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PREFACE

Tuis little book is intended to give a picture of dispersal
in fungi that may be of interest to all those concerned
with fungi as living organisms. Another writing a book of
this title would, of course, have produced a very different
one. A plant pathologist might have been concerned
largely with the spread of plant pathogens and with the
origin and development of epiphytotics. A taxonomist
might have emphasized the snares which parallel evolu-
tion, in connexion with dispersal, lays for the searcher
after a natural classification. That new-comer to the
scientific arena, the aerobiologist, would have made the
subject of spores in the air the major part of the book.
I also have not attempted a neatly balanced work, but
have given emphasis, though not, I hope, undue emphasis,
to those aspects of the subject that have interested me
most.

~ The present essay is not an exhaustive treatment, for
such would have necessitated a very much bigger book
crammed with references. It will, indeed, be clear that the
references cited form by no means a complete biblio-
graphy of spore dispefsal.

For ease of reading, authorities following the specific
names have been omitted from the text, but an appendix
gives a list of all fungal species mentioned, with the
authorities cited.

Most of the figures in this book are my own, but some
are from other sources. In this connexion I have to thank
the following: the Director of the Royal Botanic Gardens,
Kew, for permission to base Fig. 67 on a beautiful half-
tone picture illustrating an unpublished chapter of Buller’s
Researches deposited at the Herbarium, Kew; Messrs.
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Longmans, Green & Co. for permission to base certain
pictures (Figs. 3, 12, 13, 46, 47, and 48) on drawings
published in the first six volumes of Buller’s Researches on
Fungi; the University of Toronto Press and the Royal
Society of Canada for permission to copy part of a figure
from Buller’s Researches on Fungi, vol. vii, as my Fig. 62;
and to the editors of The New Phytologist, The Transactions
of the British Mycological Society, and Farlowia for allowing
me to use a number of figures that have appeared in those
journals.

My thanks are also due to E. K. Horwood, who took
the photographs reproduced as Plate I and Plate II A, and
to C. E. B. Dobb, who was likewise responsible for Plates
IV and VI. Plate VIII, illustrating the Ulster method of
testing for seed-borne pathogens, is reproduced by kind
permission of Professor A. E. Muskett and Dr. J. Colhoun

from their book The Duseases of the Flax Plant.
C.T L

BIRKBECK COLLEGE
December 1952
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I
INTRODUCTION

DispPERSAL is one of the fundamental problems that has
faced the Fungi* and much of their beauty of structure is
associated with the solution of this problem. In fungi the
vegetative partis usually hidden away as afeeding mycelium
in the nutrient substratum and the conspicuous part is an
apparatus concerned with the production and liberation
of spores.

A spore to students of archegoniate plants (Bryophyta
and Pteridophyta) is definable as a unicellular asexual re-
productive body formed within a sporangium following
meiosis. However, the mycologist uses the term in a much
wider sense. To him a spore is any simple reproductive
unit, often unicellular but frequently multicellular, and
usually with some food reserve. He recognizes many differ-
ent kinds of spore: zoospores, sporangiospores, chlamydo-

. Spores, Zygospores, 00spores, ascospores, uredospores, basi«
diospores, teleutospores, brand spores, and various types of
conidia such as pycnidiospores, aleuriospores, phlal'ésporcs,
arghrospores, and blastospores. With the possible exception
of ascospores and. basidiospores none of these can be con-
sidered as homologous with the spores of archegoniate
plants. However, all these kinds of spore agree in being
microscopic, normally devoid of vacuoles and, more often
than not, unicellular.

Not all spores are units of dispersal, some are merely
resting-spores that tide over an unfavourable season,
usually winter. This is true of most zygospores and oospores
and of the teleutospores of rusts. However, certain spores,

* The term ‘Fungi’ is used here in its more restricted sense as synonymous
v{ith ‘Eumycetes’ and excludes bacteria, Actinomycetes, and slime moulds.

$538 B



2 INTRODUCTION

such as the brand spores of some smuts (e.g. Ustilago avenae,
the loose smut of oat), are concerned both with hiberna-
tion and with dispersal.

The size and shape of fungal spores vary considerably.
Many species have very small spores of only 1-2 p in dia-
meter. At theother extremeare the oval ascospores of certain
lichens: Pertusaria velata with a unicellular spore up to
310X 100 and Varicellaria microsticta with an even larger
two-celled spore (up to 350 X 115 ). Spores of this size are
just visible to the naked eye and are of much the same size
as the smallest seeds of flowering plants (Fig. 1). Itis inter-
esting to note that those phanergams, mostly orchids and
saprophytes, which produce very small seeds would seem
to be reversing the course of evolution. Their seeds have
become so simplified that they are almost spores and, cor-
related with the decrease in size and differentiation, the
number preduced has greatly increased.

In spite of the great variation in the size and shape of
fungal spores, the vast majority are unicellular, spherical,
or gvoid, with a diameter falling within the size limits 5 p
to 50 u.

Except for the naked zoospores of water moulds, spores
have cell-walls usually quite thin, but becoming very thick
in some species, especially in those forming subterranean
fruit-bodies (e.g. Elaphomyces granulatus). The spore-wall is
mostly transparent and colourless, but in a number of
fungi it is coloured and quite frequently black. Sometimes
the colour of a spore is not entirely due to the pigment in
the wall. Thus the red uredospores of Puccinia graminis owe
their colour to a combination of a brown wall colour with
an orange pigment in the cytoplasm, although in this
speeies mutant strains are known* where one or the other
pigment is suppressed, giving in one variety greyish-brown

* Newton, Johnson, and Brown (1930).
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4 INTRODUCTION

uredospores and in the other orange ones. In most fungi
the spore-wall is smooth, but it may be wrinkled, pitted,
warted, spiny, or alveolate.

An outstanding feature of most species is the enormous
spore production. Students of green plants and of animals
are very familiar with the principle of the necessary wastage
of reproductive units, but in Fungi this wastage seems to
reach its extreme expression. On the average not more
than one or two spores from each individual fungus suc-
ceed in their reproductive function, since each species is
more or less in equilibrium with its environment and its
numbers, though they may fluctuate from year to year,
show no steady increase.

Many estimates of spore output have been made, but
here only a few examples are selected to give a clear picture
of the gigantic scale of spore production in a wide range of
types. A big specimen of the giant puff-ball (Calvatia
gigantea) has been estimated to contain 7,000,000,000,000
spores.* The large bracket fungus Ganoderma applanatum
may liberate 30,000,000,000 spores a day, apparently
maintaining this output for the whole six months (May to
October) of its spore-fall period.t The small apothecium
of the cup-fungus Sclerotinia sclerotiorum has been shown to
produce 30,000,000 ascospores.} A perithecial stroma of
the flask-fungus Daldinia concentrica may discharge over
100,000,000 spores each day.§ In the stinking smut of
wheat due to Tilletia caries a single diseased grain may con-
tain over 12,000,000 brand spores.| A colony of blue
mould (Penicillium sp.) 2-5 cm. in diameter may bear
400,000,000 conidia.

However, production of spores is not always on this
gigantic scale and, especially in aquatic fungi, spore output

* Buller (1909). 1 White (1919). 1 Stevens (1911).
~§ Ingold (1946). || Stakman and Christensen (1946).
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may be quite low. For example, in the Chytridiales the
zoospores formed by each individual fungus are often less
than 100. In Rhizophydium planktonicum (Fig. 2), a parasite
of the diatom Asterionella so abundant in freshwater plank-

Fi1g. 2. Rhizophydium planktonicum parasitizing the diatom
Asterionella. X 1,000.

A, zoospore; B, young thallus; C, older thallus; D, thallus with rhizoids
and single sporangium; E, zoospores escaping from sporangium.

ton,* the number of spores liberated from the single spor-
angium which each individual forms is only ten to twenty,
yet this fungus manages to survive and is probably very
common in lakes and reservoirs. In some land fungi the
spore output is also quite small. Thus in the coprophilous
species Dasyobolus immersus and Sordaria fimiseda the total
spore production from each fruit-body is not great. Here
* Canter and Lund (1948).
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the relatively small numbers may be correlated with the
great efficiency of the spore dispersal arrangements and
with the large size of the spores. As with many seed plants,
so with the fungi there seems to have been a struggle be-
tween two tendencies:(the tendency to produce an enor-
mous number of very small units readily dispersed but
each with a relatively small food reserve and thus with a
relatively poor chance of success, and the tendency to con-
centrate on a smaller number of larger units not, perhaps,
soreadily dispersed but with a greater chance of succeeding.
- An important attribute of a spore from the point of view
of dispersal is its viability, and spores vary greatly in this
respect. The fact that a spore may be transported a long
distance is of no significance if at the end of its journey it is
incapable of germination. The bearing of viability on
effective dispersal is well illustrated by a study of the epi-
demijology of certain rusts. On the whole, uredospores are
very resistant, and because they can survive for a long time
in the air—resisting both desiccation and light—they can
carry rust infection in a single step to a distance of a
hundred miles and more. In contrast the smaller, thin-
walled basidiospores (sporidia) are short-lived and are
seldom capable of causing infection at a distance of more
than a few miles from a source of infection.

The vast majority of fungi reproduce by spores, but
some have reproductive units which cannot be classified
as spores by any stretching of definitions. In the minute
agaric Omphalia flavida* (Fig. 3), for example, which causes
a leaf-spot disease of coffee and many other plants in the
New World, fruit-bodies are formed which liberate basi-
diospores in the normal way, but in addition reproduction
occurs by means of multicellular macroscopic gemmae.
Each of these appears to be homologous with a pileus, but

* Buller (1934).
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much smaller, and when ripe it becomes loosened from its
stipe, is readily blown away, and, alighting on a suitable
substratum, germinates to give a new mycelium. In Seclero-
tium coffeicola, another coffee parasite, reproduction and

F16. 3. Omphalia flavida parasitizing leaf of coffee.

Leaf tissue in vertical section: 4, living; B, dead; C, sporophore
liberating basidiospores; D, gemmifers each bearing a terminal
gemma. C X 5, but D X 10. After figs. by Buller (1034).

dispersal are entirely by gemmae which seem to be of the
same nature as those of Omphalia flavida. Again, the sclero-
tium of ergot (Claviceps purpurea), like the host seed that it
replaces, becomes detached from the host, and may play
a part in dispersal although the spread of this fungus, under
natural conditions, is mainly brought about by conidia and
ascospores. However, the commonest type of this kind
of vegetative reproduction occurs in lichens in which
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reproduction by soredia is so frequent. In many lichens (e.g.
Cladonia spp.) there occurs on the surface of thallus a dry,
greyish powder each grain of which is a single soredium
consisting of a tangled ball of fungal hyphae wrapped
around a few algal cells. This powder is easily blown away
by the wind. Many species rely for reproduction and dis-
persal entirely on soredia.

Further, somewhat as bracken spreads over the hill-sides
by the growth of its underground rhizome, so a few fungi
are dispersed locally by the growth of an underground
rhizomorph. The most outstanding example is Armillaria
mellea, the honey fungus. Basidiospores, carried perhaps
from a considerable distance, establish the fungus as a
saprophyte on a dead stump in a forest, but from there
rhizomorphs grow out through the soil and attack living
trees many yards from the base of operations.

Finally, a number of specialized parasitic fungi are dis-
persed by means of a resting mycelium carried by the
reproductive unit, usually the seed, of the host plant. The
most outstanding examples are the endophytes so com-
monly present in rye-grass (Lolium perenne) and its allies.
These do not apparently sporulate in nature, but depend,
with complete success, for dispersal on a mycelial infection
of the seeds. The important problem of seed-borne fungi
w‘i/ll be considered briefly in a later chapter.

It is often clear that the rate of spread of a fungus is
conditioned by the efficiency of its dispersal apparatus.
This can, perhaps, be illustrated most readily by a con-
sideration of the two well-known potato diseases, blight
due to Phytophthora infestans and wart disease caused by
Synchytrium endobioticum. Blighted potato leaves bear, on
their under surfaces, numerous conidiophores of P. in-
festans (Fig. 4) projecting through the stomata and bear-
ing an abundant supply of the small conidia (sporangia)
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which are easily detached and scattered by the wind. This,
combined with the speed of completion of the life-cycle,
explains the epidemic spread of the disease when the
weather is suitable. There are no practical steps that can
be taken to control dispersal and the farmer can check the

F1G. 4. Phytophthora infestans. Two conidiophores

bearing conidia projecting through stoma on

underside of potato leaf. Modified after Jones
et al. X approx. 180.

disease only by preventing infection, usually by spraying
the foliage with Bordeaux Mixture before the spores of
the pathogen become prevalent in the air. On the other
hand, in Synchytrium endobioticum (Fig. 5), which attacks the
underground parts, mainly the tubers, there are no air-
borne spores. The short-lived zoospores discharged into the
soil water are probably responsible for dispersal over a very
short distance, at most a few feet, and the relatively large
black resting-spores, liberated into the soil when the warted



10 INTRODUCTION

tubers decay, are not normally dispersed by the wind. The
disease may be spread by the transport of ‘seed’ potatoes
carrying resting-spores from one area to another, by
contaminated soil attached to the wheels of agricultural
machines, and, more naturally but probably very occasion-

F16. 5. Synchytrium endobioticum.

A, resting-spores in hypertrophied tissue of diseased potato tuber.
B, zoospores. A and B X 300. After Curtis (1921).

ally, in infected soil on the feet of rooks and other birds.
Thus the dispersal of the fungus can largely be prevented
and its spread has been successfully limited by the measures
adopted by the Ministry of Agriculture. The disease is
notifiable, and susceptible varieties may not be grown in
contaminated regions. Nor may tubers from an infected
zone be transported to other regions and used as ‘seed’.
In many-fungi more than one kind of spore is produced
in the course of the life-cycle, the rusts being, perhaps, the
extreme example, with often five different spores (basidio-
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spores, pycnidiospores, aecidiospores, uredospores, and tele-
utospores) in the cycle. Very often, where more than one
kind of spore is formed they have different roles in dis-
persal. Thus in Endothia parasitica, causing the bark disease
of American chestnut-trees, the ascospores, violently dis-
charged into the air and readily"d'léfrl)suted by the wind,
are responsible for dispersal from tree to tree and from
plantation to plantation, whilst the pycnidiospores, exuded
in slimy masses from the pycnidia and washed down by the
rain, are responsible only for the local spread of the disease
on the trunk of the infected tree.

In most fungi the story of spore dispersal falls naturally
into two episodes. First, spore liberation—the escape of the
spores from immediate contact with the parent tissue—and
this will be the subject of the next chapter. The second
episode—the actual dispersal of the liberated spores by
wind, insects, larger animals, splashing raindrops or
running water—will be considered in later chapters.



I1
SPORE LIBERATION

IN a great many terrestrial fungi the spores are violently
discharged and are thus set free from the parent tissue, but
in others liberation is passive so far as the fungus is con-
cerned, and it is the energy of wind, rain, and animals that
is responsible for the liberation of the spores and also,
fréquently, for their full dispersal.

Passive liberation

In the vast array of conidial apparatus exhibited by
Hyphomycetes it has been suggested that one of the most
fundamental biological distinctions is between ‘dry-spore’
and ‘slime-spore’ types.* Mostly, where the spores are dry
they can readily be blown off their sporophores and
carried away by the wind, whilst slime-spores are involved
in a sticky liquid so that they cannot normally be dis-
lodged by wind and appear to be dispersed, at least in the
first instance, by water or by insects. A consideration of
dispersal in Mycorales has led to much the same distinc-
tiont and the concept is clearly of general application in
Fungi, so that most examples of passive spore liberation
can be classed either as dry-spore or as shme—sporc types,
the former being the more numerous.
 Amqngst the larger fungi the most outstanding dry-
spore forms are the puff-balls and their allies (L_ycoperdon
Spp., Geaster spp., and Scleroderma spp.). An interesting but
rather isolated example is the small agaric Nyctalis astero-
phora, which lives as a parasite on larger toadstools, especi-
ally Russula nigricans. In the parasite basidiospore forma-

® Mason (1937). t Dobbsv (x§39 and 1942).
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tion on the greatly reduced gills is completely, or almost
completely, suppressed and the whole upper surface of the
cap is converted into a fawn-coloured, dry, powdery mass
of stellate chlamydospores, easily blown away, which are
the main units of dispersal It is of interest to note that in
the other common species, Nyctalis panmtzca, the chlamydo-
spores do not become powdery, and it is riot at all clear
how they are dispersed. The candle snuff fungus (Xylaria
hypoxylon) is another common dry-spore fungus in which
the white tips of the erect stroma are covered by minute
powdery cenidia readily scattered by the wind.

Amongst the micro-fungi many of the common sapro-
phytes have dry spores, for example Rhizopus nigricans,
Penicillium spp., Aspergillus-Spp., Botrytis cinerea, Clad=
sporium herbarum, Monilia (Neurospora)” sitophila, Alternaria
spp., and many more (Fig. 6). Anyone who has worked in
a mycological or bacteriological laboratory knows to his
cost that it is these dry-spore moulds which from time to
time cause trouble as contaminants in cultures of other
micro-organisms. However, mankind must be grateful for
one such contaminant, for it was a spore of Penicillium
notatum drifting by chance into a culture of bacteria that
led Fleming in 1929 to his discovery of penicillin. -

Amongst obligate parasitic fungi that spread with epi-
demic speed under suitable conditions, dry-spore types
prevail, occurring, for example, in rusts (uredospore stage),
in downy mildews and their allies (e.g. Phytophthora in-
festans), and in powdery mildews (oidial stage).

Although in-most dry-spore fungi the spores are easily
blown away by wind, sometimes their attachment to the
sporophore is so firm that even the strongest winds fail to
dislodge them. An outstanding example of this is the
conidial (Fusicladium) stage of the apple scab fungus (Ven~
turia inaequalis) in which wind alone does not seem to
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detach the spores, but in the presence of water they
separate easily from their conidiophores and dispersal is,
apparently, brought about in the main by wind-driven
rain.* Even in highly developed dry-spore types, rain may

F1c. 6. Common dry-spore moulds.
A, Penicillium sp., X 280. B, Neurospora (Monilia) sitophila, X 250. C, Rhizopus nigricans, X 50

play a part in spore liberation. Thus, in the puff-balls
(Lycoperdon spp.) and earth-stars (Geaster spp.), wind blow-
ing across the apical pore of the ripe fruit-body may suck
out spore-laden air from within, but liberation of spores is
brought about even more effectively by heavy rain, for
when a large drop strikes the papery, waterproof peridium

* Frey and Keitt (1925).
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the fruit-body is momentarily compressed and a visible
cloud of spores is expelled.* -~

In the larger fungi there are few slime-spore forms, the
most outstanding being the stink-horns (Phallaceae), but
amongst micro-fungi numerous examples occur (Fig. 7).

F1G. 7. Slime-spore micro-fungi.

A, Gliocladium roseum; B, Trichoderma viride. In A and B the slimy

drops of spores are shown in sectional view; C, Mucor racemosus,

sporangial drop in solid view under damp conditions (left) and

after drying (right); D, Coprinus fimitarius, oidal fructification

of monokaryotic mycelium in solid view under damp conditions

(left) and after drying (right) ; 4, modified after Mason (1937);
D, after Brodie (1931).

Many soil fungi are of this typss for example: Trichoderma
viride, Mucor/f;emalis, Fusariim spp., Pullularia pullulaps.
Amongst plant pathogens the Graphium stage of Ophiosioma
ulmi (the cause of Dutch elm disease), Colletotrickum linde-
muthianum (causing anthracnose of dwarf and runner
beans), and the conidial stage of ergot of rye (Claviceps
purpurea) are familiar examples./Most pycnidial types
have spores embedded in slime which exudes through the

* Gregory (1949).
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ostiole as in the imperfect stage of Endothia parasitica
(American ch?inut ‘bark disease) and in the pycnidial
stage of rusts.,

Active liberation. Ascomycetes

In some fungi the spores occur in or on a turgid cell
which finally bursts, discharging the spores into the air.
This type of active liberation is especially characteristic of
the ascus of Ascomycetes. There are, however, many ex-
amples, widely scattered in any scheme of classification, in
which the ascus is not explosive. Some would regard all
such Ascomycetes as degenerate in this respect, but others
would consider some genera primitive (e.g. Endomyces,
Monascus, Gymnoascus) whilst agreeing that certain types
with non-explosive asci (e.g. Tuberales, Chaetomium spp.,
Ophiostoma ulmi) are clearly degenerate in their ascus de-
hiscence. However, in the great majority. of Ascomycetes,
including lichens, the ascus is explosive and spore dis-
charge is violent.

The typical ascus just before explosion is a turgid cell
with the general properties of a thin-walled, living plant
cell (Fig. 8). The thin, stretched, elastic cell-wall is freely
permeable to water and to substances in true solution. How-
ever, the thin lining layer of enucleate protoplasm has the
properties of a more or less semi-permeable membrane.
These permeability relationships are indicated by the nor-
mal plasmolysis that occurs in an ascus if it is immersed in
a hypertonic solution. In Ascobolus stercorarius it has been
estimated that the osmotic pressure of the ascus sap is in
the neighbourhood of 10-13 atmospheres.* The consider-
able stretching of the ascus that usually occurs as it ripens
may be caused by an increase in the osmotic pressure of
the cell-sap, due possibly to the conversion of reserve

* Ingold (1939).



F1G. 8. Ascobolus stercorarius.

A, ascus mounted in water; B, ascus plasmolysed in 1°:0 M cane sugar. In
B the protoplasm is separating from the ascus wall at its tip. X gs0.

«$538 (o]



18 SPORE LIBERATION

glycogen to sugar, or to anincrease in the extensibility of the
cell-wall, or, perhaps, both these processes may contribute
to the enlargement of the ascus. The ascospores occur sus-
pended in the sap with the topmost spore at the apical end
of the vacuole and, in some species at least (Aleuria repanda) ,*
the spores are maintained in this position by a fine bridle
of protoplasm. When the ascus bursts it does so in a definite
manner: by a hinged lid in most operculate Discomycetes
(Pezizales), by the separation of an apical cap (in Dasyobo-
lus immersus and in Sordaria curvula), by the development
of a minute apical pore as in Helotiales and Clavicipitales,
or by an apical slit as in Sphaerotheca.

The ascospores in different species vary very consider-
ably in size, shape, and in the distance to which they are
discharged. This is in striking contrast to Basidiomycetes
in which the size and shape of the basidiospores are subject
to little variation from species to species and they are
discharged to distances varying within narrow limits
(or0o1 cm.—0-10 cm.). Ascospores range in size from the
huge spores of the lichen Varicellaria microsticta (up to 350 X
115p) to the minute ones (7 X2 pu) of Diatrype disciformis,
and in shape from the spherical spores of Boudiera spp. to
the long thread-like ones of Cordyceps militaris (400 X 15 ).
Again, the distances of violent spore discharge range from
0-03 cm. in Cordyceps militaris to 60 cm. for Dasyobolus im-
mersus. On the whole there is a correlation between the
diameter of the spore-projectile and the distance to which
it is shot.

In nearly all Ascomycetes complex sporophores or fruit-
bodies occur, and in the larger forms a single fruit-body
may produce millions of asci. It is easy to recognize four
fairly distinct types of organization in connexion with spore
liberation: .

* Buller (190g).
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1. In the Discomycete type the spore-producing surface,
consisting of asci intermixed with parallel paraphyses, is
more or less exposed, most often as a lining to a shallow
cup-shaped apothecium. The extensive exposed hymenium
allows opportunities for ‘puffing’—the simultaneous burst-
ing of numerous asci.

2. In the Pyrenomycete type the asci are contained in a
small flask-shaped structure (perithecium) which opens to
the outside by a minute ostiole. Before each ascus can dis-
charge the spores, its tip must reach the ostiole, and the
canal of the neck is usually so narrow that normally only
one ascus can emerge at a time. .

3. In the Erysiphales type the fruit-body is a cleistocarp.
This is rather like a perithecium but is completely closed;
there is no ostiole. In this type the swelling asci must first
burst the wall of the cleistocarp before they can emerge
and discharge their spores.

4. In the Myriangium type, though the hymenium.is ex-
posed in a structure like a small apothecium, the spherical
asci are embedded in a plectenchymatous tissue and are
free to discharge only when this gradually undergoes
gelatinization. Species of Myriangium and allied genera are
nearly all fungi of warmer regions and are little known to
British mycologists.

The first three types will now be considered in some
detail.

Discomycetes

Discomycetes range from minute forms 02 mm. in dia-
meter (e.g. Saccobolus spp.) to the large morels (Morchella
spp.). Many are more or less cup-shaped with the hy-
menium lining the inside of the cup as in the genera Pezizay-
Aleuria, Dasyscypha, Bulgaria, Helotium, Mollisia; in others
there is a more or less flat horizontal surface (e.g. Rhizina);
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again, in some genera the hyme r?.lum is fully exposed on a
stalked, club-like fruit-body as iff Geoglossum and Mitrula; in
the morels there is a stout, sterile stalk and the extensive
hymenium is greatly convoluted, forming a series of broad
alveoli or pits (Fig. 9).

) VIIIRIT /, ,1////.

F1c. 9. Range of form of the apothecium in Discomycetes. Hymenium shown
by thick black line. Soft fungal tissue dotted ; sclerotial tissue cross-hatched.

A, Morchella rotunda; B, Aleuria vesiculosa; C, Leptopodia elastica; D, Sarcoscypha protracta;
E, Mitrula ﬂmllmd::, ¥, Rhytisma acerinum.

The types of fruit-body architecture that have evolved
seem to have depended on two main characteristics of the
ascus: first, that its spores are usually discharged to a dis-
tance of 0-5-4-0 cm.; second, that the ascus is positively
phototropic. A third point of importance is that the asco-
mycete hymenium is not apparently harmed by rain, in
contrast to the hymenomycete hymenium which is com-
pletely disorganized by a film of water.

Since the ascospores are normally discharged to a dis-
tance of more than a centimetre, the spores, if shot verti-
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cally into the air, stand a reasonable chance of being blown
away without falling back on to the parent hymenium.
Consequently, the horizontal upward-facing type of hy-
menium is quite consistent with efficient dispersal and is,
indeed, very frequently developed. The upward-facing
hymenium hardly ever occurs in Hymenomycetes (toad-
stools, polypores, and their allies) where the basidiospores
are rarely shot from the basidia to a distance of more than
0-02 cm. and where the hymenium is so susceptible to
injury by water. On the other hand, the polypore or toad-
stool type of fruit-body, in which the vertical hymenial sur-
faces are closely opposed, could not have been developed
in Discomycetes without a very considerable decrease in
the violence of ascus discharge.

The phototropism of the ascus, originally recognized by
Zopf in Ascobolus,* is probably a very common feature of
the elongated type of ascus.t It has been reported in
numerous genera, all belonging to the ‘operculate’ series,
but probably it is of general occurrence. A hymenium
lining a deep narrow cup, as in Sarcoscypha protracta, or the
alveoli of such an elaborate fruit-body as that of Morchella
spp., can function efficiently only because of this phototrop-
ism, for, as Buller has pointed out, if the asci were simply
arranged at right angles to the general surface of the hyt
menium, a high proportlon of d1scharged spores would be
wasted by being flung against an opposing hymenial sur-
face within range and directly in the line of fire of the
asci (Fig. 13).

Spore discharge in the Ascobolus type of apothecium
Apart from its size Ascobolus stercorarius is fairly typical of

a great many Discomycetes. This species is exceedingly

common, growing in great numbers on horse-dung after

& Zopf (18g0). t Buller (1934).
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F16. 10. Ascobolus stercorarius. Vertical section through apothecium.
The projecting asci are pointing towards the incident light. After

Corner (1929). X 216.
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this has been kept in the laboratory for about two weeks.
The apothecium is very small and the ripe asci project con-
siderably beyond the tops of the paraphyses. The structure
is illustrated by Corner’s beautiful drawing* reproduced
as Fig. 10. The apothecium, as in all Discomycetes, is
composed of two intergrowing systems of hyphae: the asco-
genous hyphae arising from the fertilized female organ
(ascogonium) and producing asci at their extremities, and
vegetative hyphae from below the ascogonium which form
the bulk of the tissue of the apothecium including the walls
of the cup and the long, narrow paraphyses which are in-
termixed with the asci. The hymenium, consisting of asci
and paraphyses, is devoid of air spaces, for slimy material
occurs between the hymenial elements and also spreads on
the exposed surface of the hymenium as a thin layer pene-
trated only by the protruding tips of the ripe asci. Thus the
hymenium has a characteristic ‘water-soaked’ appearance.

In Ascobolus stercorarius an apothecium remains active for

perhaps ten days. Ripgping of asci is_periodic, a single
crop of 20-40 maturing each day and discharging their
spores-about noon. The pigmentation of the spore-walls
takes place late in development, so that the ripe asci are
clearly distinguished from those that are one day younger
not only by their greater length but also by having spores
that are of a violet colour. Usually all mature asci dis-
charge their spores simultaneously in a daily puff. This is
a very striking phenomenon in the large species Ascobolus
magnificus, in which the apothecia are o-5-1'5 cm. in
diameter. If the cover is removed from a fruiting culture of
this species on horse-dung, the disk of each apothecium
appears almost black, due to the dark spores in the pro-
jecting tips of hundreds of ripe asci. If the ripe apothecia
are then breathed upon, their disks instantly change from

* Corner (1929).
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nearly black to greenish-yellow following
the discharge of all the ripe asci.

In Ascobolus stercorarius, as in nearly all
operculate Discomycetes, when the ascus
bursts a small apical hinged lid is fluny

. back, the stretched ascus-wall contracs

>
0
0

0
0

A

F16. 11. Pyronema
omphalodes. Ascus

just before di
charge and at the
moment of dis-

charge, X 250.

longitudinally and transversely, and in-
stantly the spores and some of the ascus sap
are squirted into the air to a distance of
several centimetres (Fig. 11).

It has been pointed out above (p. 21)
that the phototropism of the asci in such
a species as Sarcoscypha protracta permits the
escape of spores that would otherwise be
thrown against an opposite hymenial sur-
face and so wasted. However, if there be a
biological advantage in the phototropism
of the asci in Ascobolus, it cannot be of this
nature. Nevertheless, growing on an irregu-
lar surface such as the dung pellets of horse
or rabbit, phototropism of the asci does help
to ensure that the spores are thrown towards
an open space away from the dung. This is
clearly of some importance since successful
dispersal in coprophilous fungi depends
on the spores reaching the surrounding
herbage.

éSpore discharge in the Peziza type

The most characteristic cup-fungi belong
to the Peziza type, where the apothecium
is relatively large (one to several centi-
metres in diameter) and distinctly cup-
shaped. Aleuria vesiculosa, Sarcoscypha coccinea,
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Galactinia badia, and Peziza aurantia are well-known ex-
amples.
The organization of the apothecium in connexion with

F1c. 12. Aleuria vesiculosa. Apothecium in vertical section. Hymenium shown

black. An ascus and two paraphyses are shown taken from three indicated

positions in the hymenium. Based on figures by Buller (1934). Apothecium
X 4, ascus X 146,

spore liberation has been the subject of careful study by

Buller.* In Aleuria vesiculosa (Fig. 12) the apothecium is a

deep cup lined by a hymenial layer containing millions of
* Buller (1934).
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asci intermixed with parallel packing filaments (para-
physes). All the elements of this layer are positively photo-
tropic, and therefore point more or less towards the mouth
of the cup. This condition where paraphyses as well as asci
react to light is unusual and is known only in a few species.
Because of this response, asci and paraphyses from the
bottom of the apothecium are straight, but those from the
more or less vertical sides of the cup are strongly curved!
In Aleuria vesiculosa the eight ascospores form a single series
in the ascus and are attached to its apex and to one another
by a fine granular thread. When the ascus bursts a hinged
lid flies back and the spores are squirted out to a height of
1-2 cm., the eight spores from one ascus being separated
from one another in the air and not held together in a
single mass. Buller* demonstrated this in a dark room by
passing a strong beam of light above an apothecium from
which spores were being liberated. The eight spores on dis-
charge appeared 1—2 cm. above the hymenium as eight
little motes spread out vertically at intervals of about
o°I cm. in the beam of light.

In all these cup-fungi, as in Ascobolus, the eight spores
appear to be discharged simultaneously from the ascus.
However, it is likely that discharge in reality is successive,
with an exceedingly minute fraction of a second elapsing
between the liberation of sister spores, the interval being
so small that to the eye discharge appears to be simul-
taneous. This theory is supported by the fact that the
diameter of the ascus mouth is usually less than that of the
spore, so that it is difficult to see how more than one could
escape at a time. With the discharge of each spore the pres-
sure in the ascus presumably falls, successive spores receive
decreasing momenta, and are, therefore, shot to decreasing
distances so that they become spread out vertically.

* Buller (1909).
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The daily puff of spores in Ascobolus has already been
considered, but the phenomenon of puffing is especially
associated with the larger cup-fung1 During a period of
quiescence thousands of asci reach a highly stretched
condition of unstable equilibrium, so that the least shock
—for instance a jerk, a sudden increase in temperature or
illumination, or a change in humidity—is sufficient to
cause all these asci to burst simultaneously, throwing into
the air a visible cloud of spores that drift away like smoke.
If a cup-fungus is picked and at once placed near the ear,
puffing may occur and is then audible as a hissing sound.
Once an apothecium has puffed it cannot, as a rule, be
induced to do so again for a time, presumably because all
the ripe asci burst at each puff. There is no doubt that
puffing does occur under natural conditions, but it is not
clear if it represents the usual method of spore discharge
or whether, under field conditions, spore liberation may be
more continuous, with only a few asci bursting at a time.

Falck,* in the course of his investigations of spore dis-
persal in Discomycetes, recognized two types. In the first,
the radiosensitive, puffing does not occur, but spore dis--
charge is greatly stimulated by incident radiation. Mor-
chella, Gyromitra, Helvella, and Geoglossum are of this type. In
the second, the tactiosensitive, puffing occurs in response to
mild shocks, as when an apothecium is touched or blown
upon. To this type most of the larger cup-fungi belong.

In Aleuria vesiculosa all the elements of the hymenium are
phototropic, but this seems to be exceptional and usually
response to light is limited to the projecting parts of the.
ripe asci, as in Ascobolus. This is so, for example, in Ciliaria
scutellata and Melastiza miniata. In Sarcoscypha protracta
(Fig. 13) there is no evident curvature even in the project-
ing parts of the ripe asci. Curvature does, however, occur

* Falck (1948).
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but is limited to the extreme tip, and the only result of this
reaction to light is that the lid is displaced slightly towards

1\ ANANNA

F1G. 13. Sarcoscypha protracta. Vertical section through apothecium.

The projecting tips of three asci taken from three indicated places

are shown highly magnified. Note the position of the lid in each.

The solid lines with arrow-heads show the actual directions of

spore-discharge. The dotted lines indicate the trajectories if the

spores were discharged at right angles to the hymenium. Based
on figures by Buller (1934).

the more strongly illuminated side of the apex, but this
displacement is sufficient to direct the issuing ascus-jet

towards the incident light.*
* Buller (1934).



Photo L. K. Horwood
Prate I. Apothecium of MORCHELLA ESCULENTA




Photo E. K. Hirwood

Prate 1I. GEOGLOSSUM OPHIOGLOSSOIDES

A, two fruit-bodies; B, the edge of the fruit-body viewed under the low power of the microscope
and showing the protruding tips of ripe asci; C, the tip of an ascus, seen under high power, show-
ing one of the rod-like spores about to be shot away.
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Sometimes, as in Aleuria repanda, the whole apothecium
turns towards light, due to growth movement of the stipe,
and in addition the individual asci are positively photo-
tropic.*

Discharge in the Morchella type

The morels (Morchella spp.) have the most elaborate
kind of apothecium (Plate I). There is a stout, sterile stalk
and the spore-producing layer is spread over a surface
consisting of a number of alveoli or shallow pits (Fig. g A).
The hymenium of asci and paraphyses is continuous except
for the exposed crests of the major ridges, separating
neighbouring pits, which are sterile. The asci are photo-
tropic and thus the escape of spores from the alveoli is
assured.

Morchella has been regarded as the discomycete equi-
valent of Boletus in Hymenomycetes. Both have the hymen-
ium lining pores, the striking difference in the size of these '
pores being associated with differences in the range of the
ascus and the basidium. In Morchella it is the phototropism
of the asci that determines the escape of the spores from the
pits, which are, in the main, horizontal; in Boletus it is the
positive geotropism of the downward-facing hymenial
tubes that is so important, allowing the spores discharged
into the middle of the tubes to fall freely until they reach
the air below the pileus.

Successive discharge of ascospores in Geoglossum

In the examples considered above, all the spores of the
ascus are liberated simultaneously or almost so. In sharp
contrast are species of Geoglossum and Trichoglossum, in’
which the spores are shot from the ascus in definite
succession. '

* Bayliss Elliott (1927).
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The apothecium of Trichoglossum hirsutum or Geoglossum
ophioglossoides, species quite often seen on lawns, is_black,
club-shaped and 5-10 cm. high, with the hymenium cover-
ing the upper half of the club (Plate II). The hymemum
has the usual organization, but the ascus contains a sheaf
of eight long, septate ascospores (Fig. 14). When ripe it
dehisces by the development of a minute apical pore. As
soon as this is formed one of the spores is squeezed into it,
completely stoppering the ascus. At first this spore is
squeezed very slowly out of the ascus by the hydrostatic
pressure within until about half of it is projecting. Then it
rapidly gathers velocity and is finally discharged with such
speed that its flight cannot be followed by the eye until,
slowed down by friction with the air, it flashes into view
about 0-5 cm. from the hymenium. Immediately following
the discharge of one spore another takes its place, blocking
the pore before the ascus can undergo any shrinkage. In
its turn this spore is shot away a few seconds after the first,
and so on until the whole complement of eight has been
discharged. As soon as the last spore has been ejected the
ascus suddenly contracts, since there is no longer a spore to
act as a temporary stopper.

Pyrenomycetes

In Pyrenomycetes, the largest division of Ascomycetes,
the asci are contained within a small flask-shaped structure
(perithecium) rarely more than a millimetre in diameter.
This opens by a narrow canal traversing the neck which
may be very short (e.g. Sordaria spp.) or quite long (e.g.
Ceratostomella spp.). Lining this canal are upward-project-
ing filaments (periphyses). For successful spore liberation
the tip of the ascus must project beyond the mouth (ostiole)
of the perithecium before it explodes. Owing to the
narrowness of the neck-canal only one ascus can, as a rule,
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F1G. 14. Trichoglossum hirsutum.

A, mature ascus containing eight fil yus spores; B, a few
seconds later, after five spores have been discharged; C, later
still, after discharge of the eighth spore. X 380.
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reach the ostiole at a time, so that simultaneous bursting of
asci, so characteristic of Discomycetes, cannot occur in
Pyrenomycetes. In an active perithecium no gas-phase is
present. Sometimes the asci, paraphyses, and periphyses
are so tightly packed that there are no spaces between
them, but if spaces do occur they are filled with slime.

Amongst Pyrenomycetes several more or less distinct
types of spore discharge can be recognized and will now
be considered in turn.

Sordaria type ‘

For watching spore discharge the small Pyrenomycetes
that appear with such regularity on the dung of herbivores
are especially favourable.* This is particularly true of the
two very common and closely similar species Sordaria cur-
vula and S. tetraspora. In most Pyrenomycetes the wall of
the perithecium is quite opaque, but in these two species it
is semi-transparent, so by focusing an optical section the
behaviour of the living asci can be seen in a specimen
mounted in water (Fig. 16). Most of the asci occur crowded
in the lower half of the perithecium attached to a basal
cushion of tissue, but the upper half is occupied by the
greatly swollen upper parts of those asci that are fully
mature. Between the perithecium wall and the mass of
asci are very thin-walled, much-inflated cells of the para-
physes. The top of the perithecial cavity tapers and finally
merges into a short, narrow canal leading to the outside.
One of the mature asci in the upper region of the peri-
thecium is usually slightly in advance of the others, and if
this is watched it may be seen to elongate, in part probably
due to actual growth and in part to the pressure of sur-
rounding turgid cells. Finally the tip of the ascus reaches

* Ingold (1933 and 1939).
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the ostiole and protrudes very slightly beyond it. It then
explodes, discharging a projectile, consisting of the ascus
cap, eight spores bound together by ropes of mucilage, and-
some ascus sap, to a height of about 20 cm. On discharge

¢ e

F16. 15. Diagram of discharge in Sordaria sp.
A, the tip of an ascus is just entering the neck-canal of the perithecium; B, a few minutes
later, the tip now protrudes through the ostiole; C, the next instant, the ascus has burst and
the empty envelope has retracted into the perithecium; D, some minutes later, the old empty
ascus is breaking down and another ascus is elongating up the neck-canal.

the elastic wall of the ascus, which is enormously stretched

but still attached to the interior of the perithecium, re-

tracts into the perithecium, where it soon disintegrates. As

soon as one ascus has discharged, another begins to elon-

gate up the neck, and so the process goes on in orderly

succession. }
One interesting feature of Sordaria, also found in a
5538 D



F1G. 16. Sordaria curvula.

A, perithecium with the asci showing through the semi-transparent wall; B, ostiole region of

the same perithecium ten minutes later—the tip of the leading ascus in 4 has now reached the

outside and is about to discharge its spores; C, a single ascus which has just commenced to

swell; D, a discharged spore-mass showing the ascus cap, partly turned inside out, attached
to the apical spore. 4 and B x 83, Cand D X 270,
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number of allied genera, is that the neck of the perithecium
is positively phototropic (Plate III).

The essential features of the Sordaria type are, first, that
the ascus remains attached to the basal cushion inside the
perithecium, and second, that it reaches the outside by
elongation involving the gradual stretching of the whole
ascus wall.

Sporormia type

The distinctive feature of this type is that the ascus hag
a double wall. This is a fairly common type frequently
noted and figured since it was first described by Prings-
heim* in Pleospora scirpicola, A common example is Sporormia
intermedia (Flg 17), a frequent member of the horse-dung
flora. The asci occur attached to a basal cushion within the
perxthecxum, but each has a . jack-in-the-box construction.
The ascus wall consists of an outer relatively. thick and
fairly rigid membrane and an inner thin, extensible one.
Shortly before discharge, the outer membrane is ruptured
aplcally and, the wall pressure being now reduced, the
ascus is free to absorb water, with the result that it elon-
gates very rapldly up the neck-canal of the perithecium
and soon prOJ ects through the ostiole. The ascus then bursts,
squirting its spores s1multaneously into the air.

Leptosphaeria acuta (Fig. 181),a very common saprophyte
on the dead stalks of nettle, agrees in general with Sporormia,
but the spores (as in Geoglossum) are discharged in succes-
sion through an apical pore. .

In the double-wall type of ascus a curious and apparently
constant feature is the enormous swelling of the thin inner
wall that occurs immediately after discharge, due, no
doubt, to the absorption of water. This swelling was clearly

* Pringsheim (1858). t Hodgetts (1917).



Fro. 17. Sporormia intermedia.
4, ascus before rupture of outer wall, X 700; B, another ascus after rupture of the outer wall
and elongation of the inner wall, X 700; C, perithecium, on piece of straw on borse-dung,
with ascus tip protruding, X 124,



Prate II1. SORDARIA TETRASPORA

A, living perithecium mounted in water and seen in optical section, The tip of ascus no. 1 is nearing the

ostiole; B, the same, 25 minutes later. Ascus no. 1 has discharged its contents and ascus no. 2 is now

elongating towards the ostiole. The fungus has developed in a dish lighted from one side and the photo-
tropic neck of the perithecium is pointing towards the light. x 462.



Photo C. E. B. Dobb

Prate IV. DALDINIA CQNCE.N TRICA

A, piece of ash-bark, bearing smallish perithecial stromata.

B, black deposit of discharged spores produced overnight

around a perithecial stroma; before taking the

photograph the stroma was removed, and its position is

represented by the central white space. A and B both
. natural size.
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illustrated by Pringsheim* when he described this kind of
discharge nearly a hundred years ago (Fig. 19).

Cordyceps type

Spore discharge in Cordyceps militaris is rather similar to
that in Leptosphaeria acuta, but there are some interesting
points of difference. C. militaris is a common parasite of the

F1G. 18. Leptosphaeria acuta.

A, perithecium with tip of an ascus protruding; B-D, apex of perithecium showing
successive spore discharge from protruding ascus. 4 X 8, B-D x 200. Slightly
modified after Hodgetts (1917).

larvae and pupae of Lepidoptera, From the dead, mummi-
fied pupa in the soil, orange, club-shaped stromata grow
above the ground. The upper parts of these stromata bear
numerous reddish-orange perithecia, partly projecting as
conical pimples. Spore discharge is easy to see in this fungus
and the spores are so long that the process can be watched
under a lens. In C. militaris, and in the Clavicipitales
generally, the ascus is very long, narrow, and cylindrical
anighg wall consists of a single Tayex& The tip of the ascus
is characteristically thickened and on dehiscence is pierced
by a narrow, tubular pore. Thg___pgres are very long and

. Prmgsheun (1858).
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extremely narrow, forming a sheaf of eight, and, as gener-
ally happens with long, narrow spores, they are discharged
in obvious succession. On watching an active perithecium
under the high power of a miscroscope, the tip of an ascus
suddenly appears at the ostiole and elongates rapidly until
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F1c. 19. Pleospora scirpicola.

A, Ascus in the act of discharging its eighth spore; the seven
other spores are seen outside; B, empty ascus immediately
after discharge of the eighth spore. After Pringsheim (1858).
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it is protruding to the extent of 4060 p (Fig. 20). Then
suddenly an ascopore flashes into sight about 200 from
the ostiole and quickly sinks out,of view. Then, a second or
two later, another appears, and'so on. After each spore is
discharged the ascus may retract by a few microns and
may or may not elongate again before the next spore is dis-
charged. Between the liberation of sister spores some fluid
contents are seen to ooze out of the ascus and flow down



00 vec.
2-0sec.
2r1sec.
smeé‘ 1
8-05ec.
—
SPORE 8
10-03ec,
L 200

F1G. 20. Cordyceps militaris. Two projecting perithecia as
seen when stroma is laid on its side.

At 00 sec. the tip of an ascus is beginning to project from an ostiole.

At 2°0 sec. the projecting tip has reached its maximum length, At

2-1 sec. the first spore flashes into view and then rapidly falls out of

sight. At 8-0 sec. the last spore has been discharged. At 100 sec. the
empty ascus has retracted into the perithecium.
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its outside. As soon as all eight spores are dlscharged the
empty ascus collapses. ‘Then, after an interval varying from
half a minute to ten minutes, another ascus protrudes and
discharges its spores.

The most curious feature of discharge in Cordyceps is that
the spore leaves the ascus at such speed that nothing is to
be seen of it until it ﬁgshes into sight about a quarter of a
millimetre from the ostiole; at no stage is it seen protrud-
ing from the ascus and stoppering it as in Geoglossum or as
in Leptosphaeria acuta. It is difficult to understand how the
long, thread-like spore can reach sufficient speed within the
ascus so as to leave it without being visible to an observer.
In Epichloe typhina, another member of the Clavicipitales,
spore discharge is much as in Cordyceps militaris, but the
interval between the liberation of successive spores is very
small and usually the escape of all eight spores occupies
less than asecond. Sometimes a spore follows its predecessor
3o rapidly that its apex sticks to the base of the first and a
long filament consisting of several spores end to end may
then be discharged in one piece.

Detached-ascus type

This type is found particularly amongst long-necked
species of Pyrenomycetes. It has been described in Endothia
parasitica, Gnomonia rubi,* and Ceratostomella ampullasca.t
In this last species (Fig. 21) the Berlthecxum is immersed in
rotting oak wood with only the tlp of the neck prOJectlng
Within the perithécium the asci arise from a basal cushion

but they break free when mature. The ﬂask thus becomes
These absorb water)_jnd a pressure d_evelops thhln Ehe

erithecium which i is relieved by the asci passing « out in
single file through the narrow neck-canal. In Ceratostomella

* Dowson (1925). t Ingold (1933).
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Fic. 21. Ceratostomella ampullasca.

A, perithecium mounted in water with an ascus at the ostiole about

to discharge its spores. Three empty asci are seen near the ostiole.

The three groups of spores discharged from these are shown; B, a
single mature detached ascus. 4 X 65, B X 500,
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F16. 22. Gnomonia rubi.
Neck of the perithecium
in optical longitudinal
section showing passage
of asci along neck-canal.
Above the ostiole the
spores and empty mem-
brane of a discharged
ascus are shown. After
Dowson (1925)s X 450.

the neck is opaque and the actual
movement of the asci in the canal
cannot be observed, but in Gromonia
ubi, due to the transparency of the
neck, this movement can be seen
(Fig. 22).

In Ceratostomella there is a narrow,
slit-like ostiole, and when an ascus
_r__cachcs this it pushes the slit wider
open and protrudes until the spore-
containing part is exposed At this
stage the lower part of the ascus is
still held by the lips of the ostiole.
The ascus then bursts, scattering its
spores. Immcdlately afterwards the
empty ascus is pushed out by the one

" "below, and so on. This may be a very

quick-firing mechanism with only a
few seconds elapsing between suc-
‘cessive ejections.

This detached-ascus type repre-
sents a mechanism of discharge which
allows rapid spore liberation from a
long-necked perithecium. It is clear
that had each ascus to elongate from
the basal cushion up a neck-canal
1-2 mm. in length, spore discharge
would certainly be slow.

Non-explosive typés
In a number of Pyrenomycetes the

asci are no longer explosive. Their walls deliquesce within
the perithecium and the liberated spores form a mass
intermixed with mucilage. This absorbs water, swells, and



SPORE LIBERATION 43

oozes out through the ostiole, like tooth-paste out of a
tube, often forming a tendril-like thread composed of in-
numerable spores. This type of spore liberation is charac-
teristic of the large genus Chaetomium (Fig. 23) and occurs

Fi16. 23. Chaetomium cochliodes. Perithecium growing
on filter-paper (A).

A spore-tendril (B) has been produced, but its point of origin
is obscured by the curly hairs (C) that cluster thickly around the
ostiole.

also in some species of Ceratostomella. In Daldmia concen-
trica, which grows so abundantly on dead ash-trees, violent
spore discharge is the rule, but at times the normal
mechanism fails and spore-tendrils are produced. They
are not, however, formed in quite the same manner as in
Chaetomium.* An ascus elongates and nearly reaches the
ostiole, but jnstead of bursting explosively its contents

* Bayliss Elliott (1920).
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merely ooze out. The next ascus behaves likewise and
piles its eight spores just behind the first eight, pushing
them forward a trifle. As the process goes on the spore-
tendril grows longer and longer. Spore-tendrils or spore-
horns are also a feature of the pycnidial stage of many
Ascomycetes. Thus in Diatrype stigma, so common on
beech bark, the pycnidia exude orange tendrils several
centimetres in length and it is these that are the most
conspicuous feature of the fungus at this stage of its
life-history.

Spore output by perithecia

The perithecium of Pyrenomycetes is always a small
structure and is not subject to the great range of size-varia-
tion seen in the apothecia of Discomycetes. This is very
understandable, for in Pyrenomycetes discharge is normally
limited to one ascus at a time and, therefore, increase be-
yond a certain size is of no value. Perithecia of different
species do, however, vary considerably in their spore-
liberating capacity, as may be seen from Table I, which
gives the rate under favourable conditions of spore dis-
charge from perithecia of a number of species.

TABLE 1
Estimated spore-output per
perithecium per hour under
Species JSavourable conditions Reference

Sordaria minuta . . 24 Griffiths (1gor)
S. curvula . . . 40 Ingold (1933)
Sporormia intermedia . 184 s s
Hypoxylon coccineum . 1,800 s ’
Diatrype disciformis . 23,000 s s
Endothia parasitica . 14,000 Rankin (1914)
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Conditions affecting spore discharge in Pyrenomycetes

The principal conditions that affect spore discharge in
the Pyrenomycetes are the supply of water, temperature,,
and light. v

Since violent spore discharge involves the bursting of
turgid cells, it is clear that a supply of water is essential if it
is to go on. The majority of Pyrenomycetes have hard,
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F1G. 24. Top: graph of discharged ascospores caught on glass slides arranged

a few millimetres above fallen apple leaves bearing perithecia of Venturia

inaequalis in an orchard; ordinates give daily catch in spores per square

millimetre of slide surface. Bottom: graph of daily rainfall. After Keitt and
Jones (1926).

resistant perithecial walls or have their perithecia im-
mersed in hard stromatal tissue. Most can be air-dried
without injury, and this is true even of some fleshy forms
(e.g. Nectria cinnabarina). They are essentially drought-
resisting xerophytes which, however, discharge their
spores only during wet periods when the fungal tissue is
fully turgid. This has, for example, been clearly demon-
strated for Endothia parasitica,* the cause of American
chestnut blight, in which the ascospores are ejected into
the air only during rain and so long as the bark remains
wet. From March to October discharge occurs during each
spell of rain. Observations on the apple scab fungust

* Heald and Studhalter (1915). t Keitt and Jones (1926).

»
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(Venturia tnaequalis), which discharges its ascospores from
perithecia developed on the old fallen leaves in spring,
show a close correlation between periods of rainfall and
periods of spore discharge (Fig. 24). In some species* (e.g.
Hypoxylon pruinatum) it has been shown that a saturated
atmosphere is not sufficient to initiate spore discharge, but
that the perithecial stroma must first be wetted before dis-
charge will begin.

Daldinia concentrica is a special kind of xerophytet able to
continue spore discharge during dry periods by virtue of
a considerable reserve of water in the stromatal tissue.
This fungus is very common on dead ash branches (Plate
IV) and is to be found on other trees that have been
scorched by fire. The fungus is usually somewhat hemi-
spherical and often about the size of half an apple. The
surfacelayers of the stroma are extremely hard and resistant,
and no doubt the nature of this tissue helps in reducing loss
of water by evaporation. The very numerous perithecia
occur immersed in this peripheral tissue. The bulk of the
stroma is composed of tissue showing the curious con-
centric zoning from which the specific epithet is derived
(Fig. 25).

A single stroma lasts only for one season, and the peri-
thecia ripen and begin to shed their spores in May and
may continue to do so until September. During this period
discharge is not dependent upon rain but on the water
reserve of the stroma. An active specimen gathered in early
May has a density of just over 1-0, but as the water reserve
is exhausted the density falls. If an active stroma is brought
into a dry room and left fully exposed without any ex-
traneous water-supply, spore discharge will continue for
weeks. Even when placed in a desiccator with the air kept
bone dry by anhydrous calcium chloride, discharge may

* Gruenhagen (1945). 1 Ingold (1946).
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go on for many days. It is only when evaporation has led
to the reduction of the density of the stroma to less than
o-3 that spore discharge finally ceases. In its water rela-
tions Daldinia is rather like a cactus. It is a succulent
xerophyte.
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Fi1c. 25. Daldinia concentrica. Section through penthecxal sttoma;
the black dots just within the surface are the perithecia. Spores
are shot to a distance of 15 centimetres. Nat. size.

Another interesting example* of a stromatal pyreno-
mycete that is not directly dependent on rain for its spore
discharge is Epichloe typhina (Fig. 26), which occurs com-
monly on a large number of gra