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ECENT interest in conidium onfogeny as a

criterion in the classification of Hyphomycetés
has evoked justifiable interest in their perfect states
as a means of obtaining correlations between thesc
states and wusing such correlations, if any, as
adjuncts to a sound classification of these fungi.
Though it is unlikely that perfect state connections
for all Hyphomycetes will be established, it seems
plausible that perfect-imperfect state correlations
can prove helpful in determining relationships or at
least in refining the present unsatisfactory systems
of classification of both perfect and imperfect
states. There is no doubt that. we need an inte-
grated approach to the study of both imperfect
and perfect states. As part of a programme of
work on this problem, some genera of “phialidic”
Hyphomycetes and their perfect states have been
taken up for study. This paper deals with the per-
fect states of Aspergillus Mich. ex Fries.

So far as we know, the genus Aspergillus is charac-
terized by conidia (“phialoconidia”) that are
produced in simple, basipetal,, persistent chains®=
from conidiogenous cells (“phialides™). The conidia
are synechidic, novitunicogenous, porrectic and dry®.
That several Aspergilli produce perfect stafes is
well known and, despite the arguments for separale
generic designations for some of these perfect statest,
opinion is divided on the question. Thom and
Raperd, and Raper and Fennells, who have made
very valuable contributions to our knowledge of
this group of {fungi, retain the generic name
Aspergillus for both perfect as well as imperfect
states. Those who believe that separate designations
arc nceded for the perfect state—and this will be
in conformity with the International Code—will
find that perfect states of some Aspergilli cannot
be placed in the three genera {(Eurotium, Emericella,
Sartorva) recognized by Benjamin® or the recently
described genus Hemicarpentelest. Accordingly.
some new genera are proposed here to accommo-
datc these perfect states and this has necessitated
new designations for several perfect states currently
classified in Aspergillyus. Onc cannot be certain
if the various gencra considered here to be perfect
states of Aspergi are closely related, but quite
obviously some are not. Thorough developmental
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studies of ascocarps of the different genera are
aceded and, in time, may strengthen the expecta-
tion that not all of them may be closely related.
despite the fact that their conidial states are similar
and appear to be congeneric.

The following Key to the perfect states of
Aspergillus is intended to highlight the differcrites
and similarities  between them. The Key is
followed by a listing of the species in each of these
genera. :

Key 10 THE PERrFECT STATES OF Aspergilius

1. Ascocarp none EDYUILLIA

1. Ascocarp present 2
2. Ascocarp developing within
sclerotium or sclerotic
tissite T3
3. Ascocarp in the form
of multiple “cleisto-
thecia” in sclerotic
tissue

SYNCLEISTOSTROMA

L4

Ascocarp not so:

single ascocarp develop-

ing within sclerotic

body 4

4. Ascocarp wall thick
and many-favered |
ascospores
hyaline HEMICARPENTELES

4. Ascocarp wall one-

fayered ; ascospores

coloured SCLEROCLEISTA
2. Ascocarp not developing
within sclerotiuvm or
sclerotic bedy hi
5. Ascocarp without frace
of definite wall ;
ascospores not lenticular = WARCUPIELLA
5. Ascocarp with definite
wall 5 ascospores lenticular &

6. Ascocarj

5

surrounded by
hitlle  cells

... EMERICELLA
6. Ascocarp not surrounded
by hille cclls 7
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Ascocarp wall com-
posed of single layer

of flattened cells ... . EUROTIUM
7. Ascocarp wall composed

of layers of flattened hyphae 3
8. Ascocarp wall without

appendages SARTORYA
8. Ascocarp wall with

projecting.  sterile

hyphae ... . CHAETOSARTORYA

TaeE GENERA AND THE SPECIES

EDYUILLIA genus novum ascomycetarum

Ascocarpus verus nullus.  Asci in nudis acervis,
probabiliter crescentes in spira ascogoniali, hyphis
adjacentibus indistinctis, globosis vel subglobosis,
8-sporati. Ascosporae raro observatae exira ascos,
lenticulare, leves, crassitunicatac.
Aspergillus.

True ascocarps none. Asci in naked clusters,
presumably developing in ascogonial coil, adjacent
hyphac remaining undifferentiated, globose to sub-
globose, 8-spored. Ascospores rarely observed
outside asci, lenticular, smooth, thick-walled.
Conidial state Aspergillus.

Tyvpe species :

Edvuilliia athecia (Raper and Fennell) comb.

nov.

= Aspergillus athecius Raper and Fennell, 1965,

The genus Aspergillus, pp. 183-184, Fig. 43.

Type : culture isolated from coffee beans by
Edward Yuill (IMI 32048).

The generic name is in honour of Ed{ward)
Yuill who isolated the culture on which the descrip-
tion of the type species is based and who has
made notable contributions to our koowledge of
the Aspergithi.

The ascosporcs in the species show only a trace
of an cquatorial furrow, and no crests.

SYNCLEISTCSTROMA genus novum  4sco-
mycelaram.
Ascocarpus  forma  “cleistotheciae”™  multiplicis

crescens infra massam persistentem texturae sclero-
ticae. Corpus scleroticum primo  album denique
nigrescens, compositum ex textura sclerenchymatosa
crassitunicata. Cleistothecia singularia cum peridio
unius strati cellularum irregularium applanatarum,
plus minusve globosa, lente maturescentia, tandem
liberantia intra cavitatem  corporis
sclevotici per fractionem peridii ; collective, cleisto-
thecia complentia corpus scleroticum excepto duro
septo exteriore. Asci ovales vel globosi, 8-sporati,

AsCOsSporas

The Perfect Stater of Aspergillus

Status conidialis

Correm
Scienca
evanescentes post maturationem ‘sporarum.  Asco-
sporae hyealinae, ellipticales, tenuitunicatae, leves,
sine evidentia sulci equatorialis tempore maturitatis,
Ascosporae germinatio simplex, non valvata.
conidialis Aspergillus.

Status

Ascocarp in the form of multiple “cleistothecia”
developing within a persistent mass of sclerotic
tissue. Sclerotic body at first white, finally becom-
ing black, composed of thick-walled sclerenchy-
matous tissue. Individual “cleistothecia” with a
peridium of a single layer of irregular, flattened
cells, . globose or nearly so, maturing slowly,
ultimately freeing ascospores within the cavity of
the sclerotic body by rupture of the peridium ;
collectively, “cleistothecia” filling the sclerotic body

except for a tough outer wall. Asci oval to
globose, B8-spored, evanescent after maturation of
spores. Ascospores uncoloured, elliptical, thin-

walled, smooth, with little evidence of an equatorial
furrow at maturity. Ascosporc germination simple,
not valvular. - - Conidial- state Aspergilius.

Type species :

Syncleistostroma alliacea {(Thom and Church
em. Fenmell and Warcup) comb. nov,.

= Aspergillus alliccens Thom and Church em.
Fennell and Warcup, 1959, Myecologia 51 :
411-413, Figs. 1-2: Thom and Church, 1926,
The Adspergilli, p. 163. see also Raper and
Fennelld (pp. 273-77, Figs. 62, 63).

Type : culture isolated from a dead blister
beetle {(Macrobasis albida) at the Pharmaco-
gnosy Laboratory of the Bureau of Chemistry,
Washington, D.C. Thom 4656 (QM 1885).
Conidial state : Aspergillus alliacens Thom and

Church,

The generic name is derived from Gr. svn = with
-+ cleistos = closed + stroma, and s suggestive
of a stroma with several “cleistothecia”.

HEMICARPENTELES Sarbhoy
1968, Trans. Br. myeol. Soc., 51 :

and Eiphick,
156.
Type species :

Hemicarpenteles paradoxus Sarbhoy and Elphick,
1968, Trans. Br. mycol. Soc. 31 + 156-=57, Plate 10,

Figs. 1-6. Conidial state : dspergillus paradoxus
Fenuell and Raper.

Other species :

Hemicarpenieles  acanthosporus  Udagawa  and
Takada, 1974, Ball. natn, Sci. Mus., Tokyve 14
503-506, Fig. 59.  Conidial state :  Aspergillus

acanichosporns Udagawa and Takada,
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SCLEROCLEISTA genus novum ascomycetarum.

Ascocarpus  globsosus  vel  subglobosus,  primo
omnino parenchymatus, dein ut paulatim  planus
ascis ¢t ascosporis in maturitate ; peridium com-
positum  ex cellulis  polyhedricis  irregularibus,
involutum tegumento hypharum sterilium.  Asci
plus minusve globosi, 8-sporati. ~ Ascosporae lenti-
culares, incolore vel postea brunneole, leves vel
asperae, crinitae. Status conidialis Aspergillus.

Ascocarp globose to subglobose, at first paren-
chymatous throughout, becoming filled with asci
and ascospores at. maturity ; peridium composed of
irregular polyhedral cells, enveloped by a mantle
of sterile hyphae. Asci globose or nearly so, 8-
spored. Ascospores lenticular, colourless or later
assuming brown shades, smooth or rough. crested.
Conidial state Aspergillus.

Type species :
Sclerccleista ornata
Tresner} comb., nov,
= Aspergillus ornatus Raper, Fennell and Tresner,
1953, Mycologiu 45 : 678-682, Figs. 3, 4.
Type : isclated from soil in an oak wood, west

(Raper, Fennell and

of Madison, Wisconsin, US.A. (WB 22356},
Conidial  state :  Aspergillus  ornatus Raper,
Fennell and Tresner.

The generic name is from Gr. skieros — hard +
cleistos = closed, and
thecium developing within a sclerotium or sclerotic
tissue.

Other species : AN
Sclerocleista thaxteri sp. nov.
Ascocarpus  plus  minusve globosus, variabilis
magnitudinie, generatim 300-500 4  diametri,

purpurascens, ascis et ascosporis plenus in maturitate,

Peridium relative fenue in maturitate, compositum

cellulis polyhedricis 10-12 » diametri, cum vel sine
involucro reticulato hypharum ramosarum, crassarunn.
Asci plus minusve globosi, circiter 12 u diametri.
Ascosporae lenticulares, tenuitunicata, 7-5-8-5 x
5:0-6-0 4, unaquaeque cum una fascia equatoriali.
Status conidialis 1 Aspergillus citrisporus v. Hoehnel.

Typus: -in -stercore, “Kittery Point”, leg. R
Thaxter ex Farlow Herbarium, Harvard University.

Ascocarp globose or nearly so, variable in size,
mostly 300-500 x in diam., purplish, filled with
asci and ascospores at maturity. Peridium relatively
thin at maturity, composed of polyvhedral cells
10-12 # in diam., with or without enveloping net-
work of much-branched, coarse Thyphae, Asci
globose or nearly so, about 124 in diam. Asco-

The Perfect States of Aspergillus

is suggestive of a cleisto-
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spores lenticular, smooth-walled, 7-5-8:5 % 5:0-
60, cach with a single (7) broad equatorial band
(bascd on Raper, Fennell and Tresner)®.  Conidial
state o Aspergillus citrisporus v, Hoehnel,

Type : on caterpillar dung, *Kittery Point”, coll.
R. Thaxter ex Farlow Herbarium, Harvard Univer-
sity. )

Raper er al.8 made a critical study of Thaxter's
material (here cited as the TYPE} and a culture
with the number NRRL 2292 which, according to
thein, must have stemmed from this material or
from an earlier collection of the same fungus, viz.,
labelled “Chocorua, N. H., August, 1909”. Accord-
ing to Thom and Church (see Raper er al8,
p. 672). Thaxter's fungus is idemtical with Asper-
gillus citrisporus v. Hoehnel® (p, 1036) described
on dung of larvae [rom Austria. This opinion,
coupled with the general thesis that the generic
name Aspergilius could be retained for the perfect
state also, explains the acceptance of the binomial
Aspergillus  citrisporus  v. Hoehnel Icited . as
“Aspergillus citrisporus (v. Hoehnel) Raper, Fennell
and Tresner” in Raper and Fennellt, p. 2017 for
this fungus. However, v. Hoehnel's description
relates only to the imperfect {(Aspergilins) state and
since the description of the perfect state is based
on Thaxter's material, it is best fo give a new
name  to . this perfect state.  and - cite Aspergillus
citrisporus v. Hoehnel as its conidial state.

In both species of Sclerocleista the young asco-
carps are white but become purple at maturity. :

WARCUPIELLA genus novum  ascomycetarumn
Ascocarpus  sine illo  vestigio septi deﬁnit\i, :
globosus, compositus ex hyphis laxe intértextis,

circumtextus trama hyphartm. ~ Asci ovbi‘ﬂi( vel
elongati, 8-sporati. Ascosporae hvalinae, ellipticate,
crassitunicatae, simplices sine costa equatoriali ‘vel
lirella. Status conidialis Adspergifius. ‘

Ascocarp without trace of a definite wall, globose,
composed of loosely interwoven hyphae, surrounded
by a weft of hyphae. Asci ovoid to elongate,
B-spored.  Ascospores hyaline, elliptical, thick
walled, simple without equatorial ridges or furrow.
Conidial state Aspergillus.

Type species ¢
Warcupiella spinulosa (Warcup) comb. nov.

== Aspergillus  spinulosus Warcup in  Raper
and Fennell, 1965, The genus Aspergillus,
pp. 204-208, Fig. 46,
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Type : culture isolated from a sample of jungle
soil, Berakas-Muara, Brunei, Borneo, October 1957,
J. H. Warcup (A 41/4),

Conidial state

: Aspergillus  spinulosus  Waretip.

The generic name is in honour of J. H. Warcup
who isolated the culture on which the description
of the type species is based and whose contributions

to our knowledge of soil fungi

are well known.

EMERICELLA Berk, and Br., in Berk., 1857,
Introduction  to Cryptogamic  Botany, p. 340.
Type species :

E. variecolor Berk, and Br,, in Berk., 1857, Ibid.,
p. 340.

The species :

1. Emcrkella aurantiobrunnea (Atkins,
Hindson and Russell) Malloch -and
Cain, 1972, Can. J. Bot. SO : 61.

= Emericella  nidulans (Eidam) Vuill. wv.
aurantiobrunnea Atkins, Hindson and
Russell, 1958, Trans. Br. mycol. Soc.
41 : 501-504.

Conidial state ; Aspergillus auraniiohrunneus
(Atkins, Hindson and Russell) Raper and
Fennell,

2.  Emeticetta cleistomimita Mehrotra and
Prasad, 1969, Trans. Br. mycol. Soc. 52 :
333, Fig. 2.

Conidial state :  Aspergillus.

3. EmericeUa fruticulosa  (Raper and Fennell)
Malloch and Cain, 1972, Can. J. Bot,
50 : 61.

— Aspergillus fruticulosus Raper and
Fennell, 1965, The Germs  Aspergillus,
pp. 506-509, Fig. HO.

Conidial state : Aspergillus frtiticukisus Raper
and Fennell.

4. Emericella heterothallica (Kwon,  Fennell
and Raper) Malloch and Cain, 1972, Can. J.
Bot. 50 : 62.

— Aspergillus  heterothallicus  Krwon, Fennell
and Raper, in Raper and Fennell, 1965,
The Genus Aspergillus, .pp. 502-506,
Fig. 108.

Conidiai state :  Aspergillus lieterothallicus
Kwon, Fennell and Raper.

5. EmericeUa nidulans (Eidam) Vuill.,, 1927,

C.R. Acad. Sei. Paris 184 : 137.

— Sterignwtocystis nidulans Eidam in

. m ' Colin, 1883, Beitr. Biol. Pflanz. 3 :

313-411, Pis. 20-43, m

10.

11.

12.
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Conidial state nidulans

Wint.

. Aspergillus (Eidam)

nidulans
(Fennell

Emericella
acristata

(Eidam)  Vuill. .
and Raper) comb. nov.
= Aspergillus  nidulans (Eidam) Wint. v.
acristatus  Fenncll and Raper, 1955,
Mycologia 47 : 79, Fig. 4 B.
Conidial state : Aspergillus nidulans (Eidam)
Wint. v. acristatus Fennel! and Raper.

Emericella nidulans (Eidam)  Vuill. v.
dentata  (Sandhu and Sandh'u) comb. nov.
= Aspergillus  nidulans (Eidam) Wint. v.
dentatus  Sandhu and Sandhu, 1963,
Mycologia 55 : 297-299, Figs. 1-3.
Conidial state : Aspergillus nidulans (Eidam)
Wint. v. dentatus Sandhu and Sandhu.

nidulans (Eidam)  Vuill. .
(Fennell and Raper) comb. nov.
= Aspergillus  nidulans (Eidam) Wint. v.
ec'’ninulatus  Fennel! and Raper. 1955,
Mycologia 47 : 79-80, Fig. 4C.
Conidial state : Aspergillus nidu'ians (Eidam)
Wint, v. echinulatus Fennel! and Raper.

Emericella
echinulata

Emericella nidulans  (Eidam) Vuill, v. iata
(Thorn and Raper) comb. nov.

= Aspergillus  nidulans  (Eidam) Win';, v.
lalus Thorn and Raper, 1939, Myco-
logia 31 : 657,

Conidiai state : Aspergillus nidulans

Wint. v. latus Thorn and Raper.

Emericella parvathecia (Raper and Fennell)
Malloch and Cain, 1972. Can. j. Bot.
50 : 62.

(Eidam)

.= Aspergillus parvaihecitts
Fennell, 1965, The Genus
pp. 509-511, Fig. 111.

Conidial  state :  Aspergillus

Raper and Fennell.

Raper  and
Aspergillus,

parvathecius

EmericeUa quadrilineata  (Thorn and Rapsr)
Benjamin, 1955. Mvcologia 47 ; 680.
= Aspergillus quadrilineatus Thorn and
Raper, 1939, Mycologia 31 : 660.
Conidial state :  Aspergillus quadrilineatits
Thorn and Raper.

Emericella
Benjamin,

. rugulosa  (Thorn and
1955, Mycologia 47 :
A Aspergillus  rugulosus
1939, Mycologia 31 :
Conidial state ; Aspergilhjs
and Raper.

Raper)
680-681.
Thorn and Raper,
660-663, Fig. 4.
rugulosus  Thorn



