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THE OIDIA OF COPRINUS LAGOPUS AND THEIR

RELATION WITH INSECTS.

I. INTRODUCTION,

The researches of Eidam, van Tieghem, Brefeld, Zopf, and others

have taught us that, in many Hymenomycetes and Ascomycetes and in

certain Pyrenomycetes and Discomycetes, the young mycelium developed

from a bagidiospore or from an ascospore produces or breaks up into

8 series of short segments which Brefeld called oidia.f Brefeldl in

his Untersuchungen illustrated the oidia of the following

Hymenomycetes:

Coprinug lagopus
Galera tenersa
Pangolus campamuletus
Stropharia semiglobata
Se. melagsperma
Schizophyllum lobatum
Lenzites abietinug
Daedalea unicolor
Trametes odorata
Polyporus suaveolens
P, serialis

P, zonatus

P, versicolor

P, quercinus

Phlebis radiats
Irpex obliquus

Hypholoma fasciculare
Pleurotus ostreatus
Collybia velutipes

C. maculata

C. conigena

Pholiota marginata
Pgathyra spadiceo=-grisea
P, nolitangere
Psilocybe spadicea

P. semilanceata
Clitocybe metachroa
Hyetalis asterophora

F. parasitica

Nancoria semiorbicularis
Typhulae variabilis
Radulunm laetum

Brefeld's illustrations represent the oidia as short hyaline

rod-ghaped cells with a thin cell-wall and dense protoplasmic

contentsy

In the nineteenth century,when mycologists were searching for sexual

organg in the higher fungi, it was believed by

L; 0. Brefeld, Botanische Untersuchungen uber Schimmelpilze ,
Heft III and Heft VIII# Leipzig, 18774
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Bidam! and van Tieghem® that oidia are male cells or spermatis,! even
although female organs could not be found, Van Tieghem®, in 1875,
succeeded in germinating the oidia of Coprims pligatilis and

¢, stercoraring?;’ and he then declared that the oidia serve %o
reproduce the fungus in an asexual manner, in this respect being
comparable to conidia.

Brefelds, in 1877, announced' that he had been unable %o observe
germination of the oidia of Coprimus lacopus, although he had made
n'amerous’attempts to do so. He came to the conclusion that oidia are
vestigial structures which no longer possess the power of germinating
and which therefore camnot be regesded as functional spermatia,’

His observations that the fruit-bodies of certain Coprini owe their

origin to the development of a single hypha of the mycelium proved that

the co-operation of the oidia in the formation of fruit~bodies is

unpecessary.

1. E. Bidam, Zur Kenntnis der Befruchtung bei den Agaricus-Arten,’
Bote Zeit., Bd. 33, pp."*s49”-655',"? 665~670, 1875,
2, Van Tieghem, Sur 1la fécondation des Basidiomycetes.
C.R. des Sciences, T. 80, ps573, 1875,
3. Van Tieghem, Sur le développement du fruit et sur la pretendue
sexualité des BasidiomycStes,' C.RB. des Sciences,
T, 81, p. 8773 1875,
4, Doubtless van Tieghem mis-identified thes species,as the true
G, gtercorariug which develops sclerotia does not produce any
oidia,

5, 0. Brefeld, loc. cit., Heft III, p. 102, 1877¢
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Richard Falckl, in 1902,  described and illustrated the oidia of
Mucor racemosus, Dacryomyces deliquescens, Ascobolusg licnetilisg,
Phlebia merismoides, Asaricus coprophilus, Chalymotta cempanulata,’
Coprimis ephemerus, Hypholoms fasciculare, Collybia welutipesg,’

C, tuberosa and Oidium lactis,

Faldk'succeeded in germinating the oidia of the wood-destroy=-
ing fungi Phlebis merigmoides, Hypholoma fasciéulare,féollxbia
yelutipes. Then, using a single oidium to inoculate his culture
medium,’ with each of these species he succeeded in obtaining perfect
fruit-bodies. We now know that, in general, oidia are produced
only on haploid mycelia and not on diploid. It is therefore possibie
that Falck's fruit-bodies were all haploid and that the spores
produced by each of them were of one and the same sex,

In 1909 Falck® showed that the oidia of Lenzites sepiaria
would still germinate after they had been kept a year under dry
conditions, \

So far as ceprophilous Hymenomycetes are concerned, Falck did
not succeed in germinating the oidia of Coprinms lakopug, Panagolug
campanulatug and Agaricus coprophilugs and he discovered that
Coprinus gterquilinug,” like Brefeld's G, stercorarius fails to

produce any oidia whatsoever. Falck® came to the conclusion that

1. R. Falck, Die Cultur der Oidien und Thre Rickfurhung in
der hohere Fruchtform bei den Basidiomyceten,

Beitrage zur Biologie der Pflanzen, Breslaum, 1902,

2+ R. Falck, Die Lenzites—FEale des Coniferholzes, Haug~
- _# . -
gchammforgchungen; T, 3, published by Miller, Jena, 1909,

3 R, Falck, loc. cit. in note 1 above, pe3l2.
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the oidia of most of the‘ﬁoprophilous Basidiomycetes have lost the
ability to germinate and therefore have nothing to do with the
dissemination of these fungi.

In 1918, Hlle Bensaudel in her well-known paper on the life~
~-higtory and sexual phenomens of Coprinus fimetariug? incidentally
described and illustrated the structure and mode of production of
the oidia, She saw some of the oidia germinate and produce short
germ-tubes whick soon fused with cells of the parent mycelium,’

Mlle Bensaude planted two mycelia of opposite sex, A and B,
near to one another on nutrient agar, and she observed that

occasionally one of the mycelia became diploid before it had come into

contact with the other one,

Supposing that the mycelium which became diploid was 4, she
explained the ‘ransformation as follows: oidia from the mycelium B
Ploated aecross the gap between A and B in the surface film of water
covering the agar, and thus reached A; and thus the mycelium A was

converted by the oidia from the haploid into the diploid phases’

1. Mathilde Bensaude, Rechercheg sur le cycle dvolutif et la

sexunlité ches les Basidiomycetes,’ Nemours,'

1918
2, Profegsor Buller has informed me that after personal consul=-
tation with Mlle Bensaude he came to the conclusion that her
C, fimetarimg and the C. lagzopus described in his Researches

on Fungi (Vol, III) are identical species.
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In 1927, J. H. C‘raigiel, acting on a suggestion given to him by
Professor A, H. R. Buller, discovered. that the pycnospores of the
Rust Fungi whickh are produced by lié.bloid mycelia are functional,’
When (+) pycnospores are carried from a (4) pustule (in the laboratory
by hand or under natural conditions by insects) to a (=) pycnium in
a (-) pustule, the mycelium in the (~) pustule becomes diploid and produces
diploid aecia and aeciospores§ and conversely, when (-) pycnospores

are carried ffom a (-) pustule to a (+) pycnium in a (4) pustule, the

mycelium in the (+) pustule becomes diploid and produces diploid ascia
and aeeiospores;" |

When Craigie's investigations on the Rust Fungi were in progress,
Professor Buller conceived the idea that the oidia of the Hymenomycetes
might function in a similar way to the pycnospores of the Rust Fungil
i.0. that (4) oidia might be carried, in the laboratory by hand or
under natural conditions by insects, from a (4) mycelium to a (=)
mycelium where they might germinate and fuse with the (-~) mycelium
; thus converting it into a diploid myéeliumg and conversely, that (=)

oidia might be carried from a (-) mycelium to a (+) mycelium vwhere they

might germihate and fuse with the (+4) mycelium and thus convert it into

a diploid mycelium,

Since oidia are produced on the haploid mycelia of so many
Hymenomycetes, it is obviously of considerable imporiance to eluci-
date by experimental means exactly what the function of the oidia is,
The problem of the function of the oidia was sﬁggested by Professor
Buller to the writer and its solution ig offered in the following

pagess

1, J. H. Craigie, Discovery of the Function of the Pycnia of the

Rugt Fu'ngi; Na-"u'ure, NOV'; 26, 1927;{
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II, WATERIAL AND METHODS,
The fungus chosen as material for this investigation was
Coprimas lagopus. This well~known species is readily obtained on liorse-

~dung cultures and its life~history has been worked out by Brefel d.l,

Oort7 and others.

1. O, Brefeld, loc. cit.

2, ¥, Bensaude, loc. cit.

3« AJH.R,Buller, "Researches on Fungi", Vol, III, 1924; also
The Mating Method of Identification of a Coprinmus
Growing on Germinating Seeds of Mangel and Sugar-
-beet, Annals of Botany' Vol XLI, pp.’ 663-670, 19275

4, V,F.Hanna, The Problem of Sex in Coprinus lagopus, Amnalg of

Botany, Vol. XXXIX, pp. 451-457, 19255
Sexual Stability in Monosporous Mycelia of Coprinug

| lagopus, Annals of Botsny,' Vol. XLII, pp. 379-389, 19287

e

5, Irene Mounce, Homothallism and Heterothallism in the Genus Coprinugy’

Trans, Brit. Myc. Soc., Vol. VIII, Part IV, pp. 256~

269, 1922,

6., D.E.Wewton, The Distribution of Spores of Diverse Sex on the Hymen=
ium of Coprinus lagopus,’ Annalg of Botany, Vol. XL,
Dp. 891-917,° 1926,

7. A.J.P.0ort, The Sexuality of Coi:rim:.s fimetarius, Proceedings

of The .Koniklijke Acadenie van Wetengchappen Te
Amsterdam, Vol. XXXII, pp. 1-6, 1929¢
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Spores of Coprinusg lagopus were obtained in the following manners
fresh horse dung was procured from & stable in Winnipeg, and was
placed in a large crystallizing dish covered with a glass plate, The
dish was set upon the laboratory table where it was exposed to light, In
about ten days, fruift-bodies began to appear upon the culture and these
were identified by Professor Buller as Corinug lﬁpusf’ Spores from
one of the pilel were allowed to fall on a sterilized glass silde.
From this spore-deposit single spores were removed by the dry-needle
method deseribed by Hanna.l, and they were gsowed in hanging~drops ofs
cleared dung-agar., In this way a series of monosporous mycelis was
obtained,

The medium used for cultivating the fungus was dung-agar which
wag prepared as followé: a litre of water was added %o 200 ‘grams of
fresh horse dung and this was boiled in an enamel dish for fifteen
mimtes, The decoétion was then Piltered once through cheese-cloth
and once through cotton-wool, after which 12 grams of agar were added to
the filtrate,’ The miZiure was heated in an Arnold sterilizer for
one hour to melt the agar, then tubed and finally sterilized in an
autoclave for one hour at 15 pounds pressure,

To clarify the medium and thus make 1+t ,nfzmomeénéeifobfebsémtion

of the mycelium under the microscope,’ egg-white was employed._’

1., W.F.Hanna, The Dry-Needle Method of Making Monosporous Cultures
of Hymenomycetes and other Fungi, Annalsg of Bota ,""

Vol. XXXVIII} pp. 791-7943 1924,



-
The whites of four eggs, after being added to 50 cc. of water, were
slightly beaten and then poured into the dung-agar decoction, This
mixture was heated for one hour in flowing steam, filtered through
cotton-wool, and tu.'bedf

Malt-agar was occasionally used ag a clear medium, It wag
prepared by boiling i 25 grams of ground malt in one litre of water
and then adding 12 grams of agar, after which it was filtered and tubed
as in the preparation of dung-agar,

The mycelium of Coprirus lagopus grows as well ypon malt-agar as
upon dung=-ager.

BEach monosporous mycelium after growing for a few days in a
hanging~drop of dung-agar v:*);; trangferred to & Petri dish containing a
layer of sterile dung-agar about 2 rm, thick,

To keep mycelia,’ stock cultures were made by transferring the
mycelia to round-bottom glass tubes 3 inches long and 0,9 inch in
diameter which had been filled sbout one-third with fresh horse dung,
plugged with cotton-wool, and sterilized in steam at 15 pounds pressure
for one hour,’

In order to sort out the ten monosporous mycelia into the well-
~lmown four sexual groups (&B)y (gb)y (Ab)3' (aB);' they were mated
in all possible combinations and the results re:co1'de><3.“‘?I The monosporous
mycelia were given mumbers from 1 to 10 inclusive) |

In the experimenta.l work described in the following pa‘ges;.' the
mycelia mogt employed were fhose numbered 5 and 10, These were
sexually opposite, To mycelium No, 5 was given the symbol (gb) and to

mycelium No. 10 the symbol (AB).
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III THE STRUCTURE AND DEVELOPMENT OF THE
OIDIAL FRUCTIFICATIONS,

From two to three days after the germinatinn of a single spore
of Coprinug lagopug in a culture medium, the haploid mycelium
which is developed begins to produce oidia on special lateral branches
called oidiophores.

On dung-agar plates not covered with a film of water or on
horse dung the oidiophores grow more or less perpendicularly outwaxfds from
the substratum inte the air and there produce their oidia in terminal
‘masses., On the other hand when,’ as in & hanging=-drop of dung-agar in
a van-Tieghem cell, the culiure medium ig covered with a film or thin
layer of water, the oidiophores are not able to push out from the medium
into the air but ingtead develop and produce oidia in the film of water,
When oidiophores dévelop in a2 film of water, the myceliunff“ the oidio=
phores and the oidia all lie in one plane, and the s‘ba.gés in the develop-
ment of the oidiophores can then be readily followed with the microscope;“

An oidiophore which develops in a film of water in the manner
described above, arises as a hyphal outgrowth of a short cell of the
haploid mycelium and attains an average length of 0,05 mm. varying up
{0 0,1 mm. At ite basal end it is 5-5/ thick or as thich ags the hypha to
which it is attached but it tapers upwards so that its apical end ig
only 2.5-'.7& thick, A little way above its base it is divided by a
septum into two cells, Occasionally the oidiophore is divided by two
gepta into three cells, The protoplasm in the cedls of the oidiophore is

distinetly vacuolate and exhibits numerous shining pa.rticlesf?
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The pointed end of the full-grown oidipph_ore gives rise to shor}
branches which may be called oidial Igy_-ghaet ( Fi»g; ‘2) Por these soon
break up into a series of 2=5 oidia, The pro;ess of oidial formation on
an oidiophore Which_was submerged in a film of water is illustrated in
Plate I, Figs. § & A% 10.30 a.m., an oidiophore with its oidial branches
(Fig.5R) was examined and sketched., After twenty mimutes (10,50 a.m.)

a fine line appeared about one~third of the way fronm ’ch‘e base of one of
the oidial hyphae (Fig.5B) and after forty-five minutes a clear space or
 gap in the protoplasm appeared where the line had beem (Figs9., Thus

an apically-formed oidium became marked off from the basal portion of the
oidial hypha. The newly-formed oidium then began to sway from one sié;é
to the other about its point of attachment tc the hypha, This SWa.ying‘:""i‘-
apparently due to Brownian movement, contimued untid the oidium broke
loose, which it did forty mimutes after the gép was first observed, A
gap then appeared on another branch (Fige5D) and after thirty minﬁtgs{'
the oidium cut off above it began to sway and was then soon get free,
(Fige5E)s .

The oidiophore just described grew in a film of water, I,&, _
somewhat abnormally: it wag shorter thgn usual and its oidié.l branches
produced only one oidium at a time, Normal oidiophores which project
into the air are mmch longer and their oidial branches break up iine
chaing of from 2 to 5 oidia,

The formation of a chain of two or three oidia from an oidial
braneh ig due o the division of the photoplasm into two or three

separate magsgses, the shrinking or condensafion of thege protoplasmic
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masses with the formation of short water-filled gaps or spaces between
them and at the base of the oidial hypha, the development of a wall at
each end of eack shrunken mass of protoplasm and the dissolution of
the wall of the oidial hypha around the water-filled spaces. The two
or three oidia thus set free are go small that if liberated into water
they sood separate from one another and move away from their place of
origin,’

After an oidiophore has ceased to produce oidia and its oidia

have been dispersed by immersing the oidiophore in water, the apex of

the oidiophore can be seen to be rounded off and not showing any trace of
the oidial branches to which it gave rise?

A striking phenomenon in comnect%ion with the production of oidia on
the end of an oidiophore which is projecting from horse dung or from
dung-egar into the air is the excretion of a drop of liquid at the
apex of the oidiophore in such a way that the oidia are immersed in it,

i Neither Brefeldi;)tr Falck who studied the oidia of Coprimug lagopus
and other Coprini appear to have noticed the drops in question; but,’

as we gshall see, these drops are of g*rea'b importance in connection with

the dispersal of the oidia and their conveyance %o a place where they
may .:t‘u.nction to the advantage of the species to which they belong.
The development of the drops on the tips of the oidiophoreé wasg
observed in hanging-drops of dung-agar and will now be described,’

When an oidiophore first pushes upwards from its substratum into

the air, it is a simple tapering hypha with one eross-wall near its
base. An hour after it has attained its full length there appears

on its tip a tiny liquid drop (Figs3A) The drop contimues to
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increase in size until, at the end of ten hours, its diameter may attain
0,08 mm, (Fig.38)s From the apex of the oidiophore oidial branches are
gent out into the drop where they break ®p into oidia, In the course
of several hours numerous oidia are thus formed and they can be seen with
the microscope enveloped in the fluid; apparently the growth of the
drop is proportionsl to the number of oidia; that are produced within its
Under normal conditions the drop is always large enough to envelop all
the oidia contained within it and at the same time to have g completely
spherical surface,

Some oidial fructifications which pointed vertically upwards
were examined laterally through a horizontal microscope with a
magnification of about 400, It was then seen that the oidia practi-
cally filled the interior of each drop.

When oidia have been produced in the drops of oidiophores on &
dung-agar plate and one removes the cover and examines the drops with fhe
high power of the microscope, one can often obsérve that the oidia in
the drops exhibit a more or less violent movement, In some drops
the movement is typically Brownian; but in others the whole mass
of oidia, in the course of a few seconds may whirl round and round and
thus display an activity which to the writer was at first very un-
expected, It is possible that evaporation from the surface of the
drop is the cause of the whirling movement; for it was found that
whirling could be started by breathing upon the drops, and that the

whirling ceased as soon as the drops were no longer breathed upon.
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When one looks down on the top of the drop with the high power of the
microscope, an enlarged image of some of the oidia appears above the
urper surface of the drop owing to the sphere acting as & converging
lens for the light coming from the oidia.

Since the drops on the oidiophores are only about 0.05 mm, in
diameter, it has not been possible to analyse them chemically, but some
gsimple observations seem to show that the fluid of which they are composed.'
is not pure water but contains colleid matter. When a cover-glass is

lowered gently so that it just touches the liquid drops of numerous
oidiophores projecting above the surface of dung-agar on which the
parent mycelium is growing and is then 1ifted up and examined with the
microscope, one finds that the drops with the oidia have come away
intact, bave dried up, and are attached to the cover-glass as flai
circular masses of oidia and dried-up oidiophore fluid., Two days
after the drops were codlected and dried on a cover-glags it was found

that they could not be dissolved either in water or alecohol,

The oidia in individual drops obiained on a cover-glass were
counted, Large drops contain eighty or more oidia and very small
drops five or ten oidia, Drops of average size with a diameter of

0.05 mm. contain about twenty oidia.

The very large oidiophore drops may be formed by the fusion of
gseveral smaller drops. A continuation of this process of fusion may
result in almost the entire surface of a haploid mycelium growing én an

agar plate becoming covered with clogely-packed oidia,
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A photograph showing the appearance of oidial fruetifications
when seen with a magnification of 100 is reproduced in Fig, /# .
When the drop on the oidiophore is allowed to dry, it shrivels and
agsumes & rough appearance owing to the fact that the ends of the oidia
project as shown in Fig,»C ,
The individual oidia of Coprimus lagopug are ]/&in diameter and
may be from 24 to l%long; The average 1ength‘ is about 5/(L.
Ogcasionally an oidium is produced which hag a Ssl—i:é branch ag shown in
Fig.7A. Two refractive gramules ave usually to be seen in the
protoplasm within each oidium,

1

Mlle Bengaunde~ stained the oidia of Coprinus fimebarius and

illustrated the stained oidia in her paper on Plate 2, Figs. 3 and 4,
and on Plate 4-5, Fig. 4. In thege illustrations one nucleus can be
gseen in each oidium and some of the nuclei can be seeniu.ndergoing

division,

IV THE CONDITIONS UNDER WHICH

OIDIAL FRUCTYFECATIONS ARE PRODUCED.

<

The cidia of Coprinus lagopus are produced by haploid mycelium
only, never by diploid., It is true that a haploid mycelium which has
been converted into a diploid mycelium may still have attached to it

oidia which were produced when the mycelium was haploid, but with the

diploid phase the mycelium ceases to produce oidia., The same is true

1, M, Bensaude, loc. cit.



for Coprinus niveug and C, curitugli two other heterothallic species
of Coprimug which have been examined by the writers
Brefeldl showed that Coprimug stercorariu ,’ now known to be &

homothallic species, never produces oidia§ and Falck® demonstrated

that C, sterguilinus was also entirely without qidia’.
The writer kept monogporous mycelia of Coprimmg stercorariug
under observation from the time of germination of the spore for
geveral days, Three days after the germination of the spore, the
mycelium which developed from it became diploid."" Ko oidia what=
goever were produced,
It is a rather remarkable fact that the‘va'rx young heploid
nycelium of Coprimug lasopug produces oidia for a time even when it is
growing in contact with mycelia of opposite sexs A large number of
spores (two hundred or more) and therefore spores of all four sexual
types (AB), (2b),' (&), (aB); were sown together in a hanging-drop of
cleared damg—a.ga.rf‘ Twelve hours later, about one-fourth of these had
germinatedf‘ When 2-5 days old;"r'b‘ne young mycelia were vigorously
producing oidia, each mycelium bebaving as though it were isolated
Prom the rest of the mycelia, Fusion between the mycelia of opposite
gsex then began to take plage and in the course of twenty-four hours
all of the leading hyphae in the hanginderop developed clamp-conne;ﬁons
and ceased producing oidia, It may be concluded that the young spore-
-mycelium passes through a period of oidia production of about 48 hours

duration, and that it will not unite with mycelium of opposite sex

1. 0. Brefeld, loc. citss Bde 5 Ds o

2. R. Falck, Die Cultur der Oidien..etcs.} locs eits, v+ 3134
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until this period has been completeds

The number of oidis produce@ by a haploid mycelium developed from
& gpore on one sqﬁ.are millimeter of dung-agar varies for different
mycelia and for different parts of -the same mycelium, Some mycelia
produce oidia in far greater mumbers than others but all haploid
mycelia produce them in great mmmbers. In what gseemed to be an average
mycelium, a count showed that there were fifteen to twenty oidial
fructifications per square millimeter of dung-agar surface. At this
rate, on a mycelium covering a square with each side 5 cms. (2 inches)
the number of oidial fructifications would be 2500, Reckoning
twenty oidia to each oidiophore drop, such a square of myceliuvm would
give rise to 50,000 oidia, It is possible that after the drops
become fused together in the older part of the mycelium in the
almest continuous fluid layer so produced still more oidia are
déveloped thus greatly increasing the calculated nuriber,’

The oidial feuctifications on haploid mycelis derived from spores
always develop in the air and never under the surface of the medium,’
It therefore appears that air is necessary for their development_;

If sterilized dung-'balls be inoeulated with ha:ploz.d mycelimu,
the mycelium grows very v:.gorously, 'becomlng fluffy o’mng to 'l;he
productlon of aerial hyphae. The oidlal fructiflca.tions a.re . |
produced in the same way as on dung-aga.r and the surfa.ce ef the d:mgh-
ball becomes covered with them, the o:.dlophores pro.]ectmg a.wa.y from

the substra.hm.
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An agar plate on which a mycelium was growing was exposed to the
dry atmosphere of the laboratory for three days as shown in Fig, 12,
At the end of that time the oidiophores were being produced by the
leading hyphae in as great numbers ag under the conditions of excess
moisture existing in a closed Petri dish, Under the dry conditions,
however, there were not as many large liquid drops on the oidiophores
as were produced under more moist conditions,

Light is not essential for the production of oidia since they
are produced both in the light and in the dark, Occasionally the
mycelium on agar plates shows concentric rings, the oidial
fructifications being produced to a greater and lesser extent
alternately. Some experiments were undertaken in order to investigate
- the possibility of thesge rings being due to the alternating influence
of light and dark, Mycelia on agar plates were edpoged to sunlight
for one hour each day for ten days and were kept in the dark the rest
of the time:‘ This treatment failed to produce the concentiric rings:
Farther investigation is desirable to expla.in the phenomenon of the

concentric ring growth habity'

¥V THE OCCURRENCE OF OIDIA IN NATURE
Although oidial fructifications are produced in the laboratory,’
the laboratory conditions are somewhat artificial, and it seemed
desirable to show whether or not the oidial fruetifications are
produced under natural coﬁditionsf?
A large nmumber of fruit-bodies of Coprinus lagopug were noticed
coming up on a dish of ungterilized horse dung which had been brought

into the laboratory sixteen days previously. %This culture was




in the hope of finding oidia,’ Under the low power of the microscope,

many oidial fructifications were seen projecting above the dung surface,’

and there were many more on strands of aerial mycelium, These oidial
fructifications resembled very closely those which had been studied in
laboratory cultures of haploid mycelium of Coprimms lasopus. Some
oidial fructifications were seen on a bit of siraw which was then
removed from the rest of the dung with fine forceps:” The gtraw was
then placed on a glass glide in a drop of water, Hyphae showing sinple
cross-walls, oidiophores and oidia were identified under the microscope
and were sketched (Fig. 6)%

On three other occasions oidia have been found on wild dung
cultures, hance it can be stated definitely that oidial fruoctifications
are 'produced in nature even in competition with other fu.ngi;* bacteriaz,
etc, Since in the wild cultires in which the oidia were found,’
Coprinug lagopug fruit-bodies were more numerous than those of any
other fungus; and since the structure of the oidiophores and the oidia
was so like that of the oidiophores and oidia produced in pure
laboratory cultures of Coprinus 1a@mg"i’?’ it is highly probable that
the oidia Pound in the wild cultures belonged %o that fungusy

Vi THE GERMINATION OF THE OIDIA
Germination of the oidia of Copximmg lagoous was first observed
by the writer in hanging-drop cultures of cleared dung-asgar and malt-
-agar‘;” In several such culiures which were ten days or more old,
oidia were observed to germinate in _s_;._‘gu_. The germinatiig oidia are

rather different in appearance from the ungerminated ones:" Oidia
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about to germinate are swollen, rather moreso at the ends than in the
niddle, and the refrective gramule at either end (see this paper, page 14)
is more prominent than in ungerminated oidiay The gern-tube is about
two-thirds as wide as the oidium which produces it. A4 germ-tube may
develop from one end or from both ends of an oidium, Large vam%i;zs
appear in the oidium as its protoplasmic contents are sent out into
the zc;;erra—i:u.lae‘f‘;1 Since oidia germinating ¢ in gitu do so on medium
which is exhausted of mutriment,' the germ-tubes pro&aced by the oidia
do not develop rapidly and often scon cease tc grow, Gemm-tubes from
several oidia may anastomose when growing in the exhausted medium,

“ Effort was then turned to causing the oidia to germinate,
0idia from agar plate cultures of various ages were planted in a variety
of media; water, sugar solution, cleared and uncleared dung-agar and
2,5 per cent, malt-agar, At first none of these efforts met with

success., The oidia did not appear viable, although they had been

seen to germinate inm gitu as described sbovés The effect of heat was

then tried. Oidis were obiained from a thirty day old culture of a

ha.plqid mycelium by touching cover-glasses lightly to the surface of
the mycelium, The cover-glasses were then placed on Van-Tieghem cells
with water in the botiom of each cell, Yo nutrient medium was added
to the oidia, The prep#rations were then heated under a desk lamp to
50° CJ, kept at that temperature for one mimute and then allowed to

cool, Other preparations kept as controls were not heateds

In 24 hours, the oidia which had been heated had swollen and

germinated. The oidia in the control preparations which had not been



heated did not germinate,’ The experiment was repeated several times

and the oidia always germinated when heated

Some oidia from &:three weeks 0ld culture of haploid mycelium
No. b were then found to germinate spontaneously.  They germinated
readily in hanging-drops of cleared dung-asgar and malt-agar;"

At present it is not possible to offer an explanation of the
real cause of the gemina.tion of these oidia and the failure of oidia
to germinate in previ'ous:experiments‘f It may well be dune to the
variability of the dung-agar medium, This medium is variable in that
the dung from which it is made is probably never exactly of the same
~agar undergoes change, being light in colour when freshly made up
' and graduslly becoming darkeriy’ This colour change shows that some
chemical changes, probably including oxidation,’ are slowly altering the
nature of the medium., The writer is confident that if the correct
conditions for germination are supplied,” the oidia will germinate

‘ erimenls will be
readily enough, Numeroud Adiscassed in the fallowing pages in
which oidia have germinated readily under natural conditions on
horse dung,

The minimom time for germination of oidia from thig partienlar
culture was found to be eight hours, It was estimated that about eighty
per cent, of the oidia in each hanging-drop gemminated,

The appearance of the germinating oidis has been deseribed above.

When oidia germinate im gitu, many of the germ-tubes anastomose due

to the exhaugsted condition of the medium,’ In fresh medium however,
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only a small proportion of the germ-tubes anastomose, Some of the
germ—-tubes do not grow much longer than the oidia which produced them
before they begin to form new oidia as shown in Fig. 10, Many of
the germ~-tubes grow out of the medium into the air to become new
oidiophores on which the usual oidia and mucilage drops appear (Fig. 115)3
The oidiophore produced in this mamner is not usually as large as
the oidiophore produced on haploid mycelium derived from a spore,
However, after the oidial mycelium has become well established and
is growing vigorously, it produces oidiophores which are quite as large
as those developed on spore mycelium,

The oidia of the second generation are identical in sex and
appearance to the oidia from which they were produced, Twelve
generationg of oidia were grown and studied., The oidia for the
first cultures were obtained by affixing a drop of cleared dung-ager
t0 a cover-glags and then lightly touching the agar drop to the
surface of a haploid mycelium growing on » dung-bgdk. The
cover-glags with its drop was then placed on & van-Tieghem cell in
the bottom of which there was a drop of water, The oidia germinated
and produced & mycelium which in its turn produced oidial |
 fruectificationg., The oidia from %hese fruetifications, that is the
oidia of the second generation were isolated by allowing them to touch,’
very lightly, the surface of another drop of sterile agar. |

4 period of about twelve hours elapsed between the planting of
oidia of one generation and the production of oidia of the nexi

generation,
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The oidia of each new generation germinated aé readily as those of
the generation before, and there was no change in the time required
for germination, The mean length of time required for germination
for the twelve generations was eight hours: the first generation
oidia required eight hours,’ the twelfth generation seven hours.,

Fo difference was ohserved between the size or shape of the

oidia of the twelfth generation, and those of the first generation,

VII THE MYCELIUM PRODUCED BY OIDIA

In many respects the mycelium which develops from an oidium
of Coprimus lagopus is different from the mycelium which develops
from a spore,

Heny cultures of oidial mycelium produced from the sexually
opyosite haplonts 5 and 10 have been examined eritically with a
view to making comparisons between the oidial mycelium and the rorew~
-mycelium,developed from a spore,’

The individual hyphae of the oidial mycelium are finer than
those of the spore-mycelium,’ being about one-half as wide, The
ha.ploidl spore-mycelium‘ averages about 7@ in width while the oidial
mycelium is but z/u,wide.”‘ |

The oidial mycelium branches more frequently thah the spore-
-mycelium but the angle at which the branches. come off is the same for
the two kinds of mycelium, .

Whereas the haploid spore-mycelium under suita.blé conditions
grows fairly rapidly (about % mm, in 24 hours), the oidial

mycelium grows much more slowly,’
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The gpore-mycelium genera.lly produces many aerial hyphae and on
this aceount presents a fluffy appearsnce, The oidial mycelium grows
either on the surface of the agar or under the surface and except

for the oidiophores prodmces no fluffy aerial hyphae,

0idia were sown on sterile dung-balls in crystallizing dishes
and in round-bottom glass tubes. At the end of twenty-four hours,’

a Pine white oidial myeelium had been produced., The mycelium eventually

covered all the substratum and produced numerous oidia, but although

kept under observation for two months it showed no signs of producing
sporophores, Haploid fruit-bodies are produced by haploid myecelium
derived from a spore within foufteen days from the date of transfer
' 40 sterile dung., It would appear therefore, that the oidial mycelium

of Coprinug lagopus does not produce sporophores.

The oidial mycelium produces far more oidia per unit ares then
does the spore-mycelium, The spore-mycelium ﬁroba.'bly never produces
moany more than fifteen oidial frustifications per square millimeter of

mycelium, whereas the oidial mycelium produces far greater numbers.

Some counts were made which gave sixty-five oidial fructifications

per square millimeter and it is probable that this number may be
exceeded, In some tultures of oidial nycelium, the oidial

fructifications appear %o stand almost as close to one another as is

possible without the oidial drops touching.

So emuberant is the production of oidia by the oidial mycelium

that many oidia are produced beneath the surface of the agar,
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Spore-mycelium has never been observed to produce oidia beneath the
surface of the agar.

Whereas the oidiophores 'of the haploid spore-mycelium are single
hyphae, the oidiophores of oidial mycelium are very frequently
branched or compound as shown in Fig, 9. From two to five oidiophores
have been found to be Pformed on & common stalk, The individual
oidiophores of such a compound structure are not different from oidio-

phores coming up individually on haploid spore-mycelium.

VIII THE EFFECT OF SOWING OIDIA OX A
HAPLOID MYCELIUM OF OPPOSITE SEX,

When (4) oidia are deposited on a (=) mycelium they germinate}
the germ-tubes fuse with the (~) mycelium and it is converted into
diploid mycelium, Conversely, when (=) oidia are deposited on (4)
mycelium, the (4) mycelium is converted into diploid mycelium,’

This was proved in the following manners A bit of the haploid
mycelium No. 10 was transferred o a plate of Malt-agar in a Petri
‘dish, The myceliuilm was allowed %o grow until it was about 4 cms.
in diemetex. A platinum wire loop was then touched lightly to
the surface of a culture of haploid mycelium No. 5 and cidia from
this myeelium adhered to the wire loop. These oidia were opposite in
sex to the mycelium FNo. 10 growing on the agar plate. The loop with
the oidia on it was then touched to the surface of the agar i)late
at a point just in front of the leading hyphae of mycelium No. 107"

Three days later, all the leading hyphae of the mycelium in the
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plate had become diploid as was indicated by the presence of clamp-
-connections on them, This experiment was successfully repeated
four times diploidizing mycelium No, 10 with oidia from mycelium No, 5.
The experiment was also performed putting oidia from mycelium No., 10
on mycelium Neo, 5., and again diploid mycelium was prodnced'f‘ So many
oidia were used as inoeulum in these experiments that it was found very
difficult to observe clearly just where the germ~tubes from oidia
fused with haploid spore-mycelium. To overcome this difficulty,
a few oidia were germinated beforchand in hanging-drop cultures
and transferred to the mycelium of opposite sex in an agar plate
by touching the hanging-drop to the agar in the plate at a peint
just in front of the leading hyphae, as in the previous experiment,
The oidia were watched continuously, and in several places the germ-tubes
were seen to fuse with the spore-mycelium as illustrated in Fig. 8y

In another set of experiments, oidia from a (+) mycelium which
was growing on a dung-ball in a crystallizing dish 12 ems, wide,
weré gathered on & sterile platinum wire loop by touching it 1lightly
to the mycelium, The oidia were then deposited on a (~) mycelium
in another crystallizing éish:“ Conversely, the oidia from & (=)
mycelium were deposited on & (4) mycelium, Both the (4) and the
(-) mycelium became diploid within a week, Control haploid mycelia
which were undisturbed remained haploid,

This experiment was repeated several times, always with the same
result,

I% hag therefore definitely been proved that oidia of ofjie sex
are capable of causing & haploid mycelium of opposite sex %o become

diploid,
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IX THE DISPERSION OF OIDIA

It has been shown in the preceding pages that when oidia of one
gex germina)te in the presence of mycelium of the opposite sex, a
diploid mycelium may be producedf In order to prove that oidié. are
carriers of sex from one mycelium to another under natural conditions,
it is necessary to show whether or not oidia may be dispersed and if
80, by what agency they are dispersed’?’-

Wind plays such an important part in the dissemination of seeds

89
and spores that the poddibility of oidia being dispersed by wind has

been invest;‘gga.tedf’

0idi3l fructifications were watched under the microscope while a
sharp puff of air was applied to them by blowing through a rubber tube.
The oidiophores shook violently so that some of them were flattened out
on the substratum, but neither when the oidial drops were moist nor
when they had been allowed to dry, were oidia detached by blowing on
them,

When the oidial drop is in the moist condition,' the oidia can be

detached by violent shaking, This wag demonstrated by inverting the

bottom séction of a Petri dish over the bottom section of another

Petri dish containing sterile mutrient agar,’ and violently striking
the upper dish with the hand,” A few of the oidisl masses were thus

detached and fell on the nutrient agar of the lower plate, there %o

germinate and prdduce new oidial mycelium., No oidia could be shaken

off in this mammer when the oidial drops were first allowed to dry.

The a.dhesive nature of the liquid in which the oidia are produced
 eauses the oidia to be bound securely %o the oidiophore when the

liquid dries so that the oidia cannot be detachedy Wind, then does
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not disperse the oidia of Coprimus lagopus. Since the liquid in which
the oidia are produced is soluble in water when it is fresh, rain might
disperse the oidia, Rain would probably not serve to carry them very
far, however,

The oidial drop on the oidiophore is very mucilaginous and adheres
readily to any object brought into contact with it, Vhen a cover-glass
is lowered to touch the oidial masses, they come away from the oidies
phore intact, The end of a glags rod if rubbed lightly over the
\' surface of a haploid mycelium picks wp oidia, and they adhere similarly
to a platimm wire loop. |

It is evident that if an insedt were tc; come into contact with
the oidial fructifieafions, the oidia would adhere to the legs and
body of the insect, The experiments degcribed in the following pages
show that insects do transport the oidiae

Flies were used in these experiments, the species being
Drogophila melanogagter, the fly employed by Morga.ﬁ and hig pupils
for the study of genetics. The flies were reared in pint sealers
plugged wi'!;h cotton-wool, Over-ripe banana was provided as food.

The bottom section of a Petri dish in which a hé,pﬂzoid mycelium
was growing on a layer of dung-agar was fitted against the bottom section
of another dish containing a layer of sterile dung-agar and é. fly was
placed in the vessel thus fomed.;‘:" The two bottom' sections were held
together by & wide strip of adhesive paper pasted avound their rims,
The fly was allowed to walk over the mycelium in one plate for one-half
minute,’ and then by turning the plate containing the sterile agar

toward the light, the fly was attracted in this direction and it then
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walked over the sferile agar surface,

The plates were disjoined and the fly wpemoved. 4 cover was
placed over the sterile agar plate and one day later, the bacteria
which had been on the fly's geet‘ had formed large colonies which made
the track of the ir;sec'b visible, On the agar surface where the £ly had
walked large numbex:é of ofdia were found, These germinated and produced
mycélium- on which were borne new oidia, The oidial mycelium was
proved to be of the same sex as the original ha.pléid mycelium over
which the fly had heen allowed to walk, This was done by mating the
oidial mycelium against mycelium of the opposite sex when clamp-
~comnections were formed, The agar plate was photographed to show
the oidial mycelium growing where the fly had walked, and is shown in
Fig. 15, This experiment conclusively shows that flies can transport
oidia and that these oidia can germinate and produce new myceliimif*

When the fly used in the above experiment was examined under the
microscope, masses of oidia were found clinging to the feet, the
tarsal claws and the hairs on the tarsie

In another experiment, six flies were allowed to go whthout
food for tweive hours, They were then placed in a Petri dish in

which 2 haploid mycelium was growing on dung-agar, and the behaviour

o.f the Tlies was obgerved with the low power of a binocular micro-

scope. Immediately upon being set free in the dish, the hungry

flies pegan to suck up the oidial drops with their probosces., The
lower end of the proboscis of the Drosophila fly is about 0,5 mm.
wide: the oidial fructifications are but 0,1 mm. in length and

the oidial drops but 0,05 mm, in diemeter. The end of the fly
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proboscis therefore touched perhaps a dozen oidial drops at the same time.

The flies Walkgd along, vigorously sucking up the drops,’
leaving the oidiophores pressed down on the agar surface and -ctitting
in this manner a swath, as it were, through the projecting oidial
fructifications,.

The stickiness of the drops seemed to bother the flies, for one
often stopped feeding to rub its proboscis with its feet to clean off
the liquid, |

A clean glass plate was substituted for the cover of the Peiri
dksh and the culture plate was inverted to allow the flies to walk
on the clean plate, The flies were watched,’ and when several drops
of excrement had been deposited which had not been touched by the
flies' bodies or feet, the plate was removed,’ |

'\ The fly-drops were examined under the microscope and were seen
to contain many oidis and some yeast cells, normally carried in the
alimentary cenal and on the bodies of fruit-flies, To some of the
fly-drops malt-agar was added as & gutrient medium, Other of the drops
were encloged in van-Tieghem cells witﬁout additional mutriment,’
Under both of these conditions the oidia in the fly-drops germinated
within twenty-four hours and the mycelium produced gave rise Yo new
0idial fructifications,

The flies may transport the oidia, therefore, in two ways: first;"
on their legs and bodies; second, by using the oidial liquid as food;"‘?
sucking up the oidial drops, passing the oidia through their alimene

tary canals and depositing the oidia in viable condition in £ly-dropse’
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Other dung-inhabiting flies, beetles and other insects mugt also

be capable of transporting oidia on their legs and bodies.

Xl EXPERINMENTS DEMONSTRATING THE
TRANSPORTATION OF OIDIA BY FLIES,

It has been shown above that flies are capable of trang-
porting oidia, Experiments will now be described in which it will
further be shown that flies can carry oidia from a (+) mycelium to
a (=) mycelium or from a (~) mycelium to & (+) mycelium and that the
oidia may mnction in sueh a way as %o convei't haploid mycelia into
diploid mycelia.? tn short, that oidia are sex carriers.

In the first set of experiments, two balls of fresh horse dung
were placed as far apart as possible ( a distance of 12 ems.) in each
of four large crystallizing dishes, 23 cng. in dismeter and 8 cms.
deep, the bottoms of which were lined with moistened filter-papez‘f"?
Bachbball was placed in one hadf of a shallow Petri dish 7ems, in
dismeter to prevent mycelium from growing from the dung-ball
over the surface of the moigt filter-paper in the bottom of the
crystallizing dish and in thig mamner reaching the mycelium from
the other dung-ball and mating with it, The filter-paper was placed
in the dishes to give the flies which were to be put iﬁ later a
rough surface to walk on and so prevent them from being drowned
in the water which accumulated on the bottom of the crystallizing
dishes. |

Bach crystallizing dish was covered with a glass plate and the
dish along with its contents was sterilized in steam at 15 pounds

pressure for one hour. Fig, 13 shows diagramatically the appearance
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of the erystallizing dish and the dung-balls,
One ball in each dish was inoculated with & bit of the haploid
mycelium No, 5 and the other ball in each dish inoculated with haploid

mycelium No. 10 of Coprimusg 1ag_gp‘__usi' Two of these dishes were usgsed for

experiment with flies, and labeled A ahd B, and two were kept for controls,
Three days after inoculating the dung-balls, the mycelium which
had developed on each covered an area of about two square centimeters,

Eight flies were then placed in each of the experiment dishes A and B/

The flies were first removed from the glass jar in which they had been
raised o another jar where they were etherised to make it easy to
trangfer them to the erystallizing dishes?
No flies were placed in the control dishes
In the course of the next few days, the flies in each dish flew
| back and forth, from the mycelium on one dung-ball to the mycelium én
- the other., They could alsc be seen sucking up the drops of liguid
containing the oidia, a
One week after the fliesg had been put in the dishes:i the mycelisa
o;'z all the dung-balls were examined by taking a bit of each mycelium"?

mounting it in water on a glass slide, and examining it under the

microscope for the presence of clamp~-connectionsy
It was found that the controlimycelia were still all haploid;’
| whereas all the mycelia in the experiment dishes were diploids

This means that the flies carried oidia from the mycelium No, 5

and deposited them on.mycelium No, 10 and also carried oidia from
mycelium No. 10 and deposited them on mycelium No. 5. The oidia must
have germinated and the germ-tubes fused with the mycelium on which they

were deposited.
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The experiment wag successfully repeated in the manner deseribed above*f‘?
However it was found that it was not necegsary to use large crystallize
ing dishes, Further, when a small plece of paper was placed under the
cover at the edpe of the dish to allow sufficient ventilation for the
- mycelium growing in the dish it was difficult to prevent the culture
from becoming contaminated with mould. The experiment was therefore
modifiéd intthe following maxmer. The haploid mycelia were grown in
round-bottom glass tubes as has already been deseribed on page & of
this paperf Four days from the time When‘ the tubes of dung were
inoculated with mycelium, six flies were placed in the chamber formed
by fitiing together tubes containing mycelium No. 5 or mycelium No. 10,
these being of opposite sex. The tubes were held together by means of
a cardboard collar 5 cms. long which fitted tightly over the tubes.
The flies were free to wanter from the mycelium in one end of 'bhe
chamber to the mycelium at the other end. Four such experiments
were made up. The Plies were allowed to remain for different lengths
of time in each chamber; in one 24 hours, in one 48 hours and in the
other two 72 hours, One tube containing mycelium No. 5 and one
containing mycelium No. 10 were kep?t a,s. controls, no flies beipg placed
in these tubes, |

The mycelia were all examined five days after the flies were first
put in the tubes,

The mycelia in all four experinients were all diploid when
examined with the mieroscope, whereas the control mycelia were still

haplOid...




The experiment was repeated, this time allowing the flies to
remain in the tubes only fifteen minutes, The results were equally
satisfactory, the mycelia visited by the flies becoming diploid, the
control mycelia remaining haploid.

To farther extend the experiment, flieg were caused to go from one
haploid mycelium on dung in a glagss tube through a cardboard tube of
slightly greater diameter and 5.5 feet long to a hapioid mycelium of
opposite sex. in a glass fube at the ‘othe-r end of the cardboard tube.

The flies were alloweﬁ to crawl over the (4) mycelium in the glass
tube in cne end of the cardboard tube and the other end was then held
in the sunlight, The light attracted the flies to the (-~) mycelium
and they then walked over it, The flies were aiiowed to remain on
each haploid mycelium only fifteen minutes. The mycelia 'visite.d by the
flies had hecome diploid four days later as was shown by examination,
while control mycelia gtill rehained haploid,

Furthercexperiments were carried out with dung-balls in large
erystallizing dishes, one dung-ball of each pair in a dish being ino-
culated with haploid mycelium, the other dung-ball béing left steriley
In each of three of such dishes flies were placed, but no flies were
placed in one dish kept as a control, At the end of one week, oidial
nmycelium was growing on the sterile dung-ball in each of the three
experiment dishes., 0idia had been carried by the flies from haploid
mycelia to sterile dung-balls., No mycelium appeared on the gterile
dung-balls in the céntrol dishes..

To make the above experiments still more convincing, it was

‘necessary to show whether or not the flies might be transporting bits

of mycelium on their legs and bodies, and whether or not this
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mycelium rather than the oidia, when carried %o mycelium of opposite
gsex caused diploid mycelium to be produced, '

In order to investigate this point, experiments were designed
using the same apparafus ag was used in the preliminary fly experi-
ments, namely dung-balls in large crystallizing dishes.

This time, one of the balls in each dish was inoculdted with
diploid mycelium and the other ball was left sterile, Diploid mycelium
wag used because it bears no oidia, and therefore if the flies
transported anything, it must be bits of mycelium, As in the previous
experiments, flies were placed in two of the dishes and one dish was
kept as controli’ The Plies were allowed b0 remain in the dishes for
ten days., No mycelium appeared on the sterile dung-balls althcugh
observation was continued for fifteen days. The same result was
obtained in s duplicate experiment performed later, It can therefore
be said that flies do not transport bits of mycelium and the conclusion

that oidia only are transferred is sirengthened.
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XI1 GENERAL REMARKS ON THE LIFE-HISTORY OF
COPRINUS LAGOFUS.

From the facts presented in the preceding pages, it may dbe
concluded that the oidia of Coprinus lagopug play an important part in
the life~history of that fungus,

The oidiasare produced on special hyphae which project perpendi-
cularly outwards from the substratum into the a.ir; they are enveloped
in a drop of liquid which causes them to adhere readily to any object
which comes in contact with them; and the liquid drpp is attractive
to flies which may suck it up ag hags been described, The oidia may
be carried from their place of origin by rain but are probably not
digpersed to any extent by rain, and they are not carried away by wind.
In these respects the oidia may be congidered to be dependent upon
insects for their dispersal,

Flies of various species may usually be seen flying about or
erawling over horse dung on the gstreet or in the fields., The writer
has notived several times that when fresh horse dung is exposed on the
laboratory table even during the winter months,’ whatever fruit-flies
are at large in the laboiatory are soon attracted to the dung, Meny
beetles also frequent horse dung., Among these may be mentioned many
members of the family Staphylinidae and several species of the genus
Aphodiug of the family Searsbeidae, It has been shown that flies are
capable of transporting oidia from place to place and doubtless the

beetles may do the same thing,
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The oidia funetion not in the actual disgemination of Coprimg
lacopug from place to place but in the dissemination of sex: they
are gex carriers, being capable of converting a haploid mycelium into

& diploid mycelium,

It is. to the advantége of the fungus for every mycelium ariging
from its spores to become diploid since a haploid mycelium produces
feeble fruit-bodies whose spores are all of one sex, whereas a diploid
myeslium produces vigorous fruit-bodies on which are borne spores of
all four sexes.

To consider just how the oidia of Coprinug lagopug may function
in converting s haploid into a diploid mycelium,’ suppose Pirst, that
in nature a (4) spore and a (~) spore have been deposited near to one
another on horse dung, They may germinate and produce mycelia, the
(+) mycelium producing (+) oidia and the (=) mycelium producing (=)
oidia before the (+) and (=) spore-mycelia ﬁ.nite’f‘ _

It has been shown in the preceding pages that the (4) oidia may
be carried by insects to & (=) mycelium on snother dung-ball where
they may germinate and convert the (-) mycelium into a diploid
mycelium, If however, the (+) oidia are carried to another (+4)
mycelium or to a dung-ball on vhich theie is no mycelium of Coprimisg
lagopug, they may germinate and produce & (4) oidial mycelium on which
in turn may be produced (+) oidia capable of being further disseminated,’

Conversely, the (-) oidia may be carried to a (+) mycelium on
another dung-ball and convert the (+) mycelium into a diploid
mycelium, or if they are carried to another (=) mycelium or to a dung-
~ball on which there is no mycelium of Coprimms lagopus, they may

germinate and produce more (-) oidia capable of being further

disseminated.
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The (4+) and (-) mycelia derived from the spores mentioned above may
unite to form a diploid mycelium which will then cease to produce oidiay’
The diploid mycelia produced in any of the above ways may develop
diploid fruit-bodies which are vigorous and which shed spores of all

Pour sexes.

Again, congider what happens to a single (¢) spore which
germinates on horse dung in the absence of any other spores of the same
speciégs, About the third day after it germinates the (4) mycelium
which develops from it begins to produce oidia, These (+4) oidia
may be carried by igsects to a (=) mycelium on another dung-ball and
causé the (=) mycelium to become dipleid; or, they may be carried to
another (4) mycelium or to a dung=ball on which no mycelium of
Coprinus lazopug is growing and there produce oidial mycelium and more
(+) oidia capable of being further disseminated, Also, the (+)
spore~mycelium may produce haploid fruit-bodies bearing only (+)
spores.

In a like manner, a single (=) spore may give rise to a (=)
nycelium which may produce oidia, These (-) oidia may be carried to
a (+) mycelium and cause it to become diploid, or they may be carried
to another (-) mycelium or to a dung-ball on which there is no
mycelium of Coprinug lagopus and there produce oidial mycelium and more
(=) oidia, The (-) spore-myceliwm may produce haploid fruit-bodies

bearing only (-) gpores.
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maX be carried to &\ (+) mycelium cause it to become diploid, or

When two spores of the same sex germinate side by side, the

myceliawwhich develop may anastomose, The fruit-bodies produced will
all be haploid and bear spores of only one sex, Oidia may also be
produced and these too will all be of one sexy

XIII SUEMARY

1. The oidia of Coprinus lagopus are produced on oidiophores
which project away from the substratum into the air and they are
developed in a drop of adhesive liquid which is of impwriance in
the disdemination of the oidia. Some observations concerning the

nature of the liquid drop have been recorded.’

2, 0idia ere produced only on haploid mycelium, never on
diploid. On mycelium derived from a gpore oidia are produced
only aerially or on the surface of the mutrient medium, never
undert the surface of the medium,’

3. When many spores of Coprinus lagsopug of diverse sex are
sown together, the mycelia developing from them do not fuse when
they are very young but produce oidis before uniting to produce
diploid nmyceliun,

4, Some observations have been made of the process vhereby
oidia are formed from the hyphal branches at the apex of the
oidiophores

5. The oidias of Coprinusg lagopus are capable of germinating and
of producing oidial mycelium on whivh may be developed more oidia of
the same gex as the parent mycelium. .




6+ The mycelium developed from oidia is different from the
mycelium developed from a spore of Coprinus lagopug. Although
kept under observation for two months the oidial mycelium produced
no sporophores whereas mycelium derived from a spore produces
haploid fruit-bodies in from ten to fourteen days. 0idial
mycelium has thinner hyphae than the mycelium derited from a
gpore and produces more oidial fructifications on one square
millimeter of its surface than does spore-mycelium.

7. 0idial fructifications have been found coming up
naturally on horse dung on four occasions.

8, 0idia are not transported by wind, They may be trans—
ported by rain but are mainly disseminated by insects such ag
dung-inhabiting flies and possibly some beetles.

9, Experiments have been described which prove that flies
can carry oidia on their feet and bodies and may use the liguid
drops on the oidiophores ag food, the oidis in the drops
passing through the alimetrary canals of the flies and being
deposited in viable form in the excreta of the fliedy

10, Experiments have been dfecribed which prove that when flies are
enclosed in o large crystallizing digh and are allowed to walk on &
(4) mycelium and then on to a (-) mycelium and vice versa, both
the (4) mycelium and the (=) mycelium are converted into diploid mycelia,’
Flies have been cauged to trangfer oidias in this way between
mycelia of opposite sex 3.5 feet apart,
11, 0idia do not function in the dissemination of Coprinug
lagopug but dhey are gex carriersg, capable of converting a
haploid mycelium into & diploid mycelium.

12, It has been proved thet flies trangport only oidia and

The investigations recorded in the preceding pages were
carried out in the Botanical Laboratory of the University of
Menitoba, Professor A, H, R. Bu.iler suggested the problem and
gave generously of his time throughout the course of the work,’
and his stixmzlgting advice and helpful eriticisms are gratefully

acknowledgeds’















EXPLANATION oF PLATE

: Both flgures are those of Conrinus la.g_o_p_ R

Fig. 14-. o ha.ploid mycelinm four. d.ays old in a hang:.ng—drop,
of. ma.lt-agar showing the oidia in drops on- oidiophores and some
" '1ying a.bout on the surfa.ce of the agar. ' Ma.gniflcation 1o00.

_ ' Fig. 15. A fly, Drosoghlla. melanogg._ster was allowed to crawl
on a haploid mycelium for about one-half minute and then on to-
. a dung-agar plate where it made tracks with its bod¥ and feet,. S
" The plate was photographed five da.ys 1a.ter. The oidia. everywhere i
produced myceliu.m ‘oearing new: oidia. Na.tara.l Size. ‘ -







