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The Development of the Seed in the
Scitamineae.

BY

JAMES ELLIS HUMPHREY, S.D.,

Lecturer in Botany, jokns Hopkins Universily, Baltimore, U.S.A.

—

With Plates I-IV.

———

HE following pages contain the results of studies begun

in the Botanical Institute of the University at Bonn and
continued in America, chiefly in the Biological Laboratory of
the Johns Hopkins University. The line of research was
suggested by observations made incidentally on Canna, the
study of which genus was begun with a very different purpose.
As the material proved worthless for the work originally
planned, but showed features of unexpected interest in con-
nexion with the development of the seed from the ovule, the
essential details of this process were followed out. The striking
peculiarities shown by Canna made it seem desirable to com-
pare other Scitamineae, especially since the plants of this
order are so intimately related among themselves, yet occupy
a position comparatively isolated with respect to other Mono-
cotyledonous families. Although not so many forms have
been examined as could be wished, it does not seem necessary

[Annals of Botany, Vol. X. No. XXXVIL March, 1896.]
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2 Humplrey—The Development of the

to delay longer the publication of the results already reached,
since it is difficult to obtain suitable material of these almost
exclusively tropical plants.

The materials studied have been preserved in alcohol and
have been drawn from various sources, as follows: Canna
tndica, L., from the beds, and Strelitzia Reginae, Ait., from the
greenhouses of the Botanic Garden at Bonn; Musa sp. and
Heliconia psittacorum, L. fil., and H. Bikhai, L., from Mr. E.
Campbell, lately superintendent of the Botanic Gardens at
Castleton, Jamaica, through the courtesy of the Director of
Public Gardens and Plantations, Mr. Wm. Fawcett, F.L.S.;
Costus sp. and C. speciosus, Sm., Alpinia mutica, Roxb., and
Elettaria sp., from the Botanic Gardens at Buitenzorg, Java,
by the generosity of the Director, Dr. M. Treub ; Amomum
elongatum (Teijsm. et Binn.), Alpinia alata, A. Dietr., and
Phrynium capitatum, Willd., brought by him from Java, most
kindly placed at my disposal by Prof. A. F. W. Schimper, of
Bonn; 7halia dealbata, Fraser, Calathea densa, Regel, and
Globba bulbifera, Roxb., collected by myself at the Royal
Gardens, Kew, by permission of the Director and under the
genial guidance of the Curator, George Nicholson, Esq., F.L.S.
To each of the gentlemen above named I am under deep
obligation for the willing assistance which has made these
studies possible. And I owe to Prof. Eduard Strasburger
the freest use of the Botanic Garden and of his library, in
addition to the inestimable advantage of his constant advice
and cordial interest during my work in Bonn.

In the arrangement of Monocotyledonous plants by Bentham
and Hooker, the Scitamineae are trecated as a single ‘ natural
order,’ while the arrangement of the modern German systema-
tists makes of these plants a series co-ordinate with the
Liliiflorae, Glumifiorae, and the rest. And indeed the marked
variations which the members of the group show among them-
selves makes the latter treatment seem preferable. These
plants agree with most Monocotyledons in their typically
tricarpellary gynaeceum and diplostemonous androecium.
Chiefly on the basis of the variations in these parts, the




Seed in the Scitamineae. 3

group has been divided by German authors into three or
four families, corresponding to the orders of Bentham and
Hooker, while the English writers regard these divisions as of
sub-ordinal rank. Most recent writers are disposed to make
four sub-divisions, and,as the following pages present additional
arguments for this view, the Scitamineae will be here regarded
as comprising four distinct groups worthy of family rank.

In the Musaceae the androecium comprises five fertile
stamens, with sometimes a small staminodium in place of
the sixth. The more or less completely suppressed stamen
is that member of the inner whorl which is opposite the odd
petal. In all the other families, on the other hand, this is the
only functional stamen. The two other members of the inner
whorl are fused in the Zingiberaceae to form the large petaloid
‘labellum,” while in the Cannaceae and Marantaceae they
remain petaloid and separate. In the Cannaceae one forms
a labellum, its homologue in the Marantaceae being thin and
crumpled and known as the ‘hood.” The other inner member
forms the flat ‘ wing’ of the Cannaceae, but is thickened and
known as the ‘callus-leaf’ in the Marantaceae. The outer
whorl may be represented by one or more petaloid staminodia,
or may be entirely suppressed, in these three families. The
fertile stamen of the Zingiberaceae is complete; but in the
other two families only one half or lobe produces pollen,
while the other half is represented by a petaloid expansion.

The inferior ovary of all the Scitamineae, except a small
group of the Zingiberaceae, is trilocular, and most commonly
contains numerous anatropous ovules borne on axile placentas.
But in the genus Heliconia of the Musaceae, and in all the
Marantaceae, each loculus contains only a single ovule rising
from its base, while in some of the genera of the latter family
only one loculus is fertile. Except in the cases just referred
to, the fruit is a several- or many-seeded capsule or berry; in
these it is dry, imperfectly dehiscent, and three-seeded, except
in the one-seeded Marantaceae. As will be seen, the structure
of the seeds differs much in the various families; but the
presence of some structure comprised under the indefinite term

B 2



4 Humplrey.—The Development of the

‘aril,’ though not universal throughout the Scitamineae, is yet
so general that the group has also been called ¢ Arillatae.

The changes undergone by the ovule from its first appear-
ance to the time of fertilization, and the subsequent growth
and differentiation which takes place normally in response to
the stimulus of sexual union, have been studied in detail in
many seeds, so that the features of seed-development in
general are well known. But observations of this sort relating
to the group under consideration are few and fragmentary.
They have been made chiefly on species of Canna, which is
the only Scitamineous genus whose members thrive and
perfect seeds in the summer climate of our temperate lati-
tudes. Some of the interesting details of seed-development
in this genus have already been noted, but chiefly incom-
pletely or incidentally, so that they have remained little
noticed. As already intimated, the independent discovery
of these striking features has led to the present comparative
studies, in the hope that some light might be thrown on the
phylogeny of the group and the origin of the peculiarities
of Canna. Although the result is less satisfactory than could
be wished in this respect, certain features are shown to be
probably common to the Scitamineae, and certain interesting
phenomena show how widely the details of seed-development
may vary within the limits of a family.

The work has been done chiefly by freehand sectioning.
Since the cell-contents were often not important for the
question in hand, rather thick sections could be cleared with -
Javelle water. Indeed, the relations of tissues could often be
better made out on such sections than from thinner ones. For
special points microtome-sections were necessary, but as a
rule they have offered no advantages over those more easily
prepared.

Though Canna proves to be the most aberrant in its seed-
development of all the genera examined, yet, since it was
first and most exhaustively studied, its development may
be first described. This genus contains, according to the
estimates of different monographers, from thirty to sixty
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species, which are natives of tropical America. The published
figures of the few species whose ovules and seeds have been
studied afford ground for the expectation that the develop-
ment will prove closely similar in all. The species here
described is believed to be the true C. indica, L. The
members of this genus constitute alone the family

CANNACEAE.

The general structure of the ripe seed of Canna was studied
and more or less accurately figured by Gaertner (1788), Mirbel
('10,°15), and Richard (’11), but we owe the first account of its
real character to the founder of developmental morphology,
Schleiden. Some of the chief features in the development of
the seed were pointed out by him (’39), though they seem
since to have been lost sight of. Since his time only frag-
mentary notes on the genus have appeared, with the exception
of Hegelmaier’s account (74) of the development of the
embryo.

The ovules make their appearance in each loculus as two
vertical rows of outgrowths from the placenta. Each has
a distinct epidermal layer, and very early a sub-epidermal cell
becomes distinguishable by its size as the archesporial cell.
This soon divides into an apical and a sub-apical cell. The
former was found in all cases examined (Fig. 1), though
Guignard ('82) states that this is not always true, but the
number of anticlinal walls by which it is cut to form the
tapetal layer seems to vary. Indeed it soon becomes im-
possible to distinguish between the cells of this layer and
adjoining ones of the nucellus. The sub-apical cell, or
embryo-sac mother-cell, divides twice, thus producing a row
of three cells (Figs. 2, 3). As in other plants, it is the lower
cell of the row which forms the embryo-sac.

The development of the ovule proceeds in normal fashion.
The outgrowth soon begins to turn upon itself and assume its
anatropous form. At about the time of the division of the
archesporial cell, the limit of chalaza and nucellus is indicated
by the formation of periclinal walls in certain cells of the
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epidermal layer (z. ., Fig. 1), which usually form a double row
encircling the base of the nucellus. The growth thus begun
is continued so that a ridge of tissue results, which finally
encloses the whole nucellus except at the micropyle, forming
the inner integument of the ovule (. 7, Figs. 2, 3, 4). This
coat is usually, as in all the Scitamineae studied, two cells in
thickness. It begins to be formed slightly earlier on the
outer side of the ovule than on the side turned toward the
funiculus (Fig. 1). As its development progresses,and when it
has reached perhaps half of the height of the nucellus, there
arises in the same manner from the epidermal cells just at its
base the outer integument. This has a thickness of several
ccll-layers, as in all the Scitamineac examined, and, at the
time of fertilization is of about the same height as the inner
integument, so that the long and narrow micropyle is formed
wholly by the latter (Fig. 4). The outer integument is in-
terrupted by and fused with the raphe as in other anatropous
ovules. Meanwhile the vascular bundle has developed in the
funiculus, and downward to the chalaza of the ovule. The
embryo-sac at first lengthens slightly with the growth of the
nucellus, and then rapidly broadens at its micropylar end,
destroying the tissue lying between itself and the nucellar
epidermis, and acquiring the clavate form which it has at the
time of fertilization (Fig. 4). At this time, however, not all of
the nucellar tissue is suppressed ; but the sac is separated
from the nucellar epidermis by one or more cell-layers, except
at its apex. The nucellar and chalazal portions of the ovule
are now about equal, and the lower end of the embryo-sac has
already penetrated into the chalaza. The fusion of the polar
nuclei to form the endosperm-nucleus (esp. 7., Fig. 4) and the
developed egg-apparatus (¢gg) have been observed, but the
antipodal cells were not well seen. In view, however, of
Guignard’s observations ('82) of the usual phenomena within
the embryo-sac of Canna, it was not thought necessary to
pursue the subject in detail. The mature ovule is so far
turned upon itself that its micropyle lies almost in contact
with the funiculus, and the course of the pollen-tube is neces-
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sarily a sinuous one. Yet this appears to be no practical
difficulty in the way of its performing its office. After it has
entered the micropyle and penetrated the nucellar epidermis,
and fertilization has taken place, those changes begin which
constitute the

Development of the seed. After a general comparison of
this process with what occurs in other seeds, we may proceed
to a detailed discussion of the fate of each part of the ovule.
It may be useful to recall that ordinarily the seed-coat is
developed from the integument or integuments of the ovule,
while the body of the seed is composed of tissues formed
within the embryo-sac or of these and nucellar tissue, the
chalaza playing an inconspicuous part. In Canna we have
seen that about half of the ovule consists of chalazal tissue at
the time of fertilization, and we shall find the proportion
steadily increasing. This interpretation is based on the
current definition of the chalaza as ‘ the transverse zone from
which the single or the two true integuments spring !’ and of
the nucellus as ‘der oberhalb des inneren Integumentes
liegende Theil des Eichens?” Such a distinction is, at best,
more or less arbitrary, but that here indicated seems the
most natural as well as the most simple.

At the time of fertilization the ovule is about -5 mm. in
length from micropyle to base. By the time it reaches
a length of -8 mm., the micropyle has become quite closed,
the base of the embryo-sac has broadened so that it is even
wider than the upper end, and there begins to appear a sharp
constriction of the funiculus penetrating from its outer side
at about the level of the mouth of the micropyle (¢, Fig. 5).
Below this constriction is a distinct lip which pushes rapidly
upward and inward as the constriction encroaches upon the
vascular bundle (¢, Fig. 6). When the length of the young
seed has reached 2 mm., this lip has nearly met the lip
formed by the free end of the outer integument of the other
side, and there protrudes from between them the remnant of

! Sachs’ Text-Book, second Engl. ed., p. 871.
? Luerssen's Handb. d. med.-pharm. Bot., Bd. 11, p. 258.
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the funiculus (£, Fig. 7). From this time the connexion
of the seed with the placenta is very slight, mechanically ;
but the vascular bundle must remain functional for a long
time, in order to furnish the material for its extensive further
growth to the seed. We shall see that these lips never fuse
at the point of entrance of the bundle, but that there remains
here in the ripe seed a small break in the seed-coat which
will be called the germinal slit, and which represents, as is
evident, the combined micropyle and hilum of the ovule
(g. s, Fig. 8). Meantime the greater proportion of growth
has taken place in the chalazal region, and this continues to
be true for some time, as may be seen from the following
table, which gives average figures for several stages up to the
full-grown seed : —

Length of seed . . Somm. 32.23mm. 4.50mm. 9-50 mm.
Nucellar part . . 38 5 '65 ” 85 1 195 »
Chalazal part . . 43, l-go » 365 755
Per cent. of growth of whole sced 180 % 100 % 11 %
” » of nucellar part 71 ¥ 31 Y 129 %
” » of chalazal , 281 % 138 ¥, 107 %

During this growth the embryo-sac extends downward as
a broad irregular cavity more or less abundantly lined with
dead and ragged cell-remains; as its full size is reached, it
gradually becomes more regular in form and smoother in
outlinee. When the young seed is about 2 mm. long, the
upper end of the embryo-sac abruptly expands by the
resorption of the tissue lying between it and the inner
integument ; that is, of practically all the nucellar tissue.
This gives the sac a very peculiar form, that of a club-shaped
body, broadest at the base, connected by a narrow neck with
a broadly conical head (e. 5., Fig. 7). The tissue surrounding
the neck soon dies and becomes resorbed, so that the neck
itself is at last only a slightly narrowed region between
head and body (e.s., Fig. 8). Hegelmaier states ('74) that
a chalazal cavity is formed independently of the embryo-sac,
and becomes united with it later by the breaking down of
the intervening tissue. As to this, it can only be said that
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the evidence of the accompanying figures (Figs. 5-8) seems
conclusive that such is not the case; and I am fully con-
vinced after careful study of a large number of preparations
that the above description of the development of the em-
bryonal cavity is the correct one. It is probable that
Hegelmaier was misled by a section somewhat out of the
median plane, from a seed in the stage represented by Fig. 7,
which would show two cavities separated by the tissue which
surrounds the narrow neck. A comparison with Fig. 6 shows
that there is one continuous cavity before the widening of the
apical part of the sac, and such a section as that supposed is
possible only after this widening.

The adult seed of C. indica reaches a length of g to 10 mm.,
but, as may be seen from the above table, the preponderating
growth of the chalazal part ceases when about half the final
length of the seed has been reached. After this time the
proportion between the two parts does not vary greatly. As
the seed grows, the original ovular integuments form smaller
and smaller portions of the whole, and in the ripe seed they
occupy only a small region at the micropylar end. Here
they furnish the tissue from which the seed-coat is differen-
tiated, while the remainder of the testa is formed from the
external chalazal tissue. Between the seed-coat and the
embryo-sac is a mass of tissue which, in the ripe seed, con-
tains starch, and has been called perisperm. It is, perhaps,
not necessary to give it any other name, though the usual
definition of perisperm as a storage-tissue derived from the
nucellus does not include it. This development of the bulk
of a seed from the chalazal portion of the ovule is a rare and
remarkable phenomenon, although Kayser (*93) has described
somewhat analogous features in the development of the seed
of Tropacolum. It is difficult to conceive what influences
can have brought about so peculiar a modification in a few
isolated cases.

Having now obtained a view of the general course of
development in Canna, we may proceed to examine its his-
tological details.
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The seed-coat or testa is developed from both integuments
of the ovule and from the layers of the chalaza into which
the integuments pass at their bases. The inner integument
is, at the time of fertilization, of a nearly uniform thickness.
The micropylar portion lying above the apex of the embryo-
sac becomes soon thereafter so overgrown and pressed together
by the outer integument that the micropyle is tightly closed
(m., Fig. 6); and with continued growth it becomes less and less
easily recognizable (7., Fig. 10) until finally it can be identified
only by comparison with earlier stages. When the young seed
has reached a length of about 1-25 mm., there begins an unequal
growth in the region of the base of the nucellus which results
in an upward turning of the lower end of the inner integument
(Fig. 6), heretofore directed downward. This bend becomes
more and more pronounced, though but a small part of the
integument is involved. When the seed is about 3 mm. long,
there begins in the chalazal tissue the differentiation of
a double cell-layer abutting directly upon the end of the
inner integument and bending downward around the seed at
a uniform distance from the surface and just within the
vascular bundle (c4. 7. i, Figs. 8, 16). Thus what may be
called the outer and inner coats of the chalaza are marked
off ; and, as they are in unbroken connexion with the original
integuments, the subsequent differentiation of the whole testa
proceeds uniformly. The discrimination of that part of the
adult testa which is formed from the true integuments from
that part developed from the chalazal coats is possible only
by the study of its development. The inner integument
forms in the ripe seed the internal tissue of the testa, con-
sisting of two rows of large, empty, thin-walled cells, those
of the inner row with colourless walls, while those of the outer
row have amber-coloured membranes (¢4. 7. Z, Fig, 19). The
outer integument of the chalaza is twelve or fifteen cells in
thickness. The outer layer is composed, from the first, of
cells slightly elongated at right angles to the surface (exz.,
Fig. 15a). As the seed grows these cells continue to
elongate, forming a palisade-layer; and when the adult size
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is nearly reached, their radial walls begin to thicken. This
thickening is greatest at first at their outer ends (Fig. 18 a),
but finally the whole cell-lumen becomes obliterated except
a small cavity at the base filled with granular remains of the
cell-contents, and a smaller space at the outer end. A faint
line connecting these remnants of the cell-cavity marks the
place where the thickening walls have met (Fig. 19a). The
appearance of a well-defined ‘light line’ at about one-third of
the length of these cells from their outer ends (/. Z, Fig. 19 a)
marks them as the true ¢ Malpighian cells,’ so characteristic
of the coats of many seeds. Overhage ('87) states that the
walls in the region of this line are lignified, as Mattirolo has
shown to be true for many other seeds. When these walls begin
to thicken, those of the four or five cell-layers just below
commence the same process (scl., Fig. 18). This leads to the
development of the second histological element of the testa,
the sclerotic layer (sc/., Fig. 19). The remaining tissue of the
outer coat remains thin-walled (nuz, Fig. 18), and during the
ripening of the seed is gradually compressed, until there
remains only a thin band in which the original cellular
structure is hardly recognizable (nut., Fig. 19). It seems
probable that these cells furnish material for the characteristic
development of the others, and that the name ¢ nutrient layer,’
applied to them by Holfert ('90), is appropriate. The basal
part of the palisade-layer, the walls of the sclereids in a slight
degree, and especially the compressed nutrient layer, acquire
during the ripening an increasingly dark brown colour, so that
the ripe seed appears nearly or quite black to the naked eye.
While the foregoing description applies to the body of the
seed, there are some respects in which the structure of the
coat at the micropylar end requires special discussion. When
the seed is about half grown, the downward bend of the inner
integument about the apex of the embryo-sac becomes longer
and thinner, forming a sharp projection of the seed-coat into
the perisperm, which may be termed the micropylar collar
(m. c., Fig. 12). This peculiar collar, which we shall find to
be very characteristic of the Scitamineae, differs slightly in
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its histological details from the rest of testa. We have seen
that the end of the original inner integument is bent upward
before the differentiation of the chalazal integuments. In
accordance with this we find that the inner face and the
extreme lower portion of the outer face of the collar are
formed from the true integument (7. 7., Fig. 14), while the
rest of the outer face is formed by chalazal integument.
Before the ripening of the seed the integument of the inner
face is compressed to a mere line, and the double layer of
cells which is elsewhere seen is here unrecognizable. Thus
the true inner integument of the ovule becomes practically
obliterated, with the exception of the bit of its originally lower
end which is upturned at the lower edge of thecollar. Beneath
the compressed inner integument occurs a dense small-celled
layer not elsewhere found (7, Fig. 14). The nutrient layer is
here much less compressed than in the rest of the testa, but
is readily disintegrated when the seed is ripe. The sclereid
layer occurs in the collar as elsewhere, and, with the dense
inner layer, forms its substantial portion. In but one region
can any discontinuity in the tissues of the testa be observed.
From the tip of the embryo-sac a break through all its layers
can be traced to the surface, where it is recognizable as the
tiny crack whose morphology has been already pointed out,
and which has been called the germinal slit (g s., Fig. 14).
As has been shown, the funiculus is attached at this point
(Fig.11); and if a seed be carefully detached from the placenta,
its whole micropylar end is found to be covered by a structure
which greatly resembles some of the arillar developments of
other Scitamineae (f, Fig. 12). Examination shows, however,
that it is a fimbriate outgrowth from the free portion of the
funiculus, quite external to the seed.

When germination begins with the swelling of the embryo
in the seed, the pressure must soon cause a rupture at the
weakest point. This is evidently the point which, for this
very reason, we have called the germinal slit. As this crack
is stretched open, the testa breaks on either side, and this
break follows a quite circular course, so that a small disk-like
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lid is punched out at the micropylar end, permitting the escape
of the embryo. The circular form of the lid appears to be
determined by the firm ring-like collar surrounding the apex
of the embryo-sac. The line of least resistance is evidently
at its inner face, so that it comes to form a close collar about
the neck connecting the growing part of the embryo without
the seed, with the absorbing organ that remains within. Except
at the germinal slit, I have been unable to recognize any sign
of preparation for the cutting out of the lid. Yet it seems
remarkable that, without some differentiation, it should always
show the clean-cut inward bevel it possesses. It may be ob-
served that Hegelmaier's ('74) statement that the whole of
the testa formed from the original integuments of the ovule
constitutes the lid is here shown to be inexact. This lid was
early observed by Mirbel ('10), and more recently by Gris ('64),
Hegelmaier ('74), and Klebs ('85). Its existence is denied by
Tschirch ('90), who states that there is merely a sickle-shaped
break in the sclereids of the coat, formed by the separation of
the lower ends of the sclereids. The name ‘sclereids’ is here
evidently applied to the cells of the palisade-layer. This
statement concerning the absence of a lid in Canna is correct
only in so far as it refers to such a preformed one as is found
in many other Scitamineae.

With the exception of a kite-shaped region at the micro-
pylar end, which includes the germinal slit (Fig. 13), the
surface of the testa is thickly marked with tiny dots, as seen
by the naked eye. Moderate magnification shows these to
be true stomata, as was first pointed out by Schleiden and
Vogel ('42). In the early stages of the development of the
seed, their guard-cells are living, and they are evidently capable
of performing the functions of stomata (Figs. 20a, 20 b, PL. II).
As the outer layer becomes transformed into a palisade-tissue,
the guard-cells also lose their cell-contents and become
rigidly fixed in the wide-open position. They remain but
slightly sunken below the surface, but their air-cavities
become greatly lengthened by the growth of the palisade-
cells (Fig. 21). This occurrence of stomata in the seed-coat
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is a rare phenomenon, and suggests interesting physiological
inquiries as to its significance. A priori it is not easy to see
what special need of this particular seed should have led
to the development or preservation of these structures in so
unusual a place. So far as one can judge from their structure
and that of surrounding cells, they can hardly remain func-
tional much later than the time when the seed reaches about
half of its adult length. Schleiden and Vogel ('42), Haber-
landt (’84), and Overhage ('87) have suggested that these open
pores furnish the only means for the penetration of water
into the seed at the beginning of germination. Against this
idea it may be urged that they are completely closed below
by the sclerotic layer of the testa, beneath which is the dense
nutrient layer: and further, the equally dense coats of other
seeds have no stomata. It is much more probable that water
can penetrate into the seed of Canna through the germinal slit.

The chalazal perisperm lying between the testa and the
embryo-sac becomes, like the perisperm of other seeds,
a storage-tissue. The perisperm-cells become gradually
elongated in a radial direction, beginning with those which
border on the embryonal cavity ; and soon starch is deposited
in characteristic grains in them, until all are filled, those next
to the testa last. Concomitantly with the deposition of
starch in the cells, their walls become slightly thickened and
pitted. So completely are the cells filled with starch that
the impressions of the grains upon the walls are very evident
after their emptying during germination (gsp., Fig. 24).

We have now to notice the two tissues developing within
the embryo-sac. The fertilized egg-cell develops directly
into the embryo without the formation of a suspensor, Hof-
meister’s statements to the contrary notwithstanding, Details
of its development were not followed out, since they have
been sufficiently described by Hegelmaier ('74). The adult
embryo is remarkable for the high degree of differentiation
which it reaches, especially in its plumule and in the number
of accessory root-rudiments. When germination begins, the
elongation of the neck of the absorbing organ pushes out the
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Qui

Ng part of the embryo, and some of the accessory roots
Skly outstrip the primary one. A discussion of the

LN Various interesting features of germination in Canna is reserved
s OF a future occasion.
‘;:; The endosperm. The nucleus, formed by the fusion of the
;“:i Polar nuclei, has been said by Hofmeister (49, ’61) to give rise
:z\ i X0 no endosperm ; the statement is repeated by Tschirch ("90),
;.:;Q and by various text-books. But a short time after fertili-
- azcer zation a definite and readily separable protoplasmic layer
= with numerous nuclei may be found in the micropylar part
o of the embryo-sac, precisely as it occurs in plants with
- abundant endosperm (¢sp., Fig. 9). As development proceeds,
= this layer may be followed downward until, when the seed
= reaches its full size, the entire cavity may be found to be
=T lined by it. There now appear cell-walls within the layer,
L;'“ but not so regularly as in many plants, since several nuclei
the are commonly included in a single block of cytoplasm
eds, (Fig. 22). Ultimately each cell becomes uninucleate, ap-
ally parently by a process of nuclear fusion similar to that
hich observed by Strasburger (’80) in Corydalis (Fig. 23). In the
Ssited ripe seed this layer assumes all the characters of the so-called
next ¢ aleurone-layer, now known in the seeds of so many plants,
on of and lies between embryo and perisperm, in contact with
i and both. Traces of this layer seem to have been recognized by
1 that Hegelmaier ('74) in early stages of the seed ; but he failed to
vident discover its presence in the ripe seed. Overhage (’87), on the
other hand, correctly describes its occurrence in the ripe seed
within and suggests that it may be a remnant of endosperm, but
lirectly without presenting any evidence of the correctness of his
r, Hof- suggestion. This appears to be the first recorded case of the
Details normal reduction of the endosperm to a single persistent
v have aleurone-layer, and points to this tissue as one of considerable
. adult importance. Guignard has lately shown ('93) the very wide
tiation distribution of such a layer in so-called exalbuminous seeds ;
umber but in these it appears to be always a remnant of a more
s, the voluminous endosperm. In other cases in which the develop-

at the ment of endosperm does not exceed the formation of a single



16 Humphrey.— The Development of the

parietal layer, this usually becomes disintegrated without the
production of cell-walls, as in the Vicieae, Limnanthemum, &c.
The persistence of the single layer and its acquirement of the
character of an aleurone-layer strengthens the probability
indicated by Guignard’s results, that it has a special physio-
logical significance. This seems especially probable in the
light of the recent researches of Griiss ('95), confirmatory
of Haberland's earlier view (90) of the aleurone-layer as
a diastase-producing tissue.

In comparing the seed-development of Canna with that of
other Scitamineae, we may first examine those nearest to it
in floral structure, the

MARANTACEAE.

If any suggestions as to the origin of the peculiar develop-
mental history of the seed of Canna are to be found, one
would expect them from Marantaceae. Material of even the
chief stages in the development of the seeds of these plants is
very difficult to procure ; and, in spite of many efforts, I have
not succeeded in obtaining a complete series of any member
of the family. Of most forms seen I have been able to
examine only the ovules at about the time of flowering, or
the ripe seeds. The discussion of the family must, therefore,
be very incomplete.

The ovules are very uniform in structure and position
throughout the family. Their position has already been
described. Each ovule shows from an early stage (Fig. 25)
a greater development of the outer than of the inner side of
the nucellus and of the corresponding parts of the integu-
ments; so that the nucellus becomes bent around against the
funiculus, as in an anatropous ovule, while its morphological
base, at the chalaza, is not opposite the micropyle, but at one
side (ck., Fig. 26). Thus the ovule is neither typically ana-
tropous nor campylotropous. Its attachment is by a short
and fleshy portion into which the vascular bundle passes from
below, and which must be regarded as a much thickened
funiculus. The ovules of members of the genera Maranta,
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Calathea (Fig. 32), Myrosma, and Thalia (Fig. 26) show
essentially the same structure, and this probably holds true
for the other genera of the family. A section of the embryo-
sac from an ovule of Tkalia dealbata ready for fertilization
shows the usual arrangement within the sac in a very clear
manner (Fig. 27).

The subsequent development of the ovule into the seed is
such as to give the seed a truly campylotropous character,
with a curved embryo-sac and embryo, in all but one of
the forms examined. Certain features of this development
have been described by Schleiden and Vogel ('42), by Gris
(’59, ’60, °60%), and by Eichler ('84); and the structure of the
adult seeds has been discussed by Nees von Esenbeck ('31).
But no connected account of the development has been given,
nor can the deficiency be here supplied. In those genera
whose flowers produce but a single ovule each (Maranta,
Thalia, &c.), the cavities of the sterile loculi become reduced
to almost or quite imperceptible slits. The most satisfactory
material at my disposal was that of 7/4alia dealbata, Fraser,
to which the following account refers.

The inner integument of the ovule, which, at an early stage,
is but slightly unequal on opposite sides of the nucellus, and
regularly curved (Fig. 25), soon begins to show a sharp in-
bending at a point about opposite the base of the embryo-sac.
This is often more marked on the short side of the integu-
ment (Figs. 26, 32). The inbending continues as growth
proceeds, with the result that the proportional distance from
micropyle to chalaza is steadily reduced (Fig. 29). Meantime
that part of the nucellus beyond the chalaza from the micro-
pyle, with its integuments, is growing around the chalaza and
curving downward (Fig. 29). Thus finally the chalaza is
brought down close to the micropyle, as in seeds derived
from truly campylotropous ovules (Fig. 30). During this
process the embryo-sac elongates into the distal part of
the nucellus, curving with its growth, until when fully
developed the base of it reaches nearly to the chalaza,
and the whole cavity assumes the form of a horse-shoe. The

C
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cells along the future course of the cavity begin quite early to
show signs of degeneration, and a dark band extending from
the base of the embryo-sac first marks the path of its
extension (Fig. 29). Early in the development of the seed,
two cylindrical differentiations of slightly denser-looking
tissue may be seen in the chalazal region of the nucellus,
curving slightly and lying parallel with each other on either
side of the plane of symmetry of the seed, but evidently
originating in the nucellar tissue itself (. ¢., Fig. 29). They
begin abruptly in the region of the base of the inner integu-
ment. These two cylinders then follow in their development
the extension of the embryo-sac, so that there are formed two
parallel tissue-masses curving with this cavity, but just within
its curve, and lying on either side of its median plane (2. c.,
Fig. 30). This tissue finally consists of loose, brown and
dead cells, through which run branches of the vascular
bundle which earlier reaches only to the base of the nu-
cellus (v. 8., Fig. 29). In the adult seed these two ¢ perisperm-
canals’ appear as branches from a simple projection into the
perisperm from the chalazal region. This seems to be a mass
of chalazal tissue which has been included by the growth of
the nucellus, and strictly homologous with the similar included
tissue-masses shown by Meunier ('90) to occur in the seeds of
various Centrospermae. These latter seeds are developed by
growth similar to that observed in the Marantaceae from
similar ana-campylotropous ovules. Unfortunately, just the
stages lacking in my material are the important ones between
Figs. 29 and 30, during which the differentiation of the canals
takes place. This remarkable development of the perisperm-
canals in T/alia is probably their most extremely developed
condition in the Marantaceae ; but they form a very character-
istic feature of the family, and perhaps no strictly homologous
structures are yet known in other plants. In most genera of
the family there is but a single canal, extending inward be-
tween the arms of the embryo-sac and in the same plane. The
first speculations as to its morphological significance appear
to have been those of Robert Brown ('10), who suggested that
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the canals of 7/alia represent sterile embryo-sacs. This idea
was shown to be mistaken by Gris ('59, '60, ’60*), who con-
sidered them to be ingrowths of the chalazal tissue into the
nucellus. Eichler ('84) added only a few details concerning
the adult structure of certain seeds, and regarded the canals
as chalazal ingrowths. Tschirch (*90) refers to them merely
as ingrowths of the seed-coat, which they certainly are not.
In the absence of full details of their development, we are not
in a position to decide finally the question of their mor-
phology. Yet the fact that they extend inward for a con-
siderable distance from the chalaza, on their first appearance,
and that they seem to arise as gradual differentiations in the
nucellar tissue, directly opposes the view of Gris and Eichler,
except in so far as the common basal portion of the canals in
Thalia, which is probably present in other forms also, is due
to the enclosure of chalazal tissue by the growth of the
nucellus, as in the Centrospermae. The conception of the
chalaza as an actively penetrating organ, like the embryo-sac,
rather than as a mere region of the seed will, I think, hardly
bear criticism. It seems, then, most probable that the peri-
sperm-canals are in part specialized portions of the nucellus,
and in part chalazal tissue included by the growth of the
latter. Of what use they are to the seed future studies must
attempt to explain.

In a single Marantaceous seed, whose development I have
not been able to study, the embryo is not hooked, but nearly
straight, and lying parallel with it is the perisperm-canal
(Fig. 32 A). Whether we have here a seed developed with-
out the campylotropic growth usual in this family, it is
impossible to say. If not, then, for some reason, the exten-
sion of the embryo-sac into the later-formed portion of
the nucellus has been here suppressed. If so, we have evidence
that this growth is not necessary to the formation of a peri-
sperm-canal. The seed here mentioned, whose development
promises to prove of considerable interest, is that of Phrynium
capitatum, Willd.

Returning to our study of T4alia, we may note some details

C2
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of the development of the tissues of the seed. The single-
seeded fruit of this genus is indehiscent, and the seed is
apparently set free by the decay of the rather thin pericarp.
The outer integument of the ovule is about six cell-layers in
thickness (o. 7., Fig. 28), of which the outer and inner layers
begin early to take a distinctly cuboidal form. The cells of
the intermediate layers increase irregularly in number, and
constitute a nutrient layer which shows compression and
obliteration of its cell-cavities as the seed ripens (n«t., Fig. 31).
In the ripe seed the cells of both outer and inner layers are
large and thin-walled, while the latter show traces of compres-
sion in the wavy folding of their radial walls (exz., su¢., Fig. 31).
The inner integument is here pressed into a film in which no
cellular structure is recognizable (7. 7., Fig. 31). The infolding
of the inner integument before mentioned (m. ¢., Fig. 29)
produces the same result as in Canna—the formation of an
enclosing testa-collar about the apex of the embryo-sac
(m. c., Fig. 30). In many Marantaceae a distinct germinal lid
is said to be developed over the end of the cavity. In T/alia
I have been able to recognize no such differentiation, possibly
from lack of sufficiently old seeds. Tkalia dealbata possesses
no trace of an aril; but in most members of this family, which
Eichler ('84) has remarked to be those with dehiscent fruit,
the thickened funiculus, with the tips of the integuments,
forms a fleshy arillar appendage to the seed, which has been
shown by Fritz Miiller ('83) to play an important part in the
dehiscence of the fruit and the expulsion of the seeds. Eichler
remarks ('84) that the origin of the aril in this family is
peculiar; but just those parts are here concerned which we
shall find contributing to the aril in other Scitamineous
families. The most unusual feature here is the extreme
thickening of the funiculus.

The large amount of nucellar tissue that is neither destroyed
by the embryo-sac nor used for the perisperm-canal becomes
filled with starch to form a perisperm. The embryo ulti-
mately attains the form and size of the embryo-sac, usually
tapering towards its cotyledonary end. In young seeds of
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Thalia 1 have observed what appears to be a young endo-
sperm-layer, but have not been able to recognize any trace
of such tissue in the older seed. The material, however, is
insufficient to justify a positive statement as to the formation
of either temporary or permanent endosperm in these seeds.

Although most recent writers separate the Cannaceae from
the Marantaceae, they are still united by some into a single
group. Apart from the marked differences in ovary and fruit
between Canna and the other genera, the striking uniformity
and peculiar form of the ovules in all of the latter so far as
known, the development of the body of the seed chiefly from
the nucellus of the ovule, and the formation of perisperm-
canals, as compared with the striking divergence of Canna in
all these respects, seem to afford ample ground for the separa-
tion of the latter genus as the type of a distinct family.
Certain peculiarities common to these two families will be
found to be shared by other Scitamineae, now to be de-
scribed.

ZINGIBERACEAE.

Passing now to this largest, both in genera and in species,
of the families of Scitamineae, we find, nevertheless, that the
structure and development of its seeds have received still less
attention than in any other of these families. Except in
Globba and the related genera, which have a unilocular ovary
with three parietal placentas, the gynaeceum shows the struc-
ture most common in the Scitamineae. Each ovary normally
forms a dehiscent capsule with numerous seeds, which are
commonly so closely packed as to be irregularly angular from
mutual pressure. The most complete material studied was
that of an undetermined species of Cosfus, which may be
taken as the basis for the discussion of the family. Less
complete material of C. speciosus, Sm., agreed in all essentials
with the former, so far as comparison was possible.

The ovule shows, at a very early stage, before the integu-
ments have begun to appear, a sub-epidermal archesporial cell
(@, Fig. 41, PLIII), distinguished by its greater size. The tapetal
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cell is soon cut off (Zap., Fig. 42), and then divides by anti-
clinals into a series of cells similar to those of the body of the
nucellus (%ap., Fig. 43). The mother-cell of the embryo-sac
enlarges as the ovule grows, but does not divide further, and
thus becomes itself the definitive embryo-sac (e. s., Figs. 43, 44).

The development of the seed from the ovule follows the usual
course in its general features, but certain details will repay
examination. The integuments consist of about six and two
cell-layers, respectively. The inner coat becomes finally
reduced to a thin remnant (7. 7., Fig. 49). The cells of the
external layer of the outer one become elongated parallel to
the surface of the ovule, while those of the internal layer
lengthen radially (ext, int., Fig. 47), and become the chief
protective layer in the ripe testa. When fully developed they
are empty and have somewhat thickened inner and radial
walls, while their outer walls remain thin. Peculiar modifica-
tions of the lateral walls give to this row of cells a very
characteristic appearance, best understood from Fig. 49 a.
The cells included between the outer and inner layers con-
stitute a nutrient layer and become greatly compressed during
ripening (nut., Fig. 49 a). Just after fertilization, the free end
of the outer integument and the free portion of the funiculus
into which it passes at one side of the micropyle begin to swell
(ar., Fig. 45), and gradually close the micropylar opening,
compressing, and finally obliterating, the end of the inner
integument. The mass formed by the coalescence of the
thickenings grows rapidly, becoming very large and fleshy,
and finally forms the aril which caps the micropylar end of
each seed (ar., Figs. 46, 48). From the mode of its formation
it is evident that it must include the funicular bundle and the
remnant of the micropyle; and these may be recognized in all
stages (m., v. b., Figs. 46, 48). This micropylar aril is of the
type to which Planchon (’45) has given the name arillode.

At an early stage the inner integument has a regular ovoid
curve (7. 7, Fig. 44); but about the time of fertilization the
broadening of the nucellus gives it a prominent shoulder at
the outer angle (Fig. 45). Just within this shoulder the
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integument now begins to bend downward into the body
of the nucellus, thus giving rise to the micropylar collar
which surrounds the apex of the embryo-sac, as in
Canna and Thalia. The outer face of this collar shows the
characteristic inner layer of the seed-coat, but this layer
disappears at the edge of the fold which forms the collar,
so that its inner face remains thin. Meanwhile there is
formed just over the embryo-sac, from tissue of the outer
integument, and around the micropylar remnants as a centre,
a circular lid whose edge abuts on the upper margin of the
collar(g. 2, Fig. 48). Intheadult seed this lid is a firm, resistent
tissue, and rests upon the edge of the testa so as completely
to close its opening, without being in organic continuity with
it. Thus the embryo is well protected, yet is able to push out
the lid easily, when germination begins, since no dense tissue
requires to be ruptured.

At fertilization the chalazal end of the inner integument
lies about transverse to the axis of the nucellus (Fig. 45).
Soon it begins to turn upward, and at length a small part of
the end of the integument stands almost at a right angle with
the adjoining portion (Fig. 46). The tissue enclosed within
this upturned end becomes specially differentiated, while the
integument itself becomes compressed, as elsewhere. A con-
tinuation of the inner layer of the outer integument is developed
as far upward as the inner integument extends (i#/., Figs. 48,
49). The cells of that part of the outer layer lying over this
region become thicker and much shorter, so that they form
here a palisade-like layer much denser than on other parts
of the surface. This peculiar discoid patch at the chalazal
end of the seed is plainly evident to the naked eye. The
bounding layers of the region are lined by a double layer of
cells with thickened walls, and within these, and filling most
of the region, is a compact tissue of small thin-walled cells
(ck.m., Fig. 49). The possible significance of this peculiar
development of chalazal tissue will be discussed later.

Within the seed-coat the cells of the perisperm are con-
siderably elongated (gsp., Fig. 49a) ; but toward the centre
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they become much less so. As in other plants, they are
closely packed with starch in the mature seed. Even before
fertilization the cells of the micropylar part of the nucellar
epidermis begin to elongate radially, so that a thick pad is
formed at this point, through which the pollen-tube must
penetrate (m. p., Fig. 45). Such a pad may be seen in the
Marantaceae, but less markedly developed than here. It
continues to thicken for some time after fertilization (..,
Fig. 46), but finally becomes much compressed by the growth
of the embryo, though still recognizable in the ripe seed
(m.p., Fig. 48). After fertilization the embryo-sac enlarges
at first far more rapidly at the base than at the apex (Fig. 46),
but finally broadens above also to the full width determined
for it by the micropylar collar (Fig. 48). Within this cavity
the almost cylindrical embryo is formed, showing evident
rudiments of two or more leaves of the plumule and of
accessory roots (emb., Fig. 48). As in Canna, there is no
suspensor. Unlike that of the previously described families,
the endosperm of Costus and of other Zingiberaceae, perhaps
of all, reaches a considerable thickness, although it never
wholly fills the cavity. In the ripe seed of Costus it forms
a single cell-layer over the micropylar end, and a layer
several cells thick upon the wall of that part of the sac below
the edge of the micropylar collar, more or less completely
filling the space between the embryo and the wall of the
cavity. As Tschirch (’80) has remarked, the cells of this
permanent endosperm contain no starch, but aleurone. So
that we have here, instead of the single aleurone-layer of
Canna, an aleurone-mass. But this fact need not modify
our view of its réle in the economy of the seed.

In comparing members of other available genera of this
family with Costus, several interesting points of difference are
worthy of note. In the differentiation of the chief layer of
the testa from the inner layer of the outer integument, in the
presence of the micropylar collar and germinal lid, and in
the development of embryo and endosperm, all the forms
examined agree closely. In Donacodes elongata, Teijsm. et
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Binn. (= Amomum), Elettaria sp., and Alpinia mutica, Roxb.,
the characteristic inner layer of the outer integument continues
over the apex of the embryonal cavity, thus forming both
faces of the collar and the germinal lid (Fig. 37). At the
point of junction of lid and collar there is a break in the
continuity of the layer, which makes it easy for the embryo
to push out the lid in germinating. It will be noticed that,
in the formation of collar and lid, all these genera differ from
Costus. The form of aril above described has been met with
only in Costus. On ripe seeds of Amomum, Elettaria, and
Alpinia one finds no marked micropylar excrescence, but
a soft, loose, veil-like covering over the whole seed (ar. Figs.
37, 39), which is attached to the underlying tissues only at
that end. An examination of the ovules shows the origin of
this enveloping structure. From the micropylar end of the
outer integument arises a downward outgrowth, and from the
inside of the funiculus just above the micropyle arises another
outgrowth which extends across the micropyle and then
downward over the first-named one. From the back side
of the funiculus arise two corresponding outgrowths that
extend downward and form a double covering for that side
of the ovule (ar., Fig. 34). That the adult aril is really
double may be seen on careful examination near the point
of origin (ar., Fig. 39). The ovules of Alpinia alata, A. Dietr.,
and Globba bulbifera, Roxb., show similar outgrowths, and
probably their seeds have similar enveloping arils. The use
of this form of aril to the seed is not easy to suggest. The
aril of Costus much resembles those of the Marantaceae, and
may well play a part in the rupture of the capsule and the
escape of the seeds. And it is possible that this soft, yielding
envelope outside of the firm testa may, when fresh, have the
power of swelling and causing the bursting of the fruit.

The seeds of Amomum and Elettaria show no sign of the
dense chalazal mass found in those of Cosfxs. But the ovules
of Globba show the beginning of a similar development; while
in the seeds of Alpinia mutica it is carried much farther than
in Costus. On the nearly ripe seed of this species there may
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be seen a slight groove extending from the micropylar end
on either side downward around the chalazal end. A section
at right angles to the plane of this groove (Fig. 39) shows an
ingrowth from the chalazal region, reaching to about the
middle of the seed. At its apex this ingrowth broadens
slightly. If the seed be cut in the plane of the groove first
mentioned (Fig. 40), it is found that the ingrowth before seen
is a section of a dense testa-like diaphragm, extending across
the chalazal half of the seed, and that the groove marks the
line of its union with the testa: above the upper limit of
the diaphragm, it is continued to the micropylar end by
a slight projection of the testa into the perisperm. The
diaphragm is sharply bounded against the perisperm by
a cell-layer continuous with, and similar to, that derived
from the inner layer of the outer ovular integument. This
layer stops abruptly just below the top of the thickened
upper edge of the diaphragm, and it may be observed that
the thickening of this edge is due to a sudden outward
bending of this bounding layer (Fig. 39), strikingly like the
upward bend which limits the chalazal mass of Costus
(Fig. 46). It is to be regretted that my material contains
no intermediate stages between the practically adult one just
described and young ovules (Fig. 38). These latter show the
usual structure, and give no hint of the origin of the dia-
phragm. But, from the homology of Cosfus, it may be
suspected that its formation is begun by the ingrowth of the
lower end of the inner integument, with perhaps an infolding
at the sides to meet the upward growth. The development
of this interesting seed would probably prove well worth
following on suitable material. The intrusion of this dense
sheet of tissue into the region usually occupied by the
embryo-sac causes the latter to spread out over the top and
then to extend downward on either side of the diaphragm
(e. s., Fig. 39). The embryo-sac becomes largely filled with
endosperm, and the lower part remains so, as the embryo
does not completely fill it. Tschirch ('90) has remarked
that the embryo of Alpinia nutans is two-lobed in a sickle-
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shaped endosperm, which probably refers to a condition
similar to that here described. It is probable that in the
chalazal mass of Cosfus and the more striking diaphragm of
Alpinia we have homologous structures of which a thorough
study of Zingiberaceous seeds would bring to light other forms
and grades of development. The thickened edge of the
ingrowth in A/lpinia seems to correspond to the rounded
mass in Cosfus. In the former genus the chalazal mass has
penetrated far into the seed, probably as the result of a down-
ward extension of nucellar tissue on both sides of it. The
use of these structures to the seed cannot be shown without
studies on their germination; but the possibility suggests
itself that they may serve to afford firm points of support
from which the embryo may exert its full pushing force upon
the germinal lid at the beginning of germination. We have
seen that the original differentiation in the Marantaceae
extends inward from the base of the nucellus, with no
accompaniment of the inner integument. In Cosfus, on the
contrary, and apparently in A/pinia, this integument does
limit the ingrowth. Whether all the tissue that forms the
diaphragm in Alpinia is chalazal cannot be determined
without a study of the development of the seed. But it
does not seem likely that these structures in the Zingiberaceae
can be strictly homologized with the perisperm-canals of the
Marantaceae, though they may correspond to the chalazal
portions of the latter. The suggestion above made as to the
possible use of the chalazal mass in the former family is not
so obviously applicable to the true perisperm-canals.

We come now to the last of the Scitamineous families to
be discussed, the

MUSACEAE.

In this family of four genera and comparatively few species,
the members of the genus Heliconia present the most interest-
ing and aberrant features. It is well known that several species
of Musa develop seeds rarely or not at all. Of those which
do so, M. Ensete, Gmel., has been studied by Wittmack (’68),
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who describes only the structure of the ripe seed. I have
been able to examine ovules and young seeds of about adult
size of a species sent from Jamaica under the name M. rosea,
but could not follow the development of the former into the
latter. The ovule (Fig. 50) presents nothing noteworthy,
except a dense felt of long simple trichomes arising from
the sides of the funiculus. No trace of these remains in the
seed. As compared with the ovule, the seed (Fig. 50 a)
shows great lateral extension, so that the embryonal cavity
is much shorter than broad. The trace of the micropylar
opening can still be recognized (»., Fig. 50 a), and, as might
be expected from the indehiscent fruit, no aril is developed.
The outer cell-layer of the testa forms a deep palisade-layer,
and its inner layer consists of large cuboidal cells. Between
these two the cells become much elongated parallel to the
surface, and the walls of a few of the outer layers become
conspicuously thickened and pitted. Whether the remaining
cells constitute a nutritive layer and finally become compressed
could not be determined. At the chalazal end the inner in-
tegument is bent upward, and my material points to the
differentiation of a chalazal mass similar to that of Costus.
Wittmack’s ('68) figure also indicates the presence of such
a structure in M. Ensete. The micropylar collar so character-
istic of most Scitamineae is here present also; and its outer
end is closed by a germinal lid differentiated from the inner
layer of the outer integument, as in Amomuin and other genera.

The epidermis of the nucellus thickens into a conspicuous
micropylar pad (. p., Fig. 50a). The inner nucellar tissue
is largely obliterated by the growth of the embryo-sac, but in
the oldest seeds examined there is still a broad band of
perisperm present, though the deposit of starch in its cells has
not yet begun. Within the cavity neither endosperm nor
embryo could be found, but without more complete material
it is impossible to say that this species forms only abortive
seeds. The form of the cavity would determine for the embryo,
if developed, the fungiform shape observed in other species of
Musa.

e ———— = - et T
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Strelitzia Reginae, Ait., shows some points of interest in the
structure of its seeds, which appear not to have been studied
since the time of Gaertner (1791). The ovule (Fig. 51) is not
peculiar. The inner integument becomes reduced to a thin
layer with the exception of its thickened micropylar end,
which is recognizable until the seed reaches its adult size
(i. 1., Fig. 53). The outer integument attains a considerable
thickness and consists of many cell-layers (Fig. 54). Of these
the cells of the inner layer are finally cuboidal and thin-walled
(#nt., Fig. 56). Those of the outer layer take a similar form,
but remain smaller and thicken their walls until but a very
small lumen remains (exz, Fig. 56). All the intermediate
tissue constitutes a nutrient layer which becomes reduced in
the ripe seed to a thin, dense mass (nuz., Fig. 56), the com-
pression first showing itself next to the outer layer (nut., Fig.
54). The chalazal end shows no special differentiation, and
no trace of the micropylar collar, so usual in this group, is
found. At the micropylar end there appear, even before
fertilization, papillar outgrowths from the free end of the outer
integument and from the part of the funiculus lying opposite
(ar., Fig. 52). These elongate into the multicellular fibres
which in the ripe seed form two dense woolly tufts, of a deep
orange colour, at the micropylar end (ar., Fig. 55). The
structure of these arillar fibres has lately been described by
Pfeiffer ('91). They arise from the sides of a caruncle-like
outgrowth formed by the coalescence of the ovular regions
from which the outgrowths spring. The body of this caruncle
consists of undifferentiated tissue which is directly continuous
with the nutrient layer of the testa, but which, unlike the
latter, preserves its cellular structure. Up to the point where
the arillar threads begin, the surface is protected by an outer
layer, like that of the testa. This aril is evidently quite
homologous with those of other Scitamineae, the differences
being merely in detail. I can add nothing to the speculations
of Pfeiffer ('91) and others concerning the use of these brilliant
woolly tufts.

The embryo-sac increases in size during the development
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of the seed to such an extent that only a thin layer of nucellar
tissue is left within the seed-coat, and this soon loses its cellular
structure by compression (psp., Fig. 54). A massive endo-
sperm is formed in the cavity, but never wholly fills it. In
the centre of the cavity is formed the almost cylindrical
embryo (e. s, Fig. 55), and the space between it and the
remnant of perisperm is occupied by a permanent endosperm
containing starch except in its outer cell-layer, which forms
an aleurone-layer. In the ripe seed the perisperm forms a
mere film against the testa (psp., Fig. 56). In this species,
then, we have a Scitamineous plant without functional peri-
sperm.

I have examined neither of the species of Ravenala.

The remaining genus, Heliconia, has furnished the most
complete material studied from this family. The work has
been done chiefly on H. psittacorum, L. fil., though H. Bikai,
L., shows the same features so far as comparison has been
possible.

Except for a few figures given by Richard (31) of his
H. cannoidea, which well show the gcneral appearance of
fruit and seed, and some similar, though not better, figures
by others, I have found no references in the literature to the
seeds of this genus. The ovary becomes a ‘three-seeded
septicidal capsule.

In the earliest stage observed, the ovule shows both integu-
ments in process of formation and an embryo-sac mother-cell
which is separated from the nucellar epidermis by a tapetal row
(Fig. 57, PL. IV). A little later, this mother-cell has divided
into three cells (Fig. 58), and still later into four (Fig. 59).
Four is the usual number of cells in the row thus formed, but
I have seen five in at least one case (Fig. 60). Soon the
lower cell of the series begins to enlarge at the expense of
the others (Fig. 61), and finally it becomes the embryo-sac by
the absorption of all between it and the nucellar epidermis,
which meanwhile and later thickens into a micropylar pad
(m. p., Figs. 63, 66). During this time the ovarian cavity has
grown with the ovule, so that the latter has filled but a small
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It is apparently by the breaking up of these empty cells that
the exocarp is separated from the endocarp. The exocarp
forms a firm and dry envelope about the seed, showing no
pulpy consistency. At a pretty early stage the line of demar-
cation between exocarp and endocarp may be traced (Fig. 62)
around the loculus, extending downward at the base to or
just below the point of origin of the very short funiculus.
Since the cleft which separates the funiculus from the ovarian
wall extends farther downward on the side of the micropyle
than on that of the raphe, the plane of the end of the
endocarp is very oblique to the axis of the ovule. The
abrupt termination of the endocarp in this region leaves at
the micropylar end of the seed an unprotected circular area
enclosed by its rounded end. This area is originally occupied
by the soft parenchyma of the funiculus, which is pierced by
the vascular bundle (v. 4., Fig. 64). After the seed has
reached its full size and the endocarp is well formed, a
differentiation begins in this tissue. The cells in an oblique
band extending across the open mouth of the endocarp, just
within its end (Fig. 68), begin rapidly to thicken their walls,
- and soon the mouth is filled by a thick plug of stone-cells
thus formed (sc/. p., Fig. 69). When the seed is separated
from its attachments the break occurs at the outer surface
of this plug. It is probable that, in germination, it serves
as a germinal lid, being pushed out by the growing embryo,
while the end of the endocarp forms a firm collar about the
neck of the absorbing organ.

The characteristic micropylar pad continues to enlarge
(m. p., Figs. 66, 68) until the seed reaches its adult size,
and then suffers considerable reduction by compression (. p.,
Fig. 69). With the growth of the embryo-sac, the tissue of
the nucellus is steadily reduced until only a narrow band
next to the integument remains. This never becomes wholly
obliterated, but remains as a distinct starch-bearing perisperm
(¢s. p., Figs. 68, 69, 70). The walls of the embryo-sac
become lined by a protoplasmic layer with free nuclei (esp.,
Fig. 67), from which an endosperm-tissue develops in the
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usual way. The massive endosperm finally fills the space
between the perisperm and the cylindrical, slightly curved
embryo (esp., Fig. 69), and contains starch, like the perisperm.
In this species, as in the other Scitamineae studied, the entire
egg-cell contributes to the formation of the embryo, no sus-
pensor being developed (emé., Fig. 66).

GENERAL RESULTS.

We may now compare the various Scitamineae above dis-

cussed for the purpose of determining in what respects they
agree and what features of their seed-development can be
considered characteristic of the group. We may also ask in
how far closer affinities within the group are indicated by the
facts brought out.
_ In the obliteration of the inner integument of the ovule
during the development of the seed, all of the species studied,
except Canna, agree with most other plants with bitegu-
mentary ovules whose history in this respect is known.

Except in Canna and Heliconia, whose development is
modified by aberrant features, the outer integument of the
ovule gives rise to the chief part of the testa of the seed.
As a rule, the outer and inner cell-layers are correlatively
developed, the high development of one leading to the slight
development of the other. Thus in Canna and Musa the
outer layer forms a deep palisade-layer and the inner one
is not specially developed. In the Zingiberaceae the inner
layer is highly specialized, while the outer is a thin epi-
dermis; and in the Marantaceae and Strelitzia each layer is
moderately developed. In the presence of a nutrient layer
in the testa the Scitamineae agree with great numbers of
other plants of most various affinities. In both forms with
a palisade-layer this is backed by a sclerotic layer, not else-
where observed.

The micropylar collar and germinal lid appear to be
closely related in their development, and to be very charac-
teristic of the Scitamineous seed. The only observed instance
of their absence not easily understood is that of Strelitzia.

D



34 Humphrey.—The Development of the

Since the evident purpose of the lid is to facilitate germination,
and that of the collar is to ensure the efficient connexion of
the plantlet with the food-supply in the seed,and as the testa
of Strelitzia is especially firm and shows no other special
adaptation for these purposes, a stndy of the germination of
this seed may prove of considerable interest.

While arillar structures are very common in those members
of the group which have dehiscent fruits, they are commonly
not at all developed in species with indehiscent ones. When-
ever present, the aril arises from funiculus and integument in
the micropylar region. It may form a mass at this end or an
envelope about the seed.

Greater or less penetration of chalazal tissue into the
nucellus appears to occur in Musa, in various Zingiberaceae,
and probably in all Marantaceae. In Cosfus and Musa the
chalazal differentiation has merely the form of a rounded
mass, while in Alpinia there is formed a diaphragm pene-
trating to the middle of the seed ; and in the Marantaceae the
included chalazal tissue appears to be continued far into the
seed by a differentiation (in 7%alia, two) in the nucellar
tissue. In how far the homologies here suggested are really
valid must be determined by studies of the development of
a variety of forms.

The formation of the true testa and of all the special
structures associated with it in other forms is suppressed in
Heliconia by the development of a stony endocarp. Here,
apparently, the mouth of the endocarp replaces the micro-
pylar collar, and the sclerotic plug replaces the germinal lid.

Even in Canna the pollen-tube must penetrate the nucellar
epidermis to reach the embryo-sac, and in most of the species
examined this portion of the epidermis is thickened into a firm
micropylar pad, which reaches its greatest thickness after
fertilization, and becomes most conspicuously developed in
the Zingiberaceae and Musaceae.

In the plants examined, the starch-bearing tissue of the
seed is entirely perisperm, except in the Musaceous genera.
In Heliconia there is a narrow layer of functional perisperm
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around the endosperm; while in S#relitzia the extreme
reduction of this tissue to a useless remnant is realized.

The members of the Scitamineae present a progressive
series of stages in the development of the endosperm. In
the Musaceae this tissue is abundant and starch-bearing,
though its outer cells may form an aleurone-layer (S#relitzia).
In the Zingiberaceae the endosperm, though several cells
in thickness in the lower part of the embryo-sac, contains
only aleurone. In the Cannaceae this tissue is reduced
to a single aleurone-layer lining the cavity; and in the
Marantaceae it is probably not represented in the ripe seed.

The embryo-sac and embryo are practically straight in
all of the Scitamineae, except most Marantaceae. In every
species of the group examined. the entire egg-cell contributes
directly to the formation of the embryo, without any develop-
ment of a suspensor.

Coming now to questions of affinity, we find in the
characteristic formation of the micropylar collar, in the per-
sistence of the micropylar epidermis over the apex of the
embryo-sac, in the very common development of a micro-
pylar aril, and in the direct development of the embryo, the
features of the seed which are to be regarded as most charac-
teristic of the Scitamineae in general.

The uniformity of their ovules, the campylotropic develop-
ment of their seeds, and the differentiation of their perisperm-
canals, support the indications of their floral structure that the
Marantaceae form a natural and closely related group of
genera.

The Cannaceae show no near affinities in their seed-
development with any other group of Scitamineae. In the
development of the bulk of the seed from the chalazal
portion of the ovule, in the coalescence of the micropyle and
hilus to form the germinal slit,and in the presence of stomata
in the testa, Canna stands quite alone. Therefore, while we
fail to obtain light on the origin of these peculiarities or the
phylogeny of the genus, we are quite justified in separating
it as the type of a distinct family.

D2
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In the Zingiberaceae the striking differentiation of the
inner layer of the testa forms the most marked common
character. Costus differs from other genera examined in the
form of its aril and in the histological character of its micro-
pylar collar and lid. The form of the chalazal mass shows
interesting variations; and studies of other genera are likely
to prove very interesting, possibly indicating lines of descent
within the family.

In respect to seed-development, the Musaceae are a hetero-
geneous group. Perhaps the nearest affinity with the Zingi-
beraceae is shown by Musa. Strelitzia lacks the most
characteristic Scitamineous feature, the micropylar collar
and lid, but is, in a measure, saved by its aril. In Heliconia,
the supplanting of the testa by the endocarp precludes the
supposition of a close affinity with the other genera.
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EXPLANATION OF FIGURES IN PLATES I-IV.

Illustrating Dr. Humphrey’s paper on the development of the seed in the
Scitamineae.

List of abbreviations used :—a. archesporial cell; a/. aleurone layer ; as. anti-
podal cells ; ar. aril; c. constriction of funiculus; cA. chalaza; cA. i. 7. chalazal
inner integument; c%. m. chalazal mass; e. egg-cell; ¢gg. egg-apparatus; emb.
embryo; e¢nd. endocarp; e. s. embryo-sac or the cavity developed from it;
e. s. m. embryo-sac mother-cell; esp. endosperm; esp. #. endosperm-nucleus ;
exoc. exocarp; ext. outer layer of outer integument; /. funiculus; g. /. germinal
lid; g. 5. germinal slit; 7. 7. inner integument ; s»¢. inner layer of outer integu-
ment ; /. /. light line; m. micropyle; m. ¢. micropylar collar; m. p. micropylar
pad ; n. nucellus or nucellar tissue ; 7. ¢. nucellar epidermis ; s, nutrient layer
of outer integument ; o. #. outer integument ; ov. c. cavity of ovary; p.c. peri-
sperm-canal ; ger. pericarp; psp. perisperm; p. ¢ pollen-tube ; sc/. sclerotic layer
of testa, rudimentary or developed ; sc/. p. sclerotic plug; s¢. stoma; sym. syner-
gidae; 2 testa; Zap. tapetal cell or cells; . 5. vascular bundle.

Note.—All sections pass through the plane of symmetry of ovule or seed, unless
otherwise stated.

PLATE I
¥igs. 1~19a. Canna indica, L.

Fig. 1. A young ovule just after the first division of the archesporial cell.
x 350.

Fig. 3. A nucellus after the first division of the embryo-sac mother-cell ; 1°, the
cell cut off by the division. x260.

Fig. 3. A nucellus after the second division of the embryo-sac mother-cell ;
1° and 2°, the two cells cut off.  x 260.

Fig. 4. An ovule ready for fertilization, the antipodals not shown. x100.

Fig. 5. Young seed of -8 mm. in length, showing at ¢ the beginning of the
constriction of the funiculus.  x2a.

Fig. 6. Young seed 1.5 mm. long, showing upward bending of inner integument.
x 32.

Fig. 7. Young seed 2 mm. long. x2a.

Fig. 8. Young seed 3 mm. long. x23.

Fig. 9. Contents of embryo-sac of a young seed 3 mm. long. x 200.

Fig. 10. Part of micropylar end of a seed of 4 mm. x22.

Fig. 11. Region of the germinal slit of a young seed of 4 mm. x 200.

Fig. 132. Section of ripe sced, with embryo removed. x3.

Fig. 13. Micropylar end of testa, showing kite-shaped area free of stomata.
x3.

Fig. 14. Part of micropylar end of ripe seed, showing distribution of tissues in
the testa. x22.

Fig. 15. Structure of coat of a young seed 2.5 mm. long. x200.

Fig. 15a. Details of outer layers of Fig. 15. x530.
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Fig. 41.
Fig. 43.

Fig. 43.

Fig. 44.
Fig. 45.
Fig. 46.
Fig. 47.
X 530.
Fig. 48.
Fig. 49.

PLATE IIL

Figs. 41-49. Costus sp.

A very young ovule. x 160.

An older ovule. x 350.

A still older stage. x 260.

A well-formed ovule. x 100.

An ovule at about the time of fertilization.  x 75.

A young seed of about four-fifths of its final length. x 30.

Structure of coat of a seed slightly younger than that shown in Fig. 46.

Section of ripe seed.  x 20.
Structure of region indicated at ‘49’ on Fig. 48. x100.

Fig. 49 a. Details of a part of Fig. 49. x 260.

Fig. 50.

Musa sp., an ovule.  x 38.

Fig. s0a. A nearly or quite full-grown, but unripe, seed. x10.

Fig. 51.

Fig. 53.
Fig. 53.
Fig. 54.

Fig. 55.
Fig. 56.

Fig. 57.

Fig. s8.

Figs. 51-56. Strelitzia Reginae, Ait.

A young ovule. x 38.

The micropylar half of an ovule at the time of fertilization.  x 30.
Micropylar half of a full-grown, but unripe, seed. x 10.

Structure of coat and body of seed shown in last figure. x 75.
Section of ripe seed with embryo removed. x 3.

Structure of coat and body of ripe seed. x 100,

PLATE 1IV.
Figs. 57-70. Heliconia psittacorum, L. fil.

A young ovule. x3530.
A later stage, showing two cells, 1° and 2°, cut off from the embryo-sac

mother-cell. x300.

Fig. 59.

A still later stage, showing four cells derived from the embryo-sac

mother-cell. x r100.

Fig. 6o.
Fig. 61.

A similar stage to the last, showing five cells in the series. x100.
An older ovule, with developing embryo-sac.  x 200.

Fig. 62. Section through a loculus of the ovary with its ovule, at the time of
fertilization. x 10.

Fig. 63.
Fig. 64.
Fig. 6s.
Fig. 66.
Fig. 67.
Fig. 68.
Fig. 69.
Fig. 7o.

The ovule shown in the last figure. x 40.

Loculus of an ovary, with young seed. x1o0.

Structure of seed coat and endocarp at stage of Fig. 64. x 360.
Micropylar end of older seed. x75.

Structure of seed and endocarp at stage of Fig. 66. x 260.
Section of a full-grown and nearly ripe fruit. x 10,

Section of a ripe fruit. x10.

Structure of ripe seed and endocarp.  x 260.
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Nematophyton Ortoni, n.sp.

BY

D. P. PENHALLOW,

McGill University, Montreal.

——

With Plate V.

——

INCE my last general summary of the genus Nemato-
Phyton', two new species from Europe have been re-
corded, one by Mr. C. A. Barber from the Tymawr quarry,
near Cardiff, Wales, and named by him N. Storriei*; the
other from the shales in the neighbourhood of Grifrath on
the lower Rhine, and designated by Count Solms-Laubach
Nematophyton dechenianum?.

I have now to describe a third, which differs in very im-
portant respects from all previously recorded species, from
the middle or upper division of the great Ohio shales. This
specimen was obtained by Professor Edward Orton, of the
Geological Survey of Ohio, from whom the facts relating to
its origin have been obtained, and after whom I would name
it Nematophyton Ortoni.

! Notes on Devonian Plants. Trans. R. Soc. Can. VIL iv. 19.

? Nematophycus Storrici, Ann. Bot. VI. 329.

3 Ueber devonische Pflanzenreste aus den Lenneschiefern der Gegend von
Griifrath am Niederrhein., Jahrbuch der konigl. preuss. geologischen Landes-
anstalt. 1894, 67.

[Annals of Botany, Vol. X. No. XXXVII. March, 1896.]
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The hand-specimen transmitted to us for examination is
15 cm. high and 14 cm. broad at the base, from which it
gradually tapers upward in such a way as to suggest that
it must be the base of a stem. This idea is strengthened by
the presence of a number of basal and lateral processes with
their outward terminations presenting fractured surfaces, show-
ing that they represent the bases of more or less prolonged
organs such as roots. Between these processes are rounded
indentations, such as may be supposed to have been made by
large pebbles. In fact, to those who are familiar with the
branching base of a Laminarian stipe, the resemblance between
the two is very striking. But Prof. Orton informs me that
this specimen was originally part of a very much larger one
which was broken in getting it out of the shale. The largest
fragment thus obtained measured about 20 inches long and
8 to 10 inches wide. A photograph of it shows the surface
to be irregularly indented with several processes, the whole
presenting the general aspect of the smaller specimen taken
from it. It is clear then that the original plant must have
been one of rather large dimensions, on the scale of a tree,
and the general external characters of the specimens justify
the view that they represent the base of a stem or stipe at the
point whence the roots issue.

Internally the specimen is highly silicified throughout,
and shows no evidence whatever of concentric structure.
Externally there are limited areas covered with a friable,
carbonaceous film which, in places, attains a thickness of
about 1-5 mm., but for the most part it is very thin. It in
all probability represents the carbonised residue of the cortical
tissue, although microscopical examination fails to disclose
any definite structure. We can therefore only assume that it
represents cortex, a view, however, which finds its justification
in our general knowledge of the alterations in such structures
under similar conditions.

The first sections examined were received from Prof. Orton,
but they got badly broken in transit, in consequence of which,
and also for the purpose of ascertaining the relation of struc-




Penkallow.— Nematophyton Ortoni, n.sp. 43

ture to special locations, a new series of sections was prepared
at the Peter Redpath Museum. It was found upon examina-
tion that there were no material differences of structure
exhibited by the two sets, so that no special reference to
them is required. The structure was found to be most
beautifully preserved, and in this respect it is comparable
with the Gaspé specimens of N. Logani.

In transverse section the structure is seen to consist of
numerous round, thick-walled, and rather widely separated
cells of rather uniform size, the larger having a diameter of
about 67 u. Between these cells others are to be seen
running more or less transversely at various angles, and there-
fore interlacing with the first or longitudinal series. The
spaces between the cells are occupied by small crystals of
silica and a limited amount of carbonaceous matter, which
shows no disposition indicative of structure. So far very
searching examinations have failed to disclose anything of
the nature of smaller hyphae such as distinguish the structure
of N. Logani, N. crassum, and N. laxum, and it is impossible
to say if such were at any time present, though the presence
of carbonaceous matter among the siliceous crystals would
seem to suggest the possibility of hyphae, or at least of some
structure, having been present, since it has already been shown
in the case of N. Logani and N. crassum, that the carbona-
ceous matter of the original structure often becomes distributed
in such ways through the influence of crystallization .

There is no evidence whatever of radial spaces such as
were found in N. Logani. But there are rather numerous
isodiametric areas, about o-30 mm. broad, occupied entirely
(Fig. 3) by masses of very narrow and densely interlacing
hyphae, having a diameter of 4-8 u. In the sections so far
submitted to examination, the structure of these hyphae has,
in most cases, been destroyed by crystallization, and in the
few instances where the structure was intact it was not possible
to ascertain if they were septate, though the occurrence of

' M. Micr. Jul. X. 69, j0. Trans. R. Soc. Can. VIL iv. 23; Proc. U. S. Nat.
Mus. XVI 115.
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septa in the similar hyphae of V. Logani, as determined by
Mr. Barber?!, would seem to indicate the possibility of their
presence in this case. In no instance do these hyphae appear
to cling to the walls of the large tubes of the medulla as in
N. Storriei, but they fill isolated cavities which, for want of
a better term, I may designate as the medullary spots. These
spots exhibit the same general form and dimensions in all
planes of section, and on smoothly cut surfaces of the hand-
specimen they often appear as small cavities about 1:0 mm.
broad, frequently containing minute crystals. We thus have
evidence that these spots are not always occupied by small
hyphae, a fact which suggests either (1) that the spaces are
normal, and the hyphae intrusive growths, or (2) that the
small hyphae are normal, and in some cases have been
removed by decay or other causes. Which of these views
is correct our material does not permit me to say; but the
view advanced by Mr. Barber, and strengthened by our know-
ledge of similar openings in the various known species of
Nematophyton, that these spaces have some connexion with
the aeration of the plant? would seem to offer a reasonable
explanation of their occurrence. It may also be pointed out
that the most marked alterations of structure, through decay (?)
and crystallization, to be met with in the present species are
found in the hyphae of these areas. With respect to the
occurrence of these medullary spots, the present species ap-
proaches somewhat closely to N. crassum.

In longitudinal section it is wholly unnecessary to dis-
tinguish between the radial and tangential planes, since the
structure presents the same aspects in each case. The struc-
ture consists of broad, tubular cells running in a direction
generally parallel to the axis of growth, together with others
less numerous, but yet in large numbers, traversing the stem
in all directions, so that unlike the species hitherto described,
there is a want of definiteness in direction. Occasionally
these cells are exposed to a great length, but more commonly
the plane of section cuts them off at frequent intervals so

! Ann. Bot. VI. 333. * Ann. Bot, VI. 337.
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that only short fragments appear (Figs. 2 and 3). A marked
peculiarity of the cells in this plant is the frequency with
which local expansions of the lumen occur. These we can
only regard as representing the trumpet-hyphae and situations
of sieve-plates so common in the Laminarieae. Although in
the majority of cases no sieve-plate could be observed, in
a few instances the fact of such structures having been
present was quite obvious (Figs. 2 and 3). One of the
trumpet-hyphae is shown on a much larger scale in Fig. 5.
I have had no very good opportunity of instituting a com-
parison between these structures and the forms occurring in
the larger species of the Laminarieae. My chief comparison,
therefore, has been with the forms common to the North
Atlantic coast ; but through the kindness of Dr. W. G. Farlow,
it has been possible to take into consideration Macrocystis
pyriferal. Although differing in detail, the general character
of these structures in Nematophyton and Macrocystis is so
similar as to suggest the belief that our fossil is related to
those modern types of seaweeds of which Macrocystis is an
example. As in the transverse section, no small hyphae are
to be found between the large cells, but the latter are seen
to branch somewhat frequently and always, so far as de-
termined from the present material, in the immediate vicinity
of a medullary spot (Fig. 4).

From the details thus outlined it is clear that the plant is
an Alga, and of an alliance with the Laminarias. Having
regard to the general character of the stem-structure, it is
evident from our specimens that the cortical layer was rela-
tively thin, the medulla strongly predominating, and in these
respects the stem presents features which are well represented
by Laminaria digitata.

This species differs from all others so far known, in the
very loose character of the medulla, a feature which may be
characteristic of the species as a whole, but which may belong
more particularly to certain regions of the plant, and this

! In this connexion comparison may be made with the various forms of trumpet-
hyphae in Macrocystis, as figured by Prof. F. W. Oliver in Ann. of Bot. I. 95.
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view gains strength from the fact that our sections were
apparently taken from one of the hapteres near its junction
with the principal axis.

In his article on V. Storriei, Mr. Barber finds it difficult to
agree with my views respecting the organic connexion between
the large cells of the medulla and the small hyphae, basing
his objections upon examinations of V. Logani and N. Stor-
ries; but in view of the evidence at hand, it is impossible
for me to accept the modifications he suggests'. Evidently
when his article was written he had not seen my second
paper on Nematophyton?, in which five species are described.
In speaking of V. crassum 3, 1 then made use of the following
description :—

* The most significant fact so far observed, consists in the discovery
of a distinctly branching system, similar in its general character to that
of V. Logani, though differing from it in some important respects.
In one case I found a branch projecting from the side of a large cell,
with a diameter of 5-8 4 and a length to the point where cut off of about
35p. Two other branches near together were each 4-6 p; two more
were 2-3p and 4.6 ¢ ; another 6.9 p in diameter . . . It was therefore
clear that the larger cells of this plant branch into a secondary
plexus as in V. Logani, and as all of the instances in which the
branches were seen 1o emanate from the larger cells occurred in the
open tracts above described, it would appear that these latter serve
as the special regions in which branching is effected.’

We have here, then, the fact that in V. crassum the large
cells do branch into small filaments of the same general
diameter as the small hyphae of the spaces, and that such
branching takes place where these hyphae are most abundant.
If this be taken in connexion with Mr. Barber’s admission
that the branching is most frequent in the region of the
spaces, it will be seen that there are good grounds for
denying his contention with respect to V. Logani, N. crassum,
and N. laxum, while the presumption would be in favour of

! Ann. of Bot. VI, 335. ? Trans. R. Soc. Can. VIL iv. 19.
* L.c,p. 22.
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regarding similar structural conditions to exist in the other
species where the evidence is not so well defined. Never-
theless, it must be remembered that the genus Nematophyton,
as we now know it, is made up of several apparently distinct
species of whose entire structure we know but little: and it is
quite within the range of possibility—as is even now sug-
gested by the striking structural differences presented by
N. Ortoni—that when we are able to reconstruct the entire
organism in cach case, it may be found that more than one
genus is represented, or that some of those which now appear
distinct, may in reality be different parts of the same species.

Our present knowledge of the genus Nematoplyton shows
that it embraces what appear to be eight distinct species as
follows :—

1. N. Logani, Dn. Lower Erian of Gaspé ; Silurian (Upper
Ludlow) of England and Silurian (Cap -Bon Ami) of New
Brunswick. (Dawson.)

2. N. Hicksii (Eth.), Dn. Denbighshire grit (Silurian) of
Wales. (Hicks.)

3. N. crassum (Dn.), Penh. Middle Erian of Gaspé (Bell);
Hamilton Group (Middle Erian) of New York. (Clarke and
Prosser.)

4. N.laxum (Dn.), Penh. Lower Erian of Gaspé. (Bell)

5. N. tenue (Dn.), Penh. Lower Erian of Gaspé. (Bell.)

6. N. Storriei, Barb. Silurian (Wenlock Age) of Cardiff,
Wales. (Storrie.)

7. N. dechenianum, Solms-Laub. Upper Devonian of
Grifrath, Germany. (Solms-Lauback.)

8. N. Ortoni, n. sp. Upper Erian of Ohio. (Orton.)



48 Penkallow.—Nematophyton Orloni, n.sp.

 EXPLANATION OF FIGURES IN PLATE V.

Illustrating Prof. Penhallow’s paper on Nematophyton Ortoni, n. sp.
Description of Figures.

Fig. 1. Transverse section showing the general character of the structure. x45.

Fig. 2. Longitudinal section showing the general character of the medulla, with
trumpet-hyphae, and on the extreme left of the field a portion of a medullary spot.
X 45¢

Fig. 3. Longitudinal section showing the occasional exposure of the tubular
cells for a great length, trumpet-hyphae, and two medullary spots on the left.

X 45.

Fig. 4. Transverse section showing a cell of the medulla with, at the centre of
the figure, three branches. The darker area of the field on the upper side is the
side of a medullary spot. x170.

Fig. 5. Longitudinal section showing trumpet-hyphae at centre and left side,
with crystals of silica occupying the spaces between the large tubular cells. x170.
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The Fertilization of Batrachospermum'.
BY

BRADLEY MOORE DAVIS.

—_——

With Plates VI and VIL

———

URING the course of his studies at Harvard University,
the writer had the opportunity of examining some
very excellent material of what appeared to be a winter-form
of Batrachospermum moniliforme, Roth. As the conditions
were particularly favourable in this plant for the study of the
nuclei in the procarps and antherozoids before and after
fertilization, the writer began a series of observations upon the
subject. The results were so surprising that he supplemented
this study with the examination of two other species of the
same genus, B. coerulescens, Sirdt. and B. Boryanum, Sirdt.
Certain peculiar positions of the nuclei in the cells of the
procarps and antherozoids at the time of fertilization and after
the development of the cystocarp, led the author to think at
one time that perhaps the cystocarp developed apogamously.
These puzzling conditions were supplemented by the fact that
in a certain proportion of the preparations, cystocarps, in
various stages of development, were found which bore tricho-
gynes lacking the usual accompanying fused antherozoid. In
many cases it was not easy to believe that the antherozoid

! Contribution from the Cryptogamic Laboratory of Harvard University, No. 31,
prepared under the direction of Dr. W. G. Farlow.
[Annals of Botany, Vol. X. No. XXXVII. March, 1896.)
E
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had been torn off in the manipulation of the specimens. This
interesting question of possible apogamy led the writer
‘to try some experiments upon living plants that had best be
considered at the outset. A

In nature, the filaments of the Batracikospermum-plants,
being attached to stones and other objects usually in running
water, float out in the direction of the current and wave
slightly to and fro with the varying movements of the stream.
As the plants grow in tufts, the separate filaments necessarily
touch and scrape against one another when their positions
change in the flowing water: hence it seems quite possible that
the antherozoids of one plant or filament might readily be
brushed off upon the trichogynes of another as the branches
move from side to side. It is difficult to understand how the
antherozoids could be brought in such profusion and applied
to the trichogynes by swiftly-moving water, and the above
explanation of the process of fertilization appears very
plausible to the author.

To determine expenmentally whether contact of anthero-
zoids with trichogynes is absolutely necessary for the pro-
duction of fruit, it is necessary to grow plants under such
conditions that the possibility of fertilization either by direct
contact of the filaments or by currents of water is removed.
The normal conditions of environment, temperature, light, &c.,
must at the same time be strictly adhered to, in order that the
experiment may be conclusive. Batrachospermum Boryanum
is a strictly dioecious species; and one may frequently find
plants of B. coerulescens which bear very few or no anthero-
zoids: but this special form of B. moniliforme is monoecious.
It is an easy matter to select female plants of B. Boryanum
and B. ccerulescens, and to clear the stone upon which they
grow of all male plants. However, it is not easy to grow such
female plants isolated in aquaria, because it is so difficult to
imitate the normal surroundings of Batrackospermum-plants
as regards the temperature of the water, for they frequently
grow in ice-cold streams: the plants do not thrive when
removed from their running brooks: But the writer believes
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that he has satisfied the conditions (isolation of female plants
and normal environment) necessary to answer the problem
stated at the beginning of the paragraph, in the following
manner.

Some stones, upon which were female plants of B. Boryanum
and B. coerulescens, carefully freed from antheridial specimens,
were placed in large glass jars. The jars were fitted with
covers having a few holes punched in them, and were then
sunk in the brook in the same situations from which the
plants were collected. The conditions as regards light and
temperature of the water were therefore the same, for the
prepared plants and those growing wild around them. The
holes in the covers allowed a constant slow interchange of
water, but the swiftness of the current was greatly abated ; in
fact, the plants were growing in almost perfectly still water.
Of course the chances of antherozoids being brought to the
trichogynes by the currents of water were thus greatly
diminished. Jars containing plants of each of the three species
were placed in the stream in the middle of December, and
were taken out at different times and examined, the last
having been in the stream two and one-half months. The
experiments give very positive data. In the first place the
plants in the jars appeared perfectly healthy. Two to three
centimetres of new growth were added to each branch. The
habit was not materially different, except that in some cases
the new branches were not so stout as the old growth, the
tendency being to produce long thin structures rather than
short thick ones. The colour of the plants remained the
same, and the cells of the tissue did not differ in any marked
manner from those of plants under normal conditions.

An abundance of procarps were produced in the situations
peculiar to each species, and seemingly in the usual quantity.
Almost all the trichogynes of B. Boryanum and B. coerulescens
were free from antherozoids, and in each case there was no
indication of any tendency to produce fruit apogamously.
The trichogynes did not wither, but remained attached to the
procarps in the usual manner, so that as one examined

E2
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a branch one procarp followed another, each identical in
appearance with its neighbour. In the case of B. moniliforme,
the monoecious species, a very fair proportion of the tricho-
gynes were free from antherozoids, perhaps because the quiet
water in the jar prevented the filaments of the plants from
rubbing together. Those procarps whose trichogynes lacked
antherozoids never developed fruit, while neighbouring tricho-
gynes with antherozoids fastened to them were attached to
- cystocarps in various stages of development, some with ripe
spores. The evidence seemed almost conclusive that fusion
of an antherozoid with the trichogyne was absolutely necessary
for the production of fruit. As the reader proceeds, he will
understand why it is desirable to dwell upon this point, even
though it be what has always been considered a settled fact.
The tissues of Batrachospermum may be most readily
studied from crushed-out preparations, which are very easily
made because of the flexible character of the filaments and
the amount of mucilaginous matter in the frond. [t has been
the writer's experience that absolute alcohol is the most
satisfactory fixing agent, for it preserves the mucilage, which
is very helpful in the further manipulation of the material.
Chromic acid dissolves the mucilage. It is also possible that
chromic acid may weaken the attachment of the antherozoids
upon the trichogynes, and allow them to be more easily torn
off in manipulation; for it was in material fixed with this
reagent that the writer found many specimens of cystocarps
whose trichogynes were without these accompanying struc-
tures. Of the many stains tried, the haematoxylin formulae
gave the best results, and the most satisfactory of these were
Mayer’s haemalum and acid haemalum, the latter being the
more precise stain. Bohmer’s haematoxylin is also good.
There is little choice between the common fixing agents, and
absolute alcohol was employed for the reason before stated,
that material killed with this fluid was more easily crushed
out because of the mucilage contained in the frond. High
powers of the microscope were necessary throughout the
investigation, and the writer used the Zeiss 4 mm. apochro-
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matic objective with compensation ocular No. 12 (magnification
750 diameters) even in ordinary work, and relied upon a Leitz
Y's oil immersion lens for the more minute observations.

The paper is so divided that the accounts of the three
species contain but a bare statement of facts ; the consideration
of the bearing of the results upon the present accepted view of
the structure and fertilization of the procarp in the genus
being reserved for the concluding portion of the paper.

BATRACHOSPERMUM MONILIFORME, Rotk.

The plant which we have identified as a winter-form of
B. moniliforme, grew very abundantly in a quietly-flowing
mill-race, covering the stones and dead branches along the
sides and bottom of the stream with a thick growth an inch
or more in height. The plant matures in mid-winter, and is
then almost the sole living occupant of the stream. The
material from which the figures are drawn was gathered in
February, when the plant was at its best.

The trichogynes are club-shaped structures at the ends of
short branches, which extend usually about half the distance
from the central axis of the plant to the periphery. At the
outset it was immediately apparent that each trichogyne was
not merely a swollen prolongation of a cell, the carpo-
gonium !, which contained the nucleus. There was not only
a distinct nucleus in the carpogonium, but also an unmistak-
able nucleus in the trichogyne, staining with haematoxylin as
a dark blue body, quite homogeneous in structure. The

! It has been a serious question to the writer what nomenclature of the organs of
fructification in Batrackospermum he should adopt. The term carpogonium was
applied by Schmitz (Untersuchungen iiber die Befruchtung der Florideen) to
a particular cell because of its resemblance to the oogonium of certain Chloro-
phyceae, notably Coleockacte. The trichogyne was considered as an extension
of this cell specialized for the reception of the antherozoid. The writer’s observa-
tions have led him to a different view of the structure of the trichogyne, but to
avoid confusion he has used the term carpogonium in the strict sense suggested by
Schmitz, applying it to the particular cell that bears the trichogyne and gives
vise to the fertile filaments, the trichophore in the terminology of Bornet and
Thauret.
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prctoplasm directly around the nucleus usually stains light
blue, and the remaining cytoplasm is coloured more or less
deeply, depending upon certain structures which will be con-
sidered later. The cytoplasm in the carpogonium is often
very dense, and is apt to stain deeply, but the very darkly-
stained nucleus is usually prominent by virtue of its central
position.

The very earliest beginnings of trichogynes cannot be
readily distinguished from the tips of ordinary vegetative
branches; but a point is soon reached in their development
when the form clearly designates the character of the struc-
ture. The terminal cell of a branch begins to extend first as
a little process, which gradually swells and finally assumes the
size and shape of the adult trichogyne. The cell from which
the trichogyne springs is of course the carpogonium. It
contains a somewhat irregularly lobed chromatophore that
lies in the layer of protoplasm next the cell-wall. The
chromatophore fills up a large part of the cell, and is very apt
to be massed at the end from which the trichogyne arises.
When the young trichogyne begins to extend from the carpo-
gonium cell, some of the chromatophore of the latter is
apparently drawn up into it. At all events, one finds in the
basal portion of young trichogynes, and as a rule also of
mature individuals, an irregularly-shaped body that is clearly
an extension of the chromatophore of the carpogonium.
A glance at Fig. 2, a young trichogyne drawn from living
material, will make clearer what has just been described.
The shaded portion of the carpogonium (lettered ¢) is the
chromatophore, coloured a light green in this species, and all
the rest of the cell is quite hyaline but for a few granules
scattered here and there, and perhaps one or more vacuoles.
It will be seen that the chromatophore of the carpogonium
runs up into the trichogyne in the form of an irregular exten-
sion. The colour of this extension in the base of the
trichogyne is often identical with that of the portion in the
carpogonium, but in the upper part of the trichogyne the tint
is usually very much lighter. The shapes assumed are very
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various, and sometimes the body extends perhaps only a third
the length of the trichogyne, sometimes almost to the very
end. There are usually one or two rather prominent lobes.
Such is the appearance of this body in the young trichogyne,
and, the writer, in studying the development of the latter,
came to the conclusion that it was truly a portion of the
chromatophore of the carpogonium, and deserved to be
mentioned as a definite structure in the trichogyne. We have
said that the chromatophore in the trichogyne is very variable
in its shape, and also in its position, for it lies now at the base
of the trichogyne, again along the sides, and sometimes near
the top. The boundaries of the chromatophore, which are at
first distinct, become less definite as the trichogyne matures
and, the outlines grow more irregular. The colour also
changes. In the young trichogynes the tint is very similar to
the colour of the chromatophore in the carpogonium, that is,
a peculiar light green shade that sometimes has a bluish tinge
to it. With age the colour fades, and often changes to
a yellowish green tint. These outward changes in form and
colour are accompanied by modifications in the structure of
the protoplasmic body itself. The chromatophore is at first
perfectly homogeneous in structure, but with the fading of the
colour the body passes into a granular condition, consisting of
many small portions of different sizes, each having more or
less of the original green tint, and all imbedded in strands of
granular protoplasm. This change in structure is illustrated
in the upper portion of Fig. 2, where the chromatophore is
breaking up and becoming granular in texture. The process
above described may be one of degeneration, and the writer
has observed at different times very similar appearances in
the cells of other Algae. However, it is doubtful if the
structure ever entirely disappears from the trichogyne,
although it may become so faint as to be noticed only by
careful observations, with high powers of the microscope. It
is true in general that the remains of this body are distinctly
visible in most trichogynes, often with sufficient colour still
left in them to make the writer feel confident of their nature
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as chromatophore-derivatives. We shall have occasion to
speak of the future fate of this body after we have described
the process of fertilization.

We may now consider the structure and development of the
antherozoids. In this species they are formed in groups at
the ends of filaments towards the tips of the branches. Such
a group is shown in Fig. 3, and in this case consists of three
antherozoids, a, 4, and ¢, in different stages of development.
Perhaps the most interesting point in connexion with their
development is the fact that the young antherozoids have
a very distinctly outlined body in them that has the unmis-
takable colour of the chromatophore of vegetative cells. The
appearance of this body is shown in Fig. 3a. As the anthero-
zoid matures, a change takes place in its chromatophore
similar to that in the chromatophore of the trichogyne. The
colour fades, the homogeneous structure becomes granular, as
is indicated in Fig. 3§, and the chromatophore breaks up into
many smaller bodies, which finally become practically colour-
less, but nevertheless remain in the antherozoids as differen-
tiated masses of protoplasm giving the granulate structure
shown in Fig. 3¢. These bodies would be considered quite
colourless by any one who had not studied their development,
though they occasionally show traces of their original green
tint. Each antherozoid contains a nucleus that is commonly
situated in the layer of protoplasm that lies next the cell-wall
(see Fig. 4).

What, now, is the real nature of the trichogyne? It starts
as a process from the terminal cell of a branch, but at a very
young stage a distinct nucleus is plainly recognizable in the
developing structure. Thus in the young stage shown in
Fig. 1, a nucleus is present in the swollen extension of the
cell c. The extension develops into the trichogyne, the cell
below (c) becoming the carpogonium. The nucleus in the
trichogyne usually assumes a position near the middle portion
of the structure, lying however in the protoplasm close to the
cell-wall. But the position is not a fixed one ; sometimes the
nucleus is found to be at the top of the trichogyne, and some-



Davis.—The Fertilization of Batrackospermum. 57

times near the base. It seems to the writer that the trichogyne
must be considered as a true cell. There is a nucleus and
a body certainly derived from a chromatophore, and which
is probably functional, at least in the young trichogyne.
These are the two most important structures in the vegetative
cells of Batrackospermum, and having these, the only differences
between the trichogynes and the former are those of shape,
position, and mere arrangement and relative proportions of
the cell-contents. The last-mentioned difference would seem
to be the most important, for in the trichogyne the hyaline
cytoplasm is proportionally very large, while the chromato-
phore is represented in its lowest terms. The trichogyne is
united to the carpogonium by a wide strand of protoplasm,
but this is not a great distinction, for intercellular communi-
cation is characteristic of all the cells of the frond.

Bearing in mind the nuclear and cytological conditions
of the procarps, we are now ready to consider the phenomenon
of fertilization. The conditions are, a nucleus in the tricho-
gyne, a nucleus in the carpogonium, and the connexion of
the two cells by a broad strand of protoplasm. When the
antherozoid is applied against the trichogyne, the surfaces
of the two cell-walls flatten somewhat and finally become
completely united. The masses of protoplasm in the two
structures are still separated by a cell-wall of appreciable
thickness. The antherozoid then puts forth as a rule a very
evident, although small, papilla, that apparently absorbs the
cell-wall as it works its way down towards the protoplasm
of the trichogyne. Finally, cytoplasmic fusion of the two
cells is accomplished ; but the point of union is at first very
small, so small that it is impossible to determine exactly
when the act takes place. The point of fusion then gradually
broadens, until in some cases the opening becomes two-thirds
the width of the antherozoid: the process goes on rather
slowly, and, as will be shown later, the size of the opening
is very variable. These points are more readily determined
from fixed and stained specimens than from living material,
because of the hyaline character of the protoplasm of the
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latter. The antherozoids usually attach themselves near the
tip of the trichogyne, and commonly at the very end. There
seems to be no rule as regards the position of the nucleus
in the antherozoid at the time of fertilization. It very
frequently lies at the side farthest away from the point of
fusion, as in Figs. 6 and 4, or it may be found very near the
point of contact. The writer, after examining many specimens
in the condition shown in Figs. 6 and 7, has never seen any-
thing to indicate that the nucleus of the antherozoid or any
portion of it moves rapidly into the trichogyne. The position
of the nucleus of the trichogyne, as has been stated, is some-
what variable; that of the carpogonium usually lies near the
base of that structure, but sometimes occupies a position
above the middle portion. As it is not difficult to determine
these points in this species, the writer does not see how any
marked change in the nuclear conditions of the structures
could have escaped his examination. There do not seem
to be any violent changes in the position of the nuclei effected
by the act of fusion. Gradual changes will be spoken of
later. Frequently more than one antherozoid may be attached
to the trichogyne, but the evidence indicates that only one
fuses. The writer has examined this point with considerable
care,and has never seen more than one antherozoid of a group
in undoubted union with the protoplasm of the trichogyne.
It is very interesting to note the manner in which all the
antherozoids of a group around a trichogyne extend towards
that structure so that their shape is changed from a round
outline to an oval. They not only extend towards the tricho-
gyne, but sometimes towards each other.

We will now consider the manner in which the trichogyne
is separated from the carpogonium. The experiments tried
upon living plants, as well as the writer’s observations, seem
to prove that the trichogyne never becomes separated from
the carpogonium unless fertilized. The strand of protoplasm
connecting the two structures is originally rather wide (see
Fig. 6); and the first indication that the trichogyne is to
become cut off from the carpogonium is shown by the
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gradual narrowing of this strand. It is as if the masses of
protoplasm in the two structures were slowly contracting ;
and to judge from appearances this seems to be actually the
case. As the strand becomes thinner the space necessarily
left between it and the cell-wall at the base of the trichogyne
is filled up by a deposit of a substance exactly similar in
colour and density to the cell-wall itself. This deposit is
shown in Fig. 7, where the connecting strand is much thinner
than in Fig. 6. Finally the thin strand is drawn apart and
the ends of the two separated masses of protoplasm round
themselves off, one becoming the lower end of the separated
trichogyne, the other the upper end of the carpogonium.
A light streak that is frequently seen running through the
deposit between the carpogonium and trichogyne (see Fig. 8),
may indicate the presence of the cavity in which the connect-
ing strand originally lay. But this appearance is but
transitory ; and such a cavity, if it exists at all, is quickly
closed up, so that the whole intervening portion of the structure
between the protoplasm of the trichogyne and that of the
carpogonium consists of this substance exactly similar to the
cell-wall.

It will be seen that the deposit between the trichogyne and
carpogonium is not exactly of the nature of a plug placed into
an opening between the two, but it is an addition on the
inside to the thickness of the cell-wall which is deposited
as gradually as the separation of the protoplasm takes place,
and follows the latter process very closely. That the separa-
tion takes place gradually is shown by the great variety of
stages which one is able to find without difficulty. The
writer has endeavoured to watch the operation in living
material, and his attention has never been attracted to any
movement of the protoplasm either during the process of
fusion of the antherozoid or separation of the trichogyne from
the carpogonium.

Concemning the nature of the substance deposited between
the trichogyne and carpogonium, the writer can say but little.
It did not give a clear cellulose-test with iodine and sulphuric
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acid or with chlor-iodide of zinc ; but these reagents do not
give very satisfactory results with the walls of the vegetative
cells. However, the general resemblance in appearance and
behaviour towards certain stains has led the writer to conclude
that, if not cellulose, it is at least closely related to that
substance.

If it is cytoplasmic communication between the antherozoid
and trichogyne which causes the separation of the latter from
the carpogonium, it is interesting to note how large must be
the point of fusion. In some cases, as for instance the
example shown in Fig. 8, the points where the protoplasm
of the antherozoids were pressed against the protoplasm
of the trichogynes were so small that open communication
could not be seen. While the points of fusion in the great
majority of specimens were very much larger than in this
case, still they are often very small, much smaller than the
nuclei of the antherozoids. Fig. 9, which illustrates this
point, is also interesting, because it shows the peculiar
manner in which the antherozoids tend to lengthen in the
direction of the trichogynes. In Fig. 10 the nuclei of the
antherozoid and trichogyne both lie very close to the point
of fusion. The connecting strand of protoplasm between the
two structures was much smaller than the nuclei, and the
trichogyne was separated from the carpogonium. The example
is unusual, the only one observed, and the writer would not
like to attach any particular significance to the peculiar situa-
tions of the two nuclei.

We will now consider certain gradual changes which may
take place in the position of the nucleus of the antherozoid.
It is true that the nucleus of the antherozoid is often found
in or near the upper portion of the trichogyne, and such cases
are always those in which the fusion-strand is very broad.
Fig. 11 illustrates this point, the nucleus lying directly in the
opening between the antherozoid and trichogyne. In the
example shown in Fig. 12, the nucleus of the antherozoid
had passed into the upper portion of the trichogyne, and
there was a peculiar arrangement of the cytoplasm before
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and behind the nucleus which indicated that the position
of the cell-contents had been disturbed by the downward
movement. The attention of the reader is called to the fact
that the nuclei of the trichogynes in both cases occupy their
usual positions in the middle portion of those structures, and
that the two trichogynes are entirely separated from the
carpogonia. In the specimen illustrated by Fig. 11, the
fertile filaments had begun to develop, showing that the car-
pogonium had been fertilized.

There appears to be no tendency on the part of the nuclei
of the antherozoid and trichogyne to approach each other.
It would be very unsafe to conclude that the examples in
which they lay very close together had any great significance,
because the position of the nucleus of the trichogyne is so
very variable.

In the majority of cases it is quite evident that the nuclei
of the antherozoid and trichogyne remain entirely separate.
It is true that one sometimes finds specimens, as Fig. 17,
in which there is one large nucleus that might be considered
as a fusion-nucleus ; but there have been other structures in
such cells that have led the writer to believe that such was not
the case, and these will be described later.

The carpogonium, soon after its separation from the
trichogyne, generally gives rise to several branches of
three or four cells each, that grow downward and become
pressed against the cell below. A great many short
filaments arise from the cells of these primary branches,
and they in turn fork and finally terminate in the spores.
All the fertile filaments may be traced back to the
carpogonium, although they frequently appear to come
from the cell situated below that structure. It may be well
to emphasize the fact that after the trichogyne is separated
from the carpogonium, all communication between the two
structures is for ever ended. The communication is never
opened again, either by the absorption of the deposit between
the two cells or by outgrowths from the trichogyne. The
writer mentions this point to guard against any possible



62 Davis.—The Fertilization of Batrachospermum,

attempt to account for a transfer of the nucleus of the anthero-
zoid to the carpogonium by ooblastema-filaments put out from
the trichogyne.

It is characteristic of the trichogynes of Batrachospermum
that they remain a long time in good condition, only dis-
appearing with the gradual disruption and decay of the whole
cystocarp. But several changes often take place in the
character of the cell-contents. The nucleus usually increases
in size, and often a very interesting process of fragmentation
takes place. This latter phenomenon may occur in the
antherozoid, in the trichogyne, or in both structures at the
same time. It consists of a gradual breaking up of the nucleus
into two or more smaller masses, which still take the dark
blue stain with haematoxylin. Fig. 13 illustrates a simple
case of fragmentation in both antherozoid and trichogyne.
In Fig. 14, two large portions of the nucleus in the tricho-
gyne lie one at the base and the other near the middle of
that structure. The nucleus of the antherozoid is very
granular, and perhaps is about to split up into a great many
small fragments of the character shown in the antherozoid
of Fig. 15. Fig. 16 illustrates an interesting case in which
there were two well-defined nuclei in the antherozoid, and
the nucleus of the trichogyne lay at the top of that cell. The
phenomenon of fragmentation often gives rise to appearances
which might be incorrectly interpreted if one were not familiar
with the process. In Fig. 17 there is shown a large prominent
nucleus in the upper portion of the trichogyne that might
be considered as a fusion-nucleus ; but the protoplasm in the
central portion of the trichogyne was very dark, and gave
indications of organization, and the question might well be
asked whether it was not the remains of the nucleus of the
trichogyne. Again, the cell-contents of the antherozoid may
be almost hyaline but for a few scattered dark granules, and
there may be one large nucleus in the trichogyne; but it is
quite possible that fragments of a divided nucleus as small
as those shown in Fig. 15 might readily be quite lost when
scattered in the cytoplasm. If the nucleus of the antherozoid
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ever fuses with that of the trichogyne, indications of the process
ought to appear in the younger specimens, and it is very unsafe
to draw conclusions from old examples. The nuclei in these
structures often do not undergo any material change : Fig. 18
illustrates such a case, the example being part of a crushed-
out specimen of an adult cystocarp with fertile filaments and
ripe spores (lettered s). :

In living specimens of old trichogynes certain portions
of the cell-contents frequently appear to have a greenish
tinge ; and not only the trichogynes but also the antherozoids
contain these peculiarly coloured portions of the protoplasm.
The writer has observed some instances where the colour was
so distinctly green and the outline of the body so well defined,
that it seemed reasonable to suppose it to be really of the
nature of a chromatophore. One sometimes finds anthero-
zoids which have not fused with the trichogyne that are quite
green in colour. Fig. 5 shows the arrangement of this
chromatophore-like body in one case, but there is no
regularity in its form or position. The body takes a slightly
deeper stain with haematoxylin than the rest of the cytoplasm,
perhaps because of its granular character, and the outline is
sometimes well shown in preserved and stained specimens
(see Figs. 8, 9, 10, and 11). Remembering how long the
trichogynes and the antherozoids remain intact, it does not
seem unreasonable to suppose that the trace of colour may
be true chlorophyll with some functional value. From the
appearance of specimens which the writer has observed, it
seems to him that the colour deepens in tint after fertilization,
and that the chromatophores become larger.

The writer realizes that the process which he has called
fertilization lacks the characteristics of that phenomenon as
considered by biologists, in that there is no fusion of sexual
nuclei. Nevertheless, it is the act of cytoplasmic fusion with
the antherozoid that gives the stimulus necessary for the
development of the cystocarp and as such the term is perhaps
not misapplied.
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BATRACHOSPERMUM COERULESCENS, Sird?.

This plant, which agrees more closely with B. coerulescens,
as Sirodot ! has described it, than with any other species, was
found in its best condition in the late fall, but it grows all
through the winter and spring. The types of trichogyne and
cystocarp are of such an opposite character from B. monils-
Jorme that a careful comparison of the two species as regards
the process of fertilization is very desirable.

We shall take up the subject in much the same order as in
B. moniliforme, so that the comparison may be easily followed.

The procarpic branch is very short, lying near the axis of
the main branches, and bears a very narrow long trichogyne
that arises from the terminal cell (the carpogonium). There
are curious short filaments attached to the cells of the
procarpic branch below the carpogonium, but they are of
no great significance.

The mature trichogyne contains a well-defined nucleus, as
does also the carpogonium, but the most interesting feature
about the contents of the trichogyne is the particularly
prominent chromatophore-derivative. In very young tricho-
gynes, when the process from the carpogonium is quite small
(see Fig. 19), a homogeneous body of irregular outline may
be clearly seen closely pressed against the cell-wall and
extending usually to the very top of the cell. Its colour
is distinctly green, and its outline may be followed without
difficulty, as it runs into the carpogonium and there becomes
the chromatophore of that structure. As the process, which
represents the early stage of a trichogyne, gradually lengthens
and swells into the shape more nearly like the mature
structure, the chromatophore, which lay at first closely pressed
against the cell-wall, is commonly left behind in the lower
portion of the structure (see Fig. 20). The shape finally
assumed by the chromatophore-derivative is very variable,
and frequently lobes of the structure become detached (Figs.

! Sirodot, Les Batrachospermes, Paris, 1884.
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20 and 21). Eventually the chromatophore of the trichogyne
becomes separated from that of the carpogonium, as in
Fig. 21, an example of a mature trichogyne in which this
body is particularly well developed. As the trichogyne
grows old, the colour of the chromatophore gradually changes
from the peculiar somewhat bluish-green tint to a’green with
a trace of yellow in it, becoming at the same time somewhat
fainter in colour. With the change in tint comes the same
difference in the character of the protoplasm which we have
considered in the case of B. moniliforme, namely, a change
from a homogeneous appearance to a granular structure with
a less definite outline.

The writer found several instances of an abnormal develop-
ment of the trichogyne that are worth noticing. The terminal
cell of a procarpic branch had given rise to a process, but the
latter, instead of developing directly into the trichogyne, had
grown out and divided into two cells, thus continuing the
growth of the branch (see Fig. 22). This exhibition of vege-
tative character in the young trichogyne is exceptional and
interesting, but quite in keeping with its structure as a nucle-
ated cell.

The phenomenon of fertilization may be studied very
advantageously here, because the antherozoid sends out
a very distinct process. After the act of protoplasmic fusion,
the long delicate strand of cytoplasm between the trichogyne
and carpogonium (see Fig. 23) becomes thinner, and finally
breaks. The separated ends contract, but do not round
themselves off quickly. Little extensions from the upper
portion of the carpogonium and lower portion of the tricho-
gyne are frequently found when these structures must have
been long separated from each other. Between the separated
portions of protoplasm is deposited a substance apparently of
the same nature as the cell-wall. The nuclei of this species
are very small, but they stain very deeply indeed. That
of the trichogyne usually lies near the middle portion of the
cell, but occasionally at the tip (see Fig. 25). The nucleus
of the antherozoid is very irregular in its situation, and

F
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frequently occupies a position farthest away from the point
of fusion (see Figs. 24, 25, and 28). It will be noticed from
the figures that the point of fusion is at first very small, and
it sometimes remains so for a long time, although as a rule it
gradually widens. However, the process of widening takes
place particularly slowly in this species, and the tendency
on the part of the nucleus of the antherozoid to pass into
the trichogyne is much less noticeable than in B. moniliforme.
In fact, cases in which the nucleus of the antherozoid had left
that organ, as in Fig. 26, were rather infrequent. We must
make special mention of one very interesting specimen
(Fig. 27). Here there was no nucleus in the trichogyne
proper ; but just inside the antherozoid, near the point where
the two structures were united, was one nucleus, and a second
lay in the antherozoid at the side farthest away from the
point of fusion. Apparently the nucleus of the trichogyne
originally lay near the tip of that structure, as in Fig. 25, and
when fusion took place the movement of the cytoplasm was
into the antherozoid, and the surge carried the nucleus of the
trichogyne with it. Certain appearances of the protoplasm
around the nucleus of the trichogyne tended to support this
explanation.

Although more than one antherozoid may be frequently found
clinging to the trichogyne, as in Fig. 28, only one ever fuses,
and this plant was particularly favourable for the study of this
point. Specimens were occasionally observed in which anthero-
zoids were attached to the base of the trichogyne (Fig. 29),
but there never appeared to be protoplasmic fusion under such
conditions. .

The interesting phenomenon of nuclear fragmentation is
very characteristic of this species. The process does not,
as a rule, begin until the trichogyne is cut off from the
carpogonium as an independent cell. However, in the
example shown in Fig. 23, a specimen in which the tricho-
gyne was still united to the carpogonium, the nucleus of the
trichogyne was very large and irregularly elliptical in its out-
line, as though it were about to divide. Two fragments of the
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nucleus of the trichogyne are shown near together in Fig. 28,
while a similar condition in the antherozoid is indicated in
Fig. 30; and in the specimen from which Fig. 31 was drawn,
fragmentation had taken place in both structures at the same
time. The nuclear fragments may finally be quite widely
scattered in the cytoplasm (Fig. 29 and 32, #), and the process
of division is sometimes carried on until several derivatives of
the primary nucleus exist in the cell.

The essentials of the structure and development of the
cystocarp are precisely the same as in B. moniliforme, although
there are minor differences in the length and arrangement of
the fertile filaments. The appearance of a crushed-out de-
veloping cystocarp is shown in Fig. 32, where # = trichogyne,
¢ = carpogonium, and s = sterile filaments from the cell below
the carpogonium.

Batrachospermum coerulescens therefore agrees with B. mo-
niliforme in all the important characteristics of the phenomenon
of fertilization. Certain structures of the trichogyne and
antherozoids are illustrated much better, as for example the
presence of the chromatophore-derivative in the trichogyne
before and after the fertilization of the carpogonium; in fact,
it was here that the attention of the writer was first called to
this curious cytological condition.

BATRACHOSPERMUM BORYANUM, Sirdt.

The trichogyne of B. Boryanum is very variable in size
and shape, ranging from an almost globular structure to
a lengthened form in which the end is sometimes very much
prolonged. The general type of procarp is, however, some-
what similar to B. moniliforme. The cells are smaller than
in the two species previously described, and consequently it
is a less satisfactory form to study; but the writer made as
careful an examination of the cytological conditions here
as in the other species.

There is a nucleus in the trichogyne as well as in the
carpogonium ; and in the former there is also a more or

F2
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less clearly differentiated portion of the protoplasm, having
a greenish tint : in young specimens this body may be readily
traced back into the carpogonium, where it joins the chroma-
tophore of that structure. The antherozoids of this plant are
unusually large, and are somewhat peculiar in that the pro-
toplasm is frequently entirely confined to a rather thin
layer next the cell-wall, the central portion being occupied
by a large cavity or vacuole. Half-developed antherozoids
contain a very distinct chromatophore. The colour and
structure of this body gradually change as the antherozoid
matures, in a manner precisely similar to the antherozoids of
B. wmoniliforme ; i.e. the green tint becomes fainter and the
structure granular and less definite in outline.

The separation of the contents of the trichogyne from the
carpogonium takes place in exactly the same manner as in
the two other plants. The area of the point of fusion between
the antherozoid and trichogyne may be very small to accom-
plish the fertilization of the carpogonium (see Figs. 35, 36,
and 37). The position of the nucleus in the trichogyne is
apparently not materially affected by the process of fusion.
The nucleus of the antherozoid is very irregular in its
situation, and one finds many instances where its position is
remote from the point of fusion, as in Fig. 33; but it is often
very near this point (Fig. 34). The nucleus of the antherozoid
frequently passes into the trichogyne, but no indications were
observed that it ever moved far down into that structure.
Fig. 33 shows a particularly interesting case in which, if one
may judge by the position of the granular protoplasm in the
upper portion of the trichogyne, the movement of the cyto-
plasm was into the antherozoid rather than from it. Fig. 35
illustrates a type of trichogyne with a prolonged upper portion
in which the nucleus was situated : but one also finds examples
in which the nucleus lies below the middle portion of the cell.

Nuclear fragmentation takes place in the cells of the
antherozoid and trichogyne as these structures grow old.
Some of the figures illustrate this phenomenon: thus Figs.
35 and 36 show fragmentation in the antherozoid, and
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Fig. 37 is an example in which it has begun in both structures.
In the specimen shown in Fig. 38 there was no prominent
nucleus in the fused antherozoid, whilst there were two well-
marked nuclei in the lower portion of the trichogyne; but
the presence of a number of darkly staining bodies in the
antherozoid suggests the possibility of extensive division of
its nucleus, while the basal position of the two nuclei in the
trichogyne seems to be good evidence that they were once
portions of the same structure. In this species also the old
trichogynes and antherozoids attached to developing cystocarps
frequently contained differentiated portions of the protoplasm
that had a faint but definite greenish colour. The writer is
compelled to consider them, at least morphologically, as true.
chromatophores, for they appear to be the remains of the
chromatophores contained in the young trichogynes and
antherozoids.

SUMMARY AND CONCLUSIONS.

The writer has reserved this portion of the paper for
a consideration of the bearing of the observation just de-
scribed upon the accepted idea of the structure of the
procarps and of the process of fertilization in the genus.
The problems involved in a satisfactory explanation of the
process of fertilization are of great interest but very puzzling :
we cannot, indeed, expect a solution of the questions until
many more species have been studied in this genus and
related forms. The number of species that the writer has
examined is of course small, and they all come from the same
locality. However, there is this to be said to their advantage,
that each species represents a different sub-division of the
genus as it has been considered by Sirodot. The sub-
division Moniliformes is represented by B. moniliforme, that
of the Helminthoides by B. Boryanum, and the Verts by
B. coerulescens. The two extremes of the genus are thus
represented : for B. moniliforme and B. coerulescens are types
in which the procarps present the greatest differences in the
size and form of the cells.
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The following résumé of the principal points of the paper
had best precede the consideration of the literature, when each
topic may be discussed in turn.

1. The trichogyne is a cell, possessing a well-defined nucleus,
and when young, a body that must be considered, at least
morphologically, as a chromatophore. The chromatophore
becomes less clear in outline and fainter in colour as the
trichogyne develops, but traces of it may usually be found
in the mature structure.

I1. The carpogonium is the cell situated directly below the
trichogyne and connected with it by a strand of protoplasm.
It contains a centrally-placed nucleus.

III. The antherozoids in an early stage of their development
contain a body certainly derived from the chromatophore of
the vegetative cells, and having a distinct green colour. As
an antherozoid matures, this chromatophore-derivative changes
greatly in appearance, its structure becoming granular and the
colour fading until the antherozoid is practically colourless.
The nucleus is usually situated in the layer of protoplasm
near the cell-wall, the central portion as a rule containing
a large vacuole.

IV. The fertilization of the procarp is accomplished when
the trichogyne becomes separated from the carpogonium.
The process of separation consists of a gradual drawing apart
of the cell-contents of the two structures until the connecting-
strand becomes so thin that it breaks. The cavity left by
the separation of the two masses of protoplasm is filled in by
a deposit of a substance similar in character to the cell-wall.
The exciting cause of the process of fertilization is the
cytoplasmic fusion of one antherozoid with the contents of
the trichogyne. The evidence to support this statement is
of two kinds. First, as shown by isolation-experiments on
living plants, the fusion of an antherozoid is necessary for the
further development of the carpogonium. Second, it appears
that the process of separation may take place when the point
of union between antherozoid and trichogyne is very small,
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and that the nucleus of the antherozoid need not even enter
the trichogyne to accomplish this act of fertilization.

V. The nucleus of the antherozoid has no fixed position in
that structure at the time of fertilization, and frequently is
situated at the side farthest removed from the point of fusion.
The nucleus may never leave the antherozoid, but if the
opening is large it may pass down into the upper portion of
the trichogyne. Although it frequently enters the trichogyne,
there is no particular tendency on its part to move down that
structure, and the position of the cell-contents of the latter
does not appear to be materially affected by its entrance.

V1. A4 process of fragmentation of the nuclei of both
antherozoid and trichogyne is very apt to begin soon after
the fertilization of the carpogonium.

VII. T/e cystocarp consists of many fertile filaments, all of
which may be traced back to the carpogonium. When the
communication between the trichogyne and carpogonium is
severed, all protoplasmic union is for ever ended between the
two structures.

VIIL. In the old trichogynes and antherosgoids one may find
differentiated portions of the protoplasm having a faint green
tint. These are probably the remains of the chromatophore-
derivatives of the young antherozoids and trichogynes. Having
a green colour, it is possible that they are functional, and that
the long life of the trichogynes may be attributed to their
presence.

The idea of the trichogyne of Batrachospermum being
a distinct cell with its own nucleus and also a chromatophore-
derivative is quite new. From the study of certain other
genera of Florideae, the writers upon the subject, Bornet and
Thuret?, Janczewski? and Schmitz3 have considered the

! Bornet et Thuret, Recherches sur la Fécondation des Floridées. Ann. d. Sci.
Nat., Bot., 5° série, t. vii, 1867.

2 Janczewski, Notes sur le Développement du Cystocarpe dans les Floridées.
M¢ém. d. la Soc. Nat. d. Sci. Natur. d. Chérbourg, t. xx, 1877.

3 Schmitz, Untersuchungen iiber die Befruchtung der Florideen, Sitzgb. d. k.
Akad. d. Wiss. z. Berlin, 1883.
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trichogyne to be always a prolongation of a female cell,
specialized to receive the antherozoid. This conception is
well illustrated in the case of Nemalion, for there the tricho-
gyne is a mere extension of the cytoplasm from the carpo-
gonium, and of course has no independence of character as
a cell. The female nucleus is supposed by all these writers
to lie in the swollen portion of the cell below the trichogyne,
which is now pretty generally spoken of as the carpogonium.
The general tendency of thought is then to consider the
carpogonium as homologous with the oogonium of certain
chlorophyllaceous Algae, and the resemblance between the
typical carpogonium with its trichogyne and the peculiar
oogonium of members of the Coleochaetaceae has often been
noticed. However well such a conception may apply in
many genera of the Florideae, the writer does not think
that Batrachospermum can be considered in such a light. Its
trichogyne, with a nucleus and a body morphologically
a chromatophore, is not a mere prolongation of a cell.

It may be mentioned that Schmitz! states, with an
accompanying figure of B. moniliforme, that he has observed
fragments of a substance, staining as chromatin reacts, in the
trichogyne after it has been cut off from the carpogonium.
He regarded these nuclear fragments as being evidence of
a reduction-process, whereby some of the chromatin of the
female cell is discarded. It is of interest to confirm his
observations upon Batrackospermum, although the writer
cannot put the same interpretation upon the facts; for the
nuclear fragments are probably derived from the nucleus
of the trichogyne.

The writer, while using the term fertilization throughout
this paper, has realized that the process which he has described
would not be called a sexual process by most biologists.
From the observations here recorded it does not appear that
the nucleus of the antherozoid, or any portion of it, ever
reaches the carpogonium. Even when the nucleus left the

! Schmitz, L. ¢, p. 13.
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antherozoid, nothing more remarkable ever happened than
its passage into the upper portion of the trichogyne. The
cytoplasmic fusion of an antherozoid with the trichogyne
cannot be considered as a sexual process in the usually
accepted meaning of the expression, for the essential charac-
teristic of the process is considered to be the intimate union
of the substances of sexual nuclei. However, the isolation-
experiments and all observations seem to prove that the
union of an antherozoid with the trichogyne is necessary
for all farther development of the procarp, and also that it
is cytoplasmic fusion between the two which is the exciting
cause of the separation of the trichogyne from the carpo-
gonium. It is hard to suggest what other term than
fertilization can be used to describe this act, because all
the subsequent changes are apparently the direct sequence
of the influence of an antherozoid upon the trichogyne.

What then can be the meaning of these curious conditions ?
There seem to the writer only two possibilities open :—
(1) Perhaps the conditions of sexual reproduction among
the lower plants are such that the fusion of the nuclei of
the two sexual cells is not absolutely necessary: possibly
a stimulus of some sort, the result of cytoplasmic fusion, is
all that is required. Such a stimulus could readily be con-
ducted from one cell to the other by the wide strand
of protoplasm between the trichogyne and carpogonium.
(2) The second possibility is that the present condition is
a much modified form of what was once a true sexual process,
the plant having lost the most important feature of the
process (the union of sexual nuclei), but the stimulus of
cytoplasmic fusion being still required: that is, the plant
is tending towards a condition of apogamy. The present
trichogyne may then be a modification of some ancestral
type of structure when the procarp resembled that of Nemalion
at the present time.

As we know very little about the fate of nuclei in the
sexual cells of the lower Cryptogams during the process of
fertilization, it is quite impossible to draw any analogies.
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From the present trend of theories of heredity one would
suppose the first suggested possibility very improbable. But
the second condition would be also very remarkable indeed.
It will perhaps be safest to defer judgement until we have
more detailed information about the process of fertilization in
allied forms of the Florideac and other Algae.

UNIVERSITY OF CHICAGO,
October 1, 1895.

EXPLANATION OF FIGURES IN PLATES
VI AND VIL

Illustrating Mr. Davis’ paper on Batrachospermum.
All figures sketched with the Camera lucida.

PLATE VL
Batrachospermum moniliforme, Roth.

Figs. 6-18. Drawn from specimens fixed in absolute alcohol and stained with
Mayer's acid haemalum, glycerine preparations. x 2400.

Fig. 1. Procarpic branch with very young trichogyne developing from carpo-
gonium-cell (¢), stained with Mayer's acid haemalum. x 3400,

Fig. 3. A trichogyne drawn from life, showing distribution of chromatophore-
derivative. x 1600.

Fig. 3. A group of antherozoids (lettered a, &, and ¢) in different stages of
development, illustrating the gradual change that takes place in the chromatophore
as the structure matures. Drawn from life. x 2400.

Fig. 4. A group of developing antherozoids, stained with Mayer's acid haema-
lum. x1600.

Fig. 5. Anold trichogyne, showing the chromatophore-derivative as it appears in
this structure and in the two antherozoids at the right and left. x 2400.

Fig. 6. Trichogyne united to carpogonium ; nucleus of antherozoid at further
side of that structure.

Fig. 7. Antherozoid at the left fused with the trichogyne; that at right merely
applied against the cell-wall; cell-contents of trichogyne about to separate from

the carpogonium.
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Fig. 8, Illust:ates an instance where the point of fusion is very small.

Fig. 9. Fertile filaments beginning to develop from the carpogonium.

Fig. 10. Shows peculiar and very exceptional position of the nuclei of the
trichogyne and antherozoid.

Fig. 11. Nucleus of antherozoid near point of fusion.

Fig. 132. Nucleus of antherozoid having passed into the upper portion of the
trichogyne.

Fig. 13. Illustrates fragmentation of nucleus in trichogyne and antherozoid.

Fig. 14. Nucleus of antherozoid breaking up into many small fragments.

Fig. 15. Nucleus of antherozoid in many small fragments, probably derived
from such a condition as that shown in Fig. 14.

Fig. 16. Two nuclei in fused antherozoid.

Fig. 17. Shows manner in which fertile filaments grow downward from the
carpogonium (¢) ; prominent nucleus from antherozoid in upper portion of the
trichogyne.

Fig. 18. Portion of a mature cystocarp showing trichogyne (#) and antherozoid ;
each containing its original nucleus ; s, developed spores.

Batrachospermum coerulescens, Sirdt.
Figs. 19-23 drawn from living specimens.

Fig. 19. Carpogonium with very young stage of trichogyne ; illustrates distribu-
tion of chromatophore in that structure. * x 2400.
Fig. 20. Half-developed trichogyne with chromatophore extending from the

carpogonium. X 1600.

PLATE VII

Figs. 23-32 drawn from glycerine preparations of specimens fixed with absolute
alcohol and stained with Mayer’s acid haemalum, magnification 1600 diameters.

Fig. 21. Mature trichogyne with chromatophore-derivative. x1100.

Fig. 33. A peculiar instance where the trichogyne-cell has continued to grow
forward and has divided into two cells.  x 1600.

Fig. 23. Trichogyne still connected with carpogonium.

Fig. 24. Nucleus of antherozoid lies in a position farthest removed from point
of fusion.

Fig. 35. Nucleus of trichogyne lying very near the top of that structure.

Fig. 36. Nucleus of antherozoid having passed into the trichogyne.

Fig. 27. Nucleus of trichogyne having passed into the antherozoid, probably
derived from a condition of affairs such as is shown in Fig. 235.

Fig. 28. Illustrates fragmentation of nucleus of the trichogyne.

Fig. 29. A condition similar to Fig. 28, except that the nuclear fragments
in the trichogyne are widely separated ; antherozoid near base of trichogyne.

Fig. 30. Shows fragmentation of nucleus of the antherozoid.

Fig. 31. Fragmentation in both trichogyne and antherozoid.

Fig. 32. A half-developed cystocarp; ¢, trichogyne with nuclear fragments;
¢, carpogonium ; s, short sterile branches.
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Batrachospermum Boryanum, Sirdt.

All figures drawn from specimens fixed in absolute alcohol, glycerine preparations,
and stained with Mayer’s acid haemalum ; x 2400 diameters.

Fig. 33. A very short type of trichogyne, apparently the surge of the protoplasm
during the process of fusion was into the antherozoid.

Fig. 34. Nucleus of antherozoid near the point of fusion.

Fig. 35. An elongated type of trichogyne with nucleus near the tip ; illustrating
fragmentation of nucleus of the antherozoid.

Fig. 36. Fragmentation of nucleus of the antherozoid.

Fig. 37. Nuclear fragmentation in both antherozoid and trichogyne.

Fig. 38. Two large fragments of nuclei at the base of the trichogyne; nucleus
of antherozoid probably very much divided and scattered in the cytoplasm.
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Contributions towards a Knowledge of the
Anatomy of the genus Selaginella, Spr.

BY

R. J. HARVEY GIBSON, M.A, F.L.S.
Professor of Botany in Unisversity College, Liverpool.

——

With Plate VIIL

——

PART II. THE LIGULE.

HE present paper is the third of a series! in which

I desire to record observations on the minute anatomy

of the genus Selaginella, and deals more especially with the
structure and development of the ligule.

Accounts of the structure and development of the ligule in
Selagineclla are few and far between. Russow 2, in discussing
the structure of the leaf in this genus, refers to the ligule
merely as a means of distinguishing one leaf-face from the
other,—that next the stem being ‘ligular,’ that away from the
stem ‘aligular.’

Treub 3 says: ¢ Je n'ai pas étudié en detail la formation de
la ligule, and both Dangeard* and Erikson® ignore its

! Annals of Botany, Vol. vii. No. xxvii, 1893, and Vol. viii. No. xxx, 1894.

? Vergleichende Untersuchungen tiber Leitbiindel-Kryptogamen. Mém. I'Acad.
Imper. St. Pétersb. xix. 1872.

* Les organes de la végétation du Selaginella Martensss, Spr. Leide, 1877.

¢ Essai sur 'anatomie des Cryptogames vasculaires. Le Botaniste, Vol. i, 1889.

¢ Bidrag till Kinnedomen om Lycopodinebladens Anatomi. Arbet. fran Lunds
Bot. Instit., 1892.

[Annals of Botany, Vol. X. No. XXXVIL March, 1896.]
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existence altogether. Hofmeister! gives by far the fullest
account of the development of the ligule. His observations
were made chiefly on S. denticulata, Spr.,and S. Galeottei, Spr.
He describes it as arising from a double row of cells at the
base of the young leaf, just in the angle between the leaf and
the stem. These cells remain larger than the neighbouring
cells, and have their free walls curved outwards. By alternate
oblique segmentation of the cell lying further from the stem,
there comes to be formed a ridge of cells with an apical meris-
matic region lying at right angles to the long axis of the leaf
and close to its base. Longitudinal and transverse divisions
follow, so that the body of the ligule becomes several layers
thick. Terminally the ligule is only one layer of cells in
thickness, and is fringed with unicellular papillae. The cells
by which the ligule is sunk in and attached to the leaf-base
remain always as two parallel rows. Hofmeister describes
the cells of the ligule as containing a granular colourless
slime, and as being destitute of chlorophyll. He also draws
attention to the very transitory vitality of the ligule, and to
the fact that the development of the ligule is concluded long
before that of the leaf to which it belongs. These two
observations seem to be of great importance as bearing on
the probable homologies and functions of the ligule: to this,
however, I shall refer later on.

Pfeffer3, in tracing the development of the embryo in
S. Martensii, makes a brief reference to the mode of origin
of the ligule. He describes it as arising from a single row of
four to six cells, not from a double layer, as described by
Hofmeister ; but his account of the further development agrees
substantially with that of Hofmeister.

McNab 2 draws attention to the expansion of the leaf-trace
bundle beneath the base of the ligule, and suggests that the
ligule is an organ of absorption.

! Vergleichende Untersuchungen der Entwicklung hoherer Kryptogamen. Leipzig,
1851,

85 Die Entwicklung des Keimes der Gattung Selaginella. Hanstein’s Bot.

Abhandl. 1871.
* The Stomata and Ligules of Se/aginella. Brit. Assoc. Rep. 1887.
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Farmer! contrasts Selaginella with Isoetes in regard to the
structure and development of the ligule, and points out that
in the former the ligule is multicellular in origin, whilst in the
latter it is unicellular. He further remarks that ‘ the mature
structure of the ligule is not nearly so complete as in Zsoetes,
especially as regards its insertion.” My observations on the
ligule of Selaginella scarcely bear out this view. The ligule,
Farmer states, is developed much later in Selaginella than
in Zsoetes.

Bower? gives no description of the development of the
ligule, but in his figures illustrating the development of the
sporangium he gives certain data worthy of comment: his
Fig. 79 (PL. 47) shows a primary stage in the development of
the ligule of S. Martensii, where two shaded cells (in longi-
tudinal section) indicate its point of origin, whilst Figs. 84, 85,
86, 87, and 89 illustrate stages in the development of the
ligule of S. spinosa, to which I shall have occasion to refer
later. Professor Bower has been so kind as to place his pre-
parations at my disposal for comparison with my own, and
I may say that they fully bear out his figures.

Campbell 3, in his recent work on Mosses and Ferns, gives
a brief reference to the ligule in S. Kraussiana, and speaks of
it as ‘much constricted at the point where it joins the leaf.’
His figure (Fig. 261), moreover, shows the sheathing-cells of
the glossopodium not continuous with the epidermal-cells,
but quite outside them. :

It will be seen from this short summary that our know-
ledge of the variations in the adult form of the ligule and its
comparative development in different species is, to say the
least, meagre ; whilst we have conflicting accounts of its mode
of development in the works of Pfeffer and of Hofmeister,
the former describing it as arising from one row of cells in
S. Martensii [ wie bei diesen ensteht am Grunde der Innen-
seite der Kotyledonen eine Ligula, an deren Bildung ich immer

' On Jsoetes lacustris, L. Annals of Botany, Vol. v, 18go.

* Studies on the Morphology of spore-producing Members. Phil. Trans. 1894.
* The Structure and Development of Mosses and Ferns. Macmillan & Co. 1895.
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nur eine einfache . . . . Reihe von vier bis sechs Zellen Theil
nehmen sah ], whilst the latter believes it to arise in S. denti-
culata and S. Galeottei from two rows of cells. It may be
noticed at this point that Bower’s figures for S. Martensii
show two rows of cells in longitudinal section, not one as
described and figured by Pfeffer.

In the present paper I have endeavoured (a) to give a general
and comparative account of the form and adult structure of the
ligule, employing for that purpose alcohclic material of over
fifty species, (&) to describe the chief stages in the development
of the ligule in a few selected types, and (c) to hazard such
suggestions as to the homologies and functions of the ligule in
the genus as seem to me to be borne out by the data I have
endeavoured to collect.

A. ADULT STRUCTURE OF THE LIGULE.

The ligule, in the majority of the species which I have
examined, arises just at the junction of the stem and leaf-
base, but distinctly from the leaf. In forms like S. oregana
(Fig. 19), S. rupestris?, &c., however, the ligule is seated in
a deep pit in the leaf-base, and with a well-marked swollen
region intervening between it and the stem, so as to suggest
in some measure the foveola and ligule of /soetes, and the very
deep-seated ‘ ligules’ of allied fossil forms.

Generally speaking, the ligule varies in outline from a short,
somewhat rectangular plate, whose free distal margin may be
more or less fringed with unicellular papillae, as in S. Donglasit,
S. stenophylla, S. suberosa, S. molliceps, S. cuspidata, &c. ; or
simply crenate, as in S. erythropus (Fig. 16), S. serpens, S. invol-
vens, &c.; to a distinct fan-shaped body, also with crenate,
lobed, or papillate margin, as in S. grandis (Fig. 14), S. kaema-
todes, S. caulescens, S. Karsteniana, S. viticulosa, S. plumosa,
&c. In S. Martensii (Fig. 13), perhaps the most perfect fan-
shape is attained, the free distal margin being curved and
about twice the breadth of the ligular base. Considerable

! In the naming of the species I have, as in previous papers, followed Baker'’s
Fern Allies.
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variation occurs in the precise form of the ligule, even in
the same plant; but, on the whole, within certain limits, the
outline is maintained fairly constantly for the species. In
S. Vogelii (Fig. 15), S. Griffithii, S. uncinata, &c., the ligule is
tongue-like and slightly crenate, without papillae.

The ligule is sunk in the tissue of the leaf-base by a more
or less massive glossopodium, bearing an intimate relation to
the cells of the leaf-base. In S. kaematodes, for example,
the glossopodium is scarcely at all sunk, whilst in S. kelvetica
(Fig. 17), S. laevigata, var. Lyallii (Fig. 21), and others, the
ligule has a deep and well-marked glossopodium fitting into
a distinct cup in the leaf-base. In all the species which I have
examined, the glossopodium is enclosed by a distinct sheath
of cells which are obviously continuous with the epidermal
cells—on the one side, of the leaf, on the other, of the stem—
and which are either cubical or elongated in the plane of the
long axis of the leaf. These cells, when the ligule reaches
a certain age, become strongly cuticularized and thick-walled.
The base of the ligule itself, or glossopodium, is composed of
specially large and clearly-marked cells with little contents.
Where there are two rows of these, they are not unlike right
triangular prisms with the long faces towards the sheath.
The glossopodium as a whole may be looked upon as a blunt
wedge, thick in the middle and thinning away rather abruptly
to either margin. The wedge at its thickest part may be two,
three, four or even more cells thick. Thus in S. Martenssi,
S. grandis, S. Vogelis, S. Griffithii, &c., there appear generally
two such basal cells in any given section taken in the median
longitudinal plane of the leaf; in S. Douglasii, S. Karsteniana,
S. viticulosa, S. helvetica, &c., three such cells appear, the
median cell being cubical or brick-shaped; whilst in S. Braunii
there are four or even more such cells (Fig. 12). The primary
number does not seem to me to be in all cases maintained,
secondary divisions occurring as the ligule grows older. For
instance, in S. spfnosa the ligule has three initial cell-rows,
which may, however, by division become four or even more
(Figs. 1, 2, 4, 6).

G
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Following upon the glossopodium comes a thicker swollen
region whose cells are large, polygonal, and filled with dense
granular protoplasm, with well-marked nuclei (Fig. 8). The
long axis of the glossopodium is not in the same plane with
that of the long axis of the body of the ligule, but cuts it at
a more or less pronounced oblique angle, the glossopodium
pointing away from the stem into the base of the leaf, while
the free portion of the ligule lies almost parallel with the leaf-
blade. The distal half of the ligule consists of smaller and
less granular cells, and thins off to the free margin, which is
unilamellar in the adult condition, the cells there being more
or less filled with a granular slime. I purpose referring to
these cells later on.

Between the glossopodial sheath and the leaf-trace-bundle
there lie one to several layers of large cells, which radiate
from the glossopodium outwards towards the leaf and inwards
towards the stem. In most cases these cells retain their
cellular character, or at most become slightly thickened and
pitted ; but in many they become markedly thickened, and
in the mature condition are transformed into short, often
branched tracheides. In S. apus, S. stenaphylla, S. Martensii,
and others, only a few such secondary tracheides with scalari-
form markings are formed, so that the leaf-trace appears only
slightly enlarged just beneath the glossopodium; but in
S. helvetica these tracheidal elements are so numerous that
the whole glossopodium is enclosed in a distinct cup-like
vascular enlargement. An intermediate condition may be
seen in such a form as S. Wildenowss, whilst S. laevigata, var.
Lyallii, shows the greatest development of tracheides of any
of the species I have examined. In that species (Fig. 21)
a very distinct vascular cup is formed, which shows up very
clearly if the ligule be carefully pulled out of its socket after
boiling the portion of the shoot selected in dilute potash.
This curious expansion of the leaf-trace, if it may be so
termed, has already been noted by McNab (/.¢.), and he doubt-
less based his theory of the absorptive function of the ligule on
this fact. I think, however, that the phenomenon in question
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is capable of another interpretation, which perhaps more satis-
factorily meets the case.

The sheathing-cells of the glossopodium vary much in
shape. Most frequently, as in S. grandis, S. Martensis,
S. caulescens, S. viticulosa, &c., they are in the form of elon-
gated staves or bars, curving round to meet at what may be
termed the base of the foveola; whilst in other cases, e.g.
S. spinosa, they are short cubes.

The ligule of S. oregana (Fig. 19) and S. rupestris deserves
a word of explanation. In these species the free margin of
the ligule scarcely appears above the edge of the very deep
pit in the leaf in which it is seated. The vascular bundle of
the leaf does not present any enlargement, but the radiating
cells intervening between it and the sheath of the glosso-
podium are strongly sclerotic. The sheath consists of two
rows of stave-like cells, and the glossopodium of two rows of
right triangular prisms. The leaf-tissue, however, grows up
and round the free portion of the ligule, so that a deep pit is
formed, the cells of which have no connexion with the ligule.
These appearances are illustrated in Fig. 19.

B. THE DEVELOPMENT OF THE LIGULE.

In tracing the development of the ligule, I confined myself
to the study of the shoots of two species, viz. S. spinosa and
S. Martensis; partly because I had the advantage of com-
paring my own preparations with the large series kindly lent
me by Professor Bower, and partly because, from an exami-
nation of the adult state of the ligule in numerous species,
I felt that the differences in mode of development were un-
likely to be very fundamental.

S. spinosa. ‘The ligule, as in all the species of this genus, is
multicellular in origin. If careful longitudinal sections be made
of the growing-point, the ligule may be distinguished first
about the level of the third or fourth leaf as a fairly distinct
swelling immediately at the base of the leaf. The swelling
consists of a short ridge about six or eight cells in length
in the plane of the leaf-face, and three broad, that is to say,

G2
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in the plane at right angles to the ridge. Fig. 1 shows the
earliest distinctly recognizable stage in the development, the
left-hand side of the figure representing the surface of the stem,
whilst the leaf-face is partly shown on the right. The ridge
is shown here as three cells broad, and these cells may be
distinguished very early, not only by their greater size, bulg-
ing out into the angle between the leaf and the stem, but also
by the fact' that they take on a deeper stain than do the
surrounding cells, and have larger nuclei. At the margins
the ridge is only one cell broad. These cells speedily undergo
transverse division, so that a basal sheath of cubical cells
(Figs. 2, 3, and 4) is formed continuous with the epidermis of
the leaf and stem, the free segments growing outwards to form
the ligule itself. The sheath-cells may undergo further divi-
sions, as shown in Figs. 3 and 6, and the cells of which it is
composed at a later date become thick-walled and cuticu-
larized. The next layer of cells from the merismatic pro-
minence gives rise to the glossopodium; these cells enlarge
greatly, and do not stain so deeply as the sheathing-cells or
those of the body of the ligule, whilst the general cells of the
body of the ligule remain as a rule of much smaller size.

The ligule has completed its development long before the
leaf to which it belongs; indeed, it has reached its adult size
and shape at a distance of from 1 to 1§ mm. from the apex of
the shoot. Occasionally the clearer basal cell-layer or glos-
sopodium becomes four cells broad (Fig. 6), but three is by far
the commoner number. The body of the ligule itself may,
however, be six or even more cells thick. Fig. 5 shows
a transverse section of the ligule in a comparatively young
condition, while in Fig. 6 a longitudinal section of an adult
ligule shows it to be composed of five cell-rows.

S. Martensis. Pfeffer (/.c.) describes the ligule of S. Mar-
tensii as arising from one row of from four to six cells. I have
made careful examinations of longitudinal sections of very
many growing apices, and find no evidence in support of his
statement or figure. The ligule appears to me to arise
invariably from two rows of cells (Fig. 7), which can easily be



the Anatomy of the genus Selaginella, Spr. 85

distinguished both by their greater size and more granular
and denser protoplasm, as well as by their conspicuous bulging
into the angle between the stem and leaf. In this view I am
supported by Bower’s figures illustrating the development of
the sporangium (/. ¢. Pl. 47, Fig. 79). Asin S. spinosa, the two
primary cell-rows undergo transverse segmentation, so as to
isolate a set of sheathing-cells surrounding the foot of the
ligule. The outer cell-segments then separate another set
of large comparatively empty cells, which grow in size as
the ligule develops. Rapid segmentation of the apical region
then takes place so as to form a thick swollen portion, which
later becomes two-layered, and finally ends in a unilamellar
apical plate. In the ligules of the vegetative leaves the
sheathing and the glossopodial cells remain in two rows, but
in the ligules associated with sporangia both sheathing and
glossopodial cells may divide so as to form three rows, at all
events in the thicker median region of the ligule.

All the observations I have made on the development of
the ligules of other species point to a similar embryonic
history, and I feel convinced that the number of cell-rows in
the adult glossopodium will give a fairly reliable indication of
the number of primary merismatic cell-rows which take part
in the formation of the ligule, though doubtless secondary
divisions may occur in these, as I have already pointed out in
S. spinosa,

C. THE FUNCTION OF THE LIGULE.

The homologies and functions of the ligules in the genus
Selaginella have for long been matters of controversy. It has
been suggested, for instance, that the ligule may be of the
nature of an indusium, a view against which many and
obvious objections may be raised. McNab (/.c.) considered it
as an organ of absorption, basing his conclusion on the close
association of the ligule with the vascular bundle of the leaf.
A homology between the ligules of Selaginella and of Isoetes
has been made much of by many writers, and has, as is well
known, been employed as a basis of classification; but, as
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S. Martensii, Spr.

Fig. 7. Longitudinal section through the growing-point of S. Martensii. x 330.
The initial cells of the ligule are shaded.

Fig. 8. Longitudinal section through an almost mature ligule. The narrow
sheathing cells, three in number ifi section, are followed by three glossopodial cell-
rows ; the body of the ligule is composed of an irregularly arranged mass of densely
granular cells, followed by the membranous terminal lamella. x 330.

S. Braunii, Bak.

Fig. 9. Longitudinal median section of a very young ligule of S. Brasnii.
Four rows of initial cells are represented. x 350.

Fig. 10. Longitudinal section of a slightly older ligule of the same. x 350.

Fig. 11. Transverse section of the base of a young ligule, taken just above the
glossopodium. x 350.

Fig. 12. Longitudinal section of an old ligule. The sheathing and glossopodial
cells are arranged in four rows. X 350.

Fig. 13. Ligule of S. Martensii, Spr., isolated from its sheathing-cells. x6o.

Fig. 14. Isolated ligule of S. grandsis, Moore. x60.

Fig. 15. Isolated ligule of S. Vogel/ii, Spr.  x 6o.

Fig. 16. Isolated ligule of S. erythropus, Spr.  x 6o.

Fig. 17. Longitudinal median section through an old ligule of S. Ac/vetica, Lk.,
showing the thick-walled sheathing cells and the enlargement of the vascular
bundle of the leaf to form a tracheidal cup round the glossopodium. x 350.

Fig. 18. Transverse section through the glossopodial region of an old ligule of
S. flabellata, Spr.  x 350.

Fig. 19. Longitudinal median section through the ligule and leaf-base of
S. oregana, Eat.  x150. There are two rows of sheathing and of glossopodial
cells, the entire ligule being depressed and almost hidden in an involution of the
leaf-base.

Fig. 20. Longitudinal median section of the base of a mature ligule of 5. grasdis,
Moore.  x 3s50.

Fig. a1. Longitudinal median section of the ligule of S. /acvigata, Bak. var.
Lyallis, Spr., showing the enlarged tracheidal cup surrounding the base of the
ligule. x150.
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NOTES.

REPRODUCTION AND FERTILIZATION IN CYSTOPUS
CANDIDUS.—In a paper read before Section D at the Edinburgh
meeting of the British Association in 1892, on the structure of this
Fungus, I gave a short account of the cytology and development of
the asexual and sexual reproductive organs. This paper was incom-
plete and in part somewhat incorrect; but since that time I have
obtained fresh material and am now able to give a much fuller
account, which will be published shortly in the Annals, and of which
the following is a summary. The literature on this subject is not very
extensive. Among those who have paid special attention to it are
Fisch, Zalewski, Dangeard, and Chmielewsky. The results obtained
by these observers are fully discussed in the complete paper.

The Fungus is found as a parasite on the leaves, stem, and ovaries
of various cruciferous plants, especially the common Shepherd’s Purse
(Capsella Bursa-Pastoris), on which it forms white shining patches,
often of considerable size. The mycelium consists of non-septate
hyphae, which ramify in all directions between the cells of the host-
plant, produce small spherical hustoria, which penetrate the cells, and
under certain conditions cause hypertrophy of the organs attacked.
The mycelium is at first found only in the superficial layers of the
plant, but at a later stage it penetrates into the deeper layers, and even
into the pith. In the earlier stages of development this mycelium
produces club-shaped branches just beneath the epidermis, from which
the asexual organs (spores or sporangia) are delimited ; and at a later
stage sexual organs (antheridia and oogonia) are produced on the
ramifying mycelium, sometimes intercalary, sometimes terminal. The
protoplasm of the hyphae is vacuolate, and consists of a loose network
in which are to be found numerous small nuclei. In certain parts of
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same time new lateral buds might be shooting out. These considera-
tions led Schimper to conclude that calcium plays no fundamental part
in the conduction of carbohydrates.

This conclusion still left unexplained the abnormal accumulation of
starch in plants cultivated in solutions devoid of calcium. It appeared
to me that the explanation might be very simple, namely, that though
potassic oxalate did not prevent the transport of sugar, it was
capable of arresting the change of starch into sugar. It naturally
suggested itself that acid potassic oxalate should either prevent diastase
from being formed or should stop its action. I therefore made some
experiments on the influence of acid potassic oxalate on diastatic
action.

In these experiments a strong solution of ‘extract of malt’ was used
in place of pure diastase, to act upon a clear portion of a -5 per cent.
solution of arrowroot-starch. Bacteria were kept at bay by means of
traces of thymol. In each case 10 cc. of starch-solution were mixed
with 10 cc. of certain strengths of acid potassic oxalate solution; then
10 cc. of the solution of ‘extract of malt’ were added. The following
table shows the result of experiments conducted at a temperature of
about 30°C, and commenced at 11 a.m.

A.B.C.D.| 6, -5 -3 -6 Blue Blue Blue
E. 13 Dirty brown | Lighter brown | Yellow
F. G H K. 04, -03, 013, O Yellow Yellow Yellow

This preliminary set of experiments roughly showed that the action
of diastase is retarded by even dilute solutions of acid potassic oxalate.
I subsequently found that similar rough observations had been made
by Detmer, whose investigations are quoted in Schleichert’s Das
diastatische Ferment der Pflanzen. Quantitative observations, in
which pure diastase was employed, have been conducted by Mr. J. H.
Manley, of the Magdalen College Chemical Laboratory, Oxford ; these,
though not yet complete, confirm the rough observations.

It became essential to see next if this soluble oxalate had the same
action on starch in the living leaf. For experiments I selected sub-
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merged aquatic plants, in order that salt-solution should penetrate the
living cells rapidly. After some rough preliminary experiments on
Vallisneria, 1 selected Elodea canadensis and Callitriche sp.

Experiments with Elodea.

The leaves were placed in 50 cc. of solutions 4 to Z, varying
therefore from o per cent. up to *24 per cent. acid oxalate of potassium.
When first put in the leaves contained starch. The leaves of Calli-
tricke were only casually examined to see that there was in general
the same distribution of starch. The following table represents under
the general heading II, the amount of starch found in leaves kept
darkened for 24, 72, and 96 hours, in solutions 4 to Z.

II. 111,
”ﬁ‘;:?;}' noclid Amount of starch in leaf after darkening for ?"';:':}::::ry.jf :;:c}e :lll‘ul:,;:
0 . i
potassicoxalate. | 24 hours. | 72 hours. | 96 hours. | OC XS and 1 pm.
A o ) o o . Starch present.
B ©00065 [} o o »
C 00035 o o o ”
D .001 [ [ o More starch than in
C, B.
E 0015 o o o Much starch: more
than B, C, D.
F .oos Small amount o o "’ »
G -o1 » Small amount| Minute d less
amount before
H o4 ? Considerable Considerable amount
amount amount
7 o8 Considerable . ”» ’” ”»
amount
K 16 ” ” » ” »
L ~34 ” ” ” ” ”

These observations show that acid potassic oxalate retards the
process of the change of starch into sugar in the living leaf.

It remained to be seen, if, under conditions of alternating light and
darkness, an abnormal accumulation of starch could be induced, such
as occurs when plants are cultivated in solutions devoid of calcium.
To ascertain this I continued this second series of experiments, but
placed the leaves, still lying in their respective solutions, in front of
a window in the laboratory. They were allowed to remain thus for
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two or three days’. The last column (96 hours) under the heading IT
of the foregoing table, therefore represents the amount of starch
contained by these leaves before illumination; and the details given
under the heading Il describe how much starch there was after two
to three days and nights. In 4, B, C there was some starch, showing
that starch was being formed but was constantly being reconverted
into sugar. In D there was more starch, and in £ and # much more
starch: thus showing that starch was being manufactured but that its
reconversion into sugar was slower than in 4, B, C. In G to L there
was no appreciable change in the amount of starch caused by
illumination: thus demonstrating that not only was the change of
starch int6 sugar retarded but that the manufacture of starch was
almost or quite arrested.

Restoring all the leaves into tap-water showed that those which had
been in A-G were still alive and could make starch, whereas those in
H-L had been killed.

The difficulty at once presents itself as to how the change from
starch to sugar is accomplished in leaves which normally contain
a considerable amount of acid potassic oxalate in solution. I therefore
made several series of experiments with leaves of Oxalis floribunda,
in which there is a large amount of soluble oxalate. A description
of one of these series will suffice to show the results obtained.

Experiments with Oxalis floribunda.

Leaves were picked which contained a considerable amount of
starch. The leaflets were pulled from the petiole and then either cut
transversely or longitudinally into two halves, or they were only wounded
by three cuts extending from the margin of the distal or proximal
part towards the centre of the leaflets. These leaflets were then
dropped into solutions A-L identical with those used in the Elodea-
experiments, and into an additional solution (/) of -5 per cent. acid
potassic oxalate. The cuts were made in order to allow the solutivn
to penetrate the leaves. The leaflets in the respective solutions were
then kept in darkness for ninety-six hours, at the conclusion of which
they were examined. Leaflets in A-E, cut in various ways, all showed
starch only in the actually injured cells at the cut surface. Leaflet in
F had starch only in a narrow band of cells bounding and running

1 I unfortunately omitted to record the number of days.
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parallel to the cut. Leaflets in G-, cut in various ways, all possessed
starch in a band of cells bounding and running parallel to the cut.
In G-M the band was broader than in /. Elsewhere there was no
starch excepting a small amount coating the vascular bundles for
a short distance as they radiated from the cuts,

These results prove that in Oxalis a dilute solution of acid potassic

oxalate in the assimilating cells will prevent the starch from being
changed into sugar. Yet during the normal life of this Oxalis there
is a large amount of the oxalate, still no such accumulation of starch
ensues, For the explanation of the mystery we must look to the
distribution of the acid oxalate in the normal leaves of Oxalis.
Giessler (4) showed that the soluble oxalate is stored in the epidermis
of the leaf, not in the assimilating tissue. The oxalate is stored in
the epidermis because its presence in the mesophyll would derange
the metabolic processes; and not because the plant needs to protect
itself against snails, &c., as Giessler suggests. The protective
significance of the superficial distribution of the oxalate is at most
secondary.

To sum up:—

(1) Acid potassic oxalate retards the action of diastase on starch.

(2) In the living plant the first, and, at the commencement, the
only visible effect of acid potassic oxalate on the assimilating organs
is the accumulation of starch, owing to an arrest of the change of the
starch into sugar.

(3) The second effect, as the soluble oxalate accumulates, is
a retardation of the manufacture of starch, and hence probably of the
assimilation of carbon.

(4) The last effect, with increased accumulation of the oxalate, is
the death of the protoplasm.

These researches therefore confirm the discovery made by Schimper,
that the evil effects of a lack of calcium are to be attributed to the
accumulation of acid potassic oxalate in plants which normally contain
calcic oxalate. They may be regarded as complementary in showing
that, in the absence of calcium, there is a stoppage of the conduction
of those carbohydrates only which have entered into the condition of
starch. Schimper (5) showed that part of the carbon assimilated by
a plant never enters into the starch-condition, and this has been
confirmed by Brown and Morris (6). It is therefore clear why growth
is not at once arrested in shoots or seedlings deprived of calcium.
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NOTE ON BSACCORHIZA BULBOSA, J. G. AG, AND
ALARIA ESCULENTA, GREV.—In his paper on the structure and
development of the bulb in Laminaria dulbosa, Lam. in Vol. III of
the Annals of Botany (pp. 41-64), Barber gives an interesting résumé
of the literature dealing with this plant. From the references there
given, it would not appear that the duration of the plant had, at that
time, been satisfactorily settled. From observations made last year
while collecting Algae on the coast of Anglesey, I have satisfied my-
self that the species is an annual, and in this respect contrasts sharply
with the other British Laminariaceae.

During the spring tides of March, I had an opportunity of examining
Saccorhisa growing, and at that time, I found it represented by
specimens in two widely different conditions. First, there were large
bulbs often more than a foot in diameter, from which the whole of the
blade, and almost the whole of the stalk had disappeared through
decay. The bulbs themselves were as yet sound, and required the
exertion of considerable force to remove them. Among these blackish
masses, bristling with ‘hapteres,” were numerous young plants of
a lighter colour, and exhibiting the various stages in the development
of the bulb described by Barber; but in no case had the bulbous
portion attained a diameter of more than four inches, or the whole
plant a length of more than two feet. Upon visiting the same site
during the spring tides of October, I could find no trace of exfoliated
bulbs or of young imperfectly developed plants. All the specimens
were now in the condition of the mature plant, with which we are made
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familiar in Harvey's figure (Phycologia Britannica, pl. 241). It would
thus seem that the young plants of March were the progeny of the
plants of the previous autumn, maturing in the next autumn, to remain
however, as exfoliated bulbs as late as March of this year. The plant
is therefore an annual in the sense that the plants of one year produce
the crop of the next; in the same sense, that is to say, as winter-sown
wheat is an annual. _

I have since ascertained that Setchell, in a paper on the Life-History
of Saccorhiza dermatodea (De la Pyl) J. G. Ag. in the Proceedings of
the American Academy, Vol. VI, expresses himself as convinced of the
annual character of that species, and states that De la Pylaie and
Areschoug had come to the same conclusion. It would thus seem
that two of the species removed from the genus Laminaria into De la
Pylaie’s genus Saccorhiza turn out to be annuals.

The absence in Saccorhiza dulbosa of the intercalary growth, which
in British Laminarias forms a new lamina each year, the non-occurrence
of a zone of secondary thickening in the stipes, as well as a softer
consistency of the whole substance of the plant, are all to be correlated
with the fact of its lasting for a single season. The persistence of the
bulb for some time after the disappearance of the stalk and blade, adds
a new interest to Gardiner’s ! discovery of sporanges upon the ¢roots.’

In the same paper by Barber as is referred to above, when speaking

of the annual shedding of the lamina in the Laminarias, he remarks
that ‘it is stated by Reinke to occur also in Alaria esculenta. It may
fairly be concluded, I think, from the bright olive colour and entire
condition of the proximal portion of the blade, when contrasted with
the darker colour and frayed condition of the distal portion, that an
intercalary growth takes place in A/aria in the same region as in the
Laminarias. This appearance however persists throughout the year,
and 1 have not seen any evidence of a similar insertion of an entirely
new lamina in the spring as occurs in L. digslata and saccharina.
The intercalary growth in Alaria seems to be continuous; in La-
minaria, periodic. It is interesting to notice that young specimens of
Alaria not more than two or three inches long exhibit the same fresh
appearance of the near end, and frayed appearance of the free end as
occur in specimens several feet long.

REGINALD W. PHILLIPS.
UNIVERSITY COLLEGE, BANGOR.

! Proc. Camb. Phil. Soc., V, 188s.
H
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THORNS WITH CORKY BASES—A CORRECTION.—I am
desirous to publish the following correction to my list of plants having
thorns with corky bases, contained in a note by Dr. Trimen of Ceylon,
which, although dated January 16, 1893, has only just reached me :—

¢ At p. 165 of the sixth volume of the Annals of Botany, among the
plants recorded by Mr. Barber as having corky thorns, is Aslanthus
malabarica, which is entered on the authority of a photograph taken
at Peradenyia by Mr. Potter. The name is erroneous, the tree being
Zanthoxylum Rhelsa. But I believe that at the time the photograph
was taken, the plant had by some accident a wrong label attached to it.’

Zanthoxylum Rhetsa is already in my list; and, as Ailanthus mala-
barica is the only example quoted of Simarubeae, that order will have
to be ruled out. Many additions might doubtless be made by
travellers in the tropics with the means of identifying forest-trees.
The only case 1 could be certain about in the Leeward Islands is the
common sand-box tree, Hura crepitans, which has thorns with stony
bases exactly like those on the specimen of Erythrina lithosperma in

the Botanical Museum at Cambridge.
C. A. BARBER.

ROYAL INDIAN ENGINEERING COLLEGE,
CoorPER's HILL.

THE CYTOLOGY OF BAPROLEGNIA.—The almost simul-
taneous appearance of Mr. Trow’s interesting and elaborate paper on
the ‘ Karyology of Saprolegnia’ in the Annals of Botany for Decem-
ber, 1895, and of mine ‘On the Cytology of the Vegetative and
Reproductive Organs of the Saprolegnieae’ in the Transactions of the
Royal Irish Academy (read February 19, 1893, revised for press
June, 1893), renders it desirable that I should make some remarks on
the points at issue between us.

My first and gravest criticism on matters of fact is that Mr. Trow
has overlooked the existence of four chromosomes in the vegetative
nuclei, to which he ascribes only a single chromosome ; he admits
that his ‘observations on this point might well have been more
extensive’ (p. 624)'. Considering the importance he attaches to the

! The context in my first publication on tbis subject (Comptes Rendus, CVIII,
1889) would seem to render it plain that my observations on nuclear division
referred to the vegetative hyphae. But Mr. Trow writes  as he expressly states
that divisions do not occur in the oogonia, I conclude that he observed these
phenomena in the antheridia’ (p. 629)—a curious non-sequitur.
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number of these nuclear organs, we must regret this; all the more
since his deductions have seriously influenced his interpretation of the
processes in the oangium.

His observations on this second point have evidently been numerous
and careful; and indeed they afford a welcome confirmation to my
own. But in his snferprefation of the different appearances of nuclei
in the same oangium, and in his assumption that the majority are
practically digested by the cytoplasm, I cannot follow him. 1 must still
hold that the divergence of character is due to the various number of
nuclei that have fused, and to the varying stages of the fusion in the
different nuclei as their number is reduced by this fusion.

We next come to the question of fertilization by the antheridial
tubes: of this alleged phenomenon I found no positive evidence
whatever, but every indication to the contrary, as is fully stated in my
complete paper. I have indeed found and figured (T. xxix, fig. 25)
a young oospore of Saprolegnia with two nuclei which I ascribe to
retarded fusion, as is so frequently the case in Acklya; but in this
case there was no antheridium present whatever, while many hundreds
of oangia with attached antheridia and contained antheridial tubes did
not supply a second case of a binucleate oospore in this genus.

The general conclusions of the paper are largely based on the
assumption that Weismannism is scientifically demonstrated; but as
I am not prepared to admit this as a common basis of argument,
I shall abstain from discussing these conclusions, I must, however,
point out that it is an anachronism in 1896 to make the following
statement: ‘In the theory of heredity so brilliantly propounded by
Weismann, the admixture of the substance which is the bearer [sic]
of the hereditary tendencies during the sexual process is looked upon
as the chief cause of variation in the higher organisms’ (p. 643). This
was indeed the view of Weismann in 1891, till it was demonstrated
in a theorem, rejected at first by his disciples but admitted as
‘a logically correct deduction’ by himself, that the theory of
¢ Amphimixis’ as the chief cause of variation was in contradiction
either with itself or with the facts of nature. Weismann having after
this, to use his own words, ‘ gained a deeper insight into the problems
concerned,’ published in the ‘Germ-Plasm’ (London, 1893) the fol-
lowing statements duly italicized :—* Amphimixis . . . . is nol the

primary cause of heredilary variation’ (p. 414): ‘the cause of hereditary
varialion must lic decper than this, 1t must be due lo the direct effect cf
H 2
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external influences on the biophors and delerminants’ (p. 415). * These
very minute fluctualions [i.c. continual changes of composition in the
elements of the germ-plasm] whick are imperceptidle fo us, are the
primary cause of the grealer devialions tn the delerminants whick we
Jinally observe in the form of individual variation’ (p. 417).

Finally, I must express my regret that so careful a technique
and such powers of observation as the author’s should have been
overweighted with a priori and obsolete views. It is not good
to follow too literally the adage ¢Eher eine schlechte Hypothese
als gar keine.

MARCUS HARTOG.

QUEEN's COLLEGE, CORK,
Feb. 14, 1896.

STUDIES IN THE MORPHOLOGY OF S8PORE-PRO-
DUCING MEMBERS. PART II: OPHIOGLOSSACEAE'—
In a paper published in the Philosophical Transactions (Series B,
1894), the comparative study of the spore-bearing members of the
Lycopodineae, including the Psilotaceae, has led to the conclusion
that there is reasonable probability that septation of sporangia
originally simple, to form synangia, has taken place; that a septate
body (synmangium) may be homologous with a non-septate body
(simple sporangium); and that there is no essential difference between
tissue which will form septa or trabeculae, and that which will form
spores, since the tissues can mutually undergo conversion one into the
other.

But the considerations there brought forward do not amount to an
actual demonstration that septation has occurred. For the purpose
of our discussion, it is important to ascertain whether such demon-
stration can be given in the case of parts which are undoubtedly
homologous ; it is afforded by the study of septate anthers, which
occur in several distinct families of Angiosperms, e.g. Mimoseae,
Onagraceae, Loranthaceae, Mpyrsineae, Rhizophoreae, Orchidaceae,
Rafflesiaceae. Taking the case of the Onagraceae, the common type
of the anther is the ordinary quadrilocular type, but in certain genera
transverse septa are formed in each of the four pollen-sacs by conver-

! Read before the Royal Society, Dec. 5, 1895 : reprinted by permission from
Proc. Roy. Soc., No. 354, Vol. lix.
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sion of certain cells of the potential archesporium into sterile tissue ;
the unavoidable conclusion already drawn by other writers for this
and other cases, is that these septate anthers are derived from those
of the ordinary quadrilocular type, and the process of septation thus
illustrated is essentially similar to that described for the Lycopodineae
in my previous paper. We thus see thal seplation of sporangia has
actually occurred, and that it is a rather wide-spread phenomenon in
Angiosperms. It will therefore be merely a question of probability
whether, and how far, it has also occurred in lower forms, and whether
it is by septation that those synangia were produced, which are so
marked a feature in certain Pteridophyta. !

The argument from developmental evidence is comparatively
simple where, as in the Angiosperms, the meristems are distinctly
stratified, and the archesporium is a definite layer, ultimately hypo-
dermal in origin; but in applying a similar argument to the Pteri-
dophyta, in which the meristems are not clearly stratified, it is less
easy to arrive at a conclusion. The principle is to be laid down
that /Ae study of the sporangia or synangia of a plant is lo be carried
out in the light of a knowledge of the segmeniation of ils apical merislems.
The sporangia are parts of the plant-body, and their segmentations
do not differ essentially from those of the meristems of the other
parts of the plants on which they occur. Where the meristems are
stratified, as in Angiosperms, a clearly stratified structure of the
sporangia is commonly found; where, as in the Pteridophyta, the
meristems are not stratified, it would be plainly unreasonable to
expect a stratified structure of the sporangia, and such structure is
not found. Accordingly, in using developmental evidence in solving
the question whether synangia in Pteridophytes resulted from septa-
tion, the existence of a continuous hypodermal archesporium cannot
reasonably be demanded as evidence of septation, though of course
it may occur, as indeed it does in Jsoefes; it is, however, to be
remembered that in this plant the meristems are more clearly stratified
than in most Pteridophyta,

The considerations thus briefly epitomized are a necessary prelude
to the comparative study of the Ophioglossaceae. In my preliminary
statement (Roy. Soc. Proc., Vol. |, p. 265) I have described, chiefly
from examination of Ophioglossum pendulum, a continuous hypodermal
band as the potential archesporium, which subsequently was differ-
entiated into sporogenous groups and septa; such a band appears

H3
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with some degree of regularity in this species, but it is not constant,
and is not found with any clearly defined outer limit in O. vulgatum
or reficulatum ; thus far I admit the validity of Rostowzew’s criticism
of my preliminary statement (Beitr. z. Kenntniss der Ophioglosseen.
1. Oph. vulgatum, L., Moscow, 1892). On looking more carefully
into this question, however, I have found that a band of superficial
cells, differing in origin and segmentation from the surrounding cells,
may be recognized as the sporangiogenic band; this gives rise to the
sterile septa, the sporogenous groups, and the external wall of the
sporangia; the band usually consists of two longitudinal rows . of
cells, possibly referable in origin to a single row, but there is some
variety of detail. The observations have been made on three species,
viz. O. vulgatum, L., O. reticulatum, L., and O. pendulum, L.

The band, at first undifferentiated, subsequently forms (i) arche-
sporia at intervals, (ii) sterile septa which intervene between them,
and (iii) the outer sporangial walls. The cell-groups which give rise
to septa and to archesporia are sister cell-groups, having a common
origin, and no difference can be seen between them in early stages;
the distinction only becomes apparent as the archesporia attain their
characteristic denser contents, and the difference is thus functional,
not genetic. The archesporium of the single sporangium has not
been found to be referable in origin to a single cell, and it is not
defined by the first periclinal wall of the cells of the sporangiogenic
band. These facts are all compatible with a theory of the origin of
the spike of Ophioglossum by septation from a simple sporangium of
the Lycopodinous type, and the sporangiogenic band may be com-
pared with the band of cells, sometimes a single row, or two or three,
which, after periclinal division, give rise to the archesporium of
Lycopodium.

The development of the sporangia of Botrychium and Helmsntho-
stachys has also been traced, but these facts do not bear so directly
upon the question of the nature and origin of the Ophioglossaceous
spike as those derived from the study of Ophioglossum.

Abnormalities have played a large part in former discussions upon
the morphology of the spike in the Ophioglossaceae. While recognizing
the obvious correlation which exists between vegetative development
and spore-production, it has been concluded that the abnormalities
in this family do not form a sufficient basis for argument, certainly
not when the conclusions drawn from them are in opposition to the
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results of comparison of normal specimens. Such comparison led
Mettenius, Strasburger, Celakovsky, and others to recognize a re-
lationship of the Ophioglossaceae to the Lycopods. This comparison
has been developed at considerable length, on grounds not only of
the similarity of the development and position of their spore-bearing
members, but also by comparison of the synangia of the Psilotaceae ;
the Gametophyte, also, and sexual organs and embryology, as far as
known, have been taken into account, and a detailed comparison
made of certain features in the anatomy of the Lycopods and Ophio-
glossaceae. From these various sources a general support of the
relationship has been traced, the nearest point of comparison appear-
ing to be between O. Bergianum and Phylloglossum Drummondss ; it
is contended that this is not a case of mere mimicry, but of real
relationship, though such relationship probably dates from a remote
and unknown ancestry.

Such a relationship would involve the idea of septation of the
simpler type of Lycopodinous sporangium, to form the spike of
Ophioglossum, but it has been shown that septation of a very similar
nature has occurred in the anthers of certain Angiosperms, and that
the developmental details of Ophioglossum are compatible with such
a view. The conclusion of Celakovsky is, therefore, regarded as
probably true, viz. ‘ that both the Lycopodiaceae and Ophioglossaceae
sprang from a common stock, which had the simple sporophylls of
the Lycopodiaceae. The Lycopods are probably, of living plants, the
nearest prototypes of the Ophioglossaceae.” Thus, the view put
forward is not new nor original, but, being now based on a wider area
of fact, may take rank as a reasonably probable theory.

A comparison of the Ophioglossaceae among themselves shows that
probably the genus Ophioglossum forms a series of increasing com-
plexity, extending from such types as O. Bergianum or lusitanicum
to such forms as O. pendulum and palmatum. Comparison of a large
number of specimens of the latter species shows that the many-
spiked condition is led up to by specimens with one, two, or three
spikes, which are matched by abnormal specimens of O. vuigatum.
The view is put forward that the many-spiked condition occasionally
met with in other species has become the typical state in O. palmatum,
and that it has been brought about by a chorisis or interpolation
similar to that of the stamens of certain Angiosperms. It is further
to be added that the insertion of the spikes is commonly on the



104 Notes.

adaxial surface of the .frond, rarely upon the margin; the facts
accordingly do not support the hypothesis that the many spikes are
of the nature of pinnae : thus, in OphAioglossum the progression appears
to be towards multiplication of sporangia and formation of a plurality
of spikes.

In Bolrychium the progression appears to be from types such as
B. simplex, in which there is close similarity to a simple OpAioglossum,
by branching of the spike which is closely connected with enlarge-
ment and septation of the sporangia, to the condition seen in such
species as B. virginianum, the branching of the spike running parallel
with that of the subtending frond. The formation of sporangia
abnormally on the latter, a condition commonly seen in B. Lunaria,
but rare in most other species, is believed to be an example of
reversion of a part typically vegetative to the sporogenous condition,
and not indicative of a common character of the spike and the vege-
tative frond. Finally, Helminthostackys occupies an interesting
intermediate position; the replacement of the sunken sporangia of
Ophioglossum by projecting sporangiophores in Helminthostachys
suggests, as already indicated in the preliminary statement (Roy.
Soc. Proc., Vol. ], p. 265), an interesting analogy with the hypo-
thetical origin of the strobilus of Egussetum from a body of the nature
of a sporogonial head.

The chief object in view in these investigations has not been the
mere tracing of homologies of parts among living forms; but, by
developmental study and comparison, the following out of the probable
methods of progression in the evolution of the more complex from
the simpler types. It is believed that all the three methods of increase
in number of separate sporangia, suggested in the former memoir
(Phil. Trans., 1894, Vol. B, p. 473), have been employed, viz.
(i) septation, (ii) branching or chorisis, (iii) a reversion of vegetative
parts to the sporogenous condition. In addition to these, however,
there has probably occurred also an eruption of appendicular organs
from a previously smooth surface. This has already been suggested
elsewhere (Annals of Botany, Vol. viii, p. 343); the sporangiophores
of Helminthostachys may be taken as an interesting example of such
eruption. - It will be thus seen that the memoir, of which this is
a very brief abstract, touches some of the most fundamental concep-
tions of the morphology of vascular plants, approaching them, not
from the point of view derived from comparison of higher forms,
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but from the study and comparison of organisms which are believed
to be nearer to the border line between Bryophyta and Vascular
plants, viz. the Homosporous Pleridophyta.

F. O. BOWER, Glasgow.

PRELIMINARY S8TATEMENT ON THE S8ORUS OF
DANAEA' The sorus of Danaea, though its structure in the
mature state has been repeatedly described, has not yet been studied
as regards its development.

The oblong, cake-like sori lie parallel to one another on the lower
surface of the leaf, their longer axes following the course of the
vascular bundles. Each sorus consists of two rows of loculi, of
approximately equal size, completely sunk in the rather massive tissue
of the wall. Dehiscence is described as being by a pore at the apex
of each loculus.

The sporogenous tissue of each loculus is usually referable to the
segmentation of a single superficial cell, which gives rise to it, and to
the portion of the sporangial wall above it. There is, however, great
variety of bulk, number of cells, and mode of segmentation in adjoin-
ing sporangia; though the sporangia of the same sorus develop
simultaneously, such extreme differences of number as between four
and sixteen cells may be seen in the same section. Moreover, the
whole sporogenous group is not always referable to a single parent
cell. These facts stand in marked contrast to the uniformity of size
and segmentation so characteristic of the Leptosporangiate Ferns.

The dehiscence is by slits, which appear in the sporangial wall
above the loculus. By the drying and contraction of the adjoining
cells the slit gapes widely, and appears as a pore; but the details are
very like those of other Marattiaceae, excepting that there is no
‘annulus’ of indurated cells. This, which is absent in Danaea,
where the loculi are deeply sunk, is present in those Marattiaceae
in which the sporangia project as separate papillae. In the latter
case the annulus is mechanically effective in widening the slit; in the
former, the sporangia being closely united, such mechanical effect
would be impossible.

Though the loculi of a sorus are frequently of nearly uniform size,

! Read before the Royal Society, Dec. 5, 1895 : reprinted by permission from
Proc. Roy. Soc., No. 354, Vol. lix,
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examples may often be found where they vary to an extreme degree;
and these have an important bearing upon the theory of septation ; for
cases of incomplete septation are often to be recognized in the mature
sorus, while the study of earlier stages has revealed almost all imagin-
able steps between the single loculus and two loculi lying side by side
as an obvious pair. Such pairs of loculi are common ; sometimes the
septum between them is of the average thickness; sometimes thin,
but still complete, with firm, permanent tissue continuous across it;
sometimes the permanent tissue is incomplete, and the septum com-
posed in its middle part only of tapetum, which disappears at
maturity ; sometimes a large loculus will be seen with only slight
encroachments of tapetum upon the sporogenous group, thus indicating
the position, though not realizing the complete development of a pos-
sible septum ; the last step of the series would be simply a loculus
larger than the average, and these are common.

An analytical study of the tissues shows that the tissue of these
partial septa may have either of two sources of origin : (1) single cells
of the sporogenous group are liable to development as sterile cells;
this has been seen in sporangia which even approach the normal;
(2) the surrounding tissue may encroach on the sporogenous group, in
the form of tapetal cells, which, when their development is considerable,
is followed by cells of permanent tissue of the wall; in these cases the
partial septa will be clearly seen in the mature state.

The similarity between these results and what is known in the case
of septate anthers of Angiosperms is of peculiar interest; in these
anthers partial septa are common, and a detailed comparison of them
with those of Danaea suggests that the phenomena are closely alike.
But, in the case of the Angiospermic anthers, we conclude, on com-
parative grounds, that progressive septation has taken place; this
would indirectly support the view that the sorus of Danaea is also
a result of progressive septation.

Obviously such a series of stages as that presented by Danaca may
be read either way, and it would be possible to urge that in them we
have evidence, not of progressive septation, but of fusion of loculi.
This question must be considered on grounds of general probability.
Without at the moment declaring a final opinion (though I think the
probability is largely in favour of a view of progressive septation),
this point, at least, seems clear: Zkaf in Danaca the identily of the
sporangium or loculus is nof strictly defined. To arrive at this point is,
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in my opinion, a matter of some importance; the study of the
sporangium in Pteridophyta has long been based upon the examina-
tion of the highly specialized and strictly constructed sporangium of
the Leptosporangiatae. The conclusion is, however, becoming obvious
that such strictness of construction and regularity of segmentation is
exceptional, and that in the Eusporangiatae such strictness is not the
rule.

Other Marattiaceae, and especially Kaulfussia, have also been
examined, and they are all found to conform to one fundamental
type, though differing in detail ; it appears that, as regards the sorus,
Danaea is the least specialized, and Angiopferss the most specialized, of
the living genera, and that they form a very natural series. Such
a series in plants of so antique a stock deserves the most careful
comparative study, and the results should carry unusual weight.

F. O. BOWER, Glasgow.

DIRECT NUCLEAR DIVISION IN THE EMBRYO-SAC
OF LILIUM MARTAGON.—In the course of some work on the
nuclear divisions immediately preceding the formation of the ovum in
Lilium Marfagon, I have observed the interesting fact that the two
lower antipodal nuclei appear to be regularly formed by a process
of direct division.

The primary nucleus of the embryo-sac divides by the indirect
method, and the daughter-nuclei divide again after a very short period
of rest. These divisions have been frequently figured as typical
examples of karyokinesis. The four nuclei thus formed remain in
the resting condition for some time, during which the embryo-sac
increases greatly in length. At first the resting nuclei are all alike, in
spite of the curious difference in the number of chromosomes which
go to build up the micropylarand chalazal pair respectively (Guignard,
Nouvelles Etudes sur la Fécondation, p. 187). But towards the end
of this resting period the nuclei are differentiated in pairs. At the
micropylar end the two nuclei have increased little in size since their
formation. They are usually rather egg-shaped, and are separated
from the chalazal nuclei by a vacuole which occupies the centre of the
embryo-sac. The two chalazal nuclei have grown a good deal : the
upper one is usually somewhat flattened, and the lower one of rather
irregular outline, fitting neatly into the pointed chalazal end of the
embryo-sac.
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When the four nuclei show signs of approaching division, the
appearance of the lowest one is very different from that of the upper
three. In these the coiled chromatic ribbon which marks the spirem-
(or knduel-) stage is beautifully differentiated, while the lowest (chalazal)
nucleus still has the reticulated appearance of the resting stage. Later
on each of the micropylar nuclei has formed a small spindle and the
upper chalazal nucleus a larger one, while the lower chalazal nucleus
has divided in such a way that each segment appears as a hemi-
spherical reticulated shell. These shells are connected by numerous
fibrils, apparently formed by the stretching of the network in the
equatorial region of the mother-nucleus. The division of the lower
chalazal nucleus is complete before the three karyokinetic figures have
passed out of the nuclear-plate-stage. The daughter-nuclei of course
appear in the resting stage, and are connected by numerous fine threads
which represent fairly enough the usual ‘ connecting threads’ of the
later karyokinetic stages. Indeed the whole appearance of this lowest
pair of nuclei is now that of a rather poorly preserved di-spirem figure.
The three spindles which occupy the rest of the embryo-sac are typical
examples of karyokinetic figures, and form a curious contrast to the
ill-defined appearance presented at the chalazal end.

I cannot do more here than allude to the possible theoretical
importance of this distinction between the formation of the two
lowest antipodal nuclei and that of the other six nuclei which are
found in the embryo-sac before fertilization. So far as it goes, it tends
to confirm Weismann'’s view that the elaborate mechanism of karyo-
kinesis provides for the transmission of hereditary qualities. I hope
to discuss the question at length when the details of my work are
published.

ETHEL SARGANT,



On the Prothallus and Embryo of Danaea
simplicifolia, Rudge.

BY

GEORGE BREBNER.

—_——

With Plate IX.

——

LARGE number of young plants of Danaea simplicifolia,

Rudge, were forwarded to the Royal Gardens, Kew,

in the spring of 1895, by G. S. Jenman, Esq., F.L.S., Superin-

tendent of the Botanic Gardens, British Guiana. At the

suggestion of Dr. D. H. Scott, F.R.S, Honorary Keeper of

the Jodrell Laboratory, I undertook the examination of the
material. '

Among the youngest plants a few prothalli were found,
which showed an abundance of adult, as well as degenerating,
archegonia, and also afforded sufficient material of healthy
young and adult antheridia to enable their structure and
development to be satisfactorily followed. Some of the
archegonia contained embryos.

The fact that hitherto the prothallus and embryo of Danaca
have not been described, makes the present opportunity rather
a fortunate one, on account of the large amount of attention
which is being given at present to the study of both the
sporophyte and the gametophyte of the Marattiaceae.

PROTHALLUS.
In its essential characters the prothallus of Danaea
simplicifolia agrees with that of the other genera of the

[Annals of Botany, Vol. X. No. XXX VIIL. June, 1896.]
I
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Marattiaceae, in being more than one cell thick except at the
margin, in having the archegonia distributed on a median
cushion and the antheridia almost anywhere on the lower
or upper surface. In general appearance the prothallus is
somewhat different from that of Angiopleris and Marattia
(cf. Figs. 1 and 2 with the prothalli figured by Jonkman?,
Farmer?, and Campbell 3).

The prothallus may, or may not, be deeply notched at
the anterior growing margin (cf. Figs. 1, 2, and 3), and has
evidently great capacity for long-continued growth, as in
the other genera (cf. Figs. 3, 4, and 5). In some cases the
prothalli attached to the young plants were nearly twice
the diameter of those bearing embryos. As already indicated,
the archegonia usually occur on a median cushion, the limits
of which are not sharply defined. In one instance a small
cushion, with a few archegonia, was found on one of the
heart-shaped lobes quite remote from the median line and
apical margin. This agrees with Prof. Campbell’s statement,
that4, in the Marattiaceae, ‘the sexual organs of the lobes
are mainly (the italics are mine) antheridia.’

The antheridia are truly ubiquitous, occurring freely on
the under and upper surfaces of the main part of the pro-
thallus, on the lobes, and also, but more sparingly, on the
median cushion amongst the archegonia. Marginal cushions
are not uncommon ; they are literally studded with antheridia
in such a manner that some of the antheridia open on the
edge of the prothallus. The occurrence of antheridia on the
lateral portions of the prothallus agrees with Luerssen’s
observations on Amngiopleris®, which Jonkman was not able

! Jonkmann, H. F,, La génération sexuée des Marattiacées. Archives Néer-
landaises, T. xv. p. 199.

? Farmer, J. B., On the Embryogeny of Angiopteris evecta, Hoffm. Annals of
Botany, Vol. vi. No. XXIII. October, 189a.

* Campbell, D. H., (a) Observations on the development of Marattia Douglasis,
Baker. Annals of Botany, Vol. viii. No. XXIX, March, 1894 ; (b) The Structure
and Development of the Mosses and Ferns. Macmillan and Co., 1895, p. 254 et seq.

¢ Loc. cit. (b), p. 258.

* Luerssen, Ueber die Entwickelungsgeschichte des Marattiaceenvorkeims. Bot.
Zeit. 1775 ; Medicinisch-pharmaceutische Botanik, Bd. I. p. 581.
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to confirm in the prothalli examined by him!; neither
observer, however, found them on the actual margin. Even
after the cotyledon of the young plant has completed its
development, antheridia may still be found in process of
formation on the prothallus (cf. Fig. 3 at az.).

Perhaps the most notable point about the prothallus of
D. simplicifolia is that the rhizoids are septate, three or four
transverse walls being readily observable (cf. Fig. 6). Prof.
Campbell 2 mentions, with regard to the other genera of
the Marattiaceae, that the ‘root-hairs’ of the prothallus are
unicellular3  These rhizoids of Danaca remind one not
a little of the protonema of a Moss.

ANTHERIDIUM.

The antheridia agree in every respect with those of Angio-
Ppleris and Marattia, at least with those which may be con-
sidered as of the normal type (cf. Fig. 12 with the corre-
sponding figures of Jonkman and Campbell's papers). The
figures for one genus would do almost as well for either of
the other two. A modification in the usual mode of develop-
ment, which has not been described for either Angiopteris or
Marattia, was, however, noticed in D. simplicifolia, although
there is no reason why it should not occur in these genera also.
The usual process, to quote Prof. Campbell 4, is as follows : —
‘The antheridium arises from a single superficial cell, which
first divides into an inner cell, the mother-cell of the sperm-
cells, and an outer cover-cell. The latter divides by several
curved vertical walls which intersect, and the last wall cuts
off a small triangular cell, which is thrown off when the antheri-
dium opens and allows the sperm-cells to escape. Before
these are completed, however, cells are cut off from the
adjacent cells of the prothallium, completely enclosing the
mass of sperm.cells’ The peculiarity observed in Danaea

! Loc. cit., p. 2171, ? Loc. cit. (b), p. 357.
3 T was able to confirm this statement with regard to Angigpterss, Prof. J. B.
Farmer having very kindly placed prothalli bearing young plants at my disposal.
* Loc. cit. {a), p. 5.
I2
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is that not infrequently the formation of the curved inter-
secting vertical walls, even down to the last, may precede
the horizontal wall, which cuts off the mother-cell of the
sperm-cells (cf. Figs. 7, 9, and 10). All these figures
were taken from antheridia developing on the prothallus, in
which the mother-cells involved had already reached, or
nearly reached, their adult condition before commencing to
form the antheridia. In the case of the two latter figures,
a developing antheridium of this type is represented, as seen
from below (Fig. 9) and from above (Fig. 10). As far as the
drawings permitted, corresponding walls have been lettered
alike; but to realize the point clearly it might be as well
to make a tracing of Fig. 10, and then turn it over and super-
pose it on Fig. 9, when the relation of the walls would at once
become obvious. In Fig. 9 the two cells which will ulti-
mately give rise to the spermatozoids are still quite young
and merismatic, whereas in Fig. 10 the cover-cells have
already reached their adult condition. This condition differs
considerably from that represented by Prof. Campbell's
Figs. 8, 9, and 10!, where the growth of the antheridium as
a whole goes on pari passu with that of the prothallus. As
a result of the exceptional mode of development, in the most
extreme case—and such was actually observed—there may
be only a single vertical row of four spermatozoid-mother-cells
visible in one plane, whereas in a normal case (e.g. Fig. 12)
five vertical rows, each of four spermatozoid-mother-cells,
may occur. Jonkman noted the fact that the number of
spermatozoids formed in Angiopteris and Marattia was very
variable, and gave as observed numbers 20-500 or even
more?.—This exceptional state of matters in Daraca can
only be looked upon as a further reduction due to late
development.
ARCHEGONIUM.

Material was not available for following the development
of the archegonia, but the adult structure is essentially the

! Loc. cit. (2%, PLL 1. ? Loc. cit., p. 214.
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same as that of Anugiopteris, as figured by Jonkman and
Farmer?!, as also of Marattia Douglasii, Baker, figured by
Campbell 2. Jonkman pointed out the fact that in Angio-
Ppleris the number of neck-cells in two of the vertical rows is
frequently three, while in the other two it is four, sometimes
four and five, rarely two and three respectively®. The last
of these three conditions occurs most frequently in the case of
Danaca simplicifolia, in which there are only two cells in two
of the vertical rows and three in the other two. Jonkman
likewise noted the variability in the formation of the accessory
cells (m.), which are cut off from the cells adjacent to the
developing archegonia. In D. simplicifolia this variability
seems to be carried further, so that comparatively rarely were
archegonia seen with the full complement of these cells. The
corresponding cells of the antheridium (cf. Figs. 9 and 12, m.)
are much more constant, a fact which is readily understood,
since they are doubtless functional in aiding the discharge of
the spermatozoids at maturity. In Fig. 13 the structure
marked sp. is in all probability a spermatozoid, ¢0v. is the
ovum. In Fig. 14 the condition of the neck, already referred
to, is quite obvious, there being only two neck-cells on one
side and three on the other. In the case of Fig. 13 it was
seen that the two rows behind, which could not be figured,
consisted each of three neck-cells*.

EMBRYO.

Embryos in the earlier stages of development were not
found, the youngest being represented in Fig. 15. It was
obtained from the prothallus of Fig. 2, and forms a good
sequel to Prof. Campbell’'s Fig. 22° Most of the divisions
of the latter are still fairly readily recognizable in the former.
This figure was taken from a hand-section, and its exact

! Loc. cit., Fig. 1. ? Loc. cit. (a), Fig. 16, 3 Loc. cit., p. 216.

¢ For theoretical considerations concerning the affinities of the Marattiaceous
archegonium, see Campbell, loc. cit. (a), p. 7.

3 Loc. cit. (a).
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position could not be determined, although there is every
reason to believe that it was not far off the median line .

Prof. Farmer 2, and likewise Prof. Campbell, states that it is
the anterior epibasal octants which give rise to the cotyledon.
The embryos of Figs. 16 and 18 agree with their observations
in this respect, as they were in both cases presumably de-
veloped near the growing apex of the prothallus, at least for the
time being, the cotyledon being anterior. With regard to
the embryo of Fig. 16, it was impossible to say which was
the original axis of growth, as the development of the pro-
thallus had been exceedingly erratic. The embryo of Fig. 18
" was from the prothallus of Fig. 1, in which its position is
indicated by the black dot. With regard to Fig. 15 from the
prothallus of Fig. 2, the direction of the growing margin is
indicated by the arrow; but as this section is not median,
it is impossible to decide which epibasal octants are giving
rise respectively to stem and to cotyledon. With a view to
try and settle this point for Danaea simplicifolia, as embryos
were not available, a young plant which had only expanded
its first leaf, or cotyledon, was microtomed along an axis at
right-angles to the growing edge, as there was some doubt
about the attached prothallus being entire; in fact, it was
probably only a large lobe with an adventitious cushion. Be
that as it may, this series showed without a doubt that the
cotyledon must have been developed from the posterior epibasal
octants, and the stem-apex from the anterior, unless there
had been subsequent rotation. This seems to indicate that
in Danaea, at least, the orientation of the embryo is not
constant. Seeing that the embryo penetrates vertically
through the prothallus, any definite orientation as regards
its epibasal octants becomes unimportant, so long as they are
turned towards the upper side. This consideration gives the
clue to the inconstancy observed 3,

' Careful re-examination of the sister-section, which is rather thick, has shown
that it contains the apical cell (or cells ?* of the stem and cotyledon, and that in it
the line I . . . IT divides the embryo more nearly into two equal halves.

? Loc. cit., p. 267.

3 This question cannot be considered as really settled till a far grcater number
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COTYLEDON.

The adult cotyledon is a very simple spathulate leaf
without stipules! (cf. Figs. 3 and 4), and the venation is
monopodial in its branching, thus agreeing with Angiopteris?®
and differing from Marattia Douglasii®.

The vascular bundle is very simple, consisting sometimes
of only two or three tracheids and a small amount of phloem.
It may be considered collateral, but this depends on whether
the layer of parenchymatous cells towards the upper surface
is to be looked upon as phloem or otherwise. Certain it is
that phloem, with recognizable sieve-tubes, occurs only on
the underside and flanks of the bundle.

THE STEM.

The primary stem, which is comparatively short, has a small
concentric bundle, or stele, of the ordinary Marattiaceous type,
and is somewhat elongated in the same plane as the diarch
xylem-plate of the root, the stele of which merges so gradually
into that of the stem that it is impossible to determine where
the one ends and the other begins. With regard to the
phloem, the transition first shows itself by a gradual increase
in the number of the thin-walled elements at the poles of the
xylem-plate of the root, so that the protoxylem no longer
abuts directly on the endodermis, or is separated from it by

of embryos have been examined under conditions more favourable for determining
their orientation.

' Danaca agrees with the other genera of the Marattiaceae in having well-
developed stipules to the older fronds, and, moreover, the sclerenchyma of the
petiole, &c. is of the wsual Marattiaceous type. Holle in his paper ¢ Ueber die
Vegctationsorgane der Marattiaceen (Sitzung der Koniglichen Gesellschaft der
Wissenschaften zu Gottingen, Jan. 8, 1876), made a mistake in these two respects,
which was subsequently corrected by Kiihn (l'eber den anatomischen Bau von
Danaca, Flora, 1890), who pointed out that Danaca differs anatomically in 7o
essential respect from the rest of the Marattiaceae. There is little doubt, as
Kiihn suggests, that Holle had incorrectly-named specimens to deal with. I myself
bave had the opportunity of verifying Kiihn's statements in several species of
Danaca.

? Farmer, loc. cit., Fig. 19.

3 Campbell, loc. cit. (a), p. 11 and Fig. 37.
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only one thin-walled element. Passing upwards, the thin-
walled tissue in question increases in amount till it becomes
recognizable as part of the phloem of the primary stem. With
regard to the xylem, the details of the junction of the stele
of the root with that of the stem could not be made out with
anything like certainty ; this was also the case with regard to
the transition from the xylem of the stem to that of the coty-
ledonary trace. All that can be safely said is that in both
cases the elements in the transitional region seem to be
exclusively scalariform tracheids!. The stele of the primary
stem has a well-marked endodermis (Fig. 20, ex.), and in this
Danaea agrees with Angiopteris? but differs in not having
a central mass of parenchymatous tissue. Fig. 20 shows the
stele just about to divide to form the traces of the cotyledon
and of the second leaf. In some cases, as already mentioned,
the xylem of the cotyledon consists of only two elements,
arranged side by side in the tangential plane. In such a case
it is obviously impossible to speak of a protoxylem as dis-
tinguished from a later formed xylem. In cotyledons with
more vigorous bundles, protoxylem is readily enough recog-
nizable on the inner (axial) side ; it is not, however, composed
of spiral elements, but of delicate tracheids of narrow calibre
with wide scalariform pits. The arrangement of the steles
in the stem of young and older plants need not be discussed
here 3, but the mode of succession of the first three leaves is
exactly the same as in Angivpteris, as described by Prof.
Farmer*, and thus the first part of the spiral is laid down;
the anatomy, however, becomes subsequently much compli-
cated by anastomoses of the steles. The adventitious roots
seem to arise much later than in Angiopteris, in which the
second leaf already has its accompanying adventitious root

! The series of microtome-sections obtained through the parts in question were
not very successful, and the young plants were not at the best stage for the purpose.

* Leclere du Sablon, Recherches sur la tige des fouglres. Ann. des Sciences
natarelles, 1890, T. ii.

3 This question will be more fully treated in a paper on the comparative
anatomy of the Marattiaceae, which is in process of preparation.

¢ Loc. cit., p. 370.
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which emerges just beneath the cotyledon!. In plants of
Danaea simplicifolia, in which several leaves had already
expanded, there was no external evidence of adventitious
roots. These, when they do appear, come out through the
bases of the leaves next below those to which they belong,
and for a long time, at any rate, there is only one root to
each leaf.

The ground tissue of the primary stem is composed of
ordinary parenchyma being fairly bulky. Tannin-sacs? of
the ordinary Marattiaceous type early make their appearance,
but the mucilage-canals do not do so till comparatively late,
there being no sign of them in the first few leaves at any rate.

THE ROOT.

The primary root has a simple diarch stele, the xylem-
plate lying in approximately the same plane as the bundles
of the first two leaves. The phloem occupies the usual
position, and is of the kind characteristic of the group.
Danaea agrees with Angiopteris 3 in having a diarch xylem-
plate, but differs from Marattia Douglasii, which has usually
a tetrarch stele*. There is a well-marked endodermis, and
again in this respect Danaea simplicifolia agrees with Angio-
pleris and differs from M. Douglasii 3.

The primary root emerges from the prothallus long before
the cotyledon (cf. Fig. 8). The embryo of this figure was, it
is true, the only one sufficiently advanced to show this; but
there is no reason to regard this as other than the normal
case. Moreover, two of the embryos figured by Prof. Farmer
show a tendency in the same direction®. This seems to
completely nullify the importance attached to the converse
condition, found in M. Douglasii, by Prof. Campbell 7,

It is rather interesting to note that the root-hairs of the
primary root are of exactly the same type as the rhizoids of

! Farmer, loc. cit., p. 270. * Farmer, loc. cit., p. 269.
3 Leclere du Sablon, loc. cit. ¢ Campbell, loc. cit. (a), p. 14.
* Loc. cit. (a), p. 14. ¢ Loc. cit., Figs. 9 and 10.

T Loc. cit., p. 14.
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the prothallus, viz. long narrow hairs with a few transverse
walls, the component cells being distinctly uni-nucleate. The
figure of the rhizoid of the prothallus would do just as well
for a root-hair of the young sporophyte.

APICAL GROWTH.

The vexed question of the apical growth in stem, root, and
cotyledon is not much cleared up by the stages secured in
D. simplicifolia. The stem of the embryo, represented in
Fig. 16, seems to have a well-marked single apical cell at s
This is represented on a larger scale in Fig. 17. There is
probably a certain amount of obliquity in this section, as the
young bundle is not seen passing into the cotyledon at this
point, but in the fourth preceding section of the series. This
much is certain, however, that the cell in question is absolutely
the largest anywhere near the apex of the stem, and likewise
possesses the largest nucleus. On account of its size, and of its
position in relation to the cotyledon, it is practically certain
that it is the apical cell. With regard to the embryo of
Fig. 18, there is probably still a single apical cell in the
growing-point of the stem, but rapidly approaching the time
when it will be merged in a group of equivalent initials. It
is already hardly, if at all, larger in size than one or two of
the adjacent cells, but its nucleus is undoubtedly the largest
and at the same time richest in chromatin (cf. Fig. 19);
hence, in all probability, it is the apical cell. In a series of
transverse sections of a plantlet, in which only the cotyledon
had expanded, and of which the second leaf was still quite
young, the stem had a single apical cell with a four-sided
base. The cotyledon of this plantlet was the one already
referred to as having a very feebly developed bundle, the
xylem consisting of only two elements. In somewhat more
advanced plantlets it was quite impossible to fix on any
particular cell as the apical cell, and in these cases there
would be little doubt that the apical meristem consisted of
a small number of equivalent initials.

With regard to thc cotyledon, the somewhat late stages
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available showed no definite single apical cell, and Prof.
Campbell found the same to be the case with Marattia
Douglasii'. A plantlet was investigated in which, besides
the cotyledon and a quite young second leaf, there was the
carliest rudiment of a third; but this rudiment seemed already
to have a two-celled apex, one of the cells being in the last
stage of karyokinesis, although the new anticlinal wall had
not been formed. Hence it is exceedingly probable that
in the case of the cotyledon and the subsequent leaves,
if at any time there is a single apical cell it can only be of
exceedingly transitory duration.

The root presented the same difficulty; the only pro-
mising young embryo, Fig. 16, did not show any cell, or
cells, which could be recognized as constituting the growing-
point of the future root. The root of Fig. 8 might have
shown the condition at a later stage, but it unfortunately got
broken off before imbedding and was sectioned by hand. It
does not show anything decisive. Attempts were made to
study the primary roots of young plants, but these were
nearly all either actually injured, or in such bad condition at
the tip as to make otherwise successful microtome-sections
useless. In one case, however, a longitudinal section (one of
a microtome-series) was obtained which showed a remarkably
large cell which, judging from its position and the condition
of the adjacent tissues, seemed to be the apical cell, although
it was not quite axially median. Sections of the adventitious
roots left no doubt that, in their case at least, the growing-
point consisted of a few equivalent initials, in one case a well-
marked group of four.

SUMMARY.

The genus Danaea, as exemplified by Danaea simplicifolia,
Rudge, is found to agree very closely with Angiopteris and
Marattia, both in the gametophyte and in the embryo-
sporophyte. Perhaps the most important point of difference is
the presence of septate, or multicellular, rhizoids in the former

! Loc. cit., p. 11.
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genus, whereas they are unicellular in the two latter genera,
It is possible this may be found to have phylogenetic
importance, and strengthen the view that the Eusporangiate
Ferns and the Mosses had a not very remote common
ancestor.

The exceptional mode of development of the antheridia, in
certain cases, resulting in the formation of a very small
number of spermatozoids, is probably due to the antheridium
as a whole being developed from a cell which was nearly, or
quite, adult.

The archegonia present no features which are not likewise
characteristic of Angiopteris, Marattia, and presumably Kanul-
JSussia.

The structure of the growing-point of the stem of Danaca
seems to be very much in the same condition as in the other
two genera which have been studied. It appears in fact to
be still in the transition stage from a single apical cell to
a group of equivalent initials. It is interesting to note that
Danaea, which is usually placed lowest in the scale among
the Marattiaceae, is the genus which presents the clearest
indications of a single apical cell. There can be little doubt,
in view of the results obtained, that the Marattiaceae are
descended from an ancestor whose growing-point presented
a well-marked single apical cell, that being really the
primitive type of growing-point throughout for the great
Fern-series.

The apical meristem of the cotyledon and subsequent
leaves does not seem at any time to obviously possess an
apical cell, and in this also there is agreement with the other
genera,

The primary root, until further evidence is forthcoming,
may be considered to have a single apical cell; but the
subsequent adventitious roots have a group of equivalent
initials, sometimes clearly four.

The stele, both of the stem, and of the root, has a distinct
endodermis, agreeing in this with Angiopteris at any rate.
The root-stele merges directly in that of the stem, the latter
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(i. e. stele of the stem) of course consisting of the leaf-trace-
bundle of the cotyledon until complications arise through the
addition of the subsequent leaf-traces. The junction is
effected by ordinary scalariform tracheids.

Note.—In No. 15 of the Botanisches Centralblatt for 1896
(Band LXVI, p. 49), Jonkman has a preliminary communica-
tion on the embryogeny of Angiopteris and Marattia, the
special interest of which lies in the fact that the embryos
were obtained by cultivation. He, so far, does little more
than confirm previous observations; the most important
point, however, being that he finds that the growing-point
of the embryonic stem consists of a few initials, and that of
the root of four. This agrees in the main with the results
of previous observers; but Jonkman is disposed to consider
these conditions as constant, whereas Prof. Campbell and,
in the present paper, myself are of the opinion that there
is a certain amount of inconstancy, and that occasionally, if
not frequently, the embryonic stem, as also the root, has
a single apical cell. It is somewhat interesting that Jonkman
finds in Angiopteris and Marattia a group of four equivalent
initials in the growing-point of the primary root, a number
which was found in the young adventitious roots of Danaea
simplicifolia, although the condition of the primary root was
not satisfactorily made out in the latter. Prof. Farmer had
come to the conclusion, with regard to Augiopteris evecta,
Hoffm., that in the embryonic root there is a single apical
cell, which has a very transitory existence as such.
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EXPLANATION OF FIGURES IN PLATE IX.

Illustrating Mr. Brebner’s paper on the prothallus and embryo of Danaea
ssmplicifolia, Rudge.

Figs. 1 and 2. Prothalli. Nat. size.

Fig. 3. Young plant attached to prothallus, with only the cotyledon expanded :
an., developing antheridia. x2}.

Fig. 4. Similar to preceding: pr., prothallus. Nat. size.

Fig. 5. Young plant still attached to prothallus, 7., showing three young leaves
and the bases of the two first. Nat. size.

Fig. 6. Rhizoid, 4., of prothallus, g». x s0.

} 7. Young antheridium originating from adult cell of prothallus. x 350.

Fig. 8. Young antheridium, slightly older than the preceding, and showing the
first division of the mother-cell of the sperm-cells.  x 350.

Fig. 9. Young antheridium, similar to preceding, seen from below: m., peri-
pheral cells.  x 350.

Fig. 10. Cover-cells of preceding, seen from above. x 350.

Fig. 11. Cover-cells of empty antheridia, seen from above. The dotted lines in
one of the sets indicate the thickness of the cells seen in perspective. x 350.

Fig. 132. Nearly mature antheridium: ., peripheral cells. x 350.

Fig. 13. Mature archegonium : ov., ovum; sp., probably a spermatozoid. x 350.

Fig. 14. Mature archegonium: oz., ovum; 7.c., neck-cells. x 350.

Fig. 15. Vertical section of a youngish embryo, not quite median: 6.5. basal
wall; 77, 77, transversal wall. Arrow indicates direction of growing-point of
prothallus.  x350.

Fig. 16. Vertical section of an older embryo: sf, growing-point of stem;
L., cotyledon. x 200.

Fig. 17. Growing-point of stem of the same. x 400.

Fig. 18. Vertical section of a still older embryo: st., growing-point of stem;
L., cotyledon; ». root. x 100.

Fig. 19. Growing-point of stem of the same. x 400.

Fig. 20. Transverse section of stele of the stem at junction of first and second
leal traces: L. 4., cotyledon bundle; ¢z, endodermis. x 400.
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A Revision of the Genus Coprinus.

BY

GEORGE MASSEE, F.LS,
Principal Assistant (Cryptogams), Royal Herbarium, Kew.

——

With Plates X and XI.

——

HE Fungi constituting the genus Coprinus, as at present
understood, were originally included under the collec-

tive name of Agaricus, which at one time covered the whole
of the gill-bearing Agarics. Persoon?! was the first to detect,
in the complete deliquescence of the gills at maturity, a
feature of sufficient importance to justify the creation of
a special section of Agaricus, under the name of Coprinus,
for the reception of those species possessing this peculiarity.
At a later date Fries? raised Persoon’s section to generic
rank, retaining the name Coprinus, characterized mainly by
the feature indicated by Persoon, the solution of the gills into
a dripping, inky liquid at maturity. In reality, this one
biological character is the only constant point of distinction
between Coprinus and the remainder of the fleshy, putrescent
Agaricineae. Morphologically there is only a relative differ-
ence; the statement by Fries in his definition of the genus
Coprinus, that the trama is obsolete, is not correct ; a well-
developed trama is always present, formed of interlaced
septate hyphae, often furnished with vesicular swellings,
running parallel with the sides of the gill or lamella, and

! Syst. Meth. Fung., p. 395 (1831).
* Epicr. Syst. Mycol,, p. 241 (1836-1838).
"Annals of Botany, Vol. X. No. XXXVIIL June, 1896.]

o
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giving off free ends which bend outwards, and bear the
elements of the hymenium, exactly as in other Agarics.
Cystidia are present in the hymenium of most species, and
are, as a rule, much larger than elsewhere in the Agaricineae.
The spores also, as a rule, are relatively large, one Queens-
land species— Coprinus gigasporous, Massee —having the
largest spores of any known Agaric, measuring 28-30 x 14-16y.
In Coprinus insignis, Peck, the spores are minutely asperate;
in all other known species the epispore is smooth. In
systematic works the spores are said to be black; that is,
when seen in the mass on a white ground; and under these
conditions the statement is approximately correct, being often
accompanied by a tinge of purple or brown. When seen by
transmitted light the spores are always some shade of brown,
varying in the different species from rich burnt-sienna, through
umber, to apparent black, when the colouring matter is so
dense that the spore is quite opaque. Karsten? has recently
broken up the genus Coprinus into several genera, depending
mainly on the shade of colour of the spores, as seen by
transmitted light ; but, like all attempts at classification based
on a single character, whatever may be its merits when
treating of the species of a limited area, it breaks down
when dealing with the entire number of known species; and
even in a local flora, the adoption of narrow characters that
will not embrace all known species is perhaps a mistake,
inasmuch as it cramps the student’s knowledge, and leads him
to believe that genera and species are much more sharply
defined than they are in reality.

Coprinus sclerotigenus, Ellis and Everh., springs singly or
in small numbers from a large, irregular, externally black
sclerotium. C. tuberosus, Quélet, also originates from a small,
black sclerotium; and Brefeld? has shown that a small
sclerotium is formed by C. stercorarius, Fr. The number
of sclerotium-forming species will probably soon be extended,
now that attention has been directed to the subject.

! Ryssl. Finl. och den Skandinaviska Hattsvampar, I. pp. 526-550 (1879).
2 Bot. Untersuch. iiber Schimmelpilze, Heft ITI (1887).
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The flesh of the pileus is very thin in all the species of
Coprinus, and in many kinds is reduced to such a delicate
membrane that Fries considered it to be entirely wanting,
and in his latest work! divides the genus into two tribes,
founded respectively on the supposed presence or absence
of a cuticle or layer of flesh covering the gills. The species
included in the first tribe—Pelliculosi—have a pellicle, and
when the pileus becomes upturned and split at maturity, the
splitting takes place through the pellicle, between the gills.
In the second tribe—Veliformes—the pellicle is supposed by
Fries to be absent, but this view will be shown to be a mis-
taken one; the radiating grooves which appear as the pileus
expands are due to the splitting of the gills themselves,
commencing at the back and continuing towards the free
edge of each gill, owing to the trama offering least resistance,
and consequently giving way first during the expansion of
the pileus. The hyphae of the trama do not deliquesce
during the splitting of the gill, but are torn apart. As
already stated, a very thin but continuous layer of flesh is
present, covering the surface of the pileus in the members of
the tribe Veliformes; the portion nearest the gills consisting
of slender septate interwoven hyphae, the free ends of which
give origin to a layer of piriform or subglobose cells, closely
packed side by side like the palisade-tissue of a leaf, and
forming the free surface of the pileus. During expansion the
large cells forming the surface of the pileus are torn apart,
but persist in a dry condition, and produce the scurfy or
furfuraceous appearance presented by the pileus of all the
species of the tribe Veliformes during expansion. Fig. 25
is a section through a portion of the pileus of Coprinus
plicatilis, Fries, and shows the splitting of the gills, also the
scurfy appearance of the pileus, due to the separated large
external cells of the pellicle.

There is no trace of a secondary veil present in any known
species of Coprinus: hence a true ring or annulus is never

' Hym. Eur., p. 320 (1874).
K
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present on the stem, the structure called the ring in systematic
works being, so far as Coprinus is concerned, the free margin
of the volva, or basal portion of the primary or universal veil,
which, in some of the more highly organized species, breaks
away from the lower fixed portion of the volva, and is carried
for some distance up the stem during the increase in length
of the latter. In some species, as Coprinus Hendersoni, Berk.,
this structure is situated about half-way up the stem, to which
it is attached by its lower margin, and consequently looks
much like a true ring formed from the remains of the
secondary veil ; but it is in reality only the free margin of
the volva, the lower portion of which closely embraces the
stem, and is of a looser texture than that of the true stem
above the margin of the volva. When the stem is thus
surrounded for a considerable portion of its length by an
adnate volva, it is said to be peronate. This appearance is
produced by the increase in length of the stem being due
mostly to basal growth, and in the volva growing at the same
rate as the stem it closely surrounds; when the volva does
not grow at the same rate as the stem, then its free margin
only is carried up by the elongating stem, as frequently seen
in Coprinus comatus, Fries. This explanation is equally ap-
plicable to all Agarics with a peronate stem.

A clear idea of the broad lines of evolution—morphological
and physiological—presented by the Agaricineae is necessary
to enable the reader to judge of the view put forward
respecting the genetic relationship of the genus Coprinus
with the remainder of the series.

Morphologically, the lowest and most primitive type of
structure met.with in the Agaricineae is illustrated by species
included in such genera as Marasmius, Pleurotus, and Clau-
dopus, where the pileus is sessile or stemless, and fixed by
its back to the substratum, the gills being uppermost and
consequently entirely unprotected from the earliest stage of
development. In the second type the pileus is furnished
with a more or less evident lateral stem, formed by the
outgrowth of a point of the margin of the pileus, the gills
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radiating from the stem-like point; such Fungi grow hori-
zontally, and in the most perfect representatives the pileus
has reversed the position characteristic of the first group,
and we find the gills occupying the under surface, pointing
towards the ground. Panus stypticus illustrates this stage
of development. In type three, illustrated by the species
of Paxillus, we get shadowed in the umbrella-ty pe of structure,
so characteristic of the Agaricineae; the stem has crept within
the margin of the pileus, at first near to one edge, or ex-
centric; in the higher species originating from the centre
of the under surface, or central ; the gills always run down
the stem for some distance, thinning out into mere lines,
and are described as decurrent. In type four, which includes
the greatest number of species, the stem is always central,
the gills never decurrent, springing from the stem by their
entire width—adnate—or more or less cut out behind—
adnexed—but always touching the stem. In the fifth and
highest type of structure, the stem is central, and the gills
are so much cut out behind that they are quite free from
the stem, as in the genera Pluteus, Amanita, &c.

From the above it will be seen that there are three leading
lines of departure from the primitive type of structure:—
(1) Turning the hymenium downwards, away from the light,
thus securing protection from sun, rain, &c., until the spores
are mature: (2) The acquisition of a central stem; the stem
in itself is an advantage in elevating the pileus from the
ground, and thus facilitating the dispersion of the spores
by wind, &c.; and its central position renders possible the
closely-set radial arrangement of the gills, a plan which
secures the greatest possible hymenial or spore-bearing surface
with the least expenditure of material: (3) The freedom of
the gills from the stem; the advantage of this point is not
obvious, at least not to me, but the persistence with which
it is carried out in all the highest forms prove it to be of
some decided advantage.

Contemporaneously with the above phases of development
we find the gradual evolution of the protective structures,

K2
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known respectively as the primary or universal veil, and
the secondary veil, which are most perfect in the highest
stage, and entirely absent from the lowest.

The Agaricineae do not form a single group having the
sequence indicated, but are in reality broken up into four
groups or series, each running through the five types of
structure already explained. These four groups are charac-
terized by the colour of the spores, as follows : spores black—
Melanosporae; spores brown—Ochrosporae; spores pink
or salmon-colour—Rhodosporae; and spores white—Leuco-
spore. These four colour-groups form a sequence of develop-
ment in time, the Melanosporae being the oldest, and the
Leucosporae the newest. The evidence in support of this
statement is as follows. In the oldest group, omitting
Coprinus, which it has hitherto included, the five types of
structure are not represented at the present day, types 1 and
2 being obsolete; the species are few in number and of
world-wide distribution; the sporophore is very short-lived,
and entirely lacks the differentiation of structure present in
the tissues of the higher groups; the primary and secondary
veils, when present, are comparatively rudimentary, and the
spores are relatively large.

Passing to the newest group in time, the Leucosporae, we
find the species more numerous than those of the three
older groups added together; and although representatives
are met with everywhere, the different sections and genera
are highly characteristic of special regions. All the five
types of structure have representatives, the simplest types
having fewest species; the sporophore in the highest forms
is fleshy, and persists for several days, producing spores in
succession, thus extending the period of spore-production, and
in proportion the extension of the species in space. In some
genera the sporophore is corky and persistent, and from
analogy with what occurs in other groups of Fungi, as the
Polyporeae, may become perennial. The primary and
secondary veils are highly developed, and afford complete
protection to the hymenium until the spores are mature.
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In certain genera, as ffygrophorus and Russula, we meet with
highly differentiated groups or bundles of laticiferous hyphae,
containing hyaline or coloured latex, which in some species
is sapid, in others intensely hot and acrid. The by-products
of metabolism are utilized in the formation of brilliant colours,
and bitter or acrid and often poisonous products. The spores
as a rule are minute, and thus readily dispersed by wind.
The features thus indicated as characteristic of the Leuco-
sporae, appear in a less perfect and pronounced condition
in the older groups, Rhodosporae and Ochrosporae.

Finally, there is one feature of primary importance common
to the whole of the Agaricineae, excepting the genus Coprinus;
namely, the dissemination of the spores by wind, and for the
purpose of effecting this object the gills are persistent—not
deliquescent at maturity—and the mature spores are liberated
as a very fine, dry powder.

AFFINITIES.

In the latest scheme of classification, propounded by
Saccardo !, Coprinus occupies a central place in the Melano-
sporae. This location, however, is exceedingly unsatisfactory,
owing to the much higher standard of the features charac-
terizing Coprinus, as compared with those of the genera with
which it is associated. A truer estimate of Coprinus was
shown by Fries? who placed it on a level with the genus
Agaricus, as interpreted by him.

As before noted, the species of Coprinus differ from the
remainder of the Agaricineae in one important biological
feature,—the deliquescence of the gills at maturity into
a liquid which drips to the ground, carrying the mature
spores along with it. This primitive and relatively imperfect
mode of spore-dissemination, as compared with the minute,
dry, wind-borne spores of the remainder of the Agaricineae,
combined with other evidence to be noted later on, indicates

! Sylloge Fungorum, Vol. v, p. 1078 (1887).
? Hymenomy. Eur., p. 320 (1874).
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that in the genus Coprinus we have, in reality, the remnant of
a primitive group of Fungi, from which have descended the
entire modern group of Agaricineae having wind-borne spores;
and which, on the other hand, can be traced back to the still
more primitive, subterranean Fungi which are the common
ancestors of the entire group of the Basidiomycetes.

Evidences of the antiquity of Coprinus are seen in the
world-wide distribution of the genus, and the limited area
occupied by species; each large mass of land, and also many
islands, having a very high percentage of endemic species.
As an illustration of this, we may state that there are 117
known European species, only eighteen of which extend to
other countries; and even amongst the European species,
a considerable number are restricted to narrow areas. The
half-dozen European species having a wide distribution
beyond Europe are just those most associated with agri-
culture, occurring in farm-yards, dung-hills, &c., and have in
all probability accompanied man in his migrations to new
countries, whence they are recorded as occurring in similar
habitats.

There is no differentiation of the hyphae into a laticiferous
system ; an entire absence of clear, bright colours, as also of
those acrid and poisonous protective secretions which charac-
terize the members of the higher Agaricineae. Certain species
of Coprinus, as C. comatus and C. atramentarius, are edible,
and amongst the safest and best of edible Fungi, and pro-
bably every species is edible, only owing to their ephemeral
nature, and the absence of flesh, they do not commend them-
selves. The primary veil, when present, exhibits a primitive
structure, not being sufficiently firm in texture to form a loose,
sheathing volva at the base of the stem, and the portion carried
upon the pileus usually consists of evanescent squamules, or
a cobweb-like layer which soon vanishes. The thin flesh of
the pileus, like that of the gills, deliquesces at maturity.

Notwithstanding the primitive simplicity of structure, it is
highly probable that the five types of progressive develop-
ment explained as present in the Agaricineae were also
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originally present in Coprinus, although the two oldest types
are obsolete, so far as is known, at the present day.

Throughout this paper, Coprinus has been spoken of as
a genus; and from a systematic standpoint it is perhaps best
to continue doing so, although its diagnosis, as already stated,
is much broader than that of any other modern genus: for
example, we have combined species with free and with adnate
gills respectively; some species with a distinct universal
veil, others without a trace of this structure, &c.; the only
common bond is the deliquescent gills.

The section Melanosporae of modern Agarics is most
closely allied to Coprinus, from which it is directly derived ;
in fact, numerous species belonging to this group differ from
Coprinus only in having dry, persistent gills and wind-
dispersed spores. But, as would be expected, we find in the
Melanosporae many species in which the gills show a more or
less decided tendency to deliquesce; as specific examples
may be mentioned, Hypholoma hydrophilus, Bull; and
Agaricus campestris, L., the common mushroom. The genus
Psathyrella, in the Melanosporae, is in the sum-total of its
characters nearest to Coprinus. In the Ochrosporae the
genus Bolbitius approaches Coprinus in the ephemeral nature
of its species, and in the partial deliquescence of the gills, but
the spores are orange-brown in the mass.

Finally, in the Leucosporae, the genus Hiatula agrees with
the simplest forms of Coprinus in the exceedingly thin flesh of
the pileus, and in the gills splitting down the back; but the
gills remain dry. and the spores are disseminated by wind.

In the descending series, Coprinus joins on to such genera
as Montagnites with its three species, two of which are
European, the third from Texas: Phkellorinia, three species,
S. Africa and Mongolia: and Gyropkragmium, one species
from S. Africa. The two last-named genera have been
located respectively in the Agaricineae and in the Gastro-
mycetes by different authors, indicating that they are near
the point of bifurcation of the two groups from the ancient
subterranean basidiosporous Fungi.
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It is interesting to note that, while the liquefaction of the
elements of the hymenium—trama, basidia, paraphyses—was
finally abandoned at a very early stage in the evolution of the
Agaricineae, it persisted throughout the entire sequence of
development in the parallel group of the Gastromycetes. In
the puffballs — Bovista and Lycoperdon — the well-known
water-logged condition of the immature Fungus is due to the
melting of the hymenial structures, the spores being thus set
free in the gleba, and after attaining maturity become dry,
and are eventually dispersed by wind ; whereas_in the highest
order, the Phalloideae, a similar deliquescence takes place,
the semi-liquid product having a very decided smell and
a sweet taste, much appreciated by insects, who greedily
consume it along with the very minute spores imbedded in
it; thus the feature which proved a failure in the Agaricineae
has been an important factor in raising the Phalloideae to
their present position as head of the fungal sub-kingdom.

DISTRIBUTION.

The genus is cosmopolitan, species being most abundant in
temperate regions ; at the same time subtropical and tropical
regions yield their own peculiar forms. Two common
European species, Coprinus fimetarius and C. micaceus, are
recorded from Siberia. Three species, C. Barbeyi, C. im-
bricatus, and C. jasmundianus, are peculiar to the Egyptian
desert-region, growing on dung on caravan-tracks. Some
species grow in absolute darkness, on timber in the shafts of
coal-mines, &c., and very frequently under such conditions
assume peculiar and grotesque forms, some of which have
needlessly been raised to specific rank. The different sections
of the genus, morphologically considered, are not characteristic
of any particular region, as in those instances where a sufficient
number of species are recorded from any extra-European
country, the different types of structure are represented. An
apparent exception to this statement is presented by the
known distribution of the members constituting the most



Genus Coprinus. 33

highly organized section of the genus, characterized by the
presence of a volva having a distinct free margin. There
are twelve such species known, eleven of which are confined
to Europe, the twelfth—Coprinus jasmundianus—being re-
stricted to the Egyptian desert-region. Again, the species
furnished with a ring or annulus on the stem are most abun-
dant in Europe; but it must be remembered that both volva
and ring are very evanescent structures, usually completely
disappearing before the Fungus arrives at maturity, and at
best are difficult to distinguish with certainty in the case
of dried specimens; hence our knowledge of the subject is
as yet too incomplete to justify the statement that the most
highly organized species are most abundant in Europe ; never-
theless, as shown by the following table, Europe has by far
the largest percentage of endemic species.

The following arrangement shows the general and relative
distribution of the species, the total number of which is 16g.

Europe ; total of species, 117; endemic species, 99.

Asia ” 2 12 ; » ” 7'
Africa " ” 16; » » 9.
Australasia ,, ’ 17, ” ” 5
America ,, ” 45; » ” 31.

The particular country or district in each continent having
the greatest number of species is given below :

France; total of species, 70 ; endemic species, 24.
Ceylon ) » H %) ”» 6.
S. Africa » » 9; » ” 2.
W. Australia ,, » 14; ” » 3
U. States ” » 33 " » 20

Great Britain follows France with a total of forty-three
species, six of which are endemic. The following countries
and islands have each one or more endemic species:—
Abyssinia, Java, New Zealand, India, Bonin Is., Canary Is.,
Falkland Is., Venezuela, Brazil, Martinique, Cuba, Cayenne,
St. Thomas (W. Indies), Tahiti, Tonga Island.

yad
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Coprinus plicatilis, Fries, a small,ephemeral Fungus, having
a membranaceous pileus about 1-5-2 cm. across, when ex-
panded, has the widest range of any known species; being
common throughout Europe, also extending to South and
West Africa, India, Ceylon, New Zealand, Tasmania, West
Australia, United States, Japan, and Behring Straits.

Coprinus comatus, C. atramentarsus, C. niveus, and C.
ephemerus are also widely distributed.

Fungi belonging to the genus Coprinus are included in the
figures of Japanese plants drawn by native artists, but the
exact species cannot be determined with certainty.

HABITATS.

Many species grow on dung or on richly manured ground,
and are consequently most abundant in pastoral and agri-
cultural districts, where they find a congenial home in farm-
yards, on dung-hills, &c. Other species grow on decaying
tree-trunks, or at the base of old gate-posts, and similar
localities. One species—Coprinus radians—possessing well-
marked characters, has hitherto been met with only on old
damp plastered walls, where the mycelium radiates on every
side for a distance of 2-4 cm. from the point of attachment.
Finally, a Coprinus has, both in this country and on the
continent, been found growing on the dressing of wounds, an
occurrence no longer possible, thanks to the researches of
Sir Joseph Lister.

CLASSIFICATION.

It may perhaps be considered superfluous to give descrip-
tions of species that have been previously described. The
following are my reasons for so doing; and, furthermore,
I consider these same reasons applicable in every instance
where a genus has not been rccently monographed.

Until quite recently many authors have attachgd primary
importance to one special feature in the discrimination of
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species, and in their diagnoses have emphasized this, to the
comparative exclusion of other characters. Unfortunately
there appears to have been no common agreement as to what
constituted a feature of primary importance, hence the
difficulty, or often the impossibility, of gaining a clear idea
of the sum-total of characters considered necessary for the
discrimination of a species at the present day, from the very
brief descriptions of the old authors, and unfortunately also
of some quite modern ones. A glance at almost any page
of Saccardo’s Sylloge Fungorum, which is supposed to give
the original description of every described species of Fungus,
will illustrate my meaning. It will there be seen that whilst
the description of one species may not occupy more than two
lines, that of the next species may occupy a dozen or more
lines. Of these, the first would in all probability prove to
lack points absolutely necessary for the certain identification
of the intended species; whereas the second, on the other
hand, might possibly prove to be a detailed description of
an indsvidual, as difficult to interpret correctly as the shorter
one. Difficulties of the nature indicated are by no means
absent from the descriptions of species, formulated by so
many different individuals, and at different periods, in the
genus Coprinus.

The following synopsis aims at keeping a certain number
of features in view throughout the entire number of species,
as follows:—(1) Form of pileus, especially when young ; (2)
presence or absence of volva and ring, and nature of universal
veil when broken up by expansion of pileus; (3) mode of
attachment of gills; (4) spores; (5) stem-characters. Un-
fortunately it is very rare to find all these features noticed
in existing diagnoses, but in many instances I have been
enabled to fill up omissions from examination of authentic
or type specimens in the Herbarium of the Royal Gardens,
Kew, and also in some cases from type-specimens kindly lent
from other collections.

.~

/f
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Key to the species of Coprinus.
SECTION I

Volva distinct, with a free margin; ring present or absent.
1-121,

(The volva is in all cases more or less free from the base
of the stem, and when the margin of the volva is persistent
the ring is absent; in other words, the ring in all cases, when
present, consists of the free margin of the volva, which breaks
away, and is often carried away from the base with the elon-
gating stem. No known species of Coprinus has a secondary
veil, from which a true ring or annulus is formed.)

* Large; pileus always more than 2 cm. high and wide.
1-6.
+ Stem white. 1-4.
1 Stem coloured. 5-6.
** Small; pileus always less than 2 cm. high and wide.
7-12.
t Volva entire. 7-10.
++ Volva torn into shreds. 11-12.

SEcTION II.

Volva absent, ring present on the stem. 13-25.

(The statement that the volva is absent is morphologically
inaccurate ; it is present, but closely adnate to the stem
which elongates much at the basal portion, the ring eventually
occupying a more or less median position on the stem,
the portion below the ring being in reality sheathed by the
delicate volva—or peronate, as it is usually termed. This
is sometimes very evident.)

* Large; pileus 8-15 cm. high. 13-17.
** Small; pileus never exceeding 3 cm. in height.
18-25.

! The figures correspond to the numbers preceding the names of species in the
descriptive portion.
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SEcTIiON III.

Volva and ring absent. Veil practically absent, pileus
either glabrous, or with minute innate squamules, especially
near the apex. 26-42. .

(Usually large ; closely allied to the last section, differing
only in the ring being obsolete. Differs from the glabrous
group in Section VI in the pileus not splitting along the lines
of the gills.)

* Gills attached to the stem. 26-34.
** Gills free. 35-42.

SECTION 1IV.

Volva and ring absent; wveil very evident—at least in the
young state—under the form of a felt-like layer, which breaks
up during expansion into irregular patches; cottony,; squamu-
lose; fibrillose; or mealy (but not glistening and micaceous).
43-101.

(The presence of a universal veil, and the entire absence
of volva and ring, characterizes this, the largest section of
Coprinus. The presence of a universal veil implies the
existence, at some stage, of a volva, but there is no trace
of the latter even during a very young stage, hence for
convenience it is described as absent, as in many other genera
in the Agaricineae.)

* Veil rather thick and felty, breaking up into irregular,
more or less persistent, patches during the
expansion of the pileus. 43-49.

t+ Gills attached to the stem. 43-44.
+t Gills free. 45-49.

** Veil breaking up into superficial scales, cottony, or

fibrillose. 50-92.
t Gills attached to the stem. 50-68.

§ Pileus whitish or grey. 50-60.

§§ Pileus tawny or brownish. 61-68.
11 Gills free. 69—92.
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§ Stem glabrous. 69-78.

§§ Stem floccose or pulverulent at first. 79-92.
*** Veil formed of white meal or hyaline vesicles (not

glistening and micaceous). 93-101.

SECTION V.

Volva and ring absent. Pileus covered with glistening,
micaceous particles when young. 102-110.

(It is uncertain as to whether traces of a veil are in reality
present on the pileus of the species constituting the present
section. The glistening particles of oxalate of lime are
washed away in rainy weather, leaving the pileus naked.)

* Gills attached to the stem. 102-100.
** Gills free. 107-110.

SECTION VI.

Volva, ring, and veil entirely absent; flesh exceedingly thin,
and the pileus soon becomes radially fissured or split along the
lines of the gills ; furfuraceous oy scurfy,or glabrous. 111-165.

(The leading character of the present section consists
in the radial splitting of the pileus along the lines of the
back of the gills during the expansion of the pileus. In all
the previous sections, the radial splitting of the pileus takes
place along the lines of striation, which are situated between
the gills. The furfuraceous or scurfy appearance is not due
to the presence of a veil, but is caused by the cells of the
thin flesh which are torn apart, and project outwards when
the splitting takes place. In those species where the flesh
of the pileus is reduced to a mere film, the surface remains
glabrous after splitting.)

* Pileus more or less furfuraceous or scurfy. I111-13I.
1 Gills attached to the stem. 111-120.
§ Pileus white. 111-113.
§§ Pileus coloured. 114-120.
tt Gills free. 121-131.
§ Stem fibrillose or downy. 121-122.
§§ Stem glabrous. 123-131.
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** Pileus glabrous. 132-1635.
t Gills attached to the stem. 132-1435.
§ Stem downy or pulverulent. 132-134.
§§ Stem glabrous. 135-145.
11 Gills free. 146-157.
§ Stem downy or pulverulent, 146-148.
§§ Stem glabrous. 149-157.

COPRINUS, Fries.

Pileus symmetrical, flesh thin, usually radially striate or
grooved, and bearing the remains of the universal veil ; stem
central, most frequently hollow, in some species volvate and
annulate; gills adnate, adnexed, or free, thin, crowded,
deliquescing at maturity, trama well developed; basidia
clavate or piriform, tetrasporous; spores large, elliptical or
irregularly angular, black, often with a tinge of purple or
brown when seen in the mass; cystidia numerous.

Coprinus, Persoon, Syst. Meth. Fung., p. 395 (1801); used
as a sectional name in the genus Agaricus.

Fries, Epicr. Syst. Mycol,, p. 241 (1836-1838).

SECTION L

1. Coprinus sterquilinus, Fries, Epicr. p. 242.

Pileus conic-ovate, then campanulate, coarsely sulcate, silvery-grey,
disc lawny and covered with squarrose squamules, 5—7 cm. high; gills
free, purplish-black ; spores 18-20 X 11-12 p; stem 9-15 cm. high,
fibrillose, white, becoming dark coloured when bruised, volva adnate,
margin free, sometimes carried up by the elongating stem as a ring.

On dung and manured ground. Britain, France, Germany, Spain,
Portugal, Sweden, Belgium.

Distinguished among volvate species by the squamulose disc, and
the white stem becoming blackish when bruised.

2. Coprinus solstitialis, Sacc., Syll. Suppl. 3, no. 498.

Pileus cylindric-ovate, 2-5-3 cm. high and 1.5 cm. broad, even,
whitish, covered with spreading, overlapping, somewhat concentrically
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arranged scales, with an unbroken patch at the disc, soon expanding,
becoming blackish, coarsely grooved, and up to 5 cm. across; gills
free; stem 3-6 cm. Ligh, white, base volvate and with a fugacious
ring formed by the margin of the volva breaking away.

On sandy ground. Finland.

Allied to C. sterquilinus, differing in being smaller, and in the stem
not becoming black when bruised.

3. Coprinus oblectus, Fries, Epicr. p. 243.

Pileus cylindric-ovate, then campanulate, coarsely striate, at first
whitish and silky, glabrous, pale tawny, and sprinkled with rose-coloured
powder, 3—5 cm. broad ; gills free, pinkish, then black with a purple
tinge ; spores broadly elliptical, 18 x 11-12 »; stem 8-12 cm. long,
persistently white, silky, volva with a broad, recurved margin.

On dung, road-scrapings, &c. England, France.

4. Coprinus jasmundianus, Kalchbr., in Asch. Beitr. Flor.
Aeg., 1879, p. 73.

Pileus conic-ovate, grooved, sordid, flocculose, 4—5 cm. broad ; gills
linear, black; stem 10-12 cm. long, whitish, siriafe, hollow, base
bulbous, volvate.

On the ground on caravan-tracks. Egypt.

5. Coprinus stenocoleus, Lindblad, in Fries, Mon. p. 306.
Pileus cylindrical, then broadly campanulate and umbonate, even,
blackish, with whitc squamules, 5-8 cm. across; gills free; stem
10-15 cm. long, slender, pale tawny, more especially upwards, base
thickened and closely sheathed by a long volva having the margin free.
On manured ground. Sweden.

6. Coprinus umbrinus, Mass., Grev. Vol. xxi, p. 41. (Figs.
13-14.)

At first entirely enclosed in a white volva; pileus conico-hemi-
spherical, soon almost plane, coarsely sulcate up to the disc, umber,
ornamented with patches of the volva, 4—5 cm. across; gills free;
spores elliptic-oblong, 17-18+49 p; stem 10-15 cm. long, dark
umber from the first, base bulbous, with a persistent white volva
having a free, reflexed margin.

On manured ground. England.

Distinguished from C. sfenocoleus by the sulcate pileus and umber
stem.
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7. Coprinus cyclodes, Fries, Epicr. p. 250.

Pileus ovate, then campanulate, striate, glabrous, bay, disc darker,
1-5-2 cm. high; stem 4-5 cm. long, 3-4 mm. thick, rather flexuous,
white, base sheathed in a volva having a free, recurved margin; gills
white, then black.

Gregarious ; on horse-dung. Italy, France, Hungary.

8. Coprinus equinus, Chelch.,, Mem. Phys. de Vars. p. 6, t.
xi, f. 11,

Pileus ovate, then campanulate, greyish-white, disc darkest, covered
with darker scurf and flecks, 3—15 mm. broad ; gills free; spores 5-6
and 4-5 p; stem 18-35 mm. long, glabrous, base rather swollen, and
enclosed in a volva with a free margin, margin sometimes breaking
away as a ring.

On horse-dung. Poland.

9. Coprinus Trappenii, Oudem., Arch. Néerl. ii, p. 29.

Pileus ovate, then campanulate, apex at first bearing fragments of
the volva, then glabrous, 1-1.5 cm. across; gills purplish, then black;
stem 1-1-5 cm. high, glabrous, base sheathed with a volva, white.

Growing on twigs. Netherlands, Holland.

Distinguished by growing on fallen twigs.

10. Coprinus volvaceo-minimus, Crossl, Grev. Vol. xxi,
p- 69.

Pileus ovate, then campanulate, striate, grey, disc darker, sprinkled
with while squamules, 4-5 mm. across; gills slightly adnexed; spores
6-7p; stem 2-2-5 cm. long, glabrous, hyaline, the bulbous base
having a volva with a broad, persistent, free, spreading margin.

On a manure-heap. England.

Distinguished from C. Hendersonii by the distinct volva and
smaller subglobose spores. May prove to be identical with C. dul-
billosus, Pat.

11. Coprinus dilectus, Fries, Epicr. p. 250.

Pileus cylindrical, then campanulate, finely striate, rosy-white, then
pale tawny, floccose or mealy, 1-2 cm. broad; gills free, reddish
brown, then black ; stem 5-7 cm. long, whitish and sprinkled with
red powder ; volva reduced to whitish spreading squamules at the base
of the stem.

On scorched ground, in plant-pots, &c. Sweden, France.

L
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Agreeing with C. oblectus in being sprinkled with red powder, but
differing in the finely striate pileus and the much reduced volva.

12. Coprinus panormitanus, Inzenga, Fung. Sicil. ii, p. 58,
tab. x, fig. 1.

Pileus ovate, white, then grey with an olive tinge, and sprinkled
with whitish flecks, even, 1-5 cm. high; gills close 10 the stem;
spores ovate, black; stem not longer than pileus, base swollen,
rooting, furnished with a torn, ockraceous volva.

On damp ground. Sicily.

Judging from the description and figure, the species was founded
on immature, unexpanded specimens.

SEcTION II.

13. Coprinus comatus, Fries, Epicr. p. 242.

Pileus cylindrical, then campanulate, whitish or tinged ochraceous,
at first even, then decoming broken up into scallered, more or less reflexed,
large torn scales, soon becoming campanulate and pinkish grey at the
margin, 9-15 cm. high; gills very slightly adnexed, pink, then
blackish; spores 12-14Xx8-10 p; stem 12-20 cm. high, stout,
white, volva usually evanescent, its free margin forming a ring which
is often carried up for some distance by the elongating stem.

Gregarious on rich soil in gardens, pastures, &c. Britain, Germany,
Holland, Spain, Portugal, Denmark, Sweden, France, Italy, Belgium,
Russia, Finland, Hungary, Switzerland, Austria, Cape of Good Hope,
Himalayas, Japan, Western Australia, Tasmania, New Zealand, United
States.

Among the best and safest of edible Fungi.

Var. ovatus, Quél., Enchirid. p. 121 (=Coprinus ovatus, Fries,
Epicr. p. 242).

Pileus ovate at first, covered with overlapping, concentrically
arranged scales; gills free.

On rich soil, among grass, &c.

Rather smaller than the type form.

Met with in most countries where the typical form occurs, but not
recorded from any country where the type-form is unknown.

Var. clavatus, Quél., Enchirid. p. 121 (= Coprinus clavatus, Fries,
Epicr. p. 242).

Pileus ovate, soon expanding, surface broken up into shaggy,
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recurved scales, almost from the first; gills free, white, then blackish,
without any intermediate red colour; volva without a free margin,
hence the ring is absent.

Rather smaller than the type-form.

14. Coprinus atramentarius, Fries, Epicr. P- 243.

Pileus rather fleshy, ovate, then campanulate, irregularly fluted,
margin uneven, greyish white, with minute brownish squamules near
the apex, 8-12 cm. high ; gills free, broad, white, then purplish-brown ;
spores 12 X6 p; stem 10-16 cm. long, white, Aollow; ring basal,
very evanescent. -

About old stumps and on rich soil ; not on dung. Britain, France,
Germany, Sweden, Italy, Portugal, Holland, Spain, Denmark, Russia,
Belgium, Finland, Hungary, Switzerland, Austria, United States, Cape
of Good Hope, Kerguelen Island.

Caespitose ; large, edible. Distinguished from C. praegnans and
C. soboliferus in having the stem distinctly hollow.

15. Coprinus soboliferus, Fries, Epicr. p. 243.

Pileus thin, ovate, then expanded, lower half plicate, disc truncate,
often depressed, whitish grey, apex brownish and bearing darker
brown squamules, 9—12 cm. high; gills free, broad, while becoming
black ; spores elliptical, 15X 7 »; stem 12-20 cm. long, white, s/uffed ;
ring fugacious.

On the ground near trunks and buried wood. Sweden, Britain,
Germany, Holland, France, Hungary.

Clustered. Distinguished from allies by the stuffed stem and
truncate disc of pileus. Very close to C. aframentarius, if indeed
distinct as a species.

16. Coprinus pyrenaeus, Quél., Assoc. Franc. 1887, p. 2, pl.
xxi, fig. 6.

Pileus narrowly elliptical, up to 10 cm. long, striate, pearl-grey
showing through a dense veil of free white fibrils; gills free, pinkish,
then brown ; spores irregular, ovoid to almost globose, 12—18 u long ;
stem 10-15 cm. long, hollow, white, fibrillose, ring narrow, fugacious,
basal.

On the ground in troops in alpine regions. France.

Distinguished from C. aframentarius by the dense white veil.

L2
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17. Coprinus praegnans, Fries, Epicr. p. 243.

Pileus campanulate, rather fleshy, not striate but everywhere covered
with crowded, minute squamules, cinereous; gills free, broad, umber
Srom the first; stem fusiform, rooting, solid, fibrillosely squamulose,
ring free.

On the ground. Sweden.

Large, 18-20 cm. high. Allied to C. aframentarius, differing in the
gills not being white, then purplish, but umber from the first, solid
stem, &c.

18. Coprinus variegatus, Peck, 25th Rep. New York State
Mus. p. 79.

Pileus oblong-ovate, then campanulate, obtuse, Aygrophanous, brown,
then whitish, variegated with ockraceous ftomenfose scales, margin
slightly striate, 2-5-4 cm. broad; gills free and ascending, white then
rosy, at length black; spores elliptical, 9 » long; stem equal, fragile,
hollow, at first peronately-annulate, ring soon disappearing, then
floccosely pruinose, 8-13 cm. high.

Among dead leaves. United States.

Distinguished from its ally C. a/ramentarius by being enveloped in
a floccose veil when young, which later becomes broken up into
scales.

19. Coprinus armillaris, Fries, Nov. S.ymb. Myec. p. 28.

Pileus peliucid, conical, becoming plane, su/cafe, whitish, disc
greyish, 2.5 cm. across; gills at first white; stem 5-7-5 cm. long,
narrowed upwards from a ventricose base, rufescent and slightly squamu-
lose below, with a small, entire, median ring.

Island of St. Thomas, West Indies.

20. Coprinus Hendersonii, Fries, Epicr. p. 250.

Pileus subcylindrical, then almost plane, margin slightly fluted,
minulely pruinose, apex tawny, remainder greyish white, up to 1 cm.
across; gills free; spores elliptic-oblong, 10-12 X6 p; stem 3—-4 cm.
long, with a permanent ring below the middle.

On the ground. Britain, France, Belgium.

There is at times distinct evidence of the stem being peronate up to
the ring. Allied to C. dulbillosus, differing in the elliptical spores,
and absence of a bulb at base of stem.
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21. Coprinus bulbillosus, Pat., Tab. Anal. Fung., p. 60,
fig. 658.

Pileus convex with the margin striate and incurved, then expanding,
grey with the disc tinged yellow, covered with white meal, 8-10 mm
across ; gills grey; spores oval, 8—9 x 6—7 p; stem 2-3 cm. long,
slender, white, dase dulbous, ring loose, central on the stem.

On horse-dung. France.

Differs from C. Hendersonii in the bulbous stem. C. ephemeroides
differs in the squamulose pileus and strigose bulb. See note under
C. volvaceo-minimus.

22. Coprinus ephemeroides, Fries, Epicr. p. 250.

Pileus cylindric-ovate, then campanulate, plicato-sulcate, whitish or
livid, disc tinged yellow, sprinkled with superfictal flecks, up to 1 cm.
high and broad; gills free, distant from the stem ; spores elliptical,
11-12 X 6—7 p; stem 2—4 cm. long, whitish, with a free ring usually
placed some distance up the stem, dase with a pilose bulb.

On dung. France, Germany, Holland, Sweden, Finland.

Variable in size, but always small and delicate.

Var. muscorum (= Coprinus muscorum, Karsten, Hattsvamp. 1,
p- 531.

Spores ovoid, 7-9 x 6-8, fuscous.

Among dead moss. Finland.

23. Coprinus torquatus, Mont., Cent. vii, no. 29.

Pileus very delicate, soon plane, cenfre slightly depressed, pellucid,
striate up to the even, livid disc, pale grey; gills free and distant from
the stem, very narrow ; stem long, slender, base bulbous, ring funnel-
shaped, enlire, whitish.

Solitary. On the ground in damp, shady spots. Brazil.

24. Coprinus scauroides, Godey, in Gillets’ Champ. France,
Hymen. p. 609.

Pileus ovate, then campanulate, striate, floccosely squamulose, white,
then purplish, soon black with the disc yellowish; gills free, purplish,
then black; spores ovate, black ; stem silvery-white, with a marginate
bulb and a ring.

On manured ground. France.

25. Coprinus Bresadolse, Schulz., Hedw. 1883, p. 136.
Pileus subcylindrical, greyish white, apex tinged brown, 17 mm. high
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by 8 mm. across; gills black, edge white ; spores cylindrical, ends
rounded, black, 12-17x 6 pu; stem up to 12 cm. long, base 4 mm.
thick, tapering upwards, furnished with a loose, deciduous ring, white,
glabrous.

Gregarious; on worked wood. Hungary.

Always expands at night, becoming diffluent as it does so. At first
covered with a very thin, universal veil, which does not break up into
squamules, but splits from apex to base, and becomes obliterated.

SecTiON III.

26. Coprinus fuscescens, Fries, Epicr. p. 244.

Pileus thin, ovate then expanded, striate, margin not lobed, disc
rufous, sometimes breaking up into scales, remainder greyish brown,
powdered at first with opaque meal, 4—6 cm. high and broad; gills
adnexed, marrowed towards the front; spores 8-10x 5-6 u; stem
8-12 cm. high, fragile, white, hollow, often curved, slightly fibrillose.

On trunks and stumps. Britain, France, Germany, Finland, Holland,
Sweden, Belgium, United States, Argentine Republic, Ceylon, Victoria.

Allied to C. aframentarius, but smaller, pileus with more of a rufous
tinge and not so irregular, and gills gradually narrowing from stem to
margin.

27. Coprinus insignis, Peck, 26th Rep. p. 6o.

Pileus thin, campanulate, sulcately-siriate up to the disc, greyish fawn-
colour, disc glabrous, sometimes cracking into areolae, 5-8 cm. across ;
gills ascending; spores asperate, 10 x8 p; stem pure white, siriate,
hollow, 10-13 cm. long.

Near roots of trees in woods. United States.

Size and general aspect of C. aframentarius, but distinguished from
this and all other allies by the rough spores.

28. Coprinus imbricatus, Rabenh., Hedw. 1871, p. 25.

Conic-ovate, then campanulate, white, covered with large, imbricatcd,
concenlrically arranged, lawny-whife scales, 3-5-5 cm. across; gills
adnale and subdecurrent; spores elliptical, 18-21 X 13-14 p; stem
white with a tawny tinge, hollow, sfriate, 5§ cm. long.

Among sand. Mesopotamia.
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29. Coprinus Barbeyi, Kalchb., Rev. Mycol. Vol. iii, n. go,
p- 24, tab. 15, f. 1 (1881).

Pileus sub-hemispherical, then expande®, covered with large, persis-
lent, imbricaled, pale tawny scales, 2-5-5 cm. broad; gills uncinately
adnate ; spores 13-20 u long; stem about 5 cm. high, hollow, white
with a tawny tinge, ending in a dilated disc, below which the mycelium
collects the sand and forms an inverted cone.

On camel’s dung in sandy desert. Egypt.

This species appears to be identical with C. imbricatus, Rab.

30. Coprinus tergiversans, Fries, Epicr. p. 247.

Pileus conical, then expanded, silky, soon grooved, cracked up into
minute squamules, rusty brown, disc darker, even, 6-12 cm. broad
and high; gills droadly adnate; spores 10 x 4 u; stem white, equal,
glabrous, agex sulcate, 10-14 cm. long.

Caespitose ; in rich meadows. Sweden, France, Germany, Holland,
Belgium.

Allied to C. micaceus, but the pileus is rather more fleshy, darker
in colour, and not micaceous, but covered with minute, wart-like
squamules.

31. Coprinus Lerchenfeldii, Schulz., Verhandl. Hermann.
1884,t. 1, 1. 3.

Pileus hemispherical, apex elevated, brownish grey, margin undu-
lated, fimbriate, silvery grey, then violet, 5—7-5 cm. broad ; gills violet,
shining ; stem 12-15 cm. long, fidrillose, or squamulose.

In gardens. Austria.

32. Coprinus pauci-lamellatus, Pat., Journ. Botanique,
1889, p. 165.

Pileus thin, campanulato-convex, apex obtuse and squamose, yellow-
ish, remainder white ; margin entire, even ; gills few in number (20-25),
very disfan!; spores lemon-shaped, 15-20 X 10-12 p; stem 10-12 cm.
long, 5 mm. thick, cylindrical, white, striate the entire length.

On dung. Venezuela,

33. Coprinus musicola, Berk., Hook. Lond. Journ. Bot.

Vol. i, p. 453.
Pileus companulate, pale purple-brown, surface broken up into
squamules, about 1-§ cm. high and broad; gills adnexed; spores
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broadly elliptical to subglobose, minutely apiculate, 8—10 u; stem
2.5-3 cm. high, slender, pale purple-brown, pulverulent.
On the stem of a Musa.« Tahiti.

34. Coprinus fibrillosus, B. & Br., Linn. Soc. Bot.. Journ.
Vol. xi, p. 560.

Pileus ovate, even, grey with persistent fibrillose, darker scales,
about 1 cm. across; gills adnexed, fuscous; spores elliptical, 5-6 p
long ; stem 2—3 cm. high, curved, slightly floccose, white.

On the ground. Ceylon.

35. Coprinus cylindricus, Fries, Epicr. p. 244.

Pileus cylindrical,then expanded, rimosely striate, with a few scattered,
adpressed squamules, 8-12 cm. across when expanded, whitish brown ;
gills free, rather narrow; stem 15-21 cm. long, equal, fibrsllose.

On the ground near trunks. Germany, Sweden.

86. Coprinus Mayrii, Allesch., Sued-bayr. Pilze, p. 102.

Pileus campanulate, then expanded, white, rather coarsely striate,
with small yellow-brown squamules near the margin, disc sparingly
scaly, 6-8 cm. high; gills free, broad, lanceolate ; spores 6—7 x 3—4 u;
stem 6-8 cm. high, white, s/riase, base globose, marginate, hollow to
the swollen base.

Solitary. On trunks and rotten wood. Bavaria.

Allied to C. atramentarius.

37. Coprinus saatiensis, Henn., Engler’s Bot. Jahrb., Vol.
xiv, p. 352.

Pileus fleshy, at first cylindric-ovate, covered with iméricated, con-
cenlric, while lacerated scales ; then expanding, sooty black, variegated
with scattered, broad white scales, 5 cm. diameter ; gills free; spores
19-23 X 10~12 p; stem 8 cm. long, 1 cm. thick, cylindrical, base
bulbous, whitish, then /inged fuscous, hollow.

On the ground. Abyssinia.

38. Coprinus punctatus, Kalchbr. & Cooke, Grev. Vol. ix,
p. 18. (Figs. 35-36.) .

Pileus cylindrical, then companulate, 2.5-3-5 cm. broad, brownish,
margin striate, apex depressed and squamulose, remainder punctate
with minute black squamules and vaguely cracked ; gills free, narrowed
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behind ; spores 15x 10 u; stem 15-20 cm. long, solid, fibrillose, pallid,
veniricose al the middle, base bulbous.
On the ground. Cape of Good Hope.

89. Coprinus flocculosus, Fries, Epicr. p. 245.

Pileus ovate, then expanded, dirty while, striafe, with innate
squamules, 4-7 cm. across; gills free, narrow; spores 10x7-8 p;
stem 6—10 cm. high, white, siky, shining, hollow.

On the ground in fields, &c. Britain, France, Sweden.

Solitary or tufted. Allied to C. arafus and C. lagopus. Differs
from the former in the white pileus, and from the latter in the smooth
stem and disc of pileus not being brown.

40. Coprinus stenophyllus, Mont., Syll. Plant. Crypt. no.
410, p. 132.

Pileus ovoid-campanulate, soon expanded, slightly striate, roken up
inlo scaltered ochraceous scales, rufous, becoming fuliginous, 57 cm.
diameter; gills free, but adpressed to the stem, very marrow; stem
cartilaginous, elongated, hollow, smooth, white.

On the ground among rotten wood. United States.

Allied to C. deliguescens and C. micaceus, differing from both in the
very narrow gills and scaly pileus.

41. Coprinus microsporus, B. & Br., Linn. Soc. Journ.
(Bot.) Vol. xi, p. 560. (Fig. 59.)

Pileus campanulate, obtuse, dirty white, with scatlered innate, pale
umber scales, about 1-5 cm. across; gills free, white with a red tinge,
slowly becoming black; spores 4—5x 2 p; stem 3—4 cm. high, white,
smooth, curved, hollow.

On soil. Ceylon.

42. Coprinus macrosporous, Peck, 31st Rep. N. York State
Mus. p. 35.

Pileus ovate, then expanded, rimoso-striate, odscurely floccose-squamu-
lose, white, the small, even, brownish disc squamose, 2-5-5 cm. across ;
gills free, white, then black ; spores elliptical, 20-25 X 13-15 ; stem
5-7-5 cm. high, white, glabrous (with traces of a ring near the
thickened base).

Caespitose ; ground in open fields. United States.

The prominent characters of this species are the rimose pileus,
squamose disc, free gills, and large spores.
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SEcTION IV.

43. Coprinus aphthosus, Fries, Epicr. p. 245.

Pileus ovate, then campanulate, even, livid, at first involved in
a continuous white veil, which becomes broken up into superficial,
floccose patches, about 3.g cm. high and broad ; gslls adnate, spores
15-16 X 10 u; stem about g cm. long, white, fidrillose, hollow, soft,
often twisted.

In hollow trunks. Britain, Sweden, France.

Growing in small clusters. Differs from C. varicus in the hollow,
soft stem.

44. Coprinus phaeosporus, Karst.,, Symb. Myc. Fenn. viii,
p- 9, and ix, p. 48.

Pileus conico-cylindrical, then flattened, everywhere delicately striate,
at first enclosed in a rufescent, floccose veil which breaks up into
patches, soon naked and then white, about 2 cm. high; gills adnexed;
spores 9-I5X 4-9 p; stem 3-12 cm. long, glabrous, white, hollow.

On rich ground at roots of decaying grass, Finland.

Densely caespitose. Distinguished from C. albus, Quél., by the
pileus not being flocculosely mealy and the glabrous stem.

45, Coprinus picaceus, Fries, Epicr. p. 244.

Pileus ovate, then campanulate, glufinous, striate up to the disc,
blackish, at first involved in a white felty layer which becomes broken
up into patches as the pileus expands, 4~7 cm. across; gills free;
spores 14 X 8 p; stem 10-15 cm. long, white, smooth, hollow, édase
swollen.

On the ground. Britain, Denmark, France, Italy, Germany,
Belgium, Sweden, Spain, Portugal, Queensland, Ecuador, United
States.

Distinguished by the black pileus having felt-like white patches
scattered irregularly over its surface.

45*%, Coprinus ebulbosus, Peck, Bull. Torrey Bot. Club,
Vol. xxii, p. 491.

Pileus thin, campanulate, variegated by the cuticle breaking into
broad, superficial, persistent, whitish scales, the surface beneath the



" Genus Coprinus. 151

cuticle somewhat striate, greyish brown, the margin at length revolute,
lacerated, 5-7-5 cm. broad; gills narrow, thin, crowded, free, slate
colour, becoming black; spores about 10x5-5p, elliptical, stem
8-15 cm. long, 4-6 mm. thick, egual, hollow, white.

Caespitose at the base of cotton-wood stumps. United States.

This plant resembles C. picaceus very closely. New York speci-
mens were formerly referred to it as variety edulbosus, but now having
received it from various widely separated localities and finding that it
maintains its distinctive character with constancy, it seems best to
consider it a good species. Its peculiar characters are the absence of
a bulbous base to the stem and its smaller spores. It also sometimes
grows in large tufts. ‘ About fifty grew in a solid clump, all united at
the base’ (Peck).

If the present plant is so closely allied to Coprinus picaceus, then the
structure called the cuticle will in reality be the volva.

46. Coprinus tomentosus, Fries, Epicr. p. 246.

Pileus cylindrical, then narrowly conical, at length expanded, striate,
entirely covered at first with a greyish felty veil which becomes torn
into scales during expansion, pallid or yellowish below the veil,
2-5-3 cm. high; gills free; stem about 5 cm. long, zelvety, greyish,
hollow.

On dung and in rich pastures. Britain, Sweden, Switzerland,
Holland, Spain, Portugal, Italy, Russia, Belgium, Finland, France,
Germany, Ceylon, Queensland, Kerguelen’s Land, Victoria, United
States.

47. Coprinus velatus, Quél., Bull. Bot. Soc. Fr., Vol. xxiii,
p- 329, pl. 2, fig. 6.

Enclosed at first in a thin, white volva; pileus cylindrical, then
spreading, coarsely furrowed, yellow or pale ochraceous, 2-3 cm. across ;
gills free, but close to the stem; spores elliptical, 10x 5 p; stem
4-6 cm. long, rather stout, white, villose, coarsely striate.

In troops on the ground in woods. France.

48. Coprinus Forquignoni, Massee.
[Coprinus Quéletii, Forq., Bull. Soc. Bot. France, 1887,
p- xxxi, pl. 1, fig. 1 (non Schulzer)].
Pileus ellipsoid, then conico-campanulate, at first enclosed in a
thickish ochraceous veil, which becomes broken up during expansion
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into irregular, persistent patches, whitish, then tinged grey, 5-6 mm.
high ; gills free, then remote ; spores pip-shaped, 9 x 6 p ; stem up to
5 mm. long, pure white, slightly floccosely-fibrillose, ending in a lawny
bulb.

Subgregarious on dead leaves. France.

Distinguished from C. Friesii and C. figrinellus by the tawny,
furfuraceous bulb at the base of the stem.

49. Coprinus varicus, Fries, Epicr. p. 244.

Pileus ovate, then campanulate, whkile or livid fowards the split
margin, covered with broad, irregular, persistent but superficial white
patches of the universal veil, 4—5 cm. across; gills free; spores
... ? stem 6—9 cm. long, often incurved, white, glabrous, solid, rigid,
tough,

On diseased portions of living beech-trees. Sweden.

Allied to C. picacens, but distinguished by the white pileus and
solid, rigid, tough stem.

50. Coprinus niveus, Fries, Epicr. p. 246.

Pileus elliptical, then campanulate, covered with snow-white, floccose
down, 1-5—2-5 cm. across ; gills slightly adnexed ; spores 16 x 11-13 p;
stem villose, white, hollow, 5—-8 cm. high.

On dung, especially of horses. Britain, Sweden, France, Germany,
Holland, Spain, Portugal, Denmark, Italy, Russia, Belgium, Finland,
Hungary, Switzerland, United States, Victoria.

Distinguished by the snow-white colour of every part, the per-
sistently floccose pileus and stem, and adnexed gills.

Var. astroideus, Fries, Epicr. p. 247.

Pileus squamose, then inversed, naked, and grey, about 12 mm.
broad; stem up to 8 cm. long, slender, gladrous, base stellately
strigose.

An imperfectly known form.

51. Coprinus Colensoi, Berk., Fl. N. Zeal. ii, p. 175.

Pileus cylindrical, then slightly campanulate, densely covered with
persisten! white villose down, grey below the down, and delicately
striate, 3-4 mm. high ; gills adnexed ; spores 7-8 x 5 p; stem slender,
about 2 cm. high, somentose, white.

On dung. New Zealand.

Resembling C. niveus in miniature.
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52. Coprinus albus, Quélet, Assoc. France, 1880, p. 4.

Entirely snow-white ; pileus ovoid, then expanded, floccosely mealy;
at length grooved, pearly grey, and with tawny flecks at the summit,
up to 2 cm. across ; gills adnate, seceding ; spores obliquely elliptical,
12-13 p long; stem coarsely striate upwards, base swollen and
downy.

Fasciculate ; on decaying vegetable matter, &c. France.

Superficially resembling C. Friesis; allied to C. stercorarius.

53. Coprinus pilosus, Beck, Pilzfl. von Niederost. iii, p. 44.

Pileus at first cylindrical, apex rounded, white, densely covered
with septate, acute, hairs, when expanded centre almost glabrous
and yellowish, margin slightly striate, 8 mm. broad ; gills . . . ? spores
elliptical, 9-12x6-7 p; stem up to 5-5 cm. high, very slender,
watery, minutely pubescent, floccose at base.

On sheep-dung. Austria.

54. Coprinus exstinctorius, Fries, Epicr. p. 245.

Pileus cylindric-clavate, then campanulate, margin striate, whitish,
apex tinged brown, clothed at first with evanescent, floccose scales,
3-5 cm. across ; gills reaching the stem ; spores 10-11 X 6-7 u; stem
8-12 cm. long, smooth, white, hollow, swollen at the base and rooting.

On the ground about the roots of trees. Britain, France, Holland,
Germany, Sweden, Spain, Portugal, Italy, Russia, Belgium, Ceylon.

Allied to C. fimefarius, which differs in the pileus becoming bald
from the margin to the disc, whereas the present species becomes
bald first at the disc, the baldness progressively extending to the
margin.

55. Coprinus fimbriatus, B. & Br., Linn. Soc. Journ. (Bot.)
Vol. xi, p. 561.

Pileus campanulate, tomentose, whitish, margin fringed with white
Aairs, striate, 1-2 cm. across; gills adnale; spores 8 x5 p; stem
5 cm. long, glabrous, equal, white, hollow.

On dung. Ceylon.

Allied to C. stercorarius.

56. Coprinus roris, Quél., Bull. Soc. Bot. Fr., Vol. xxiv,
p- 322, pl. 5, f. 5.

Pileus soon convex and witk the centre depressed, sulcate, glaucous or
pearly grey, covered at first with a thin, evanescent, tawny white veil,
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transparent, 1-1-5 cm. broad; gills adnate; spores ovate, 11-12 p
long ; stem up to 4 cm. long, slender, greyish, villosely floccose.
Among short grass. France.
Very fugacious, differs from C. plicatilis in the adnate gills, and
from C. diaphanus in the villosely floccose stem.

57. Coprinus Brassicae, Peck, 43rd Rep. N. York State
Mus. p. 18, pl. 2, fig. 9-14.

Pileus ovate or conical, then broadly convex, squamulose, finely
striate to the disc, white, becoming greyish brown, 4-5 lines broad ;
gills narrow, reaching the stem, érownisk; spores elliptical, brown,
7-5 % 5 p; stem white, slender, hollow.

On decaying cabbage-stems. United States.

This species is easily known by its squamulose pileus, and its brown
gills and spores. Allied to Cogrinus phaeosporus, C. Friesii, and
C. tigrinellus,

58. Coprinus similis, B. & Br., Ann. Nat. Hist. Ser. 3,
Vol. xv, p. 317.

Pileus ovate, then campanulate, striafe pallid, disc darker, studded
with brown-tipped pointed warts which eventually disappear, about
2.5 cm. across ; gills adnate ; spores . . . ?; stem white, hollow.

On trunks of dead trees. Britain.

Resembling C. aphthosus, but differing in the striate pileus.

59. Coprinus murinus, Kalchbr., Grev. Vol. viii, p. 152,
pl. 142, Fig. 10, in Vol. ix.

Pileus conico-campanulate, prominenily papillate, sprinkled with
white floccose squamules, scarcely striate, grey, up to 1 cm. high;
gills adnexed ; stem 1-3 cm. long, white.

On the ground. Victoria.

Allied to C. codpertus, differing in being papillate, opaque, pulveru-
lent, and not micaceous.

€60. Coprinus Brunandii, Quél, Champ. Jura et Vosg.
Suppl. xvii, p. 4, t. 15, f. 11.

Pileus campanulate, 5-6 mm. high, very delicate, striate, greyish
lilac, covered at first with very delicate, crystaliine, interwoven, caducous
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Sfilaments, 3—4 mm. long; gills adnate, becoming free; stem slender,
white, floccose, hollow, bulbous ; spores 10 u long.”

Gregarious on rotten leaves in damp places. France.

Allied to C. lagopus.

61. Coprinus domesticus, Fries, Epicr. p. 251.

Pileus ovate, then campanulate, obtuse, sulcate, disc even, bay,
remainder whilish or pale tawny, furfuraceo-floccose, 4—7 cm. across;
gills adnexed; spores elliptic-oblong, 11-12 X7 p; stem 6-9 cm.
long, adpressedly silky, white.

On the ground among rubbish, &c. Britain, Germany, Sweden,
France, Russia, Belgium, Switzerland, United States.

Very brittle, often caespitose. Larger than its allies, C. stercoreus,
C. cphemerus, &c.

61*, Coprinus laniger, Peck, Bull. Torr. Bot. Club. Vol
xxii, p- 491.

Pileus thin, conical or campanulate, covered when young with
numerous lawny fomenlose or floccose scales, which partly or wholly
disappear with age, sulcate-striate nearly to the apex, pallid, tawny or
greyish ochraceous, 1-2-5 cm. across; gills crowded, whitish, then
brownish-black ; spores oblong-elliptical, 10X 4:5 u; stem about
2.5 cm. long, 2—4 mm. thick, slightly thickened at the base, minutely
downy or pruinose, white, hollow.

Caespitose at the base of cotton-wood stumps. United States.

The species resembles C. micaceus, from which it is distinguishable
by the floccose-squamose coating of the young pileus, and by its more
narrow spores (Peck).

Unfortunately the author has not observed, or at least not recorded,
the attachment of the gills, hence the section to which the present
species belong is uncertain. It cannot go into the section containing
C. micaceus on account of its floccose veil.

€2. Coprinus alopecia, Fries, Epicr. p. 248.

Pileus ovate, then campanulate, obtuse, sulcate, at first covered with
adpressed fibrils, soon glabrous, pale brown or ochraceous, up to
7-5 cm. broad ; gills adnexed; spores...? stem at first short, thin,
9—-12 cm. long, densely scaly, hollow, base thickened.

~
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On trunks of oaks and poplars. Sweden, Germany, France.
Caespitose; margin at first undulately plicate, then split and
revolute.

63. Coprinus Boudieri, Quél., Bull. Soc. Bot. France, Vol.
xxiv, p. 321, pl. 5, f. 4.

Ovoid, then campanulate, coarsely striate, pale lawny, apex darker,
covered with a fine white pubescence, 1-2 cm. across ; gills adnate ;
spores angularly globose, 10-12 p; stem 3-4 cm. long, white,
pruinose and pubescent.

On charcoal-beds. France, Finland.

64. Coprinus Seymouri, Peck, 28th Rep. State Mus. N.
York, p. 49. :

Caespitose, fragile ; pileus thin, soon expanded, smooth or sprinkled
with small, granular scales, dar#k érown, disc sometimes with a reddish
tinge, strongly striafe, 1-5-2-5 cm. broad; gills reaching the stem;
spores broadly ovate, compressed, 6-8 x 5-6 p; stem 7-10 cm. long,
white, smooth or slightly pulverulent, equal, hollow.

On clay soil. United States.

Allied to C. micaceus, but thinner, more fragile, darker in colour,
and narrower gills.

65. Coprinus discipes, Pat., Journ. Botanique, 1889, p. 339.

Pileus thin, convexo-plane, enfirely covered with slender, longttudinal
wrinkles, blackish brown, villosely furfuraceous, 1.5 cm. across; gills
adnate; spores 8-10x6 u; stem about 3 cm. long, cylindrical,
springing from a yellow, downy, mycelial disc.

On horse-dung. Martinique.

66. Coprinus subcoeruleo-griseus, Schulzer, Verhandl.
Zool. Bot. Gesell. Wien, Band 28, p. 431.

Pileus very delicate, acutely conical, then plane, slightly striate,
disc pale yellowssk pink, remainder greyish blue, scattered with minute
fugacious scales, 1-5-2 c¢m. high and broad; gills adnexed; spores
10-13 X 6-8 u; stem 3-4 cm. long, white, pruinosely floccose, then
glabrous, hollow.

On horse-dung; gregarious. Austria.
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67. Ooprimu maocropus, B. & Br, Linn. Soc. Journ. (Bot.),
Vol. xi, p. 560. (Fig. 41).

Pileus conical, then campanulate, finely striate, drown, af first
covered with evanescent, white flecks, 6-8 cm. across; gills adnexed,
brown; stem up to 15 cm. long, equal, white, glabrous, rather rooling,

hollow.
On the ground. Ceylon.

68. Coprinus virgineus, Peck & Banning, 44th Rep. N.
York State Mus. p. 71.

Pileus ovate, campanulate or cylindrical, pale ockre, margin thin,
torn, floccose ; gills adnexed, forked; spores black; stem 8-9 cm.
long, stout, fattened, floccose, stuffed.

Caespitose or gregarious at the roots of trees or about old stumps.
United States.

68*. Coprinus gigasporus, Massee (sp. nov.) (Figs. 3-5.)

Pileus elliptical, then campanulate, finally upturned, flesh thin,
entirely black, at first with a sprinkling of white squamules, finely
striate up to the disc, 5-6 cm. high; gills free, rather distant from
the stem, black; spores elliptical, ends obtuse, black, 28-30 x 14~16 p;
stem 12-17 cm. long, snow-white, equal, hollow.

On dung. Brisbane, Queensland (Bailey, No. 692).

This specimen was referred by Dr. Cooke to Coprinus picaceus,
from which it differs in the nature of the veil, free gills, distant from
the stem, and gigantic spores, which are the largest produced by any
member of the Agaricineae.

69. Coprinus nycthemerus, Fries, Epicr. p. 251.

Pileus conico-cylindrical, then expanded, plicate, ribs forked al the
margin, floccosely mealy, then naked, grey, disc tawny, 1-5-2 cm.
broad ; gills free; stem 5-7 cm. long, white, glabrous, flaccid, hollow.

Subcaespitose; on dung and manured ground. Britain, France,
Sweden, Hungary, Switzerland, United States.

70. Coprinus gonophyllus, Quél., i4th Suppl. Jur. et Vosg.,
Ann. Sci. Nat. Bord. 1884, pl. 1, f. 2.
Pileus hemispherical, striate, blackish grey, shining, veil caducous,
floccose, whitish, about 1-5 cm. broad ; gills free, friangular, margin
M
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serrafe ; spores lemon-shaped, 10 s long; stem about 3 cm. long,
glabrous, slightly striate, white.
Ground in coal-yards. France.

71. Coprinus subglobatus, Berk. & Curt.,, Proc. Amer.
Acad. Arts. & Sci. 1858, p. 118.

Pileus hemispherical, then expanding, almost even, pale brown,
covered with a thick, whitish, downy veil, about 4—5 cm. across; gills
free, broad, white, then dusky purple ; spores elliptical, 7-8 s long;
stem white, equal, slightly curved, hollow, smooth, 6-8 cm. high.

On banks. California.

Distinguished among allies by the subglobose form of the pileus
when young, and the thick veil.

72. Coprinus rubecula, B. & Br., Linn. Soc. Journ. Vol. xi,
p. 560. (Fig. 40.)

Pileus éroadly ovate, then campanulate, white, with a grey tinge,
covered with acule chestnui-coloured scales when young, the margin
becoming naked, very slightly striate, about 1-5 cm. high and wide;
gills free ; stem 2-3 cm. high, white, smooth, hollow.

On decaying vegetable matter. Ceylon.

78. Coprinus arcuatus, Peck, 46th Rep. N. York State
Mus. p. 27.

Pileus éroadly ovate or subhemispherical, soon convex or campanu-
late, margin striate, white or greyish, darker with age, with small,
white tomentose scales, 2:5—5 cm. broad ; gills broad, free; spores
7'5-9 X 5:5-7'5 »; stem 2-5-5 cm. long, equal, white, glabrous,
hollow,

Solitary or gregarious; on sandy soil recently overrun by fire.
United States.

The mycelium binds the sand together into a globular mass.
Scales of pileus easily separable, and soon disappear. Cystidia
numerous, long,

74. Coprinus Spraguei, Berk. & Curt., Ann. Nat. Hist., Oct.

1859, p. 292.
Pileus conical, then campanulate, tomentose, greyish, disc tawny,
striate, up to 2 cm. across; gills free, fziv and distant; spores ellip-
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tical, slightly curved, 10x 5 u; stem 3-5 cm. high, smooth, pale
reddish ochre.

On the ground. Cuba, United States, Britain.

Distinguished by the coloured stem.

75. Coprinus Spegazzinii, Karst.,, Ryssl,, Finl. o. Skand.
Hattsv. 1, p. 550.

Pileus very thin, ¢ylindrical or oval, then expanding and splitting up
to the disc, greyish, at first with a cobweb-like covering and even,
soon naked and grooved, about 2 cm. high and 3 cm. across; gills
free; spores 9g—14 X 5-6 p; stem about 7 cm. long, white, hollow,
thickened below and rooting, adpressedly silky.

On soil in a plant-pot. Finland.

76. Coprinus cubensis, B. & C., Linn. Soc. Journ. (Bot.)
Vol. x, p. 293.

Pileus conical, then conico-campanulate, covered with superficial,
white, floccose scales, grey, even, 2—3-5 cm. across; gills free, purplish
brown ; spores broadly oval or subglobose, 7 x §-6 p; stem 2-3 cm.
long, base thickened. ’

Growing on logs. Cuba (Wright, No. 79).

Remarkable for the acuiely campanulate pileus and the short stem.

77. Coprinus platypus, Berk., in Cke., Illustr. pl. 687 B.

Pileus campanulate, white, then yellowish, flocculose, 5 mm. across;
gills free ; spores 8 x 6 u; stem 1-5—-3 cm. long, slender, dase discoid.

On palm-stem in a conservatory. England.

Probably an extra-European species, introduced along with plants
or soil.

78. Coprinus rotundosporus, Peck, 31st Rep. State Mus.
N. York, p. 34.

Pileus campanulate, whitish or pale cinereous, with a thin floccose,
subpersistent tomentum, even, about 2-5 cm. across; gills free;
spores subglobose, 8—9 u; stem white, slightly tapering upwards,
5-8 cm. long.

About the roots of trees. United States.

This species is apparently related to C. mveus, and is remarkable
for its nearly globose spores.

M2
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79. Coprinus narcoticus, Fries, Epicr. p. 250.

Foetid. Cylindric-clavate, then expanded, greyish white, Ayaline,
striate, covered at first with white, floccose squamules, then naked,
1-5-2 cm. across ; gills free; spores 11 x 5-6 u; stem 4—5 cm. long,
white, downy af first, hollow.

In tufts on dung. Britain, Sweden, France, Germany, Switzer-
land.

Agrees with C. muralis in the strong smell, differs in the hyaline
pileus and elliptical spores.

80. Coprinus muralis, Allesch. Sued-bayr. Pilze, p. 100.

Pileus membranaceous, smell strong, ammoniacal, cylindrical, then
campanulate, striate, white, then grey, covered with white, floccose
squamules, 2-5-3-5 cm. high; gills free, narrow; spores subglobose,
6 p diameter; stem up to 12 cm. long, equal, hollow, floccosely
squamose, then glabrous, pure white, somewhat shining, base densely
fibrous.

On walls, &c. Bavaria.

81. Coprinus lagopus, Fries, Epicr. p. 250.

Pileus cylindrical, then campanulate, coarsely striate up to the brown
dssc, remainder whitish, at first covered with white, flocculent down,
then naked; 2.5-5 cm. across; gills free; spores 14-16 x 10~12 p;
stem 10-15 cm. long, white, everywhere covered with white floccose
down, hollow, fragile.

On dung, rotten wood, &c. Britain, Sweden, France, Germany,
Holland, Italy, Finland.

Distinguished from C. narcoficus by its smaller size and absence of
smell, and from C. fimetarius in the down on the pileus not being in
the form of squarrose scales. C. lagopides differs from the present in
the tomentum breaking up into scales, and gills very distant from
the stem.

82. Coprinus lagopides, Karst., Ryssl, Finl. o. Skand.
Hattsv. 1, p. 535. (Figs. 20-22.)

Pileus very thin, campanulate, sulcate, greyish, disc livid, orna-
mented with free white scales joined by hairs, 4—7 cm. broad; gilis
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distant from the stem, black ; spores 6-8 x 5—-6 u; stem up to 17 cm.
high, white, floccose, hollow.

On the ground among poplars. Finland.

Allied to C. lagopus.

83. Coprinus macrocephalus, Berk., Engl. Flora, Vol. v,
p- 122.

Pileus ¢ylindrical, then campanulate, margin slightly striate, asky
grey, disc brownish, sprinkled with pale, pointed scales, 2 cm. high and
broad; gills free; spores 11-13 x7-8 p; stem 3-5 cm. long, dingy
white, clothed with white fibrils, hollow.

Subcaespitose on rotten dung. Britain, France.

Allied to C. lagopus, but distinguished by the dark grey pileus,
which is coarsely sulcate up to the umbo.

84. Coprinus tigrinellus, Boud., Bull. Soc. Bot. Fr. Vol.
xxxii, p. 283, pl. 9, f. 3. (Figs. 33-34.)

Pileus elliptic-oblong, then campanulate, striate, snow-white at first,
margin becoming rosy-grey, pulverulent, with scaflered lawny flecks
upwards, about 1 cm. high and wide ; gills free, white, then brownish
black; spores broadly elliptical, tawny, 11 x 7 u; stem about 2 cm.
long, white, dase slightly bulbous and often with blackish flecks.

On leaves of sedges, Iris, and other aquatic plants, growing just
above water-level. France.

Closely allied to C. Friesii; differing in being covered at first with
brown tomentum, which breaks up into flecks on pileus and base
of stem.

85. Coprinus Friesii, Quélet, Champ. Jura, p. 129, pl. 23,
fig. 5. (Figs. 37-38.)

Pileus elliptic-oblong, then expanding, floccosely pulverulent, deli-
cately striate, white or apex tinged yellow, margin becoming rosy-
grey, 1-2 cm. high and across; gills free, reddish, then black ; spores
angularly subglobose, about 10 4 long; stem 2 cm. long, slender,
white, pulverulent, base rather swollen and floccose.

On dead grass and other leaves. France, Holland, Germany,
Belgium, Finland.

Differs from C. figrinellus, which also grows on grass, &c., in not
being covered when young with a brown veil.
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86. Coprinus cupulatus, E. Jacob., Mitteil. Brandenb.
p. Xxxi.

Pileus subcampanulate, covered at first with a floccose, greyish
white veil, then pubescent, sulcate, apex depressed, greyish yellow,
about 4—5 mm. high; gills free; spores 7-8 x 6-7 u; stem 5—7 mm.
high, white, downy, sfriate, base swollen into a small, slightly strigose
bulb.

On dead twigs. Germany.

Allied to C. Friesii, C. tigrinellus, and C. Quéletiy.

87. Coprinus fimetarius, Fries, Epicr. p. 245.

Pileus clavate, then conico-expanded, soon splitting, coarsely
grooved, greyish, disc even and brownish, a/ first covered everywhere
with squarrose, floccose scales, then naked, 2-5-5 cm. across; gills
free; spores 12-14 x 7-8 p; stem 10-15 cm. long, white, sguamlose,
hollow, base thickened and solid.

On manure-heaps, &c., solitary or most frequently clustered, soon
becoming revolute and deliquescing.

Britain, Austria, Sweden, France, Switzerland, Germany, Siberia,
Holland, Spain, Portugal, Italy, Russia, Belgium, Finland, Hungary,
Australia, New Zealand.

Var. pullatus, Fries.

Pileus with adpressed squamules, soon naked, brown, then blackish,
stem soon smooth. Stature of typical form.

Var. cinereus, Fries. (= Agaricus cinereus, Schaeff., Icon. tab. 100.)

Pileus floccosely mealy, then naked, grey; stem rootless, subequal,
hollow to the base, often twisted. Size of typical form.

Var. macrorhiga, Fries. (Figs. 1-2).

Pileus at first with feathery squamules, stem short, rooting. Paler
and smaller than the typical form.

The above varieties grow on dung or rich soil, and appear good
varieties in their extreme forms, but blend into the typical form and
into each other.

88. Ooprinus Quéletii, Schulzer, Hedw. 1885, p. 137.

Pileus ellipsoid-conical, then expanded, desply sulcate, whitish ; apex
glabrous, tinged cinnamon, sprinkled with fugacious flecks, about
2-5 cm. broad; gills free; spores elliptic-oblong, 10-12X 4~6 &;
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stem up to 4 cm. long, venfricose below, white, flocculose, then
glabrous and silky ; rooting, fibrils up to 2 cm. long, brown.
On soil in plant-pots. Austria.

89. Coprinus laxus, Bresad. & Schulz., Hedw. 1885, p. 136.

Pileus parabolic, then semiglobose, grey, disc yellowish cinnamon,
granuloso-floccose, 1-1-2 cm. broad ; gills free, 2 mm. broad ; spores
irregularly elliptical, black, 6-8 x 4~5 u; stem 2.5-6-5 cm. long,
white, /inged brown ai the slightly thickened base, with fugacious flecks,
espectally upwards.

In pastures. Austria.

The stem bends over as it dries.

90. Coprinus Albertinii, Karst., Hattsv. 1, p. 535.

Pileus campanulate, sulcale, greyish white, disc brownish, clothed
with a delicate network of fibrils, 3—4 cm. broad ; gills free, becoming
distant from the stem; spores elliptical, opaque, 10-12 x 6 p; stem
up to 7 cm. long, silky flocculose, white.

Grassy places. Finland.,

91. Coprinus plumbeus, Peck, 29th Rep. State Mus. N.
York, p. 42.

Pileus thin, fragile, campanulate, deeply striate nearly to the apex,
leaden grey, tawny on the small disc, sprinkled with fawny-cinereous
Aairs, 2-5-4 cm. across; gills free, narrow; spores elliptical, 10 X6 u;
stem 8-12 cm. high, white, Aoccose, hollow, slightly tapering
upwards.

Paths in woods. United States.

92. Coprinus Strossmayeri, Schulzer, Verhandl. Zool. Bot.
Gesell. Wien, Band 28, p. 430.

Pileus digifaliform, then conico-campanulate, whitish, then grey,
apex darker, finally pale ochraceous, covered with superficial, seceding,
squarrose scales, not striate, 5-8 cm. broad ; gills free ; spores 7—9 u
long; stem 4-16 cm. long, straight or ascending, white, delicately
prutnose, hollow, springing from a blackish brown, compact, branching
mycelium.

Subcaespitose at roots of trees. Austria.

-

~
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93. Coprinus tuberosus, Quél., Bull. Soc. Bot. France, Vol.
xxiv, p. 289, pl. 3, fig. 2. (Figs. 26-30.)

Pileus elliptical, then campanulate, finely striate, white, then greyish,
verl formed of hyaline vesicles, 3-5 mm. high ; gills blackish violet;
spores elliptical, about 12 u long; stem 2—4 cm. long, very slender,
rather flexuous, white, downy, springing from a small, black sclero-
tium.

On dung or decaying vegetable matter. France, England.

Somewhat resembling C. niveus, but smaller, and differing in
springing from a sclerotium.

94. Coprinus cineratus, Quél., Bull. Soc. Bot. Fr. Vol. xxiii,
p- 329. pl. 2, f. 7.

Pileus cylindrical, then campanulate, striate, enveloped at first in
a white, then greyish violet, volva formed of hyaline vesicles, dusky
grey, 1—2 cm. high and broad ; gills free, close to the stem; spores
elliptical, 10x 5 u; stem 4-6 cm. high, white, base slightly swollen
and sheathed by the remains of the volva.

Caespitose ; on dung, &c. France.

95. Coprinus filiformis, B. & Br., Ann. & Mag. Nat. Hist.,
Ser. 3, Vol. vii, p. 7, pl. 15, fig. 8.

Pileus cylindrical, grey, covered with white mealy particles, striate,
1-2 mm. high; gills linear; spores subglobose, §x 4 n; stem
1-1-5 mm. high, extremely slender, hyaline, sprinkled with short,
delicate hairs.

On the ground in woods. England.

This minute species is not larger than Mucor caninus (B. and Br.).

96. Coprinus luxoviensis, Mont., Ann. Sci. Nat., Ser. 4,
Vol. ix, p. 161.

Pileus very delicate, ovoid, then campanulate, delicately striate, at
first covered with white meal, then naked and grey, disc lawny ; gills
semilanceolate, distant; stem af first with spreading fibrils, soon
naked, white, pellucid, 2-5 cm. long, springing from a spreading
mycelium.

On walls. France.
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97. Coprinus caducus, Harz., Bot. Centralb. xxvii, p. 416.

Pileus oval, then cylindrical, striate, grey in the cylindrical state,
then blackish brown, disk dark grey, af first covered with a dense
snow-while powder, which becomes grey, 8—11 mm. high; gills spring-
ing from a collar; spores elliptical, 9—10 x 6-7 u; stem variable in
length, 2—-12 cm. long, greyish brown above, base whitish.

In shaft of coal mine. Bavaria.

98. Coprinus Britselmayri, Sacc. & Cub., Syll. v, No. 4447
(Coprinus macrosporus, Britz., Melanosp. p. 183, f. 129 ; not
of Peck).

Pileus and stem covered with snow-while meal ; pileus 2 cm. and more
broad; gills adnexed, greyish black; spores elliptical, 20 X 10~12 4§
stem up to 7 cm. high by 5 mm. thick.

In meadows. Bavaria.

99. Coprinus albulus, Quél., Assoc. France, Congrés de
Rouen, 1883, p. 4, tab. 6, f. 11.

Pileus almost hemispherical, pellucid, striate, minutely pulverulent,
§ mm. broad; gills arcuately adnate; spores ovoid, 20 u long; stem
2 cm. long, filiform, pulverulent, with a slender rooting base.

On fallen grass-stems ( Zrsticum). France.

Resembling Mycena tenerrima in habit.

100. Coprinus semilanatus, Peck, 24th Rep. State Mus.
" N. York, p. 71.

Pileus broadly conical, then expanded, afomate, finely striate, pale
greyish brown, 1-5-2-5 cm. broad; gills free; spores 13 u long; stem
10-15 cm. long, white lower half dotted with loose, cottony flecks,
smooth or slightly mealy above, hollow.

On rich ground and dung. United States.

Very fragile. Allied to C. codpertus.

101. Coprinus divergens, Britz., Melan., p. 182, fig. 64.

Pileus parabolic, érownish at firss, margin paler, becoming dark
grey, deeply sirsafe, hoary at first, 1.5 cm. broad, gills blackish grey,
spores elliptical, ends acute, 10~11 x 67 p; stem up to 4 cm. high,
pellucid, whitish.

In pastures. Bavaria.

Intermediate between C. fomentosus and C. niveus (Britzelmayr).
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SECTION V.

102. Coprinus micaceus, Fries, Epicr. p. 247.

Pileus oval at first, then campanulate, margin plicale and irregular,
striate, tawny ochraceous, at first covered with glistening micaceous
particles, soon naked and becoming sulcafe, 3-6 cm. across; gills
adnexed; spores 7-8x4—5 p; stem 5-8 cm. long, white, silky,
hollow. ’

Usually densely clustered, at the base of old stumps, posts, &c.
Britain, France, Finland, Germany, Hungary, Siberia, Austria, Sweden,
Holland, Spain, Portugal, Italy, Russia, Belgium, Switzerland, United
States, Cape of Good Hope, Victoria.

At first densely covered with colourless micaceous particles; soon
naked in rainy weather, when the pileus often becomes brownish.
See remarks under C. fruncorum.

108. Coprinus marcescens, Karst., Ryssl. Hattsv. 1, p.
537-

Pileus campanulate, sulcate, whsfisk al first, soon dingy ochraceous,
at length pale sooty-grey, disc brownish yellow, micaceous, sulcate,
3-4 cm. broad ; gills adnexed ; spores obliquely elliptical, 6—9 X 4—6  ;
stem about 9 cm. long, white, silky but even.

On the ground. Finland.

Allied to C. micaceus, but distinguished by the pileus becoming

sooty-grey.

104. Coprinus aratus, B. & Br., Brit. Fung., No. 927, Ann.
Nat. Hist. (1861) ; emended, No. 1956.

Pileus narrowly elliptical, then campanulate, umber, deeply grooved
up do the disc, sprinkled with large micaceous particles, 5~8 cm. across ;
gills slightly adnexed, broadest behind ; spores 15 x 10-11 g; stem
10-15 cm. long, snow-white, silky, hollow.

In hollow trees, on the ground, &c. Britain.

Berkeley and Broome at first described the present species as
having free gills, and afterwards this was corrected to ‘gills at first
attached, but soon separating from the stem, but still connected at the
base as if by a slight collar.’
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105. Coprinus stercorarius, Fries, Epicr. p. 251.

Pileus ovate, then campanulate, margin striate, de=sely covered with
white glistening meal, 2-5-3 cm. high and broad; gills adnexed;
spores 14-15X 8 p; stem 7-12 cm. long, white, minutely mealy at
JSirst, hollow.

On dung, manured ground, &c. Britain, Sweden, Belgium, Ger-
many, France, Finland, Holland, Italy, Switzerland, Austria, Victoria,
Queensland, Tasmania, New Zealand, United States.

Superficially resembles C. msveus, but the latter has the pileus
covered with white, floccose down, not meal, and is altogether
smaller.

C. albus, Quél., differs in having the disc more or less yellow, pileus
sulcate, as is also the upper part of the stem.

106. Coprinus radians, Fries, Epicr. p. 248. (Figs. 6-8.)

Pileus ovate, then campanulate, glistening with micaceous particles,
margin striate, disc granuloso-squamulose, tawny ochre, becoming pale,
2-5-5 cm. across; gills slightly adnexed; spores 7x4 u; stem
3-5 cm. long, white, smooth, hollow, éase with dense, radiating strands
of mycelium.

On damp plastered walls. Britain, France, Sweden, Belgium,
Finland.

Stem incurved from growing on a vertical surface, pileus becoming
discoid.

107. Coprinus truncorum, Fries, Epicr. p. 248.

Pileus glodose at first, then campanulate, densely covered with
micaceous meal, soon naked, then tawny ochraceous, striate, no/
becoming sulcale, 3—4 cm. across; gills free, resy, then black ; spores
12-14 X 6 p; stem 7-10 cm. long, slender, white, glabrous, hollow.

On rotten willows, &c. Sweden, Britain, Holland, Germany, France,
Switzerland, Belgium, Austria, Cape of Good Hope, Australia.

Allied to C. micaceus, but distinguished by the pileus being globose
at first, never sulcate, and the free rosy gills.

108. Coprinus inamoenus, Karst., Grevillea, Vol. vii, p. 63.

Foetid. Pileus subcylindrical, then expanded, dlackish, densely
covered with white micaceous scurf, even, 2-5 cm. broad; gills

r—
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atlached to a collar remole from the stem ; spores elliptical, 7-11 X 4-6 p;
stem 4~7 cm. long, often flexuous, hyaline-white, at first downy;
several stems springing at intervals from a prostrate mycelium.

On heaps of rotten leaves. Finland.

109. Coprinus intermedius, Penzig, Ozonium et Copr.
p- 140, pl. 3 and 4.

Pileus cylindrical, then campanulate, pallid, even, at first densely
covered lowards the apex with reddish micaceous scurf, 3-3-5 cm.
broad ; gills free, pinkish at first; spores elliptical, 7-5~9 x 5 u; stem
glabrous, finged pink, g-11 cm. long.

On damp wood, and on soil in flower-pots in hothouse. Italy.

Intermediate between C. stercorarius and C. cospertus. Differs
from former in cylindrical—not ovate—pileus, covered with rufescent
—not white—micaceous scurf; from the latter in the glabrous stem.

110. Coprinus frustulosum, Sacc., Myc. Ven. Spec. p. 35,
t. 6, f. 1014, from Atti della Soc. Ven.-Trent. Vol. ii.

Pileus ovate, then campanulate, rather acute, even, covered with
reddish micaceous meal, up to 1 cm. high; gills free; spores 8 x 6 p;
stem 1.5 cm. high, conical, then cylindrical, whis, hollow, smooth.

On fragments of roots and twigs. Italy.

SEcTION VI.

111. Coprinus conditus, Godey, in Gill. Champ. Fr. Hymen.
p. 612.

Pileus globose, then ovoid, striate, white or tinged yellow, furfuraceous
or slightly micaceous; gills adnate; stem 20-25 mm. high when deli-
quescing, shining, furfuraceous.

In the interstices of cow-dung. France.

112. Coprinus nebulosus, Zoll., Flora, 1847, p. 305.

White ; pellucid ; pileus with the disc granular when young, then
splitting into greyish ridges, 1-1.5 cm. across; gills linear; stem
about 6 cm. long, bulbous at the base.

On buffalo-dung. Java.



Genus Coprinus. 169

118. Coprinus stellaris, Quél., Bull. Soc. Bot. France, Vol.
xxiv, p. 322, pl. 5, fig. 6.

Pileus ovoid, then campanulate, striate, snow-white then greyish,
crowned with minule pellucid vesicles, 1—2 mm. across; gills adnate;
spores elliptical, about 8 i long, stem 1-2 cm. long, filiform, hyaline,
velvety with slender white hairs.

On dung of man, fox, &c., in caves. France.

114. Coprinus codpertus, Fries, Epicr. p. 252.

Pileus conico-campanulate, striate, lurid, yellowish grey when dry,
densely covered with micaceous particles, up to 2.5 cm. across ; gills
adnate, broad; stem 3-5 cm. long, pallid, apex with delicate white
Slecks.

On dung. Sweden, France, Italy, Hungary.

Somewhat caespitose ; very fragile.

115. Coprinus pseudo-plicatilis, Voglino, Rich. Anal.
Agaric. p. 42, t. 50, f. 4.

Pileus campanulate, umbonate, soon expanded and sulcate, yel-
lowish grey, wumbo yellowish, furfuraceous, 8-10 mm. broad; gills
adnate ; spores 6-8 x 3, obliquely elliptical; stem 2.-5-4 cm. high,
slender, woolly, white, tiickened and floccose downwards.

On wood in a hothouse. Italy.

Springing from an Ozonium-like weft of ochraceous hyphae. Differs
from C. plicatilis and C. sulcato-crenatus in the downy stem and
absence of collar at apex of stem.

116. Coprinus aquatilis, Peck, 27th Rep. N. York State
Mus. p. g6, pl. 1, figs. 26-28.

Pileus campanulate, sulcate-plicate almost to the apex, scurfy,
yellowish brown, 1-5-2 cm. across; gills reaching the stem, brownish,
then black ; spores 13x8 p; stem 5-7 cm. high, slender, equal,
hollow, whitish, scurfy.

On sticks or twigs partly submerged or lying in wet mossy places.
United States.

The young plant is more yellow than the mature one. The species
is related to C. silvaticus.
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117. Coprinus velox, Godey, in Gill. Champ. Fr. Hym.
p. 614, with fig.

Pileus obovate, striate, then grooved, scurfy between the ribs, disc
also greyish and scurfy, 3-4 mm. across; gills close to the stem;
stem 1.5-3 cm. long, covered with delicate white floccose down, base with
radiating fibrils.

On cow-dung. France.

118. Coprinus ephemerus, Fries, Epicr. p. 252.

Pileus very delicate, ovate, then campanulate, sulcate, slightly
scurfy at first, disc elevated, even, rufescen!, 1-2 cm. across; gills
slightly adnexed; spores 16-17X9—10 p; stem 3-6 cm. long;
glabrous, pellucid, whitish, hollow.

On dung-hills, manured ground, &c. Britain, France, Denmark,
Germany, Holland, Spain, Portugal, Sweden, Italy, Russia, Belgium,
Finland, Hungary, Switzerland, United States, Queensland, New
Zealand, South Africa.

Very slightly furfuraceous at first, soon naked.

119. Coprinus mycenopsis, Karsten, Symb. Myc. Fenn.
viii, p. 8.

Pileus campanulate, then expanded, su/cate, .roo{y-grgr; the livid drsc
prominent, scurfy at first, soon naked, 3-7 cm. across; gills adnate,
purple, then brown; spores 7-8x 4 p; stem up to 14 cm. long,
glabrous (apex very slightly flocculose), striafe upwards, white,
hollow.

In meadows. Finland.

120. Coprinus Berkeleyi, Montag., Syll. P1. Crypt. No. 409,
p. 131.

Pileus cylindrical, ovate, then campanulate, delicately striate, fur-
furaceous, yellowish or greyish brown, then blackish, 3-5 cm. high,
5 cm. broad ; gills adnexed, very narrow ; stem up to 15 cm. long,
caritilaginous, variegated with yellowish greenm and rufous, hollow,
glabrous, base thickened.

On rotten wood. United States.

Differs from C. sfenophyllus in colour, absence of scales on pileus,
and in having margin of pileus entire, and from C. delsguescens in the
pileus being delicately striate and the adnexed gills.
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120*. Coprinus australiensis, Mass. (sp. nov.). (Figs.
31-32.)

Pileus elliptical, soon becoming plane, finally upturned and umbo-
nate, flesh very thin except at the disc, almost glabrous, pale tan,
becoming greyish towards the margin, disc darker (when dry), striate,
5—7 cm. across when plane; gills free, droad, black, margin whitish,
not readily deliquescing ; spores lemon-shaped, black, 17-18 x 10-12 p;
stem 10-14 cm. long, almost equal, whitish.

On dung. Brisbane, Queensland (Bailey, No. 691).

A very distinct and beautiful species, at first referred to C. deli-
guescens, from which it differs in the much larger spores, and other
points.

121. Coprinus cothurnatus, Godey, in Gillet's Champ. Fr.
Hymen. p. 605, with fig.

Pileus conico-campanulate, finally expanded and umbonate, densely
furfuraceous, dingy white, reddish, flesh-coloured, or yellowish, 2—3 cm.
across; gills free; spores elliptical; stem 3-g cm. long, white,
squamulose below.

On cow-dung. France, Britain.

The strigose squamules surrounding the base of the stem represent
a completely disintegrated volva.

122. Coprinus evanidus, Godey, in Gill. Champ. Fr. Hym.
p. 614, with a fig.

Pileus odovale, then campanulate, striate, whitish, slightly furfuraceous,
disc prominent, linged broum, 3—4 mm. across; gills free, distant;
spores elliptical ; stem 1-5-2-5 cm. long, pellucid, white, covered with
delicate white down.

In the interstices of cow-dung. France.

123. Coprinus sociatus, Fries, Epicr. p. 252.

Pileus ovate, then campanulate, plicate, subsquamulose or furfu-
raceous, pallid, disc umber, al length depressed, about 2 cm. across;
gills narrowed behind, atfacked 10 a collar, but not remote from the
stem, blackish; stem 4—5 cm. long, white, glabrous, not pellucid.

Damp ground in gardens, &c. Denmark, Sweden, Britain, France,
Germany, Holland, Belgium, Switzerland.
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Distinguished from C. plicatslis by the narrow collar, hence the gills
are near to the stem, much narrowed behind, and black.

Fries describes a variety—Monogr. 1, p. 468—having the collar
obsolete, and the gills touching the stem.

124. Coprinus sulcato-crenatus, Steinhaus, in Sacc., Syll. v,
No. 4492.

Pileus cylindrical, then campanulate, soon plane, sulcato-crenate,
almost glabrous, yellow; disc brown, even, becoming depressed; gills
remote from the stem, distant; spores laterally compressed, obtusely
triangular; stem filiform, glabrous, yellow, apex brown.

On horse-dung. Poland.

Allied to C. plicatilis, differing in the yellow pileus and stem.

125. Coprinus Patouillardii, Quél.,, in Pat.,, Tab. Anal.
Fung. p. 107, fig. 240.

Pileus conico-campanulate, then plane, coarsely striate up to the
disc, ashy-grey, disc_yellowish and rough with minute reddish granules
or flecks, 1-2 cm. across ; gills free, attached to a collar and distant
from the stem; spores angularly globose, 6-8 u diameter; stem
4-7 cm. long, white, glabrous, fragile.

In clusters on remains of decayed grapes. France.

Distinguished from its close ally, C. nycthemerus, by the pure white
stem and differently shaped spores. C. velar:s differs in the glabrous
pileus.

126. Coprinus papillatus, Fries, Epicr. p. 248.

Pileus elliptical, then campanulate, becoming plane or upturned, but
the disc remaining prominen! and rough with minule warls, striate,
covered with a greyish scurf, disc darker, up to 1 cm. across; gills
free; spores 15x7 p; stem about 2.5 cm. long, white, Ayalime,
hollow.

On the ground and on dung. Britain, Sweden, Germany, France,
Russia, Belgium, Switzerland.

127. Coprinus Wrightii, Berk. & Curt., Ann. & Mag. Nat.
Hist., 1859, p. 10.

Pileus oval, then plane, striate, glaucous, scurfy, with small brown
flecks, 1-1-5 cm. across; gills free; spores obliquely elliptical,
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9-10x6 u; stem 5 cm. long, slender, whitish, smooth, pellucid,
hollow.
On bits of grass, and in a flower-pot. United States.

128. Coprinus affinis, Karst.,, Ryssl., Finl. o. Skand.
Hattsv. 1, p. 536.

Pileus very delicate, conico-cylindrical, then expanded, greyish white,
disc pale rufous, plicate, scurfy, scarcely 1 cm. broad; gills free, narrow;
spores 6-8 x 5—7 p; stem about 3 cm. long, slender, flaccid, glabrous,
palld.

On naked ground and on wood. Finland.

129. Coprinus curtus, Kalchbr., Grev. Vol. ix, p. 133.

Pileus cylindrical, then ovate campanulate, at firs/ covered with rust-
coloured scurf, then grey, sulcate, 6-8 mm. high; gills free; stem
1-1-5 cm. long, glabrous, hollow, base with white down.

On dung. South Africa.

Allied to C. plicatilis, but smaller and scurfy.

130. Coprinus radiatus, Fries, Epicr. p. 251.

Pileus cylindrical, then campanulate ; soon plane, sulcate and splitiing,
at first with greyish scurf, yellowish, disc tawny, 3—4 mm. across; gills
free ; spores 7-8 x 5 u; stem 1-2 cm. high, hyaline, nearly glabrous,
whitish,

On horse-dung, often on the underside or in the interstices. Britain,
France, Germany, Holland, Spain, Portugal, Sweden, Italy, Russia,
Belgium, Finland, Switzerland, Cape of Good Hope, United States.

Distinguished by its minute size, and the plane, radiately fissured
pileus.

131. Coprinus lanatus, Bong., in Weinm. Ross. p. 279.

Pileus soon campanulate, plicately striate, greyish rufous, disc darker,
1-5-2-5 cm. high; gills free, purplish brown; stem slightly bulbous,
glabrous, white, 2:5-5 cm. long.

Under hedges, &c. Russia.

Solitary ; fugacious,

132. Coprinus tardus, Karst.,, Symb. Ad. Myc. Fenn. vi,
p. 20.
Pileus ovoid, then campanulate, coarsely siriale, bay, then paler,
glabrous, 2-5-5 cm. high and broad; gills adnate; spores angularly
N
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ovoid, 12-18 x y—9 p ; stem 6—10 cm. high, sometimes slightly flexuous,
equal, white, pulverulent.
Caespitose ; on naked ground. Finland, England, Hungary.
Smell none; differing from C. deliguescens in the smooth—not
papillose—disc, and in the pileus not becoming upturned, and adnate,
crowded gills.

183. Coprinus mutatinus, Mont., Cent. vii, p. 30.

Entirely grey; pileus very delicate, at first conico-convex, soon
plane, very glabrous, slightly siriate, margin crenulate; gills slightly
adnated, very narrow ; stem puberulous, fistulose.

On dung. Brazil.

134. Coprinus sclerotigenus, Ellis & Everh., The Microscope,
1890, p. 129, with fig. (Figs. 26-28.)

Pileus ovoid or ovoid-oblong, then campanulate, dlackisk brown,
apex tinged whitish, about 1 cm. high and broad; gills adnexed;
spores obliquely elliptical, 8-10x 5-6 p; stem 2-5—10 cm. high,
slender, subequal, usually straight upwards and more or less flexuous
below, where it is also downy, springing from an irregularly subglobose,
rugulose, sclerofium, which is black externally, inside white.

On sheep’s dung. United States.

135. Coprinus auricomis, Pat., Tab. Anal. Fung. p. 200,
fig. 453. (Figs. 15-19.)

Pileus elliptic-oblong, then campanulate, finely striate, pale greyish
red, disc darker, glabrous, 1-5-2 cm. high and broad; gills adnate;
spores ochraceous brown, elliptical; stem 5-8 cm. high, whide,
glabrous.

Clustered, on rotten wood. France.

Young plants enveloped in a golden-yellow Osomium, some of the
filaments remaining on the pileus and base of stem at maturity.

136. Coprinus pachyterus, B. & Br., Linn. Soc. Journ.
(Bot.), Vol. xi, p. 561.

Pileus persistently campanulate, plicato-sulcate, smooth, 5 cm. across;
gills arcuate, adnexed ; spores elliptical, 14—15 x 7-8 i; stem 6-8 cm.
long, white, smooth.

On the ground. Ceylon.

Allied to C. plicatilis, but larger,
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187. Coprinus congregatus, Fries, Epicr. p. 249.

Pileus cylindrical, then campanulate, margin slightly striate, glabrous,
viscid, ockraceous, 1-5—2 cm. high ; gills slightly adnexed ; stem 2-3 cm.
high, smooth, hollow, white.

On the ground, also in hot-houses. Sweden, Britain, France,
Germany, Spain, Portugal, Belgium, Finland, Hungary.

Distinguished by the entirely ochraceous, glabrous, viscid pileus.
Densely tufted.

138. Coprinus silvaticus, Peck, 24th Rep. N. York State
Mus. p. 71, pl. 4, figs. 10-14.

Pileus convex, striate half-way up from the margin, dark brown, the
Surrows paler, 1-5-2 cm. across; gills attached to the stem, brownish ;
spores gibbous-ovate, 12—13 x long; stem 5 cm. high, fragile, hollow,
smooth, slender, white.

On the ground in woods. United States.

Allied to C. plicatilis and C. ephemeris.

139. Coprinus alternatus, Fries, Epicr. p. 248.

Pileus hemispherical, then discoid, even, quite glabrous, ckalk-white,
disc pale umber, 3 cm. broad ; gills adnate; spores 10 x 6—7 u; stem
whitish, smooth, hollow, 7-10 cm. long.

In small clusters on the ground. Britain, Denmark.

140. Coprinus angulatus, Peck, 26th Rep. N. York State
Mus. p. 6o.

Pileus kemispherical, plicate-sulcate, disc smooth, 1-5-2-5 cm. across ;
gills reaching the stem, white, then blackish; spores compressed,
angular, subovate, 10 x 9 u; stem equal, smooth, whitish, 3-5 cm.
long.

In woods. United States.

141. Coprinus digitalis, Fries, Epicr. p. 249.

Pileus ovate, then campanulate, whitish, disc darker, quite glabrous,
siriale up fo the disc, 2-5 cm. high and broad ; gills slightly adnexed;
stem 3-—10 cm. long, equal, rather flexuous, glabrous, white.

On the ground in woods. Sweden, Denmark, Britain, France,
Germany, Holland, Italy, Finland.

Tufted ; fragile. When mature the pileus is livid-olive or yellowish
grey, and the gills appear to be adnate.

N2
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142. Coprinus hortensis, Mont., Syll. Pl. Crypt. No. 406,
p. 131.

Pileus very delicate, silvery-grey, convex, then campanulate, at
length expanded, glabrous, finely striate up to the even disc, 3-5 cm.
broad; gills slightly adnexed, very narrow; stem 4 cm. long, even,
glabrous.

On the ground. Cayenne.

143. Coprinus diaphanus, Quél.,, Bull. Soc. Bot. France,
Vol. xxiv, pl. 5, fig. 7.

Every part translucent and glabrous ; pileus grooved, margin crenu-
late, silvery with a central lawny spot, 6-8 mm. broad; gills adnate;
spores elliptical, 12 u long; stem capillary, hyaline, glabrous, 2-3 cm.
long.

Grassy places in woods, &c. France.

Distinguished from small specimens of C. plicatilis by the adnate
gills.

144. Coprinus sceptrum, Fries, Epicr. p. 253.

Pileus campanulate, papillately umbonate, deeply sulcate, pellucid,
tinged grey, 5-7 mm. broad; gills adnate to a collar; spores black;
stem 2-5-5 cm. long, pellucid.

Rich ground among grass. Germany, France, Sweden. -

145. Coprinus erythrocephalus, Fries, Hym. Eur. p. 327.

Pileus cylindrical, then campanulate, silky and shining, margin very
finely striate, reddish vermilion, becoming grey, about 1 cm. high and
broad ; gills slightly adnexed; stem 2—3 cm. high, red, paler than the
pileus.

Caespitose ; on soil mixed with powdered gypsum. France.

Readily distinguished by the red pileus and stem.

146. Coprinus Godeyi, Gillet, Champ. Fr. Hym. p. 611,
with fig.

Pileus ovoid-globose, distantly grooved, very glabrous, pellucid,
disc ochraceous, grey between the ribs, 3—4 mm. diameter; gills free;
spores elliptical ; stem about 2 cm. long, pellucid, sprinkied with white
flecks below. .

On soil in plant-pots. France.
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147. Coprinus semistriatus, Pat., Tab. Anal. Fung. p. 194,
fig. 435. (Figs. 9-12.)

Pileus ovate, then campanulate, glabrous, disc even, yellowish, from
margin up to disc grey and striate ; about 1 cm. high; gills attacked
%o a collar ; spores almost circular, compressed, 12-14 X 3 p; stem
1-2 cm. long, white, pruinose, base pilose.

Tufted or scattered ; on manured ground, &c. France.

148. Coprinus consobrinus, Mont., Cent. vii, p. 30.

White ; pileus pellucid, centre sometimes tinged yellow, smooth,
shiming, striate, margin denticulate; gills free and distant from the
stem, very narrow ; stem tall, foccosely squamulose.

Solitary or gregarious. Brazil.

149. Coprinus plicatilis, Fries, Epicr. p. 252. (Figs. 23-25.)

Pileus very delicate, cylindric-ovate, then campanulate, soon plane,
coarsely grooved, glabrous, pale brown, then greyish, disc broad, even, at
length depressed, darker, 1-2 cm. across ; gills free, atfached lo a collar,
distant from the stem; spores 11-13 X 8-9 u; stem 5-8 cm. long,
white, smooth, hollow.

On the ground among grass, &c. Switzerland, Britain, Sweden,
Italy, Russia, Belgium, Finland, Hungary, Denmark, Germany,
France, Holland, United States, South Africa, E. Tropical Africa,
Ceylon, Queensland, New Zealand, Behring Straits, India, Japan.

There is a trace of scurf, especially in the grooves of the pileus
when young.

150. Coprinis mirabilis, Mont., Syll. Pl. Crypt. No. 407,
p. 131.

Pileus very delicate, soon plane and radiately sulcate, margin
crenulate, while; gills free; spores globose; stem slender, hollow,
white.

On the ground under trees. Cayenne.

.151. Coprinus deliquescens, Fries, Epicr. p. 249.

Pileus ovate, then campanulate, finally expanded, Xvid grey ; disc
rufescent, papillose, otherwise glabrous, 3-7 cm. across, often rather
wavy ; gills free ; spores 8 x 5u; stem 7-10 cm. long, white, glabrous,
hollow.

v
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On trunks, stumps, heaps of leaves, &c. Holland, Spain, Portugal,
Russia, Belgium, Finland, Britain, Sweden, France, Germany,
Hungary, Switzerland, Queensland.

Slightly tufted. Differs from C. aframentarius in the free gills,
distant from the stem, and in being altogether more slender.

152. Coprinus flosculus, Berk., Flor. Antart. p. 448, tab.
clxii, fig. 2.

Pileus ovate, sulcate, apex depressed, glabrous, greyish, margin
crenuylafe, 3 mm. high, 2 mm. broad, gills free; spores ovate; stem
4 mm. high. .

On dung. Berkeley Sound, Falkland Island.

It resembles in habit C. Hendersonii, Fr., but differs in the absence
of a ring.

158. Coprinus miser, Karsten, Ryssl,, Finl. o. Skand. Hattsv.
2, p- 236.

Pileus subglobose, then expanded, pellucid, tinged grey, plicate,
glabrous, 1-2 mm. broad; gills distant from stem, few in number ;
spores broadly elliptical, 7-9 X 6-8 u; stem 1-2 cm. long, slender,
hyaline, glabrous.

On horse-dung. Finland.

154. Coprinus eburneus, Quél., Assoc. France, 1883, p. 4,
tab. vi, fig. 10.

Entirely white, shining; elliptic-campanulate, firm, striate, rarely
with a few scattered flecks, 3-4 cm. broad; gills free; spores ovate,
14 p long ; stem firm, glabrous.

On the grourd in upland regions. France.

Allied to C. exstinclorius ; resembling Pgathyra gyrofiexa in habit.

155. Coprinus hemerobius, Fries, Episc. p. 253.

Pileus ovate, then campanulate, coarsely grooved, disc even, bay,
not depressed, 1-5-2-5 cm. across; gills allached lo a very slightly
developed collar ; stem 5-8 cm. high, very fragile, pallid; spores
elliptical, 10-12 x 7 .

Among grass on roadsides, &c. Sweden, Britain, Germany,
Holland, Denmark, France, Italy, Finland.

Differs from C. velarss in the imperfect collar at apex of stem, and
in the pileus being ovate when young. C. plicatslis differs in having
the disc depressed at maturity.
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156. Coprinus rapidus, Fries, Epicr. p. 253.

Pileus cylindrical, then plane, coarsely grooved, /urid or pale drab,
always glabrous, often slightly undulated, 1.5-2-5 cm. across; gills
free but close to the stem, drown ; stem 4-5 cm. high, white, glabrous.

On the ground near dwellings, &c. Sweden, France, Germany.

Deliquescing rapidly after expansion.

157. Coprinus modestus, Berk. & Curt., Proc. Amer. Acad.
Arts & Sci. 1858, p. 118.

Pileus very delicate, sulcate, glabrous, pallid purple; gills linear,
free, black; stem slender.

On decayed wood. Bonin Islands.

There is no specimen in Berkeley’s herbarium, hence the original
meagre description cannot be supplemented.

Species belonging 1o the last division with a glabrous pileus, but cannot
be arranged in the series, owing lo absence of information respecling the
aflachment of the gills.— 4'71-54.

158. Coprinus sororius, Karsten, Symb. Myc. Fenn. viii,
P- 9

Pileus naked (from the first?), about 2 cm. broad ; gills white or
greyish, then black ; spores 9-12 x 6-7 p; stem 5-6 cm. long, even,
obsoletely flocculose, hyaline-white, pellucid.

In meadows. Finland.

Similar to C. mycenopsis, but smaller (Karsten).

159. Coprinus plutonius, Mont., Hist. Nat. Iles Canar.
p. 72, pl. 5, Fig. 2.

Pileus comico-campanulate, white, costate, ribs joined by transverse
bars, margin crenate, disc umbonate, even, yellowish, 2—-3 cm. across
when expanded; gills distant, black; stem 4—6 cm. long, hollow,
base incrassated, while with numerous blackisk bands at regular
intervals.

Gregarious on volcanic scoriae. Gomera, Canary Islands.

160. Coprinus spiralis, Mont., Hist. Nat. Iles Canar. p. 72,
pl 4, fig. 5.

Pileus conico-campanulate, acuminate, margin sulcate for a short
distance, ochraceous brown, up to 1 cm. high; gills greyish black ;

4
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stem 2-3 cm. high, slender, spirally twisted and very flexuous, dark
coloured.

On fallen branches in damp places. Canary Islands.

Resembling Psathyra gyroflexa in habit. Springing from a dense
black mycelium.

161. Coprinus pilulifer, Mont., Hist. Nat. Iles Canar. p. 72,
pl. 4, Fig. 6.

Pileus globose, margin minutely foothed, greyish, pellucid, striate up
to the minute, even disc, 4~6 mm. across ; gills black ; stem 2-3 cm.
high, white, naked, very fragile, hollow.

Sandy ground. Canary Islands.

162. Coprinus phyllophilus, Karsten, Ryssl. Hattsv. 1,
P- 544.

Pileus campanulate, then expanded, glabrous, sulcate, pal, dingy
ochraceous, becoming sooty, about 1-5 cm. across; gills close to the
stem; spores elliptical, 10-13x5-7p; stem about 6 cm. long,
pruinose, then naked, hyaline, pellucid.

Among fallen leaves. Finland.

163. Coprinus velaris, Fries, Epicr. p. 253.

Pileus a/ first globose, then hemispherical, coarsely striate, /urid, disc
brownish, not depressed, up to 2.5 cm. high and wide; gills becoming
black, edge white ; spores angularly ovate, 7-8 x 5 u ; stem 5-7 cm.
long, pellucid, base downy.

On manured ground in gardens, &c. Sweden, Germany, France.

164. Coprinus pellucidus, Karsten, Symb. Myc. Fenn. x,
p. 61, in Mem. Soc. Fauna et Flora Finl. (1883).

Pileus obovate, then hemispherical, obtuse, sulcate, glabrous, whitish
or yellowish, then hyaline and greyish with a darker central spot,
1-2 mm. broad; gills crowded; spores ellipsoid, 7-9 X 4 p; stem
1-5 cm. long, flexuous, glabrous, pellucid.

On cow-dung. Finland.

Closely allied to C. diaphanus, Quél.

165. Coprinus 8chroteri, Karsten, Ryssl. Hattsvampar, 1,

P- 345
Pileus elliptical, then expanded, sulcate, glabrous, dingy ochraceous,
becoming pale, at length sooly-grey, up to 1 cm. broad; gills brown;



Genus Coprinus. 181

spores angularly subglobose, 13-15% 8-12 p; stem 1-2 cm. long,
slightly striate upwards, minutely pulverulent at first.

On cow-dung. Finland.

Solitary. Allied to C. Boudier:. ,

Var. proximellus, Mass. (Coprinus proximellus, Karst., Hattsv.

I, P- 544).

Spores elliptical, 10-13 X 5-7 p; otherwise as in type form.

Manured ground, &c. Finland.

Four spectes, received during the progress of the work, are in duplicale
numbers, signified by an asterisk (*), thus making a total of 169 species.

SPECIES IMPERFECTLY DESCRIBED.

Coprinus marculentus, Britz., Hym. Sudb. ix, p. 13.
Coprinus pseudo-nycthemerus, Britz., Hym. Sudb. ix,

p. 13.
Coprinus Filholi, Fourc., Rev. Mycol. 1, p. 66.

EXCLUDED SPECIES.

Coprinus pulckrifolius, Peck, 2g9th Report N. York State Mus. p. 41.

Gills cinnamon, then brown at maturity, and not deliquescent,
exclude this species from the genus Coprinus, and at the same time
suggest the genus Bolbitius.

Coprinus Lamotter, Gill., Champ. France, p. 603.

The gills remaining dry, and the brown spores are not in accordance
with the conception of the genus Coprinus.

Coprinus soltfugus, March., in Fries, Hym. Eur. p. 333.

Excluded on account of the yellowish somewhat decurrent gills.

Coprinus setulosus, B. and Br., Journ. Linn. Soc. Vol. xi, p. 561.

The type-specimens are immature, and the gills white, hence there
is no evidence that the species is a Coprinus. The name should be
entirely dropped.
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affinis, p. 173.
Albertinii, 163.
albulus, 165.
albus, 153.
alopecia, 155.
alternatus, 175.
angulatus, 175.
apthosus, 150.
aquatilis, 169.
aratus, 166.
arcuatus, 158.
armillaris, 144.
atramentarius, 143.
auricomis, 174.
australiensis, 171.

Barbeyi, 147.
Berkeleyi, 170,
Boudieri, 156.
Brassicae, 154.
Bresadolae, 145.
Britzelmayri, 165.
bulbillosus, 145.
Burmandii, 154.

caducus, 168.
cineratus, 164.
cinereus, 163.
clavatus, 143.
Colensot, 153.
comatus, 143.

— var. clavatus, 142.
— — ovatus, 143.
conditus, 168.
congregatus, 175.
consobrinus, 177.
coopertus, 169.
cothumnatus, 171.
cubensis, 159.
cupulatus, 162.
curtus, 173.

cyclodes, 141.
cylindricus, 148.

deliquescens, 177.
diaphanus, 176.
digitalis, 175.
dilectus, 141.

INDEX.

Coprinus, 139.

discipes, 156.
divergens, 165.
domesticus, 155.

ebulbosus, 150.
eburneus, 178.
ephemeroides, 145.

— VAr. muscorum, I45.

ephemerus, 170.
equinus, 141.
erythrocephalus, 176.
evanidus, 171.
exstinctorius, 153.

fibrillosus, 148.
Filholi, 181.
filiformis, 164.
fimbriatus, 153.
fimetarius, 162,

— var. cinereus, 163.

— — macrorhiza, 162.

— — pullatus, 163.
flocculosus, 149.
flosculus, 178,
Forquignoni, 151.
Friesii,g?m. 5
frustulosum, 168.
fuscescens, 146.

gigasporus, 157.
Godeyi, 176.
gonophyllus, 157.

hemerobius, 178.
Hendersonii, 144.
hortensis, 176.

imbricatus, 146.
inamoenus, 167.
insignis, 146.
intermedius, 168.

jasmundianus, 140.

lagopides, 160.
lagopus, 160.
Lamottei, 181,
lanatus, 173.
laniger, 155.

laxus, 163.
Lerchenfeldii, 147.
luxoviensis, 164.

macrocephalus, 161.
macropus, 157.
macrosporus, 149.
macrosporus, 165.
marcescens, 166
marculentus, 181.
Mayrii, 148.
micaceus, 166.
microsporus, 149.
mirabilis, 177,
miser, 178.
modestus, 179.
muralis, 160.
murinus, 154.
muscorum, 145.
mausicola, 147.
mutatinus, 174.
mycenopsis, 170.

narcoticus, 160.
nebulosus, 168.

niveus, 153.

— var. astroideus, 152.
nycthemerus, 157.

oblectus, 140,
ovatus, 143.
pachypterus, 174.
panormitanus, 143.
pillatus, 172.
atouillardii, 172.
pauci:lamellatus, 147.
pellucidus, 180.
hacosporus, 150.
ghyllophilus, 180.
picaceus, 150.
pilosus, 153.
pilulifer, 180.
platypus, 159.
plicatilis, 177.
plumbeus, 163.
plutonius, 179.
praegnans, I144.
proxsmellus, 181,
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pseudo-nycthemerus, 181.  semilanatus, 165. sulcato-crenatus, 173.
pseudo-plicatilis, 169. semistriatus, 177. tardus, 173.
pulchrifolius, 181, setulosus, 181. tergiversans, 147.
punctatus, 148. Seymouri, 156. tigrinellus, 161.
Ppyrenaeus, 143. silvaticus, 175. tomentosus, I5I.
similis, 154. torquatus, I45.
Quéletii, 162, soboliferus, 143. Trappenii, 141.
Qudletsi, 151. sociatus, 171, tuberosus, 164.
solifugus, 181. truncorum, 167.
radians, 167. solstitialis, 139.
radiatus, 173. sororius, 179. umbrinus, 140.
rapidus, 179. Spegazzinii, 159.
roris, dl 53 gpiralis. 179.8 varicus, 152.
rotundosporus, 159. praguei, 158. variegatus, 144.
rubecula, 158. stellaris, 1659. velarigs, 180. “
stenocoleus, 140. velatus, 151.
saatensis, 148. stenophyllus, 149. velox, 170.
scauroides, 145. stercorarius, 167. virgineus, 157.
sceptrum, 176. sterquilinus, 139. volvaceo-minimus, 141.
Schroteri, 180. Strossmayeri, 163.
— var. proximellus, 181.  subcoeruleo-griseus, 156.  Wrightii, 172.
sclerotigenus, 174. subglobatus, 158.

EXPLANATION OF FIGURES IN PLATES
X AND XI

Tllustrating Mr. Massee’s paper on Coprinus.

Fig. 1. Coprinus fimetarius, var. macrorkiza, Fr. Fungus nat. size.

Fig. 3. Basidium with spores of same. x 400.

Fig. 3. Coprinus gigasporus, Massee; nat. size.

Fig. 4. Section through pileus of same ; nat. size.

Fig. 5. Basidium with spores of same. x 500.

Fig. 6. Coprinus radians, Fr., group of plants, showing the radiating mycelium ;
nat. size.

Fig. 7. Section through pileus of same ; nat. size.

Fig. 8. Basidium with spores of same. x 400.

Fig. 9. Coprinus semistriatus, Pat., group of plants ; nat. size.

Fig. 10. Section of same ; nat. size.

Fig. 11. Section through a portion of the hymenium of the same, showing
basidia bearing spores, also a cystidium. x 500.

Fig. 12. Spores of same ; the spores are lentil-shaped ; one of the figures shows
the surface of a spore, the other one the edge. x 500 (after Patouillard).

Fig. 13. Coprinus umbrinus, Massee; a, the plant in a young stage of
development, as yet completely enclosed in its white universal veil, which is
beginning to crack, owing to the expansion of the pileus; &, fully developed
plant ; the universal veil remains in part as a volva with a free, drooping margin,
sheathing the base of the stem, and partly as a central cap, and in the form of
torn patches, on the surface of the pileus; nat. size.

-
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Fig. 14. Section through pileus of same ; nat. size.

Fig. 15. Coprinus auricomus, Pat., cluster of plants ; nat. size.

Fig. 16, Section of same ; nat. size.

Fig. 17. Portion of hymenium of same, showing a basidium and a cystidium,
X 500.

Fig. 18. Spores of same. x goo.

Fig. 19. Portion of surface of pileus of same, showing a projecting filament of
Ozonium. x 500 (after Patouillard).

Fig. 20. Coprinus lagopides, Karsten ; nat. size.

Fig. a1. Section of same species; nat. size.

Fig. 2a2. Spores of same ; highly mag. (after Karsten).

Fig 33. Coprinus plicatilis, Fr., plant; nat. size.

Fig. 24. Section of same ; nat. size.

Fig. 25. Section through portion of pileus and gills of same, showing the thin
flesh of the pileus continuous, at a; at 8, &', the flesh of the pileus is broken, due
to the splitting of the gills down the line of the trama, the flesh of the pileus
forming scurfy or furfuraceous lines along the crests of the gills at 4, #/. x 100.

Fig. 26. Coprinus sclerotigenus, Ellis and Everh., group of Fungi springing
from a sclerotium, @ ; nat. size.

Fig. 27. Section of same; g, sclerotium ; nat. size.

Fig. 28. Spores of same. x 400 (after Ellis).

Fig. 29. Coprinus tuberosus, Quélet, springing from a sclerotium, a ; nat. size.

Fig. 30. Spores of same. x 400.

Fig. 31. Coprinus australiensis, Massee ; nat, size.

Fig. 32. Spores of same. X 400.

Fig. 33. Coprinus tigrinellus, Boudier ; nat. size.

Fig. 34. Spores of same. x 400.

Fig. 35. Coprinus punctatus, Kalchbr. ; nat. size.

Fig. 36. Section of same ; nat. size.

Fig. 37. Coprinus Friessi, Quélet; nat. size.

Fig. 38, Spores of same. x 400.

Fig. 39. Coprinus microsporus, B. & Br. ; nat. size.

Fig. 40. Coprinus rubecula, B. & Br. ; nat. size.

Fig. 41. Coprinus macropus, B. & Br. ; nat. size.
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On the Development of the Cystocarp
in Rhodomelaceae (II).

BY

REGINALD W. PHILLIPS, M.A,, B.Sc,
Professor of Botany in the University College of North Wales, Bangor.

—_——

With Plates XII and XIII.

——

N an earlier number of the Annals of Botany (1), I gave
an account of some observations on the development
of the cystocarp in certain Rhodomelaceae of the genera
Rhodomela and Polysiphonia. The results of these investi-
gations showed that in the four species then under considera-
tion there was a remarkable uniformity in the intimate
structure of the procarp at the moment of the fertilization of
the trichogyne; but that when spore-formation had set in,
there was a varying degree of retrogressive absorption by the
sporogenous cell of the cells from which it had been derived.
The real nature of the sporogenous cell—whether it con-
stituted in itself the auxiliary cell, as Schmitz averred, or
was derived from the auxiliary (pericentral) cell—was left
undetermined pending the direct observation of the conju-
gation of the carpogonium with an auxiliary cell.
The genera Riodomela and Polysiphonia represent, however,
only two of several groups of genera into which the family of
the Rhodomelaceae has been subdivided. Agardh (2) divides

[Annals of Botany, Vol. X. No. XXXVIII. June, 1896.]
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thirty-nine genera into eleven groups; Schmitz (3), forty-one
genera into seven groups. I have therefore been desirous of
extending my observations to others of these groups, for the
purpose of ascertaining what variations, if any, in the structure
of the cystocarp occurred within the limits of this exceptionally
large family.

I have not found it possible to successfully make out the
structure of the procarp from herbarium-material, and my
investigations have therefore been limited to those genera
which are represented in the flora of the coasts of North
Wales, and of which I could collect material for myself.

The group Laurencieae, Schmitz, is represented in this
district by three species of the genus Laurencia, Lamx., viz.
L. pinnatifida, Lamx., L. kybrida,Lenor., and L. obtusa, Lamx.
After some delay I have collected procarp-bearing material of
the first-named species. Considering the abundance of the plant
along the coast, the female plants seem to be very infrequent.
The male plants are more common, but the great majority of
the plants consist of individuals bearing tetraspores. Of the
other species I have not yet been able to find female plants
at all. To the apparent non-occurrence of cystocarp-bearing
plants of L. obtusa, Harvey (4) has already directed attention.
I have examined the procarps of L. pinnatifida with the
greater interest, because the genus Lawrencia is altogether
excluded from the Rhodomelaceae by Agardh, and retained
in the family Chondrieae (5), from which he had, however,
already removed the genus Clhondria itself under the name
Chondrigpsis. Schmitz has divided the family Chondrieae
Ag. into two groups of genera, one of which, including
the genus Laurencia, is transferred to the Rhodomelaceae, the
other group constituting the family Bonnemaisoniaceae.

The group Dasyeae is also represented in the district by at
least three species of Dasya, viz. D. coccinea, C. Ag., D. arbus-
cula,C. Ag. ;and D. ocellata, Harv. Dasya coccinea is common,
and bears abundant cystocarps. To the examination of this
species I have given considerable attention, and I propose to
describe the development of its cystocarp in some detail.
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Chondria tenuissima, C. Ag., of Schmitz’s group Polysi-
phonieae, is also of common occurrence in the district. In
this plant Schmitz had already observed a considerable
divergence in the structure of the procarp. In the absence
of any figures illustrating his observations, I have thought
it desirable to repeat, and if possible extend, the investigation,
and particularly to ‘ﬁgure the aberrant conditions.

DASYA COCCINEA, C. Ag.

The development of the cystocarp in this plant has already
been the subject of a careful investigation by Janczewski (6),
and his description is illustrated by no fewer than fifteen
figures. As my own observations differ from those of
Janczewski in some important particulars, it will be more
convenient to deal with these points of divergence together.
Schmitz does not appear to have examined Dasya at the
time of publication of his paper on the fertilization of the
Florideae (7), at any rate there is no reference to the genus
within the limits of the paper. Later (3 2) he seems to have
examined D. elegans, C. Ag., as that species is given as the
type-species of the genus in his systematic review of the Flo-
rideae. Later still (8) he made a careful survey of the genus
for taxonomic purposes, but this work does not include any
description of the structure of the procarp. The genus has
not been figured in the publications of Bornet and Thuret.

Dasya differs sharply from most other Rhodomelaceae in
the fact that its axis is, as was shown long ago by Kny (9),
a sympodium. The allied genus Heterosiphonia, Mont.,
recently re-established by Agardh (10) and Schmitz (8 a),
alone seems to share with Dasya this peculiarity. It might
fairly be expected that so profound a difference of structure
as that between plants with monopodial and sympodial axes
would be accompanied by other differences, possibly in the
structure of the procarp.

The procarps of Dasya coccinea arise in great numbers close
up to the growing apex of the plant. They are usually borne
on the fourth joint from the sympodial axis. In these cases

r
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the second joint from the axis gives rise to a branch, which
shares in the formation of a secondary sympodial axis of
limited growth. Janczewski has observed that occasionally
the procarp appears on the second joint itself. The occur-
rence of a procarp does not, however, prevent the axis
branching at that joint (Figs. 1, 2, 3), and the younger branch
may even fork once again (Fig. 3). The exhaustion of the
axis occasioned by the formation of a procarp seems to set
a limit to any considerable development of a sympodium
beyond the procarp. It is therefore usual to find only three
filaments, each consisting of about a score of cells, which
persist until the maturation of the cystocarp. This is the
so-called ‘involucre’ of the species. By some authors the
cystocarp is spoken of as °‘calcarated.” In other Rhodo-
melaceae I have invariably found that the procarp is borne
upon the second joint of a lateral appendage, now usually called
a leaf. The thallus of Dasya possesses no such lateral
appendages, and the procarps, in common with other parts
of the thallus, must be regarded as axial structures. Their
occurrence upon a second or fourth joint of a seeming branch
has thus no significance in the comparative morphology of
the family. Kny found that the branches arise at times upon
the third or fifth joint,and it is probable that the procarp will
also be found in those situations. The persistence of the
filaments in Dasya beyond the procarp must, no doubt, be
correlated with the fact of its sympodial growth. The leaves
of most Rhodomelaceae are fugitive structures, disappearing
a short distance behind the growing apex, and when, in these
cases, the procarp-bearing leaf withers away beyond the
third joint, it may be regarded as exhibiting the same fugitive
character.

A common occurrence in Dasya coccinea is the relapse of
a procarp into an ordinary corticated joint when no sper-
matium reaches the trichogyne. Only a small proportion
of the procarps formed at the apex mature into cystocarps,
and every stage of retrogressive transformation may be
observed. This is clearly a different process from that which
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commonly occurs in Rkodomela subfusca, where the unfertilized
procarps become transformed into axes of limited growth. It
has occurred to me that as branches in various Rhodomelaceae
are borne upon the persistent basal cells of the leaves (9), the
same process may occur in RAodomela, and the metamorphosis
into a branch of a procarp that has remained unfertilized,
may be due to the sprouting of the lowest joint.

The procarps of Dasya are much more compact and opaque
than those of other plants of the family which I have examined.
The cell-wall does not swell equally under treatment with
glycerine, and I have found the examination of the procarps
in an entire condition very tedious and troublesome. Latterly
I have adopted the practice of passing material preserved
in formaldehyde into a weak solution of gum-arabic, and
making sections with the aid of a freezing microtome. For
the study of the later stages in the development, when it
becomes still more opaque, some method of section-cutting
becomes absolutely necessary. Sections cut in frozen gum
may afterwards be washed free from the gum, stained in
Hoffmann’s blue or some other suitable stain, and mounted
for examination in strong glycerine. Sections obtained by
cutting in paraffin offer no advantages for the purposes here
in contemplation, viz. the tracing of the genetic relationship
of the contents of the cystocarp. Provided that the sections
are not opaque, the thicker they are, the better for the
purpose of the investigation. When, however, other problems
come to be solved, such as the structure and behaviour of the
nucleus in the cells concerned in reproduction, section in
paraffin, to which the material readily lends itself, will be
found the only available method. The figures of Dasya,
however, accompanying this paper have been obtained from
material fixed in formaldehyde, cut in frozen gum, stained in
Hoffmann’s blue, and mounted in strong glycerine.

The central cell of the joint which bears the procarps gives
off five pericentral cells, and it is the fifth, occupying the
median position above (towards the sympodial axis), which
gives rise to the essential structures of the procarp. It is

0
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noticeable that whatever be the number of ‘siphons’ in
Rhodomelaceae, whether four as in Polysiphonia violacea, or
more than twenty as it Polysiphonia nigrescens, the number
of pericentral cells cut off at the procarpial joint is always
five. Dasya coccinea has about nine pericentral cells, besides
a considerable additional cortex ; the central cell cuts off five
pericentral cells. The carpogonial branch is four-celled as
elsewhere, the terminal cell—the carpogonium—emerging
at first as a minute papilla, and afterwards as a greatly
elongated trichogyne. The trichogyne is unusually long,
because it has to extend far enough to clear the tufts of
filaments which terminate the fertile axes. Of the cells of the
carpogonial branch, the lowest and the highest (the carpo-
gonium) are in Dasya much larger than the two intermediate
cells, and none of the four can be so sharply differentiated by
staining as is the case in Rhodomela and Polysiphonia at the
corresponding stage.

I have looked carefully into the young procarps for those
sterile derivatives of the pericentral cell which are invariably
present in the other species, but I am not sure that both of
these branches are present, or that even one is always present,
at the stage when the carpogonial branch is already fully
formed. Occasionally a single inferior cell may be detected
(Fig. 1). Both branches may, however, be found a little
later: the other pericentral cells have at this stage formed
a complete investment for the fifth cell and its derivatives;
the procarp never assumes the ‘bi-valve’ appearance, observ-
able in Polysiphonia and elsewhere. There is merely a slight
hemispherical swelling on the upper side of the branch, from
a pit in which the trichogyne emerges.

Those procarps which advance beyond this stage are rela-
tively few in number, and though the cystocarps appear
numerous when mature and visible to the naked eye, the
search for them in the intermediate condition just before they
become thus visible is wearisome. When the procarp of this
stage is examined, it will be found that an internal cavity
is forming, owing to the growth of luxuriantly-branched
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filaments derived from the pericentral cell. These filaments
consist of cells whose walls are thick and transparent, so that
the core appears as a mass of dense mucilage in which the
tufts of cells are imbedded. At the same time a pair of cells
derived from the pericentral cell gives rise to numerous rows
which radiate so as to line the entire cavity, converging to
the pore. These are the paranematal filaments of other
Rhodomelaceae ; but they are here formed relatively much
earlier in the development of the cystocarp, and play a greater
part in the formation of the wall.

When the core of filaments already referred to are examined
more closely, they are found to originate, as I have said, in
the pericentral cell, and that at two points only. One tuft
arises in the inferior position, and branches freely ; the other
in a lateral position, slightly more luxuriantly branched.
Judging from the distance of the cystocarp at this stage
behind the growing apex, where the young procarps protrude
their trichogynes, an interval of many days (possibly weeks)
must have elapsed after the fertilization of the trichogynes
before this stage is reached. I was therefore of opinion that
these tufts must be sporogenous filaments in a rudimentary
condition, particularly as no other structures were apparent
which could be regarded as rudiments of carpospores. How-
ever, after examining many cystocarps in this condition, two
considerations induced me to change this view. First, these
filaments 