo 
cffracta . Conidia semi-endogena, acropleurogena, hyalina, 
allantoidea, ellipsoidea vel oblonga, parum curva, 22 - 28 x 
7-8 )Jm, 3- septata, laevia, ad basim i nterdum hilo incon
spicue e t utrinque setula singu l a, simpl ici, hyalina , S- 6 
~m l onga praedita, in mass a mucida aggregata. (b ) Conidio
phora ex hyphis super f icia l ibus singula oriunda, simplicia 
vel i nterdum irregulariter ramosa, 2-3 phia l ides ferentia, 
cylindrica, 45- 100 x 2.5 - 4 ~m. hya l ina ve l obscure oliva
ceo-brunnea, prope basin septat a, l aevia. Cel l ulae coni
diogenae monophia l idicae , i ntegratae , detcrminatae, cylind-
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ricae, superne gradatim angustatae, collari distincto 2-2 .5 
x 1- 2 ~m praedita. Conidia semi-endogena, acrogena, hya
lina, cyl indrica vel fusiformia , 10- 18 x 1- 2 ~m, parum 
curva, aseptata vel raro uniseptata, utrinque plus minusve 
truncata, in massa mucida aggregata. 

Chlamydosporae t erminales, obscure ol ivaceo - brunneae, 
ell ipsoideae vel pyriformes, laeves, i ncrassa tae, 10-15 x 
6-10 ~m, aseptatae vel raro uniseptatae. 

Holotypus: cultura Nf!L 2891 ex aere urbis Kobe in 
Japonia, in 12.vi . l980, a N. Toyazaki , i solata. In collcc
tione fungorum 11 Nat:ional Ins titute of Hygienic Sciences 
(~qiL) , Tokyo, Japan." 

Etymology: lat. climorphus = having two forms, refe rr
ing to the dimorphic conidiogenesis. 

Col onies on cornmeal agar (OIA) growing s l owly, 
reaching 2.8 em i n diam after two weeks at 23 C, very thin, 
vegetative mycelium large ly submerged; white aerial hyphae 
sparsely developed on the agar surface ; conidia-bearing 
strucLures abundanLly produced in central colony areas, 
"brownish grey" (Kornerup and Wanscher, 1978; pl. 6-E-2); 
reverse unco lored. Colonl.es on malt extract-yeast extract 
agar (MYA) growing rather restrictedly, consisting of a 
somewhat thick basa l felt, wrinkled conspicuously, velvety 
to floccose, producing abundant aerial hyphae, "pastel yel
low" (Kornerup and \'lanscher, 1978; pl. 2-A- 4) ; conidia 
slowl y developed, not affecting the colony appearance with 
in three weeks; reverse "orange" (Kornerup and Wanscher, 
1978; pl. 6-B-7). Colonies on oatmeal agar (OA) or potato
dextrose agar (PDA) growing more rapidly, reaching 3.0-3 . 6 
em in diam after two weeks at 23 C, plane, thin, "deep yel
low" or "deep orange" (Kornerup and l~anscher, 1978; pis. 4-
A-8, 5-A-8). 

Mycelium inunersed or semi-immersed, composed of hya
l i ne to subhyaline, branched, septate, 1-3 ~m wide, smooth 
walled hyphae which often swell to knots of pa l e brown to 
brown cells up to 5.5-10 ~m wide. 

Sterile setae lacking . 
Conidia-bearing structures macronematous, of two 

types; (a) polyphialidic , and (b) monophialidic. Type (a) 
conunonly deve l oped on C~IA and at later stages also on ~1YA , 

OA and PDA. Conidiophores arising singly from superficial 
ly repent hyphae or in groups of two or three from hyphal 
knots, simple, brown, cylindrical, 200-280 x 6-8 ~m . smooth 
and thick-walled, uniform i n width throughout, paler to
wards the apex, straight or f lexuous , often markedly genic 
ulate in the upper region, up to 6-8-septate, successively 
proliferating with age at short distances. Conidiogenous 
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Fi g. 1. Codinaea dimorpha (NHL 2891) . 
A. Conidiophores and po1yphialides. B. Conidia(3-scptate). 
C. ~lonophialides and conidia. D. Ch1amydospores . (All 
measurements are in ~m . ) 



454 

3 

Figs. 2-6. Codi naea dimor pha (NHL 2891). 
2. Conidiophores. 3 . Three-septa t e coni dium . 4. Mo no
phia l i dic coni diogenous cel l and 0- 1-septat e conidia. 5 and 
6 . Polyphia lidic conidiogenous cell s. (Bar s i n 3-6 = 10 ~m 

and in 2 = 100 ~m.) 

cell s elongated, cyl indrical , usua ll y up t o 40-60 ~m in 

l ength, po l yph i alidi c, rare l y discre t e, deLerminat e, pale 
brown t o subhya l i ne , each ph i al ide in t urn becoming ext er
nally scarred with t he per s i s t ent remains of th e ce l laret
t es ; ce l larettes f unnel- shaped , 3-4 x 1. 5-2.5 ~m , subhya
line t o pa l e brown , aged ones often broken off . Conidia 
semi -endogenous, acropleurogenous, hya l i ne , a ll antoid , e l 
l i psoid or ob long, s lightly cur ved , 22 - 28 x 7- 8 ~m , 3-sep-



455 

tate, smooth - wall ed, s ometimes with a basa l hilum, provided 
at each end with a s ingl e, simple, hya l ine setula S- 6 1J ID in 
l engt h, aggr egated in a s limy mass . Type (b) deve l oped a t 
an early stage on MYA, OA and PDA. Conidiophor es ar is ing 
singl y from superficial mycelium, simple or somet imes ir
regul arly branching i nto two or three stalked phialides, 
cylindrical , 45-100 x 2.5- 4 urn, hyaline to dark ol ive
bra~~, septate near the base, smooth-walled. Conidiogenous 
cells monophialidi c, integrated, determinate , cylindrical, 
tapering gradually into a well-defined, t erminal coll arette 
measuring 2- 2.5 x 1-2 urn. Conidia semi- endogenous, aero 
genous , hya line, cylindrical to fusiform, 10-18 x 1- 2 urn , 
slightly curved, aseptate or r arely uniseptat e , more or 
l ess truncate at Path ends, aggregat ed in a slimy mass. 

Ch! amydospor es often developed on ~~A. OA and PDA, 
terminal, dark o l ive-brown , e ll ipsoid or pyriform, smoo th , 
thick-walled, 10- 15 x 6- 10 urn, aseptate or rarely unisep
tate. 

At 37 C, no growth occurs. 
Spec imen exam i ned: an isolate from air, at Kano - cho, 

lkut a-ku, Kobe-shi, Japan, J une 12th , 1980, N. Toyazaki, 
NH L 2891 , holotype. 

Of the species currently assigned t o the genus, c . 
dimorpha somewhat resembles c. f ertil is llughes f, Kendrick 
(1968) because of the crowded appearance of polyphialides 
which are produced at the portion where cylindrica l coni
diophores proliferate, and because it forms promi nent 
phialide cellarettes , as wel l as fusiform, curved and setu
l a te conidia. It differs from c. fertilis i n that it l acks 
sterile setae and has larger , 3-septate conidia and mono
phia lidic coni diogenous cel l s . 

Chloridium codinaeoi des (loc . cit.) may be confused 
with the monophialidic f ruiting s tructures of the present 
species, but in th e former, conidia are smal l er ---- 5-9 x 
1-1.5 urn as opposed to 10-1 8 x 1-2 urn in C. dimorpha. 

The another superficiall y s imil ar hyphomycete, Hypho
discosia europaea 1-lol. -Jech. & Borowska has recently been 
described by Holubova -Jechova and Borowska (1981). Both 
are character ized by cylindrical, setul ate phragmospores 
produced acropleurogenous l y at the elongating part of s im
ple , erect, pigmented conidiophores. Hyphodiscosia euro
paea is distinct from the present fungus in that the coni 
dia arc sympodial - po l yb l astic and dark-colored at maturity, 
and in lacking a monophialidic conidia. 
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Additions to the genus Pachye Zla . 
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Fransoi se Candoussau 

22 , rue H~o-Paris , 64000 Pau, France 

Sill11-!ARY 

A review of the genus Pachyella is given in view of 
?'ecent coHections fr>om France and continued s tudy by the 
senior author. One new species is p~oposed, P. pelta t a , 
and one new combination in made, P. pseudosuccosa . A key 
is given to the nine species now included in the genus . 

The senior author has r evised the genus PachyeZla 
(Pfister 1973) and emend ed its circumscr i ption. The 
junior autho r has made significan t new co l lec tions of 
species of the genus i n Fr ance . This paper presents one 
new species of PachyeZZa from France, a report of P. 
punctispoPa from France, and a revis i on of the nomenc l a
ture of one species . A r evised key to the genus Pach
yeZZa is given. 

The l i t era r y hi s t o ry of the genus PachyeZZa was r e
viewed by Pfist er (1 973). Since that time sever al 
smal l er contributions have been mad e (Pfister 1974, 1975). 
Pfis t er ( 1979) also added on species to the genus, P. 
hydrophiZa (Peck ex Sacc. ) Pfi s t er, and Berthet and Dona
dini (1978) described Peziza aquatiZis which was l a t er 
transfer red to PachyeZZa by Donadini (1978) . This 
species i s discussed be low. 

A recent paper by Donadini (1980) should be men
tioned . I n it Donadi ni r educed PachyeZZa to the rank of 
a subgenus under Peziza . There i s no i ndicat ion that 
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specimens were studied. Unfortunat e ly severa l bibliogra
phical improprieti es have occurred. 

ll'e feel that PachyeZZa s hould be maintained as a 
distinct genus . The species are not only morphologically 
and anatomlcal l y distinct from Peziza but they are eco l o
gica lly quite different as was pointed out earl ier by 
Pfister (1973). 

The fo llowing is a synopsis of the species now 
placed in PachyeZZa . Complete synonymies may be found 
for previously treated species in Pfister (1973). 

Synopsis of species 

PachyeZZa adnata (Be rk. ~ Curt.) Pfist . , Canad . J . Bot. 
51: 2010. 1973. 
Earlier Alew>i.a annamitica Pat . was added to the 

synonymy (Pfister 1974) . Few additional co ll ections have 
come t o l ight. The distribution is ••ide but disjunct. 
Additional collections deposited in FH have been examined 
from Ohio (N . B. Cooke 48304) and Connecticut (DliP). The 
species is unreported in Europe . Donadini (1980) l isted 
the authors as " (Berk. et Currey) " [ sic). 

PachyeZZa aquatilis (Berthet & Donadini) Donadini, see ? . 
pseudosuccosa. 

PachyeZZa babingtonii (Berk. & Br.) Boud., Hist . Cl ass. 
Discom. Eur. p. 51. 1907 . 
Peziza exidiifo~is Berk . & Br. may be added to the 

a lready l engthy synonymy. Donadini (1980) l isted the 
authors of P. babingtonii as "(Berk. et Bres .)" [sic ] . 

PachyeZZa clypeato (Schw.) LeGal, Prodr. Flore ~!yeo ! 
Madagascar 4 : 27 . 1953. · 
This species is st ill known only f rom North America 

though th~ new species described below from Fr ance is 
qu1te SlmJ.lar. 

Pachyella hydPophiZa (Peck ex Sacc.) Pfister, ~!yeo taxon 
8: 335. 1979 . 
This species and Paahyella punatisporo. are quite 

simi l ar anatomically. Detailed field studies of P. 
hydl'ophiZa should be made--it is thus far only known from 
dried mate r ial. 



PachyeZZa megaZosperma (Lc Gal) Pfist., Canad , J , Bot. 
g: 2019 . 197 3 , 

o recent col l ections of this species have come to 
our atten t ion . Comment s on PachyeZZa pseudosuccosa 
shou ld be seen be l ow . 
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Figure l . PachyeZZa peZtata . Apothecia from the type 
col lec t ion . Scale a 2 em . 

Pachyella pe l tata Pf is t er & F. Candoussau sp . nov. 

Figures l and 
Apothecia 4- 7 c diam, pLanum, sessiZia pZanae, sim

iZis Pachyc l l a c l ypea ta . Hymenium b1'unneum. Excipulum 
exte1'ium eo; hyplzis 55 x 25 pm coro;positum. Hyphi s ex te1'is 
Pectis vel unduZatis veZ 1'ami[ icans . Asci J+, 500 x 20-
22 pm diam. Ascospo1'i ellipsoi dei , Zaevi biguttu Zati 
27- 30 x 13- 15 ,um. PaPaphyses Pectae, bMmnae . 

Holotype: sur tronc de Salix pourri, i\ t e rre , endroi t 
i nond~ p~riodiquement, avec Ps ilopezia rtWfD11U Za1'ia l is 
Pfist. & Candoussau et Climacodon puZche1'1'i mus (Berk. & 
Curt. ) Ni kol. ainsi que sur Alnus glut i nosa au meme 
endroit . 14. IX . 1980. Foret de Bugangue-Olo r on, Pyr~

n~es Atlant i que s FH . lsotypes CUP and he rb. Ca ndoussau. 
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Figure 2. PaahyeZZa peZtata . Outer exc i pulum. 
Scal e = 50 pm. 

Apothec i a gr egar ious 4 t o 7 em diam , sess il e, f lat , 
t oward the cen t er undul ating --plicat e as f ar as the margin. 
External surface dirty-whit e . llymeni um brown (cha t ain) , 
shining, slight ly viscous. Fl esh , di rty .,.,:hit.e up to 3 mm 
thi c k a t the cente r, t i nted ye l lO\\'i s h where broken . In 
external f eatu r es agreeing closely with P. aZypeata 
(Sch,; . ) Le Gal. 

Outer excipul um of l ongi tudina ll y e l onga t e ce l ls 
with the ir l ong axes oriented pe rpendicular l y t o the 
outer surface of t he apo t hecium, 3- 5 cells deep , the 
l a r ge r of th e ce ll s mea sur i ng 55 x 25 ).1'" or s light ly 
l ar ge r . Cells ti ghtly packed and onl y s li ghtly s,;oll en 
i n width. The outer cel l s are uniformly embedded i n a 
gelat inous mat rix and give rise to hyphoid hai r s of 5 to 
7 pm i n width t o more than 400 }Jm i n l ength, wh ich often 
branch and anas t omose or become moderately coi l ed . 

Medullary exc ipulum of dense t extura intricata , ge l 
sparingl y pr esent, hyphae 6- 12 pm in d iam . 

Asci diffuse l y J +, nearly 500 )Jm l ong and 20- 22 pm 
broad . 

Ascospores at maturity hya li ne , thi n-wa ll ed, smooth 
or with some cyt oplasmic granul a t ion , biguttulat e but 
often obscurely so , 27- 30 x 13- 15 ).lm. 

Paraphyses septat e , enl arged above, exceeding t he 
asci , o f gra nu lar content s \o.'hich become dark brown i n 
f resh mat eri a l when placed i n iod ine . 

Thi s species is qui t e s i mi l ar t o Paal!yelZa c lypeata ; 
the spores ar e larger an d the configurat i on of th e 
hyphoid hairs differs . In habitat and gro,; t h form i t is 
identica l. 



Figure 3. PachyeZZa punctispora . Apothecia from 
material collec t ed i n Franc e. Scale = 1 em. 

PachyeZZa punctispora Pflst., Canad. J. Bot. 51: 2019. 
1973 . Fieure 
; Peziza punctispora (Pfiste r ) Donadini. Doc . myco

loglqucs 11: 26. 1980 . 
Pi erre Ga bard, Guy Roux and t he junior au t hor have 

collecte d t hi s s pecies in France (Pont du Goa , Va l lee du 
Soussu~ou, 900 m alt. 15. VI !.1979; Crampes de Pi et, 
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Vall6e d'Ossau, 800 m a l t. Leg . Guy Raux , Pyr . At1an
tiques, environ s de Pau , s/Betu l a et autres bois , 28 . VII . 
1979). TI1ese collect i ons constitut<.> the fir s t report of 
the species out s ide North Ame r ica. Figure 3 shows apo the 
cia of the French collect i on . 

Pachyella pseudosuccosa ( Le Ga l ) Pfiste r , comb . nov. 
Gal.act·•nia pseudosuccoaa LeGal , Rev . ~1ycol. 

(Pari s) 10: 91-95 . 1945 . 
Peziza aquatiZi s Berthet & J . - C. Donadini. Bull. 
~1en s . Soc. Linn. Lyon 47: 205. 1978 . 
PachyeLZa aquitiZis (Berthet & Donadini ) Donadini, 
Bu ll. Soc . Linn. Provence 31:. 18 . 1978 . 

When Le Ga l described ,aZactinic rseudosuccosa , she 
did so in such a "'ay as to i ntroduce some ambigui t ies , 
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part i cul arly i n c l earl y s t ating t he name i n as sociat i on 
wHh the Lat in descript ion. It seems t o be va l id l y 
publi s hed . One f orm s he des cr i bed, fo rma macrOS?O!"a , v.'a s 
t he f orm upon wh ich Ga2actinia megaZospe~a (Le Ga l 1953) 
was based. The typical form , mate r i al of which has been 
unavailabl e for s tudy , \\'3 5 descr ibed f rom dr i ed mat er i a l 
i n the Boudi cr he r bar ium and was coll ect ed by Barl a i n 
Ni ce in 1891. 

A por tion of the ho lot ype spec i men of Peziza aquaU
Zis , kindly sent by ~1. Bcr thet , agr ees c l osely wi t h that 
descr ibed by Lc Ga l as Ga2actinia pseudosuccosa . Both 
have a reddish brown hymenium and both are said t o 
produce a ye l l O\\' j ui ce "'hen brok en. ~loreov er , th e Bar l a 
collection and those of Donadini are a l l from t he same 
genera l area i n S. W. France . 

PachyeZZa vioZaceonigPa (Rehm) Pf ist. , Canad. J . Bot . 
51 : 2021. 1973 . 
Pr evi ous ly the combinat ion of t hi s spec i es in Ga2aa

tinia by Boudier (Hi s t. Cl ass . Discom. Eu r. p. 47 . 1907) 
was overl ooked. Al so t o be added to the synonymy i s t he 
combination : Peziza vio2aceonigpa (Rehm) Smi t s ' Ka (Ret
sitsovi Gr ibi Ukrayi ni (Kiev) p . 78. 1975) . Donadi ni 
(1980) al so pr oposed the combinat i on Peziza vioZaceonigm. 

The junior author has made co llec t i ons of PachyeZZa 
violaceonigru in France ( Bois de St. ~laur-~U ra nd e, Ge rs , 
13 . VTI T.l971; For@t d"e Bugangue, Olor on, Pyr. Atlant i ques 
22 . X.l973; FH, Herb . R. P. Kor f , Herb . F. Candoussau). 
Other collect ions wer e made i n Switzerl and by A. Nyffe
negger (near Kanton Bern; FH, Z) and by Bruno Er b and 
St appung Er linsback (au t omne 1980, Herb. F. Cand oussau) . 



Key to species of PaahyeZZa 

1 . Hyphoid hairs forming a pa l isade layer a t the base of 
the aoothecia . . . . . . . . . . . . . . , . . . . 2 

I. llyphoi.d ha irs not fanning a dis t inct paUsade l ayer 
a t the base of th e apothccia . . ...•.•. .. . 7 

3 . 

3 . 

5 . 

5 . 

7 . 

7. 

2 . Ascos pores smooth 13-16 x 18-25 (28) pm, apothecia 
umber to c hes tnut co l o r, outer layer of cxcipulum 
of radially arranged globose cells, hyphoid hairs 
neither branched nor anastomosing~ N. America . . . . 
. . . . . . . . . . . . • . . . . . . P. aZypea ta 

2 . Ascospores or apothecial cons truction not as 
above .. .• ...•. . ...... 

Ascospores smooth 13-15 x 27-30 pm, apothecia dark 
umber, outer layer of excipul um of tight l y packed, 
on l y slight l y swollen cells, !typhoid hairs branched 
and ana stomosi ng, Europe ...... . . .. P . peZtata 
Ascosporcs variously ornamented . . ........ 4 
4 . Ornamen t ations taking the fonn of large flat 

topped warts, N. America~ Nest fndics , and Japan . 
. . . . . . . . . . . . . . P. adnata 

4 . Ornamentations smal l er in the form of ,..,arts or 
interconnect ing ridges . . , . . . . . . . . . . 

Spores ornamented with anastomosing warts, hymenium 
reddi s h brown , known only from Madagasca r .. .. . 
. . . . . . . . . . . . . . . . . . . P. megaZospeY'ma 
Spores ornamented with soli t ary warts ..... .. 6 
6. Hymeniurn dark brick to sepia, when damaged not 

producing a ye !low juice, Europe . . . . . . . . 
. . . . . . . . • . • • . . . . . P . vio Zaaeonig:ra 

6. Hyrneniurn reddish brown, when damaged producing a 
ye ll ow juice, Europe . . .... P. pseudosuacosa 

Spores smooth or punctate , margin attached to the 
s ub s trate, apothecia generally not greater than 1 em 
i n diam , \<o'Orldwide ..... . .. .. P. babingtonii 
Spores ornamented with fine \.;r art s , marg i n free, apo
thecia generally larger than 1 ern . . . . . . . . . 8 
8 . Spores 12-15 x 21-25 prn, mark ed with sma ll but 

discernable \''arts, paraphyses up to 9 )Jm, N. 
America , Europe .. , . ... ... P . punatispora 

8. Spores 13-1 6 x 22- 26 }JID, marked with wart s which 
can sca rcel y be seen with the ligh t microscope , 
paraphyses up to 15 J..1ID in diam, N. America . .. . 
. . . . . . . . . . . • . . . . . . P . hydY'ophi Za 
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PITHOMYCES PAVGI I , A NEW COMBINATION FOR 
TRICHOCLADIUM PAVGI I AND PITHOmCES FUNICULOSA 

MARY E. PALM and ELWIN L. STEWART 

Depa~tment o~ PZant PathoZogy 
UnivfJ~si ty of Minnesota 

St . PauZ, MN 55Z08 USA 

Tric:hoc:Zadiwn pavgii Nath VIas published as a neVI spe
cies from India on 16 July 1979 (1) . Additionally, a neVI 
dematiaceous hyphomycete from Swaziland was described as 
Pithomyoes funiouZosa Palm, Stewart, & Rossman on 19 Octo
ber 1979 (2). We have determined that T. pavgii and P. 
funicuZosa are conspecific . TriohocZadium pavgii has pri
ority according to the In ternational Code of Botanical 
Nomenclature, Article 11.3 (3). However, based on conidium 
development and secession, T. pavgii can only be accommo 
dated in Pithomyoes Berk. & Br. T~ichocZadium Harz has 
been broadly circumscribed and at present contai ns a hetero
geneous assemblage of species Vlhich produce tra nsvers ely 
septate conidia holoblastically. Pithomyces , in cont rast, 
is characterized by the holoblastic production of dema
tiaceous conidia Vlhich are usually both transversely and 
obliquely septate. ~1oreo ver, rhexolytic conid i um seces
sion leaves a characteristi c denticle on the conidiogenous 
cell. TrichocZadium pavgii must be transferred to 
Pithomycee . The new combination is herein made and the 
taxon redescribed based on additional s tudies of isol ates 
from India and the United States . 

Pithomyces pavgii (Nath) Palm, SteV~art, 
nov . 

& Rossman, comb . 

= TrichocZadium pavgii Nath, Sydowi a 
(basi onym) 

= Pi•homyces funicuZosa Palm, Stewart, 
Mycotaxon 10: 246-250. 1979. 

Figs . 1-4 
31: 122-125. 1978. 

& Rossman, 

COLONI ES on malt agar Vlhite to grey becoming brown to 
black, f loccose to appressed, dark ropy strands of conidia-
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phores frequently present. HYPHAE septate, branched, of two 
types , hyaline to subhyaline, smooth, 1.5-5 (x=2 .8) um diam, 
and subhyaline to pa le brown, sometimes f inely roughened, 
2.5-6 (x=3.4) um diam . CON!OIOPHORES micronematous to semi
macronematous, mono nematous, frequently funiculose, infre
quently branched, septate, subhya 1 i ne to pa 1 e brovm. 
CONIOIOGENOUS CE LLS holob last i c, monoblastic or polyblastic, 
integrated, intercalary, determinate or seemingly prolifer
ating percurrently to produce one or more conidia, cylin
dric to doli form , denticu l ate fo l lowing secession of 
conidia, denticles short cylindric to doli form, 1-4 (x=2. 4) 
x 1.5-4 (x=2.3) um. CONIDIA soli tary, pleurogenous, 
mostly verrucose, pale to dark brown, clavate to obovate 
to obpyriform to broadly or fusi form ellipso id to reniform, 
transversely (0- )1 -3{-4)-septate, mos tl y 2-septate, may 
be slight ly constricted at the septa, rarely with 1-2 ob
lique or longitudi nal septa, 10-17 (x= l 3.3) x 4.5- 12 
(x=7.4) um (1-septate), 13-20 (x=l7.2) x 5- 12 (x=7.8) um 
(2-septate), 17-26 (x=22.1) x 6-12 {x=8.3) um (3-septate), 
bases 2-4 (x=2.6) um diam, with a portion of the conidio
genous cell usually remaining as a basal frill . 

Co ll ecti ens examined: Indi a: Hyderabad, Rajendranagar, 
V. Ravi ndra Nath . From kerne l s of Ar•achi.• hypogaea L. 
3 i 1973 (IMI 2057 18 lholotypel and living culture received 
from V.R.N.). Swaziland: Luyengo, A.Y. Rossman. From 
funga l comb of /1acrotermes ukuzii Fuller. 15 ix 1977 
{MPPD). United States: Alabama , Chambers Co. , G. Morgan
Jones. From municipal industri al 1vaste-water. v 1980 
(AUAM 2405). 

In addition to its occurrence in India and Swazi l and, 
G. Morgan-Jones {personal communication) has isol ated P. 
pavgii in the United States. Based on our observations 
using phase contrast and scanning electron micros copy, the 
conidiogenous cell either proliferates percurrent ly t hrough 
the denticle, which rema ins as a short annell ation, or the 
apparently inelast ic outer 1vall ruptures and rema i ns at the 
base of the exposed, elast i c inner wall. Remnants of 
conidiogenous cells surrounding the poss i bly proliferat i ng 
conidiogenous ce ll are seen infrequently and mai nly i n 
older cultures. RavindraNath's line dravlings of P. pavgii 
indicate flared s tructures resemb l ing annellations at t he 
apex of some el onga te conidiogenous ce ll s wh ich he de
scribed as "roughened" . Examination of the type ma ter ia l 
(Im 205718) and of a living culture indicate that the 
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FIGS . 1-4. Pithomyces pavgii . 1 . Photomicrograph (phase 
contrast microscopy for Figs. 1 and 2) of a developing co
nidium wi th intact outer wa ll . X2000. 2. Photomicrograph 
of a conidiogenous cell fo ll o•1i ng rhexolytic conidium se 
cess ion showi ng remnants of either t he i nner and outer wal l s 
or the walls from t1-1o successively produced con idia. X2000. 
Figs. 3-4. Sca nn ing electron micrographs of conid i um and 
conidiogenous cell with inelastic outer wa ll beginn i ng to 
rupture (Fig. 3) and conid i um and conidiogenous cell with 
ruptured ou t er "all or a possible annellat i on (Fig. 4). 
X3000. 
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fungus somet imes appears to proliferate percurrently, but , 
a conid iogenous cell so long and 1~ith more than one 
"a nnellation" was never observed by us. Final elucidation 
of conidiogenes is requires ultras tructural or time l apse 
studies or both. 
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VALIDATION OF THE HERPOMYCETINEAE AND 
HERPOMYCETACEAE IN THE LABOULBEN I ALES 

ISABE LLE I, TAVARES 

Department ot Botany , University of 
California , Berkeley , Californ ia 94720 

Whe n the Euceratomycetaceae in the suborder 
La boulbeniineae was described (Tavares, 1980), a comparison 
was made between the developmen t o f the per ithecia in th e 
Laboulbeniineae and the He rpomyce tineae I . Tav . (nom . nud .) . 
I nadvertently, I omit t ed a r eference to t he second volume 
of Thaxter' s monograph (1908) of the Labou1benia1es, in 
which the tribe Herpomyce teae wa s described in the key t o 
genera within the family Laboulbeniaceae. In addition, 
t he r e was no men tion of the family He rpomycetaceae , nor was 
a dia gnos i s of the Herpomycetineae includ ed (Tava r es , 1980) . 
Consequently, a Latin diagnosis for the Her pomyce t ineae 
fo llows , fo r which I am inde bted to Dr. William J , Dr ess , 
Bailey Ho r t orium, Co rnell Universi t y . 

Subordo Herpomycetineae nom. nov . Dioec iae . Thallo rum 
femineo rum perithecia uno vel plur ibus axibus receptacular
ibus secondariis, qui una vel pluribus cel l ulis s upra basal
ibus in axe primario pr odu c t i sunt, portata . Peri thecii 
paries ex t erior ex seriebus qua ttuo r verticalibus cellular
urn constans. serie quaque ex cellulis nume r osis brevibus 
alti tudine s ubaequis compos ita. Cellula inf ima in una 
serie vertical! cellula rum parietalium perithecii juvenalis 
et intro rsum et s ursum per medium perithecii c r escens, 
ca rpogonium formans. Antheridia s unt phialides . 

Familia Herpomy cetaceae (Thaxter) stat. nov . 
Tribus Herpomyceteae Thaxter . Nem. Amer. Acad. 

Art s Sc i, 13: 237 . 1908. 

Fami l y Her pomyce taceae : As in the s uborder . 
Dioecious, occurring on cock roac hes (Bla tta ria) . The ger
minating s pore becomes transformed into a primary axis of 
four or mor e cells. In the female, peri the cia a re produced 
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on seconda r y axes ar1s~ng from the prima r y axis . Ver tical 
septa are fo r med i n the pe r ithecial pr i mordium, producing 
fou r cel ls, each of ,,,.hich divides i n to a ver t ical row of 
wall cells . When t here a r e two t ier s of wall cells , one of 
the fo ur l ower cells grows i nwa r d and upwa r d and forms a 
central ca r pogonial upgrowth (Tava r es , 1980). At ma tur i t y , 
there a r e many short ou t er wall cells , equal or s ubequal in 
height , in each vertical row . Four ver t ica l rows of inner 
wall cells s urround t he passage i n the per ithecial neck 
thr ough which the a scospores emerge (Tava r es, 1966) . Eigh t 
spo r es hav ing median sep t a a r e for med in each ascus . Hale 
thal l i bear elongate, simple antherjdia . 

Thaxter' s desc r iption (1908) of Herpomyceteae , which 
was only a brief sta t ement in his generic key , never the
less se r ved sa t isfactorily to distinguish the tri be , be
cause llerpomyces , the solita r y genus , is t he only dioecious 
genus having secondary receptacl es and simple anther idia . 
Al t hough Di mer omyces aberrans Thaxter (1924) may have 
simple an t heridia , addi tional rec ept a cul ar cells in t he 
female thall us are produced in the primary axi s and do not 
form a s econdary axis as they do in the closely r elated 
genus Dimorphomyces, i n which a l l a ntheridia a r e compound. 

I n his poorly preserved material , Thaxter was unabl e 
to see t he internal structu r e of the pe r ithecium of 
Herpomyces (see Thaxter , 1931) . Consequently , he (Thaxter, 
1908) placed Her pomyc es in the Laboul beniaceae because of 
the simple anther idia , not r eal izing how st r ongly its peri
thecial developmen t differed from that of the other genera 
in this family . 
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SUMMARY 

New specific names are proposed to validate three 
heretofore invalidl y published species of Erynia 
Nowakowski (Entomophthoraceae): E. buZZata Thax
ter & t1acleod in Humber, E. creatonoti Yen in Hum
ber, and E. myrmecophaga Turian & Wuest in Humber. 
E~Jnia fonmicae Humber & Balazy in Humber, sp. 
nov., is proposed as a name for a fungus occurring 
on ants and differing from the incompletely char
acterized E. mynmecophaga. 

During recent studies on the entomopathogenic Entomoph
thorales, Erynia Nowakowski and the c lose l y allied or syno
nymous genus (depending on one ' s taxonomic opinion) Zooph
thora Batko have received much attention (Remaudiere and 
Hennebert 1980; Remaudiere and Ke ller 1980; Humber 1981, 
1982 ; Humber and Ben- Ze' ev 1981; Ben-Ze'ev and Kenneth 1981, 
1982). Several species referable to Erynia sensu Humber & 
Be-Ze ' ev (1981) are not validly published under the Inter
national Code of Botan i cal Nomenclature. Th is paper va l i -
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dates three of these s pec i es and proposes a second new spe
cies of Erynia from ants . 

ERYN I A BULLATA Thaxter & MacLeod , s p. nov. 

CORPORA HYPHALif.. vaJ"iabitis per i.nitiwn co~tagionis , hyphoidea postf'GJ1l. 
/IUCLEI per-saepe conspiau.i, minimum 6- 10 ~m in diametro, contentiB gl'O.
YI!4latis autem sine nucleolo conspicuo ovoideo ce,1trali. CONIDIOPHORA 
dichotoma digitate ramosa ad apices , inter tez ta in hymeni1qn continuum; 
in taen.iis eme l'f}ens et in integumenta super cor;_..>ot'f.l hospitis coalescens . 
CONIDIA !'RIMARIA W1inucleata , Oitunicata, e'Ltivsoidea ovoideaJ 2J . O- J7 . 5 
um ::z; 12.0-16.5 lJm (medio 29 . 5 x H . O •Jnl) , e:r:pu.isa vehcmenter eve1~sione 
papi.ZZ.ae diatinctae co11tro conidi ophoro. . CO/liDIA SECUNDARIA inobser
oota . S?ORAE PERDURANTES hyaZinae vel stramineae vel pal'Lidae alutaceae 
in massa in corpof'fl hospitis; nr..tZtinucZ.eata ubi maturao; epi.sporiis con
spiaue vel butla.tis vel. tube1>culatic, 37- 62 Um (medio 50 wnJ in diametroo 
toto buHis inclusis. RHIZOID8A "umerosa , simp'Liaia, hypl-..oidea , sina 
haptero disci[ormi te1'111inati, ex abdomine et thoroce omergentia; in 
praescntia veL coni.diorum vel sporurum pe1'duran.tiwn j01'mf1.ta. CtSTIDIA 
desunt . 

HYPHAL BODIES variable in size and shape during ear l y s tages of develop
ment in host , becot:dng hypha-like a t tine o f the hos t ' s death. NUCLE I 
easily distinguished in mos t vegetative or reproductive str uctures; 
large, usually 6-10 IJ1Il or mo r e i n d iame t er; contents granula r, vithout 
a prominen t central ovoid nuc leolus . CONIDIOPHORES bra nched digitately 
t owar d the api ces, intertwining to f orm a continuous hymenium; emergi ng 
in band s from weak points of the host exoskeleton, coalescing to form 
mo r e or less ~omplet e coverings over t he abdomen and the junction of 
the neck a nd t horax . PRIMARY CONIDIA uninucleate, bitunica te , elli ps
oid t o ovoid, 23 .0- 37.5 Um x 12.0- 16.5 IJm (averaging 29 . 5 x 14.0 }Jm), 
forcibly e j ected by the eversion of t he conspicuous basal papilla 
against the conidiophore . SECO}.'DARY CONIDIA not observed. RESTING 
SPORES forming a compact , hyaline to creamy- yellow or ligh t t an mass 
ins i de the host body; multinuc leate when ma t ure; i ndividual spores 
with pr ominent. rounded bullations up to 5 ).'m i n height on the epi
spore; 37-62 vm (averag i ng 50 \Jill) in overa ll diameter ( i ncluding t he 
e pisporial bulla tions) . RHIZOIDS numerous , unbranched , hypha- like. 
without any terminal disc-like hold fast, emerging principall y f rom the 
abdomen and t horax; present whe t her the f ungus produces conidia or 
res ting spores . 

HOLOTYPE: CUP 58970 (Corne l l Univ. , Plant Patho l ogy Ue rb:lTium). 
Resting s pores in Sareophaga aldri.chi . Col l. : 0. Tyrre ll, 
23 June 1981. 

PARATYPE : CUP 5 89 7 1 (Corne ll Un i v . , Pl an t Pa t ho l ogy Herbarium) . 
Conid i a on sa.rcophaga aldrichi . Co il.: 0. Tyrr e ll, 23 
J une 1981. 

TYPE HOST: Sareo-phaga aldri.chi Parker (Oip t c r a: Sarcophagi dae) . 

TYPE LOCALITY : Birch Cr eek Ro:ld, Wcbwood, On t ario, Canada. 
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This species appears to be a r elat ive ly common patho
gen of calliphorid and sar cophagid flies in North America. 
It was col l ect ed seve ral t imes i n the northeas t ern United 
St at es by Roland Thaxter (Riddle 1906, as Entomophthora "x") 
but never forma lly described. After Thaxter's death, Povah 
(1 935) r eceived permiss i on f rom Dr. W. We s ton at Harvard 
Univers ity to use Thaxter' s unpublished herbarium name, 
Entomophthora bu~Lata , for the fungus Povah f ound attacking 
bluebottle fli es i n ~l i chigan. TI1is name, attributed to 
Thaxter, was present ed with s cant de tai l s of the fungus's 
morphology except for the bullate nature of its r esting 
spores (33- 50 ~m diam. in Povah' s collection) and the over
all similarity of the primar y conidia of thi s fungus with 
those of Erynia ameriaana (Thaxter) Remaudiere & Hennebert 
(1980) . Unfo rtunately , Entomophthora buLLata Thaxter in 
Povah appeared in print after 1 January 1935 and is, accor
din g t o Artic le 36 of the Internat ional Code of Botanical 
Nomenclature, i nvalidl y published without a Latin diagnosis 
or refe rence to any previousl y published Latin diagnosis. 
All s ubsequen t combinations based on this name - Zooph
thora bu~~ata (Thax. in Povah) Batko (1966) and Erynia buL
Lata (Thax. in Povah) Remaudiere & He nnebert (1980) - are 
also inva l id l y published. 

The most thorough s tudy of E. buUata is that by ~lac 
Leod et al. (1973) who provide a complete mor phological 
character i zation. They suggest the host's age may affect 
\\•hether conidia or resting s pores are produced at the time 
of the fl y ' s death . Kramer (1979) s tudied the time course 
of infection and th e spore s tates produced in three species 
of call iphorid flies infected in the laboratory. He corro
borated that the disease in younger fli es does tend to pro
duce onl y conidia whi l e the probability for res ting spore 
production i ncreases wi th the age of the f lies a t the t ime 
of infec tiong. In contrast to i•lacLeod et a l. (1973), who 
state that the fungus never produced both coni dia and 
r esting spores in the same cadavers of field-infected S. 
a~driahi , Kraner (1979) found that, on rare occasions, both 
spore s tates may occur together in aff e cted i ndiv idua l s of 
Pho:rnri.a regina (~leig.) and Phaenicia seriaata ( ~1eig.) . It 
is significant, then, to note that in the f ie ld-collected 
examples of Saraophaga aZdrichi in the holotype collection, 
tuft s of conidiophores ar e apparent at the joints of the 
l egs whereas the f l y bodies ar e filled with resting spores. 
No bands of conid iophores are apparent on the abdomens of 
f lies in t he holotype co l lection . 
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Cytological studies b)' Riddle (1906) indicated that 
three-month-old resting spores of E. buUata are multinu
cleate. Thi s condition was verified with resting spores 
from the holotype collection stained with either aceto
orcein or bismarck brown. Humber (198 la) discusses the 
implications of this multinucleate condition in entomoph 
thoralean resting spores. 

ERYNIA CREATONOTI Yen, sp. nov. 

"CONIDIA pyPijOrmia, W'1inucleata , rrred. 32 .r 25 um, basi papilla ta, I17W"' 

tenui, cytoplasmatae g:ttanoso; NUCLEI rr.ed. 12 :r; 9 ~m; CONIDIOPHORI romosi 
coaloscentes tegimenta s uffusco vel roseo supe:r totum hospitis COl?UB . 

CORPORA HYPHALIA bNvia, segmentis hypha.rwn i,compositis, 8- 28 um Zatis 
20- 24 um Longi s . CYSTIDIA roro invoniuntur. SPORAE PERDURANTES azygo
spo1'a0 (3ygosporae pauca inuentae) _, globosae; episporio l.aevi atque 
cratSso; cytoplasrrrz giVD~osum vel vacuolatus ; diam. 10- 28 )Jm. ilospes 
substrate RHIWIDEIS fixus ." (Yen 1962) 

TYPE : Latin and English descriptions and figure 1-4 , J. Inseet !'athol . 
4 . 88- 94 (1962). 

TYPE HOST : Ctoeatcmotu6 gangis (L. ) (Lepi doptera : Arctiidae) 

TYPE LOCALITY : Kun-Kuan, Taipe i, Taiwan. 

This species, originally proposed with the orthographi
cally incorrect name Entomophtho~ creatonotus Yen (1962), 
was invalidly published since no t ype was desi gnated. The 
combinations Zoophthora creatonot i (Yen) Batko (1964) and 
Erynia creatonoti (Yen) Remaudierc & Hennebert (1980) are 
also, therefore , i nvalidl y published. The choice of the 
description and figures of E. creatonoti to typify this spe
cies is motivated by the lack of any mention by Yen (1962) 
of the permanent depos ition of either any specimens or the 
slides f rom which his photomicrographs were prepared. The 
English description of all morphological characters of this 
fungus is meticulously detailed even if the figures are of 
limited utility. 

The placement of this species in Er-ynia is full y 
justified b)' its uninucl eate (presumabl y bitunicate) coni
dia borne on digitately brached conidi ophorcs. The l arge 
nuclei are readily detected, even in unstained material 
(Yen 1962), and correspond t o those of all other Erynia 
species . The presence of fasci cles of hypha-like rhi zoids 
and of a few cystidia supports t his generic assignment. 
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ERYNI A FORMICAE Humber&. Balazy, sp. nov. 

CORrORA. HYPHALIA irroegulal'"ia per i ni tiwn co,ttagionis , 35- 15:; um x 
8- 16(201 lJM_, et posterius manifes tius hyphoidea et caepe pareiter sep
z;ata . ,VUCLEI pei'saepe conspicui , magni .. cont:Gnt:is gJ>ar.u latis autem 
sine nucleolo oooideo centroti . CONJDIOPHORA ir. taeniia distinct~;s 
emergentia , dichotorne vel. di!T';tate l"'aa"t7sa ad apices . CONIDIA PRI/1A.RIA 
<minucleata _. bitunicata .. obouata vel pyri fomria , 18- 25 lJm x 10- 16 JJm, 
e.:::pulsa vehenentero evcrs~.:Ono papilZarum contro conidi oph.om; papilla 
DasaZi al.iquantW11 distincta . COIIJDIA SECUNDARIA conidia prinnria simu.
tantia quanquam parvioro , 16- 19 JJm x 10 . S- 13. 5 J.lm, e.rpu lsa vehementer 
in modtn con.idio:rum prima.Pial"Wli. P.HIWIDEJ.. sparsa crussa , iulptera 
diociforr.ria tel"mi.naz.ia , ex juncturoa prorresotl-.orocica in f ascicul WTI 
l.axum efT'.e l•'Je,ttia. . CYSTIDIA ct SPORAE PERDURAN'IES i(J'Ylotae . 

HYPHA. L BODIES irregular in lengt h , dia-meter , and branch i ng pattern i n 
s ide host body during Cilrly stages of development 35-155 urn x 8-16(20) 
urn , later becoming in frequently septate and more obviousl y hyphal in 
appearance. NUC LEI conspicuous in most vegeta live or reproduct i ve 
s tructures, l arge, o,.•i th granular conte nts but no centra l nucleolus. 
COXIDIOPHORES emergi ng i n dist i nct bands from weak po i nts on the insect 
exoskeleton, dichotomous l y o r digitate ly branched at the apices. PR I 
MARY Co:'H UIA uninucle:ae, bit un i c a te, obovatc to pyriform, 18-25 vm x 
10-16 lJm, forci b l y di scharged by eversion of the more o r ll'ss d ist i nct 
papilla against the conidiophore. SECONDARY CONIDIA like the primal)' 
but smaller , 16 - 19 ~m x 10 . 5-13.5 ~m. forcibly di schilrged as in the 
pr im:J. ry conid i a. RHI ZO I DS relat i vel y f c.,.. i n number, stout, terminati ng 
in a discoidal ho l dfast; emerging from the ventra l thorax jus t behind 
the head, form i ng a loose f ascicle. CYSTID IA may be present; if so, 
tapering to a point f rom a rclntivel y broad base. RESTING SPORES not 
observed. 

HOWTYPE: CUP 58975 (Sa lazy 1285a), co li : J. h'iSnicwsk i and A. 
Soko.l:owski, 19 Sept . 1977, Tuchola pine forest , Po l and 

PARA TYPES : CUP 58976 (Ba <azy 1286), CUP 58977 (Ba <azy 2074a) and 
specimens re t ained b)' S. Bah zy and R. A. Humber. 

TYPE HOSTS: Ants of the genus Formica (Hymenoptera: Fonnicidac): F. 
pol;,ctena and F. roufa . 

TYPE WCALITY : Pine forests ncar Tuchola, Poland. 

A compar ison of entomophthoraceous f ungi reported to 
attack ants i n Swi tzerland (Turian and IVuest 1969, 1977), 
t he Federal Republic of Germany (Loos-Frank and Zimmermann 
1976) , and Poland (Balazy and Soko~owski 1977) indicates 
the existence of two distinct spec ies of Erynia. Erynia 
[orrniaae i s described for the better characterized fungus 
(Loos-Frank and Zimmermann 1976 ; Bala zy and Sokolowski 
1977); these co llections have been attributed to the i nval-
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idly publi s hed and less completely characterized Zoophthcm 
rrry:romecophaga Turian & IVuest (which is valida t ed below as 
E:r:~nia 111':J:rmecophaga Turian & \lues t) . 

The conidia of the Swiss fungus are sma ll er (averaging 
18 x 12 lJm), cons iderab l y more ovoid, and have a l ess con
spocuous papi lla than t hose of E. fo:rmicae. The conidia of 
the Swiss fungus but not of E. fo:rmiaae have a single large 
vacuole occupying mos t of the conidia l volwne . In addi tion 
to being held onto gr ass blades by t he mandib l es and clasped 
legs, E. j"'orwricae fur t her secures the ant cadavers "''i t h a 
fe\v s tout rhizoicls emerging in a loose fascicle from th e 
ventral thorax (Loos- Fr ank and Zimmermann 1976; Balazy and 
Sokolowski 1977). This sort of rhizo i d genera ll y terminates 
in a discoid hapto r (Batko 1966; Humbe r 198l a); although 
Loos-Fr ank and Zimmermann (1976) re fer to a ho l dfast disc 
(''Haftscheibe") on t he rhizoids , nei ther th ey nor Balazy and 
Soko l owski (1977) illus tra t e t he morpho l ogy of this holdfast. 
Erynia rrry:rmecophaga has no such fascic l e of rhizoids; Turi an 
and 1\uest (1977) report the presence of a fe~< very fine rhi
zoids emerging fror.1. all portions of the host body. 

1be presence or absence o f cystidia in E. fonnicae re 
mai ns uncertain. Loos- Frank and Zimmerma nn (1 976) note the 
presence of iso l a ted, broad cystidia tapering to a point, 
but do not s t ate where these occurred o n the host, or at 
what stage of development. Ba lazy and Sokolowski (1977) 
observed no cystidia on any specimens allowed to develop and 
sporulate i n damp chambers . 

Loo s -Frank and Zimmermann ( 1976) p rovide a detailed 
s tudy of t he effec t s of E. fo:rmicae on its host. and find 
the behavior of affected ants and fun gus -mediated hi s to
pa thol ogy o f th e brain to be much like the effects in ants 
caused by t he parasitic trematode Dic~coeZium dendriticwn. 
Humber ( 1975, 1976) also found a marked t endency for hyphae 
of StrongweZZsea magna' Humber to penetrate the thoracic gan 
glion and brain of affected flies, but ,.,.i thout causing any 
obvious his topa thology or change s in ho s t behavior . 

Mo r e complete i nformation about th e morphology and 
pathobio logy o f E. formicae i s provided by Loos-F r ank and 
Zimmermann (1976) and by Ba l azy and Soko l owski (1977). 
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ERYNIA MYRMECOPHAGA Turi an & Wuest, sp. nov. 

CONIDIOPHORA parciter dichotome ramosa; in taeniis cir-ewn abdomen inter 
abdomen et. occi pitium et aircum pal'tes o'Pis eme1•gens . CONIDIA PRIMARIA 
uninuct.eata, bitun.icata, late or>oidea tJeZ pyroifo't"f'ftia, modio 18 ~m z 12 
)Jm, vacuolam centro2iam magnam conspicuam et guttulas oleosaa sudano
phil.as numerosas continentia; papilla basali indistincta. CO/liDIA 
SECUNDARIA. conidia pPimaria sinrulantia sine vacuola quanqua.m paz•vioro . 
Hospes ad substmt1m1 mar.dibul.is et cl"U!'ibus adhaerens . 

CONI DIOPHORES sparingly dichotomously branched, emerging i n bands on 
the abdomen, between the head and thorax, and around the mouth. PRIMARY 
CONlDlA uninucleate , bi tunicate, braodl y ovoid to pyriform, averaging 
18 Um x 12 \J ill., con t a i ning a large central vacuo le occupying mos t of the 
conidial volume and numerous sudanophilic oil droplets; basal papilla 
indistinct. SECONDARY CONIDIA similar t o but smaller than primary 
conidia, but not containing the prominent central vacuole . Host at
tached t o the substrate by the mandibles and clasped legs . 

HOLOTYPE : Fi gs. I, 2, and 4, /otitt. Schweiz. Entont:~Z.. Ges. 50:285-
289 (1977). 

TYPE HOST : Serviformica. fusca L. (Hymenoptera: Formicidae) . 

TYPE LOCALITY : Sparse grasslands near Geneva, Switzer l3nd. 

Thi s des cription of E. myrmeaophaga is obvious l y frag
mentary. There remains enough reasonab le doubt about cer
tain aspects included in the Lat i n descript ion provided for 
Zoophthcr>a my:rmeaophaga (Turi an and IYuest 1977) that it ~;as 
preferable to provide a who l ly new descript ion including 
only those characters which seem relativel y well es tab
lished. 

Turian and IYuest ( 1969) found no rhizoids attaching 
an t s affected by E. myrmeaophaga to the s ubst rate . These 
authors late r described very fine rhi zoids (Turian and 
IYuest 1977 ; Fig . 4) ~;hi ch arc little distinguished from the 
epidermal hairs on the grass blades to which the ants are 
affixed. This characterization may actually note tru rhi 
zoids of E. myrmeaophaga, but their appearance is not typi
cal of other entomophthora lean rh izoids. The possibility 
remains that these structures, observed on insects col l ected 
i n 1967 and 1968, might have been ei ther s trands of insect 
or spide r s ilk or the fine hyphae of some saprobic deutero 
mycetous contaminant. 
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Similarly, it is so unli ke l y that t he two different 
t ypes of "resting spores" no ted by Turian and \(uest (1969. 
197 7) actually r epresent any over -winter i ng spores \ihich 
migh t be produced by E. myrmecophaga that t hese spore t ypes 
were intent ionally omitted from the descr iption and typifi
cation of this f ungus above. Tur ian and \Vuest (1 969 ; Fi g. 
3) f irs t reported finding one so l itar y resti ng spor e among 
the hypha! bodies in one ant; this globose spore has a 
s ing l e - la yered, re l ative l y th i n, smooth- surfaced wal l, was 
20 ~m i n diameter, and contained numerous oi l droplets. I f 
th is was an entomoph thoralean resting spore , it was immature 
and ne ither its size nor structure could be considered to be 
t axonomicall y signi ficant. Turian and l>uest (1977; Fig. 3) 
later found a few gl obose r es t i ng spores with th i ck wall s 
and rugose surfaces; th e il lustrated s truc ture does not have 
th e thi ck, two- l ayered wall \ihich is charact er is tic of ento
mophthoralean resting spores. Ne ither were t hese rugose 
spor es found in the number s or aggregated mass in the abdo
men that one might expect for naturally produced entomoph
thoralean r es t ing spor es . The best clue to the iden tity of 
these structures comes from th e conspi cuous furro\oJS on the 
sur face ; th is morphology is unpr ecedented in the Entomoph
thora l es but is st rongl y r emin i scen t of tricolpate po l len 
grains 1 ike those produced by oaks and beeches (Fagaceae) 
(Faegri and Iver sen 1975; Bassett et a l . 1978). 

Erynia myrmecophaga obviously requires further s tudy 
from both any exist ing specimens and any future collect i ons. 
Important diffe r ences between this species and the far bet
t er characterized E. f omricae exist in the size and shape 
o f the primary conidia , and the presence and nature of rlli
zoi ds. I t should be noted, however, that the behavior and 
appearance of affected an t s, the r e l at ive l y l ow degr ee of 
conidiophore branching, absence o f cys t idi a , and absence of 
verifiable resting s pores are common characteristics of 
these species. None of t he s i mi l arit i es is suffi c i ently im
portant or convincing to suggest that E. f ormicae and E. 
mymzecophaga are not distinct species. 
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SUMMAH'f . 

The characters used to dl!fine genera in the noncntomoqcnous ento
rnophthora les are evaluated and compared with t hose used for delimit i ng 
cntomoqcnous qenera . It is proposed that the host organism should be 
deemphasized. Five characters considered valid at t he qeneric level 
ore 1) spore karyology, 2) sporophor e architecture; 3) method of spore 
discha r ge; 4) zygospore II'Orphology and deve l opment; and 5) thallus 
development . These chi!llractc r s are applied t.o t he fifteen nonentomo
qenous fungi r eported to date, and two taxonomic real ignn:tents are pro
posed: Meristacrwn pendulatum i8 transferred to Zygncmomyces and ~
nophthora vermicola is transferred to Ma.crobio t o phtho ra . The transfer 
of Tabanomyces milkoi to 1-!eristacrum is accepted . Ancylistcs ~· 
originally described without a Latin diagnosis , i s validated. The ac
cepted genera are: Ancylistes (3 sp.), Ballocephala (3 sp . ), Comple
~ ( 1 sp.), Macrobiotophthora ( 2 sp . ) , Meristacrurn 12 sp . ) , .:&nd ~
nemomyces ( 2 sp . ) . A key to the species of these genera is provided . 

I. lNTHODUC'UON. 

l:: ntomophthorales are separated from other oroe rs of 
Zygomycotina by the forcible discha ry e of single SIJO res and 
a tende ncy to parasitize insects . Tnere are , however, a 
few saprobic species in Con id iobol us Bre fe ld and llasiU io
bolus Eidam, plus a small y ro up of species ~:-~arCI~':J 
ii'O'i'i'Tnsect hosts. Humber (1981: p . 23 4) ol.Jserves that 
" .• , it is inappropriate to argue about the choice of 
criteria used to define ye nera o r about t he correctness of 
one or another classificution of the CntoJ.tophthorales with 
out taki ng the non-entomoyenous ye nera into (ull accoun t . " 
Th i s pape r a ttem!Jts to render t his accounting by revieWlrlCJ 
published record s , type .Jnd liviny ma teric1l of these funyi , 
discussing the taxonomi c criteria used to delllil it the 
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T ABLE 1, 

REPORTS AND DESCRIPTIONS OF THE 
NONENTOMOGENOUS ENTOMOPHTHORALE S. 

1872. Ancylistes ~ Pfitzer, Monatsb. Xl>'niqL Preuss. Akad. 
Wiss . Berl. 396 . 

1874. Completoria complens Lohde, Tagebl. Versa nunl . Deutsch. Naturf. 
Aertze 47 : 206 . 

1896. Ancylistes pfelfferi Beck , Vcrh . Zool. Dot. Ges . Wi e n 46: 2JJ , 

19 12. Jo'.acro biotophthora virnariensis Reukauf, Centralbl. Bakt. Para 
sit . Infeckt . 6 3: 390. 

1940 . Me r lstacrum asterospc rmwn Drechsler, J . Wash . Acad . SCi. 30 : 
25 1. 

1949 . " Ancylistes netrH Couch, J, Eli s ha Mitchell Sci. soc . 65: 132. 

1951 . Ballocephala sphacrospora Orechslf!r , &Ill . 'lbrrey Bot, Club 78: 
199. 

1952 . • sotryobolus parasiticus Arna ud, Bull. Soc . Mycol. Fr . 58: 184. 
{•Ba llocephala sphaerospora . J 

1968 . "A Conidiobolus- lik e fungus . " C<lstaner, Q , My cologia 60 : 
440 - 443. 

1970 . fDallocephala verrucospora Richa rdson , Trans . Brit . Mycol . Soc. 
55: 308 . 

19 73 . Coelornomyces ml lkoi Dudka & Koval, Nov i tat.es System P lan tarum 
non Vascularium 1 0 : 89. 

1973 . Zyqnemomyces echinula t us Mi u ra , Rep. Tott.ori M.ycol. Inst. 
( J apan ) 10 : 520 . 

1977 . t E'nt.omophthor a vermi cola !o'cCulloch , Trans . Brit . M)'col. Soc . 68: 
173 . 

1977. tM.e r ist.acrum pendulatwn McCul loch , Trans . Brit . Mycol. Soc. 68 : 
175. 

1978 . Ballocephala .pedicellata Pohlad & Bernard, Mycolog ia 70 : 131. 

1980 . •conidiobolus sp ." Amin, E. & J, to>ebster, Trans. Brit. . ~col . 

soc. 7 4: 334 . 

• Invalid ly published due t o lack o f Latin diagnosis. 
t Type eMamined . 
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nonentomoge nou s yc nera , and JJroposin~ taxonomic revis ions 
where necessary. 

There have been 14 e ntomophthoralean funy i reported 
since 1872 f r om noninsecc hosts, i:Jrihtarily from small 
anima l s ( nema toties , ta rdig rades) or plants in mo i s t env i 
ronments (fern gametophytes , desm i d algae). 'l'hese fungi , 
as well as th e entomoyeno us Tabanomyces Milkoi Couch et al. 
(=Coelomomyces milkoi J are i1sted 1n T.i"E'''ee' in order of 
the 1r publica tion. The useful data obtained from t hese 
pub lished Oeser i ptions , illustrations and phot~ raphs , and 
from the origi nal mate r ial a r e sumlilar ized in Tables 2- 5 . 
Three nematophagous f u ngi are excl uded from further consid
eration in th i s pape r. Two parasites of lleterodera Schmid t 
(cys t - nematodes) were recently transferred t o the Lagen id
iales: Catenari a auxi liaris (KUhn) Tribe ( [=1'a richium 
auxiliare Ku h n] t-lacLeod and Ni.iller-K()yler 1970 , Tr i be 1980 ) 
and Nematoph thora rymnoph i la Ke rry & Cr UIIIl-o' ([:::: I Entomoph
thora 1- llke fungus Kert:"y 1974 , Kerry and CrUIIIP 1980) . 
iTii5't?glossa Drechsler was placed in the Entomophthorales by 
Ainsworth (1971), altho ug h Drechs l er believed it belonged 
in the Saproley nia l es , a dispositio n s uppo rted by oa vidson 
and Barron (l97 3a) and Barron (1977). 

II, EVALUA'l'ION 01:~ TAXONOM IC CHARACTERS . 

1. HOST. 

Hos t range is often valuable as a taxonomic characte r 
for delimiting nonen tomog enous species s incc none have ye t 
been found from mo re t han one hos t. In addition , nonento
mog enous ye nera such as Ancylistes Pfitzer, Bal l ocephala 
Drechsler a nd Completoria Lohde are restricted to one host 
(see Table 2) . Howeve r, as will be see n with t he spec i es 
placed at various times in Meristac r um Drechsle r (M. 
asterospermum , t!· pe nd ulatum , Tabanomyces milkoi) , it Ls 
possible fo r na tut:"al relationships to be obsc ured if host 
charac tet:"i stics are not t empered wi th an understandiny of 
basic aspects of morpho l ogy and deve l opment . The followiny 
exami na tion of these characterisitics prov ide a better 
gene ric frame work fo r the none ntomogenous Entomophthot:"ales 
t han can be obtained from hos t character i stics alone. 

2 . THALLUS DEVELOPMENT . 

The initial stages of i n fection a re similar in lllOs t 
nonentomogenous Entomophthorales , and involve the pene tra 
t i o n of t he cel l wa ll o r integument of t he hos t by a thin 
penetration tu be arising f rom a spor e (especially a second
ary spor e) Ot:' appressorium fo r:med at the tip of a ster il e 
external hypha . Followiny penetration , the cytoplasmic 
contents of the infective propayule miy r:ates into a swol l en 
in fectio n bladder . The thallus the n matures f r om this 
b ladder i n one of three dist i nc t patterns . In t he ne matode 
~aras ites ( see Table 2) , the t hallus consists of lony asep
tate hyphae whi ch more or less f ill the host ory anism . 
These hyphae do not form short cells or fragrac nt into 
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TABLE 2. 
HOST AND 'Mt:ALLUS CHARACTERISTICS I N THE 

NONENTOMOGENOUS ENTOMOPHTHORALES . 

INITIAL THALWS MATURE THALLUS 

SPECIES HOST form lenqth x width form length x width 

Ancylistes 
closterii D AH 
pfeifferi AH 

netrii AH 

Com,eletoria 
complcns HC 

Macrobioto,ehthora 
vimariensis TO ? 

verm.lcola N AH 

castaner ( 1968) N AH 
Am.in & Web. ( 1980) N AH 

Meristacru.rn 
astero&f!rmwnt N AH 
astcrose!rmum0 N AH 
milkoi TB AH 

Z;ti!!emom;tces 
echinulatus AH 

pendulatus AH 
Balloce,ehllla 

sphaerospora TO All 
ve.rrucos~ra TO AH 

f!:dicellata TO AH 

All measurements in pm. 
• Davidson and Barron ( 1973) 
t Drechsler ( 1940) 
• meas ured from illustration 

FH X 7 , 5-11 Sll 
FH X 7.5-14 SH 
Fll X 2o2- 4,8 SH 

1 5-JO• X 7-15 

? HB 

FH 5- 7 SH 

FH 3-6 . 5 SH? 
FH SH? 

so-soo x 5-12 HD 

~ 120 X 5-7 HB 

FH 2-5 
FH 5-12 

5-80 X 5-10 HB 

? HB 
HB 

o-desmid algae 
F•fern gametophyte 
N•nematode 
TBctabanid larvae 
TD-tardigrade 

hypha! bodies at matu r: i ty. 

12 .5-55 X 11-1 5 
43-67 X 9 . 5-19 
1 5-JQ X 8-15. 5 

same 
same 

18- 2) X 12- 18 

25-60 X 

70 - 176x 28-56 

40-80 X 5-10 
20 - 40 X 10- 12 
20-31 X 13-1 6 

AHs aseptatc hyphae 
HS=hyphal body 
HC•hyphal c lus ter 
FH"'-fillinq host 
SH• septate hyphae 

vimar:~~ns~~~x;~~~~s 'an o:~;~~:fh~~~el r~~ s~:~~~bi~h~opn;~~~= 
become regulllrly septate. The newly formed cells may 
remain attached, or f r agment into freely floating hypha! 
bodies, depending upon the physical ac ti vity of the host. 

In Completor ia , the infection bladder germinates and 
forms numerous short hypha! lobes which form a radiating 
cluste r of cells fi lling the host cell completely. This is 
remini scent of growth patterns in some of the e ntomogenous 
Entomophthora l es (Thaxte r 1888) . 
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PRI MARY SPORE CHARACTERISTICS OF TH.E 

NONENTOMCCENOUS ENTOMOPHTHORAL£5 . 

PRIMARY SPORE 
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SPECIES shape ornam lenqth width base disch heore devl 

Ancylistes 
closterii PYR n. s-n . s 
p!eifferi PYR 21-23 - 5 
netrii PY R 16 - 25 

co;;prct'Oria 
compl ens PYR 15-25 p 

Macrobiotophthora 
vimaricnsis OBV - 18-2 1. 5x 10-11.S• TR 
vermi cola ODV 16-22 X 9-14 TR 
Ca~968) OV/8 
A:n.in & web. ( 1980)0BV 

- 6 . s-9. SxG . s-a. s TR 

Meristac rum 
asterospermumt OBV 

asterosperrnum• OBV 

m.ilkoi PYR 
zyg;;emomyccs 

echinulatus SPH 
pendulatus SPH 

Balloccphala 
sphaerospora SPH 
verrucospora SPH 

pedicellata SPH 

All measurements in j.UJI. 

• Measured from published 
illustrations . 

ECII 
ECH 

ECH 

• Davidson and Barro n ( 1973) 
t Drechsler (1 941) 

3 . PRHIARY SFORES. 
Horpholoqy . 

2 1- 26 X 12- 16 TR 

8-11 X 6-9 TR 
7-17. 5x6-10 TR 
12-16 X 10-13 p 

5.7-7.2 
5-7 

J.0-4 . 5 
4.5-6.0 
6. 7- 8 . 0 

ECH• Echinulate 
OBV=Obovoid 

OV/ B-Ovate- Obovate 
PYR• Pyriform 
SPH=Spher ical 

T 

T 

T 

T 
T 
T 
T 

5-15 
2 - 8 

4(3-1) 

10- 20 A 
1-3 A 

20-80 A 

4-12 A 
2-1 0 

A• Acropetal 
B• Basipetal 
P=Pa.pil.late 
T•Tenninal 

TR-Tr W'IC&te 

U•Unmodified 

Shape . Three basic spore shapes are fo und in the non 
entomogenous Entomophthorales; all spores a r e of the U[li 
tunicate type ( Remaudiere ~nd Hennebert 1980 , Remaudiere 
and Keller 1980 ) . Ancyl i s t es , Tabanomyces , and Cornpletoria 
have pyriform spores (1.e. globose spores with con1cal 
papillae (Berdan 193 8 , Couc h 1949, Leitgeb 1881) and a r e 
sim ilar to t hose found in Conidiobolus. Meristacrum has 
obova te spores with truncate bases (Davidson and Barron 
1973 ). And finally , Bal1ocephala (Drechsler 195!, Rich
ardson 1970, Poh l ad and Bernard 1978), zygnemomyce s echin
ulatus (Hiura 1973) and Merista c rum ~endulat um (NcCUil.Och 
I9"'f"'1')have g l obose spores lack1ng basa mO(h f1cations. 
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Ornamentation. Spore ornamentation is uncommon in the 
EntomOPhthOra t es , Some spec ies of Massospora Peck emend. 
Sope r have verrucose spores , and the primary spores of Con
idiobo!us coronatus (Cost.) Datko may become villose by""t'Fie 
growth of appendages through the spore wall . Spore orna
mentations consis ting of small echinulations are also foun d 
in Dallocephala verr ucospora , Zygnemornyces ech inula tus, and 
Merlstacrurn pendulatum. 

Karyology . 

The mor phological characterisiti c s of nuclei are con
sidered importan t by Humber (1981). The presence or ab
sence of nucleoli and hete rochromatin (and hence the stain
ing ability of the nuclei) are taxonomically useful at the 
familial level (see §IV. 3 ) , and certain geneca with similar 
spores (e.g. Conidiobolus, Entomophag a llatko) can best be 
dis ting u i shed us1ng nucleac morpholOgy. The number o f 
nuclei per spore has bee n used to reveal the misplacemen t 
of individual species (e .g. Culic icola Uieuwland (Humber 
1981)) • 

Unfortunately , few descri p t ions i nclude karyological 
data , a lthough t here are a few exceptions among the fungi 
considered here. Hypha! bod ies 1 g ametangia and zygospores 

~!n~~~l 1~~~i!ol~o~~=~!!a~~p~~~~~~y g~~~h 5~~~~;~ :~~l:~l~i~~ 
stain nuclei (weakly? ) of A . netrii with l actophenol-cotton 
b l ue and confirmed Oa nge.i"rd~lier reports. Noorman 
(1976) a l so repor ted nucleol i in her study of mi tosis in an 
unidentified species of Ancylistes. From these limited 
reports , it appears that Anc:f?1stes is most similar to 
Conidiobolus in terms of karyo Ogy Plumber pers . cornm . ) 

THO none ntomogenous fungi , Cornple tor ia complens (II umbe r 

~=~~;oc~~~~~ica~~cl;~t!:~\~~~or:en::aim 1~~;i~olro~:;~~al t~~ 
Entomophthora Fresenius. 

4. PRHIARY SFOOO PHORES. 

Spore Number. 

Nes t entomogenous spec i es produce only one spore pe e 
sporophore. Species of the entomogenous genus Eryni a Nowa 
kowski, while having apica l ly branched sporo phores , s till 
prod uce only one terminal spore per branch . The nonentomo
genous members, however, can be d i videO into two groups. 
Single-spor ed sporophores are found in Ancylistes 1 romplet
oria , and Macrobiotophthora Reukauf. Pl eur1- or mu t l spor
eo5porophores are found 1n Ne ri stacrum , Tabanomyces Couc h 
et al. , zygnemomyces Miura and Ballocephala. 

The number of spores in the mul ti s pored gene ra is 
actually quite variable (see Table 3). Dallocephala has 
two to 8 0 spores per sporophor e 1 with most of th1s range 
attribu table t o va t" iat i on be tween individual sporophores of 
0 . sphaerospot"a. Similarly, Mer istacrum asterospermum 
Usually produces five t o 15 spores (Drechsler 1940) but was 
found to p roduce as fe w as two {Davidson and Darren 1973). 
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Sporophore Septation and~ Developme nt. 

the b~:; l~ct'~~;~a rr~~~~~ ~ e r5cf~sro~:~~~l~le~; t.h ~~~s~~~~l 5ax ~: 
of t he sporophore remains non septate , the spores are formed 
terminally , and then are pushed aside as the sporophore 
con ti nues t o elongate . Thus spo t"es are formed a nd matu r e 
in ac r opetal succession . Acropetal spor e fo r mat ion is a l so 
obse c-ved in Zy g nemomyces echinu l atus and Meristacrum 
pendulatum (F i gs . 1 - 2 ) . 

In Heri s tac r um asterospermum and Tabanom;rce s milko i 
t he sporophores become transversl y septate , de l1 m1ti ng sep
arate ce ll s , each of which produces a si ngle spore . Septum 
formation , and hence spor e ma tura tion , i s basipetal . 

S . PRIMARY SPORE DISCHARGE IIECHANISM. 

Ingold (19 34, 1971) dis tinguished t h ree types of spore 
d i scharge in the En t omophthorales: papil l a - eversion (Conid 
iobolus) , sporophore cannon (En t omophthor a) , and sporophore 
rocket ( Dasidiobolus ). The method of spor e discharge found 
in Ballocephala (see below) should be recognized as a 
fou r th type, a nd fung i that have lost spore d i scharge 
could be placed in a fift h category. 

The basic , and pu t ative ancest r al me t hod of spore dis 
cha r ge {papilla-eversion) involves the separation of the 
wall layers of a columella which projects i nto the s pore . 
The domeshaped colume l la that rema ins (more or l ess intact) 
after spore discha r ge and the everted conica l or r ounded 
papi ll a at t he s pore base are diagnostic for this r elease 
mechanism . Anc¥li s tes , Comple t o ri a , and r:ntomo~hthora 
verm i cola (\li th Slmpl e spor ophor es), Taba nomyces m1 l 01 and 
~1er1 s tacrum a ste ros permum (with septate sporo phores) have 
th1 s t ype of spor e discharge . The me thod of spore 
discharge was not seen in the "Conidiobolus- l i ke fungus" 
( Cas t ane r 1968) o r ~1acrobiotoph thor a v 1ma r lens i s , but can 
be reasonably inferred from thelr spor e shape . All other 
spore discharg e mechanisms are modifications of thi s basic 
method . 

The second type i n volves a spor ophore having a more or 
less swolle n apex , and which rupt u res jus t below t he spor e . 
In Entomophthora s . str. , the spor e is carnpanulate, has a 
f l at base , and 1s ca r r i ed away in a stream of sap shot from 
t he collapsing spor ophore. It should be noted that i n 
En t omoph tho ra muscae ( Cohn) Fr esenius, t he seconda r y spor es 
are d 1scharged~e papilla eversion method . 

The t hi r d discharge mechanism , fo und in Dasidiobolus, 
i nvolves th e rupture of the base of a subspore s well tng . 
This s we ll i ng ta pe r s ap i cally to a point form i ng a mi nute 
colume l la within t he spore. The spor e rockets away as the 
swel li ng expels f l uid from i t s tor n end , and land s with or 
without the r emnan t s of the ves i c l e still attached to t he 
everted spor e base. The claim tha t this is a two- stage 
rocket i s probably more fane i ful than accurate, as the 
dec rease i n turgor pr essure within the sporophore mus t be 
a ccompani ed by the simultaneous r e l ease of spor e turgor by 
t he ever sion of the papilla . 
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TABLE 4. 
SPOROPHORE AND SECONDARY SPORE QIARACTERlSTICS IN THE 

NONEN'l'OMOGENOUS ENTOMOPHTHORALES , 

SPOROPHORE SUBSPORE CELL 2• SPORES 
SPECIES length .,..idth§ septn length width replic disch 

Ancylistes 
closterii 3-7. 5 
pfeifferi 4-7 
netrii 25-1 00 x a 

compretOria 
complt!nS 60 - 80 

Macrobiot ophthora 
vi rnilri cns is 4- S 
verm!col a 27- 50 x 6 - 8 

Ca~968) <60 x 1. 5-3 .. 
A"'lin & web . ( 1980) <60-90 x 
Meristacrwn 

a ste.r ospermumt 
asterospcrmum0 

mllkoi 

200- 500x6-9 (3 - 5) +(S) -
60- SOOxS- 9(3- 5) +(S,U) -
90-200x7-8(4-6•) +(UI -

zyqnen:;;;;:nyces 
ech i nulatus 
pendu latus 

Ballocephala 
sphaerospora 
verrucospora 
pcdicellata 

100-750x2.7- 5 .7 
18- 7 1x.2-3 

50-1 75x4-S 
S0- 150x5-7 
33- 73 

Al l measu.remcntG in llft\ • 

1. 5-J X .5-lol 
1- 3 

4- 7 X 3 -4, 5 
5-7 X 5-7 
2 .1 X 1. 6 -2 . 6 -

( 1.1-1. 6) 

• r:teasured from published illustra'tions 
t Drechsler ( 1941 ) 

S• Spiralled sporophore& 
U•Unspiralled sporopho re 

++,.produces 2°+ 3° spor es 
••• produces mierospores 
§{no.rrowest width) 

o Davidson and Barron ( 1973) 

The sporopho~:e discharge mechanism fou nd i n Dallo
~~phal~ con s titutes a fou r th type . All spec i es of BaTIO
~ have spherical spor es lacki ng basa l modificat1ons , 
~ subte nded by a specia l ce ll (separated from the 
s por ophore by a crosswall) whose rupture discharges t he 
spor e . Drec hs ler (19 51) proposed t hat t his cell was , in 
fact, the undischa r ged prima~:y spore Hhich produces a pre
mature secondary spor e, a hypo thesis wh i ch i s consis te n t 
with t he basic developmen t al patte rn s of the Cntomophthor 
ales. In !!· sphacrospora a nd .!! · verrucospo~:a , the s pore 
bea ring ce ll s are utricul a te, asymmetri cal, curved upwa~:ds, 
and as large as the spor e (Drechsler 1941 , Richardson 
1970) . nallocepha la pedicellata has ovoid to broadly 
obpy r ifo r m ped tcei s which are much smaller t ha n the spores. 
Spor e d ischarge in th is spec i es is likely, although the 
e vidence is circumstantial (Pohlad and De rnard 1978) . 
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Spore d i scharge is lacking in Zyg nemomyces echi n ulatus 
and l'ter istacrurn pend u!a tum. In both spec i es, the apex of 
the sporophore g 1ves r 1se to a terminal spore lacking basal 
modifica tions, and then p roli fe rates sympodially. 'l'he 
resulting pedicels a r e not delimited by a crosswall , 
a 1 though they may become devoid of cy topl asm . Thus , they 
are of distinctly diffe r ent o rig in than the sporife r ous 
ce lls of Dallocephala. 

G. ' SECONDARY ' SFORES , 

If forcible spore discharge is a key characterisitic 
of the Entomophthorales , so too is the ability of the dis
charged spores t o produce 'secondary ' spores (Table 4) . 1 n 
almost every member of the order , primary spores that l a nd 
on hos tile substrates can produce replicative spor es which 
are forcibly discharged. These spores are also ca lled 
repetitive, or secondary (2°), tertiary (3°), etc . spores. 
Exceptions to this rule are Dallocephala spp ., Zygnemo
myces ech incula tus , and f>1er istacrurn ae ndula tum. 

Two add1t1onal types of 1 secon ary' spores have been 
taxonomica l ly useful. Hicrospores (" multiplica ti ve spores '1 

Drechsle r 1952) are formed and discharged from single 
pr i mary spores of various species of Conidiobolus . Basid 
iobolus microsporus Ben j amin produces e longate pass~vely 
detached "m1crospores" by a total l y un r e lated method (Den 
jamin 19G2, Tucker un publ .}. f>ticrospores are also found in 
the " Conidiobolus-like fungus" ( Casta ner 19 68) but are 
othe r wise absent 1n nonentomogenous species. 

Capill is pores ( "capi llocon id ia 11 Remaud iere a nd Henne 
bert 1980 ; "elongated secondary conidia" Drechsler 1955 ) 
a r e us ually slightly thick walled, ovoid , ellipsoid (or 
slightly irregular in shape) , withou t modifica tions of the 
spore base and borne on long slender spor ophores ( "capil
lary conidiophores" Thax t e r 1 888). The l oss of spore d is 
charge is apparently counterbalanced by t he increased in 
fective potential or 1 ikel ihood of dispersal by a passing 
host. True capillispores are prod uced only by Basidia
bolus. Nond ischarged spores borne on tapering sporophores, 
aret"ound in ~1e ri stacrum asterospermum, Macrobiotophthora 
vima r iensis , and Entomophthora verm1col a. 

7. RESTING SI'ORES . 

Morpho logy and Development. 

Resting spores, whose function is one of perennation 
rather than dispersal , are usual ly thick walled and formed 
within the vegeta ti ve mycelium . The distinction between 
zygospores {developing following conjugation) and azygo
s pores (de veloping without co njuga tion ) has been questioned 
(Humber 1981), but is here considered provisionally useful 
(see below ). Virtually all of the none ntomogeno us E:nto
mophthorales produce resting spore s of one form or another 
(see Table 5 ). 

Ancylistes, as in Conidiobol us, forms zygospores after 
scalar1form or l ateral cOnJugation of unequal gametangia 
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TABLE 5, 

RESTING SPORE CHARACTERISTICS OF THE 
NON£NTOMOOENOUS ENTOMOPHTHORALES. 

ZYGOSPORANGIUM Z YGOSPORE / AZYGOSPORE 
SPECIES form length ..,i dth shape color orn diameter 

Ancylistes 
c l osterii GB 
pfeifferi G 

netri i u CT 
ComE:letoria 

compl ens E? GB 
MacrobiotoE;ht hora 

v imariensl s 
verndcola CT 

Ca~968) 
Amin & Web. ( 1980) -
Mer istacrum 

aste rospe r mumt - HB 

astero&,E:!rmwn• - HB 

milkoi G 

Z~9!! ernom~ces 
e chinula tus HB/CT 
pendulatus HB 

Ballocef!:!ala 
s,ehaeros~ra HB 

verrucose2ra 
~dicellata HB 

All measurements in ).W · 

• Measu.rements from pub
l i shed illustrations . 

tDav idson & Barron I 19 73 ) 
• Drechsler ( 1940 ) 

orn•ornamentation 
PUNO=puncta te 

UNO=- Undulat e 

APPRESSED 
30- 40 

APPRESSED 

APPRESSEO 

APPRESSED 

LOOSE 

LOOSE 

APPRESS£0 

22-28* 

28- 33x14- 16· 5 

APPRESSED 

SPH BRN 14. 5-20 
SPH BRN 18 .5- 22 
SPH 19 -26 

SPH 11-33* 

DOC 19-20 

SPH YEL UNO 20 

SPH 
OVD 

OCT BRN 
P OL 

UNO 15-20 
12-20x23- JO 

16-24 
18-24• 

DOL BRN 17-20x 13- 16 

DOL DRN PUNC 20.6- 26.6 x 
17 . 3-18 . 6 

con•conjugation (color) 
!>equal gametangia ORN• Brown 
U=unequal gametangia YEL-Yello w 

dev-zygosporang ia devel-
ope from or wi thin: (shape) 
CT-COnjugation tube OOC• Dodccahedral 

G-Gametongium OVDcOvoid 
GB=Cametangial bud POL-Polygonal 
HB-Hypha 1 body SPH•Spher i cal 

(P f itze r 1872) . The pres e nce of numerous protrusions on 

~~~m z~f~:~o;;;;ii:; o~alt~e i:e:~:d( B;~d=~Pf~~~~ c~;ucfifj ~f~)~i 
thi c k c~:~\~~or;eastfi~~m5sp~~~s t~ i ~~~n (~~e 2~~1:~~~~ ~~11o;a~~ 
the cen t ral portion of the hyphal mass . {The peripheral 
cel l s of the t hallus are by this time emptied by the fo r ma
tion of pr i mary sporophores o r infective hyphae .) ConJuga
tion ha s not been obse rved (Atkinson 1 88 4, 1885 ) . 

Zy!nemomyces echinulatus forms bro wn i s h , thi c k walled , 
octangu ar zygospores following sca lari form conj ugation. 
The octangula r shape resu l ts from t he posit i on of the zygo
spor e in t he con jugation tube betwee n t he two paren t al 
hypha! bod i es (Fig. l E). The r es ting spore s of Meristacrum 
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pe ndu l a t um are similar i n shape (F i g . 2F) , bu t the mode of 
devel opmen t is unknown. 

Entomophthor a vermi col a for ms zygo spor es af t e r 
scalar1form or l a t era l con)ugati o n (Fig . 3K - P) . At 
matur ity, these zygo s pores a r e dodecahed r a l, eac h fa c e with 
5 (4 - 6) raised edges a nd a centra l depr ess i on ( Fig . 3P ) . 

Conjugation in Ba l locepha l a has not bee n pr oven, 
although it s oc c urre nce was 1nfe rred by Dr echs l e r ( 195 1) 
f r om t he presence of t wo s l igh tl y infl a t ed l ocules at 
either e nd of the zygospor e . The zygospor e itself i s 
dol ifo r m or cy 1 i nd r i cal, br o wn t o d ark-brown i n co l o r, 
smoo t h or punctate , a nd is pr efe r e ntial l y fo r med at reduced 
temperatures ( 5° C) (Pohl ad and Berna r d 1978 ) . 

Nc ri s t acr um as t erospe r mu m was described by Dr ec hs l er 
( 1940) as form1 ng azgyospores by t he t"o undi ng up of the 
cytoplasm of a t hal l o i d segment , layi ng down of retai ning 
wa l ls at ei t he r end , a nd deposi t ion o f a new undu l a t e o r 
scalloped Hall around t he cy t opl asm . The star- shaped res t
ing spor e i s col or l ess o t- slightl y yel l o wish, is abou t 1 5-
20 urn i n diame t er , and con ta i ns a s ing l e l a r ge oil drop
let . 

Fina lly , in Taba nomy ces mi lkoi , un i n ucleate , sphe ri cal 
game t angia fuse i n pa1rs w1th the con t en t s of one gameta n
g ium migrati ng into the other a nd formi ng a smoo t h , co l o r
less ovoid zygospore wi t h a single diplo i d nuc l eus (Co uch 
et a l. 1979 , Nam a nd Du bitsk ii 1 977) . 

Zygospores ~ Azygospores: ~D i ffe re nt Pe r spective . 

Rest i ng spores have been used for t axonomic pu rposes 
t o some exten t, bu t recen t trea tmen ts of the f amily 
(Remaudie r e a nd l\e ll e r 1 980 , Humber 1981) have c a u t i o ned 
agains t some traditional applications of resting - spore 
c ha r acteristics . I n pa r ticular , t he dist i nction between 
zygospores and azygospor es (wi t h r espect t o conjuga t ion ) 
was disc ussed at great length by Humbe r (198 1 ) , who dismis 
sed it for two reasons. Fir s t, the devel opment of (a)zygo
spores is often diff i c ult to fo l low or in t e r p r et , a nd hence 
published accounts may be misleadi ng. This objection is 
va l id , a nd the presence o r absence of con jugation mus t be 
used wi t h cau t ion . However , the se c o nd o bj e ct ion, tha t t he 
nuclear events of karyogamy and me i os i s are of more impor t 
ance t o the fung us t ha n whether con jugation occur s , poses 
an in t e r es t i ng quest i o n . 

Of what impor ta nce are t he sex ual events of conjuga 
tion, karyogamy a nd meiosis t o t he e n tomoph thoralean f u ngi? 
I t must f ir s t be no t ed th~t all "sex ua l•• Entomoph t hor a l es 
are homothall ic (au t omictic) and homomictic (i.e. no mati ng 
types ex i s t) . Con jugat i on , when it occurs , is betwee n 
cel l s of t he same br anch or be t ween hypha! bod i es . Second 
l y , since most spores and hy pha ! bodies are mult i nucl ea t e , 
gene t ic r ecomb in a t ion may occu r somatical l y r athe r than 
during me i osis . The r e are ver y few species i n th e Ento 
mophthorales for which evid ence of meiosis exists (ex cep
tions i nclude conidiobo lus th romboides Drechs l e r = Enhomlph
t ho r a v irulen t a Ha l l & Dunn, Taba nomy c es mi l koi). T e ac k 
of data on bas1c ~spects of sexual event s and gene t ics is a 
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great hind r: a nce in attempts t o assess the importance of 
zygospores or to understand evolution wi thin the order. 

Retaining t he ability to coevolve with host organisms 
is likely to be important to these fungi , but it 1s also 
apparen t that the prese nce or absence of con jugation or of 
karyogamy and meiosis do not seem to be as critical. 
Perennation and infective ability , however , continue to be 
important as a basic r equirement of the entomophthoralean 
life cyc l e. The format i on of the r esti ng spore , whether 
i nduced by conjugation or not , involves the phenotypic 
exp r ession of extensive portions of the genome , and thus 
the shape, size , or o r namenta t ion of resting spore s may 
u ltimate l y be of mor e taxonomic s i g nificance than nuclear 
events. 

8. SUMMARY OF Tl\XON<HilC CIIARJ\CTERS. 

Fr om the preceding discussion of morphological charac
ters in the nonentomogenous Cntomophthorales , it should be 
clear that character diversi t y within the order is greater 
tha n t hat e ncompassed by the e n tomogenous members alone. 
Nevertheless , t he t hree characters which Humber ( 198 1 ) pro
posed as most va l uable in delimiting genera: "nuclear num
be r and natu r e," "sporophore branching , " and "met hod of 
spore discharge ," apply as wel l to the non en tomogenous 
genera , and the assessment of these characters needs on ly 
mi nor r evision. 

1 . Spore karyology, i.e. nuclear morphology and num
ber per pr imary spore , remains impor t a n t in distinguishing 
na t ural g r oups ( i .e. f amilies) within the Entomophthorales 
(see §IV . 3) . This may be of practical value fo r separat 
ing morphologically simi l ar ge nera (e .g. Conidiobolus from 

Entom2:hai~~r~r d~~~1~~~~e~s fr~imr tCuoamflye t~:li:~r.sal with in t he 
o r der and thus is presumably an ancestral character . The 
spore discharge " t heme" has five variations: papilla 
eversion (Entomophthoraceae , Ancylis t accae), sporophore 
ca nnon (E ntomoph t horaceae) , Bal l oceehala-type (Ancylist
aceae} , and spor ophore - rocket (Bas 1.d tobOlaceae) , plus the 
l oss of d ischarge (Entomoph t hor aceae (Massospora] , Ancyl 
istaceae ( ZygnemomycesJ ) . 

3. Sporophor e arc h itecture now i ncludes the presence 
or absence of sporiferous branchlets or transve r se septa 
tion s as we l l as b r anching of the spor ophore. In addition , 
the mode of spore forma t ion (basipe t al , acropeta l , or term
ina l) whic h is lin ked to sporophore sep t at i on, can be used 
to disti nguish genera . It is presumed that the unispored 
sporophore is ancestral , and that mul tispot:"ed sporophores 
are de r ived . 

4 . Zygospor e mor phology, which Humber ( 1 981) dis -
counted but ac t ually used as a secondary character i stic to 
delimit Triploseorium (Thaxter) Ba t ko, is most appropriate
l y used fo r de l1m1ta t ion of species or subgene r a. 

III . GENERIC TAXONOMY AND REVISIONS. 



493 

ANCYLISTES Pf i tzer, 
Honatsb. J:Onigl . Pr euss . Akad . Wi ss. Derlin . 396. 1872. 

Type species : Ancylistes closterii Pf itzer , Honatsb. 
KOnig!. Preuss. Akad. Wiss . Beri1n. 396 . 1872. 

0 ther species: 

Ancy l~ j§~s f~§i~ fe ri Deck, verh. Zool. - Dot. Ges. Ylien 46: 

Ancylistes netrii Couch, J, Elisha Hitchell Sci . Soc . 30: 
25! . ~ Validation o f this species is here 
accomplished wi th t he publication of the follo wing 
Latin diagnosis: 

Hyphae aswnent.es primwn ascptatae 2 . 2-4.9 ).1m crassae, tum ramosae et 
septatae , cellulis 15-30 X 8-1 5 pm; hypha e exitibus unica in c e llula 
una factae, 2 -4 lim crassae , parictem hospi tis juxta tumldae usque ad 
4-9 IJIII ~ergf!ntcs ct hyphas externas fac iente s , quae hospitcm proxi
murn obno xium int i cunt , aut si ex aqua emergunt sporophora 25- 100 vm 
faccunt: sporae primiqenae 16-2 5 llm crassae papillis conic is; ~yqo

sporae i ntra hospitcm i nter aliquot hyphas lonqitudinales seriales 
formatae , ut vi detur con juqatione ccl l ulis dua.bus hyphis oppositis , 
zyqosporis intra tubum con juqentem, sphaericus vel subsphaericis 
19-26 ~ crassis . Hospe: ~ (Desmidiaceae) . 

espec ~~11~ i:~e~p~~e i~ham~nyan~ay:a'ry~~~~~a~ s!~ ~~~~~~o~:J~: 
The species are divided on the basis of host (saccoderm or 
placoderm desmid algae), size of the primary spore , and 
zygosporang ial morphology. See Derdan ( 1938) and Couch 
(1949) for a treatment of this gen us . 

BALLOCEPIIALA Drechs l e r, 
Dull. ?a rrey Bot. Club 78' 199 . 19 51. 

Drec hs ler , Bull . 

Other species : 

This ge nus, found only in t ard igrades , is unique in 
the manner in which the spores are fo r med and discharged. 
As previously mentioned (see §II .4 , II . 5), t he discharged 
spore may actually be a secondary spore developi ng neoten
o usly from the undischarged pr ima ry spore , which is present 
in the form of a utriculate vesicle or a reduced pedicel . 
The species a re separated on the basis of spore ornamenta
t ion and the morphology of the spori fe rous cel l . 
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CX>MPLETORI A Lohde , 
Tagebl. Versamml . Deutsch. Naturf . Aertz e 47 : 206 . 1874. 

This rare parasite of fe r n prothalli has been repor t ed 
only twice s i nce the original descript i o n (Leitgeb 188 1 , 
Atki nson 1884, 188 5 ). The presence of large stainable 
nuclei lacking central nucleoli and a thall us composed o f 
short hypha! branches indicate a distant relationship wi th 
most other nonentomogenous Entomophthorales. It is placed 
in the Entomophthoraceae (see SIV . 3). 

}oiERISTACRUH Drechsler emend . Tucker & number, 
J. Wash. Acad. Sci . 30: 250. 1940. 

Type species: Meristacrum asterospermum Drechsler , J, Wash . 
1\cad . Sci. 30: 2sl. 1940. 

Vegetative hy phae developing within living animals , 
simple to somewhat branched , at first continuous, later 
dividing into disjointed segments which put forth a 
sporophore into the air , t he terminal portion dividing 
basipetally , forming several to few cells , each of which 
produces a single spore forcib l y discharged by papilla
eversion; secondary spores replicative or passively detach
ed; resting spores azygospores formed f rom hy phal s e gments 
or zygospores formed from con jugation of spherical uni
nucleate gametangia. 

Ot her species: 

Meristacrum milkoi (Dudka & Koval) Humber, Mycotaxon 13: 
232 . 1~ 

Dasionym: Coelomomyces mi l koi Dudka & Koval apud Oudka, 
f~oval & Andreeva, Nov1 t ates Sys t ematicae Plantarum 
non Vascularum 10: 89. 1973. 

Synonym: Pseudocoelomomyces milkoi Nam and Oubitsk i i, 
Inst. Zoo!. Alma Ata, Acad-:-sci: Kazakh . SSR {VlNITJ 
no. 1309- 77 Dep.) . 1977 . (Lacking Latin diagnosis.) 

Sy~~~~=~va :abL~~~;!~es& mN~\kaoni, ~~~~~a N:tl ~ov:~!d . co~~~: 
(U.S . A,) 76 : 2300 . 1979. (Deficient basionym cit.) 

Tabanomyces milkoi was transferred to Meristacrum by 
Humber <1981) because of the similarity in the1r sporophore 
development . In ~ · asterospe r mum a nd !::!.· ~,transverse 
septa are layed down 10 bas1petal successl.on, with each of 
the newly formed cells prod ucing a spore which is dis 
charged by papilla - eversion. This mode of sporophore 
development is not found elsewhere in t he Entomophthorales , 
and is the single most important character in delimiting 
the genus. 

The difference in host org anism is of questionable 
value at the generic level , and the non - helicoid sporophore 
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of .!:!· milkoi is of no sig ni ficance since Dav i dson and Bar
ron {1973) observed a stmilar lack of spiralling in sporo
phores emerging from resting spores of M. asterospermum. 

There are, however, three diffe rences between these 
two species which may be used to divide Neristacrum into 
sub:Jenera whe n a fu ller undet"standinq of t hese and other as 
yet undiscovered species is obtai ned . 

Character ~· asteros2ermum M. milkoi 

1) Primary spore obovoid, globose 
truncate base basal papi lla 

2) Secondary spore obovoid globose 
passively detached replicative 

3) Resting spores azyyospores zygospore s 
spherical, undulate ovoid, smooth 
conjuqation (-) co n jugation ( + ) 

The resting spore characterist ics are the most significant. 

ZYGN EMOMYCES Miura e mend. , 
Rep. Tottori Mycol. Inst. (Japan) 10: 520 . 1977. 

1977 . 

Vegetative hyphae developing within living animal , un
segmented, giving rise to sporophores; sporophores nonsep
tate, bearing spores on pedicels formed from t he sporophore 
apex , proliferating sympod ially at the apex or subapically; 
primary spores globose, echinulate, produced acropetally, 
not forcibly discharged; secondar y spore s absent ; zygo
spores thick walled, fo r ming after lateral or scalariform 
conjugation . 

Other species: 

Trans. 

Body of the infested nematode containing unseymented 
allantoid thalli, 2- 5 pm wide ; sporophcres erect , unsey
mented, 18- 71 IJffi long, after penetrating the host cuticle 
forming an apical hook upon which a single t erminal spore 
develops, growth continuing by sympodial proliferation; 
sterigmata formed from the sporophore hook , becoming 
emptied of cytoplasm, 2-3.5 pm wide proximal ly, tapering to 
0.8-1.2 IJffi wide at the spore ; spore spherica l , echinulate, 
5-8 p.m in diameter, adhering to the nematode when detached; 
resting spores 18-24 IJffi, thick walled , with a single large 
oil drop, found within dead nematodes. 
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Fig . 1. ZYGN&.OM.YCES ECHINULATUS Miura. 

CA-E) Stages in sporophore development , showing acropetal msturation 
of the spores; I F) z.yqospores formed following scalariform conjuga
tion. Red rawn f rom Miura ( 1913) . Fig . 2E represents a portion of 
the i co notypus. Bar= 10}111\· 



. 

·::· 
.. ;f 
.. -
.:;_.- __ ., 

-,''. :· 
. . ~· 
~ 

10 ~m 

. 

-

~ 
~ 

, 
v 

~ 
~ 

'.' 

Fig . 2. Z~GNEMOMYCES ~ ( McCulloch) Tucker . 
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lA- E) Stages in sporophore development , showing t.he apica l hook tha t 
becomes the pedicel, and continued growth by sympodial proliferation 1 

( D-E) tMture echinula te spores , the pedicel ma king an acute angle 
wi t h the sporophore base; (F) z:ygospores within the ne matode . Drawn 
from type slide . Bar•1 0pm. 
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Zygnemomyces was established by Miura (1973) who 
distingu1.shed z. echinulatus from Ballocephal~ and 
Heris tacrum by three characters: echinulate spores (tho ugh 
th1s 1s no longer valid with t he discovery of Ballocephala 
verrucospora by Richards (1970)) , spores borne on ped1cels 
( and hence not discharged), and octangular zygospor es 
formed by scalariform conjugation. The first two 
characters also are found in Z. pendulatus , and a careful 
reexamination of spore development has shown that bo t h 
species have syrnpodially proliferating sporophores (Figs. 1 
& 2 ), The two species can be d i stinguished on the basis of 
sporophore size ('l'able 4), spore number (Table 3) , and 
orien tation of the pedicel. 

The three multispored genera: ~teristacrum, Dalloceph
ala, and Z~gnemomyces, as he re treated are coherent genera , 
and each 1s qu1 te easily disting ui shed from the others. 
t1eristac r um, wi t h basipetally septate sporophores con trasts 
'-'11th the nonseptate sporophores of Balloce)hala and !ls.
nemomyces. \-Jhile spores develop acropetal y 1n both of 
these genera, t he manner i n which the spores are formed and 
discharged (i.e . , borne on propulsive sporiferous cel ls vs. 
pedicels formed from the sporophore apex) is s igni fica ntly 
different. 

f>1ACOOBIOTOPHTHORA Reuk.auf emend., 
Centralbl . Bakt. Paras1t. Infekt. Abt. 1 63: 390 . 1912. 

Type species: NacrobiotoRhthora vimariensis Reukauf. Cen 
tralbl. Bakt . Paras1t. Infekt. Abt. I 63: 390 . 191 2 . 

Vegetative thallus developing i nte rnally within host , 
giving rise to external hyphae and sporophores on which 
single terminal spores are borne; spores obovate 1 flat 
based , forming secondary spores or germinating vegetative
ly; conjugation scalar iform or l ate ral forming zygospores , 
resting spores absent, or producing chlamydospores . 

This genus was established by Re ukauf (1912) for f>1 . 
vimariensis, a ~ungus which he found parasitizing HypsibiUs 
duJardl nl (Doyere) (=Macrobiotis lacustris Duj . ) l1v1ng 
nea r a spring in Be lvederer Parks in We1mar, Germany. This 
fungus produced hypha! bodies which digested the fat bodies 
of the tardigrade and then gave rise to a multitude of 
sterile aseptate hyphae which penetrated the cutic l e . 
Primary spores were obovoid, uninucleate and were produced 
terminally . These spores either germinated directly or 
gave rise to secondary spores on slender sporophore s . 
While no other fungi s imilar to M. vimariensis have been 
isolated from tard igrades 1 the f0llo'-'11.ng nematode parasite 
is sufficiently s i milar to warrant transfe r to th is genus. 

Ot her spec i es : 
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~!A.CROBIOTOPHTFIORA VER~IICOLA (McCu lloch ), comb. nov., 
Basionym : En t omooh tho t"a ve r mico l a McCulloch. Trans . 

Brit. Mycol. Soc. 68, 173. (Ftgs . 1-2) . 1977. 

Body of infested nematode f illed with nonseptate 
hyphae , 5-7 tJ.m in diameter , developi ng e r ect hyphae which 
pe netrate t he nematode cuticle ; external hyphae hyali ne , 
unsegmented , flexuous (40-) 11 0-160 x 3-6 pm ; sporophores 
27- 50 x 6- 8 ~m, straig h t or bent at the poin t of e J.lergence 
( 11 0- 120°) , unbra nched (branched accordinq to f.lcCulloch); 
pr i ma r y spores terminal , obovoic1 , 16- 22 x 9-14 J.lffi (ra r ely 
to 30 x 16 ~-tm ), ple urinuclea t e and un itunica te , d i scharyed 
at maturi ty , adherin<J to the cuticle o f a pass ing nematode 
and i ni t iating new infections; secondary spor es obovoid 
rnedialy constricted , nonpapilla t e, 14.4 - 15.5 ~m long , 9-
13 . 3 ~m i n d i ameter narrowing at a neck to 7 . 4- 8.9 pm; 
secondary sporophores 17- 20 pm long , 3. 5- 4.5 pm at base , 
tape r ing to 1. 8- 2 . 2 pm at spore; zyyospores 17 - 22 pm , 
dodecahed r o i d , faces centrally depressed with 4-6 edges . 

Of the t hree t ype slides, only the one containing t he 
nematode illustrated in ~tcCulloch (1977: Fig . 1) remains 
intact (F igs. 3A- J ) , Exte rnal hyphae are present , but 
t hese are not the mor phologically modified cystidia found 
in species of Erynia (Remaudiere and Hennebert 1980 , Humber 
198 1 ). Figure JC shows the appearance of several of the 
deve l opi ng spores with a th in, hyal ine outer wal l layer 
sepa r ated from the spore wall proper , a nd t he retraction of 
the cy t opl asm from the spore apex. While the separated 
wall r esembles the image see n in spores with bitunicate 
walls , these effects are probably due t o the lactophenol 
moun t ing medium. The secondary spores are obovo i d and 
med ia l l y constr i cted , wi th a distinc t neck below a more 
globose region (t-"' ig . 3H- J) . A basal l:'apil l a is lacking 
mak i ng secondary spor e discharge unlikely . The sporopho r es 
on which they are bo rne taper to a narrow point of attach
ment, but they are not the true capi llary sporophores of 
othe r gene ra. 

r-lacrobiotophthora ve r micola was oriy i nally placed i n 
Entomophtho ra, a ge nu s to whlch i t is no lonyer referable. 
L1v1ng mate r 1a l of this species obtained from E. Derna r d , 
permitted additional characterization of the species , and 
the fo llowing obse rvations a re in conflict with t he orig in
a ! description. The prima r y spores contain 4-9 Entomo
phthora - type nuclei and a r e fo r cibly discharged by pap1ila 
evers1on. Seconda r y spores are medially co nstricted and 
passive l y de tached . Dodecahedral zygospor es are formed 
f o llowi ng sca lari for m or l a t e ral conjugat ion . 

Two Con idiobolus - like funy i reported from nema t odes 
(Castaner 1968 , Amln and Webster 1980) are proba bl y spec ies 
of Macrobiotophthora . lloweve r , nuclear morphol ogy and num
ber are uns pe c1f1ed , making placement of these two fungi 
provisional. The method of thallus and primar y spore f orm
ation in all three nematophag ous fungi is similar, but d if
fe r e nces include the absence o f zygospores (although these 
wi l l probably be fo und), forcible d i scha r ge of secondary 
spore s , prod uc tion of microspores (?) , and va r iation in 
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spore size (see Tables 2- 5). Additional reports of para 
sites on te t"ricolous animals may increase further the size 
o( Nacrob iotophthora by at least two , i f not more species . 

IV . FANILI ES OF THE ENTONOPHT IIORALES . 

At present, the order i s variously divided , with one 
family , Entomophthoraceae (Waterhouse 1973) ; two famil i es , 
En tomophthoracee and Basidiobolaceae {Alexopou l os and Mims 
1979 , Benjamin 1979) ; or three families , Entomophthoraceae , 
Ancy 1 istaceae , a nd Cas id iobolaceae ( Ubr i zsy and VOrOs 1966, 
Oatko 1974). Although thre e charac ters: karyology, spore 
discharge mechanism , and conjuation might logically be used 
to delimit these families , only ka ryology r esults in a 
division consistent with current views of the order. 

1. Separation of th e genet:"a on the basis of spot:"e 
discharge method would t:"esult in four g r oups. The basic 
papilla - eversion .nethod has been modified i n Entomoph thora 
to form a sporophore - cannon. The significance of tlus 1s 
r educed , since the secondary spores of E. muscae are stil l 
di spe rsed by the papil l a-eve r sion miiho-d-.--Simi l a rly , 
Dasidiobol us has a vestigial spore papil l a, although the 
propuls 1ve force is provided by the rup tu re of a subspor e 
swelling. 

Less obvious i s the origin of t he Dallocephala dis
charge vesicle . The suggestion that the ves1c i e 1s homo
logous with the primary spore (Drechsle r 1951), and gives 
rise directly to sessile secondary spor es t hat (like capil-
1 is pores) are not dispersed, is cons is tent with the basic 
developmen t al patte rns of the Entomophthora l es . It also 
should be noted that spore discha rg e was lost independently 
by Massospora and Zygnemomyces . From the above observa
tions, 1t can be concluded that spore discharge mechanism 
cannot be used alone for family delimitation . 

2 . Details of gametangia! conjugation and r es t i ng 
spore morphology a t:" e also possible criteria for family 
delimitation . Zygospore cha racterist i cs have proven to be 
useful and conservative withi n the other orders of the 
Zygomyco t ina (Benjamin 1979). The Dasid iobolaceae , with 
its beaked gametangia, is distinct from all other members 
of the order. The tendency of Conidiobolus and Ancylistes 
to fo rm zygospor es in 1 i ne w1 th the unequal gametang1a 

Fiq . J , Hlt.CROBIOTOPHTHORA ~ (McCulloch ) Tucker . 

(A- H) Spores and sporophore& drawn from the type s lide. (A- B) Devel 
opment of primary spcrophores, (C) sporophore with retracted cyto
plasm and separated outer ... ·all layer; (D) primary spore with distinct 
columella; (E) spore with everted papilla; 1 F) germinating primary 
spore ; (G- J) development of secondary spores , ( I - J) medially con
strict ed obcvoid secondar y spores on tapering secondary sporophore. 
(X-P) Conjugation and zygoepores from living culture. Scalariform 
(K) and lateral (L) con jugation, (M- N) developing zyqospcres; Mature 
zygospore in optica l sec t ion (O) and s urface aspect IP ), Bar-10p.m. 
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contrasts wi th t he laterally budded zygospores o f Cntomo
pRthora. Yet division of the order into f amilies on th1s 

er alone is problematical due to the difficulties in 
interpreting zygospore development in many species , and the 
absence of conjugation in others. Until more research i s 
done on Entomophthorales, the utility of zygospore charac 
t e r s will remain suspect . 

3. Karyology is here regarded as the most useful 
character , and three distinct lines can be delimited within 
the Entomoph thorales: Dasidiobolus with large nuclei with 
central nuc l eoli; Entomophthora, Entomophaga, ~, 
Strongwellsea Datko & We1.ser emend. Humber, l'tassos29:ra , 
Comple torl a (Humber pers. comm. ), and Macroblotophthora 
have small, readi l y staining nuclei with heterocht'omatln 
but without a central nucleolus; and Ancylistes , Conidia
bolus , Met'istacrum, Ballocephala (?}, and Zygnemomyces-(?) 
na'Vesmall, poorly sta1n1ng nuclei with a central nucleo
lus . The elevation of these tht'ee gt'oups to family status 
is not only consistent with the currently accepted segrega 
tion of the llasidiobolaceae , but also unites those genera 
which have simila r spore discharge and zygospor e character 
istics and prov ides a logical framework for the perception 
of evolutionary trends wi th in the Cntomophthorales as a 
whole. 

V o CONCLUDING REfiARKS o 

The taxonomic revisions proposed here are based upon 
the evaluation of basic morphological characteristics. 
Although important 1 the host organism is deemphasized at 
the generic level. While research in the Entomophthorales 
has been and probably will continue to be centered upon the 
parasites of insects 1 the nonentomogenous fungi must not be 
overlooked. It is hoped that as new reports of 
nonentomogenous fungi are fo r thcoming , they will include 
full descriptions of all aspects of nuclear morphology and 
number, me thod of spor e discharge, sporophore architecture , 
zygospore development and morphology, and thallus 
characteristics. Only then will a fuller understanding of 
the order as a whole be obtained . 
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KEY TO TilE SPECIES OF NONENTOMOGENOUS ENT<X10PHTHORALES 

1 • Sporophore producing one terminal spore ••• , •.•••• . .• , , • , , , •• 
1' , Sporophore producing several spores per sporophore. , •••• , .•• 
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2 • Spores pyriform •• •• •• •• . • . ••••..• • •• . ••• ••• • . • •• ,,,,,, • • • . • • 3 
2'. Spores obovate •• • • . ••••••.••• , •• , •• ,, , , . , ••••.••••..• , ••. •• , 6 

3 • t.'uclei staining readily, parasitic on fern prothall i 
• • •• , , , • • • , • , ••• •• , ••••.••• completoria complens 

3'. Nucl ei poorly staining , p3.rasi'tic on desmid algae . , . ,. , •••• • 4 

4 • Zyqosporangium with several protuberances; zygospore loose 
within the z.ygospora.n gium ••.• . •••.••• Mcylistes pfeifferi 

4' • Zygosporangi um smooth ••• ••• • •••• • , • , , , , , • , • ••• . , • • • • . • . • • • • • 5 

5 • Host Clostcrium (Placoderm Desmid); primar y spores 
13-1 7.5 IJI!I • · · ··· • ooo oo o• •• • •••••••• • ·Anc ylistes ~ 

5'. Host Netrium {Saccoderm ) 1 spores 16- 25 pm •••• Ancylistco ~ 

6 • Vegetative t hallus cons i sting of hypha! bodies; parasitic on 
tardigrades, ••••• . •.••• , • , •• Macrobiotophthora vimariensis 

6 '. Vegetative thallus septate- mycelial; parasitic on nematodes 
•• •• ••••••••••• •••••~".acrobiotophthora ~ 

7 • Sporophore a becoming transversly septate 1 spor es developing 
basipeta lly ••• • • • • ••••••••••• o • • o ••• •• • • • o •• o ••• ••••••• 8 

7 ' . Sporophores remaining nonseptate , or producing l ateral , 
basa lly septate sporiferous cells, spores developing 
ac r opeta.lly . , , • • • • ••••••• , .,., ••••• , o •• • , • • o •• o ••• •• • •• 9 

8 • Spores pyriform; %ygospores ovoid, punctate; 2• spores 
replicative •• • ••••••••• , •• o ,., o •• o , . o. oMeristacrum milkoi 

8 1 o Spores obovate; azyqospores spherical, wa l ls undulate1 2-• -
spores passive ly detac hed ••• , ••• Meristacrum asterospc r mum 

9 • Spores produced on basally septate sporiferous cel l s , the 
r upture of which discharges the spore • •••• o •• o •• o • • • • • 10 

9 ' o Spores produced termina l ly on the spor ophor e axis .•••• •••• o 12 

10 • Sporiferous cells utriculate, as large as spore o r l a r ger, 
spores formed along entire sporophore axis •• , . o ••• • • • • 11 

tO ' . Sporife r ous cells not infla t ed, smaller t han spore; spores 
clustered at the tip •• , •• • , •• •• •• Balloceehala pedicellata 

11 • Spores SlnOOth, unornamented • • •. •.• •• • Ballocephala sphaerospora 
11' • Spores verrucose . o • o ••• o •••••••••• . •• Ballocephala ve rrucospora 

12 • Sporophore apex straight, becoming transformed in t o a spore
bearing pedicel forming an ac ute a nqle with the distal 
end of the sporophore ••••••••• , •• zygncmomyces echinulatus 

12'. Sporophore apex becoming hooked, uansformed i nto a pedicel 
which forms an acute angle with the proximal end of the 
sporophore •••••• ••• • 0 ••••• • 0. 0 • • • 0 z ygnemomyces pendulatus 



504 

LITERATURE CITED. 

AINSWORTH , G . C. 1971. Dictionary of the f'\lngi, 6th 1!(!. , Coii!D1onw . 
Mycol. Inst., Xcw. 663 PP• 

ALEXOPOULOS, C. J,, and C. ""' · Mi.ll'lG. 1979, Introductory Mycology , 
Third Ed. John Wiley & Sons, New York. 632 pp. 

AMIN, £ , N. E., and J, WEBSTER. 1980 . British Records . Trans . 
Bri t . Mycol. soc. 74: 633-635. 

AR.~AUO, c . 1952 . Mycologie Concrete: Genera. Bull. Mycol . Soc. f'r:, 
58: 18 1-223. 

ATKINSON, G. F'. 1894. Completoria complens . Dot . Gaz. 19: 467-468. 
ATKINSON, G. F, 1895. Damping Off, New York (State) Agr. ~p . Sta . 

(Ithaca) , Bull. 94: 231-212 . 
BARRON, G. L. 1977. The Nematode Destroying Fungi. Topics in Myco

biol. no . 1. C:..no.d. Dial. Publ., Guelph . 140 pp . 
BATKO, A. 1974 . Filoqenza a struktury tak.sonomiczne Entomophthor-

aceae. In Ewolucja biologiczna: szkice teoretyczne i metodol
ogiczne (C . Nowinskiego, ed . ) . Polska Akad. Nauk, Inst. Fil
ozof. Socjol ., Wroclaw. 

BECK, c. 1896 . Ancylistes ~ n . sp . verhandl. Zool. - Bot . 
Ges. Wien . 233. 

BENJAMIN, R. x. 1962. A new Basidiobolus that fo rms mic.rospores. 
Aliso 5: 223- 233. 

BENJAMIN, R. K. 1979 . Zygomycetes and their spores. pp 573-62 1 in 
Kendrick, B. (ed.). The Whole FUng us: The sexual-asexual 
synthesis . National Musewns of ca.nada . Ottawa. 1979. 

BERDAN, H. 1938. Revision of the Genus Ancylistes. Mycoloqia 30: 
396-415. 

CASTANER, o . 1968 . A Conidiobolus- like fungus dest roying nematodes 
in Iowa . Mycologia 60: 440 - 443 . 

COUCH , J , N. 1949. A new species of li.ncylistes on a sa.ccoderm 
desmid. J, Elisha Mitchell Sci. Soc. 65: 13 1-136. 

COUCH, J, N., R. v. A.'<DREEVA, M. LAIRD, and R. A. NOLAN. 1979 . 
Tabanomycea ~ (Dudka and Koval) emended, genus ~· a 
fungal pathogen of horseflies . Proc . Natl. Acad . Sci. u . s.A. 
76: 2299- 2302-

DANGEARD, p . A. 1906 . Rech4!!:rches sur le diveloppement du pCrithece 
chez les Ascomycetes . Lc Botanist 9: 157-303. 

DAVIDSOS, Jo G. N. , and G. L. BARRON. 1973. NCm.ltOphagoUS fungi: 
Meristacrum . ca.nad . J , Bot . 51: 23 1-233 . 

DAVIDSON, J, G. N., and G. L. BARRON. 197)a , Nem.atophaqaous fungi: 
Haptoglossa. ca.nad. J, Bot. 51: 1317-1323. 

DRECHSLER, c . 1940. Three fungi destructive to free-living terric-
olous nematodes. J, wash. Acad. Sci. 30: 240-254. 

DRECHSLER, c. 1951 . An entomophthoraceous tardigrade pa r asite 
producing small conidia on propulsive cells in spicate heads. 
Bull . Torrey Bot . Club 78: 183- 200. 

DRECHSLER, c . 1955. A SrM.ll Conidiobolus with globose and .,..1th 
elongated secondary conidia. J . !ri:ash. Acad . Sci. 45: 114-11 7. 

IIU!-lBE R, R. A. 198 1. An alternaeive vie.,.· of certain taxonomic cri 
teria used in the Entomophthora lea (Zygomycetes). Mycotaxon 
13: 191-240. 

INGOLD, c . T. 1934. The spore discharge mechanism of Basidiobolus 
ranarum. New Phytol. 33: 274-277. 



505 

INGOLD, c. T. 1971. Funqal spores: t heir liber ation and dispersal. 
Claredon Pr ess . Oxfo rd . 

KERRY, B. R. 1974. A fungus associated with yo ung females of the 
cereal cyst - nematode He t ero d@ra avenae. Ncmatologi ca 20 : 
259- 260 . ---- ---

KERR'/, B. R., and o . H. CRUMP . 1980. 'l'wo fung i parasi t ic on females 
of cyst-nematodes (Hetero dera spp.). Trans. Brit . Mycol. Soc. 
74: 11 9 - 125. ----

LEITGEB , H. H. 188 1 . Completoria complens Lohde , ein in Farnpro-
thal l ien schrnarotz~~mder Pi l z. Sitzungsbe r. Aka d . Wiss . , 
Math .-Natunoo iss. Cl., Abt . 1. 84: 288 - 324 . 

LOilOE , G. 1874. Uber einige neue para s it i sche Pilzc. Tagebl. Ver
samml. Deutsch . Natu r f , Aerzte 4 7 : 203- 206. 

MACL EOD , 0 , M., and E . Mi.iLLER- K0GLER. 1970. Insect pathogens: 
species ori ginally described from their rcoting spores tmstly 
as Tarich ium spec ies (Entomopht hor ales : Ento mophtho raceae ) . 
Mycologia 62: 33-6& . 

MCCULLOCH , J. s. 1977. New species of nematophagous fungi from 
Queensland . Trans. Brit. Mycol. Soc. 68: 173-179 . 

MI URA , K. 1973 . Three entornoph t horalean parasites ot ne matodes 
collected from Japa n . Rep . 'Ibttori Mycol. Inst . (Japan) 10: 
517- 522. 

MOORMAN, G. w. 1976 . Mitosis in Mcylistes sp. Mycologia 68: 902-
909 . 

NAM , E. A. , and A. M. DUBITSKll. 1977. A review o f the systemat i c 
status of the fungus Coelomomyces ~ and a description of 
a new genu s o f the entomophthorous fungus Pseudocoelomomyces 
(Ento mophthorales). 1nst. Zool. Alma At a Acad . Nauk Kazakh. 
SSR. (VINITI no . 1309-77 DEP., UDK 59 1.69- 577 . 1:576) . 

PFITZER, E. 1872 . Ein neue r Algen-Pa rasit au & der Ordnung der 
phyco myceten . Mona t sb . K.Oniql. Preuss . Akad. Wiss. Berlin. 
379- 398. 

POKLAD, B. R., and .E . c. BERNARD. 1978. A new spec ies of Entomoph
thora lea parasitizing tard.igrades . Mycologia 70: lJ0 - 139 . 

R.EM.AUDl ERE, G., and C . c. HENNEBERT. 1980 . RJ!vision syste"matlque de 
Entomophthora a phi dis Hoffm. in Fres. Descri ptio n de deux nou
veaux pathogi!nes d'aphides. Mycotaxon 11: 269-321. 

RE."U\UDIER.E, c. , and s . KELLER. 1980 . ~vision syste'matiq ue des 
ge nres d. EntotQOphthoraceae a potentia 1 i ee entomopathogene. 
Mycot axon 11 : 323-338. 

REUKAUF , E. 191 2. Ein verderber des WasserbXre n Macrobiotus lacus
tris Duj . , Macrobi otho phtho r a v i ma.densis ( Reukauf I. Central
bl. Bakt. Parasit. Infekt. Abt . 1, 63: 390-393. 

RICHARDSON , M. J. 197 0 . Ballocephala ve rrucospora sp. nov. I para-
sitizing tard.igrades. 'I'ra.ns . Bri t . Hycol. Soc . 55: 307-309. 

SOPER, R. s. 1974. The qenus M&ssospora, entomopathoqenic fo r cica
das . Part lo Taxonomy ot the genus. Mycota xon 1: 13-40 . 

THAXTE R, R. 1888. The Entomophthoreae of the United States. Mern . 
Boston soc. Natur . Kist. 4 : 133- 20 1. 

TRIBE, H. T. 1977 . A paras i t e ot white cysts of Heterodera: eaten
ari a auxiliarie. Trans. Brit. Mycol. Soc . ~6. -

UBRIZSY-:G.,~ROs . 1966. A new conception in the revie.,.. en 
the phy lo9e:ny and system ot fungi. Acta Botan. Acad. Sci. 
Hunq . 12; 199 - 220. 
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EMENDATION , SYNONYMY, AND TRANSFERS 
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SUMMARY 

The emended sense of Erynia Nowakowski (Entomophthor
ales: Entomophthoraceae) i s limited to species having uni
nucleate, bitunicate primary conidia borne on (digitately 
and apically) branched conidiophores and forcibly discharged 
by the eversion of the basa l papilla. Th is emendation spe
cifically (1) rejects a separation of Zoophtho~ Batko from 
Erynia based on the presence of capilliconidia or any other 
criterion, (2) rejects any synonymy of StrongUJeZZsea Batko 
& Weiser eme nd . Humber with Eryni a , and (3) excludes from 
Erynia any species having conidia which are multinucleate, 
unitunicate, or borne on simple (or rarely or basally 
branched) conidiophores. Zoophtho~ Batko is rejected as a 
later synonym of Erynia Nowak., and the remaining species 
of Zoophtho~ not previously placed in Erynia are trans 
ferred. All recognized species of Erynia sensu Humber & 
Ben-Ze'ev are cited. 

The recogn1t1on of two genera, Zoophthora Batko (1964a ) 
and Eryni a Nowakowski (1881), separated principally by the 
formation of capi ll iconidia (secondary conidia formed atop 
capillary conidiophor es) by Remaudihe and Hennebert (1980) 
has raised a problem in synonymies (Humber 198la): If the 
type species of Zoophthora , Z. radi cans (Brefeld) Batko (= 
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E:rttomophthoro sphaerosperrra Fres . sensu Thaxt er 1888), and 
the t ype SFecies of E!'Jnia , E. ovisporo (Nowakows ki) Nowak-
0\vski, arc accepted on ao~ y basis to be i n di s tinct gene ra, 
then bot h o f these gener ic names may s t and. If, however , 
on e accep t s Ba tko ' s s ens e of Zoophthoro f or a 11 Sj1ecies \d th 
uni nuc l ea t e , bi t unicatc coni d i a borne on branched conidio
phor es (Batko 1964a- b, 1966a- b, 1974; Humbe r 198la-b . 1982; 
Bcn-Ze ' ev and Kennet h 19Sl a-b , 1982a-b), then both of these 
species mus t be in the same genus . Further, the Interna
t i onal Code of Botanica l Nomenclature ( ICBN) requires that 
Ba tko shou l d have adopt ed t he older generic name, E'l'IJ"ia, 
ra ther than propose a ne""' name f or t hi s l arge group of 
species . 

Humber (198l a- b; 1982) , Ben- Ze ' ev (1980), and Ben- Ze ' ev 
and Kenneth (198l a- b , 1982a-b) f ind no basis for the sepa
ra t e and s i mul taneous usage of Zoophthoro and EI":Jnia espoused 
by Remaudiere anu Henneber t (1980) and Remaudiere and Ke ller 
(1930) . Among t he poss i bl e r eso lutions of t his synonymy, t he 
only one t hat i s both i n accor d with t he ICBN and the prior 
trans fer of mos t Zoophthora species t o Er ynia (Remaudiere and 
Hennebert 1980; Humber 1981a- b) i s no>< t o t ake up E:rynia 
Nowakows ki as th e correct name of the genus which inc ludes 
E:rttomophthoro radicans Bref el d . Accordingl y , we present an 
emended circumscript i on for E:rynia , and r ega r d Zoophthora t o 
be a younger s ynonym. 

ERYNIA Nowakowski emend. Humber & Be n-Ze ' ev , emend. 
no v. 

- Erynia Nowakowski, 1881, Dzienn . III Zjazdu Lek . 
Przyr . PoZak . Kral<.ow., Sekc. Bot . 6, 67- 68 . 

Zoophthora Batko, 1964, BuU. Acad. PoZon . Sci . 
Ser. Sci . BioZ . 12, 323. 

VEGETATIVE STRUCTURES usuall y hyphal bodi es or mycel i um , but 
exact form depends upon s tage of devel opme nt . NU CLEI easi ly 
observed, 4.5-1 5 ~diame ter ; without a promi nent central 
nucleolus; f ill ed wi th conspi cuous heterochromati c th reads 
or granu l es . CONIDIOPHO RES apical ly branched , forming a 
(usuall y di gitat e) clus te r of conidi ogenous cell s ; each 
branch basa l ly sept ate, each conidi ogenous ce ll usuall y uni
nucleate , producing a s i ngl e ap ical coni dium; some con idio
phores unb ranched, producing a singl e t erminal conidi ogenous 
cel l and one conidi um. PRIMARY CONIDIA un i nucleate, bituni 
ca t e (wi t h a separabl e outer wa ll layer excep t over the basal 
papi ll a) ; shape va r iabl e but usual ly ovoid , cl avat e , t urb i-
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na te , or elongate, radial ly symmetrical or curved; papil la 
centered on spore axis or disp laced la terally; forci bly di s
charged by eversion of the papilla agains t the conid iophore. 
SECONDARY CONIDIA more or less similar to primary conidia 
(or with short radiate arms ), formed singly on a short coni
diophore aris ing fro r.1 a primary coni dium and forcibly dis
charged by eversion of the papilla or el se amygda l iform to 
elongate, clavate , fal cate , or lanceolate, usuall y curved, 
and borne on an ex tended , thin capi llary coni diophore aris
ing from a pr imary or seconda ry con idium . RESTING SPORES 
usually globose with two thickened wall l ayers ; epispore 
colorless or variously colored , smooth or var iously orna 
mented; budded laterally or terminally from parental hyphal 
body whether as zygospores or azygospores. RHIZOIDS presen t 
i n most species, eithe 1· (1) hypha- like, simple or branched, 
solitary or aggregated into pseudorhizomorphs, terminating 
in more or less branched (but only rarely di scoid) holdfas t 
of (2) sto ut, unbranched, so litary or loosely fascicul ate 
(but npt aggregated in pseudorhizomorphs), terminating in a 
richly branc hed discoid or irregularly expa nded holufast; 
rhizoi ds may not form whe n resting spores are produced. 
CYSTIDIA absent in most species; si mple, usuall y aseptate, 
spear-li ke, extendi ng slightly above l evel of coni diophores 
or else thick and columnar , aseptate, usuall y branchi ng api
cally, extend ing far beyond l eve l of conidiophores; cyst id ia 
usuall y absent when resting spores are formed in the host. 

TYPE SPECIES: Erynia ovispol'a (Nm<akm;ski ) Nowakowski, 
1881, Dzienn . III Zjazdu Lek . Pl'zyl' . PoLak . Krakow . , 
Sekc . Bot . 6, 67-68. Basionym: Entomophtho~ ovispo~ 
Nowakowski, 1877, Bot . Zeitg . (Leipzig) 35, 20. 

This emendation rejects Zoophthora as a separate genus 
for species forming passively detached secondary capilli 
conidia as advocated by Remaudiere and Hennebert (1980). 
It a l so reject s a definition of EpYnia based on conidia l 
morphology (Remaudiere and Hennebert 1980; Remaudiere and 
Ke ller 1980) , thereby exc luding EpYnia cal'OZiniana (Thax.) 
Rem. ~ Henneb . (with unitunicate, plurinucleate conidia on 
simple conidiophores) and r estoring Stl'ongweHsea Batko 6 
Weiser emend. Humber (with bitunicate, uninucleate conidia 
on unvaryingly simple conidiophores; cf. Remaudiere and 
Keller 1980 , Humber 198la , 1982). Thi s emendation a lso 
acknowledges the format ion of multiradiat e secondary coni
dia by some riparian species (Descals et a l . 1981). 
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The fo rmal adoption of Erynia as the nomenclaturally 
correct name for the genus circumscribed above requires the 
transfer of a 11 remaining names p laced in Zoophthoroa but not 
yet formally acknowledged as s pecies of Erynia. 

ERY NIA APHIDIS (Hoffmann in Fresenius) Humber & Ben- Ze'ev, comb . nov. 
BASIONYN: Entomophthora aphidis Hoffmann in Fresenius, 1856, Ab
handl . Senck£nbel'g . nat'LCflj. Gas . 2 : 208 emend. Remaudiere & Benne
bert, 1980, Nycotaxon 11: 290, NON Entomophthora aphidis Hoffm . in 
Fres. sensu TI\axter, 1888, Mem. Boston Soc. Nat. Hist. 4 : 175. 

ERYNIA CANADENSIS (MacLeod, Tyrre ll, & Soper) Humber G Ben-Ze'ev, 
comb . nov. BASIONYM: Entomopl1thom canadensis t-tacLcod , Tyrrell, 
Soper, 1979 , Canad. J . Bot . ~7 : 2664. 

ERYNI A CRASSITUNICATA (Ke ller) Humber & Ben- Ze ' ev, comb . nov . 
BAS I ONYr-1: Zoophthoro cmssitunicata Keller, 1980, Syd.Ma Ann . 
I¢.JC07.. , Sero . II~ 33 : 170. 

ERYNI A COLEOPTERORUM (Petch) Humber li Ben-Ze ' ev ~ comb. nov. BASIO
NYJ.t : E'ntoroophthoro a:ol.eopte:rorum Pctch ~ 1932 , Trons . Brit . Mycol. . 
Soc . 17: 172. 

ERYNIA CRUSTOSA (~tacLeod & Tyrre ll) HWilbe r & Ben-Ze'ev, comb. nov. 
BASIONY~I: Entoroophthora crustosa MacLeod li T)' rre 11 , 1979, Canad. 
Entcmol. 111 : 1138. 

ERYNIA EL;\TERIDIPHAGA (Turian) Humber , Ben- Ze 'e\' ~ & Kenneth, comb. 
nov. BASIONYJ-1: Entomophthoro. elateroi.diphaga Turian, 1978, Mi tt . 
Schz.>eiz . Entomot . Ces . 51 : 398. 

ERYNIA GEOMETRALIS (Thaxter) Humber & Ben- Ze 'ev, comb. nov . BASIO
Nnt : Empusa (EntomophthomJ geometralis Thaxter , 1888, Mem. Boston 
Soc . /lat . Hi st. 4 : 170. 

ERYN I A HENRIC I (Molliard) Hwnbe r li Be n- Ze ' cv , comb. nov. SASIONYM : 
&.tomophthom. henr>ici ~tolliard, 1918, Compt . Rend. Hebd. seances 
Acad. Sci. Pa.Pis 167: 958 . 

ERYNIA JACZEWSKII (Zaprometov in Jacz.ewski & Jaczewski) Hwnbe r, comb . 
nov. BASIONYM : Tarichiwn jacaewskii Zaprometov in Jaczewski & J ac
zewski , 193 1, Opredelitel gPibov 1: 225. 

ERYNIA LANCEOLATA (Ke11 e r) !lumbe r & Bcn -Ze'ev, comb. no v . BASION\'M: 
Zoophthom lanceol.ata Ke ller, 1980, Sydo~a Ann. Nycot., Se r. II, 
33: 133-:" 

ERYNIA NEBRIAE (Raunkiaer) Humbe r & Ben-Ze 1 ev, comb. nov. BASIONYM: 
En.tomophthoru nebPiae Raunkiae r ~ 1892, Bot . Tidsskro. 18 : 108- Lll. 

ERYNIA OCCIDENTALIS (Thaxt er) Humber & Ben- Ze ' cv, comb . nov. BASIO
Nnt: Empusa (Entomophthora) oc:cidentaUs Thaxter, 1888, Uem. Bostor. 
Soc . Nat. Hist. 4: 171. 

ERYNIA ORI ENTALIS (Ben-Ze ' e v & Kenneth ) Humber, Be n-Ze' ev, li Kenneth, 
comb. nov. 8.\S IONYM: Zoophthora oriontalia Ben- Ze 'ev 6 Kenne th, 
1981 , Phytoparaoiti ca 9: Ss. 

ERYNIA PHALLOIDES (Batko) Humber & Ben- Ze ' e v, comb . nov. BASIONYM: 
Zoophthoroa. phaLLoides Batko, 1966, Acta Mycol . 2: 7. 

ERYNIA PHYTONOMI (Arthur ) Hlmbe r, Ben- Ze'ev, & Kenneth, comb. nov . 
81\SIONYM: Entomophthora phytonomi Arthur, 1886 , Bot . Caz . (Cl-aw
fordsville) 11: 14 . 

ERYN I A RAOICANS (Brefe 1d) Humbe r, Ben-Ze ' ev, & Kenne th, comb. nov. 
BAS IONYM: Entomophthora radicaM Bre fe1d , 1870, Bot . Zeitg . 
!Leipzig) 28 : 186 . 
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Entomophthora coZeopterorum Petch (1932) is included i n 
the above l.ist because of the conjunction of long, narrowly 
oval conidia (32-44 x 8-14 ~m], two fascic l es of stout rhi
zoids emerging from specific points on the ventral thorax, 
and cystidia (Petch 1944). This set of characters occurring 
together is known only from Erynia species a lthough it mus t 
still be determined that E. coZeopterorum has uninucleate, 
bitunicate conidia and branched conidiophores. Petch (1944) 
regarded this species to be a probabl e synonym of Entomoph
thora carpentieri Giard (1888) whose description was based 
wholl y on the unique mode of r hizoidal attachment of affec t
ed elaterid beetles. Turian (1957) i dentified as E. Car
pentieri a fungus he found on beet I es wh i ch died head -down 
and were attached to the plant by two fascicles of rhizoids; 
he claimed this fungus produced uninucl eate , globose conidia. 
Humber (198la) raised doubts about Turian's interpretat ion 
and discussed the possib l e synonymy of E. carpentieri and E. 
coZeopterorum. Until any extan t material of these collec 
tions can be re - examined, there is no doubt that the best 
characterized of these collections i s E. coZeopterorum , and 
that this species i s more certainly a species of EP~Jnia than 
of any other entomophthoralean genus. 

Entomophthora henrici ~lolliard (1918), which was de
scr i bed from mosquitoes (Culex pipiens), is accepted here as 
an Erynia species by virtue of its much branched conidio
phores , presence of cystidia (~<hich ~lolliard stated were a l so 
produced in culture), and of rhizoids with discoid or irregu
larly ramified holdfasts. It remains to be es tablished 
whether the conidia of this species are uninucleate and bi 
tun i cate as may be predicted from this conste llation of other 
characters . Erynia henrici res embles E. ovispora , but i nsuf
ficien t information about the morphologica l plasticity of 
either species currently ex i s ts to support the proposition by 
Waterhouse (1975) of their synonymy . 

Entomophthora nebriae Raunkiaer (1892], which attacks 
carabid beetles (Nebria brevicoZis), has elongate conidia 
(28.0-37 . 0 x 10.0-13 . 0 ~m) borne on richly branched conidio
phores . Rhizoids are present, but their morphology is not 
described. No secondary conidial forms or cys tidia arc men
tioned by Raunkiaer (1892). The res ting s pores of this spe
cies are formed outside of the host body , and are spherical, 
36-50 ~m in diameter, with a pale brown, smooth, and rather 
thin wall. Batko (l966b) regarded this species t o be l ong i n 
Zoophthora subg. Zoophthora . 

Zoophthora jaczewskii (Zaprometov in Jaczewski & Jaczew
ski) Batko (1964b) was not discussed by Remaud iere and col-
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l eagues i n their rev i s l on of entomophthora lean taxonomy. We 
have been unable to obtain the literature to conf irm either 
t he nomenc l atura l va l idity of Tariahiwn jaazewskii Zaprometov 
in Jac zews ki & Jaczewski (1931; s ee also ~lacLeod and ~luller
Kogler 1970) or the appropri ateness of Ba tko' s accep t ance of 
Entomophthoro. zabrii Ro zsypa l (1951 ; an inva ! idly pub 1 ishcd 
nomen nudum) as the conidia l s tate of T. jaazewskii . One of 
the present authors (RAil) feels that it i s not unreasonable 
to accept both Batko's acknowledgement of T. jaazewskii to 
be valid l y publi shed and of his s ynonymization of e. zabrii 
with th is species. 

Tho s e species previous ly described as or transferred to 
Erynia and accepte d according to th e above emendation in
clude the following : 

i:.'I'!Jnia ameriaano (Thaxter) Remaudiere & Hennebert (1980) 
Erynia aquatiaa (Anderson & Ringo ex Anderson & Anagnosta -

kis) Humber (198la) non EPynia aquatiaa (Anderson & Ringo) 
Remaudiere & l·lennebert (1 980) 

Erynia blunkii (Lakon ex Zimmermann) Remaudiere & Hcnnebert 
(1 980) 

l:.'Iynia bro.hminae (Bose & ~lehta) Remaudierc & Hennebert (1980) 
(poss ibl y synonymous with EPynia eahinosporo) 

EPynia bulZata Thaxte r & ~ lac Leod in Humber (198 lb ) non Erynia 
bullata (Thaxter in Povah) Remaudie r e & Hennebert (1980) 

EPynia aalliphoro.e (Giar d) Remaudiere & Hennebert (1980) 
Erynia aoniaa (Nowak01;ski) Remaudiere & Hennebert (1980) 
Epynia apeatonoti Yen in Humber (198lb ) non l:.'rynia cn ato-

noti (Yen) Remaudiere & Hennebert (1980) 
f:.'pynia UI'lJi sporo. (Nowakowski) Nowako~<ski (1881) 
e~ynia delpiniana (Cavara ) Humber (1981a) 
Epynia delphacis (Hor i) Humber (1981a) 
Erynia dip terigena (Thaxt er) Remaudiere & Hennebert (1980) 
f:.'pynia echinosporo (Thaxter) Remaudiere & Hennebert (1980) 
l:.'l>ynia erinaaea (Ben - Ze ' ev & Kenneth) Remaudiere & Hennebert 

(1980) 
Erynia foPmicae Humber & Balazy in Humber (1981b) 
i:.'Pyni a gloeosporo. (Vui11emin) Remaudier e & Hennebert (1980) 
l:.'rynia groci l i s (Thaxter ) Remaudiere & Hennebert (1980) 
Erynia montana (Thaxter) Remaudiere & Hennebert (1980) 
l:.'rynia myPmecophaga Turian & Wuest in Humber (198Jb) non 

EPynia myrmecophaga (Turian & Wues t) Remaudiere & Henne
bert (1980) 

l:.'l>ynia neoaphi dis Remaudiere & Hennebert (1980) [= Entomoph
tl>.om aphidis Hoffmann in Fresenius sensu Thaxter (1888) ] 

l:.'rynia noUPyi Remaudi~re & Hennebert (1980) [= Ent omophthoro 
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e:ritiaUs Hall & Dunn sensu Gus t afsson (1965 ) ] 
E"l'ynia ovispor>a (Nowakowski) Nowakowski (1881) 
Er>ynia phaZangicida (Lagerheim) Remaudie r e & Hennebert (1980) 
Er>ynia 1'hizospo"l'a (Thaxter ) Remaudie r e & Hennebert (1980) 
Er>ynia sepuZchPaZis (Thaxt er ) Remaudi er e & Hennebert (1980) 
Er>ynia vaPiabi Zis (Thaxter ) Remaudier e & Hennebert (1980) 
Er>ynia viPescens (Thaxt er ) Remaudi ere & llennebert (1980) 
Er>ynia vomito"l'iae (Roz sypal ) Remaud ier e & Hennebert (1980) 

Doubt f ul or exc l uded species : 

Er>ynia car>OZiniana (Thaxt er) Remaudier e & Hennebert (1980) 
: Entomophthor>a caPOZiniana (Thaxte r ) Ke ller, 1978 , Sydaw
ia Ann. MycoZ . , Ser> . II, 31 : 88 : Empusa ca"l'oUniana Thax
ter , 1888 , Mem. Boston Soc. /lat . Hist . 4 : 167 . 

E:r>ynia cas trons (Batko & Weis er ) Remaudiere f, Ke ll er (1980) 
: Str>ongweZZsea castr>ans Batko & Weiser, 1965 , J . Inve r>t . 
PathoZ. 14 : 463 emend. Humber , 1976 , f.fycoZogia 68 : 1056. 

Er>ynia magna (Humber) Remaudier e & Keller (1980) : Str>ong
weZZsea magna Humber , 1976, !1ycoZogia 68 : 1057 . 

Zoophthora e:riti aZis (Ha ll & Dunn ) Batko, 1966, BuZZ . PoZon . 
Acad. Sci . , SeP. Sci. Bi oZ . 12 : 405 : EntomophthoPa 
e:ritiaZis liall & Dunn, 1957, HiZgaPdia 27: 163 . 

Zoophthor>a fe r>r>uginea (Phil lips in Houghton & Phi ll ips ) 
Batko , 1966, Acta MycoZ . 2 : 19 : Entomophthor>a fe1'1'Uginea 
Phil l ips in Houghton & Phi ll ips, 1886, Ann. Mag . Nat. Hist . 
Ser . 5, 18: 6 . 

Zoophthor>a f oPficuZae (Gi ar d) Ba t ko , 1964, BuZZ . PoZon. Acad. 
Sci ., SeP . Sci . BioZ . 12 : 404 : Empusa fo r>ficuZae(Giard) 
Petch, 1944, Tr>anS . Br>it . 11ycoZ. Soc . 27: 87 : Entomoph
thor>a fo r>ficuZae Gi ard, 1889, BuZZ. Sci . Fronce Belgique 
20 : 211 . 

Empusa eaPO Zi niana and the t wo species of StrongweZZsea 
are e xc luded from grynia for reasons mentioned above and 
discussed extensive l y by Humber (198l a , 1982) . 

Remaudi er e and Hennebert (1980) pr ovide st r ong r easons 
to regard bot h Ent omophthora e:ritiaZis Ha ll & Dunn (1957) 
and Entomophthor>a [ePr>uginea Phi ll i ps i n Houghton and Phi l 
l ips (1886) as nomina con fusa ; we agree wi t h and accept t hese 
det ermi nations. It i s imposs i bl e t o know exactl y \\'hat f un 
gus i s described or i l l us trated by Ha ll and Dunn (1957); t his 
situat ion is not e ased by t he f act t hat no t ype ""'as dec l ared 
for E. e:ritiaZis (nor did t he ICBN r equi r e t yp i fi cat ion unt i l 
t he year afte r the publ icat i on of this spec ies) or t hat t he 
cultures deposited by the authors of this t axon i n various 
major culture coll ections are f ound to be either ConidioboZus 
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thromboidea Drechs l er (= Entomophthora viruZenta Hall & Dunn) 
or Erynia radicans (see Remaudiere and l·lenn ebert 1980). The 
fungus r ega rded to be E. exitiaZis by Gus tafsson (1965) was 
r edescribed by Remaudiere and Hennebert (1980) as ETynia 
nouryi . Simi larly, the r eal identity of Entomophthora fer
ruginea remains indeterminable i n view of the three separate 
senses i n which th is name has been applied (see Remaudiere 
and l·lennebert 1980). 

Batko (1964b) offered no explanation for hi s assignment 
of Entomophthora forficuZae Giard to Zoophthora . Neither 
Remaudiere and Hennebert (1980) nor Remaudiere and Keller 
(1980) men tioned this species in their t r eatment s of Zooph
thora and Erynia , possib l y because Giard (1889) mentioned 
no secondary conidia (the character used by Rcmaudiere et al. 
to separate thes e two gener a), and possibly because of t he 
uncertainty whi ch surrounds the identity of th is fun gus . 
The coni di a of Giard's species are 20 x 6 ~m up to 25 x 8 ~m , 
with a length/ width ratio of !: 3; th e conidia i n th e only 
other coll ections attributed to this species are 18-21 x 
8- 10 ~m (Ros trup 1893) and 20- 30 x 15-1 8 ~m (Petch 1944), 
with L/IY r at i os of ~ 2. Giard, who did not recogni ze the 
widel y used di s tinction between Empusa (with simple conidio
phores) and Entomophthora (with branched conidiophores), 
noted the conidiophores of Entomophthora forficuZae to be 
only infrequently branc hed ("peu ramifies"); those of the 
fungi reported by Rostrup and Petch could not have been pro
minently or digi tat ely branched since Petch (194 4) reass igned 
this species to Empusa. Rhi zoids were not no t ed i n any of 
these th ree coll ections (and note that Batko 1964a r equired 
rh izo ids to be present in species of Zoophthora !) . Despite 
the fact that L/\~ ratios of 3 or more are known only from 
Erynia species (with the sole exception of Bala zy ' s undescri
bed species noted by Humber l98l a), the absence of informa
t i on regarding the wall structure and nucl ear number of the 
con idia , and of the actual nature of th e con i diophores s ug
ges t s that no definitive generic assignment for Entomophthora 
forficuZae i s advi sable in the absence of other charact ers 
so frequently noted i n species of Erynia . It seems doubt ful 
that the collections of fungi by Rostrup (1 893) and Petch 
(1944) ar e conspecific with E. forficuZae Giard; the true 
identity of each of these fungi remain s to be es tablished by 
re-examination of any exis ting herbarium specimens. 

At l east two as pects of this emend at ion of Erynia de
serve f urther comment. It is important to re - emph as i ze that 
thi s nomencl aturally required change f rom Zoophthora to Ery
nia has also necessita t ed the s hi ft of the t ype species from 
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the very common Eryni a radicans (= Entomophthora sphaero
sperma Fres. sensu Thaxter) (s ee Batko 1964a; Remaudi ere and 
Hennebert 1980) to the l ess we ll kno•~ Erynia ovispora . Re
gardless of i ts nomenclator, the f ungus which i s st ill mos t 
wide l y known as Entomophthora sphaerosperma ha s served as the 
t ype for a ge nus dis tinguished primari ly by the presence of 
rhizo ids and branched conidi ophores ever s ince Nowakowski 
(1883) aff irmed a real taxonomic difference between &mpusa 
and Entomophthora . 

Entomophthora aphidis Hoffm. ; n Fr es . was or iginal l y 
described onl y from i ts brown, roughened resting spores; the 
conidial s t ate of th is s pecies was not found or described by 
Hoffmann. In his influential mono graph, Thaxter (1888) ap
plied the name Emp usa (Entomophthora) aphidis to an excep
tionally common f ungal pathogen of aphids which produces 
con i di a and whose resting spores may be assumed to exist but 
have never been f ound. Remaudiere and Henne bert (1980) "er e 
success ful i n rediscove ri ng Hoffmann's fungus and demonstra
t ed unequivocally that Thaxter had mi sappl i ed Hoffmann ' s spe
cific name: The conidia of E. aphidia Hoffm. are elongat e
fusoid and produce secondary amygdali form capilliconidi a a t op 
capillar y conidiophores. The presence of capill i conidia i n 
E. aphidis but not in Thaxte r 1 s fun gus \\'35 used by Remaudiere 
and Hennebert to pl ace these two fungi into separate ge nera 
as Zoophthora aphi dis (Ho f fm. i n Fres .) 8atko and Erynia neo
aphidis Rem. & Henneb. (the new name provided for 1naxter' s 
mi sapplied sense of E. aphidis). The emended sense of Er!Jnia 
provided her e places both of these species together in the 
same genus. It wi ll be especially important, the n , for stu 
den t s of these fung i not t o confuse these two simi l ar speci 
fic names and to be certain that they do not apply the name 
Erynia aphidis (a very uncommon fun gus with a seemingl y nar 
ro" host range and localized dist ribution) wh en the fun gus 
they refer to is actual l y EPynia neoaphidis (a very common 
s pecies wi th a wide ho s t ran ge and occurring in mo s t parts 
of the world) . 

In addition to the species of Erynia discussed above , 
we arc a;,..• are of two addi tiona ! new species awaiting pub l i
cation: Kr amer (1981) is proposing a new species of E~ynia 
from snipe f lies (Dipter a : Rhagionidae). Ben- Ze 'ev and Ken
neth (!981b) ar e proposing a new species of Zoophthora which 
affects froghoppers (llomopt era: Cercopidae); this species 
vdll have to be transferred to Erynia after its formal pub
lication. 
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THE COF.LOMYCETES, Fungi imperfecti with pycnidia, dCCCVUli and 
stromata, by Brian SUTTON, 696 p., 397 fig., 8°, hard cover, 1980 . 
Cornmonwco lt:h Nycolog i c al Institute puhl i cat i on, Commonweal th Ag ri
c ultur<t l Bure<tux, farnham , S l o ugh SL2 3BN , Eng13nd. Price UK 
( 28 .00 , ~broad £ 33.60 . 

The Coelomycc t cs by Sutton i s the first c ompre hens i ve and mode r n 
cont r ibuti o n on t hat i mportant wide s pread grou p o f f ungi. After nume r ous 
publi cati ons on t he Coe l om}· cetcs, inc l uding seven i ssues in t he CMI 
Myc ol ogical Papers an d t he f undamental and syn t het i c chapter on Coelomy 
ce t es in The Fun9i I VA (1973) , we are r ea ll y thankf u l fo r s uch .l fi ne 
monog raph cove ring 37S ge ne r a a nd 750 spec i es. 

The ines ti mable p r og r ess r ea li zed by nr Sutton in t he t axonooy 
of these f ung i ist~ recogniti o n o f coni dioge ncs i s .lS .l b .:Jsic taxonomi ca l 
c rite rion to be used at the l evel o f cl.lsses .:J nd o rde r s , t he con id ioma tal 
s truc t ure (pycnidia, acervuli., s porodochi a, etc .) a nd mo rphology bei ng 
use f u l as a secondary c riter i o n at the s ub orde r l e vel o r love r . Although, 
in t hat c oncep t o f the t.1:xonomy of conidi a l fungi, Hy ph omyce t es and 
Coelomycetes would idea lly be and are close to be i ng uni fi e d and cl.lss i
fied acco r d ing t o the conidiogencsis, the c on idioma from the pyc:n idium t o 
t he obso l e te e xposed c on id i al cell r epres e n t ing a contin uum, t he author 
sti ll uses th e t e r m Coe l omycete he r e for t he practical r eason o f deli
miting a wo rkabl e fiel d . Accepting t he majo r modes o f conidiogenesis as 
define d at the 1s t K.lnanaskis Con fe r e nce ( 1969) , Sutton proposes two 
c las ses in t he Deute r omycotina, the Thal lodeute r omycc t cs and the Blasto
deut e r omyc e t es, an d five o rde r s, the Th.1: 1la les, Ente r o thallales , 
Bl.1:S t3l es, Phiali da l es and Tr e t a l es, inst ead of the traditional Sphae r op 
sidal es, Me l ancon i .1 l es and Moni liales . The st ructure of the conid ioma 
delimits e vent ually the s uborde r s , f.i., i n the Blastales , the Bl asto
hyphineae ( b la st i c Nonili ales). t he Blastopycnidineac (bhstic pycnid ia l) 
the 81 astopycno t hy rine a e ( b l a s ti c Pycnothyriales ) and the Bl astos trom..,
tine a e ( bl.l s tic Me lanconia l es) . 

Notice t hat two o r ders, t he Enterothalloles and the Tretales. are 
not r e prensented amongst the coc l oo yc e t ou s f ung i so far but in t he Hy pho
myce t es only. The Coe lomycetes t raditi onally classified i n the Pycno
thyriales and now r epr esenting the Tha ll o pyc not.h yrineae, t he Blast opyc no 
th yrine ae an d the Phialopycnothy rineae, are not treate d fo r t he simp l e 
r eas o n t hat a lmos t no i nfo rmat i on o n th e i r conidioge nesis i s av.1:ilable. 

Sutton discuss the hypo thes i s of Ho rg.1:n-J o nes , Nag - Raj and Kendrid 
0972 ) that a d isi nct i o n might e xist between an a nn e l l idic con idiogenous 
ce l l and pe rcurren tl y prolife ra t i ng phialide but is not convinced. He 
prf' fe r ~ to base th e disti nction between .lnn e llidic and phia lidic 
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percurrcnt ly proliferating conidiogcnous cell on the single o r r epeti tive 
conidium production by e ach of the s uccess ive cells . There is the reason 
why some fungi having conidiogenous ce l l s l ooking l ike annellides are 
classified as r epetitively prolife r.:Jting phialidic fungi. 

Tn reeard of the amount of new i nfo r mation to be incl uded, the 
auth or chose with r eason to avoid any already pub li shed data and t o r efe r 
t o good des c ripti o n~>, il l ustrations or comment s pub lished e l sewhere when 
possible. Quit e a number of gene ra are t he refore not illustrate d . But 
it would have been of great help t o the users t o reproduce, at lea st, 
an illustration of t hose genera, t o give at o nce a ful l p i ctu r e of the 
group . The text of the book i s concise but clear. The paper, rnch e r thin 
but of good quality and flexib l e , makes the size of th e book r easonable 
i nd its man ipulation easy . The book is completed with adequate i ndices 
and a g l ossa r y. 

There is no need to say that t he Coe l omycetes a r e econom i c<~ ll y i m
portant p lant pathogens and material dcteriogcns. Not only should any 
mycologist we l come chis major contribution to the systematics of fungi, 
so also shou l d any plant pathologist, forest manager or mi crobiologis t 
concerned with soil biology or ma t e ria l deg radation be awa r e of it. 

Furthermore, taxonomists will appreciate being stimulated in their 
investigat ions by an author who, at almost every pa&e of his book, po i nt s 
ou t some \olays o f progress. 

A REVISION Of' CI/RYSOSPORIUM AND ALLIED GENERA, by C.A . N. Vlln COR
SHOT, Studies in Mycology n ° 20, 90 p . , 36 fig . , 3 pl., 8°, pape r 
cover, 1980. CBS Publi cation, Baarn Nederland. Pri ce HFL 2S. -. 

Chrysospori um Corda and the r e lated gene r a Myccliophthoril, Emmonsia, 
Zymonema, Trichospor i ella, Blastomyces, Gl enospocella and Geomyces are 
revised, including 38 species and variet i es. The redescribed anamorphs 
h.1ve either t hallic or bl.l s ti c conidiation and rh e xol )• tic deh i scence. 
Teleomorphs be l ong t o the Cymnoascaceae, Ony ge naceae, Ascosphaeraceae 
and Sordar iacene. The gen us Chrysosporium Corda is quit e an homogenous 
groupi ng now, Sporotri chum pannorum Li nk havi ng a distinct position in 
Geomyces. 

COELOMYCETES. VII. STEGO!ISPORIUM, by K.T . Van WARMELO and B.C. 
SUTTON, Myco l og i cal Papers n° 145, 46 p., 13 pl., 8°, pa pe r cove r, 
1981. Commonwe.o lth Mycological I nstitute, Kew Surrey, Eng land. 
CAB Publication. Pri ce t 3.00. 

The original spelling S tC!gonspor ium from Corda in Opiz 1926 i s 
accepted i nst ead of Fries ' s s pe lli ng Sce gonosporium 1849. Two spec i es 
are maintained, S . pyriforme and S. acerinum. Sixty five species are ex
cluded or questioned. The e xcluded species be l ong to Stigmina, MyXOCI:JClus, 
Coryneum, Cam.arospori um, Tcimmato s t oma, Dictyodesmium, Neohendersonia and 
Cama r opell um, with five ne"' combinations. Two ne .,.• genera, Stegonsporiopsis 
and Kaleidosporium are proposed with two ne"' c omb in.u i ons. Stegonsporium 
produces anne llid ic conidiophores with d ictyosepta te conidia amongst 
filiform pa r aphyses. 

CONTRIBUTION TOWARDS A RATIONAL ARRANGEMENT Of' THE CLATHRACEAE, 
by D.M. DRING, 96 p . , 27 fig., 8 ° , pape r cover, 1981, r eprinted 
from Kew Ballet i n , 350), 1980. Royal Bo tanic Gardens , Kew, Engl and. 
Price E 5.00. 

These are the conclusions of a long- term int e r es t .:md r ese3r Ch i n 
the Cl athraceae by the late Dr. Dring (t 1978) a nd of his personal 
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observa ti o ns i n W~st Af rica. It h as bee n fortunate th at the unfin ished 
manuscri pt could be complet e d f r om the autho r ' s large co l lect i on of noces 
and drawings . Dring r ecogn i7. ed 8 genera, llzc roC, Blumenavia, Clatllrus , 
Co lus, Tdeodictyon, !.a cccnco.1, Lysurus and Pseudocolus , and J6 species. 
These a r e full y desc ribed and illustrated , with syno n ym i es .:an d references 
to o the r va luab t e i llu s trnt i ons. The specimens e x.lmine d are a ll c iced . 
demonst r at ing th e o ft e n r estr i c t ed geogr aph i cal d istribu tion . The genus 
Clathrus , with 16 species, i s the l argest one and ap pears to t he autho r 
as the ances t e r of a d ive rsifying evolution . All t he s pec i es o f the 
Clathracca e , the exception of Clath.rus rubec a nd C. h i rudinosus r epr e 
sente d in Europe , Wes t Asia and No r th Af rica , a r e kn01JO from the othe r 
parts of th e vo rld and man y ore f r om tropical areas. 

THE GENERA OF FUNGI SPORULATING lN PURE CULTURE, by J.A. von ARX, 
third edi ti on, 424 p., 99 pl., 8" , kard cover , 1981. J . Cramer, 
Fl 9490 Vaduz, Li cht:enste i n. Pri ce DH 120. - , f o r s ubscr ibe rs 100.- . 

Th is t hird edition of Dr vo n Arx's book is a f ully r evi~ed an d ex· 
pandcd ve r s i on of the pr evio u s ones. The class i fication of the fung i has 
been eme nded acco r di ng t o recent advances . The Dothideales i nclude t h e 
Myri ang ial e~, Dothiorales and Ps e udosphae r iales . Th e Pez.iza l es i nclude 
the Tuberalcs. The Tilletiales are rein troduced . The Us tomycet:es (Ustila 
Si nal es, Exobasidla l es, Taphr i nalcs, Sporobolomycetal es and basid i omy
cetou s yeast s ) arc dist i nguished f rom th e Endomyce tal es o n mo rphol og i
cal g r ound s a nd Yall compos ition. Basidiomycete s arc not. othe rwi se trea 
t e d . All toge ther 853 gene r a are accepted, of Yh ich on l y 370 are gi \•en 
a n il l ust ration, one thi:td of th ese i ll ustra li ons bei ng new and based on 
r ecent studies. Abo ut: 50 gene ra , some of them be ing r ccent.ly desc ribed, 
are r educed into synonymy. Some gcne r01 r e jected in r ecent years are r e 
introduced, e.g. E:ndomycopsella, Ka:akulina and Bipola ris. lllust:r01tions 
a nd d icho tomous keys r e sult from s tudiel'l o f the fungi in pure culture , 
independent of thei r na tura l s ubstr.Jte. Keys have been ad justed to up 
dated te r mi no l ogy. The 1100 li terature tit l es i nclude t he most r ecent 
ones pub li sh ed i.n 1980. This edition, cert a in ly li ke t he previ ous one~. 
will be appr ecia t e d by those who h3 ve to i denl i fy Fungi from sporulating 
cu 1 tures . 

MARINE MYCOLOGr., The llighcr Fungi , pa r Jan KOHLHEYER et Erika 
KOIILMEYER, xii + 690 p., 127 fi g . , 8° , re li ~ toiU, 1979. 
Ac:ademi.c Pr ess, N.Y . Pri ce US $ 71.50. 

149 Ascomyc~tes, 4 Basidiomyc~tes, 56 Deut e r omycl! t es fi lamenteux 
et 177 levures sont l es ch amp i gnons supe ri eurs r~co l t~s ~ c:e jou r p r ~s 
de et dan s Ia me r . Des 209 es p~ces filament e uses rencontr~es, 191 son t 
sp~cif iques au milieu ma rin . C' est dire qu ' un ouvr age i ntitu l~ ."farille 
Mycol og l) ne saurait e tre de pure taxonomi c sans auss i considi! r e r l' Cco
l og i e. C' est cette nlliance qu ' ont f o rt bien re. us s i e l e s deux Olute urs. 
AprCs un e xpose des mi! t hodes ( chap. 2) 1 ' Ecologic des charnpignons cO ti e r s 
et mar i.ns met e n evidence l es relati ons champ i gnon- s ubs trat c hez l es 
especes de p le i ne eau, d ' estuaires, de sab l es, des ecurncs , des marais 
sa Us , des a l gue s , des 1 i.chens, des mangroves et des di!bris animaux et 
vi!e.etaux (chap . 3-19 et 21). Dans les chapitres t o uchant I a taxonomic 
(chap. 20, 22-28 ; 421 p.) les auteu r s proposent d'abord des cUs d i cho 
t omiques hades sur la mo rphologic sporale ou conidie nne e t: finement i 1-
l us tri!es par Erik a Kohlmeyer. Le princ ipa l chapit r e 26 comporte la des
c ription taxonomique des 209 c h ampignons fi l amenteux, avec synonymi e, 
photographies et biblioe.raph ie . Une no uve lle cspike e t 7 c orubi nai sons 
sont propose.es . 49 rejecti ons de noms do uteux ou i. nval i des sent Cnonc~es. 
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Dans l e demier c:.hapit r~ ,les levures sont r~pcrtori6cs , sans description 
mais avec indic3tion de leur hab i. ta t.Pres de 1400 nHt;rences bibliogru
phiqucs comp l i! tent l 'ouvrage. En mycologucs aver tis, les au teurs ti!moi 
gnent dnns cc livre d'un se ns a igu du d~tail ct une m:mi Cr c csthitique 
de le me ttre en va leur. Cc l ivre est une " somme." de ce domaine particu
lier de Ia mycologie. Sa qualire suscite l ' adm iration . 

MTC.~OBIAL POLYSACCH,l RIDt:.'S 1\ND POLYSACCJIARIDASES, par R. C. t.'. BERKE
LEY, G.W . GOODWAY and D. C. ELLWOOD ~dit., Publication de l a Soc ie ty 
for gene r a l Mic r ob iology, xvi-+ 479 p., ill., a•, reli~, 1979. 
Academic Press, N.Y. Prix US$ 47.00 . 

Cc livre est la synth~se de deux symposiums tenus ll Aberdeen en 
1978, l 'un sur The microbial cxtr.Jcell ular Polys.sccharides du Groupe pour 
1 '~tude des su r faces e t membranes de 13 Cellule microbi cnne, 1 'autre su r 
The microbial Degrad.Jr:.ion o£ Pol ysaccharides de I a Society for genera l 
Microbiology. 

Sans doute , cet ouvrage sor t du ch3mp habituel de 1a myco1ogie. 
Cependant 1a composition differ ence des parois des champignons s uiv:mt 
leur classe taxonomique est une r a i son de considirer cet ot•vrage de partie 
.:aussi fo ndamental e qu'appliquee. La detect ion, l'an.:al yse c t I a producti on 
de po l yucch.:arides et des enzyme s qui l es degraden t sont les objectifs 
d'une recherche de plus en plus active. Ce sont surtout les polysaccha
r ides cxtracellu l aires, comme l e pullul an de l' llurcob.Jsidlum pullulans, 
qui r etiennent 1 'attention. La paroi f ong ique es t done un o r gane essen 
ti e l. Sa composit i on, sa structure microscopique f ine , sa per~ab il i t i!, 
h structure biochimique, I 'activi tt: et la solubilit ~ de se s polysaccha
r ides sont autant d'.:aspects tra i t6:s dans ce li vre . l.a paroi se d~truit 
autant qu ' e lle se construit . Les polysacch.lrid<:~ses pr oduit es par les 
ch ampignons eux - mi!mes ou 1es bactiries associi!es agissen t <Ju niveau de 
l a pa rol fongique e t dans le mi li eu, tran sformant l es po l ysaccha ri..des en 
nutrients rccup6:rables. Ainsi l es ce ll ulases , chitinascs, amylases, glu
canases , pul lu lanascs des champignons ne sont pas les mo i ns connues. 
Ce livre s'adresse non seulemenr au microbiologiste er biochimisre indus · 
triel, m.:~is aussi le mycologue curieux de I a nature ex.:~c t e des champignons. 

STEROLOGICAC. METHODS. VOL. I. PRACTICAL METHODS FOR BIOLOGICAL 
Y.ORPHOHETRY, par E.R. \o.'ElBEI., 515 p. , il l., 8°, r e lie to i l~. 1979. 
Academic Press. Price US$ 66.50. 

L.:~ premi~re approche d 'un e rre vivant est d ' abord d' en s a isi r la 
fo rme. Au tr a v e rs du microscope, oU lc r e lie f disparait, la f o rme est 
celle d'une image, d 'un pro fit, d'une section. Le microscopiste, l e bio· 
logiste , le rDycologue traduit la vision de Ia f o r me (morphoscopie) e n un 
traci d'abord (morphogr aph i c) , e n unc d escri ption e nsuite (mo rphol og ic), 
e n une mcsure enf in ( morphomet ri e). La promot i on r~cente de la taxononie 
nu~rique accentue la n~ccss itl! d ' une mo r phom4 tri.e oi!thod ique e t t r adui 
sib l e en termes de rl:alit~. La r echerch e de ~thodes morphomi!triques 
valnbles est te but de l a st~r~o l ogie. Ces mithodcs sont ma t hl!mati ques et 
visent ~ r e lier les p.:~r.:~m~tres tri dimensionnels d ' un e st ru c ture spatial e 
aux mesures bidimensionnelles des sec ti ons de cet t e struct u r e. Inverse 
ment, elles fou r n i ssent Ia r i ponse ~ l a question: c omment interpr~t e r 
1' image vue a u mi croscope comme ex pression de I a r ea l i.ti! spatial e . 
L'auteur ne traite pas des fondeme nts math~matiques des methodes, les 
reservant au vo l ume 11. Le li vre est do ne d' un n iveau math~m.:atiquc acces 
s ible A qu i poss~de des notions de math~matique mod e rne . Par vo i e 
d ' cxempl cs, de photos et de graph iques, l ' auteu r exp l ique l es mithodes 
d'i!chantillonage des s truc tures A mesurer et la r ea l isation de mesur es 
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qui ne faussen t pa s lo rt:a lit~. 11 serait int~ ress ant que des mycologues 
exp~ r imentent l es r:'l~t h ode s morph omflltrique s propos~es par la st~r~ologie 

pro fit de l a taxonomie de s champignons . 

BULLETIN OF MYCOUJGY . VOl • . 1. N°L f!d ited by Sul t an AHMAD and S.H. 
IQBAL , Department of Botany, Unive r s i ty of th e Punjab, New Campu s , 
Lahor e , Autumn 1980 . 

We welcome t he appearance of this new j ourna l de voted to taxonomi c 
myc o l ogy from Pak i s t an , a country where surely much wa i t s to be disco
ve r ed and descri bed. The first is sue of t he Bulletin of Mycology contains 
inte resting pa pe r s on freshwater Hyphomycct es , on co pr o ph i lous Ascomyce 
tes, on Agarica l cs and o the r fungi from Pak i st an . We hope that the new 
journal r ece ives t h e attention t hat it dese rve .!! . 

SEXUALITY AND Pf,THOCENICITY OF FUNGI, ed i t ed by R . VANBREUSEC!IEM 
a nd Ch . DF.VROEV, 250 p. i ll. , 8° , ha rdcove r, 1981. Mas son, 120 
Bd. Saint Germain, 75280 Paris . 

Thi s is t he Pr oceedings o f the Th i rd i nte rnational Colloqui um on 
~le dical M>•co logy organize d by the Prince Leopold I nsti tut e of Trop i ca l 
Medecine , Antwerp, Be l g ium . 

The question rai sed at the beg inning o f the co lloqui um "Is t he r e a 
rel ationshi p be tween sexuality and pathogen i c ity t o ma n in fungi? " rece i
ved an ans wer far beyond any hope. That an s wer is that no r c tat ion be tween 
ma t i ng type and symptoms has been obse rved so f .1r, but th a t a c l ose r e la
tion be twee n the mati ng ty pe and the hos t o r bioto pe is demonstrated and 
tha t that r e l ation is determining particuLar geographical distribution. 
Be s i de the pathoge nici t y of mating t ype s, se r otypes, +and - types , s e xua l 
and ase xu.1.l spor es , man y corre l at ive aspecttt o f th e pathogenic f un g i have 
heen t r e at ed by t he 32 contr ibutors, like taxon0r.1y an d the r e l01tion ana· 
morph-te leomorph, gcnti cs, somatic h ybridization, sexua l s timula ti on, 
sexual test strains , [i l ament i zation o f yeasts . The book a n swers a numb e r 
o f quest ions raised i n t he taxonomy and ecol ogy of the f un g i . l t o ffer s 
\•aluab l e r ead ings for any my co l og i s t and fo r p lant path ologists . 

YEAST GENETICS AND MOLJ::CULIIR BIOLOG Y 1980. Reports, by A, COFFEAU and 
J .M . WIAME . 10 2 p. , 8° , paper back, 1980. Louva in -la-Neuve, Lab . 
Enzymo l ogy, Cr o ix du Sud I , 1348 Louvain -l a - Ne uve, Belgium . Price 
Workshop repo rts $ 10, Abstr01c t s book $ 20. 

This i s t he Wo rkshop Re port s of t he tenth inte r nationa l Ye as t Con
f e r e nce held at Louv<Jin-ln- Ncuve, September 1980. It cont.1.i ns 24 pl e nary 
present at i ons cove ring t he research progre.5ses on Saccharomyces cerevi
siae <Jbout its chromosome s t ructure and r e plic at i on , RNA, pro tein synthe· 
s i s , ce ll cyc l e, sporulation , r ecombination, mutagenes i s, r adiation r epai r, 
e xpress i on of cloned genes , mat i ng , r egu lat ion o f C and N, metaboli sm , 
mi t onchondria, kill e r s, ge ne tics e ngineering , evolution and taxonomy . 
It cc rt 3in ly l e ads to conclude tha t Saccharomyces cerevisiae is a 
favo rite mode l for s tudying the s truc ture and the ope ration o f e ukaryo-
tic cel l s. The Abstracts Book \>.' OlS d is tribu ted at the Conference bu t is 
st ill avai.tabl e, it re produces t he abstracts of each o f the 200 post e rs 
presented. 

INTRODUCTIOII TO FUNGI, by Joh n WEB STER, 2d ed i tion, 669 p . , 331 fig. 
8° I pape r o r ha rd cove r , 1980 . COlmbridge University Press. P. O. Box 
110, Camb ridge , England . Price h .c. £. 30 , p . c . 9.95. 
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Afte r the pub l ication of the fi r st e dition, in 1970, advances have 
been m:~ dc i n a ll fi e lds of my c o l ogy. Whe r e nec essa r y t h e t e x t has been 
a l tered o r expande d . Th e lite r a t ure c ite d is c ... •ice in number now. The 
a u t ho r a dopts the Ainswo r th, Spa r r o w a n d Sus s man' s system o f the Fun g i, 
as a separat e k i ngdom. The Ny xomycc t es are mo r e e xt ensive l y treated . 
The anamorph i c fungi, t he Deute r omyco tin:J, r ece i ve a spec i a l chapter 
wi th a desc ription of th e ir con id i. ogenes i s . Ne\ol and de tail e d a ccount s 
a r e adde d o n th r ee ecolog i cal g r oups of f ungi , the aqua ti c , the p r e da 
cious a nd the seedborne i mpe r fec t fun g i. Thi s reinfo r ces t h e aim of t he 
autho r t o be no t purely t a xonom i cal but to desc r i b e t h e fu ngi i n t he ir 
life beh avi our . The cla rity o f Webs t e r' s writ i ng, the prec i sion of the 
d a t a , the e xcellent se l ect i o n o f orig i n .1l pho tog rn phs a nd drawings 
a r e pr ominent ch arac t e ri st i cs of t h e book . The book i s an e xce ll e nt 
n a n ua l fo r t h e un i ve r sity leve l . f o r r e.1ch ing co ns t a nt ly t h e p r esen t 
l i mit s of knowledges, it conce r ns a ll stude nt·s of mycology. 

1/0 W TO KNOW TUE TRUE S LI ME HOLDS, b y M. L. FARR, in Pi cture d Key 
Natu r e Se ri es, 132 p . , 159 f i g . , 23xl 7 em, s p i r a l b i nd ing, 1981. 
Wm. C. Br o\o-n Co . Publ., 2460 Ke rpe r Bd ., Dubuque, l ova 5200 1 , USA. 

Th i s "pi c t u r e d key" t o the My xomyce t es is i ntended to be in t roduc-
t o r y and prac tical. The i ntroduc t ion s h ortly e xpl a in s wha t Myxomycetes 
are , h ow t hey l i ve , whe r e t hey growth, how to co llect t hem , how t o kee p 
t hem .1li ve , h ow to l ook a t t hem, ho""' t o de8cribe them, how t o p r eserve 
t hem . The keys to o r de rs, f am i lies, ge ne r a a nd species a r e a ll di c hotomous 
Speci fi c desc ri ptions,coawnents and illus tra t ions .1 r e g i ve n 3t e ve r y s pe 
cies keyed out. lll us trot ions are mostl y tine d r awi ngs pictur ing fru i· 
ting bodi e s and, e ventun l l y, capilli tium and s pores. At eve r y tn xo nomic 
l e ve l , indeed, t h e keys are cons truc t e d f r om both oacroscopi c 3n d mi c r o 
scop ic c haracte r s . Th ey thus are no t t o be c o ns ide r ed as f i eld kr.y s. 
The y cover a se l ec t ion of 276 common North-Ame r ican species of Myxomyce tes. 

TAXONOMY OF' THE I NDI AN MYXOMYCETES, b y T .N . LAKHAMPAL and K.G. 
KUKERJ l. i n Bi b l io t heca Myco l ogica vol . 7S , 53 1 p ., 40 fig. , 8 ° , 
hard cove r , 198 1. J. Cr ame r, Fl 9490 Vaduz. , Lichtens t ein. Pr ice: 
OM 120 , s ubsc f'i p ti on DM 96. 

Th e a u th o rs h a v e r e alised two aims . Tn the fi r st pa rt: of t he book 
t hey desc ribe , i n a t .1 xonom i c .1l o rd e r, a ll t he s pec i es of Myxomycetes 
t hat they r ecorded in 1000 spec i me n s from th e ir r es pective collect ing 
fie l ds, i. e. Hi o.1lahol Pr a desh an d De l h i . The Taxo nomy is tha t of Ma r tin 
and Al e xo pou l os (1 969 ) mod i fied by Al e xo po u los i n Ainswo rt h , Span-ow an d 
Sussm3n (1 9 73 ). The il lustration s a r e a ssemb l ed in 28 f ull-p3ge plat es 
of b lack and wh i t e ph o t ograph s o f s tan dard qual i t y an d 12 p lot tes of r a 
the r poor line-dra wings . In t he se co nd part o f the book , the a u t ho r s pr o 
duce an update d inde x of a ll t he I ndia n Myxomyce t es records d isposed i n 
t axon om i ca l o r de r, wi t h refe r ence t o the pe rtine nt li te r a ture. Th e contri· 
bution i s i mport a nt . Out of t he 4 50 presentl y k nown s pe cie s o f Myxom>•ce 
t es, 293 a r e reco rde d in I ndio and, out o f th o:o:e, 111 a r e recent l y r ecor
de d, b y th e a u tho r s most l y, a ft er t he publi c a tion i n 197 7 of Dr Th i nd ' s 
monogr.1 ph . 

BIOD£GRADATION ET IIUMI FTCATION, ATLioS ULTRASTRUCTURAL , par G.M . OLAH , 
0 . REIS I NCER e t G. KI LBERTUS , 334 p ., 199 f i g., 4 ° , cartonn~, 1978 . 
Les Presses de l' Un ive rsit~ Lov.1 l, Qu~bcc . Libra i rie Vui b.-rt, Pa ris. 

En 1974 , ~ ta i t o rganis ~ . lt Nancy, l e l er Co ltoq ue in te r nation a l 
l e t h l!me "B iod~gradat i on e t Humif i cat ion" ( Mycot axon 1V( l) :3 17, 1976). 
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Les a ut eur!';, o r gani satcu r s de ce Co l loque, o n t ra ssemb l d e n un at l as l~ur .!l 

document s de mi croscop i. e t! l ect r on ique i ll us t r ant d' une pa rt les a gen t s de 
1.1. b i od~g r adat ion dan.!! le so l ( bac ct!ries , c hamp l gno ns , algues b le ues , 
e t mi c r ofaune) ct d' aut r e pa r t les v i c times, l a ma til! r e o r ganique v ivante 
en d6p~ri sseme nt (ce l l e des a l gues , champi g no ns, b ryo phytes e t phan t! r o 
games ) . L ' at l as e st di v i st'- en ch ap itres i nt r oduit s pa r un t e xt e et un 
sch~ma e xp l i quan c l e processus de Ia biod~gr ad.1ti on dans l e so l . Les 
il l ust rations font f ace 11 unc 14.1gc nde brl! ve, 11 mon avis crop br~ve, ma i s 
s u i v ie d ' un g ran d nomb r e de r i'H~re nces 1t l a l i tt ~rat u re . Les photograph i es 
son t de bon ne qu :Jli t4 e t s usci t ent l ' int t! r @; t par l eur cho i x e t l e ur o ri· •• 
g in.llit ~. On y vo l t des vucs i n.nte ndues de hac t ~ r i es du so l ou co l o ni 
sant des hyphcs fo ngiques. Des i m.'l&es en omb r agc e t e n trans miss i o n i l
l us t r c nt 1.1 sporul at i on de d i ve r s ch nmpignons , un asq ue ope r cul ~ b~ .lnt, 

c:k!s anne llides, des con i dics e n grappe, des po r es scp taux, I a pe r fora t ion 
bact~r i e nnc de pnr o i s fongiq ues, la d~sorgani sa tion enz.yma tique de cellc 
ci , c t 13 r e pousse i nte rne d ' unc h yphc de r~g~n6rati on. Ce t a t l .1s es t 
di dac ti que e t pe rmc t tr .1 de vi sua l iser, da ns l ' enscigneme nt , un des grand 
ph~nom~ne de I a b io l ogic du so l, l c "turn-ove r " de Ia ma t i~ r e or go.n ique. 

C0,"1PEIIDIUM OF COTTON DISf:ASeS, pa r G. M. WATKINS, ~d., i n The Di sca · 
s e Compe nd ia Se ri e s , n•s, 8 7 p . , 45 fi g. , 59 ph . col., 4°, 1981 . 
TI1 e Ame ri can Phy t op.atho l ogica l Soc i ety , 3340 Pi l o t Knob Road, St Pau l, 
Mi nncs o t3 5512 1 . Prix US $ 11 . 

Ce compen d ium, cot!UIIC l es p receden ts su r les ma l adies du soya , d u 
f rorne n t, de l <l l uze rne , du ma l s , continue une s~ ric f o rt ut i l e a l a 
clini que des p lantes cu l t i vi!es . Plus de qua r ante speciali s t es ont con t r i 
b ut! A I a r edaction e t !' illus tration de ce l u i-ci. Pr i!s d ' une cinquant a i ne 
de champignons respon s ab l es d ' une pathog~n~se fong i que du co t onn i er 
sont envisages , Ia symptomato l og i e e t l' i!:pidemiolog i e dCc rice s e t l e 
trai t ement i ndiqu~ . A cOt e des ma l adi es fong i ques , l es au l res ma l adies 
biotiques et abio ti ques sont a uss i d~c ri tes e t ill ust r ees . Unc c l ~ syn
l htitique des sympt Omes pe rmet }' i denti f i cat ion r.api dc des ma l adies. 

THE CORTICIACEAE OF NORTH EUROPE . Vol. 6. PHLEDIA-SARCODOf/TI A, par 
John ERI KSSON, Kurt HJORSTAM e t Le i f RYVARDEN , p .lOSl-1 276, fi g . 
535 ·653, a•, b roch~ , 198 1. f ung i fl o ra , P .O . Box 95 , Bli ndc. rn , 
Os l o 3, No r way . Pri x Nkr 120. 

Soot d~j~ parus et r ece nsh dans Mycot3xon l es vo l umes 2 ( Alcu r o 
discus - Confertobas i d ium) , 3 (Cor nicl um - Hyphoderma) , 4 (Hyphodermell a 
- MycoacJ.a) c t 5 ( Mycoaciella - PhanerochtJetc). Dans le prCse nt volume , 
l e s auteu r s dtk r ive nt l es gen r es Ph l ebi a ( 31 especes ) , Repe t obdsidium 
(8 esp ikes ), Pi l oderm<J , Rcsin i c i um (3 espece s cha cun ) , Phl ebiopsis, Ra 
dulomyces ( 2 especes) e t Ph ysodoncia , Pl icatu r a , Pl ica turopsis, Podoscypha, 
Pscudome r ul i us, Pseudoxenasma , Pulcherrici um, Punc t u l it r ia , P..Jd ,.: l odon , 
Ram.a r ici um, Repe t obdsidiellum e t Sarcodon t iil monos p~c i fi ques. Les auteurs 
pro posent I nouve au genre ( Repe t obasidic l l um) , 9 nouve lles e sp~ces don e 
3 e n Phl ebia , 14 nouve ll es comb i n3isons dont 5 e n Phlebia e t un nom nou-

Ce r ta i nemc. nt , ce vo lume es t atte ndu, COII'IIliC le sont aussi les su ivan t s 

THE FISCIIER-SHITII CONTROVERS Y: ARE TUERE BACTERIAL DI SEASES OF 
PLANTS? , p<J r EN i n F. S!>11TH e t Alfre d FI SCHER, i n t rodui t et tra
duit de l' a llemand pa r c. Lee CAMPBE LL, Phytopa tholog ica l Class ics 
n• 13 , xviii + 65 p ., 40 fi g ., 8°, b roche , 198 1 . The American 
Phytopatho log i c3 1 Soc i ety, St Paul, Minn. , USA. Prix US $ 8.50 . 

Erwi n F . Smi th , Ame ri con p l ant pa t ho l o&is t , USDA, \o.'ashing ton, who 
has demons tra t e d expe rimenta l y t he pa thogen i c ity o f bacte ria t o p l ants 
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re f utes t hc ossertion of Alf red Fi sche r, a Germa n pro fessor in So t~ny nt 
the Un i ve r s ity o f Leipzig.~ of t he non- exis t ence of bacteri a l diseases . 
It ~as i n 1837. Fi scher answered by unjustifi.:~.blc critics about the 
Smith' s obse r vations an d e xperiments . Sm ith then t ook hi s own defe nce, 
ina l ong and convi ncing p3pe r (190 2) . As a r esul t , the existence of 
bacteri al d i seases was accepted , and the riv.:lls we re bo t h pronotec.l , the one 
as d irector of t he USUA Plant Patholog i cal Laborato r y , Wash i ng t on. t he 
other as professo r and d irecto r of t he Botan i cal Ga rdens <Jt Lhe Un i versi
ty of Basel. "The facts a r e God ' s, the theorie s .1 r c human"( Lo r d Ri pon, l8 7l.). 

TROPICA L HYCORRHIZA RESEARCH, pOlr Pcitsa mKOLA ~dit., Oxfo r d 
Science Pub l ica ti ons, xii + 270 p ., i l l. , 8 ° , reli l!, 1980. For the 
Int e r national Founda t ion of Sc i e nce, Ox for d Unive r sity Press, 
Walton Street, Oxford OX2 6DP, England . Prix t 15. 

Cc volume est cons t i tue des 31 cor.~munica ti ons presen tees a l' Inter
nationa l \.'o rkshop on Tropica l Hycorrhiza t e nu au Chana , en 1978, par 1 1 

International Science Found ation (IFS). El les se reg r oupent en quatrc 
themes : l es ec t omyco rhizes en rC.g i on tropicale , tes mycorhizes de l a 
vege t at i on nat ur.elle , nutrition m>•co rhizique des plantes trop i cales et 
myco rh izes des plant es agri coles. II es t interessant de constater l c 
rOle g randissant des ectomycorhizes dans Ia refo r es t at i on des zones n o
pica l es d6nudees . O. H. Ha r x f ait une r evue td:s Large des poss i bilites 
d'inocu lation de champignons mycorhizogenes, a t rave r s Le monde , et des 
mithodes uti l isees . D1 a utres donnc nt l cs rCs u lta ts particuliers obte nus 
e n l eur pays . La r echerche exp l o r e aus s i les mycorhizes nat urelles des 
essences forest i~res et de s plantes cu ltiv6es trop ica l es 1 en particulie r 
de l' Hevea , de l ' Elaeis, du cacaoycr, des Ci t r us et de s gr ami nees. Si on 
r echerche les facteurs qui peuvent leur C:t re favo rab l es, on s' inquiCtc 
de p l us e n p lus de l 'cffct nCfa s t c sur les mycorhi zes des (e rtili sations 
ch i mique s et des herbicides en for€t commc e n agriculture . La rny corhization 
es t un phCnomCne tel qu ' i 1 importe de l e conna l tre pou r l e maintie n du 
monde vegeta l et du nOtre . 

DEVELOPMENTAL MICROB I OLOGY . par J ohn PEBElWY, in Te rt.iary Leve l Bi 
ology Se ries , 230 p. , ill . , 12" , paper back , 1980 . Blackie&Son Ltd . 
Bishopbriggs, Cl ascov C64 2NZ . Pr ix [ 8 . 50 . 

Ce pe t it livre de microb i o logic es t .1xti sur l cs phdnomene de c rois
sance et de reproduc t i on. !I e n montre les as pects Les p l us f ondaoentaux 
de structure, de biochimie et de gCnCtique cell ul a i res e t les p lus appa
r ents de La mo r phologic , de l' accroissertent et de la formation :;exuec ct 
asexuee de spores, avec Le souci d'exp li quer Ia r e l ati on e ntre ces aspects . 
Si dans un t iers du livre il es t ques t ion de bactC.ries et virus vus sous 
l cs mCmcs aspec t s , ce Livre est pa r ti c ulie r par le choix des char:tpi gnons 
comme ma t~ rie l priv il egie d ' l!! tude du dCvcloppcmcnt (levures , myxornyd.tes, 
champignons fil amenteux , champignons sexuees et asexuees) . Cc livre es t 
des tin~! au nivcau du baccalaurCat ou " undergraduate ". 

BIOLOGICAL HEMDRAN£5, THEIR S TRUCTURE AIID FUNCTIO.V, par R, llARRISO~ 

e t c.c. LUNT , Tertia r y Leve l Biolo&y Se r. , 2e ed ., 288 p ., ill., 12 10 

1980. Bl ackie & Son Ltd . , Cl ascou . Prix t 7.95 . 

La s truc tut'c de La membrane ce l l ul aire, sa composition b iochimi.quc , 
les me can i s mes fonc tione l s de r econnai ssance des mac r omolecu les e t de 
le ur t rans po r t par l a memb r ane ce llula i re sont l e s s uj e ts t r a i t Cs pa r 
l es auteurs dans un Langagc c lai r e t a dapte au n iveau unive r si t aire. 
Cependant nous regret t ons que ce livre n ' cnv is.:agc que La ee l Lul e ani ma l e 
Ct qu' il f"C rnent i00ne qUI e n paS530t le$ l'ner.lb raneS veg~ t a l e Ct fong i qUC • 



NOTIC E S 

XV PACIFIC SCIENCE CONGRESS 

The XV Pacific Sci ence Congress will b e held February 
1-1 1, 1983, in Duned in , New Zealand. The Pacific Sci
ence Association i s respon s ible for the program, which 
is sponsor ed by the Royal Soc i ety of New Zealand . A 
fis rt circu lar may be obtained from The Secretary Gene
r a l, 15th Pacific Science Congress , P.O. Box 6063, Dune
din North, New Zealand. 

IMC3: ON HOUSING COSTS IN JAPAN 

Though i t is indeed true that Japan is current l y a 
very expensive place to visit , the organ i zing committee 
o f IMC3 is wel l aware that most myco log ists wil l not be 
able to spend great sums of mone y on housing for the 
congress. Dr. Keisuke Tubaki , a member of t he Mycolo
gical Soc i ety of America's ad hoc committee on IMC3 a r 
rangements, has assur ed us th a t though the meetings 
are planned for a downtown Tok yo hotel-convention faci
lity , there wi ll be many hote l rooms ava il able close by 
in less pres tigious hotels in the $15-20/ night (1981 
prices) r a nge. There have apparentl y been rumors that 
hous i ng cos t s would be sub s t antially higher. Our Japa
nese hos t s w iII do a II they can to keep costs down for 
participants. The same concern s will be kep i n mind 
for pre-congress and post-congress tours, workshops, 
and field trips . The Tok yo meetings will be from 28 
August through 3 September, 1983 . 
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AUTHOR INDEX, VOLU~IE THIRT EEN 

ALCORN, J. L . Cochliobolu.s ruvenelii sp. nov . and C. tr>ipogonis sp . nov . 
339-345 

Al.CORN, J. L. Ascus structure and funct ion in Cochliobol.u.s species 3119-
360 

AREN DHOLZ, WOLF-RUDIGER & RICHARD P. KORF . The publication date of Arcnd 
ho l z ' s thesis on leaf-i nhabiting Helotialcs 187-190 

BAKER, JOHN G. , IRA F. SALKIN, DAVID H. PINCUS & RI CHARIJ F. ll'A' IATO. Can-
dida parotl'opicalis, a new species of Candida 115 - 119 

BALAZV, STANISLAW , see m ETKIEWSKI d al. 
BEN- ZE'EV, ISRAEL, sea HUMBERt. BEN- ZE' EV 
BORELL I, DAJ\TE , see McGlNNIS & BORELLl 
CA.~DOUSSAU, FRMCO ISE, see PFI STER & CANIJOUSSAU 
CRANE, J. L., see HE WI NGS & CRANE 
O'M-tATO , RICHARD F., see BAKER & al . 
DUMONT, KENT P. Leotiaceae III. Notes on selected temperate species r e

ferred to He"Lo tium and l!yr..encscyp11us 59-84 
CAMS, \\1 , e, V. HOLUBOV1~-JECHOVJt. Chlor>idil.n and some other dematlaceous 

hyphomycet es growing on decaying wood. Corrections and additions 2S7-2S8 
GOCHENAUR, 5. E. Cyrenell.a elega~1s gen. et s p. nov., a dik:Jryotic ana -

morph 267-277 
GRUF F, SUSAN C. , see KORF & GRUF F 
GUZM>~, GASTON, see SCIIROEDER & GUZM~S 
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they are publi s h e d. The Li c h e n es E xs iccat i p a p e r {p p . 8 5- 104 ) is 
itse lf a n index, ref eren ce to whi c h i s indica ted by the nota t ion 
"see . " 

Acarospora see 86- 10 1 
Acaulopagc 276 
Actinomycc5 370 
Agar 1cus dc:curren s 156; rhod odendri 150-

153, 156; urt icicolc 388, 390 
Agrocybe t lbetens is 347 
Atector"ia see 86-101 
Aleurla a n namltico 458 
AlterrH1ri.:1 16, 18, 20, 22 , 24, 26, 28, 

32, 407: 'gr ' Er ostratoe, Prolifi lltHes 
20; 'gr' Erostrctce, Solltllr-iiU'! 16 ; al
ternat.l 26 , 29 , 30; c hl omydo!lpor n 16, 
18, 22, 23; ch r ysenthem i 16, 18 , 19 ; 
Melia n thi 16, 18, 19: limociformi s 16, 
2A , 25: long ipes 16 , 28- 33; moles ta 16, 
17-1 9 ; mouchaccce 16 , 18 , 20 , 2 1 ; r a 
dlclna 16: s ol<lni 28 ; tenuis 30: tenu
lsslma 16 , 26, 29, 30; t.-i t icina 16, 26, 
Z7; z lnn i<le 16 

Aman i t<s 112, 11 4 ; sec! LeoideHa 112, 
114; s ubs«:t Solita.-ioe 112, 114 ; s lirps 
Polyp y ram is 1 \ 4 ; stirps Strobiliformls 
IU; s t i r p s Vlrgineoides 114 ; ma r gi n ate 
11 2-114; musco1rio 347 

Amauroderma scnomburgk l i 18 1 
Amyloa.thelio 124 
Ana.ptych lol see 86- 101 : leucomehu:na v 

multif lda I circ lnolls 101 ; f verruc i
fera 102; p odoco r pe. v stelle. te 102 

A,..cylistes 201, 2 10. 481 , 483-407, 439, 
492, 493, SO\, SOZ: closter ii 482 , 484-
486, 488 , 490, 493 , 503: netrii 481 , 
482 , 48/t - 486, 488, 490, 493 , 503 ; pfe l f 
feri 482, 484, 488, 490, 493 , SOJ 

Anlhracob i ol mocrocystis 7 
Anthro1coth«: lum ochroceof lavum 86 
Anz •a see 86-101 
Arachnopeziza 6, 137 ; 'gr' Anomelee 14; 

'gr' ly pic.:ae 14; araneo f. a.-a n e.~t 
138; f. mon i llp il a 138, 139 ; a u rat.!l 
137, 139, 140; au.-e t la 13 , 138, 140 ; 
candido- tulvo 6, 13; cornuta 6, 13, 
14 ; lcon i n.:a 6 , 13 : ob tu si pila 138, 141 , 
142; trabinelloid e s 6, 14; zonu la ta 
138 , 141, 142 

A.-achnoscyph a 139; al"'onea 138 
A.-ctomia f!"'ut icos .J 98 
A.- thonia :.ec 86- 101 
Al"thap y ren ia ho1lod y tes 87 
A.-lholhellum see 86-10 1 
A1"11"1roderma. benhamia e 260, 261; simii 

Z60, 261 
Aurcobasidium 407 

Bac ldla see 86- 101 
Baeomyce s 5ee 86- 10 1, 328: acicular-i s Z98 
Baeospora ISO, 151, 168 , 169; pallida 

151, 168 

Balloce phala 200 , 204, 210 , 481, 4e3-489, 
491-493, L98, S01, 502; oedicellata 
482 , 48L, to85, 1t88,, 490, 493. 503 : 
SPIMerospora lo82 , 484- 486, 488, 490, 
493 , 503; verrucospora 48Z, 481t-486, 
488 , 4901 493, 498 , S03 

Basidiobolu5 195 , 198 , 201, 204, 206- 206, 
210 , 481, 487, t.89 , SOl, 502; mlcro 
sporu s 195, 208, 489 

Belonitt i'lme.-!can a 87 
Behrt~ nia ma ng lferae 335; mue ller i 335: 

on ir ic11 331, JJ3-ll5, 337; querna 335 
Bioolarl !i 339, lio4 ; mlcroous 349; .-ove-

nelii 340, 341, 345 ; l r lpogon is .344 
Btastoc l.;.di& prlngshelmll Z75 
Bot!"'yobo lus carasltlcu s 1182 
Boud ier11 d~nnisll 5, 7 
Bryo.-ia see 86- 10 1 
Buellia see 86- 10 1 ; s 1ram ln ea 103 

Cal ic ium see 86- 101 
Caloo laca see 86- 101 
Ca top lacom; ls s u bmexlcana 88 
Candelar lella see 86- 101 
Candelin~t :subm(:x lc ana 88 
Can dldt~ 115 ; pa r a troplcalls 11 5-118; stell-

ta loidea 117; 1roplcat1s 116. 117 
Cotenaria auxll i a ri ~ 483 
Ca l ll leria 5ee 86- 101 
Co vel"' n ula.-ia lo l)hyrea 88 
Cenomycc acicula.-l s 298 
Cetrarill see 86- 101 
Ce tre li a r:hi ci tae 88 
Chaeno thec:: "' bl"'unneola 88 
Ch aelop:sina 333 
CMaelosphat'f"ella 257 
Cl'laelo:sphi'l t:r ia 450; ca lllmorono to26 ; 

dingteyee 425; fuslformls 257; fusi 
SPOI"' a Z57 ; lllibotll 426 

Chiodec ton see 86-101 
cntorid lum 257, 4.50: codlnaeoldes :.so. 

455 
Chondrops is sem lv i r idl s 88 
Chr ysei d ea 331, 333 ; a f.- icana 331 - 333, 

337 
Chrysospo.-ium Ol!l nnorum 371 
Ciboria 79 
Clborinla 405, to06 ; candolleana 405, 406 
Ciodie :see 86 -101; galapagosensls 101; 

e olia 101 
Cladlna g al apagos.:n s is 85 , 89, 101 ; po

l i e 8S, 89 , 101 , Sutl lenuls 89 
Clt~donia see 86- 10 1 ; p l lea1a 328 
C tadosoorium 127, U07 : banll a num 127-

130, 132, 134, 135; lrlcholdes 127, 
128 . 132, 134, 135 

Clavoria nigrita 362 
Ctava.-i ant~ 276 



Clava iOSPOra 7.76 
Cochllobolus 339, 342, 344, 345, 349, 

350, 353, 356 -358: bicotor 350; ca .-b o
num 350, 351; cymbopogoni5 Ji.4, 349, 
351, 353, 354, 356-358; cv nodon!I S 
350, 3!. 1 , genic. ul otu~ 350, 351 ; hawal 
lensls l-44, 353, 356: hctc.-o:a .-ophus 
lio9 , 351, 352, JS4; homomor phus 349-
351 : in le.-medius 350. 351 : kusa no l 
351, 353, 356, 358: lune lu s 350, 351 ; 
m l alo;~l 350 , nodulosu~ 349-351; palml
vo.-a 350 ; .-evc nelii 339, 341 , 342, 
344, 345, 353, 356: so ti vu!> 349- 351, 
3S8; silht~.-nmii 350, 351: s oiclfe.-
350, 351 , spo.-obol i 342; t.-i pogonls 
339 , 342, 344 , 345, 353, 354, 35E-; ,,. , _ 
1ic.l 351 ; ... lc !orloc 350 , 351, 358 

Cod inaea 419 , 425, 426; apica lis 426 ; 
aclc.ul alo 425, 450; aros tata 426; as
samico 426 : botull soor a 426; b.-cvlsclu
lo 425 ; br i tann ica 426, ~>SO: c la vula ta 
426 , t.51 ; c.ylindrosoor.o t.26, 450; dl
morpho 451 , 453-455; eucalyp t i 425 , 
450; fc.- t ills 426, 455; glauco-n ig ra 
426: g on y J.- ichoo cs t.26 ; h ughcsll t.26, 
450: illi noensls 419, t~20, 425; tong l
!.poro 426; lunou11 426, 450; lunulo5PO
,.a 421, 422, 425 ; moha.-,os htrensis 450; 
mo ls u shi moe 423-425: novac-gu lneensl s 
425, 450; obcsiscora 425 ; palo;h alensls 
426, 451: oorv o 426; s epJ<H a 450; se
loso 426 : s imp lex 426; unis.ctula 425 , 
t.50, v ulgari s 426 

C~ loct~ulon sa- 86- 101 
Coelomomyccs mi lkol 232, 482, t.83 , to9to 
Coenogon iu m see 86- 101 
Collcm o see 86 - 101 
Coll .- ici t~ 183: S•d croides 183 
C~pletor i o 200, 210, 481 , '•83-to87 , 490, 

492, li9t., 502: complens 482 , 484-486, 
488, 490 , 1,94, 503 

Conid lobolu s 192, 196, 199, 201, 203-
205, 207- 209 , 211, 212, 216, 217, 219, 
222 , 225, 228, 231, 232, 481, 482, 
486, 487, 489, '•92, 493, 499, 501, 502: 
adi.:acl"iluc 204 ; ap lc.ulatus 231: corona
Iu s 207 , t.86 ; major 231; ob sc ur-u s 217, 
223, 224, 231 ; pa pl llatus 231 ; thr-om
oo1dcs t.2, 209 , 212, 217 , 219 , 221, 
231, to91, 512-513 

Co n ioth yr-i um 371 
Cono t.-cma see 86-101 
Coprinopsls friesll 376; ph ... eosp or us 394 
Coprinu s 374, 386, 390 , toOl ; sect He.-b i-

col.:ac 373, 374, 386, 390, 392, 400; 
.:amphi b lu s 373, 378, 380 , 397 ; orgc:n le 
u !O 374, 380, 386 , 390, 395 , 396 ; ou
s tr-ofr iesll 373 , 385 , 378 , 392, 394, 
395; brasslcac 373, 378 , 386, 388, 
390 , 394 , 397; bu r kli 375, 392 ; cinc l'lo
nens ls 376, 388 , 392, 395 ; fricsii 373, 
375, 376, 378, 382, 385, 366, 392, 
393, 398 , t.OO, 404; v mic:rosporc 398 ; 
hcrbivor u s 375, 378 , 388, 392, 395, 
404 ; her inlc il 374, 376, 39t., 397 ; kubi-
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Clcilt! 373 1 37t., 378, 380, 381 , 386 ; 
mt~yso1di sporu s 373, 374 , 380, 381 , 
382, 384 , 386, 387, 389, 390 , 393, 
396 , 400-t.02; mclo 373, 378, 388, 390, 
397 ; mic.r ru;pe.-mus 398 ; neotropic.us 
373, 375, 390, 394, 395: poleolrop lcu s 
373 , 375, 390, 394 , 395: pal ll d lsporus 
398; phlleoSPQI'US 373 , 375, 376, 386, 
392, 394, 396 , 397, t.OO , to04 : v soli Io 
r i u s 398; picosporu s 400; plt~t y pus 

398; pseudnf.-iesii 373, 376, 394, 396, 
397; psychromo.-bidu s 373 , 375, 376, 
378 , 382, 384, 386, 387 . 390-393, 396, 
400-402 : pusio toOO: rl'lombi s pol"' uS 373, 
376, 378 , 393, 4()1. : r omagncsi 400; 
s 11 ichi.eu: 373 , 376, 378, 393; solitar i
us 398, s ub t lgrine llus 376, 380 , 395, 
396 ; sub u.- l icicolo 373, 378, 388 , 390, 
397 : t ig.-incllu s 376, 380, 395, 396 ; 
lria n gulosoort~ 382 ; ul"'t lc icola 373 , 
375, 378, 382, 386, 388, 390 , 394 , 
397, 399, 400 ; w l llt~pocns l s 381 ; xan
!holepis 373 , 376, 394, 396 , 397 

Cora povonio 90 
Col"io1oos is o spe.- 179, 180 ; b.-u nneo-

lcuca 181 ; COPCr"illil 179, 182; po ly zo no111 
181: songu inorio 178, 183, 184; Slru
mosll 185 

Cornicular ie see 86- 101 
Cor!ic ium cr cmco isabcll ln u m 125 : subllla

quealum 126 
Cor ync te s 363, 365; a r cnarlus 365 ; atro

purpureus 364, 365 ; gtobos us 365 ; 
purasccns 365 ; .-obust u s 365 

Corynooh o.-on co lcnso l 326 
CI'OCicreo s 69 
Culic lcolo 196, 198, 209, 21 1, 228, 23 1, 

••• Cu.-vulo.-io 411 
Cyclomyc.cs 181 ; fu scus 181: setl po.-us 

177: tabac.inus 182 
Cyli ndroJ.- ochum 257; c u rvat u m 258; tl

l isil 257; g orli 258 ; he llsc lformt'l 258 ; 
oblong•s porum 257; p.-o t lfe.- um 257 ; tr i
s cotatum 257 ; zlgno~llae 258 

Cyo hctiops ls oolanderl 90 
Cyphclium inQuinans 90 
Cyrcnc ll a 268, 275, 276 ; elegan 5 267, 

268-270, 272 - 276 
Cys tocotcu s ebeneus 90 
Cy1os pora 371 

Dacryoplnax 428, 430; d enni 5il 430 ; eie
gans 430; indacochettc 429, to30; mar
l in ll 429, t.JO : maxldorii 428-430; spo
lhu lar la 430 ; yungensis t.JQ 

Dactyllna see 86- 10 1 
Oaeda lca, 176; au lax inn 176; flo vi do 

176; full glnosa 176 ; lurida 176; micro
zona 176; plumbea 176 ; pruinosa 176; 
s plendens 176 ; vio l"'celt 176 

0 .1 .-b lshl .-ella gr .. c.llli mll 90 
Dasy sc y oha coerulescen s v dea lboto 148 
Dasyscyohus 6, I to 
Oelacrolxla 207 



530 

Dendrograpna see 86- 101 
Oermatocarpol"' se-e 86- 101 
Des mazieria see 86 - 101 
Olc t yochae ta 451; fueg l ana 451 
Dl c tyonema see 86- 101 
Olc l yopanus 177 
Olmelaena 5ee 86- 101 
Dimer omyces a berrans 470 
Olmorphomyces 470 
Olplolcea canescens 90 
Dlplosc h lstes see 86- 101 
Olr'l na see 86-1 01 
Dlrlna r ia s ubconf lu ens 96 
Ool lchocar-pus chl lensls 90 
Drech sl e r a 339 , lli4; tr lp ogon ls 342, 344 

Embelllsla 18 , 24 
Empus a 4 1, 229, 513, 514 ; su bg Tr lp lo

spor lum 219 ; a p hldls 514; a p icu lo t o 
201, 211, 216 ; car ollnlana 197, 213 , 
227, 5 12; d lpterlgena 219; torficu lile 
5 12; fresenll 219, 227; gcomc Jo-oli s 
509; ma j or 201, 21 1 , 2 16; musc o.c 227 ; 
occ lde ntall s 509; pap i llat a 21 I , 216 ; 
tha ... cerlana 223, 2211 ; vl r escens 213 

Endocarpon see 86-101 
Ent erogra pha see 86- 101 
Et'ltomophaga 192, 196 , 199, 201 , 209-

2.1 1, 2 1.6, 228 , 231 . 486 , 492, 502; 
~wylli 199 , 221; ooscur a 224; thax te r 
ia n a 22.6 

Entomoph thora 1 ~2 , 195, 196 , 198-200, 203-
205, 209-211, 219 , zzc, 725, 227 , 229, 
231- 234 , 473, 483 , t.86 , t.81, 499, 501 ' 
502, 5 13 , 5 14 ; aph ld l 'i 202, 214 , 2 15, 
509, 51 1, 5 14 ; apic uleua 204 , 225 , 
23 1 ; l!Q u ~:~ t lc .a 2 13; batl<ol 232 ; bulla 
to 473 : canadensis 509; caro lini an a 
512; carpt!nlieri 204, 205 , 2 11, 2 12 , 
216, 217 , 510; coleopler o r um 21 1, 2 17, 
218, 509, 510 , c rt'alono tu s 474 ; cru'i to
s o 509 ; culi c is 198, ZOO , 2 10, 231; 
curv isoora 229, 230; de lphacl'i 212; 
delp inio n o 2 12 ; e la ter ld lphaga 509 ; e 
rupt"' 211 ; eKitialis 511 - 513; ferrugl
neo 512 , 513 ; fo rfi culae 512 , 513; gl
gl!n te4 232 ; gloeo~poro~~ 194 ; g!"ylll 
228, 232 ; h enrid 509, 510: l9 nobllls 
219, 223, 22L; ma jo,. 42 , 204 , 225 , 
231; mu5C4e 196, 198 , 203 , 210 , 22 1, 
L81, 501 : nebrille 509, 510 ; obKura 
199, 219 , 223, 224 ; occide n tall s 41 : 
ovisp o!"O 229, 230, 508 ; p apilla!.& 204 , 
225, 231 ; c h y tonomi 509: p1anc h onlo
ne 210, 224 ; rodican~ 228 , 229, 507, 
509 ; 5phaerosperma 41 , 47, 202, 210 , 
228, 507, 5 14: tha Kter ia nll 199 , 219, 
223, 224 ; thr ioid iu m 2 11 ; lu o·b ina t e~ 

194, 198 , 199, 208 , 228 ; ve r micota 
LS I , 482. 486, 487 , 489 , 491, 499 : v i
!"ulentl! 42, 209, 217 , 2 19, 23 1, 491 , 
513; we be !"i 210 ; Zllbr li 5 11 

Ephcbc l.ano':lto 90 
Er yn l o':l 192, 194, 196- 198, 201-205 , 208, 

211 - 213. 216- 218, 225 , 226 . 228- 230 , 
471 ' 472 , 471., 475, 486 , 499. 502, 506-
51 4; amer•c<:U"'a 473, 51 1 ; .t~op l"l i dis 509, 

514; aquati c .tlo 2 13, 51 1: a r re-noc tona 
203 ; blunk i i 5 11 ; br~hml nae 5 11; bul
la!.-, 471, 472-474 , 479, 511; ca t tip l"lo
,.ce 51 1 ; cont~densis 509 ; ca ,.ollnlana 
197, 196 , 202- 20 5, 2 16 , 225, 508 , 512 ; 
CC5 1 1'4 n~ 512 ; c:o lt.-opteronom 509 ; coni
Cl! 225 , 511; Ct'<'t'!>S itunicala 509 ; c r-ea
lonoli 471 , 474, 511 ; c ru s tosa 509: 
curv i:soort~ 51 1; delph.acl s 212-21 5, 
5 11 ; de lpln l~na 212-2 14 , 511; dl pu.•r l
gen4 51 1 ; ec.hino:>po!"tt 511: ela ter ld l
o,.,ag.-, 509 ; er lnace<1 2 17 , 51 1 ; fo!"m l
cae 471 , 475, 476, L78, 479, 5 11 ; g~
met r-a lis 509: gloeosoora 51 1: grdcili'!> 
511 ; h e nri ci 509, 5 10 ; hha c e-n sis 212 , 
217 ; jacze ••;:Skil 509 ; la nceol a ta 509 : 
magna 5 12; mon ta n a 51 1 ; my,.mecopha
ga lo7 1, 476 , 477, 478 , 5 11 ; neo r lae 
509; n eoaphi d ls 42 , 202, 2 14-216 , 5 11 , 
514 ; noury l 5 11, 5 13; occldentalls 
509: o r ientll li!!i 509: ov isoora S07, 508, 
510 , 5 12, 514; pha 1anglcida 512 ; o hal
loides 509 ; phy tonomi 509 ; radicans 
509 , 5 13 , 514 ; r h izospor a 512 ; seoul
d"' r-.t~H !I 5 12 ; va!"iabili s 5 12 ; v l r escens 
512 ; vomilori4e 512 

Evern io prunas tri 90 
Ev ern il!St !"um !lee 86- 10 1 
EK!Ierohilum 339 

F.::ovo lus 176 ; br-o !llli ens is 176 , 177 ; f i 
b!"i l losus 176 ; fi ss u s 176 ; gr.t~onulosus 
176; guadelouoen sis 176 ; junghul"lnii 
177; multipleK 177; pe hl!lu!l 177; oh i
l ipp ln ensi s 176, 177; !IPOtulotus 177 ; 
tener 177: ten u issl mus 177 

F ibulopor 1o3 5ubverml spor a 109 
Filobasidlum 271 
Fames t asc iatus 183 
Fom• to p sis 183; rl'lodophaeus 183 : 5cute l

la ta 183 ; s uo in a 181, 183 
Fu lgf!nsla descrtorum 87 
Fusarium roseum 370; s emltectum 371 

Ga 1ac t in ia 462 ; mega losoerma 462 ; O!leu 
dosuccosa 461, 462 ; f mo.c,.ospor.:. 462 

Ganoder ma 175 , 182- 184: aoplanotum 
182 , 184; tuc idum IBZ- 184 

Geog lossum 361 , 365; gluti n osum 362 ; nl
grl tum 362 ; v n lgri!um 362 ; urnbr a t i le 
v umbrat i le 362 

Gt oblfomes graveo lens 178 
Gl~yst l d l ell um 36 ; fu rfuraccum 39 : 

p!"opinquu m 36 ; sl bklc~o~m 36 
Gl~ys l l dl~o~m lac t lco lo ,. 36 
Gloeog lossum 361, 362 ; glul l nosu m 362, 

363 
Gl~por-us 177; leotopllus 177 ; ousi l1us 

177 
Gly pholecla sca o ra 91 
Graph ls see 86- 101 
Gym noderma see 86- 101 
Gyroslomum scyphullfer um 9 1 

Haddow i a 182 
Ho~u~matommll see 86- 101 
Halys lomyces 407 , 408 ; saxatllis 408 



Hap tog loss a ~<83 
Helminli''IOsporlum 339 
Helocarpon 290; crassl pes 291 
Helotium 59, 60, 62, 65, 79, 80 ; a !Do

punctatum 62; c arplnacola 69; cauoa
tum 62, 83 ; conoca rp i 62; dearness!! 
62; eplphyllum 66, 68 , 74, 76; erratl
c um 66 , 68, 69; fastldlosum 69, 70, 
72; fr".!IU~r"num 72 ; lmmu t aD i le 68- 69, 
73, 74, 76, 83 ; Iinder! 76; mio landen
se 65 -66, 69, 76, 78: ph y llogenon 79, 
80 ; phylloph ilum 79; r"ufo- corneum 59 ; 
transl ucens 80, 83 

Heppla lutosa 91 
Her-pomyces lo 10 
HEAPOMYCETACEAE 469 
Her-pomyceteao lo69 
HEAPOMVCETINEAE 469 
Heterooasldlon annosum 183 
Heterodea mu eller- I 91 
Heu~rodermla see 86-101; bar-blfera 85 , 

101; c lrcl nalls as, 101; s tell a ta 85, 
102j Vctn"UCifer"a 85, 86, 102 

Heter"om)'CCS 328 
Hexagonla 177; bl umei 177; cingu lou a 

177: Oregea na 177 ; glabra 177 ; hirta 
185 ; molkenboerl 117 ; p ulchell a 177 : 
ta baclna 177 

Hubbsla lumbricoldes 91 
Humar-la gr-egarla 5 
Hyor opus 150, 168 , 169 
Hydr oth yrla vl!'nosa 91 
Hymenoch ae te 241, 254 ; acanthophysa ta 

2.t.1 , 249, 251, 252 , 2S.t., 256 ; clnna mo
mea 2S.t.; olgltata 241, 246- 249, 25/., 
256; ha ,.pago 241 ; haul!'r-shwii 241 , 
251-256; plnnatifi da 241 -246, 254, 
256 ; separ-ablll s 2&1 ; spa thulat a 2.t. 1 

Hymenoscy phus 59, 60, 62 , 65 , 69, 72-
7L, 79, 80 , 83; albopunctl'ltu<; 62: Cl'lu
d atus 60-62 , 65, 66, 69, 72, 76, 79, 
80; cer-eu s 6 1 ; d ear-neS!:-11 60, 62-64, 
66; epiphyllus 60 , 65 , 66 ; ••rrcHicu :o; 
61, 67, 69; frate r nus 72; immu l.,bil is 
60, 65 , 73 , 74; la siopodlus 61; leu coo
sls 61 ; mu s icola 61 : phy llogenon 69; 
p hy lt ophllus 79 , BO ; ruhxornf'u~ 00 ; 
sc lerogenus 61 ; scululus 61; s~rot in us 
61, 72; transluc~n.s 61, 80, 82 ; umbi l i
caluS 60 

Myphod lscosla ~urop'\e"' 455 
Hyphodon 1ia setulos<'t 111 
Hypocenomyce fr iesii 92 
Hypoc.hn icil'!llum 124, 125: c.remeo isabell i

num 124 , 125; mol l~ 124 , 125; ovoide
u m 124, 125; subil illquealum 12lo- 126 

Hypog)l mnia 5t!e 86-101 
Hyoot,.achyn~t b os trychodes 94 

lcmildoPh i Ill f':r icelorum 91 
l ngad er i" pu lcherr imn 91 

Knightielle sp lachni r ima 100 
Koerber la biformis 91 

Laccarla trul!l s at:t 267, 269 
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Lechnellule 145, 148; pillospor i ssp a%0-
rlca 145, 146; s sp piltosoorl 146 ; pul
ver-acelll 145, 147 ; viridi-g lauce 145, 
148 

Lacnnum 139 ; a r-a nea 138 
Lamia cu licis 217 
Lamprosoora ova l ispora 7 
Lasalli lll see 66- 101 
Le xi texlum 35, 36 ; bicolor- 35, 36 , 39 , 

LO; incrusletum 35, 37 , 39 ; lutescens 
35, 36 , 38-40 

Lecano c t is see 66- 101 
Lecanldion 350 
Lecanore see 86 - 101, 103: p i n guis 102; 

pseudopingui ~ 85, 102 , 103 ; sulphurea 
104; teJ<ane 85, 103, 104 

Lee idea see 86- 101, 291; crassipes 291 
lec ide lla e 1e.eochroma 93 
Leciephys mo finmo r kic um 447; l u rfur

:t scens 447 
lendlcs 177; a c ut:t 176, 177, 181, 185; 

be,.keleyi 177; b e lu1in:t 177, 178; cdl 
ato 178; c legan s 178 ; guil lem inl~:~ na 

178 ; JUnghu l'l n h 178 ; juvenile 178: mu 
rina 176 ; myrloph y lla 178 ; pl:tt yph)l l 
la 178; pl.:u ypodo:~ 178 ; tenu is 178; 
vc~oocca 176- 178 

Lcor-ocoulon see 86 - 101 
Lcotogi u m 5ee 86- 101 
Lcoto~ph<~cri a 350 
Lcp t o~poromyccs 124 ; ovoToeus 121., 125 
Lctl'lar-la sec 86- 101 
Lcucogy r o phan l! 124; crcmcoisabl'!l lina 

124; mollis 124; sublllaque ata 124 
Llcl'len cer-eolu s 302 
Lichina see 86- 101 
Llg no sus sacer 183 
Lobaria see 86 - 101 
lepadium pez lzo ldeum 94 

Macr-oblotopnthora 48 1, 486, 498, 499, 
50 1, 502; vcrmicola 484, 485 , 488 , 490, 
499, 501-503; vl mar- lensls 482 1 484, 
685, 487-490, 498 , 503 

Macr ospOI" ium longipes 28 
Ma r-a s mlus 150, 168; decurrens 152, 153 , 

156 , 168; r es lnosus 150, 152, 156 ; v 
candidl ssl mus 152 , 156 ; v nlveus 152, 
153 , 156 ; r hododendr l 151, 168 

Mar-onella lar lcl na 94 
Masonhalea rlcl'la r-dson ll 88 
Massospora SO, 51, 53-55, 198, 1.00, 205, 

206 , 210, 2 11 , 227, 486, 492, 501 , 502 : 
c a rlne cae 55; clcade llae 50, 5 1- 53, 56: 
clcadlna 51, 53 , 55, 22 1: di C(•roJJroc
tac 56: olm lnuta 55 ; d ori sianae 53, 
55 ; fidicinae 56; levlsoor l'l 50 , 53 , 
55 ; ocy pel eS S5: p~h~rl ae 50 , 54-56 ; 
pla cy p ediiHI 56 ; splnosa 55; a>ll ig .. ti .; 
53 , 55 

Mastod l a tes~lla t a 94 
Me lanarla m.e l anospora 94 
Melanello~~ se-e 86-10 1 
Menegazzla Sec! 66-101 
Merls t acr um 192, 200, 20.t., 208 , 210, 

232 , 481, 453, 485, 486, 494, 
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(Mer islacrum] 495 , 498 , 502; a s terosper
,.,um 482-491, 494, 495, SOl , 503 : 
mi\kol 232, 484 , 485 , 488, 490, 494, 
495, 503 ; p~ndulatum 481-483, 485-
487 , t.89. 491 , 495 

Mica rea denigrt~t a 96 
Micr og lossum 361, 363, 365; atropurpure

um 364; oll vaceum 363 , 366 
Micr oporu s 162; aff lnis 182; scoputosus 

182 
Micro t helit~ micu l"' 94 
Miy oshill fuslspor;;. 257 
Miyosh iel la fusispar"' 257 
Moe lle .-odiscus 62, 79 
Monoicomyces leptoc:hi ri 416 
Monospor- iu m minuti s!'l imum 371 
Mort ierella e lc i na 370; grC"'cllis. 370 ; lsa-

bel1ino 370; n ana 370; v lnacea 370 
Mucor fr-ogilis 370 ; varians 370 
Muiogone 207 
Mycena 150, 168, 169 ; kalalochensls 

ISO, 156; r or idi'l 168 
Mycogloeno myricae 94 

Nemlltop hthora gymnophl la 483 
Neofusc.e lia see 86- 101 
Neophy l lis me lacarpa 9.t. 
Neozygi tt>s 196, 198, 208, 2 19, 228; a p h l-

di !l 2 19 ; tu rblnata 194 
Neohrorna see 86-101 
Neohmmopsis see 86-101 
Neurooogon see 86- 10 1 
Nlo 276 
Nigroporus durus 183; vlnosu s 184 
Normend io a pu lchell a 94 

Ocellulbri a elba 94 
Ochrolech ia see 86-101 
Omohalerl ll k ansana 94 
Omphall.a r h odudtondrl 150, 152 
Omohalodi u m a rizonlcum 91 
Omo h a lops is rhododendri 152 
Ooegraol"la s a x icola 94 
Osoriomyces 412 , 4 \6-li \8; rh lzophorus 

li12, 413, 4 14, 417 
0~< )' DOrus cervino-yi lvus 185 

Pachyella 367 , 457, 458, 463; adn<:~ua 
458, 463 : aqua tilis 458 ; b abingtonil 
368, 458, 463 : cly o ea ta 455, 460, 463 ; 
l"l ydrop l"li la 457. 458 , 463 ; megtt losper 
ma 459, 463; peltata 457, 459, 460 , 
463 ; pKUdoSUCCOSll 457-459, 461 1 463 ; 
pun c t isporo11 457, 458, 461, 463 ; vlota 
cconigro~~ 462, 463 

Panellus 177; ousillus 176 
P.:annarla see 86- 101 , 4.34, 44 5 , per.i:r.o i-

des 434: !"'ubiginos a 445 
Paracnnooez iza rn iniop sis 14 
Para thel iurn see 86-101 
P.:~. rmelia see 86 - 101 
Porme linll ga lbina 95 
Parmeliopsls see 86- 101 
Parmotrema see 86-101 
DeccGnia see 86-1 01 

Pe l tlg e r a s.ee 86-101 
P e il ula see 86- 10 1 
Pe nicillium 370, 37 1 ; a spcrum 371 ; chry
~genum 370 ; coryophr lum 371 ; fr eque
tan s 370; funicul osurn 370; kcouscin
s kll 37 1 ; p l netorum 370; r e s ide tum 
370; solltum l70; sopp l 370; thomii 
370 

Pertvsarl a see 86- 101 
Pezl :.ea 457 , 458; aa1.h1t llis 457 , 461, 

462, 464; al roviolacco 368: c and ldo
fulva 13; c audate 62; e oi ohyll a 66, 
74, 76 ; ex.ldilformi s 458; leon in a 13 ; 
phylloph ll.a 79, 80; pun c !l so o r a 461: 
violaceonlgl"a 462 

Pe l':o lorna lar ldna 14 
Plu •eog rapMi na see 86- 101 
Ph.tu~ograph ls see 86- 101 
Ph<:~eo t r ichocon ls 338; a ura la 331, 335-

339 ; c r o ta larlae 338; ul"lu" ia e 338 
Pht! llinus 178- 180 : a ppos i tu s 178; c cll i

mor phus 179; ch r yseus 179; cx.tensus 
180; fa s tuosu s 180; gi lvus 179, 184 ; 
Pt:e tlnatus 181 ; senex. 178 , 181 

Ph ia h!i< dea r ncssll 62 , 65 
Phlebia s uboc:hracea 11 1 ; s ubs eri4t ls Ill 
P h ylliscurn see 86-101 
Ph yl loporla c hryslt a 184 
Physcl a see 86- 101; barbifer:a 101 
Physconia ~ 86-101 
Phy!!tma byrs inum 97 
P i lophoron 290; sec t Eupilophoron 316, 

317 ; !SK I Nlgr lcaulla 3 16, 317 ; cereo
lu5 315 ; polycar pum 317 ; robu~tum 97 

P i lophoru:s 289-293 , 295 , 316, 317, 326 , 
326 : sec. I Eupi lophol"uS 291; S& l Nlg r i
caule 291 ; a c lcul arl s 292, 295 , 297-
300, 305, 307, 309, 310 , 317, 320, 325; 
v conjug r n s 299 ; f ha\111 308 ; awos
thianum 292-298 , l00- 302, 316; cario
s um 326 : cereo lus 290 , 292, 293, 296, 
297, 302-307 , 3 13, 320, 324; v cepha lo
dlfervs 305; v ha ll ll 308 ; c lava tv s 
292- 298 , 308-31 0, 316 , 317 ; co len sol 
295 , 326 , v rei'llgens 326: congloMera
turn 292, 295 , 326, 328 ; c v rtulum 292, 
293, 295, 296, 304 , 310-31 2, 314 , 316 ; 
dlstans 321 : fi b ul a 292 , 293 , 295 , 
296. 298. 304, 307, 312-314, l21 : hal
II i 308 - 310; jopon lcum 308, 310; nigrl 
caule 291 - 297, 304, 315-3 17, 325 , 326: 
p ileatum 328; r obustus 290, 292-294, 
296- 300, 306, 317- 321, 323-325 , 328: f 
d lstans 321; f ma g nus 320 ; stauffer! 
292 , 295, 328; $ I I" UmllliCUS 292- 294 , 
296-298, 304- 307, 313 , 316, 320- 324; 
VCQ <IC 292-298, J00, 304, 316, 324-326 

P l thomyces 465 ; funi c ul osi'l 465 ; pavgll 
465-468 

P l:.cynt h i vm n igrum 97 
Ploth;rnali o see 66-101 
Plecton la sect Plicosporae 6, 8, cy llari-

o ides 6, 8 
Plcos p or a lnfec lo ria 26 
Pocu lum 73 
Polych ldi um muscicot a 97 



Po tyde:omi o'l 143 ; fruc t lcota 143; pru inosa 
143, 1L4 

Pol y porus 178 ; abnorml s 178; 1'11 Cu1eotus 
178 ; atbomargl natus 178; a n i sooll u s 
178 ; a pa tu s 178; aoposi tu!i 178 ; at y 
pus 178; aur lculaeform ls 178 ; b1umei 
178: bonp tandensts 178 : botryolde~ 
178; cracypus 179 ; ca t llmor ohus 179: 
ca llocnrous 179 ; candicans 179 ; c<~~~ndi
dulu s 179; chryseus 179 ; ciner,e,ceus 
179; c inerascens 179: cohner ens 179 ; 
confertus 179; connexus 179; COI"Ivo lu
tus 179 ; cor laceus 179 ; corruge. tus 
179 ; cyat h lform ls 17'9 ; demidoH i \ 179 ; 
dcrmatodes 180 ; d llluuus 180; discifor
mls 180; dl ssectus 180; do1.yanu s 180; 
etatus 180; extcnsus 180; fll st uosus 
180 ; fl a belllformls 182 ; fu5cellus 180 ; 
fuscus 180; gaudleha udii 181; gaya
nus 181; gibberutosus 181 ; gossypi n us 
181 ; guade loupl."nsho 181 ; haskarlli 
181 ; hassett ll 181; he teromorphus 181; 
hvmen lus 181 ; inquinat u s 161 ; ki ck,. l 
an us 181; lcor thal s ii 181 ; Ien is 181 ; 
lenziteus 181; leucome i<I'Js 181 ; l in d i
g ll ISI ;tong lpes 182 ; mo~~croous 182; 
mang lferae 182 ; manubr i l'llus 182 ; mar
chlonlcus 182; mastopor us 182 ; mc'!a 
toma 182; melana leucus 182; me ltH'Ieus 
162 ; mlcrocyc lus 162 ; microlomo 182 ; 
morl!zlanu s 182 ; murinu5 162; ncohct 
oc:les 182 , 183 : nordmitnnli 183 ; n o lo 
pu s 183; ostreatus 183 ; pe.la 183 ; oec 
tuncu tus 183 ; perpusl llus 183; ohaeus 
183; ptacopus 183, ple ty pi lus 183: 
p lumbeus 183; l"'hodophat:u5 183 ; rigi 
dus 183 ; rudis 183 ; l"'ugulosu s 183 ; 
s a nguinaria 178 ; sc lt:I"'dermus 183 ; 
sct eropod lus 183 : ~ricellus 183; !>ell 
porus; 180 i_ sl derol des 183, 184: sordi 
dus 184 ; sp len dens 181. ; s purcus 184 : 
s tevenll 184 ; !'iubfl,e,vus 184; s wolrtz \
anus; 184; u~gu l aris 18.1.: ten:uc 184; 
tenulssimus 184 ; tes toceus 184; tr.:acho
Cle£ \84 ; tricolor 184; trigon is 18.1.; 
trlst ls 184; u nguiform is 184; vulner a 
tu s 184; zo lllngt:rianus 184 

Por ie 10? , 111 ; a lbipellucida 105, 108; 
c lneras cens 105- 109 , 110 ; lindbladii 
108 ; quercu ~•m 109; rivu loso 105, 107-
110; s ubv ermi s pora 105 , 107- 110 

Por lna see 86- 101 
PI"'toblas ten i ll r u ssulo 92 
Psatny r a u r t iclcola 388 
Pseudephebe 01 '.le sccns 86 
~~udoc.och liobolus 350, 357 
Pseudocoelomomyces milkol 494 
Pseudocyp hell arill see 86-101 
P seudopa rmellll see 86-101 
Pseudoplec tania nigrello 8 
Psllocybe 346 , 347 ; cubcnsis 346 : s ubcu

bt'nsl s 3L6 
Psllope.da 367 ; nummular l a 367, 368 ; 

nummu lar iall s 367, 368, t.59 
PSOI"' a ~ 86-101 ; CCI"'cbrifOI"'mis 85, 104 
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Psor omo see 86 - 101 , 433 . 434, 439 , 41> 1, 
445 ; bry ant ii lo33-435, 448; c•nnamome
um 433 , 435, 439 , 443. lo45- 448; foll
ml!lnnii 433, 434, 431) , 448 ; h l r s utulum 
435; h y p norum 433- 435, 445, 447, 448; 
palee.ceum 435, 436 , 4lo7; I"' Ubl"'oma r g l
natum 435: tenuc 433 · 436 , 437, l.lt.6, 
446 ; v borealis 433. t.34, 439, 4111, 
443, 445, 447, 448; v tenue 433, 436, 
437, 439. 441, £43, 445 , 447, 448 

Psoro tich io see 86- 101 
Psor ula !'"ufonigra 93 
Ptychoverpl!l bohem ic a 8 
Pulv inu ta globlfcro 9; n iveo- alba 9 
P yrenoo hOI"'a 339, 350 
P v rcnotr ichum s pl i t ger cer i 97 
Pyrenulll s ec 86- 101 
Pyi"'fomes 178, 179: atbomarg inat us 178; 

d em idoffii 179 
Py>~ i ne pr- ingte i 97 

Rom.:atinol sec 86- 10 1 
Romal odium s uccu lentum 98 
Reinkellol see 86- 101 
Rcsl nomycena 150, 151, 168 , 169 ; acadl

ensls 150, 15 1, 161 , 162 , 167 ; bru n
ncsc:ens 150, 151, 163 , 165 , 168 ; kalll
lochensls 152, 156, 15?, 159, 161 , 
162; montolna ISO, 152, 157, 160- 162 , 
167; r hododendr-1 151, 152 , 153, 155-
157 , 161 , 162, 168 

Rh lzoca rpon macrosporum 98 
Rh i zoptaca s ee 86-101 
Rhodosporidlum 273: de cr yoldum 273 
Rhodotorula 267, 275 , 276; auran t iaca 

275, 276; tactosa 275 
Rlgtcop or u& fu sco- t lneat u !> 183 . mlcr ooo-

r us 18t. 
Rinodl n a see 86-101 
Roccella see 86-101 
Roccellarla see 86-101 
Roccellina see 86- 101 
Ruhlandlella berollnens is 5, 9 

Saccharomyces ce,.evlslae 275 
Solrcog y ne see 86-101 
Sarco teotla 365; g lo l..losa 6, 15 
Sarcosoma 6; c ynar ioide~ 5, 8 
Scetop ho,.omyces 41Z , 418 ; os.or ianus 812 
Schlsmatomma cupr~sum 99 
Schl stophor o n ten 11e 99 
Schlzope l te ca l ifor nica 99 
Sc lerot lnla l.OS : bresadollle ~<05, 406; 

cando l l.,an a 805 
Scu te ll lnla 2, 10 ; e rineccu s 10: pcnnsy t 

v anica 10 ; .;c utellata 6 , 10 ; umbra
rum 11 

Sc y t lnos tromel la 39 : humifcc icn s 39 
Septobasld ium 207 
Seputtaria I I ; greg<I'Jd a 6 , 11 
Se tO£phae ri a 339 , 350 
Slnotennitomyces 171, 1?3; ca r nosus 172, 

173; C liV U S 172, 17J 
5iphu la we 86- 101 
Sl s lotrem a 185: ochr o leucum 185 



534 

Skelophoromyces 418 
Speer5ehneidera euploc::a 99 
Sph oeroooema soln1l l ta 370 
SphaerOPhorus see 86-101 
Sporostot io tes tudlnea 99 
Sporormio 350 
SQuomorino lerll igcrlll 92 
S tochybot ry!o <tlrc:t 370 
Stourotl"le le c lop imo~J 99 
Stemp l"lylium 411 
S tereocauloo Sl\'e 86-101, 289 , 292 , 307 , 

326; co lenM>i 326; f ibula l i Z, 313 ; p l
leotvm 307 

Sterevm ovstrole 254 
S t ic to see 86- 10 1 
S t igmo tomyces boeri 417 
Stom iopei t is 350 
Strep tomyces 370 
Striotosphoerio codi nat!Oohora 451 
S trigvla e legans 99 
Strong .... e l isea 192, 194 , 196, 197, 202-

205 . 210-212. 217, 218 , 222 , 225, 230, 
502, 506 , SOS, 5 12 ; castrans 202, 21 6 , 
512; megna 194, 202, 216, 476, 5 12 

Tabanomyces 192, 200, 206, 208, 21 0 , 
232. 485, 1..66; milkoi 232, 48 1, 483, 
487, 49 1, 494 

Ta r lch iu m 232 , 233 ; a u xiliare 483 ; jac-
ze,...=>kii 509, 5 11 

Telosch is tes see 96-101 
Termi tariops is 207 
Termitomyc.es 17 1, 172 
Thamnotio see 86-101 
Thctephora motlis 125 
The lldea s ee 86 - 101 
Thetom.:1 ~ 86- 101 
Thel o trem il dlm lnitum 100 
Th r ombivm cpigoevm 100 
Thuemcnidium 361, 363-365 ; l'l l ropurpvre-

um 364 1 365 
Th ysan othec tv m 328; hookeri 100 
Ton inia s ee 86-101 
Torul.:l oan t 1ano 127, 128, 130 , 132 , 135 

T.-ame te s; 185; .JCV ID 185 ; cervinll 179; 
c r assa 185; cubens ls 183; dt:.-matodes 
180 , 185 : hil""!:iut.:a 179; inco.n o 185; m.t~
rlanna 179, 18 1, 182; membran<;"~ CI!U1!> 
178 ; men zie s!. 178-182 ; mode514 178, 
t82- 18t. ; perro 11et il 185: scabrostt 184; 
trlchomall vs 185; vcr sico iDf" 183 , 18/o ; 
vlllosa 18 1 , 18/o ; v iuato 186 

l l"apet lops is wallro th l i 93 
l i"IChaptvm ISS: b lformi s 179, 181 ; bys

sogenvs 184 ; ::)c.-ro\lctii 175 

Tr lcnoc ladiu m 465; povgi i 465 
Trlchoder mD viri d c 370 
Trichog lossum 36 1, 366 : l"li.-~v t vm ., h l r 

sutum 366 
Tr lchophael:ll grego.rio ., in ter-media 6, 

II ; f g.-cg.:ar •a 5 , 6, 11 ; f laevl s pora 
5, 11 

Tric hophy ton 259; mentogrophytes 259, 
261, 265: raubitschekii 259, 260-262, 
264, 265; r ub.-um 259, 26 1, 26/o, 265 

Trip losporlum 196 , 198, 200, 208, 210, 
222, 227 , 228 , t.92 

Tr yp e the llum see 86-101 
Tuhulicri ni s 120 ; an9ustus 123; c inctoi

d cs 120, 121; c lnc tus 120, 121 ; cor
ncri 123: glebulosus 120, 122, 123 ; 
homatvs 123; inornatvs 123; ovallspo
rus 120, 122 , 123 

Tyromyces 180 ; caes lus 181; dlssectus 
175, 180; f lor iformis 180 

Ul oc lad iu m 18, 20, 24; c.nlamydosoorum 
18 

Umbilicario see 86- 10 1 
Undcr .... oodio betttonli 6 , 12 
Ur nula c.-o:erium 12 
U!:in CD s ee 86- 10 1 

Verruc.Jrlo leevnta 101 

Wynnea ,Jmcrieano 12 

Xanthop31"mcl ia sec 86- 10 1 
Xan t hopsora texan" 93 
Xa n thOI"'ia s ee 86- 101 
Xy lograp n a sec 86-10 1 

Zoopnthora 41 , 42, 192 , 194 , 196 , 197, 
201- 203, 205, 207, 208, 2 11 , 212, 217, 
218 , 228- 230, 471 , 506-509, 513, 51~; 
s ubg Eryn ia 213, 214 ; s ubg Zoophtho
r a 196, 208, 510 ; t~phidi s 514 ; bulla
ta 473; crassi lunicata 201 , 202 , 212, 
509 ; crc.otonot i 474 ; erin<I"'Ce<l 213; cx l
tlalls 42 , 512: fe r rugineo 512 ; forflcu
lae 512 ; jaczcwskli 51 0; lanr:eotoua 
212, 509; myrmccoph<l"'ga 476, 477 ; occl 
aentalis 41- 47; orientalis 212, 509; 
petch l l 212; pho lloldcs 42, 45, 47 , 
509 ; r adlcans 47 , 202, 210, 221, 222, 
506 

Zy gnemomyces 481, 486, 489, 492 , 495, 
498, 50 1, 502; echlnu latus 1.82, 484-
490, 49 5, 496, 498, 503; pendu ll'ltus 
486, 485, t.88, 490 , 495 , 497 , 498, 503 
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Page 2, 
42, 
47 
53 
60 
65 
66 
70 
74 

144 

176 

177 

178 

182 
183 
185 
189 
199 
203 

205 

216 

217 
218 
220 
223 
228 
23 1 
363 
370 

371 
425 
4 34 
445 
450 
451 
455 
46 1 

ERRATA, VOLUME THIRTEEN 

line 31 for ga l read Ga l 

Zeg . 

14 , 

13 , 

14 for (Remaud ier e) Batko, read Remaud . fi. Henncb. 
12 for form read from 
35 f or M. C'ic:adina read Massosvom oicadina 
44 f or inmitabulis r e ad irrmutdbilis 
51 for im7r.4tibiZe r ead i17fr.U.ta.bi li s 

8 f or H. cauda- r e ad Hymenoscyphus cauda-
51 f or Hymenoscyphus j'astidiosus read l:'elotium j"astidioaUl"' 
41 foro s por cn read s pore 

7 inse1•t TYPE LOCALITY : Sr i ta i n , 
t . 1 f or 4 r ead 5 

36 f or!..:_ phil l i p incns i s r ead !:..:_ ph i lipp i ncns i s 
38 (or bras il ens i s read brasi li ensis 

2- 3 foY' P. _ph i1 1ipinensi s read P. phlli pp i ne ns i s 
7: f or brns i l cns i s read bras i l iensis 

~~ ~ J~~ ~:~~~~!n~:a~!dr~~i~\~p incs 
21 : for t en ius r ead t enu i s 
39 : f or t abcinus r ead t abaci nus 
43: for sh~ }\us r e ad su~ ipl) 
17 : fm~ P 1 1pines rea ilippines 
22 : for Arendhol tz read Arendho l z 

1: delete nuc l ei of 
17: for E. r ead entomophthm~a 
18 : f or E. read Er'ynia 

6: 

27 
28 
17 
36 

3 
22 
10 
13 
22 
13 
21 

8 
35 
18 
21 
30 

I 
35 
20 

for E. caoUniana and E. carpentieroi 
read Errynia carooZiniana and Entomophthom Cai'pcntieF; 
for E. r ead Empusa 
f or E. read Entomophthora 
f or E. r ead Entomorihthora 
f or E. read EntomoPhthora 
fo r s egr ega t ed read segr ega t es 
f or E. r ead Entomophthora 
for E. r ead Entomopht1zora 
for C. r ead Conidiobolu.B 
f or Ma.raconesi3n read ~lac arones ian 
f or Pusal"eum r ead Fusa roi;qn 
for Stcptomyccs r ead Stroeptomyces 
for aspePnum read aspel"'.mf 
f or dengZeyae r ead di ,zgZeyae 
f or P. r ead Pso-roomo. 
f or P. r ead Psoroma 
f or C. r ead Codinaea 
for pal"kh.aZon- r ead pakh.a!en
f'o r C. r ead Codinaea 
f or aquiti lis read aquntiUs 
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