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However, Hanson (1944) has more recently described a eucarpic chytrid
with a sexuality of this type; where the resting spore is formed following a
fusion of two equal gametes, one of which has previously come to rest and
germinated. Furthermore, the developing resting spore of this chytrid is
similar to that of Karlingia dubia in that the apex is often lobed, and these
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THE GENUS PAECILOMYCES BAINIER AND ITS
PERFECT STAGE BYSSOCHLAMYS WESTLING

London School of Hygiene and Tropical Medicine

It is apparent that the differences between the Chytridiales and the

lobes represent the vestiges of the original gamet,es.

BIastocladiales are becoming increasingly indistinct (Karling, i 95 i); it is
hardly surprising that a sexual fusion very similar to that commonly found
in the latter order should also occur in the Chytridiales. Members of the
Chytridiales, and there is no reason for supposing that this type of sexual

the Chytridiales can usefully be put

(With Plates i and 2, and 16 Text-figures)

Blastocladiales show greater morphological complexity than is found in the

fusion is restricted to those chytrids which are least developed morphologically and which from this view point might be considered as most primimembers of

tive. It seems that greater knowledge is required before any theories
regarding the phylogeny of

In the meantime the present account represents the first record of a

forward.
sexual process in Karlingia, a well-established genus of
the soil chytrids, and
which have been reported from America and Europe. Further

members of

British representatives of the genus which are being studied wil be
discussed in due course.

My thanks are due to Professor C. T. Ingold for his help and advice with
this investigation. The work has been carried out with the aid of a maintenance grant from the Department of Scientific and Industrial Research,
to whom acknowledgement is made.
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Bainier's paper attracted little attention at the time. His figure was

out in his figures.
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The next mention of the mould was by Thorn (1910) who, unaware of

listed in Index Iconium (Saccardo, Sylloge, 20, i 9 i i), and in Sylloge, 22, i 9 13,
P. varioti was transferred to Penicillium.

paper was widely studied, since it was the first time that some sort of order

Bainier's paper, described it independently as Pen. divaricatum. Thorn's

had been brought into the genus Penicillium. His description of the mould
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the name Paecilomyces, but

Kennelly & Grimes (i 930) described what they believed to be a new
Raper & Thorn (1949) continued the use of

species, P. hibernicus.

contributed little to our knowledge of the genus.
Hughes (1951) redescribed Pen. elegans Corda from fresh collections and

In the meantime Abbott (1926a) described a new species of Spicaria,

transferred it to Paecilomyces. He also made the new combination P. marquandii (= Verticillium marquandii Massee).

BYSSOCHLAMYS

lilacinum Thorn, did not suggest placing P. varioti in the same genus.

provisionally recognizing S. violacea as related to, but distinct from, Pen.

& Abbott (1927). Gilman (1945) regarded P. varioti as congeneric with
S. violacea and transferred it to Spicaria. Raper & Thorn (1949), whilst

S. violacea, and this was again described in a paper on soil fungi by Gilman

was detailed and accompanied by carefully drawn figures, and most
the name Pen. divaricatum.

references to P. varioti during the next two decades are to be found under

Westling (i 9 i i), in his monograph on Penicillium, discusses the question
of species which are not green. He refers to Thorn's Pen. divaricatum and

Pen. lilacinum, stating that they do not belong in Penicillium but must be
transferred to other genera. Although he goes out of his way to call the
reader's attention to Bainier's paperonScopulariopsis, he does not seem to have
known of Paecilomyces, published in the same journal and in the same year.

The genus Byssochlamys was erected by Westling (1909) on the single

Sopp (1912) described a new genus Corollium, to include a fulvous mould

hil, Beds,

the species remained the only one untilj. H. Warcup

same time no one who knows the latter genus at all well has any doubt

The status of the genus Paecilomyces
There is no doubt that Paecilomyces is closely related to Penicillium. At the

suggests that it is close to, if not identical with, B. fulva.

chlamys, then the description 'conidiis hyalinis dein dilute-ochraceis'

meagre descriptions, whether this is a good species, but, if it is a Bysso-

conid. Spicaria musticola). It is impossible to tell with certainty, from the

since it was isolated from must of grapes, was named B. musticola (stat.

A third species was described by Naumoff & Kiryalova (1935) and,

ascospores.

conidial structures of the P. varioti type, and the somewhat larger size of the

is distinguished from B. nivea by its fulvous colour, abundant production of

and some spores frequently survve a processing temperature of 90° C. It

and kindly supplied a culture for the present study.
Ollver & Smith (1933) described a second species, B. fulva. This was
creating a nuisance iri the fruit canning industry, since the ascospores are
able to withstand a temperature of 86-88° C. for 30 min. in fruit syrup,

isolated what is undoubtedly the same specìes from soil at Clop

Westling's record of

4-spored asci, and the Gymnoascaceae, with numerous 8-spored asci surrounded by a loose web of hyphae.

was found to be extremely resistant to alcohoL. It was suggested that the
new genus forms a link between the Endomycetaceae, with solitary

species B. nivea, isolated from a Geaster which had been preserved in spirit.

there is little doubt that his C. dermatophagum is another synonym of

which he found on army boots in store. From his description and figures
Bainier's description of Paecilomyces.

P. varioti. Sopp, like Thorn and Westling, seems to have been unaware of

The fungus was characterized by the production of 8-spored asci in
irregular clusters without any suggestion of a peridium; of phialospores,
the phialides being sessile on aerial hyphae or borne on more or less
penicilate branching systems; and of small chlamydospores. Further it

Biourge (1923) examined a culture said to be Pen. divaricatum, obtained
from Kral, and reported that it was a Scopulariopsis. However, he stated,

probably with reason, that the Kral culture was suspect, and his figures
certainly indicate that h~ had a Scopulariopsis and not P. varioti. It is just
possible that he had one or more isolates of Paecilomyces in his collection for,

in discussing his group 'Anomala', he says, 'Plusieurs représentants du
group ont leur phialidesterminées en longues soies' (the italics are Biourge's),

Zaleski (i 92 7) was apparently unacquainted with both Scopulariopsis and

but, except in his bibliography, he does not mention Bainier's genus.
Paecilomyces, either under these or any other names. In classifying his

Penicilla he followed the scheme of Biourge and, after describing the
species in several subsections, he says' Für die übrigen Untersektionen
(IV Stellata, V Fragilia, VI Anomala, VII Polyverticillata) habe ich ii
that any of the species are other than true Penicilla.

keine Art gefunden'. Nowhere in his monograph is there any suggestion

~pom (1930) recognized Bainier's genus Paecilomyces and devoted a
chapter to it. He stated that Pen. divaricatum is to be regarded as a synonym
of P. varioti, and listed as being in all probabilty congeneric: Corollium

dermatophagum Sopp, Spicaria fimetaria Moesz, Pen. repandum Bainier et

Sartory, Pen. burci Pollacci, P. varioti Bainier, Pen..favum El. et Em. Marchal,
Pen. aureo-cinnamomeum Biourge, Eidamia catenulata Horne et Wiliamson,
Byssochlamys nivea from Pribram, Pen. mandschuricum Saito, Pen. arenarium

Shaposhn. et Mant., together with isolates without names from Hansford,
Kita, Pribram and Turesson. Thorn described the genus in more precise f
terms than Bainier's and made the following new combinations: P. aureo-

that Paecilomyces, at least as represented by the type and most common

cinnamomeurn, P. burci, P. mandschuricum. P. varioti was described in such f

terms as made it easy for anyone to recognize the species, with the result r.

Bainier's creation of the new genus. The rediscovery of the perfect state, in

species, is suffciently distinct from the majority of the Penicillia to justify

that most records of its occurrence subsequent to 1930 have been under
the correct name.
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tinguishable from P. varioti, raises anew the question of the status of the

B. fulva, and the fact that the conidial state of the latter is almost indisform genus.
In Penicillium there are two distinct types of ascocarp. In the Carpenteles

series and the Pen.javanicum series the perithecia develop as sclerotium-like

usually brightly coloured, and is of limited and fairly definite size. In

bodies, in which the asci gradually develop from the centre outwards. In
the Pen. luteum series the ascocarp may have a definite peridium, as in Pen.
a soft web of interwoven hyphae, as in
stipitatum, or may be enclosed by
. Pen. luteum, but in all cases it is of comparatively rapid development, is
Byssochlamys the ascogonium is very sinular to those of Pen. luteum and Pen.
bacillosporum, but the ascocarp (if it càn be so-called) is of indefinite size

and consists of an irregular cluster of asci without the least suggestion of
peridium. If this were the only difference between Byssochlamys and Pen.

luteum it nught be justifiable to regard the two as congeneric, but, when
regarding Paecilomyces as distinct from Penicillium. Nevertheless, quite

the differences in morphology of the imperfect fruiting structures are taken
into consideration, we are of the opinion that there is suffcient reason for
genera converge at various points. P. marquandii and Pen. lilacinum show

apart from any similarities between the respective perfect states, the two Ii
many similarities even when typical specimens are compared, and, in

addition, many intergrading forms are known. Other species which are
here regarded as Paecilomyces approach Penicillium in other single features-

spores, shape ofphialides, or colour of colonies-but in each ofthe
shape of
species the sum total of characteristics is suffcient to place them indubitably
A few species of the genus tend to approach Gliocladium, in that the

in Paecilomyces rather than in Penicillium.

conidia are not completely dry and, in a moist atmosphere, tend to slime

down into irregular masses. Some species which show this tendency and
which, in addition, produce a preponderance of solitary phialides instead
Verticillium.

of peniciiiate fruiting structures, provide a link with Cephalosporium and

Other genera in which species of Paecilomyces have been placed
COREMIUM Link. A. L. Snuth (1919) described a fungus on a wasp as
Coremium swantonii n.sp. Petch (i 93 i, i 936) stated that C. swantonii is a

synonym of Isaria farinosa, which in i 934 he had transferred to Spicaria.
1.farinosa, as usually interpreted, is undoubtedly a Paecilomyces (see p. 50).

However, the original description of C. swantonii is too inadequate to
CORETHROPSIS Corda. Vuilenun (1930) described a fungus from a

hazard more than a guess at its identity.

human mycosis as Corethropsis puntonii n.sp. Nannizzi (1934) transferred
this species to Paecilomyces and Baldacci (i 938) made an extensive study
of the fungus and its pathogenicity, and states that he fully agrees with
N annizzi's transference. A culture from CBS, Baarn, labelled P. puntonii,
corresponds with the original description and is a good Paecilomyces.

COROLLIUM Sopp. Thorn suggested in 1930, and Raper & Thorn (1949)
agree, that Corollium is a synonym of Paecilomyces.
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C. dermatophagum occurred on tanned leather, fornung a growth which

was bright brown to somewhat greenish yellow, thick and velvety. It was

unfortunately deficient in the details which are now regarded as of the

found to be thermophilic. Sopp's extensive descriptions (1912) are

greatest importance by students of Penicillium and related genera. Hence,

since Sopp did not distribute cultures, there is bound to be some conjecture
when trying to determine what his material
represented. However, there
is little doubt that his C. dermatophagum is a synonym of P. varioti.
ElDAMIA Lindau. Horne & Wiliamson (1923) described what they

regarded as two new species of Eidamia. E. catenulata was rightly deter-

addition to catenulàte conidia. The other 'new species', E. viridesceTl, is

mined by Thorn (1930) as P. varioti. Its inclusion in Eidamia was based on
its production of ternunus spores, now usually termed 'macrospores', in

undoubtedly Trichoderma viride Pers. ex Fr., which, apart from its production of somewhat sinular macrospores, shows nothing which would justify

HORMODENDRUM Bonorden. The genus was erected in 1851 on four

its inclusion in the same genus as E. catenulata.

species which had been described by Corda as species of Penicillium. The

type, H. olivaceum (Cda.) Bon. is probably a Cladosporium and is certainly
not congeneric with the other three species. Of these, Pen. elegaTl Corda

ISARIA Pers. ex Fr. It is not unusual for some species of Paecilomyces,

has been shown by Hughes (i 95 i) to be a Paecilomyces.

particularly when growing on natural substrata, to form erect fascicles
and even definite corenua. These species have often been referred to the
genus Isaria.

1. farinosa, a common parasite of insects, has been well known since it
was described by Dickson in 1790, but it was not until Vuilenun (191 i)
described the method of conidium prodUction that its real systematic
position became clear. Petch (1934), in a paper on Isaria, discussed
methods of spore production and pointed out, as Vuilemin had already

done, the heterogeneous nature of the genus. He suggested that, if

(Isaria) dubia (1937), S. (1.) laxa (1937), S. (1.) fumoso-rosea (Wize) VassiL.

1.farinosa Pers. ex Fr. be the type species of
the genus Isaria, then the latter
is merely a coremial form of Spicaria. However, Petch did not consistently
abandon Isaria, but described corenual Spicaria-like fungi thus: Spicaria

It should be noted that species of Paecilomyces which normally produce

(i 944). The systematic status of the genus Spicaria is discussed below.

isarioid growths on insects and other natural substrata seldom produce
corenua in artificial culture.

MARIANNAEA Arnaud. Arnaud (1952) based the monotypic Mariannaea
on M. elegaTl, stating that it resembles Clonostachys Corda except that the

Penicillium, Pen.

chains of conidia are divergent instead of being packed together. He also
states that his species shows affnities with Spicaria elegaTl Corda (sic). The
figures clearly indicate a Paecilomyces, and, from the description, and
habitat, it is almost certain that M. elegaTl is to be regarded as a synonym
PENICILLIUM Link. Corda described four new species of

of P. elegaTl (Corda) Mason et Hughes.

verticillatum (i 83 7), Pen. elegans and Pen. anomalum (i 838), and Pen. olivaceum

(1839). These are certainly not congeneric. Pen. olivaceum is almost
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certainly a species of Cladosporium; Pen. anomalum and Pen. verticillatum are

to be a Scopulariopsis; whilst Pen. elegans has been redescribed by Hughes

probably undeterminable, although Biourge (1923) considers the former
(I 95 i) as P. elegans.

Pen. divaricatum Thom (1910) is a synonym of P. varioti (see p. 18). The
relationship of Pen. lilacinum Thom to P. marquandii (syn. Spicaria violacea
Abbott) is discussed on p. 64.
RIA Harting. Many species of Paecilomyces have been described
SPICA
under Spicaria, the latter name having been used frequently for white or
or less penicillate conidial fructifications.
However, there is good reason for regarding the name Spicaria as a nomen

pale-coloured moulds with more

species of Paecilomyces.

ambiguum, whereas there is no confusion whatever regarding the type

The genus Spicaria was erected by Harting in 1846 on the single species
S. solani, which formed pustules on potato. He gave a fairly full description
similar to Verticillium Nees, but without lateral branches.

of his fungus and some drawings (Pi. I, figs. I, 2). He regarded it as
The genus was resurrected by Harz (1871) with an emended diagnosis
and one new species, S. nivea. His description and figure suggest that the
latter is a species of Paecilomyces (Pi. I, fig. 3). He points out that the

characteristic of the genus is the several times verticillate branching of the
conidiophore, and, in his diagnosis, he describes the conidium-bearing cells
as cylindrical or most often narrowing towards the tip and slightly
thickened at the very end. This is very suggestive of a tapering phialide
with a young conidium still attached to the narrow tip. It is true that he
describes and figures conidia occurring in branched chains, but it is highly
his having seen one chain lying partly on top
probable that this is a case of

truly phialides.

of another or crossing it, and that his conidium-bearing branches are
Harz also transferred to Spicaria three of the species which Corda had
placed in Penicillium and Bonorden in Hormodendrum. He apparently made

the transfers without seeing any exsiccata and entirely on the descriptions
and figures in Corda's leones. In so far as Spicaria sensu Harz is a synonym
Harz's interpretation of Spicaria soon gained general acceptance.

of Paecilomyces he was right in his transfer of Pen. elegans, but on less sure
ground with Pen. verticillatum and Pen. anomalum.

Saccordo (Sylloge, 4, 167) cites Spicaria Harz and he obviously accepts
Harz's interpretation of the genus. Under S. nivea he states: 'Spicaria solani
is different from the above and is, according to Franks, Acrostalagmus
(conidia solitary, ovoid, 5-8 x 4,u) is a Vertîcillium species, e.g. V. candidulum

cinnabarinus. On the contrary Spicaria Solani Riv. Parass., p. 563, fig. 304
var. Solani.' The latter is cited again in Sylloge, 22, 1298, as V. candidulum

var. solani (Riv.) Sacc., with S. solani Riv. as synonym. According to Petch

(1945) it is possible that this is identical with the conidial stage of Nectria It
solani Reinke et Berth. However Petch, recording N. solani on potato in

After describing the fungus Petch continues: 'This is a Gliocladium, which

Britain, says: 'On these specimens there also occurred minute white tufts
of conidiophores, scattered. or gregarious. These are the conidial stage
figured by Reinke and Berthold, who referred it to Spicaria solani de Bary.'
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must stand as Gliocladium solani (Harting) Petch. Reinke and Berthold
employed the name Spicaria solani de Bary, Die gegenwärtig herschende

and figure indicate a Gliocladium.' Schacht's figure indicates a Paecilomyces,

Kartoffelkrankheit, etc. (1861), p. 43. But de Bary took the name from
Harting (1848) (sic.), as also did Schacht (I856)....De Bary's description

certainly not a Gliocladium, and is evidently neither Harting's species nor

Petch's. Harting's figures, as indicated below, do not fit in either genus.
In any case Harting did not suggest any connexion between his Spicaria

and an Ascomycete, nor did Petchproduce any evidence that his Glio-

In addition to Saccardo, Vuilelln (191 I, 1912), Fron (191 I), Petch

cladium was not an entirely separate fungus from N. solani.

described this as congenerie with S. divaricata, they nowhere suggest that

(many refs.), Gilman & Abbott (1927), Abbott (I926a, b), Gilman (1945),
and many other authors followed Harz. Gilman & Abbott went so far as to
describe P. varioti as Spicaria divaricata. Raper & Thom (1949) accepted
S. violacea Gilman et Abbott, but, although Gilman & Abbott had already

interpretation was Owen (19 I 9),
potato tubers. After quoting Harting's

S. violacea should be placed in Paecilomyces.
Apparently the first to query the current

description of Spicaria she says: 'It is clear from the above, and especially

in a paper on the skin-spot disease of

from the figures, that the genus Spicaria, as founded by Harting on

S. solani, does not correspond with the generally accepted views of the
genus, which, according to Saccardo (Sylloge, 4, p. 167) are rightly interpreted by Harz (Bull. Imp. Natur. Moscow,
44, I, p. 167, 1871). S. solani,
as described by Harting, would appear to belong not to the Mucedineae,
as commonly supposed, but to the Tubercularieae. The figures suggest

that S. solani is closely related to the genus Tubercularia, if indeed it should
not be referred to it.' Owen's clear exposition has received little attention

until very recently, and Harz's lls-interpretation has continued to be

widely accepted.
Hughes (1951) transferred Verticillium marquandii Massee to Paecilomyces.

In the present investigation P. marquandii has been found to be identical

a synonym. Hughes also published a careful description of Pen. elegans,

with S. violacea, and as Massee's name has priority the epithet violacea is

based on a number of fresh collections and cultures which had been

checked by comparison with Corda's exsiccata. He says: 'Spicaria Harting,
in which genus the fungus was classified by Harz, is confused (see Owen,
1919) and from the diagnosis it is impossible to gather much of its systematic position. The type species, S. solani Harting, does not seem to have
been redescribed, so it is best for the time being, therefore, not to use the

name.' He follows this by making the new combination Paecilomyces

elegans. We are in full agreement with Hughes's remarks, and consider
with him that the name Spicaria is best forgotten.
Petch described many new species of Spicaria in his' Studies on entomo-

genous fungi'. In most cases his diagnoses are all too abbreviated and

lacking in essential data, and are seldom accompanied by figures. So far

as can be ascertained he never defined his own conception of the genus
Spicaria, so it must be supposed that he adopted the interpretation which
was current, that of Harz popularized by Saccardo. His exsiccata at the
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British Museum (Nat. Hist.) have been exanÜned and those specimens in
which any recognizable structures remain show typical Paecilomyces-like
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wood to infestation by the death-watch beetle. Rennerfelt (1937) includes

by Robertson (1939) to stain oak wood during kiln drying. Fisher (1940)
found that timber attacked by P. varioti is more susceptible than sound

P. varioti amongst the fungi which cause discoloration of ground wood pulp.
It is interesting in this connexion that Pen. elegans Corda was found on
the inner surface of loose bark of rotting trunks of fir trees.

fructifications.
VERTICILLIUM Nees ex Wallr V. marquandii Massee (1898) has been
redescribed by Hughes (1951) as P. marquandii (see p. 62).

Paper and textiles

books in the

by Lavers & Ilman (1946) in an investigation of the increase in watervapour transnÜssion of packaging materials caused by mould growth.
P. varioti has been isolated from rotting filter-paper in the L.S.H.T.M.

State Public Library of Leningrad. P. varioti was used as a test organism

paper. Bakhtin (1928) found S. elegans causing deterioration of

Sée (1919) describes Spicaria elegans var.flava (=P. varioti) from blotting

OCCURRENCE AND ECONOMIC IMPORTANCE
Species of Paecilomyces and Byssochlamys, referred to as such or as species

of Spicaria or Penicillium, have been reported as occurring on a wide range

exception referred to Spicaria in the literature, are parasitic on insects and

of substrata and from all over the world. Their chief econonÜc importance
is as causes of damage to all kinds of organic materials. A few species have
been reported as nÜldly pathogenic to humans. Others, almost without

laboratories.

on army boots and other leather goods in nÜlitary stores. The growth of

Sopp (i 9 i 2) described Corollium dermatophagum ( = P. varioti) as common

Leather

on nÜldewedgoods returned from the tropics.

the test organisms for work
SnÜth (1945) recommended P. varioti as one of
on tropic proofing, since it was one of the moulds most frequently found

Basu (1948) found P. varioti as a cause of damage and staining of jute.

organism for testing yarn for rot proofness. MacnÜllan & Basu (i 947) and

isolated from cotton yarns. Partridge & Key (1949) used the same

A number of strains of P. varioti exanÜned in the present study were

sometimes cause epidenÜcs amongst them. No case of any species being
pathogenic to a plant has been described.

Foodstuffs
Fruit. Canned and bottled fruits are damaged by Byssochlamys fulva,

which destroys the pectin and causes the fruit to disintegrate (Ollver &
SnÜth, 1933; Ollver & Rendle, 1934; Gilespy, 1938, 1941; Hull, 1939)'
The fungus is found in soil and on decaying fruit in orchards, and is carried

Species of Paecilomyces have been recorded on market fruits by Marchal

co spores are very resistant
into the factory with the early soft fruits. The as
to heat and, unless processing is carried out at a higher temperature than
was at one time considered suitable, some spores survive.

& Higby (1929)' Hausam & Liebscher (1940) described spotting of

P. varioti on leather and methods of prevention were discussed by Orthmann

formalin. Westling's Byssochlamys nivea was found growing on a Geaster
which had been preserved in alcohoL. Moesz (i 92 i) isolated Spicaria
fimetaria (Paecilomyces sp. indet.) from horse dung. Rettenberg (1940)

formosa (= P. varioti) from a botanical specimen preserved in dilute

compounds of arsenic. Sakaguchi et. al. (1939) obtained their Monilia

when grown on arsenic-containing media it rapidly liberated gaseous

sandy loam containing enough arsenic to prevent growth of

a pot of

phenolic plastics'. Thorn isolated his type strain of Pen. divaricatum from
library paste. Thorn & Raper (1932) obtained a Paecilomyces from
various crops;

Species of the genus are commoiily isolated from soil and several species
have been described as growing on rotting vegetation. Bainier's (1907)
P. varioti had been isolated by Variot from decomposing osiers; Saccardo
(1886) isolated S. griseola from rotting leaves; Ellis & Everhart (1883)
isolated S. fumosa from the spines of old chestnut burrs; and von Szilvinyi
(1936) obtained Pen. (P.) victoriae from tobacco in Sumatra.
Smith (1945) mentioned P. varioti as 'the only mould found, so far, on

Miscellaneous

tanned sheepskin byPaecilomyces and other fungi.

& Marchal (1921) as Pen. flavum; Moll (1930) as Spicaria sp.; and Lentz
Fermented liquors andfruitjuices. Saito (192 i) described Pen. mandschuricum

(I 941) as Spicaria sp.

(=P. varioti) as occurring in sorghum brandy. Sakaguchi, Inoue & Tada
(i 939) isolated their Pen. viniferum ( = P. varioti) from grape juice. N aumov

Butter. Bisby, JanÜeson & Timonin (1933) found Pen. divaricatum i:'

& Kiryalova (1935) described Byssochlamys musticola from must of grapes.

(1930) described, as a new species, P. hibernicus (=P.fumoso-roseus) from

( = P. varioti) to be common in Manitoba butter. Kennelly & Grimes !.
amongst the fungi found in a churn.

Irish butter. Macy, Combs & Morrison (1931) reported Spicaria sp.
Miscellaneous
foods. Raper & Thorn (1949) record Paecilomyces sp. from
licorice root, hens' eggs, nut margarine, soya products in China, bread in
Arabia, and in quinine solution.

Wood

Since 1923 the action of P. varioti (usually referred to as Pen. divaricatum)

P. varioti causes a yellow staining of oak wood, a condition called by
Wiliamson (1923) 'golden oak', to distinguish it from 'brown oak'.
on oak has been studied by Hubert (1929), Davidson (1935), Cartwright &

ofliving oaks by Davidson, Campbell & Vaughn (1942), and was reported

Findlay (1936), and Cartwright (1937). It was found in the heart wood

the iicroflora of

marine air, found both Paecilomyces
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in an investigation of

and Spicaria species. Conant, Martin, Smith, Baker & Callaway (1945)
dermatophytes.

record Paecilomyces as a common contaiinant of plates used for growing

Insects

The literature on entomogenous species of Spicaria is extensive, and we
it which is pertinent
to this study. Nevertheless, we do not pretend to have made an exhaustive

have endeavoured to exaiine as much as possible of

search, since it soon became apparent that the diagnoses of species of
Spicaria and Isaria are, with few exceptions, too scanty to be of much use,
and are very rarely based on cultures. Petch (1925-44) described many

species of Spicaria, most of which should undoubtedly be referred to
Paecilomyces. Charles (1941) has published a check list of entomogenous
fungi of N. America and includes many species of Spicaria.
. A few species have been observed to attack and sometimes kill beneficial
insects, e.g. silkworm (Mascera, 1940). Other species parasitize insects
which damage agricultural crops, and, since this phenomenon was first
observed, there have been many attempts to make deliberate use of these
fungi for the control of noxious insects. Laboratory-scale experiments

have sometimes been successful, but attempts to induce epidemics in the
field have failed. Petch (i925c), who took a great interest in this problem,
says: 'No fungus disease has ever exteriinated an insect or prevented an

insects periodically,
epidemic. That such diseases do kill offlarge numbers of
and so exercise a considerable natural control, is undoubted, but it has not
yet been possible to improve on nature in this respect. . . but at the present

time the available evidence is decidedly opposed to the idea that any
practical use can be made of them.' Fawcett (1944), however, maintains

that failure to improve on natural control is often due to a 'natural spore
saturation', and that where the naturàl spore density is below saturation

infection can often be spread artificially.
Pathogenicity to animalS

A fungus which was identified by J. Ramsbottom as a species of Paecilomyces was reported by Ségal (1923) to induce in guinea-pigs a disease

Turesson (1916) found Pen. divaricatum to be quite common in the human

siiilar to typhus.
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affnis, and a specimen in his herbarium is a good Paecilomyces.

a living Mucor. S. penicillata von Höhnel (1904) occurred on a Myxomycete
Arcyria punicea. Petch (i 936) described S. simplex as growing on Yrichia

Occurrence on nematodes

Only one reference has been found relating to parasitism of eel-worms

parasitic on free-living nematodes.

by a species of Spicaria. Drechsler (1941) described S. coccospora as actively

BIOCHEMISTRY

investigations of

of

the

species

The number of biochemical studies carried out on species of Paecilomyces
is small, compared with the enormous number of

Birkinshaw, Charles, Hetherington & Raistrick (1931 a), in a study

of Penicillium.

metabolism of species of Penicillium by the carbon balance sheet method,

included one strain of P. varioti. Later (193 I b) they included Eidamia

catenulata ( = P. varioti) amongst a iiscellaneous collection of moulds which

amounts of volatile neutral compounds, with correspondingly high

were studied by the same method. They said: 'The production of large

respiration coeffcients, absence of volatile acids, production of moderate
amounts of titratable acidity, together with moderate amounts of carbon

unaccounted for", all suggest the type of carbon balance sheet associated

in the form of non-volatile acids, and a moderate value for "carbon

Shaposhnikov & Manteifel (1923) reported the production of citric acid

with Aspergillus clavatus, or with some strains of A. niger.'

(at 40° C.) by a thermophilic mould described as a new species, Pen.

arenarium. Thom (1930) regards this as probably a strain of P. varioti.

Sakaguchi et al. (1939) described two new moulds, Moniliaformosa and
Pen. viniferum (both now regarded as synonyms of P. varioti) and showed

Raistrick & Siith (1933) reported the production from glucose by

that they produced, amongst other substances, ethyleneoxide-Ct,ß-dicarboxylic acid.

Byssochlamysfulva ofa substance named byssochlamic acid (CisH2006)' the

arsenic.
Vora (1951) studied the metabolic products of P. victoriae, grown on
Raulin- Thom medium. The metabolism solution, which gave a brownish

structure of which has not yet been elucidated.
Thom & Raper (1932) isolated a strain of Paecilomyces on an arseniccontaining medium. When tested on Czapek agar containing compounds
of arsenic it was found to be an active producer of gaseous compounds of

purple with ferric chloride, yielded the following compounds: (i) ustic

alimentary tract. When injected intravenously into rabbits it showed no

laboratory animals. Flood (i 93 i) records that P. varioti gave a skin reaction

pathogenicity, but feeding of spores and mycelium proved fataL.
P. burci (PolL.) Thom was isolated from a tumour in a woman (Pollacci,
1921). Dodge (1935) briefly described Spicaria rubra (Baquis) Dodge, which
was isolated from lesions of the cornea, but which was not pathogenic to

tic acid; (3)4: 6-dihydroxy-

'acid, a substance first isolated as a metabolic product of Aspergillus ustus;

3-methoxy-phthalic acid; (4) a compound C9HsOs'

(2) dehydroustic acid, an oxidation product of us

in one asthmatic patient.
Occurrence on other fungi

P. marquandii (Massee) Hughes was isolated from the gils of Hygrophorus
virgineus by Massee in 1897. Spicaria mucoricola Speg. (1899) was found on

28
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Observations on living cultures
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In all cases cultures in Petri dishes were examined directly on the stage
of the microscope. Details of texture were made out in this way, also the
disposition and overall dimensions of sporing structures. Habit sketches

Microscopical methods

degree of sporulation; colour of reverse.

ments of colony diameters; depth of colonies; texture; type of margin;
colour and colour changes; presence or absence of respiration drops;

Thom (1930) emphasized strongly that Penicilla cannot be described
in terms which can be used by others for identifications unless as many
observations as possible are recorded from living cultures. The same holds
true to an even greater degree in Paecilomyces. Here there is more variation
in a single species, and less difference between different species, in details
of the sporing structures and in size, shape, and markings of spores.
All the strains were grown in Petri dishes, and examined at frequent
intervals. Data recorded were: rate of growth as determined by measure-

this region.

study, a steady temperature between 14° and 24° C. was not available
as there is good reascm to believe that the optima for some species lie in

at L.S.H.T.M.), 24°, 30° and 37° C. It was unfOrtunate that, for this

media at 8° C. (refrigerator used for storage of cultures), 10-14° (vaults

A complete study of temperature relationships of all species was not
attempted. Representative strains of each species were grown on two

surfaces for observing the germination of ascospores of Byssochlamys. -

on germinating spores, though these had to be substituted by plain agar

Most of
the diagnoses have been drawn up mainly from Petri dish cultures.
Slide cultures were often useful, the agar block method of Duncan,
described by Riddell (1950), being suitable for all species except P. fumosoroseus, which grew atypically under these conditions. Cultures on cellulose
sheet, as described by Fleming & Smith (1944), were used for observations

species of Paecilomyces spore better in Petri dishes than in tubes or bottles.

As with species of many other genera, it has been found that most of the

In this case cultures were obtained from single ascospores and part-spores,
so that there should be no doubt about the connexion between the perfect
and imperfect stages.

unnecessary to resort to single spore cultures except with Cordyceps militaris.

successful, but occasionally it was necessary to make sets of dilution
cultures and reisolate from the most typical colonies. It was found to be

light and darkness, in the hope of restoring vigour. In most cases this was

were grown on a variety of media, at different temperatures, and in both

If at any time a strain appeared to be atypical or degenerating, cultures

media which were known from experience to give good and typical growth.

at about 4-monthly intervals. Each strain has been kept in duplicate on

have been stored in a refrigerator at approximately + 8° C., and transferred

Stock cultures have been kept on agar slants in plugged tubes. These

MATERIALS AND METHODS

Cultures

collections maintained at the L.S.H.T.M., both numbers are cited in the

The cultures used in this study were obtained from a variety of sources,
but, during the investigation, have been kept as a separate collection,
under numbers 'Pa 1 - '. In cases where cultures are duplicated in the
lists of Material Studied.
We are particularly indebted to the Centraalbureau voor Schimmelcultures, Baarn, Holland, for supplying us with all the species of Paecilomyces, Spicaria and Isaria in that unique collection. These are denoted below

by the abbreviation C.B.S. Other abbreviations are:
Ad. Part of a collection of mould cultures accumulated in the Research
Department of Nobel's Explosives Co., Ltd., Ardeer, Ayrshire, and
transferred to the L.S.H.T.M. in 1931.
A.T.C.C. The American Type Culture Collection.
B.B. Cultures, chiefly from cotton goods, collected in the laboratory of
Messrs Boardman and Baron, Ltd., Great Harwood, Lancs, and
transferred to the L.S.H.T.M. in November 1930. The collection has
since been extended from other sources.
B.C.I.R.A. The British Cotton Industry Research Association, Shirley
Institute, Didsbury, Manchester.

C.M.I. The Commonwealth Mycological Institute, Kew.
L.S.H.T.M. The London School of Hygiene and Tropical Medicine.
, P' and 'X' numbers refer to sections of this collection.

N .R.R.L. The culture collection of the Northern Regional Research
Laboratory of the U.S. Department of Agriculture, Peoria, Ilinois.
Culture media
The most useful media were Czapek agar, malt agar and potato agar.

Cornmeal agar was suitable for a few species, and carrot extract agar,
mixed carrot and potato agar, and macerated whole carrot with agar,
were used from time to time.
Czapek agar was made to the usual formula, using KH2P04 and 3 %
sucrose.
Malt agar contained the salts of Czapek's medium together with 5 % of

'Vimaltol' and 2 % agar.
Potato agar contained a decoction from 200 g. potatoes, 20 g. glucose,
and 20 g. agar per 1. Carrot extract agar was similar except that only
50 g. carrot was used per 1.

Cornmeal agar was made up with 60 g. finely ground maize per 1.
Whole carrot medium was made with 300 g. carrot per 1. The vegetable

was boiled til tender in a small amount of water, put, along with the

water, through a high-speed macerator, made up to volume, cooked with
I' 5 % agar, tubed and sterilized. The medium is a bright orange when first

made, but gradually fades to a pale dull pink, especially when kept in the
light.
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with a micrometer
were drawn at this stage, freehand against a scale and
in the eyepiece. In most cases slide cultures were also used.
For slides made in the ordinary way lacto-phenol was used. Stains were
either picric acid in the lacto-phenol or orseilin in acetic acid.
For measurements of sporing structures and spores both slides and slide
cultures were used. A special l2 in. objective was available, strictly
corrected for a tube-length of 180 mm., it having been previously determined that, at this tube-length, one division of a'micrometer in a x 15
eyepiece was exactly equivalent to i fL. For high-power drawings a rightangled prism over the eyepiece was used to project a real image on to the
paper.
TAXONOMY

PAECILOMYCES BAINIER

Bainier's description of Paecilomyces, based on the single species P. varioti,
adequate to include all the species which are discussed here. Thom's

tends to confuse generic and specific characters, and is certainly not
generic diagnosis (i 930) is both more comprehensive and more concise. The

following emended diagnosis is based on Thom's but is modified to cover
now regarded as belonging to the genus.
all the species which are
Paecilomyces Bainier. Genus related to Penicillium and Gliocladium, distinguished by phialides which are short tubular, or more or less swollen

cell; phialides variously arranged, partly in verticils and branching

in the basal portion and tapering into long slender conidium-bearing tubes
which are mostly curved or bent slightly away from the main axis of the

systems suggesting Penicillium, partly irregularly arranged upon short

branchlets, partly sessile on and arising singly from the fertile hyphae;
conidia in chains, but, in some species, especially when grown under very
moist conditions, tending to slip sideways, or even to slime down into balls
as in Gliocladium; colonies white, or pale coloured, or in dull brownish
shades, occasionally with a greenish tone but never true green. Perfect
state, where known, Byssochlamys Westling.

The colony

The vegetative growth tends to be more or less floccose. It may be
comparatively thin, consisting of a matted web of aerial hyphae, or deeply
floccose, loose or dense, or may be to varyng degrees funiculose. Occasionally erect synnemata, or even true coremia, are formed, but these are rare
in cultures made under ordinary conditions. A few species tend to produce
wet and slimy colonies, especially in the early stages of growth.
Some species are persistently white, or whitefor some time but becoming
slightly coloured as conidium production reaches its maximum. Others
show definite colours in comparatively young cultures, but these colours
are mostly pale and rarely at all greenish. There is, however, one species,
P. victoriae, which is distinguished by its greenish tone, although colonies

can hardly be described as true green.
Reverse colours of colonies vary considerably. The commonest shades
are dirty white, dull buffs, and browns, but a few species produce dis-
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of fresh isolates. Some isolates tend to lose these distinctive colours on

tinctive and bright colours, which are an aid to identification, particularly

continued cultivation.
Few species of the genus produce transpiration drops, which are such

a marked feature of many species of Penicillium, and none has so far been
found to have more than a slight odour.

Sporing structures

The conidiophores. These, when present, arise mostly from trailing aerial

hyphae or funicles of hyphae. Occasionally they are united in small
coremia. They vary greatly in length, but seldom exceed 500 fL. They are

septate, except when very short, and may be of uniform diameter or,
particularly in P. varioti, tend to be enlarged below each septum. The

diameter varies considerably from species to species, averaging 0.8 fL in

P. farinosus and ranging up to 8 fL in P. elegans. There is rarely any

In all species sporing structures which lack definite conidiophores are

roughening of the conidiophores, such as is fairly common in Penicillium.

common, and in a few species well.defiIled conidiophores are rarely formed.
The sporing head. In most species all types of sporing head, from complex

to the simplest possible, are to be found, though usually one type pre-

dominates in each species.
The simplest sporing structures consist of single phialides, or small
clusters ofphialides, borne directly on vegetative hyphae. Monoverticilate

heads, consisting of a definite conidiophore bearing a single whorl of

phialides, are common. In these the tip of the conidiophore is usually
somewhat swollen. More complex forms may consist of' penicill', strongly
reminiscent of the Asymmetrica group of Penicillium, but more usually

The Phialide. In Paeêílomyces the phialide is very characteristic. The basal

consist of successive whorls of phialides, or of phialides and prophialides
(metulae), along a main axis, or ofloose tree-like branching systems.

at the point of attachment to the parent branch, and is commonly a little

portion may be roughly cylindrical, but is more often somewhat narrowed

over half the total length. It tapers gradually or abruptly to a long slender
main axis of the celL. The
tube, which is usually bent ,away from the

unusual length of the phialides, the slenderness of the terminal portion,
and the characteristic bend, together form one of the chief distinguishing
features between this genus and Penicillium. A further point of distinction
is that in Paecilomyces the phialides in a whorl are markedly divergent,

The Conidium. The conidia are formed within, and are extruded from,

whereas in most species of Penicillium they tend to form a compact cluster.

the tips of the phialides. In some strains this endogenous origin of the

conidia is readily seen. They are one-celled, hyaline under the microscope

but often pale coloured in mass, mostly smooth but occasionally finely

roughened, usually ovate, elongate, or almost cylindrical, but in one' or

The conidia are normally dry and borne in long, often very long,

two species almost sphericaL.

chains. Owing to the phialides being mostly divergent, the chains,
although far from straight, are seldom tangled, as in many species of
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Penicillium. If colonies are growing in a very moist atmosphere the conidia
in the chains may slip sideways, so that the long axis lies across or diagonally
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Ascus formation

formation of asci commences by the swelling of a hypha, either at the tip

Westling (1909) described ascus formation in B. nivea as follows: 'The

a septum and, from an adjacent hyphal branch, one or more slender

to the main axis of the chain. In a few species the slipping of the conidia

goes a stage further, giving rise to irregular masses of spores. The phenomenon is often observed in slide cultures which are incubated in a nearly

the ascospores of

the Aspergillus glaucus,fischeri, and nidulans groups. The

the median furrow which is such a noticeable feature

3 ~yc, 40

usually consisting of densely matted mycelial felts, but occasionally very
thin and sparse. Whilst it is true that nearly all species of the Floccosi and
Compacti show some tendency to produce hyphal ropes in old cultures, it
is considered that the suggested classification is a workable one for species

hyphal conglomerates; and COMPACTI, with colonies comparatively thin,

densely floccose, fillng culture tubes, or fornung fairly thick, cushion-like

The primary basis of separation of species of Paecilomyces is colony
texture. Three main groups are recognized: FUNICULOSI, with colonies
markedly funiculose, bristly, or corenuform; FLOCCOSI, with colonies

KEY TO SPECIES OF BYSSOCHLAMYS AND P AECILOMYCES

any part of the surface.

most like those of the Penicillia, regularly ellipsoid. They germinate from

'general contour of the spore is ellpsoid. In Byssochlamys the spores are

be smooth or form roughenings or ridges of varyng complexity, but the

In Penicillium the bivalve type of ascospore is rare. The exospore may

crests or frils along the edges ofthevalves, arid sometimes into roughening
of the whole surface of
the spore. At germination the exospore splits along
the line of contact of the two valves, that is along the furrow between the
two frils. The separated halves of
the exospore can often be seen lying on
opposite sides of the gernunated spore.

exospore which may' be smooth, but is more frequently thrown up into

Aspergillus spore appears to consist of two symmetrical valves, with an

of

They show no trace of

The ascopores are one-celled, hyaline, broad ellipsoidal and smooth.

Ascospores ,

subglobose or ovate, and 8-spored.

Asci are formed in irregular clusters of indefinite size; they are globose to

Ascus development has been followed in both B. nivea and B.fulva. The
process is the same in the two species and, apart from the fact that no
structures have been found which could be interpreted as antheridia, the
early stages of the process are as described by Westling and Emmons.

Emmons (1935) reported on ascus formation in B.fulva thus: 'Byssochlamys fulva has a short hyphal coil from which the ascogenous hyphae
arise, and through the intervention of croziers naked asci develop.'

or at a septum, to a diameter of 5-12 ¡.. The protuberance is delinuted by

the conidia

saturated atmosphere, but even here it tends to occur with some species
obviously links Paecilomyces with Gliocladium.

much more readily than with others. This incipient slinuness of

hyphae (the ascogonium) grow out and twist round the central antheridium.
. . . In addition one frequently finds an arched or somewhat coiled ascogonium put out by the ascogenous hyphae, without being able to find an
antheridium in the vicinity'.

'macrospores '. It was the presence of these cells which led Horne &

Macrospores. Many isolates of the common P. varioti, and also of some
other species, produce large thick-walled cells, which are usually termed
genus Eidamia. The macrospores are most often terminal, and are then

Willamson (1923) to classify P. varioti, along with Trichoderma viride, in the

typical aleuriospores. They are mostly subglobose to pyriform. Less
frequently they are intercalary, and are then more often barrel-shaped.
Their dimensions vary greatly in a single species and even in a single
isolate.

Raper & Thorn (1949) make a curious statement regarding these

Ollver & Snuth (1933) discovered a strain presenting the general

structures, as follows: 'Their significance soon became apparent when

morphology of P. varioti in all respects except that these sterile cells, or
macrospores, developed into individual asci. . . . ' This seems to imply that

Ollver & Snuth suggested that this transformation occurs, which is
certainly not the case. Ascus formation in both species of the genus Bysso-

chlamys is preceded by the development of a spiral, which eventually

becomes not a single ascus but a whole cluster of asci. In no case is there
any stage in the process which remotely resembles a macrospore.
BYSSOCHLAMYS WESTLING

The author's diagnosis is adequate, and (translated) reads: 'Mycelium
hyphae. Conidia in chains; basidia short, usually simple.'

naked, subsessile, conglomerate, 8-spored. Chlamydospores formed singly

floccose, snow-white, creeping; hyphae plurinucleate. Peridium nil; asci
at the ends of

It was suggested by Thorn (1930) that Westling's genus is related to
Paecilomyces. This became evident when Olliver & Smith (1933) described
B. fulva, with a conidial state practically indistinguishable from P. varioti.
The colony

The appearance of the colony depends a good deal on the relative
abundance of asci and conidial structures, and this in turn depends on the
temperature at which the colony is grown. At temperatures of 30° C. or

over, when asci are predominant, the colony is whitish and granular, with

little floccose aerial growth. At lower temperatures, 24° C. or lower,
conidial production is enhanced and, particularly in the case of B. fulva,

the general aspect is typical of Paecilomyces, with a somewhat dense layer
of clusters of asci underneath the funiculose aerial growth.

The imperfect state is definitely Paecilomyces and needs no further
description here.
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identification, since the differences in texture are quite clear-cut during
the rapidly growing period.
A number of species which have not been studied in culture are included
in the key. The disposition of these is, of course, provisional only.

i. Asci produced. Genus Byssochlamys 2
Asci not produced. Genus Paecilomyces 3

Colony colour partly or predominantly fulvous. B. fulva (p, 37)

2. Colony colour persistently white. B. nivea (p. 35)

FUNICULOSI 4

3. Colonies markedly funiculose, tufted, or definitely coremiform.

deeply floccose or formig convex cottony cushions; isarioid forms

occasionally produced in fresh isolates. FLOCCOSI ii

Colonies

Colonies comparatively thin, matted or sparse COMP ACTI 15

4.Conidial
Conidial
heads predominantly complex. 5
heads simple or complex, but if the latter loose in structure; conidia
large, up to 10 ¡i long, rough. P. herbarum (p. 43)

Conidial heads mostly simple. 9
5. Conidia in mass avellaneous to fulvous. P. varioti (p.40)
Conidia in mass white. 6

obliquely in chains. 7

6. Conidia large, 4-8 ¡i in long axis, fusiform or long oval, sometimes borne

Conidia small, less than 4 ¡i, always in normal chains. 8

7. Conidia 7-8 x 4-5 ¡i; forming coremia on insects. P. smilanensis (p. 76)
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18

(p. 50)

(p. 74)

(p. 74)

(p. 75)

EClLOMYCES

P. helIothis

P. canadensis

P. cossus

P. fariosus

P. coccosporus (p. 74)

17

Cordyceps miltaris st. conid. (p. 53)

i 6. Conidial chains often sliming down to form spore balls or irregular masses.
Conidial chains mostly dry.

17. Conidia globose, small.
x 1-1.8¡i.

Conidia ellpsoidal.
18. Conidia 2-3

Conidia 3-4 x i' 5- 1.8 ¡i.

Conidia 4-5'4 x 2.8-3 ¡i.
Conidia 5-7 x 3-3'5¡i.

WHICH HAVE BEEN STUDIED IN CULTURE

DESCRIPTIONS OF SPECIES OF BYSSOCHLAMYS AND P A

BYSSOCHLAMYS Westling

BYSSOCHLAMYS NIVEA Westling (1909), p. 134, Taf. 4 (Text-fig. I)

Colonies on Czapek agar at 30° C. spreading rapidly, covering a Petri

dish in 7 days, consisting at first of a loosely floccose to funiculose mat,
becoming a densely matted felt with some loosely funiculose tufts, dying

down in age and appearing almost granular, with margin thin and

conidial structures sparse, but when present similar to those on malt agar;

arachnoid during the growing period, white to just off white; drops
lacking at first, then appearing sparsely, large, colourless; odour none at
first, then faintly mouldy; reverse white, becoming faintly yellowish;

pink to crimson. P. elegans (P.47)

Conidia 4-6 x 1'5-3 ¡i; reverse of colony usually brownish, but occasionally

asci numerous, conglomerate, globose tosubglobose, 8'5-10'5 x 7'5-9'5fL,

pores) fairly abundant, smooth, 4-7 x 2'5-5 fL.

spores smooth, regularly ellpsoid, 5-5.6 x 3'2-3.8fL; typical

P. farinosus-fresh isolates only (p. 50)

8-spored; as

8. Colonies partly floccose and partly coremiform; conidia 2-3 x i - 1.8 ¡i.

aleuriospores (macros

co

Growth on insects coremiform; conidia 2-2'5 x 1-1'5¡i. P.longipes (P.75)

is very

slow at temperatures below 20° C., is

and very rapid at 30-37° C.

Growth

5-300

fL long and 2-3fL

swollen base and tapering at

fairly

rapid

at

24 °C.,

about 8 x 6fL, then put out one or two germ-tubes, which are usually
produced terminally but are sometimes lateraL.

Conidia germinate usually by a single germ-tube. Ascospores swell to

higher temperature.

Hence the above diagnosis has been drawn up from cultures grown at the

agar.
Colonies on potato agar at 30° C. similar to those on Czapek except that
conidial structures are somewhat more abundant.
On all media growth is better and more typical at 30° C. than at 24°C.

aleuriospores present but not abundant; asci and ascospores as C?n qzapek

broad ellpsoid, often with one end slightly flattened, 3.8-6 x 2'5-5fL;

about half
the length to a long thin tube about I fL in diam., very variable
in length, 8- I 9 fL, and 1.6-3 fL diam. at the broadest part; conidia smooth,

diam., sometimes branched; phialides with

on trailng hyphae; conidiophores, when present, I

Colonies on malt agar at 30° C. similar to colonies on Czapek, but
growing rather more rapidly and somewhat more deeply floccose when
young; conidial structures usually evident, the more complex ones consisting of several whorls of phialides, or mixed phialides and branches,
borne at successive nodes along the conidiophore, but all types produced,
from these comparatively complex heads to single phialides borne directly

Growth on insects funiculose; conidia 2'5-3'2 x 1.8-2'2 ¡i P. simplex (p. 76)

P. fusisporus (P.45)

g. Conidia large, up to 8 ¡i, fusiform, with spiral ridges or reticulate.

Conidia small, not exceeding 5 ¡i, smooth. 10

fusiform, 3-5 x 1'5-2 ¡i. P. puntoni (p. 54)

10. Colonies dirty white; macrospores abundant; conidia tardily produced,

P. ftavescens (p. 56)

Colonies tardily pale clear yellow, tufted; conidia ovate, 3'5-4 x 2-2'5 ¡i.

Colonies greyish to avellaneous; conidia globose, 4-5 ¡i diam. P. burcI (p. 73)

14
16

12

P. parvus (p. 58)

Colonies slimy at first, tardily funiculose; conidia subglobose, 2'5-3 ¡i diam.

I I. Colonies white at first, but often becoming tinted in age.
Colonies purplish or violet.
12. Colonies persistently white or becoming yellowish in age. P. farinosus series

P. victoriae (p. 60)

Colonies becoming pale grey-green; conidia ovate, 2'2-3'1 x 1'4-2 ¡i.

P. javanicus (p. 65)

Colonies becoming pale bluish grey; conidia fusiform, 4-6 x 1-1'5 ¡i.

Colonies becoming pinkish or rose. 13
13. Colonies becoming rose-coloured; conidia 6'5-10 x 5-6 ¡i. P. fimetarius (p. 75)

P. fumoso-roseus (p.67)

Colonies dense floccose, tardily pinkish; conidia 3-4 x 1-2 ¡i.

14. Colonies becoming violet; reverse intense yellow. P. marquandi (p.62)

Penicilium liacinum (p. 64)

Colonies sordid vinaceous; reverse vinaceous or purple.

funiculose. P. parvus (p. 58)

15. Colonies restricted, cushion-like, tardily becoming pale pink; reverse on
Czapek agar intense green; conidia slightly rough. P. carneus (p. 70)
Colonies very thin, restricted, often slimy, but eventually more or less

3-2
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13, germinating ascospores.

Text-fig. 1. Byssochlamys nivea. 1-6, conidial structures, showing range of pattern; 7, asci
and ascospores; 8, conidia; 9-12, habit sketches of conidial structures and macrospores;
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Only three records can be traced. Westling (1909) found it on specimens

of Geastrum from which the preserving spirit had gradually evaporated.

Material studied

at a Brit. mycol. Soc. meeting in March 1953, reported it from soiL.

J. H. Warcup isolated it from soil in 1950 (personal comm.). Chesters also,

Beds.

Pa 26. Culture from J. H. Warcup, received Feb. 1950. Isolated from soil, Clophil,

(Text-fig. 2)

BYSSOCHLAMYS FULVA Olliver et Smith (1933), p. 197, pi. 602, figs. 1,2

Byssochlamys musticola Naumoff et KiryaL. (1935), p. 362.

Colonies on Czapek agar spreading rapidly, covering a Petri dish in

7 days, 0'5-1 mm. deep at 240 C. and 1-2 mm. at 300 C., consisting at

first of a very thin basal felt with a fine funiculose overgrowth, becoming
a densely matted floccose or funiculose felt with a loose funiculose over-

tawny to snuffbrown; exudate lacking or limited to a few colourless drops;

growth, later developing granular patches (asci), with margin thin and
arachnoid during the rapidly growing period, pale yellowish buff or

reverse pale dull yellowish or brownish; sporing structures varying in

complexity from single phialides borne directly on aerial hyphae to loose

irregularly branched heads with branches terminating in single phialides,
whorls of phialides, or mixed whorls of phialides and further branchlets;
conidiophores arising from aerial hyphae or ropes of hyphae, usually

short, up to about IOO fL, but occasionally up to 500 fL long, 2-4fLdiam.,

smooth, septate; phialides up to 5 in a whorl, with more or less cylindrical

or swollen basal portion, tapering gradually for about half their length to

a long thin tube which is often bent, 8-25fL long and l'4-3'5fL diam. at
the broadest part; cónidia ovate to cylindrical or barrel-shaped, smooth,

asci conglomerate, 8-spored, subglobose,. 10-13 x 9-12 fL; ascospores

4-9 Xl' 5-3 fL, in very long twisted, divergent or loosely tangled, chains;

regularly ellipsoidal, smooth, 5'5-7 x 3'5-4'5fL, mostly 6'5fL long.
Colonies on malt agar growing somewhat more rapidly than on Czapek,

and becoming somewhat deeper and more funIculose. Otherwise findings
are as on Czapek.
Colonies on potato agar as on Czapek except that they are usually
slightly more definitely funiculose. Details of conidial structures and asci
as on Czapek.
As in the case of B. nivea growth is more rapid and typical at 300 C. than

at 240 C. Hence the above diagnosis is drawn up from cultures incubated
at the higher temperature. If successive subcultures are always grown at
240 C. or lower temperatures they tend to become entirely conidial, and
the ability to produce asci is permanently lost. Production of asci can be
ensured by growing cultures at any temperature between 30 and 370 C.
temperature.

for 10-14 days. Mterwards they may be stored at any convenient

38

G

o

Transactions British Mycological Society

c:D)

C)o (/ 0 10

s

~O~~ ~

tf ~il~

9

Text-fig. 2. Byssochlamysfulva. i -4, habit sketches of conidial structures; 5-9, conidial structures;
10, conidia; II, asci; 12, germinating ascospores.

Conidia swell and often become grotesquely shaped before germination,
then put out one germ-tube, sometimes followed by another after some

delay. Ascospores germinate by a single germ-tube issuing from any point
on the spore wall.
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Growth is slow to very slow at temperatures below 200 C., good at 240 C.

but, as
stated above, tending to be predominantly or entirely conidial, and
very rapid at 30-370 C.

Occurrence

This species was originally isolated from bottled fruit, and at one time

it created a serious problem in the fruit-preserving industry. It was later
shown by Ollver & Rendle (1934), Gilespey (1938, 1941), and Hull
(1939) to be a fairly common orgaÌism in orchard soils in England.

According to Raper & Thorn (1949) it is uncommon in America, and, so
far as is known, it has not been reported from any other country, except
possibly as B. musticola from U.S.S.R. (see below).

Physiology

B. fulva shows unusual resistance to a number of influences which are
lethal to most fungi. It can grow at low oxygen tension-hence its ability
to grow in cans and bottles of
preserved fruit; it can tolerate up to 50 parts
per milion of S02 in saline and plum syrup, and up to 450 p.p.m.in a

solution containing 10 % sucrose and i % peptone; it is not killed by

i : 200 acetaldehyde; the ascospores can survive a temperature of 84-870 C.

ammonia liberated from 2'5 mL. of concentrated ammonia per litre, or by

taining ascospores was heated at the same rate as the cans in normal

for 30 min. in saline or syrup and, in experiments in which syrup con-

processing, the spores retained their viabilty until a temperature of 980 C.
was reached; the spores can also withstand immersion in absolute alcohol

for 30 weeks at least (Ollver & Rendle, 1934). It is interesting that

Westling reported unusual resistance to lethal influence in his B. nivea and
that the fungus was several times isolated from specimens from which the

preserving alcohol had gradually evaporated.

The description of B. musticola Naumoff et KirjaL. is inadequate, but,
apart from unusual variation in size of ascospores, it would fit B. fulva.

received from T. Rendle,

Oct. 1934. Production of asci is somewhat sparse; otherwise tyicaL.
(N.R.R.L. 1125.) Culture received from K. B. Raper, July 1948. Typical but
production of asci tardy.

(= X. 6a.) Isolated from soil near Cambridge and

Challnor, May 1947. Is stil quite tyicaL.

(=B.B. 134a.) Isolated from soil at Long Ashton and received from S. C.

asci.

species was erected. Is now typical P. varioti, since it no longer produces any

Cambridge, Jan. i 933. The original isolate from bottled fruit on which the new

(=B.B. 134.) Culture from T. Rendle of Messrs Chivers and Co., Riston,

Material studied

Unless and until cultures become available and it is definitely shown that
the two are different, it is probably best to regard B. musticola as a synonym
of B.fulva.

Pa 24.

Pa 25.
Pa 29.
Pa 22.

4°
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PAECILOMYCES Bainier
Section FUNICULOSI

PAECILOMYCES VARIOTI Bainier (1907), pp. 26-7, pi. VII (Text-fig. 3)
Corollium dermatophagum Sopp (1912), pp. 98-103, Taf. X.

Penicillium divaricatum Thom (1910), p. 72, fig. 29.

Spicaria elegans (Corda) Harz var.flava P. Sée (1919), p. 33, pI. I, figs. 3-8.
Pen. mandchuricum Saito (i 92 i), pp. II - I 2.
?Pen. arenarium Shaposhnikov et Manteifel (1923), p. 3;

Pen. aureo-cinnamomeum Biourge (i 923), p. 2 I 3.

Eidamia catenulata Horne et Wiliamson (1923), p. 398, figs. 7-13.
Paecilomyces mandshuricus (Saito) Thom (1930),P. 550.

Spicaria divaricata (Thom) Gilman et Abbott (1927), p. 3°~.
P. aureo-cinnamomeus (Biourge) Thom (1930), p. 547.

p.102.

Spicaria divaricata (Thom) Ma (1933), p. 115 (a later homonym).
P. mandshuricus (Saito) Thom var. saturatus Nakazawa, Takeda et Suematsu (1934),
?Spicaria taurica Naumoff et KiryaI. (1935), p. 363.
Moniliaformosa Sak., Inoue et Tada (1939), p. 302.
Pen. viniferum Sak., Inoue et Tada (1939), p. 303.

Colonies on Czapek agar at 240 C. growing fairly rapidly, but showing
considerable variation between different strains in rate of growth, attaining
a diameter of 3S-60 mm. in 7 days and covering a Petri dish in IO-I4 days,
consisting of a matted basal felt with loose floccose funiculose overgrowth,
with margin either narrow and abrupt or broad and arachnoid, ochraceous,
shading through pale yellow to white at the margin, becoming deeper and

drops occasionally present, sparse, colourless; odour at first nil, after

duller in colour, dirty yellowish buff, often with a greenish or pinkish tinge;

whorls of

phial

7-IO days sweet aromatic; reverse usually dirty yellow, buff, or pale brown,
occasionally with greenish tones; fruiting structures very variable, ranging
branching,
ides mixed

but with the latter usually irregular, consisting of

from solitary phialides to complex heads with several stages of

hyphae, often lacking, normally 90-200 x 2'S¡., but varying from

with secondary branches; conidiophores arising from aerial hyphae or
IS to 900¡. long and I to 3¡. in diameter, sometimes with lOcal swellngs

ropes of

up to 6 ¡. diam., and usually swollen at the apex to 4-S ¡. when bearing
a monoverticilate head; phialides up to 7 in a whorl, with cylindrical
basal portion and tapering at a little over half the length to a long slender
tube about I ¡. in diam., usually bent more or less sharply, very variable
in size, 8-2S ¡. long and i' S-2 ¡. diam. at the broadest part; conidia smooth,

pores
ellpsoid to cylindrical, 3-6 x I'S-3¡., mostly 4-S x 2-3¡.; macros
produced by some strains, terminal and resembling aleuriospores or intercalary in hyphae or even in phialides, globose to ovate, 8-io x 4'S-8¡..

Colonies on malt agar at 240 C. usually growing more rapidly than on
Czapek, s0-60 mm. diam. in 4 days and covering a dish in 7 days, but
occasional strains growing at same rate as on Czapek; reverse in deeper

and more orange shades than on Czapek; in all other respects similar to

colonies on Czapek. .

Colonies on potato agar growing somewhat more rapidly than on

Czapek, becoming 6S-80 mm. diam. in 7 days and covering a dish in

aerial growth more funiculose; sporing structures often

Paecilomyces. Agnes H. S. Brown and George Smith 41
io days, with

4

Conidia swell irregularly and become distorted before germinating.

slightly larger than on Czapek, with conidia up to 7 ¡. long.

öe

9

Two successive germ-tubes are normally produced.
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structures; 10, macrospores in situ; i I, conidia; 12, macrospores.

Text-fig, 3. P. varioti. 1-6, conidial structures; 7-9, habit sketches of conidial
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Growth is slow at 150 C. or lower and nil at about 80 C.; it is rapid at
240 C. and very rapid at 300 C. and up to 370 C.

Discussion

P. varioti is a very variable species and, in consequence, has been
described under a variety of names. The above diagnosis is drawn from

a study of what may be termed typical isolates. Occasional strains grow

these, there is no doubt as to their identity.

comparatively restrictedly, or remain very pale coloured, but, even with

adequately de.scribed by Thom (1930), who had seen Saito's isolate. Pen.

Of the synonyms given above Pen. divaricatum, Corollium dermatophagum
and Eidamia catenulata have been discussed earlier. Pen. mandshuricum was

P. varioti. Raper & Thom (1949), however, are inclined to regard it as

aureo-cinnamomeum was considered by Thorn (i 930) as possibly distinct from

Thorn's data,
synonymous with P. varioti, an opinion which, on the basis of
we share. No material is now available, but Thorn's description of a
culture from Biourge, and Biourge's own diagnosis, suggest nothing that
would distinguish it from P. varioti. Pen. arenarium is probably P. varioti,
although the diffuse description includes unusual colours and dimensions
(see Thorn, 1930). Spicaria elegansvar.flava is known only from description.

I t is definitely not related to P. elegans and, judging from the diagnosis and
figures, is almost certainly P. varioti. S. taurica cannot be identified with
Latin
certainty without cultures or herbarium material, but the very brief
diagnosis definitely suggests P. varioti.
Occurrence

This species is common and cosmopolitan, and occurs on a wide variety
of substrata. It is therefore surprising that it was not described before

1907, since there is no lack of subsequent records. However, no earlier
description which would fit this species has so far been traced. Its
economic importance has already been discussed.
Material studied

saturatus Nak., Tak. et Suem., contributed by Nakazawa. This isolate is definitely

Pa i. Isolated from mouldy filter-paper, L.S.H.T.M., Oct. 1950. In every way typicaL.
Pa 4. Culture from C.B.S., received Nov. 1950, as P. mandshuricus (Saito) Thorn var.

P. varioti. It produces 'a loose funiculose tye of colony, with abundant

macrospores.
Pa 7. Culture from C.B.S., Nov. 1950, as P. varioti, C.B.S. isolate. It is quite tyicaL.

Pa 8. (=Ad 44.) Received (at Ardeer) from C.B.S., Sept. 1925, as Pen. divaricatum
Thorn. Although this strain has been maintained in laboratory culture for at
least 30 years it is stil tyicaL.
Pa 9. (=Ad 103,) Received (at Ardeer) from A.T.C.C., Nov. 1927, as P. varioti
no. i i 39. Produces tyical colonies with somewhat sparse macrospores.
Pa ii. (=B.B.122.) Culture from B.C.I.R.A., July 1930, as Paecilomyces sp., isolated
from cotton yarn. Gives tyical colonies with abundant macrospores.
Pa 12. (=B.B. 124.) Culture from B.C.I.R.A.,July 1930, as Paecilomyces sp. from cotton

yarn. Growth not quite so luxuriant as shown by most strains, but quite

tyical and producing a fair number of macrospores. '

colonies normal in every way.

Pa 13. Culture from N.R.R.L., Dec. 1943, as P. varioti, N.R.R.L. i i 18. Produces

Pa 14.
Pa 17.

Pa 18.
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macrospores.

Culture from N.R.R.L., July 1948, as P. varioti, N.R.R.L. i i 15. Colonies comparatively thin and no macrospores produced.
(=B.B.62.) Isolated from cotton yarn, Mar. 1927, and originally identified as
Spicaria sp. Colonies pale yellowish to pinkish buff, dense funiculose; many

Tada, N.R.R.L. i i 23. Rather slow growing, very thin at first, but eventually

(= P. 219.) Culture from N.R.R.L., Apr. 1946, as Pen. vinifrum Sak., Inoue et

producing typical colonies; no macrospores.

et Tada, N.R.R.L. 1282. Pale colonies, pinkish buff to almost cream; some

Pa 31. (=X.26.) Culture from N.R.R.L., Apr. 1946, as Monilia formosa Sak., Inoue

macrospores.

Paecilomyces herbarum sp.nov. (Plate 2, figs. i, 2; Text-fig. 4)

Coloniae in agaro Czapekii lentissime crescentes, tenues, humidae, per quattuor

Coloniae in agaro 'potato dextrose' dicto vel in carota disintegrata cum agaro celeriter

hebdomades conidia non gerentes.
Coloniae in agaro 'malt' dicto lente crescent~s, tenues, primum humidae, deinde
mycelium aetherium tenue candidum sensim proferentes, per quattuor hebdomades
conidia non gerentes sed aliquando in senectute conidiophoras typicas gerentes.

fasciculatis sub-candidis, quae conidia lente efferunt, contextae; reverso inaequaliter

sed tamen lente crescentes, densae, primum vinaceae aut sub-brunneae, deinde hyphis

brunneo; coloniae veteres, praecipue in 'carrot agar', sulcatae, zonatae.
20-30 fLlongae, cum

basi 3-4 fLdiam. et apice asperulo 1-1'3 fL diam.; conidia irregulariter

Conidiophora plerumque brevia, sed aliquando ad 100 fL longa, fasciculata, irregulariter ramosa, plerumque 3 fL diam.; phialides in verticilatis, sednonnumquam solitariae,

ellpsoidea, saepe in uno extremo truncata, sub-asperula, (7) 8-9'5 (ii) x 3-3.8fL, in
Habitat in calamis mortuis herbarum, Anglia.

catenis longis implicatis.

Colonies on Czapek agar at 240 C. growing very slowly, 8 mm. diam. in

i 2 days, thin, wet, transparent, not showing any sign of sporing after

4 weeks' incubation. '

Colonies on malt agar growing better than on Czapek but stil slowly,
15-16 mm. in 12 days, thin, wet at first but gradually developing whitish
aerial growth, not usually sporing after 4 weeks' incubation, but sometimes
producing normal conidiophores in very old cultures.
Colonies on potato-dextrose agar or disintegrated carrot agar growing

somewhat better than on malt agar, 7 mm. in 6 days, 16-20 mm. in

12 days, forming pinkish to vinaceous or brownish mycelium close to the
the surface, but usually
substrate, with white tufts slowly covering most of
deeply sulcate zonate, the tufts gradually becoming powdery as spores are
white to slightly brownish and powdery all over;
formed, eventually dirty
reverse irregularly brown.
Conidiophores mostly short but up to IOO ¡. long, usually fasciculate,
irregularly branched, seldom more or less verticillate, smooth, mostly

3 ¡. diam.; phialides usually in irregular verticils of 2-4, but sometimes
solitary, sometimes mixed with metulae, 20-30¡. long and 3-4¡. diam. at
the base, tapering rather gradually from about two-thirds the length to
a slender tube 1-1'3¡. diam., often rough towards the apex; conidia
irregularly ellpsoid, frequently truncate at one end, finely roughened,
(7) 8-9'5 (ii) x 3-3'8¡., borne in long tangled chains.
In its natural habitat, on old stems of herbaceous plants, forms a thin

funiculose mycelium close to the substrate, with funiculosè aerial tufts,
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artificial media but phialides occasionally longer, up to 40fL, and of

some-

white to cream; sporing structures very similar to those produced on
what greater diameter, up to 5 fL.

Conidia germinate very slowly. Spores from a 3-month-old culture on

20p
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Text-fig. 4' P. herbarum, 1-4, conidial structures; 5, conidia; 6-8, habit
sketches of conidial structures.
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carrot agar, sown directly on to the surface offresh carrot agar,
showed no
sign of germination, or even swelling, after 30 hr. After 40 hr. most of the

conidia had enlarged slightly in width and a high percentage had produced germ-tubes, but even after 3 days some of the conidia were just

showing first signs of germination. The germ-tubes are formed from any

part of the surface of the spore, but are most often polar. Two germ-tubes
are usually produced, most often successively but occasionally simultaneously, and a very small proportion of the spores produce three.
Tils species has a rather narrow temperature range. There is no sign of
growth in 4 weeks at 00 C., but normal growth occurs when the inoculated

plates are transferred to room temperature. At 80 C. growth is very slow,
scarcely visible in 2 weeks and only 15-20 mm., on potato or carrot agar,

in io weeks. At temperatures 15-240 C. growth is normal, and variations
in temperature witiln this range have little effect on the-rate. There is no
growth at 300 C. and the coiudia and mycelium are apparently slowly
killed at this temperature, since plates incubated for 4 weeks at 300 C. and

then transferred to room temperature show no sign of growth.

Material studied

Pa 63. Culture received from C.M.I., Jan. 1954, as 'Paecilomyces Taxonomic sp. I,

I.M.I. 53581'. It was isolated from stems of Urtica dioica.
The following six specimens in Herb. I.M.I. were all contained in the folder' Paecilomyces Taxonomic sp. I'.

Herb. I.M.I. 19107, on dead stem of Heracleum, Exeter, 13 Sept. 1947. Collected by

by Miss E. M. Wakefield.

S. J. Hughes.
Herb. I.M.I. 19108, on dead petioles of Gunnera scabra, Exeter, 15 Sept. 1947. Collected

Heracleum sphondylium, Ranmore Common, 14 Dec. 1947.

Herb. I.M.I. 1922 I (e), on petioles of ,Petasites ovatis, Masham, Yorks, 13 Oct. 1947.
Collected by S. J. Hughes.
Herb. I.M.I. 19559, on Umbelliferae indet., Ranmore Common, 2 Nov. 1947. Collected
by S. J. Hughes.
Herb. I.M.I. 20036 (a), on'

Collected by S. J. Hughes.
Herb. I.M.I. 31407 (ë), on dead stem of Urtica dioica, Masham, Yorks, 26 Sept. 1948.
Collected by S. J. Hughes.

All the specimens were obviously the same species, and measurements agreed with those

taken froin cultures of Pa 63. The species is apparently widely distributed on dead
herbaceous stems, but is not common.

Although originally put apart from' Taxonomic sp. I' in the C.M.I. folders, both the

Herb. I.M.I. 1375 (c), on Heracleum, Forge Valley, Yorks, Oct. 1945.

character of the colonies on the Heracleum stem and the size and shape of the conidia

indicate identity with P. herbarum. The conidia are only slightly larger than in the other

specimens, 9-1 i X 4-5 ¡., and this alone is considered to be insuffcient ground for

separation.

PAECILOMYCES FUSISPORUS Saksena (1954), p. 187, pi. VIII, text-figs. 1-4
(Text-fig. 5)

The author's diagnosis runs as follows:

Colonies on Czapek's agar broadly spreading with medium rate of growth, completely

occupyig the Petri dish in 10 days at room temperature, slow growing, with superficial
growth consisting mostly of trailng fertile hyphae, faintly zonate, surface white at first
later becoming cream and slightly brownish; reverse of the same colour but more
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branched, creeping. Conidial fructifications separate sterigmatic cells, or of verticils or

brownish. Vegetative hyphae branched, hyaline, 3-4 ¡i thick, Fertile hyphae septate,
series of verticils of branchlets and sterigmata irregularly distributed along the fertile
i 00- 125 ¡i; conidia fusiform with the two ends usually pointed, 6- i 0 x 3-5 ¡i, brownish in

hyphae; sterigmata 10-15 x 3-5 ¡i with pointed apices bearing conidia in long chains
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colour, walls thick showing characteristic spiral markings from end to end. The species is
unmistakable on account of the markings on the spores.

l

60¡i

20¡i
Text-fig. 5. P.fusisporus. 1-4, conidial structures; 5-8, habit sketches of
conidial structures; g, conidia.
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The following cultural data are based on our own findings.

and never covering the surface of the agar in a Petri dish, white at first

Colonies on Czapek agar growing moderately well, spreading at first,
becoming 25-30 mm. diam. in 7 days, but thereafter growing more slowly

then quickly avellaneous, forming a close matted felt about i mm. thick,
with fimbriate edge during the rapidly growing period, later with well-

Colonies on malt agar growing at about the same rate, and eventually

defined and much lobed margin; reverse pinkish brown.

restricted to a diameter of about 50 mm., with surface slightly browner
than on Czapek, and with reverse almost black, or with pale brownish

Colonies on potato agar very similar to those on Czapek, growing at

centre and remainder almost black. Other details as on Czapek.

Discussion

about the same rate, differing in the colour of the reverse, which is claycoloured in the centre, with irregular patches of very dark brown at the
edges.

Saksena (i 954, p. i 86) says: 'The general structure of conidiophores
agrees with the generic description of Paecilomyces. The shape of phialides
is somewhat different. It resembles more the sterigma of a monoverticilate

Penicillium, i.e. it is a cylindrical cell with an acute more or less tapering
apex rather than having a narrowed long neck as is described typically for

In our experience the phialides are occasionally of the shape described,

the genus Paecilomyces.'

but usually are constricted somewhat at the base and taper at about half

their length to long narrow tubes, L¿. they are entirely typical of Paecilothe spores is seldom in the form of a well-

myces. Also the ornamentation of

defined spiral band, as described and figured by Saksena, but most

frequently takes the form of a fine reticulation all over the surface. However, the spores are quite distinct from those of any other species of the

Material studied

In other respects our findings agree with those of the author.

genus..

57442).

Pa 64. Culture received from C.M.I., Oct. 1954, and originating from Saksena (I.M.I.

p. 27 (Text-fig. 6)

PAEClLOMYCES ELEGANS (Corda) Mason et Hughes apud Hughes (1951),
Penicillium elegans Corda (1838), p. 18.

Hormodendrum elegans (Corda) Bonorden (1851), p. 77.

Spicaria elegans (Corda) Harz (1871), p. 138.
Spicaria elegans (Corda) Harz var. sorghina Sacco (1886), Sylloge, 4, p. 166.
Mariannaea elegans Arnaud (1952), p. 196.

Colonies on Czapek agar at 240 C. growing moderately rapidly, becoming 20-30 mm. diam. in 7 days and 35-50 mm. in 14 days, 2-3 mm.
deep, consisting of a dense matted basal felt with floccose funiculòse over-

growth, becoming strongly funiculose and sometimes producing loose, erect

synnemata, thinning abruptly to a thin slimy margin, which is sometimes
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lobed or irregular and bears isolated tufts of conidiophores, white at first,
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remaining white or turning yellowish, pinkish, or pale buff, but always
becoming white again as conidium production reaches a maximum; drops
tiny, colourless, sparse; odour nil; reverse whitish, then turning pinkish
(in one strain crimson) or, more commonly, fairly deep brown or orange-

6

5-7, conidial structures; 8, conidia.

Text-fig. 6. P. elegans. 1-4, habit sketches of conidial structures;
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brown" varying somewhat even with the same isolate in successive cultures;
hyphae of the basal felt usually brownish; conidial structures mostly

complex, loose or compact, but varying from simple monoverticilate

heads to structures with up to seven successive whorls of phialides and

side-branches borne along a main axis, often with the side-branches

rebranched before producing phialides; conidiophores arising from the
basal felt, from aerial hyphae, or from funicles, usually 75-150¡ilong but

occasionally up to 500 ¡i, tapering, up to 7 ¡i diam. at the base, diminishing
to 2-4¡i (1'5-5¡i) and then dilating again at the apex to about 6¡i diam.,
usually smooth but occasionally finely roughened near the base, septate;

the fructifica-

branches very variable, occurring mixed with phialides, with up to six
elements in a whorl, decreasing in length towards the apex of

tion, thus giving the latter a pyramidal shape, the lower ones often

rebranched, 6-45 ¡i long by. 2-4 ¡i diam.; phialides in whorls of up to seven,

flask-shaped, with basal portion almost cylindrical or swollen in the

middle, tapering at just over half the length to a long narrow tube

0'5-1'5¡i diam., the whole 9-20¡i by 2-3¡i at the broadest part; conidia

smooth, fusiform, hyaline, white in mass, 4-6 x 1'5-2'5¡i, adhering

obliquely in the chains; conidial chains at first divergent, then bent and

twisted and often tangled, up to 200 ¡i long, sometimes partially sliming

down to form balls or irregular masses.
Colonies on malt agar similar in every way to those on Czapek, but

strains which tend to produce incipient coremia do so more readily than

on Czapek.
Colonies on potato agar growing slightly less rapidly than on Czapek,
17-25 mm. in 7 days and 35-60 mm. in 14 days at 240 C., otherwise

similar.
Conidia swell before germinating, becoming almost globose and about
4'5¡. diam. Two successive germ-tubes are usually produced.
Growth at 80 C. is very slow, first becoming visible after about io days,

370 C.

and forming a COlony only 1-2 mm. diam. in 3 weeks. Growth is still slow
at 10-140 C., but good at 24-300 C., and nil at

Discussion

Corda's ilustration in leones II leaves little doubt that he had a species

of Paecilomyces. Bonorden's transfer of Pen. elegans to his new genus

. Hormodendrum was a complete misinterpretation of Corda's figure and

Hormodendrum is now considered to be a synonym. Harz (i 87 i) transferred

, description, as it is certainly not congeneric with Cladosporium, of which

Thorn (1930) referred to Pen. elegans in the chapter on Paecilomyces but

it to Spicaria, but without seeing any exsiccata, and, though it is quite
possible that it is congeneric with S. nivea Harz, it is certainly not related
to S. solani Harting, the type species of Spicaria.

(Corda)? Thorn in a list of soil fungi. Hughes (1951) published a full

made no new combination, although Chesters (1948) included P. elegans

description of the fungus, drawn both from fresh isolates and the type

1\"'.._ ._

in Corda's herbarium, and made the new combination which now
stands.
4
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There is nothing in Saccardo's description of S. elegans var. sorghina to
suggest any significant difference from P. elegans as here understood.
No material is available of Mariannaea elegans Arnaud, but the descrip-

the bark on rotting

tion, figure, and habitat, are suffcient to identify the fungus as P. elegans.

Occurrence
Corda's original isolate was from the inner surface of

pine trunks. It was recorded (as Pen. elegans) from rotten wood by Grove
(1885), Massee (1893), and Hughes (1951). It has been reported'from

soil by Jensen (1912), Gilman & Abbot (1927), and Paine (1927).
Material studied

Pa 36. Culture from C.B.S., Nov. 1951, as Spicaria elegans (Cda.) Harz, C.B.S. isolate.

Conidia sometimes slime down to form loose masses.

Produces deep reddish brown colour in reverse, and abundant synnemata.

Reverse of colonies in pale pinksh shades; abundant synnemata; little

Pa 37. Culture from C.B.S., Nov. 1951, as Spicaria elegans (Cda.) Harz, C.B.S. isolate.

tendency for conidial chains to disintegrate.
Pa 52. Culture from C.M.I., Feb. 1952, as P. elegans (Corda) Mason et Hughes, I.M.I.
22573 (a), isolated in Feb. 1948 from Betula periderm, Richmond park, Surrey.
Moderately deep brown in reverse of colonies; conidial chains often sliming
down; produces very large and complex sporing structures but only very small

synnemata.
Pa 53. Culture from C.M.I., Feb. 1952, as P. elegans (Corda) Mason et Hughes, I.M.I.
27616 (a), isolated in Apr. 1949 from conifer wood, Roche Abbey, Yorks.
Only feebly pigmented in reverse of colonies; shows little tendency for conidial
chains to become slimy.
Pa 23. Culture from J. H. Warcup, Dec. 1950, as Paecilomyces sp. K 2/1, from soiL.
Differs from the other strains examied in producing a crimson colour in
reverse of colonies on agar. In view of the fact that Pa 37 tends to assume
pinsh shades in reverse, and that in all other respects Pa 23 is indistiguihable from the other isolates, it has been considered inadvisable to regard thi
as a distinct species, or even variety.
Pa 34. Isolated from the inner surface of bark of fallen pine tree, Dunkeld, Perthshire,
Sept. 1953. Produces deep brown colour in reverse of colonies; synnemata
small; conidial chains fairly persistent.

(Ramariafarinosa Dickson (1790), p. 25.)

Paecllomyces farinosus (Dicks. ex Fr.) comb.nov. (Text-fig. 7).
Isariafarinosa Fries, Syst. mycol. 3, p. 271 (1832).
Spicaria verticilloides Fron (1911), p. 483.

Spicariafarinosa Vuillemin (191 i), p. 76.
Coremium swantoni A. L. Smith (1919), p. 156.

Spicaria farinosa verticilloides Fron (i 9 i 2), p. 153.

Spicaria aleyrodis Johnston (1917), p. 79.
Coremium breve Petch (1926), p. 259.
Coremium gracile Petch (1926), p. 260.

Spicaria (Isaria) swantonii (A. L. Sm.) Petch (1931), p. 103.
Spicaria gracilis Petch (i 932 a), p. 241; (i 942), p. 26 i.
?Paecilomyces subflavus Szilvinyi (1940/41), p. 176.

There are probably many other synonym.

Colonies on Czapek agar at 240 C. growing moderately well, 20-25 mm.
in 7 days and 44-45 mm. in 14 days, varying in depth from 1'5 to 4 mm.,
consisting of a tough matted basal felt and a loose, hairy, floccose over-
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growth, becoming more funiculose in age, with the basal felt usually
yellowish and the overgrowth white or very faintly yellowish; drops nil;

odour nil; reverse at first white, usually becorrng pale~bright yellow from
centre outwards, occasionally pale orange, more or less zoned; sporing
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structures varying greatly in complexity, from single detached phialides to
penicilate heads with several stages of branching; conidiophores normally
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Text-fig. 7. Paecilomycesfarinosus. 1-6, conidial structures; 7-8, abortive heads;

4-2

9, conidia; 10-16, habit sketches of conidial structures; 17, germinating conidia.
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from the basal

felt and then longer, up to 300 I- by 0.8-2 I- diam., septate, smooth; phialides

short and arising from the aerial hyphae, occasionally however

up to 7, flask-shaped, with the typical slender terminal portion
in whorls of
o' 5 I- or less in diam., 5-15 I- long and 0.8-2 I- diam. at broadest part;

conidia broad ellptical or somewhat fusiform, smooth, 2-3 x 1-1.81-, in
rather short chains (up to 901-) which are normally divergent or tangled
Colonies on malt agar similar except that the reverse colour is usually

but occasionally form irregular columns.

put out

deeper, sometimes bright orange.
Colonies on potato agar similar to those on Czapek.
Most strains of this species tend to change somewhat on continued
cultivation, becoming less pigmented in reverse and with simpler sporing
structures. It is rare for true coremia, such as are found on insects, to be
produced in culture, even in fresh isolates.
Conidia swell before germination to 3-3'5 x 2-2'51- and usually

two successive germ-tubes. '
Discussion

Germination of conidia is very tardy at 80 C. and subsequent growth
exceedingly slow. Growth is slow at 10-140 C., moderate at 240 C., slow
at 300 C. and nil at 370 C.

the literature is given by Petch (1934). .

This fungus has been recorded frequently on various insects, usually as
Isariafarinosa. A good summary of

Vuilemin (I9II) pointed out that the form genus Isaria includes a

heterogeneous elements. He considers (rightly) that the method
number of
of conidium production is of much greater importance for classification
than the presence or absence of coremia, and he therefore transferred
1. farinosa to Spicaria. He was followed by Fron (i 9 i i), Picard (i 9 14),
Beauverie (1914) and Petch (1934). All the published descriptions indicate
that the common insect parasite known as 1.farinosa or S.farinosa is a true
The form described by Fron (i 9 i i) as S. verticilloides, altered later (i 9 i 2)

Paecilomyces.

to S.farinosa verticilloides, has slightly larger conidia than most isolates, and

warrant the retention of Fron's specific epithet.

somewhat deeper yellow colour in the mycelium. The differences do not
The description of S. aleyrodis Johnston (1917) is very meagre, but the

figures clearly indicate a Paecilomyces. From the lack of colour, size of
spores, and its occurrence on Aleyrodis variabilis, it is obviously closely

related to P. farinosus and is probably to be regarded as synonymous.
P. subflavus Szilvinyi is not identifiable with certainty in the absence of
cultures, but is close to, and probably identical with, P. farinosus.

Spicaria swantonii (A.L.Sm.) Petch and S. gracilis Petch are undoubtedly
P. farinosus (see below). Coremium breve Petch and C. gracile Petch are
regarded by Petch (I932a) as synonymous with S. gracilis.
Material studied

Pa 46. Culture from C.B.S., Nov. 1951, as S. verticillata (Cda.) Lindau, received from
Beckhui v. Til. Colonies are fairly tyical, but are somewhat lax in texture,
and conidial heads are somewhat more complex than in most isolates.
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Pa 49. Culture from C.B.S., Nov. 1951, as S.farinosa (Dicks.) Fr., received from E. W.
Mason. This has probably deteriorated since isolation as it produces very little

reverse pigment and the sporing structures are mostly very simple.

Pa 50. Culture from C.B.S., Nov. 1951, as S.farinosa (Dicks.) Fr., C.B.S. isolate. Typical
in every way.
good yellow

colour, abundant

sporing

structures

Pa 58. Culture from E. W. Mason, C.M.I., isolated from pupae of cabbage moth by
and loose coremia in old cultures.

A. E. Muskett, 1953. Produces

Herb. Petch R. 920, R. 923, R. 927, labelled 'Spicaria swantonii'; R. 380, R. 432, labelled

tyical Paecilomyces conidial structures, with phialides ranging from 6 to 12 fL

'Spicaria gracilis'; about fity specimens labelled 'Isaria farinosa'. All the
specimens, which were on a variety of insects, were simlar as far as could be
determined. Growth was white to pale cream, funiculose, and in many cases
coremiaL. Specimens from which it was possible to make useful slides showed

long and 1'5-2fL diam. at widest part, tapering to a fine tube about 0'5fL
diam., and conidia 2-2.8 x 1-1'5 fL. There is little doubt that all the specimens

represent P. farinosus.

CORDYCEPS MILITARIS (Fr.) Link stat. conid. (Text-fig. 8).

Colonies on Czapek agar at 240 C. growing fairly rapidly, 20-23 mm.
in 7 days and 40-45 mm. in 14 days, varying in depth from 2 mm. to the
limits of
the Petri dish, loose floccose, becoming denser in age, white tinged

lI
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with yellow in the centre; drops nil; odour nil; reverse white with a central

301'(

2

~

5-6, conidial structures.

Cordyceps militaris. 1 -4, habit sketches of conidial structures;

,(

1
Text-fig. 8.

spot of clear yellow; sporing structures simple, consisting of single phialides

borne directly on aerial hyphae, or of loose branching systems which are
seldom recognizably penicilate; conidiophores 30-45 I- long and 1-2 Idiam., slightly swollen at the apex, smooth, septate;phialdes very

variable, sometimes of the Paecilomyces type, sometimes tapering gradually

from base to apex, 10-19 x 1-1'51- at widest part; conidia variable,

subglobose ellptical or cylindrical, 2-3'2 x 1'5-21-, in short chains,
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but with the spores lying broadside on to one another or more or less
'5-3

¡..

diagonally, or sliming down completely to form irregular spore balls.
Colonies on malt agar similar, but growing somewhat less rapidly; spores
mostly slightly larger, 2'5-4 x 1

Colonies on potato agar similar to those on Czapek but somewhat less
dense; spores mostly in irregular masses, rarely in chains.
Discussion
This species seems to form a link between Paecilomyces and Cephalo-

sporium, since the phialides may be typical of either genus and the spores

Cordyceps militaris.

may be either in chains or in balls. In cultural characteristics it is very
similar to P. farinosus. This similarity was noticed by Tulasne and by
de Bary, who both considered Isaria farinosa to be the conidial state of
Petch (1934) discussed the question at length and also examined isolates
of the conidial state. of C. militaris. He states that his findings agree with
militaris is a Cephalosporium, which occurs on the mycelium on the larva or

those of E, W. Mason and concludes: 'The conidial stage of Cordyceps

pupa bearing the Cordyceps, It has not been known to produce an Isaria
form in nature or in culture'. He further states categorically that I.farinosa
is not related in any way to C. militaris.
Petch stated that the conidia are sometimes produced in chains, so that

the frequent statements in the older literature that I.farirwsa is the conidial

Material studied

his findings agree substantially with ours.

In view of

state of C. militari, is was deemed advisable to examie cultures made from ascospores
of C, militaris. A specimen of the latter was collected at Virginia Water in September
1952, and a number of cultures were made from whole and part ascospores. So far as
could be determned, these were all identicaL.

Corethropsis puntonii V uilemin (1930), p. 1334.

PAEClLOMYCES PUNTONII (Vuill.) Nannizzi (1934), p. 245 (Text-fig. 9)'

Colonies on Czapek agar at 240 C. growing rapidly, attaining a diameter
of 45-70 mm. in 7 days and covering a dish in 14 days, up to 2 mm. deep,
the sides of the culture vessel, white,

matted funiculose, with margin of regular outline in the early stages,
eventually tending to climb up

becoming dirty white or tinged with yellow in patches; exudate lacking or
limited to a few large colourless drops in age; odour nil or faintly mouldy;
reverse white to dirty white or pale greyish buff to somewhat greenish,

particularly in the centre; conidial structures variable but always fairly
simple, consisting of phialides scattered along aerial hyphae or funicles,
6-24 xi' 5-2' 5 ¡., smooth, septate; phialides 10- 1 6 ¡. long, with cylindrical

singly or in small groups, or forming small verticils on lateral branches;
conidiophores often lacking, when present mostly short to very short,
basal portion 1'5-2'5¡. diam., tapering gradually to a long thin tube only

about 0'5 ¡. diam,; conidia cylindrical to fusiform, smooth, 3-5 xi' 5-2 fL
(average 3'7 x 1'9¡.), in chains up to about IOO¡. long, straight or sinuous,
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seldom tangled; macrospores usually abundant, terminal or intercalary,

Colonies on malt agar spreading more rapidly than on Czapek,

subglobose to irregular, 4-8 x 4-6 ¡..

40-50 mm. diam. in 4 days and covering the dish in 7-8 days, with colour

and texture as on Czapek; reverse orange-buff to pale dull brown;
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sporing structures as on Czapek, including abundant macrospores.

5

¿

12

IOP¡U ~

& V

x
30l'f

g-ii, habit sketches of conidial structures; 12, germinating conidia.

Text-fig. g. P. puntonii. 1-6, conidial structures; 7, macrospores; 8, conidia;
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Colonies on potato agar growing slightly more rapidly than on Czapek,
32-50 mm. in 4 days and 70-90 mm. in 7 days, with colour and texture
as on Czapek; reverse dull orange-yellow to dull brown; sporing structures
as on Czapek except that there is usually more variation in size of macro-

Conidia swell to 4 x 3 fL before germinating, then put out a single polar

spores, 4-13 x 3-5 fL.

germ-tube; very occasionally a second, lateral, germ-tube appears later.
This species does not grow at 8°, grows very slowly at 10-14°, spreads
rapidly at 24 ° and even more rapidly at 30-37° C.
Discussion
The mould was first described by Vuilemin (1930) as Corethropsis

(i 934) transferred it to Paecilomyces. Baldacci (i 938) published an extensive

puntonii, having been isolated by Puntoni from human skin. Nannizzi
study of the mould, starting with a subculture from Puntoni's original
isolate. Our findings agree in all essentials with his.
Occurrence

The four isolates studied are from different sources. Hence this species
is probably widespread but not common.
Material studied

quite tyical and stil produces abundant conidia.

(=B.B.123.) Culture from B.C.I.R.A., July 1930, as Paecilomyces sp. This is

sp. no. i 138. Produces few conidia but is otherwise tyicaL.

(= Ad 195.) Received (at Ardeer) from A.T.C.C., Nov. 1927, as Paecilomyces

conidia.

Agrees well with NannizzI's and BaldaccI's descriptions but produces few

Pa.2. Culture from C.B.S., Nov. 1950, as Paecilomyces puntonii (Vuill.) Nann., ex Ciferri.
Pa ro.
Pa 15.

Jan. 1956 as Sporotrichum sp.? isolated from mouldy silage. Quite tyical,

Pa 68. Culture from Dr B. H. Howard, Rowett Research Institute, Aberdeen, received

producing abundant conidia and macrospores.

Paecllomyces fiavescens sp.nov. (PI. 2, fig. 3; Text-fig. ro)
Coloniae in agaro Czapekii modice crescentes, ad 2 mm. in altitudinem, floccosae et
guttulis parvssimis et reverso albido dein albido-flavido. Coloniae in decocto tuberorum

funiculosae, albae dein palldae flavidae aut cum margine flavida et medio albido-roseo,

hyphi aetheriis aut funiculis hypharum incompositae, 9-15 ¡i long., basi 1.8-2.5 ¡i diam,

cum agaro aliquantum flaviores et funiculosiorae. Conidiophora absentia; phialides in
et ultima parte longa, 0.5-1 ¡i diam.; conidia ovata aut fusiforma, levia aut asperula,

Fungus in solo, Ampthil Forest Nursery, Angliae, per Mrs Brind inventus.

3.5-4 x 2-2.6 (2,8) ¡i, in catenis rectis aut undatis sed nunquam intricatis, ad 60 ¡i longis.

with regular margin, white then tinged with yellow, or with margin

Colonies on Czapek agar at 24°C. growing moderately well, 13-1 5 mm.
in 7 days and 30-36 mm. in 14 days, about 2 mm. deep, floccose funiculose

on aerial hyphae or funicles; phialides elongated flask-shaped, 9- i 5 fL long,

yellowish and centre faintly pink; a few very small drops produced in age;
odour nil; reverse white then faint yellow; conidiophores entirely lacking,
sporing structures consisting of very numerous phialides borne irregularly..
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diam.; conidia short oval or fusiform, smooth or finely roughened,

with basal portion i.8-2.5fL diam., taperbg to a long tube only 0.5-1 l-
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3'5-4 x 2-2.6 (2.8) fL, borne in short chains, up to 60fL long, which are

lap
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straight or slightly undulate but never tangled.
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4, 5, 7, conidial structures; 6, conidia; 8, germinating conidia.

Text-fig. 10. P.fiavescens. 1-3, habit sketches of conidial structures;

Colonies on malt agar somewhat more restricted than on Czapek,

13-17 mm. in 7 days and 27-30 mm. in 14 days, usually becoming pale

yellow in sectors or patches; occasional very short conidiophores produced,

Colonies on potato agar usually somewhat yellower than on Czapek and

usually bearing two phialides; other details as on Czapek.

more markedly funiculose, otherwise similar.
This species is characterized by its production in colonies of patches of
clear pale yellow, by its lack of penicillate sporing structures, and by its

very funiculose habit. In mature colonies the hyphal ropes are thickly
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covered with perpendicular phialides bearing their almost straight conidial
chains.

Conidia swell to about 5 x 3.5¡. before germination, but mostly retain
their characteristic shape, then put out two successive germ-tubes and
occasionally a third.
There is barely visible evidence of growth after 14 days' incubation at
80 C. Growth is very slow at IO-I4° C., moderately good at 240 C., somewhat better at 300 C. and very slow at 370 C.
Material studied

cultures of the same isolate as Pa 35, one on potato-carrot-agar and two on

I.M.I. no. 45948, labelled 'Paecilomyces species'. Consisted of three dried

sent to them by Mrs Brind. Isolated from Ampthil Forest Nursery soil.

Pa 35. The only isolate available for study, received as a culture from C.M.I., Kew, and

Herb.
Dox plus yeast medium. General appearance and measurements agreed

with the findings recorded above.

Coloniae in agaro Czapekii lentissime crescentes, tenuisimae, humdae, hyalinae aut

Paecilomyces pars sp.nov. (PI. 2, fig. 4; Text-fig. ii)
albidae, margine inaequali et reverse hyalino, conidia tardissime gerentes aut nulla.
Coloniae in agaro 'malt' dicto primo humidae tarde funiculosae, albidae aut bubalinae
dein cum maculis albido-roseis, reverse bubalino; conidia primo rara, subcopiosa tribus
post mensibus. Coloniae in decocto tuberorum cum agaro humidae dein funiculosae,

Cultus ex C.B.S., Baarn, Paecilomyces burci (Poll.) Thom appellatus sed ad hunc non

albidae, reverse primo albido dein bubalino, albido-roseo, aut albido-aurantiaco, conidia
tribus post hebdomadibus gerentes. Conidiophora ad 301£ long. et 1.5-21£ diam.,
levia, septata, saepe cum apice aliquantulum dilato; penicili plerumque monoverticilati, cum phialidibus perpaucis; phialides 5-111£ long., basi 1.2-21£ diam. et ultima
parte longa, 0.51£ diam.; conidia subglobosa aut ellptica, levia, 2'5-3 x 1'5-2.41£, in
catenis brevibus intricatis.

pertinet.

Colonies on Czapek agar at 240 C. growing very slowly, 7-9 mm. in
7 days and 21-23 mm. in 15 days, very thin, moist, colourless to whitish,

with margin il-defined and irregular; reverse colourless; sporing very
tardily or not at alL.

Colonies on malt agar growing at same rate as on Czapek, consisting at
first of a wet basal felt with small funiculose tufts 0'5-1 mm. high, with
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the, base, tapering at just over half the length to a long thin tube about

0.5 ¡. diam., 5-1 i ¡. by 1.2-2 ¡. diam. at the broadest part; conidia sub-

become intricately tangled.
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globose to elliptical, smooth, 2.5-3 x I.5-2'4¡., in short chains which

7

Text-fig. 1 I. P. parvus. 1-5 and 7, conidial structures; 6, conidia; 8, germinating
conidia; 9-II, habit
sketches of conidial structures.

laterally.

polar germ-tube. Very occasionally a second germ-tube is produced

Conidia swell before germination to about 4 x 3 ¡., then put forth a single

On com meal agar growth is slow but sporing structures are produced
abundantly.
fairly

phores arising from funiculose aerial hyphae, up to 30 ¡. long and 1'5-2 ¡.

the tufts gradually extending, and finally the whole colony becoming
funiculose, with margin more or less regular and circular, very pale buff
to white, becoming tinged with pink and yellowish buff; odour nil; drops
nil; reverse pale buff, becoming dirty brown in centre; sporing structures
sparse at first but fairly abundant after 3 months.
Culonies on potato agar growing at same rate as on Czapek, first forming
a thin wet felt, then gradually developing funiculose aerial mycelium about
i mm. deep, white to cream; odour nil or faintly alcoholic; drops nil;
reverse dirty white at first then very pale buff, faint pink or faint orange;
sporing structures produced fairly freely after about 3 weeks' incubation;
sporing heads mostly monoverticillate with very few phialides; conidio-

diam., smooth, septate, often slightly swollen at tip; phialides swollen at

spread widely and
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Growth is very slow at 80 C. but eventually colonies

produce conidia, it is similar at 10-140 C., slow at 240 C. and nil at
Material studied

by them from Stühmer. It does not correspond with Pollacci's description or

Culture received from the C.B.S., Baarn, as Paecilomyces burci (Poll.) Thorn, recèived

30-370 C.

Pa 3.

smaller conidia. In addition, P. burci was isolated by Pollacci from a tumour in

with Thorn's amended diagnosis, growing more slowly than P. burci and havig

30° C. would be found in such a situation. Since this isolate does not fit with

a woman, and it is most unlikely that a mould incapable of growing even at i.,
any of the other species of Paecilomyces described here, it is to be regarded as

a new species.
Section FLOCCOSI

Paecllomyces victoriae (Szilvinyi) comb.nov. (Text-fig. 12)
Penicillium (Paecilomyces) victoriae Szilvinyi (1936), p. 535.

Colonies on Czapek agar at 240 C. growing moderately well, 27-30 mm.
in 7 days and 45-50 mm. in 14 days, loosely floccose, thickest in the centre
and thinning towards the margin, becoming very slightly funiculose, in

age dying down, with narrow submerged margin, at first regular then
becoming lobed, white at first then becoming zoned with faint greyish
green; drops nil; odour nil; reverse white becoming indistinctly zoned with
pale yellowish buff; sporing structures usually fairly compact, asymmetric,
mostly with a single verticil of metula-like branches, or of branches and
phialides mixed, more rarely with two or more stages of branching below
the phialides; conidiophores arising from aerial hyphae, 30-90 x 1.4-1.7 ¡.,
smooth, septate, often slightly dilated at the tip; phialides up to 5 in a

whorl, 9-19¡. long, with almost cylindrical base 1-1.8¡. diam. tapering

diam.; conidia ellpsoid to subglobose with one end bluntly pointed,

fairly abruptly at just over half the length to a slender tube about 0.5¡.

smooth, 2'2-3' i x 1'4-2 ¡., mostly 3 x 2 ¡i, in chains which are either
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Conidia swell and become almost globose before germination, then

The fungus does not grow at 80 C.; growth at i 0- i 40 C. is very restricted,

produce successively two or three germ-tubes.

3
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5

6

at 240 C. moderately rapid and more rapid at 30-370 C., with an optimum

wpl
2

301

probably between 300 and 370 C.
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r
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loosely tangled or in loose columns up to 60 ¡i long.

o

"p¡ t.c7 b

ô Ó~

12

Pa 5. Culture from C.B.S., Nov. 1950, as Paecilomyces victoriae. Szilvinyi. It was received
from von Szilvinyi and is probably the tye strain.

Material studied

that his species belongs in Paecilomyces but he regards the latter as merely
a section of Penicillium. Hence the necessity for a transfer to Paecilomyces.

Isolated by Szilvinyi from tobacco from Sumatra. The author recognized

Text-fig. 12. P. victoriae. 1-6, conidial structures; 7-10, habit sketches of
conidial structures; II, conidia; 12, germinating conidia.

11 0
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Colonies on malt agar growing slightly more quickly than on Czapek,
20p

34-36 mm. in 7 days and 55-60 mm. in 14 days, very similar to colonies

on Czapek but usually with a suggestion of pink in the somewhat fum-

culose margin in age; reverse deep brown in the centre shading to pale
orange at the margin, with long radial cracks in the agar; heads com-

Colonies on potato agar growing more rapidly than on Czapek,

paratively simple, with two to three branches bearing phialides or with
a whorl of phialides only, often reduced to single phialides borne directly
on aerial hyphae; phialides and conidia as on Czapek.
a pinkish sheen spreading over the whole surface in age, and with

38-39 mm. in 7 days and almost covering the dish in 14 days usually with

numerous, tiny, pinkish drops; otherwise as on Czapek.
The first few subcultures from the culture received from Baarn (see
below) produced a pinkish colour in reverse and occasionally a central red
zone. On plates with numerous colonies (the first few of a dilution series)
incubation in the light gives grey-green colonies, in the dark pink to

vinaceous colonies with only traces of a greenish tint.
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(metulae) fairly regular, 6-12 x I.2-2.5fL; phialides up to 6 in a whorl,

sometimes rebranching before bearing phialides, with the prophialides

flask-shaped, 8-15 fL long, with basal portion 1.5-2 fL diam., tapering

PAECILOMYCES MARQUANDII (Massee) Hughes (1951), p. 30, fig. 7 (Textfig. 13)

gradually or abruptly at just over half the length

4 ii ,,,I

~
the medium and then up

yellow reverse, but spores tardily and hence shows the characteristic violet
colour somewhat belatedly.

Isolated from soiL. Produces deeply floccose colonies with the tyical deep

Pa 21. Culture from N.R.R.L. (no. goi) as Abbott's tye strain of Spicaria violacea.

Material studied

indistinguishable and undoubtedly conspecific.

by side with S. violacea, Abbott's type strain. The two are practically

In the present study a subculture from Hughes's strain was grown side

P. marquandii.

10 September 1897, and found good agreement. However, it proved to
be wrongly placed in Verticillium and was redescribed by Hughes as

Hughes (1951) reports receiving from W. G. Bramley an isolate labelled
Verticillium marquandii Massee. It was collectedj by K. G. Payne on the
the original
gills of Hygrophorus virgineus. Hughescompared this with one of
collections of V. marquandii in Herb. Kew., ex Marquand in Guernsey,

description and exsiccata his fungus was a strain of P. marquandii.

S. violacea Petch, from a Tineid case. As far as can be ascertained from his

latter by intergrading strains.
Petch (1932), apparently unaware of Abbott's publication, described

S. violacea is closely related to Pen. lilacinum Thorn, and is connected to the

section of Penicillium, but without change of

Abbott (I926a, b) isolated from soil a mould which he named Spicaria
violacea. This was included by Raper & Thorn (1949), in the Divaricata
name. It was pointed out that

stated to be common on the gils of Hygrophorus virgineus in Guernsey.

The fungus was first described by Massee (i 898) as a Verticillium and

Discussion

7 days and 13-14 mm. in 14 days), moderate growth at 240 C., and somewhat slower growth at 300 C. There is no growth at 370 C. and after
3 weeks at this temperature the inocula are non-viable at 240 C.

continued cultivation the faculty offorming coremia is gradually lost, and
spore production tends to decline.
On germination conidia usually produce two successive germ-tubes.
There is no growth at 80 C., very slow growth at 10-140 C. (i mm. in

pigment in reverse.
Colonies on potato agar tending to become somewhat more funiculose,
otherwise similar.
On all media some strains, when freshly isolated, produce coremia. On

conditions there is a tendency to become slimy, and that there is less

entwined, 45-90 fL long.
Colonies on malt agar as on Czapek agar except that under very moist

in chains which are straight and divergent at first, then becoming

each end, smooth or occasionally very faintly roughened, 3-3.5 x 2-2.2 fL,

diam.; conidia broadly ellpsoid, usually showing a small connective at

to a slender tube 0.5 fL

Verticillium marquandii Massee (18g8), p. 24.
Spicaria violacea Abbott (lg26), p. 26, fig. 3.
Spicaria violaea Petch (lg32), p. 239, fig. sd.

Colonies on Czapek agar at 240 C. growing moderately well, 18-25 mm.

in 7 days and 36-45 mm. in 14 days, floccose 2-3 mm. deep, becoming

~

somewhat funiculose only in age, sometimes radially wrinkled, sometimes,

0°0
0°0
0°

9

Text-fig. 13. P. marquandii. 1-2, habit sketches of conidial structures;
3-8, conidial structures; g, conidia.

particularly when freshly isolated, producing finger-like coremia about
i cm. long, white at first rapidly becoming violet, or occasionally somewhat
redder shades; drops very small and colourless or lacking; reverse rapidly

bright yellow, becoming orange-yellow or brownish yellow, with the colour
diffusing into the agar; conidial structures varying in complexity from

isolated phialides to penicilate structures with a main axis bearing a
'terminal whorl of phialides and further whorls of phialides and branches

I5-90fL long, or more rarely from the surface of

from lower nodes, but with isolated phialides infrequent and monoverticilate heads common; conidiophores arising from aerial hyphae,

to 300fL long, at the base 2.6-3fL diam., tapering to a diameter of I'5-2.4¡i
and swellng again at the extreme tip to 3-3.5 fL, smooth, septate; branches
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Pa 28. Culture fromj. H. Warcup, 1949. Isolated from soil, Lakenheath Warren,
Suffolk. Spores tardily but eventually produces tyical colonies.

Pa 48. Culture from C.B.S., Nov. 1951, as Isaria (Spicaria) sp., isolated by Prof. van
Holder, Ghent, from soiL. Strongly coloured and, when first received, produced numerous coremia.
Pa 54. Culture from C.M.I., Kew, as Paecilomyces marquandii (Massee) Hughes, I.M.I.

33204. Produces deeply floccose colonies, typically coloured.

Pa 55. Isolated from soil at L.S.H.T.M. by Mrs S. Marcus. Produced coremia when
first isolated. Colonies deep violet, with abundant sporing structures. '

Pa 61. Culture from C. T. Ingold, Birkbeck College, as P. marquandii, isolated from the
gils of Hygrophorus virgineus, Oct. 1953. Colonies deeply floccose, tyically

tion showed erect conidiophores with compact penicilate heads; phialides of

coloured.
Herb. Petch R. 363, labelled'S. violacea, on a Tineid case, Newara Eliya, 3-12-1927'.
A very tiny specimen covered with a fuQiculose, pink to buff mould. A preparathe tyical Paecilomyces shape, 7-II x l's-2.sft; conidia broadly ellpsoid,

smooth, with suggestion of connectives, 2-3 x 1 '4-2 ft. There is little doubt
that the mould is P. marquandii.

PENICILLIUM LILACINUM Thorn (1910), p. 73, fig. 30
Spicaria rubido-purpurea Aoki (1941), p. 440.

This species, although it is not included in Paecilomyces, is mentioned

here because of its close relationship to P. marquandii. Typical isolates of

the two species are rapidly distinguished by colony characteristics.
P. marquandii is pale greyish violet or lavender on the surface and citron
yellow to orange yellow in reverse, whilst Pen. lilacinum is greyish vinaceous
(more reddish than P. marquandii) on the surface and crimson to purple in
reverse. In addition, the conidial structures of P. marquandii are definitely

of the Paecilomyces type, whereas in Pen. lilacinum some phialides are more or

less of the same type, but these are the exception and the majority are
ellpsoidal with pointed end~, 3-3.5 x 2-2.5IL, usually slightly rough, those

shorter and more abruptly pointed. The conidia of P. marquandii are

However, as Raper & Thorn (1949) have pointed out, intergrading

of Pen. lilacinum less markedly ellpsoidal, smooth, 2.5-3 x 2 IL.

genus Penicillium.

Culture from A. L. james, Timber Research Laboratory, johannesburg, Nov.
1947, as T.R.L. 831. Spores somewhat tardily and becomes only very pale

into the agar. Sporing structures are predominantly simple.

of Pen. lilacinum. It spores very tardily, hence remains white for a long time.
The reverse of colonies is strongly crimon, and the colour does not diffuse

shows some similarities to species of Paecilomyces but is best regarded as a strain

Culture from G. E. Turfitt, Nov. 1944, as an unidentified mould from soiL. This

Material studied

forms are not uncommon. On the other hand, they state that Pen. lilacinum
shows kinship with Pen. janthinellum Biourge, through a series of transition
forms. It has, therefore, been considered best to leave Pen. lilacinum in the

Pa 20.

Pa 32.

violet on the surface. Conidial structures are mostly simple.

Kominami. This is a transition form, with a tendency to form a wet growth

Pa47. Culture from C.B.S., Nov. 1951, as Spicaria rubido-purpurea Aoki, obtained from
at first, becomig slowly floccose and finally funiculose, with reverse dull pink,

with sometimes faint yellow in isolated spots. Complex sporing structures

predomiate.
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N.R.R.L. 895. Culture received from K. B. Raper, July 1948, as the type strain of

Pen. lilacinum Thorn
A number of other strains of Pen. lilacinum in the L.S.H.T.M. collection appeared to be

quite tyical and were not examined in detail.

Spicariajavanica Fried. et Bally (1923), p. 146, PI. III.

PaecUomyces javanicus (Friederichs et Bally) comb.nov. (Text-fig. 14)

Colonies on Czapek agar at 240 C. growing moderately well, 25-30 mm.

,i in
7 days, and 47-68 mm. in 14 days, 2-4 mm. deep, forming at first a
loosely floccose cushion, becoming more densely matted and eventually

funiculose, with margin abrupt or gradually thinning, white at first

becoming very pale blue-grey; drops nil in young cultures but numerous,
colourless, tiny in age; odour nil or faint and sweet; reverse white at first,
rapidly becoming clear pale yellow or yellow with patches of greenish

yellow, finally zoned with greyish violet to blue-grey; conidial structures

varying from single phialides to heads with a terminal whorl of phialides

and with a few branches and phialides from lower nodes; conidiophores

arising from aerial hyphae, I5-45IL long, or from the mycelium close to

up to 5, (6) 9-1 i (15) IL long, with almost cylindrical

the substrate and then longer, up to 400 IL, smooth, septate, 0.7-2 IL diam.;
phialides in whorls of

basal portion, 1.2-2 IL diam., and long tip 0.5-0.7 IL diam.; conidia

cylindrical to fusiform, 4-6 x 1-1.5 IL, in long, almost straight chains, which

seldom become tangled; abortive heads common, especially in slide

cultures, consisting of swollen, curled and twisted hyphae in place of
normalphi;:lides.

Colonies on malt agar growing at same rate as on Czapek, differing only
in producing less colour in reverse and in greater variation in size of

Colonies on potato agar growing at same rate as on Czapek, white,

conidia, 3.5-7 x i-i.8IL.

often tinged with yellow or pale grey in age; reverse white, developing

a faint yellow or dull violet spot in the centre. Other details as on Czapek

Conidia swell and usually elongate before germination, then put forth

except that the conidia show more variation, 4-7 x i-i.gIL.
This species shows considerable variation in size of conidia, which vary
also to some extent with the type of substrate.

at 10-140 C., normal at 240 C.,

two, sometimes three, successive germ-tubes, almost always polar.
Growth is nil at 80 C., very slow
!i restricted
at 300 C., and nil at 370 C.

Discussion

The original English summary of the description by Friederichs & Bally

hyphae richly branched, I or 2 J. broad. On the top numerous verticilate

¡ (corrected for spellng) is as follows: 'Hyphae septate with septa, fertile

branchlets are formed. These primary branchlets form on their tip 3 to 4
secondary branchlets, on which rise the conidia in long chains. Conidia

The culture on which our own diagnosis is chiefly based was obtained

elliptical 2 x 1- il IL, first white, later grey-violet.'

5 Un,. AI".

from the C.B.S., who received it from Bally. It may be taken to represent

comparison of our
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Petch (ig2sa) described a fungus from Ceylon as Spicariajallanica Bally.

Cephalosporium lecanii.Petch's cultural data include: basidia (i.e. phialides)

It was parasitic on species of Ceroplastis, and usually associated with

on insects.

and sparsely. Agrees, however, suffciently

gradually turning pale yellow from centre outwards, sometimes shading

fairly abrupt, even, circular margin, white at first becoming pale pink;
drops sparse, tiny, colourless, or lacking; .reverse at first white then

240 C. growing moderately rapidly,
Colonies on Czapek agar at
2S-30 mm. in 7 days and 50-6S mm. in 14 days, deeply floccose, up to
S mm. deep after 7 days and often touching the lid of the Petri dish after
14 days, later collapsing and becoming somewhat funiculose, usually with

Paecilomyces hibernicus Kennelly et Grimes (1930), p. 513.

Isariafumoso-Tosea Wize (1904), p. 721, fig. 7.
Spicaria aphodii Vuilemin (191 i), p. 76.
Spicaria fumoso-rosea (Wize) Vassiljevski (i 929), p. 14,6.

PaecUomyces fumoso-roseus (Wize) comb.nov. ('í ext-fig. IS)

all respects and is undoubtedly the same species.

Bally on Euproctì,flava, Peradeniya,Jan. 1924'. This is very similar to R 174 in

Unless P.javanicus, as it oçcurs on insects, forms spore heads which are very
different from those produced in culture, this specimen is not representative of
findings
the species. Taken in conjunction with Petch'sculturaldata (above), our
suggest possibly P. marquandii. ,', Herb. Petch (no number), labelled'S. javanica

branches; phialides with swollen base and long slender tip, 4-7 x 2 ¡i; conidia
cylindrical to fusiform, 3-4 x 1 '2- 1.8 ¡i.

packed; branches short, 3-4 in a whorl, often with secondary and tertiary

short conidiophores; heads large and complex, with tiy phialides denseiy

Consisted of a number of hairy caterpilars covered with funiculose growth
up to about 2 mm. deep, white to yellowish; funicles with numerous lateral

Herb. Petch R 174, labelled 'S.javanica on caterpilars in lab., Nuwara Eliya, 31-5-27'.

the species.

well with Pa 42 to be regarded as the same species.
Pa 42. Culture from C.B.S., Nov. 1951, obtained from Bally. Regarded as typical of

a faint violet colour and spores tardily

Pa 41. Culture from C.B.S., Nov. 1951, obtained from M. B. Schwartz. Produces only

Material studied

agreeing substantially with those ofPetch. The violet-grey colour mentioned
in the diagnosis is, according to Petch, produced in culture but only tardily

specimen from which a satisfactory slide was prepared gave measurements

be similar. The fungal growth was white to faint yellow, and a typical

Two specimens in Petch's herbarium were examined and were found to

deep orange.

subacute, 3-4 x I.2-I.S,.. Colony colour violet-grey; reverse yellow to

and in some cases the basidia borne in whorls directly from the main stem
of the conidiophore; spores in chains, narrow oval, with ends rounded or

4-6 x 2-2.S,.; branches single or in whorls of 2-6, bearing 1-6 basidia,

Bally's conception of the species. As wil be seen by a
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do not agree with ours. This may be due to the fact that the size of the

description with Friederich & Bally's, the latter's measurements of conidia
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to pale orange or buff; conidial structures very simple, consisting of single

phialides or whorls of phialides occurring irregularly along aerial hyphae,

or of short conidiophores, simple or very sparingly branched, bearing,

Text-fig. 14. P.javanicus. 1-4,6-7, conidial structures; 5, abortive head; 8, conidia;
9- 1 4, habit sketches of conidial strctures; 15, germinating conidia.

conidia varies with the substratum, or may possibly be due to a genuine

teruunal whorls ofphialides; conidiophores,when present, 7-IS ,.long and

5-2

error in measurement. Be that as it may we propose to regard the culture

from Bally as representative of the species.
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1.5-2 fk diam., smooth; phialides in whorls of up to 5, 7- 1 8 fk long by
1 -2 fk diam. at base, tapering to a long tube 0.5 fk diam., usually bent fairly
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sharply; conidia cylindrical with rounded or pointed ends, 3-4 x 1-2 fk, in

6

8-10, habit sketches of conidial structues; II, germinating conidia.

Text-fig. IS. P.fumoso-roseu. I, abortive head; 2-6, conidial strctures; 7, conidia;

chains which are twisted but seldom tangled one with another, mostly

45-50 fk long but occasionally up to 90 fk. .
Colonies on malt agar growing more rapidly than on Czap~k, 33-37 mm.
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that conidial

chains tend to be longer and occasional conidia are larger, 5 x 2 fk.

in 7 days and 65-85 mm. in 14 days, otherwise similar except

Colonies on potato agar spreading slightly more rapidly than on Czapek,
27-39 mm. in 7 days and 55-80 mm. in 14 days, and becoming funiculose
more rapidly; conidial chains usually longer than on Czapek and sometimes tending to slime down into irregular masses; occasional conidia up
to 5 fk long.

Conidia tend to elongate hefore germination, then produce a polar

Conidial production tends to decrease, and the surface colour tends to
become paler, on continued cultivation. Slide cultures, incubated at high
relative humidity, are abnormal, producing abortive heads with swollen
cells. in place of phialides, and no conidia.

Discussion

germ-tube. Usually a second tube is put out later anä occasionally a third.
Growth is nil at 80 C., very slow and poor at IO-I4 0 C., and nil at
300 C. or over.

that the

spores are

Found by Wize (1904) on larvae of Cleonus punctiventris, in the Ukraine,
and named Isariafumoso-rosea. He states that the fungus is characterized by
the formation oflong, white to yellowish, coremia, and

drawings indicate clearly that his fungus was a Paecilomyces. His diagnosis

liac pink. His coloured plate shows cultures of a pale pink colour, and his

Vuilemin (191 i) described a new species, Spicaria aphodii, which occurred

has been broadened somewhat to cover other related strains.

on the bodies of Coleoptera, but grew just as well on vegetable debris, hotbeds, and artificial media. The diagnosis is too brief to be adequate, but,

there is little doubt that Vuilemin's species is to be regarded as a strain of

from the figures and the statements regarding colour and size of conidia,

typical P. fumoso-roseus.

P. fumoso-roseus. A culture received from C.B.S. as S. aphodii Yuil. is

Petch (1925) suggested that S. aphodii and S. cossus Portier et Sartory are
synonyms. No culture of
the latter species has been available for study but
we cannot agree with Petch, since S. cossus is described as white to pale
cream; also the sporing structures described by Portier & Sartory are more

complex than those found in P.fumoso-roseus.

(sic) species of Spicaria, one non-coremial and identified as

Vassiljevski (1929) isolated from pupae of Hylemyia floralis and H. bras-

A. aphodii, the other coremial and identified as Isaria fumoso-rosea Wize but

sicae two

Siemasko (1937) isolated a fungus from Melolotha melolotha which he

transferren to Spicaria.

identified as Spicaria (Isaria) fumoso-rosea. He considers that S. aphodii
and S. cossus are synonyms of S.fumoso-rosea. His drawings show phialides

Kennelly & Grimes (1930) described a Paecilomyces from Irish butter.

typical of Paecilomyces and he gives the conidia as measuring 2-2'5 x 1.5-2 fk.

They considered it to be a new species and named it P. hibernicus. From

their description and figures, and from examination of a culture received
from C.B.S. as P. hibernicus, obtained by them from the Institute of Dairy
Science, Cork, it is concluded that P. hibernicus is another synonym of
P. fumoso-roseus.
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of

growing on other

From the above it is apparent that P. fumoso-roseus is of widespread
occurrence, chiefly as a parasite

substrata.

this isolate came from the Institute of Dairy Science, Cork, it is probably the

Pa 6. Culture from C.B.S., Nov. 1950, as Paecilomyces hibernicus Kenn. et Grimes. Since

otherwise there is good agreement with the authors' description.
from Vuilemin.

tye strain. We have not seen either coremia or macrospores in our cultures;

This is quite typicaL.

Pa 38. Culture from C.B.S., Nov. 1951, as Spicaria aphodii Vui., received

Pa 44. Culture from C.B.S., Nov. 1951, as S.fumoso-rosea (Wize) Vassilj., obtained from

tyical pink colour. The spore chains show some tendency to slime down into

Bondarzew. This strain spores very tardily but eventually produces the
irregular masses. On Czapek agar some enlarged, thick-walled cells are
produced, 7-26 x 1.8-2 fL, resembling the tips of the swollen hyphae produced

by all strains in slide culture.
Pa 45. Culture from C.B.S., Nov. 1951, as S.jumoso-rosea (Wize) Vassilj., C.B.S. isolate.
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elliptical, finely roughened, 3-4 x 2-2.S ¡., hyaline under the microscope

but very pale pink in mass, in chains which are usually less than 100 ¡.

Colonies on malt agar growing at about the same rate as on Czapek,

long; divergent, straight or undulate, seldom tangled.

more densely floccose and somewhat funiculose, occasionally producing
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Wicken Fen soiL. Stenton stated that the fungus, when first isolated, produced

Spores tardily and produces some pink colour only in age.
Pa 51. Culture from H. Stenton of University College, Hull, Jan. 1952, isolated from

15

o \J 18

Q

~

Text-fig. 16. P. cameus. i-g, conidial structures; 10-17, habit sketches
of conidial structures; 18, conidia.

13

soft, finger-like coremia. This strain is quite tyical and produces the deepest
pink colour of all the strains examined. Colonies eventually become very
funiculose and, on malt or potato agar, small coremia are sometimes formed.
Herb. Petch, 2 specimens (without numbers) labelled' Spicaria (Isaria) fumoso-rosea
(Wize) Vassil., on dead glow-worm'. Both were collected atWheatfen Broad.
The fungus formed long, finger-like coremia, somewhat pinkish. These disintegrated completely on mounting so that no structures could be made out.
The size of the spores agreed with our findings.
Section COMPACTl

Spicaria carnea Duché et Heim (1931), p. 454.

Paecilomyces careus (Duché et Heim) comb.nov.
Paecilomyces austriacus Szilvinyi (1940/41), p. 176, fig. 31.

?Spicaria decumbens Oudemans (1902), p. 290.

Spicaria viride Szilviyi (1940/41), p. 176, fig. 33.

Colonies on Czapek agar at 240 C. growing restrictedly, 12-18 mm.

diam. in 7 days and 23-27 mm. in 14 days, consisting of a tough matted
dusty, sometimes becoming cracked and buckled,

basal felt with a thin floccose overgrowth, either remaining floccose or
becoming smooth and

at first pure white, eventually developing a pale pink tinge, sometimes
with a green tint showing through from the reverse; drops large, sparse,
colourless to. faint yellow, or lacking; reverse at first dirty white, becoming
olive green to dark green, often more or less zoned and shading to white
or yellow at the margin, with the colour not diffusing; conidial structures
elongated to compact, varyng in complexity from single detached phialides
to heads with a terminal whorl of phialides and whorls of branches and
phialides from lower nodes; conidiophores arising from aerial hyphae,
fairly short, or from the basal felt and then up to i So ¡. long, 1-2 ¡. diam.,

just over

often swollen at the tip to 3-S ¡., septate, smooth; phialides (9) i 2- I 6 (20) fL
long, with basal portion cylindrical, I.S-'2.S¡. diam., tapering at

half the length to a long narrow tube, O.S-1 ¡. diam.; conidia broadly
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tiny synnemata; surface colour as on Czapek but reverse white to pale
tan;
other details as on Czapek.
Colonies on potato agar growing slightly more rapidly, 12-16 mm. in

7 days, and 23-30 mm. in 14 days, more deeply floccose than on Czapek

and somewhat funiculose; surface colour as on Czapek; reverse rapidly

becoming intense green to almost black in the centre, with the intensity of
colour diminishing in zones to a dirty yellow or white margin, the green

colour becoming duller with age and eventually fading to a greenish
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Material studied

Pa 16. (=B.B 132.) Isolated at L.S.H.T.M. from soil by J. H. V. Charles in 1931. This
is probably the oldest of the isolates studied and it now spores tardily and produces the green reverse colour only sporadically. When isolated it was quite
tyicaL.
Culture received, Nov. 1950, from J. H. Warcup, who isolated it in 1947 from

Pa 19.

soil, Lakenheath Warren, and stated that it is common in some alkaline soils.
TypicaL.

Duché and presumably the tye strain. Quite typicaL.

tyical and produces good green colour in reverse.
Culture from C.B.S., Nov. 1951, as S. carnea Duché et Heim, obtained from

Isolated from soil, Wicken Fen, Cambridgeshire, and stated to be common in
the Fen soiL. Somewhat more funiculose than most isolates but otherwise

thin but otherwise typicaL.

vaults at L.S.H.T.M., May 1950. Colonies are somewhat

Pa 27.

Isolated from wall of

brown; other findings as on Czapek.

Pa 33. Culture received from H. Stenton, University College, Hull, in June 1951.

Pa 40.
Pa 56.

Culture from G.B.S., Nov. 1951, as S. decumbens Oud., C.B.S. isolate. Colonies
fairly definitely funiculose; otherwise tyicaL.
Isolated at L.S.H.T.M., Sept. 1952, by Mrs S. Marcus, from soil from roadside,
Castle Douglas. This is the most recent isolate. It produces abundant conidia
and a rich green colour in reverse.

pigmented, and separated from the rest of the hyphae by septa. This

were swollen, claviform, often bent, with relatively thick membrane,

identified as P. burci. He described enigmatic vegetative structures which

there was some growth of hyphae and the production of an abscess-like
inflammation, he did not consider it to be a true pathogen.
Negroni (1943) isolated, from a dead butterfly, a fungus which he

Campatell (1923) inoculated guinea-pigs with the mould but, although

Thorn (1930), having examined Pollacci's mould in culture, made the new
combination P. burci.

Berti (1922) redescribed this species and discussed its clinical significance.

Habit. in parvo tumore mulieris, socia Acremoniella Berti n.sp., Florentis. Clarissimo
Chiurgo Burci dicatum.

conidiophoris erectis, simplicibus, septatis, hyalini, 50-110 ¡. longi, sursum paucos
ramulos gerentibus. Rai;ulis in catenulas conidiorum abeuntibus; conidiis globosis,
rariter ellpsoideis, levibus, pallde fuligineis, 4-5 ¡. diam.

sterilbus ramulosis, hyalinis, septa

Colonüs in agaro cum glucosio cultis, albis, floccosis, dein griseo-avellaneis; hyphis
tis, repentibus vel adscendentibus, 6-7 ¡. diam.;

Pollacci's diagnosis is as follows:

Penicillium burci Pollacci (i 92 i), p. 128.

PAEClLOMYCES BURCI (PolL.) Thorn (1930), p. 548.

SPECIES OF PAECILOMYCES OF WHICH CULTURES HAVE NOT BEEN
AVAILABLE FOR STUDY. To BE ACCEPTED PROVISIONALLY

Pa 39.

The green colour of the reverse of colonies is very distinctive in fresh
isolates. It tends to diminish in intensity with continued cultivation.
Spores germinate by one, two, or occasionally three successive germ-

tubes.
Growth is exceedingly slow at 80 C., stil very slow at 10-140 C., and nil
at 300 C. or over.

Discussion

Duché & Heim (1931) describe this species as follows: 'Hyphae
cylindric, irregularly septate, 3-5 ¡. diam. Sporophores erect, bearing
verticils of 2-3 branches, each bearing about 3 elongate-fusiform phialides,

i 1-14 x 3-5 ¡.. Conidia pink, smooth, suboval, 2.8 x 3.5 ¡., separating
easily. Odour niL. Habitat: wet sandy soil, hils of Vauvile.
hyphae which are erect at centre, decumbent at margin; 12 days

On Czapek agar at 220 C.: 7 days 0.5 em. diam.; somewhat raised, consisting of

1.5 em. diam.; pale pink, flat in centre, reverse yellow with deep green
band and white edge; 2 I days pink, with centre raised, reverse centre
greenish yellow, then green ring and white edge.'

Duché & Heim's measurements for diam. of phialides are greater than
ours, and they describe the conidia as smooth, whereas we find them to be

finely roughened. However, their other measurements fall within the
range given above, and they describe the typical restricted growth, pink
conidia, and green reverse. In order to cover a number of related strains

Duché & Heim's diagnosis has been emended and broadened.
Duché & Heim compared their species with other species of Spicaria, and
pointed out that it is nearest to S. decumbens Oud. It is possible that

Oudemans had a strain of what we are regarding as P. carneus, but his
description is very meagre and does not mention any of the highly

distinctive cultural characteristics, so that, although his species was

undoubtedly a good Paecilomyces, it is impossible to place it with any
certainty.

Von Szilvinyi (1940/41) described two species from soil which he
regarded as new, Spicaria viride and P. austriacus. From his descriptions

there is little doubt that the two, although placed in different genera, do
not differ more than would be expected of two isolates of the same species,

Heim (1940) reported this species as a saprophyte on banana; otherwise

and that they are both to be regarded as P. carneus.

it has been found only in soiL.

description suggests macrospores, but it is impossible to identify N egroni's
species with certainty. The dimensions of the conidia and phialides, and
the presence of macrospores, would fit P. varioti, but colony colour is not
stated and the mould is said to produce coremia.
A culture received from C.B.S. as P. burci does not fit Pollacci's original
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probability, to the P.farinosus series. However, until such time as the species

approximately.equal dimensions. In our opinion P. cossus belongs, in all

'9

¡i.

Les Mares, Mauritius, 7.5.38. Mamet No. 78., was examined. The insect

A specimen in Herb. Petch, labelled' Spicaria longipes or prox., on spider,

the imperfect form of T. gonylepticida Möller.

a Torrubiella were found in association with it. Petch considered it to be

This species occurred on spiders and, on one occasion, perithecia of

Spicaria longipes Petch (1937), p. 51.

Paecilomyces longipes (Petch) comb.nov.

several states of

one of the P. farinosus series, with conidia considerably larger than in the
type species. No culture has been seen. Charles recorded the fungus from
the U.S.A., but it has not been reported from other sources.

Charles considered this to be near to S. farinosa verticilloides Fron, but
suffciently different to justify the erection of a new species. It is probably

3-3.5 x 5-7 ¡i. In culturis ex Heliothe obsoleta.

sterigmatibus breviusculis; conidIIs variabilibus, ovato-ellpsoideis, in catenulas longas,

phialidibus 3-5 verticilatis vel conglomeratis, oblongis 7-8 ¡i; phialidibus globosis

Mycelio albo, septato; synnematibus solitarIIs vel aggregatis, 1-1.5 cm alti; conidiophoris simplicibus vel ramosis, erectis, 3-8 verticilla prophialidium gerentibus; pro-

The original diagnosis is:

Spicaria heliothis Charles (1938), p. 897.

Paecilomyces heliothis (Charles) còmb.nov.

are too large. The species may be accepted pro tem.

pink colour would place it near to P. fumoso-roseus, but again the conidia

From the description and drawing this would appear to have affnity
with P. varioti, but the conidia are somewhat large for this species. The

Effusa, rosea, pulveracea; hyphis sterilbus repentibus, ramosis, septatis, cca. 5 ¡i cr.;
fertilbus suberectis, septatis, irregulariter ramosis; ramis saepe dichotome ramulosis;
ramulis ultims apice acutis; conidiis ellpsoideis, hyalins, levibus, 6'5-10 x 5-6 ¡i, in
catenulas longas digestis. Hab. in fimo equino, ad pagum Tétény, prope Budapest.

The original diagnosis is:

Spicaria fimentaria Moesz (i 92 i), p. 58, fig. 9.

Paecilomyces fimetarius (Moesz) comb.nov.

reminiscent of Penicillium. On the other hand, it produces abundant
macrospores, which are unknown in the typical Penicilia.

strongly resemble those of P. varioti, but the sporing structures are more

Pernambuco, arrived too late for adequate study. In appearance colonies

A culture received under this name from Prof. A. Chaves Batista,

PAEClLOMYCES DACTYLETHROMORPHIS Batista et Maia (1955) (in press).

can be restudied in culture, the epithet may stand.

roseus) seems to separate the two, although the conidia of both are of '

description. It is described above as P. parvus Brown ,et Smith. P. burci
appea~ to be a good species, but no authentic material has been available
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for examination.

Spicaria canadensis Vilemin (1925), p. 97, fig. 1-7.

Paecilomyces canadensis (VuilL.) comb.nov.

Vuilemin's diagnosis is as follows:
Mycelio tenuisimo, repente, septato, albo velluteolo; hyphis fertilibus ramosis; ramis
alternis, ultimis brevibus; phialidibus (basidiis auctorum) saepius apice glomeratis, piri-

Habitat in larvis et pupis Stiipnotiae salici in Canada occidentale.

formibus, 8-17 x 3 ¡i; conidiis laxe catenulati, hyalinis, oblongi, 4-5.4 x 2.8-3 ¡..

Vuilemin states that it is near to S. aphodii (= P.fumoso-roseus), but the

related to P. farinosus, differing from this in having larger conidia.

latter forms pink colonies and has smaller conidia. P. canadensis is probably

Spicaria coccospora Drechsler (1941), p. 786.

turn, intra vermiculos nematoideos

Paecilomyces coccosporus (Drechsler) comb.nov.
Drechsler's diagnosis reads:
Mycelium nutritum hyalinum, ramosum, septa

evolutum, ex hyphi filiformibus 1.5-3.5 ¡i crassis constans. Hyphae fertiles extra animal
emortuum evolutae, ex magna parte erectae vel ascendentes, axe simplices vel parce
rai:osae, vulgo 25-200¡i longae, 1.5-2.5¡i crassae, septatae, subter septi ramuÌos

conidiferos ferentes; ramulis conidiferis (phialis) saepius 3-5 verticilatis lageniformibus,
vulgo 6-12 ¡i longis, 1.8-2.5 ¡i crassis, quoque in sterigma circa 0.6 ¡. crassum abeunte et
ex apice sterigmatis 10-20 conidia deinceps gerente; conidiis continuis, hyalinis, globosis,
1.3-1.7 ¡. diam., in catenulas digestis. Plectum parvum necans habitat in humo silvestri
prope Butternut, Wisconsin.

The drawings, as well as the description, leave no doubt that this species
is a good Paecilomyces. No culture has been available for study, but

having very small globose conidia.

Drechsler's data indicate affnity with P. farinosus, from which it differs in

Paecilomyces cossus (Portier et Sartory) comb.nov.

This was described from laboratory cultures, obtained from larvae of

Spicaria cossus Portier et Sartory (i 9 i 6), p. 700.
Cossus cossus, as follows (translated):

Hyphae creeping, branched, septate, 3-4 ¡. diam.; sporophores slightly less in diam. and
attenuated upwards, septate, with internodes about 20 ¡. at base and 6-8 ¡i at tip, bearing
are
verticils at each node. Branches at upper nodes are phialides; at lower nodes they

x 1.5-1

rebranched several times before forming phialides. Phialides flask-shaped, with belly
4 x 2.6-3.5 ¡i, i ¡. diam. at base and 0'2-0'3 ¡i at tip. Conidia borne in basipetal succession,
numerous, ovate, 3.5-4

Grows well on all the usual media, including neutral and acid Raulin, but best on

not identical with,

or pale cream. Gelatine slowly liquefied. Milk coagulated in 6 days.

carrot or potato. Colonies white, rampant, sometimes forming coremia, becoming
chalky

Petch (1925) considered this species to be close to, if

S. aphodii Vuil. However, the pink conidial colourofS. aphodii (=P.fumoso-
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bore white coremia terminating in large heads of the Paecilomyces type;

conidiophores long, with primary and secondary branches; phialides
flask-shaped, 6-8 x 1'5 ¡. with tips about 0'5 ¡. diam.; conidia cylindrical.'
to fusiform, smooth, 2-2'5 x 1-1'5¡.. These measurements fall within the
limits given in Petch's diagnosis. They suggest affnity with P.farinosus, but
it is impossible to be certain without cultures.
Paecilomyces simplex (Petch) comb.nov.
Spicaria simplex Petch (1936), p. 59.

Petch compared this fungus with Spicaria penicillata von Höhnel and

S. perpusila Speg., but considered it to differ from both.
A specimen in Herb. Petch, labelled 'Spicaria simplex Petch, on Trichia'

affnis, Duncombe Park, Helmsley, August 3 i st, i 935. Type', was examined.
The Trichia formed a luxurious, ochraceous to orange-yellow, granular
growth on the surface of a piece of bark. This was partially covered by the

Spicaria, which appeared to be partly funiculose and partly granular.
Microscopic examination showed the Spicaria to be mixed with a Cephalosporium, with characteristic balls of conidia measuring 3 x 1-1'5 ¡.. The
conidiophores of the Spicaria terminated in whorls of phialides and bore.

about 0'5¡. in diam.; conidia smooth, broad ellptical to subglobose,

further whorls of branches and/or phialides from lower nodes; phialides
of the Paecilomyces type, 8-17 x 2 ¡. at the broadest part, with long tips..
2'5-3'2 x 1'8-2'2 ¡..
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P.245, 1885) but, although the fungus is mentioned and named therein,

there is no description. From Saccardo's short description it seems

japanese,

unlikely that this is a Paecilomyces, particularly as the spores are described
as globose.
, S. areneae Sawada (1914), p. 309. The original description is in

, but Prof. S. Shibata, whilst working at L.S.H.T.M., very kindly obtained
Tokyo:

for us the following diagnosis from the Ministry of Agriculture and Forestry,

The new species is closely related to S. prasina (MaubL.) = Nomuraea prasina Maublanc,
but it is easily distinguished in that the conidiophores of the latter are pale green and
narrower (2-3 ¡.). The oval conidia of the latter species are also different from the new

Description: Mycelium develops abundantly on the host, when young white, becoming

species.

purlish and brownish grey with age, cottony, septate, 4-5 ¡. wide. Conidiophores

3-5 ties. The short branches further diverge several times, alternate or opposite. Polar

., hyalin, slender, not frequently septate, 500 x 3-4 ¡., rarely branched. Near the top of the
conidiophores there are many short branches. These branches diverge from a main stem

branch is bottle-shaped, 7-8 x 2-2'511' Conidia are formed in a chain, ellpsoidal or

short cylindrical, hyalin, smooth, unicellular, bi-guttulate, 3'5-5'5 x 2-2'511'

There is no mention in the otherwise carefully drawn diagnosis of the.

might be close to Pen. lilacinum, but this cannot be decided without

i¡ beak on the phialides, characteristic of Paecilomyces. From its colour it

cultures.
Isaria atypicola Yasuda (i 9 17), p. 208. Details of the coremia are given

L by Yasuda but he does not describe the sporing structures in detaiL. He

¡gives the hosts as Atypus karschii Doenitz and Kishinouyeus typicus Kishida.
American collections, differing from the Japanese in the smaller size of

the

There is no doubt that this is a Paecilomyces, but its relationships cannot
be determined without cultures.

the opinion that the name of

dhe clava, were examined by Petch (1939). He compares the sporing
\ structures to those of S. prasina, but gives the phialides as clavate or

S. colorans de jonge (1909), p. 48. Described as the probable cause of

not a Paecilomyces.

:Conidia were smooth, rectangular to fusiform, with rounded ends,
6-7 x 1.8-2'5¡.. Phialides were not seen.
The systematic position of
this fungus is in doubt, but it is most probably

:a leaf reverse, covered with a dusty, more or less funiculose growth.

. Herb. Petch R25, labelled 'Spicaria clavulijera Petch. On spider.
Nuwara Eliya, 2-IO-26'. This was found to be a very small specimen, on

does not suggest Paecilomyces.

áshy, with cylindrico-clavate phialides, narrowing above to a broad,
conical, obtuse apex. A drawing bears out the description, and certainly

!Vuilemin (i 9 i 2) to Beauveria, which is undoubtedly the correct genus.
S. clavulijera Petch (1932), p. 238. This is described as purple-grey to

i S. bassiana (Balsamo) Vuilemin (1911), p. 76. Transferred later by

,certainly not a Paecilomyces, and, without cultures, its systematic position
¡,must remain in doubt.

If the material examined by Petch really represents Yasuda's species it is

~but that it is the conidial state of Cordyceps cylindrica Petch.

¡species should be S. (1.) atypicola. He also states that there is little doubt

¡cylindrical, obtuse, 4-5 x 2 ¡.. Petch is of

Paecilomyces smianensis (Wize) comb.nov.

The original description is very brief and does not give any details of

¡saria smilanensis Wize (1904), p. 722, fig. 8, 9.

sporing structures. From the drawings, however, it is clear that Wize had

an Isarioid form of a Paecilomyces. The conidia, given as 7-8 x 4-5 ¡., are
much too large for P. farinosus, so Wize's name must stand for the time
being. It is to be hoped that the fungus wil be rediscovered and examined
in culture.

P. = Paecilomyces; Pen. = Penicillium; S. = Spicaria.

SOME FUNGI, MOSTLY DESCRIBED AS SPECIES OF SPICARIA, BUT WHICH
ARE PROBABLY TO BE EXCLUDED FROM PAECILOMYCES

S. acridiorum (Brongniart et Delacroix) Vuilemin (1911), p. 76. Nota
Paecilomyces but more probably belongs in Beauveria. Fide MacLeod (1954)

Pen. anomalum Corda (1838), p. 18, Tab. XI, fig. 75. Certainly not either,

= B.globulijera (Speg.) Picard.
Paecilomyces or Penicillium. Thorn (i 930) suggests that it may be a Scopu.'¡1

lariopsis but it is unidentifiable with certainty.
S. arachnoidea Sacco et Therry apud Saccardo (1886), Sylloge, 4, p. 167.
Saccardo cites, as reference, a paper by Therry (Rev. mycol., Toulouse, 7,
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a canker of cocoa. In culture typical Fusarium conidia were produced in

synonym of

addition to the Spicaria fructifications. Associated with the Spicaria were

two species of Nectria.
Wollenweber & Reinking (1935, p. 37) give S. colorans as a

Fusarium decemcellulare Brick, the sole representative of the section Spica-
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capitulum 25-45 ¡i alt. formantibus; prophialidibus nulli; phialidibus ampullaceis,

6-14 x 2-2'5 ¡.; conidiis cylindraceis, utrinque rotundatis, 3-5 x 1-1'5 ¡.. On Erotylus sp.
(Coleoptera), Trinidad.

There is no specimen in Herb. Petch, so, until the fungus is rediscovered,

It is described as the imperfect stage of Cordyceps erotyli Petch.

the phialides are described as scarcely attenuated at the apex; hence it is

(1930) and Raper & Thorn (1949) as probably a Paecilomyces. However,

Pen.jlavum Em. et Él. Marchal (1921), p. 129. Regarded by Thorn

its systematic Rosition must remain in doubt.

except for the arrangement of the conidia (obliquely in chains), was a

Clonostachys compacta Petch (1933), p. 234. Petch considered that this,

rioides, and there is little doubt of the correctness of their placing. ,
Spicaria. His diagnosis gives 'phialidibus ampullaceis vel cymbiformis,

S. (Isaria) laxa Petch (1937), p. 60. Petch's diagnosis reads:

consideration in the genus Spicaria.'

However, Prof. Ciferri states in a letter: 'Spicaria lateritia was only an
anomalous, poor strain of Neurospora sitophila.. . . It cannot be taken in

S. lateritia Ciferri (i 92 7), p. 9 i. Following the diagnosis is a suggestion
that this species is related to, if not identical with, S. colorans de jonge.

species of Beauveria.

Isaria harioti Arnaud (1915), p. 20. Not a Paecilomyces but possibly a

suggests a Penicillium.

phialides are described as 'obclavate', and it largely depends upon the
interpretation of this somewhat vague term as to where the fungus must
be classified. Bayliss-Ellott (i 930) records S. griseola, but her description

S. griseola Sacco (i 886), Sylloge, 4, p. 167. It is very doubtful whether this
species is a Paecilomyces, or Spicaria in the commonly accepted sense. The

too small for the latter species. '

base, probably being typical phialides. The term 'smoky brown' might
indicate what is usually termed dematiaceous, but, on the other hand, it
might refer to a shade nearer to that of P. varioti. However, the spores are

This is suggestive or Paecilomyces, the ultimate branches, swollen at the

chestnut-burs.

as a faintly septate continuation of the terminal branches of the hyphae, but quickly
separating into its component conidia on the application of water. On the spines of old

of oblong, hyaline, continuous, 2'5 x '75 ¡. conidia, placed end to end so as to form a continuous chain or necklace, 20-40 ¡i long and appearing, when examined in the dry
'state,

attached bya small disk-like

Hyphae erect, solitary, smoky brown, obscurely septate and mostly swollen at intervals,
expansion at base, 70-80 x 3 ¡i, subverticilatelydivided above
into 2-5, short (7-8 ¡i) hyaline branches, swollen at base and bearing at their tips a series

follows:

S. fumosa Ellis et Everhart (i 883), p. 97. The original description is as

are more suggestive of Penicillium.

to be white. The phialides, as figured, are not typical of Paecilomyces, but

S.fuligonis Moreau (1916), p. 36. The growth, on Fuligo septica, is stated

more probably a Penicillium.

This is possibly a Paecilomyces. It was put in Clonostachys solely because
the conidia lying obliquely in the chains, but this partial slipping of

the

rectis vel curvs, supra attenuatis, 9-12 x 2'5-3fL; conidiis.. .oblongis vel
oblongo-ovatis, 5-6 x 2'5-3fL'.
of

èonidia occurs also in P. elegans, and occasionally in other species of

Paecilomyces. Unfortunately the Petch Herbarium cqntained no specimens
for study.
Botrytis delacroixii Saccardo (i 892), Sylloge, 10, p. 540. Regarded by

Vuilemin (I9I1) as a Spicaria but there is nothing in the original diagnosis
to support this view. Fide MacLeod (1954), it is a synonym of Beauveria

globulifera (Speg.) Picard.
S. densa (Link) Vuilemin (I9I1), p. 76. (=Isaria densa Giard.; Sporotrichum densum Link). Picard (1914) and Beauverie (1914) consider it to

Isaria dubia Delacroix (i 893), p. 264. Petch transferred this to Spicaria

be a Beauveria. Fide MacLeod (1954), it is synonymous with B. tenella
(Delacroix) Siem.
as S. (1.) dubia, and stated that it is the conidial state of Cordyceps gracilis

Mont. et Dur.
cylindrical to fusiform, hyaline spore. This suggests a Basidiomycete but,

Delacroix described and figured spore-bearing structures which were
flask-shaped with 1-4 tiny sterigmata, each of the latter bearing one,
in any case, the fungus is not a Paecilomyces, nor a Spicaria sensu Petch.

S. elegans (Cda.) Harz var. muscorum Grove ex Sacco (1886), Sylloge, 4,
p. 166. (=S. elegans Harz apud Grove (1885), p. i i). Hughes (1951)

discusses the position of this fungus and describes Grove's specimens in
Herb. I.M.I. He concludes: 'The systematic position of the fungus would
be clearer with fresh specimens at hand. It is, however, reminiscent,

description of S. fuligonis F. Moreau

(i 9 i 6) '. If this is so, then it is improbable that the fungus is a Paecilomyces.

generically at least, of the figures and

P. erectus Demelius (1923), p. 78. The description suggests a Penicillium

rather than a Paecilomyces. Colonies are described as blue-green and
velvety, and, although the phialides, as figured by the author, are long

Clavis fasciculatis, laxis, linearibus, usque 2 mm. alt. 0'1 mm. diam., hyphis 4¡i diam.;

and slender, they differ in shape very little from other ilustrations, in the :1

has not been recorded elsewhere. No change of name is proposed.

There is no specimen in Herb. Petch, and the species, so far as is known,

6-11 x 2-2'5 ¡i; conidiis fusoideis, leniter curvati, uno fine acutis, 5-6 x 1 ¡i. On
Coleoptèrous larvae, North America.

conidiophoris brevibus, crassis, 4 ¡. diam., septatis, prophialides triverticilatos ferentibus;

same paper, of phialides of various species assigned to Penicillium. '

prophialidibus ovalibus, 6 ¡i alt., 4'5 ¡. diam.; phialidibus conicis vel ampullaceis,

probably to be classified in the Divaricata. '

, Thorn (i 930) suggests that the place of this species is in the Biverti. ..1. .'
cilata-Symmetrica section of Penicillium, but we consider that it is more: .'

S. (Isaria) erotyli Petch (1937), p. 4I. Petch's diagnosis reads:

Conidiophoris sparsis vel in davis albis laxis minutis usque 1'5 mm. alt. aggregatÏ,

simplicibus, usque 130¡. alt., 6 ¡. diam., phialidibus in verticilis duobus vel tribus
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Nomuraeaprasina Maublanc (1903), p. 2g6; =S.prasina (Maubl.)

Sawada (1919), p. 606). A culture received in November 1951 from the

C.B.S. as Spicaria prasina (Maubl.) Saw. appears to fit the various descriptions, as does Herb. Petch R.395, labelled 'Spicaria prasina (Maubl.)

S. mucoricola Spegazzini (1899), p. 333. The description is too vague to
Saw. on caterpilar of

S. mori Hara (1954) p. 400. The description is too meagre to decide the
status of the species and no culture is available.

justify even a guess at the identity of this species. The conidia are said to

slow growing on all media, becoming most typical on corn-meal agar, pale

Vigna, Talpitigalla, Jan. 1928'. Cultures are very

be occasionally septate. The fungus was found growing on a living Mucor,
and is stated to be the conidial state of Melanospora mucoricola Speg.

species of Paecilomyces, but the shape of the phialides and the green colour

recognition and no culture or other material is available for study.
S. shirako Hara (1954), p. 400. The same comments apply.

S. satoi Hara (1954), p. 400. The description is quite inadequate for

recognition.

S. rubra (Baquis) Dodge (i 935), p. 842. The description is too scanty for

suggest affnity with the Divaricata section of Penicillium rather than with
Paecilomyces. No new combination is proposed.

leek green when mature. Sporing structures are irregular, as in most

S. musticola Naumoff et Kiryalova (1935), p. 362. The name is applied to
the conidial state of Byssochlamys musticola N aum. et Kiryal. Whether or
not the latter is to be regarded as synonymous with B.fulva (see p. 39),

S. ochracea (Boudier) V uilemin (i 9 i i), p. 76 ( = Isaria ochracea Boudier).

a distinct name for the conidial state is superfluous.

The description suggests that its place is in Beauveria rather than in
P aecilomyces.

S. penicillata von Höhnel (1904), p. 56. This is described as forming

resembles that of P. victoriae Szil., but the spores are much too large for

S. silvatica Oudemans (1902), p. 291. The colour, very pale green,

description represents, but it is most improbable that the fungus is a

branches and phialides, with the phialides short fusoid, bearing
verticils of
conidia 8- io x 1'5-2 fL. It is diffcult to surmise what the very inadequate
P aecilomyces.

fL. In addition,

repeat

cream, the 'ramuli lageniformes (basidiomorphi)' are over 24fL long, and

S. smithii Oudemans (1903), p. 763. The colony colour is described as

(Oud.) Thom.

(i 930) as a Penicillium, and for the present stands as Pen. simplicissimum

S. simplicissimum Oudemans (1903), p. 763. This is regarded by Thom

that of Oudemans, or are stil more. meagre.

& Abbott (1927), Gilman (1945)' In all these the descriptions merely

Rathbun (1918), Chaudhuri & Sachar (1934), Abbott (1926a, b), Gilman

This species is referred to in a number of publications: Saccardo (i 906),

impossible if the dimensions quoted are correct.

suggests that the fungus might be Aspergillus terrus Thom, but this is

Oudemans's ilustration does not fit with Paecilomyces. Thom (1930)

Spicaria: phialides 2o-25fL long, and conidia 6-12 x 4-6

this species. The dimensions given are unusual for either Paecilomyces or

S. perpusilla Spegazzini (1882), p. 40. Described as having dark

coloured conidia, borne in branched chains; hence excluded from
Paecilomyces.

S. (Isaria) pulchella Petch nom.nov. (1933), p. 234 (= Coremium pul-

be an isarioid Spicaria. The epithet was

cherrimum Petch (i 926)). The new combination was made because Petch,
in 1933, considered the fungus to

changed because of its preoccupation by 1. pulcherrima B. et Br. The description does not suggest Paecilomyces, so no change of name is proposed at

present.
S. purpurogenes Nadson et Zolkiewicz (1922), p. i. Described as having

tree-likeconidiophores, secondary branches like a 'churn staff' in whorls,
and conidia elliptical 1'5-2'25 x 2'25-3fL in chains. It is possible that this
is a Paecilomyces, but the description is too inadequate to hazard more than

the conidia subglobose 6 fL in diameter. This is doubtfully a Paecilomyces
and is impossible to place with the scanty data available.

a guess.

S. purpuroidea Hara (1954), p. 400. The description is hopelessly in-

in England. It is described as having oval phialides, 5-6 x 2-3 fL, and

Prof. Ciferri of Pavia we have received a photo copy of Spegazzini's

S. valdiviensis Spegazzini (i 9 i 0), p. i 8 i. Through the kindness of

Candida; certainly not a Paecilomyces.

Isaria unguis Émile-Weil et Gaudin (1918), p. 461. Probably a species of

this has phialides broadly flask-shaped; hence not a Paecilornces.

hence is to be excluded from Paecilomyces. No specimen was found in
Herb. Petch.
Isaria tenuipes Peck (1879), p. 44. As discussed by Petch (1937, p. 58)

S. stricta Petch (1944), p. 89. This was recorded as occurring on a spider

pi-

S. rectangularis Petch (1933), p. 234. This species was found on Ie

adequate and no culture is available.

dopterous larvae, forest north of Anosibe, 1930. The description was drawn

up later from a specimen preserved in spirit. It is described as forming
yellow synnemata, i cm. by 0'4 mm., with spicarioid conidiophores and
spores 4-6 x 1-2 fL. Petch comments: 'The description of the conidia may
require amendment, as the specimen had been preserved in alcohol, and
the specimen

few conidia were found. In general appearance the fungus resembles
Hymenostilbe sphingum. '

description. The Latin diagnosis runs: 'Tenuissime effusa candida; hyphae

It seems probable that not only the conidia but the colour of

and dimensions of all parts would be affected by the long immersion in

hyalina.' The rest of

gracIlimae simplices v. bifidae; conidia acrogena cylindracea pusila
the description is in Spanish. It is stated to be common
spirit. Identification must await rediscovery of the fungus.
Pen. repandum Sartory et Bainier (1913), p. 367. No culture is available

on Heterosporium tupae on living Lobelia bridgesi. The infected Heterosporium

very slender

for study. Thom (1930) regards it as probably a Paecilomyces, but the

colonies show a pale dirty pink colour; the parasite consists of

drawings do not support this view.
S. rileyi (Farlow) Charles (1936), p. 398 (=Botrytis ril~yi Farlow (1883),

¡: "..... .~

hyphae (25-50 x i fL), colourless, flexuous, sometimes without septa, simple
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fide Petch (1925),

chains at the tips of the branches.
The conidia are of unusual shape and it would be necessary to see the
fungus in culture, or at least to examine exsiccata, in order to decide the
status of the species.
S. velutijormis Petch (1932), p. 238 (=S. areneae Sawada

he concluded that his isolate was different from the Japanese one and

p. 186). Petch isolated a fungus in 1925 which he considered to represent
S. areneae Sawada. Later, having seen a translation of Sawada's diagnosis,
redescribed it as S. velutijormis sp.nov. The diagnosis is as follows:
Bright rose or purple-rose, becoming rose-purple when dry. Mycelium stout, 3-5 ¡.

diam., purple-brown. Conidiophores erect, crowded, covering the insect with a dense
pile, about 100 ¡. high, stout, 3-41- diameter, septate, with several whorls ofprophialides

and phialides, 16-25 I- apart; prophialides oblong-oval or clavate, 4-5 x 2-31-; phialides
cylindric, narrow-oval or clavate, apex obtuse, 4-4' 5 x 2-2' 5 1-; conidia hyaline, continuous

oblong-oval or narrow-oval, ends obtuse, 3-5 x 1'5-2'51-, or globose, 2-2'51-' On a
spider, Vavuniya, Ceylon, December, 1923; ditto, Hakgala, Ceylon, May 1912; ditto,
Nuwara Eliya, Ceylon, january 1st, 1928 and July 15th, 1928.

Petch recorded the species again in 1937 from the Hawaiian Islands and
from
the Philippines. 1
Herb. Petch specimen, labelled 'R378 = R489. Spicaria velutijormis.

On spider, Nuwara Elya, 1.1.1928', was examined. It consisted ofa leaf,
bearing on the under surface a spider, covered with a deep dirty pink to
brown, funiculose growth, bearing granular masses of conidia. Conidia
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one of
us (A.H.S.B) submitted for the degree of
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PLATE I

EXPLANATION OF PLATES

Fig. 2, Portion of the same, at higher magnification,

Fig. i. Spicaria solani, after Harting (1846),
conidia.

PLATE 2

Fig. 3. S, nivea, after Harz (1871). A highly idealied ilustration, showing branched chains of

hyphae bearing phialides. x 500.

Fig. i. Paecilomyces herbarum Brown et Smith. Sulcate colony in Petri dish, x 0.8.
Fig, 2. P. herbarum. Typical conidial structures, x 500,
Fig, 3. P.jlavescens Brown et Smith. Funicles of

Fig. 4. P. parvus Brown et Smith. Conidial structures. x 500.
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