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ONTINUED interest in conidium ontogeny

has not only brought forth much new infor-
mation on c¢onidium development In  many
hvphomycetles, but has also sumulated a more
critical evaluation of existing concepts and
interpretations in the search for betier criteria
for clascification. In  this process, certaln
thoughts and interpreiations about conidial
chaing in hyphomycetes have come up and,
since, in my view, they need serious conside-
ration by students of this group,
presented here,

In proposing a ciassification of the Hypho-
myceteae, Saccardo! recognized the occur-
rence of conidial chains as a feature of diag-
nostic value and this position was maintained
in Vol. IV of the Sylloge.> Sixty genera which
would currently be accepted as hyphomycetes
were considered fo produce conidia in chains.
Saccardo's classification has since been followed
by many students. Clements and Shear? keyed
cut many more genera, and a count of the
genera in which contdial chains were mentioned
by them as a diagnostic feature would bring
the total to 106, An up-to-date count will
take this total still higher, '

Although many of the older genera are
known to us only from their original dcescrip-
tions or from Saccardo's interpretation of the
genera, and much more remains to be done
towards the precise understanding of conidium
ontogeny based on study of type or authentic
material of the type species of several of these
genera, our present knowledge indicates that
conidial chains may be produced in more than
one way. Thus, the conidial chains in Clado-
sporium, Acrosporium, Aspergillus and Amblyo-
sporium are products of differing conidium
ontogeny It is also clear from a study of the
literature on the subject that the term “chain’
has been used rather loosely and also not always
in the same sense by different students, Thus,
the conidial “chains” abstricted from the phia-
lides of Thielaviopsis basicola (Berk. and Br.)
Ferraris and the “chains’ of arthrospores of
Geotrichum candidum Link result from entirely
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different modes of developmeni from what is
Seen in the four genera just mentioned. I{ is,
therefore; necessary to define a “‘chain® precisety,
and 1ts significance in elucidating relationships
and In taxonomy wauld then become more
meaningful than 1t s now.

THE DEVELOPMENT OF CoNIDIAL CHAINS

A proper understanding of the exact manner
iIn which conidial chains develop is essential
for appreciation of the Importance and signifi-
cance of this information in the formulation of
generic concepls and, indeed, in taxonomy.
The different modes of development of conidial
chains are briefly described below with known
examples and simple schematic diagrams.

Example 1 (Figs, 1-4)

FIGS, 1-4. Schematic dJdiagram~ of trae chains ot
conidia to illustrate Example |. mucceseive  budding o
an acropetal sequence Figs. 1-3. blastospores  Fi: 4,
porospores  Not: s gepurating  cetl” (SC) Dhetween cont
dia in Fig. 3. Yuddise may involve a nmarrow gone
(Fig. 1) or a relatively wiler zone (Kig, 2) of toe
parent cell-wall.

In the case of the conidial chains in Clado-
gporium, each successive conidium develops as
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-4 bud on the previcus conidium in the chain
and an acropetally developed chain of conidia
is thus produzed. The conidium at the distal
end of a chain is naturally the most recently
formed one and so the youngest. When more
than one conidium is budded out from an clder
conidium, a branched chain is produced. Such
a-ropetal chains of con:idia develop in several
other genera : c.g., Septoncma, Septocylindrium.
Whereas the conidia in these genera are blasto-
speres, 1n some other genera (e.g., Alternar.aq,
Dendryphion, Dendrogravhium) ithe conidia are
reresperes, but develop in the same acropetal
sequence. Fine structure studies on Alternaria
brassic.cola (Schw.) Wiltshire have shown that
in the developmen: of acropetal chains of
conidia, the inner wall of a c¢onidium is con-
tipucus w:th the outer wall of the next one
in the chamnt and this is presumably the condi-
ticn 1n cther examples where the conidia In
chains are poroIpores. Despite the discontinuity
of the outer wall or wall layer of each
conidium In such chains, the units in these
r»ains are linked together by one wall layer
cr wall commecen (© any two conidia in the chains
and s¢ they may be considered true chains,

Example 2 (Figs. 5-8)

In the case of Acrosrorium
Erysiphe), 1he <cnidia are gangliosporesh
whith are cut off in a somewhat basipetal
sequence start:ng from the apex of the conidio-
genous hyrha and it is noteworthy that, before
the first conidium is shed, nol only the second
conidium initial, but several later <conidium
mitials also are already differentiated below 1t
so tha:, as pointed cut by Hughes, the conidial
cha:n imperceptibly merges with the conidio-
phore. From the work of Foex® BrodieY,
Hamme:t (in Manners!?) znd Jordanll it is
¢lear that the conidiophere arises as a lateral
cwelling on a hypha and gives rise to a chain
cf cenidia as follows. A papilla appears at the
apex of the conidiophore. This divides into
two cetls (A and A’) each of which again
divides in.o two cells (Al, A2 and A’l and
A’2) formming a chain of four cells. In
meantime, meristematic activity at the tip of
the bulbous basal 2ell produces a fur.her length
cf the pzpilla and this s zut off s a further
ccll (B) whizch in turn divides again to form a
further four cells in the same way (B1l, B2
and B’1 and B’2). This process may continue
indefiniiely. The :zells so cut off become trans-
formed into conidia and do swell to a greater
or lers extent in the process,

(e.g., conidial
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Contdial chains developing and maturing
basipe.aliy from conidiophore apices which are
mer!stemnatic and in which the conidia are
prcduced oy the twin processes of swelling and
conversion have been reported to ocour in a
few other hyphomycetes also : e.g., Coniosporium,
cenidiai Hysterium insidens Schw.’, but these
nced to be studied furiher. Basipetal
chains of gangliospores have been de—
ccribed for the Basipetospora state of Monas-
aes suber v, Tiegh.l?, but with progres-
sive conversion into the basipetal chain of
conidia the conidiophore becomes shorter as
there is no continued growth of the conidiophore
apex such as what is seen in Aerosporium. 'The
ccnidial chain, hcwever, appears to be a true
one, as I gathered from the time-lapse sequences
sthown to us by Drs. Kendrick and Cole ai
Kananaskis and as can be seen from Fig,
1 A-L in Cole and Kendrickl2,

A2

2"

2l

5
FiGS., 5-8. Schematis diagr ms of true chains of
conidia to illustrate Examp'e 2. Gracdual basipetal

conversion accom: anted (Fios, 5-6) or not acc mpaniel
(Figs, 7-8) by merist:natic growth o c¢onidiophore
tip. For explanation, see text

Conidium ontogeny in Trichothecium roseum
(Pers.) Linkt ex Fries was considered by
Kendrick and Colel3 to follow basically the
same pattern as that described by them in
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Basipetospora. Several studenis have reported
on conidium ontogeny in this fungus and parti-
cular mention may be made here of the work
of Ingoldi4, WNicot and Leduc'®, and Meyer!®.
Quite rightiy, Meyer interpreted the so-called
conidial chain as ‘“une fausse chaine” (a false
chain). It is, therefore, surprising to read
Kendrick and Cole’s comment on Meyer's inter-
pretation : ‘“The only phrase to which we take
objection is the reference to a ‘“false chain’.
Why the kind of spore chain formed by
T roseum should be any less genuine than those
developing in other ways is no: <clear to us,
since we regard any coherent linear seqguence
of conidia as a chain”.
linear segquence of conidia need not be a chain-—
indeed, all linear sequences are not, and this
in fact is the main theme of this paper. If each
of the conidia formed in succession is cut off
and shed before the next one develops below it,
their walls cannot be coniinuous and so no frue
chaing can result. Only a linear series in which
the conidia have a basipetal arrangement can
emerge as a result of this mode of ontogeny.
It is necessary to distinguish such linear series
which are the equivalent of “false «chains” in
the terminology of Meyer, from “true chains”
in which the wall between conidia in a <¢hain
is a coniinuum. Indeed, the development of
conidia in Trichothecwum roseum seems quite
different from that reporied for the Basipeto-
spora state of Monascus ruber. The wall of the
successive conidia in the latter (i.e., Basipeto-
spora) is continuous, but this 1s not the case in
Trichothecium roseum. In T roseum the first
formed conidium is a gangliospore ; the second
and  later conidia can aglso be interpreted as
gangliospores, as part of the conidiogenous
hypha is incorporated in the body of the
conidium. Quite obviously, there. are no true
chains of conidia in Trichothecium roseum. On
the other hand, if each of the conidia in the
basipetal sequence in T. roseum did not get
severed and retained its organic connection
with the previcous and the later conidia,
there would have been continuiiy of the wall

between these conidia and one would then have

interpreted this as a true chain, but we know
that this does not seem to occur. In essence,
then, we should distinguish between a basipetal
succession of conidia which may result in a
(true) chain and a basipetal succession in
‘which no (true) chain is produced, but only
8 linear series or a false chain in which there
is no continuity of the wall between the succes
sive conidia,

2.
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Exrample 3 (Fig. 9)

In the case of Aspergillus niger v Tiegh. a
simple basipetal chain of conidia is produced
from the tip of the phialide!". Each conidium is

Initiated at a ‘conidiogencus locus’ (a term
defined at the Kananaskis meeting: see
Kendrick!®) and is pushed up by the next

conidium which develops below it. What is
very noteworthy about this conidial chain is
that the walj around the successive conidia in
the chain is a continuum and thus we have a
(true) chainl®. New wall material is evidently
laid down around the conidium initial at the
conidiogenous locus and since this is a continuing
process there is theoretically no limit to th
number of conidia that can develop: this
reminds us of the situation in Acrosporium and,
in fact, the -conidiogenous locus within the
phialide of Aspergilius niger seems to be the
functional equivalent of the ‘meristematic tip’

of the conidiophore of Acrosporium, if one can

Jocate it precisely ! Essentially the same pattern

of development of conidial -chains seen in
Aspergiltus niger 1s found in several other
genera : e.g., Memnonielia, Paectlomyces,
Phialomyces.
Fxample 4 (Figs., 10-11)

9 10 |- "

FiIGs. 0-11. Schematic diagiams of  tine  chainy of
conidia to illustrate Example 3 (Fig. 8) and Example 4
(Figa. 10-11). For explanation, se teat,
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The conidial chains in Amblyosporium are
peculiar and have been described by Piro-
zvnski=?. The ‘chain’ in this case may be com-
posed of two, or up to six, conidia [usually 2
in the type species A. botrytis Fres. and up to
6 in A. spongiosum (Pers.) Hughes], each
reparated from the oher by a ‘disjunctor cell'.
The conidia are considered to be arthrospores,
but they are products of swelling of the portion
of the hypha that surrounds them and in this
sénse are ganghiospores. Despite the presence
of a disjunctor between each conidium, the
conidia are indeed linked with each other to
form irue chains. Disjunctors are also known in
other modes of conidium ontogeny which
produce true chains, e.g, in the basipetal
conidial chains of certain species of Aspergiilus,
Penicillium and Paecilomyces!® and also some
acropetal conidial chains such as are seen in
Bahusandhika indica (Subram.) Subram.21-22
The fazt thal the wall is a continuum in regard
to both conidia and disjunctors strengthens thig
interpretation, apart from the fact that the occur-
rence of the disjunctors is regular. The sequence
.n development of the conidia n Amblyo-
sporium may be basipetal, or initially acropetal
and then basipetal?¢. A true chain of conidia
which develops in a somewhat basipetal
sequence is found in QOidiodendron truncatum
(Robak) Barronl?

SOME MISINTERPRETATIONS OF CoONIDIAL CHAINS

I wish now to take up examples in which
conidial chains are mentioned and usually taken
for granted, buf do not exist

(a) Trichothecium roseum is one such and
has been discussed already (Fig. 12).

(b) In the case of several genera in which
{he conidiogenous cells show annellations (e.q.,
Scopulariopsis, Cephalotrichum, Trichurus) the
conidia are often ‘considered to form chains;
they are also sometimes interpreted as develop-
ing in basipetal] succession. However, in the
genera which are characterised by annellated
conidiogenous cells, each percurrent prolifera-
tion produces only one conidium and repeated
percurrent proliferalions result in the secession
of a succession of single solitary conidia which
may sometimes form a linear Sseries or loose
~hain. Since each conidium is produced follow.
ing a new percurrent proliferation, there cannot
be continuity of walls between the successive
conidia and so this linear series i1s not a true
chain. Yet, if for some reason this normal
sequence is disturbed and a conidium is not
shed, a conidium may be differentiated below it
and, if this is repeated one or more times, a
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true chain of 2 or more conidia may be formed.
The disiinction between true and false c¢hains
rests on this sequence, In describing copidium
ontogeny in Scopulariopsis brevicaule (Saecc.)
Bain., Hughes? wrote: “the conidia... persist
in long fragile chaing but these are not irue
chains in the sense that those of Xylohypha
mighrescena. .. or Septonemg Secedens... are
true chains™. (Boih Xylohyphae and Septonema
produce true chains of conidia, the chains being
acropetal and developing by budding). In so
far as the oldest conidium in this linear series
i1s farthest from the conidiogenous cell, a false
chain so formed is a basipetal one, despite the
fact that there is a shifting in the conidiogenous
locus 1n the acropetal direction each time pro-
liferation occurs and a conidium is produced
(Fig, 13).

That! certain phialides which produce similar
false chains of conidia without apparent annel-
latlons may be essentially similar will be
elaborated in a later communication., It is
sufficient to emphasize here that the conidial .
“chains” seen in some phialidic genera in which
the conidia may slime down to form slimy

masses are 1in all likelihood not true chains
(Fig. 14)

(c) In the development of successive conidia
from within phialides of Thielaviopsis basicola,
proloplasmic cleavage followed by laying down
of wall material around the cleaved out proto-
plasmic mass are considered to be steps in the
initiation and maturation of each conidium in
the so-called chain!®. In so far as the wall of
each successive conidium is formed de novo,
there cannhot be continuity of wall between
suctessive conidia and so no true chains, but
only a basipetal succession or an unconnected
linear series of conidial®. This may apply also
to several other genera in which such ““endo-
conidia” develop from phialides, e.g., Chalara,
Chalaropsis, Sporoschisma (Fig 15).

(d) The sequence of development of arthro-
spores in Geotrichum was elegantly elucidated
by Kendrick and Colel® by time-lapse photo-
graphy and in this case the hyphae just
fragment into bits. The current ncotion that
fragmentation in this fungus is basipetal was
no. supported by the time-lapse sequence.
Apparently, a conidium initial is not laid down
In advance of secession and, since conidia can
be recognised only on secession and the
sequence is irregular, true chains do not occur
—only a linear series or a false chain can some-
times be seen (Fig, 16). |
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In all these cases the posiiion of the <¢onudia
in a linear series may be maintained by their
being embedded in slime, but this condition is
not obligatory. The conidia may become
embedded In slime ai the point from where
they are abstricted to form a gloeoid mass or
else they may slime down from the tip of the
linear series or false chain downwards. I am
not quice sure if true chains of dry conidia can
become secondarily slimy and result in
setondarily false chains, and I know of no
example where this is known to occur.
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FI1GS. 12-16. Schematic diagrams of false chains of
conidia that are products of different modes of ontogeny,
For explanation, sez text.

In summary, it can be stated that true chains
of conidia may be produced |

1. By successive budding in an acropetal
sequence resulting in simple or branched chains.
In the development of successive conidia the
conidiogenous locus shifts in an acropetal direc.
tion. The conidia may be porospores (e.g.,
Alternaria) or blastospores (e.g., Cladosporium).
The conidia in a chain may be linked by a
separating cell (e.g., Bahusandhika) or a dis-
junctor between each conidium (Figs 1-4).

2. By gradual basipetal conversion accom-
panied (e.g., Acrosporium), or not accompanied
(e.g., Basipetospora), by meristematic growth
of the conidiophore tip, resulting in a basipetal
chain which 1s always simple ; in the delimita-
tion of successive conidia some shifi(s) in the
conidiogenous locus (? basipetal) seem(s) to
be involved (e.g., Acrosporium). The conidia
are gangliospores (Figs: 5-8).

3. By the successive development of an
indefinite number of conidium initials one after
the other in a basipetal sequence but at a fixed
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conidiogenous locus (e.g., Aspergillus). The

conidia are phialospores (Fig. 9).

4. By a process of swelling, septation and
conversion resulting in a chain of conidia, often
separated by disjunctor cells. The conidium
development may be basipetal, or initially
arrcpetal and then basipetal (e.g., Amblyo-
sporium) and the position of the conidiogenous
leci varies azcordingly. The conidia are ganglio-
spores, but are regarded by some as arthrospores
(Figs. 10-11).

In rue conidial chains, acropetal or bzsipetal.
cne can usually see conidia in different stages
of development and maturity, but this is not
the case with false chains. Also, in herbarium
matcrial, the true chains would normally
retain this charzeier, whereas conidia in falso
chains need not necessarily retain their

position in a linear sequence and can easily fall
apart,

DrRY or Srimy ConNIbra ‘AND NATURE OF
CoNiprarL. CHAIN

It may no. be a mere coincidence that, as far as
kncwn, in species of genera whizh are characte-
rised by true chains of conidia, the conidia are
all dry. Conversely, in species of the genera
characterised by false chains the conidia are
slimy so thai the “chains” invariably slime
down, This explains why some hyphomycetes,
cspacially those producing phialides, have often
been described as producing their conidia
sometimes in chains, and sometimes in “heads™.
Thus, there seems to be a clear correlation
between the nature of the chain (true or false)
and the dry or slimy nature of the conidia
«Tue -chains usually having dry conidia, and false
chains invariably slimy conidia. I believe this
correlation will receive further confirmation
from future work and, if it does, would lend
strong support to the value of distinguishing
between dry-spored and slimy-spored genera
of the hyphomycetes, as stressed by Mason23.
Thus, true conidial chains (persistent chains)
wou'd not normally slime down, but false
chains (fragile chains) would, and rccogni-
tion of this and the "other points raised
in . this paper should help Iin the proper
circumscription of genera based on studies of
type matierial. Having emphasized. therefore.
the importance of studying the ontogeny of
cen dial cha'ns in classification. i1 now remains
to illus.rate this with suitable exampiles. To
this ¢nd, the.taxonomyv of the genus Gliomastix
wiil now be briefly reviewed
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AN ExamMpLE-——THE GeENUs Cliomastit

The genus Gliomastir was esiablished by
Gueéguen=t to accommodate G. chartaruni
Gueguen. I have not been able to examine tvpe
material of this fungus. According (o Guéguen's
description the fungus produces (onc-celled)
slimy conidia in chains from the tips of simple
erect conidiophores and the conidia later slime
down from the tip of the conidial chains down-
wards. Mason2? considered the conidiophores
lo be phialides and his description of the fungus
which was based on a study of three isolates
seems to agree with the illustrations given by
Gueguen so that it seems reasonable to
assume that he was dealing with a fungus
ciosely similar to Gueguen's. That the fungus
produzes conidial chains which may slime down
was cmphasized by Mason and this has since
been accepted as being typical of (he genus
Gliomastix ; indeed, Guéguen's illustrations and
also «he generic name itself are suggestive of
this. Mason considered his isolates and
Gueguen’'s to be conspecifiz with Torule con-
rotuta Harz. Mason does not appear to have
examined type material of T. convoluta in
arriving at this conclusion. Hughes% aczcepted
this synonymy and, in addition, considered
Torula murorum Corda2™ to provide an earlier
name for the fungus. Hughes examined the
type specimen of T, murorum, but type material
of Torula convolutg and of Gliomastix chartarum
were apparently not examined. Hughes and
Dickinson®®, reporting on Gliomastix spp. from
New Zealand, described G. novae-zelandiae
Hughes and Dickinson and it is clear from their
description and excellent illustrations that the
conidia in this species form true chains and,
just as might be expected, do noi slime down.
Similar true chains of ‘conidia are seen also
in  Gliomastix luzulae (Fuckel) Mason ex
Hughes=%=Y,  Thus, species preoducing true
chains and those producing false chains of
conidia both came to be classified together in
the genus Gliomastix. Dickinson2? adhered to
the same rConcept and -classified in Gliomastix
both species which were characierised by true
chains and those that did not predure true
chains of conidia.

Not satisfied with this arrangement, I have
asked myself the question ‘“What is Glio-
mastix 7. Judging by the illustrations given
by Guéguen which should serve as the type in
the absence of a type specimen, G. chartarum
must be interpreted as producing a basipetal
succession of single conidia, sometimes adhering
in loose or fragile chains and quite often also
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sliming down. Therefore, Gliomastix approxi-
maies the genus Cephalosporium Corda (or
Acremonium Link ex Fries, since this is con-
sidered the appropriate name, wvide Gamnsif?),
but differs in being dematiaceous. 1 have
examined the type of Torula murorum (ex
Herb. IMI 87344) and find that the conidia are
produced In true chains and these are dry:
therefore, T would exclude this from Gliomastir.
This and other species which produce true
chaing of dry conidia which are at present dis-
pesed in Glomastix have naturally to be classi-
fied separalely. Indeed, there are also certain
monophialidic species of Paecilomyces Bainiersl
which also produce true chains of dry conidia
and are the moniliaceous counterparis of the
specles producing true chains of conidia now
disposed in Gliomastix. It would be logical to
clagsify all these species together

From a swudy of the literature it seemed
that the genus Basitorula Arnaud?®? might be
considered as a possible repository for these
species. However, Arnaud mentioned two
specties in one of which (B. cingulate Arnaud,
nom_ nud.) the conidia were in true chains, and
in the other [B. ? cephalosporioides (v. Beyma)
Arnaud comb, nov.] the conidia slimed down.
Further, the genericz name Basitorule needs to
be validaced. As no other generic name seems
avallable, a new name is being proposed to take
in some species producing true chains of conidia
and currently placed in Gliomastiz, and also
some of the monophialidic species of Paecilo-
Myces.

The generic name Sagrahamala is derived
from Sanskrit : g1gg (sagraha) = persistent,

and grar (mala) = chain, suggestive of the

persistent (frue) chains of conidia.
Sagrahamala gen nov.

Hyphomycete producens catenas simplices,
basipetales, veras conidiorum. Cellulae conidio-
genae (phialides) simplices, erectae vel
flexuosae. Conidia unicellularia, sicea, a catenis
secedentia, non elabentia.

Hyphomycete producing simple basipetal true
chains of conidia. Conidiogenous cells (phia-
lides) simple, erect or flexuous, Conidia one-
celled, dry, seceding from chains, not sliming
down.,

Type species :

S. luzuiae (Fuckel) comb nov.
—= Torula luzulae TFuckel,
‘ Mycol., p. 348.
=Gliomastirx luzulae (Fuckel) Mason ex
Hughes, 1958, Can, J, Bot., 36: 769.

1870, Symbd.
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Ofher specles :

S, murorum (Corda) comb. nov,

= Torula wmwurorum Corda, 1838, Icon.
Fung., 2: 9.
= Gliomastix murorum (Corda) Hughes,

1958, Can. J. Bot., 36: 769.

S. musicola (Speg.) comb. nov,

— Coniosporium musicola Speg., 1910, An.
Mwus. nac, Hist. nat. B: Aires, 20: 430:

= Gliomastix musicola (Speg.) Dickinson,
1968, Mycol. Pap., 115: B.

S. polychroma (v. Beyma) comb. nov.

= Qospora polychroma v, Beyma, 1928, Verh.
K. Akad. Wet, (b)), 26: 5

= Gliomastizx murorum (Corda) Hughes

v, polychroma (v. Beyma) Dickinson,
1968, Myccl. Pap., 115: 11.

S. wnovae-zelandiae (Hughes and Dickinson)
comb. nowv.

— Gliomastix novae-zelandiae Hughes and
Diackinson, 1968, N.Z.Jl. Bot., 6: 108.
S. varlabilis (Barron) comb. nov.
— Paecilomyces variabilis Barron, 1961, Can.

S. roseola (G. Smith) comb. nov.
J. Bot., 39: 15786.

= Paecilomyces roseolus G. Smith,
Trans. Br. mycol. Soc., 45: 388.

1962,

S. humicola (Onions and Barron) comb. nov.

— Paecilomyces humicolg Onions
Barron, 1967, Mycol. Pap., 107, 20.

and

S. striatispora (Onions and Barron) comb. nov.,

= Paecilomyces striatisporus Onions
Barron 1967, Mycol. Pap., 107: 19,

and

S. bacillispora (Onions and Barron) comb. nov,

-~ Paecilomyces bacillisporus Onions
Barron, 1967, Mycol. Pap., 107: 11,

and

I am grateful to the Director and staff of the
Commonwealth Mycological Institute, Kew, for
permission and facilities to examine {ype and
other material commented on here and for
cultures of several of the taxa. [ am indebted
to Dr. A. H. S. Onions of the C.M.I., for mucn
useful and pertinent discussion, and to the Rev.
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Fr. Sigueira, S8.J., for translation of the genoeric
diagnosis into Latin. Financial assistance pro-
vided by the U.G.C. and British Council
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