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. HARRY MARSHALL WARD.
(With Portrait)

f hie life and appreciations of his work have
i unt of Ward, in the pages of the
and regret, will not be superfluous,
with the inception and conduct of

ta dwell here upon the details of his
in facts. He was born at Hereford
about twenty years later, in 1873,
instruction in Botany conducted at
-Dyer. So deep was the impression
on his teachers, that they urged him,
| career. The financial difficulties
artly by a scholarship at Christ’s
‘0 residence at the University in
te he fully availed himself of the
ies of Biology, gaining thereby a
¢ that stood him in good stead in
m a first class in the Natural Science

: than he threw himself into research

ublished papers (see appended list)

_ he prosecuted his botanical studies
under Professor Sachs at Wiirzburg and Professor de Bary at Strassburg;
and it was doubtless from the latter that he received the impulse which led
him to devote himself especially to Mycology. But these studies were cut
short by his appointment by the Government of Ceylon as cryptogamic
botanist to investigate the Coffee-Leaf Disease that was ravaging that
island. He spent two years there, and, though he successfully elucidated
the life-history of the Fungus, he was unable to discover any effectual
remedy. On his return to England he was clected a Berkeley Fellow at
Owens College, Manchester, and became assistant to the late Professor
Williamson, F.R.S. In 1883 hc was elected a Fellow of Christ’s College,

[Anoals of Botany, Vol. XXI. No. L¥XXI1V. October, 1907.)
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X Harry Marshall Ward.

Cambridge, and in 1885 he left Manchester to occupy the Chair of Botany in
the Forestry Department of the Royal Indian Engineering College, Cooper’s
Hill. There he remained for ten years, and though closely occupied with
his official duties he found time to carry out several of his most important
researches, especially those upon the bacteriology of the Thames. More-
over his routine work led him to enter upon a new line of study, that of
timber and trees, of which the outcome is to be found in his books on the
Oak, on Timber, on Trees, &c., as well as in the works, such as his paper on
Sterenm and his books on plant-diseases, which include also mycological
research. In fact Ward, at this stage, seems to have become profoundly
impressed with the desirability of combining as far as possible scientific
research with the attainment of practical ends, an attitude that found its
fullest expression in his presidential address at Toronto in 1897, which
dealt with the economic significance of the Fungi.

In 1895 Ward was called to succeed Professor Babmgton in the Chair
of Botany at Cambridge, and here, perhaps for the first time, he found
himself in a wholly congenial atmosphere with full and free scope for all his
activities, Under his care the botanical school flourished, and so increased
in numbers and importance that the University erected for its accommoda-
tion a large and well-equipped institute which, together with other buildings,
was opened by His Majesty the King in March, 1904.

It was during this period that he pursued his last and perhaps most
important line of research, the investigation of the Rusts that infest the
Brome-grasses. He established the existence of physiological races of
these fungi, showing that certain species of Brome can only be infected by
certain breeds of Rusts; and, from the point of view of his Croonian lecture
of 1890, he endeavoured to ascertain the causes of immunity and of
infectibility. Without having absolutely solved the problem, he proved
that the structure of the host is not the determining factor, and made it
probable that this factor is to be sought in the secretion of enzymes or
toxins by the would-be parasite on the one hand, and of ant-enzymes
and anti-toxins by the host on the other. Incidentally he had occasion to
investigate the ¢ Mycoplasm’ theory of Professor Eriksson, and failed to
confirm his observations. This led to a spirited discussion of the subject
on the occasion of the meeting of the British Association at Cambridge
in 1904.

Soon after this it became noticeable that Ward's health was giving
way. He continued his professorial work as far as his strength permitted,
but his increasing weakness was only too evident. The end came,
somewhat unexpectedly, during a stay at Torquay, on Sunday. Aug. 26,
1906 ; and on Sept. 3 he was laid to rest in the Huntingdon Road Cemetery,
Cambridge.

His merits did not pass without recognition during his life. In 1886
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he became a Fellow of the Linnean Society of London, and was elected to
the Royal Society in 1888, receiving a Royal Medal in 1893 ; he served on
the Council of the Linnean Society 1887-9, and on that of the Royal
Society 1895-6. He was elected an Honorary Fellow of Christ’s College,
Cambridge, in 1897, and received the degree of D.Sc. Zonoris causa from
the Victoria University in 1902. He was President of the British
Mycological Society 19oo-2, and had received the honorary fellowship of
various learned societies.

And now that he is gone from us, we, his old friends and colleagues,
would honour his memory by expressing, however inadequately, our deep
sense of the loss we have sustained. We recall his unswerving loyalty and
effective co-operation as a fellow-pioneer in this country of what, a quarter
of a century ago, was derisively termed the ‘New Botany,’ though it
was but a renascence of the botany of Hales, Knight, Robert Brown,
and Henfrey: we remember his varied gifts, his geniality, his untiring
industry, his never-failing enthusiasm: we recognize what he has achieved
for the study of Mycology in Britain, carrying on the work of Berkeley and
maintaining his high standard. Above all, we are conscious that the gap
left in our ranks can never be filled for us. But we draw comfort from the
confidence that the future of the cause for which both he and we have
striven is assured: new ranks are forming, recruited largely from among
Ward’s pupils, ready to take his place, and ours, in the fighting-line. To
these Ward’s life and work may well serve as an inspiration to enthusiasm
and an ideal of devotion.

S. H. V.
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The Gametophytes, Fertilization and Embryo of
Cephalotaxus drupacea.

BY

ANSTRUTHER A. LAWSON, PH.D.
Assistant Professor of Botany in Stanford University, California, U.S.A.

With Plates I-IV.

INTRODUCTION.

O the morphologist or to the cytologist there are few groups of
plants which offer more attractive features than the Coniferales. This
is not only true of the sporophyte structures, but is particularly true of the
gametophyte, for here every phase in the history of the sexual generation
reveals the development of structures which are of profound interest in
regard to their morphological meaning. The facts concerning the
behaviour and development of such gametophytic structures are, therefore,
from the point of morphology alone, worthy of record.

The results of investigations on the comparative anatomy of the
sporophyte, together with the evidence which is gradually accumulating
from the study of fossil forms, is bringing us nearer to an understanding of
the true phylogeny of the Coniferales, but at present such an understanding
is far from perfect. That we are not yet warranted in establishing the true
phylogenetic relationships of the Coniferales and their various sub-groups,
is due mainly to the fact that the strongest kind of evidence, that of the
fossils, is at present disconnected and in places contradictory. In view of
the gaps in the chain of evidence from the paleobotanical side, a knowledge
of the primitive structures associated with the gametophyte generation
becomes imperative. That our knowledge of such structures has had
much to do in modifying our ideas as to the phylogeny of the various
groups of Gymnosperms, we need only refer to the effect of the discoveries
of Hofmeister, Strasburger, Hirasé, Ikeno, and Webber, to say nothing of
the great amount of literature which has more recently accumulated on the
gametophytes of the Abietineae, Cupressineae, Taxodieae, and Taxeae.
Indeed, many of the discoveries recently made are so extraordinary that

(Annals of Botany, Vol. XXI. No. LXXXI. January, 1907.}
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a detailed history of the gametophytes of all living forms seems quite
necessary if we hope to build up a phylogeny of the Coniferales and their
various sub-groups.

The present investigation is intended as a contribution to our knowledge
of the Taxeae. It was undertaken with the idea of giving a complete
account of the development of the gametophytes and embryonal sporo-
phyte of Cephalotaxus. It thus fills in many of the gaps left by Sokolowa
('91), Strasburger ('79), and Arnoldi ('00), who have contributed fragmentary
but valuable information concerning the gametophytes of this interesting
genus. The work was commenced in the spring of 1903 but was delayed
in its completion on account of the scarcity of material. The greater part
of the work was carried on in the Botanical Laboratory of Stanford
University, California, but it was finished in the Jodrell Laboratory at Kew
Gardens.

I take this opportunity of expressing my gratitude to Lieut.-Col. Prain,
C.LLE, F.R.S,, Director of the Royal Gardens, Kew, and to Dr. D. H. Scott,
F.R.S., Honorary Keeper of the Jodrell Laboratory, who kindly extended
to me the privileges of the Jodrell Laboratory, and thus made the com-
pletion of the work possible. To Mr. L. A. Boodle, F.L.S,, also I wish to
express my sincere thanks. Upon my arrival at Kew Gardens I found
that Mr. Boodle had commenced an investigation upon the gametophytes
of Cephalotaxus Fortunei and C. drupacea, and had collected and prepared
considerable material for this purpose. Upon learning that my investigation
was so near completion, both as regards drawings and text, Mr. Boodle
kindly invited me to compare some of his excellent preparations with my
own. The result of this comparison was very gratifying, for it helped to
confirm several important interpretations which might otherwise have
remained in doubt.

METHODS.

The material for this investigation was obtained from three small
shrubs growing on the campus of Stanford University, California. I began
to make collections early in March, 1903, and continued to prepare material
at short intervals, as long as time and the supply of material permitted,
until the spring of the present year. There was not an abundance of fruit
formed on the shrubs and I therefore thought it best to sacrifice the early
stages of the female gametophyte in order to have enough specimens for
investigating the later phases. I hope in the near future to trace out the
formation of the megaspores and related structures.

For those who are investigating the cytology of the Gymnosperms
I should like to emphasize the importance of fixing the material in the
field or, when that is impossible, to otherwise provide against evaporation.
With such critical stages as the division of the body-cell, the organization
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of the ventral canal-cell, and fertilization, a rapid fixation is quite necessary.
Better results were always obtained when the material was placed in the
killing fluid as soon as possible after being detached from the tree. For
many stages it is cven desirable to carry on the dissections while the
material is submerged in the fixing fluid.

The ordinary cytological methods were employed, details of which
have already been published (Lawson, ’04). We need only add that
Flemming’s weak solution and the chrom-acetic mixture gave the most
satisfactory results as fixing reagents. The triple combination, safranin,
gentian violet, and orange G. was used for staining.

THE MALE GAMETOPHYTE.

The first collection of the microsporangia was made on March 1,
before the megasporangia were visible. From then on to the time of
pollination collections were made almost daily. The microspores from the
carly collections contained a single large central nucleus and a large
quantity of starch grains. The spore at this time also showed a well-
developed exine. Fig. 1 represents a cross-section of a young microspore
just before its first division. Sections of the sporangia taken a day or two
before the pollen was shed showed two distinct nuclei in each microspore,
although I was unable to find the spindle showing the actual division of the
first nucleus. One of these nuclei was larger than the other and more
centrally located. The former is undoubtedly the tube nucleus, while the
history of the smaller one proved it to be the generative nucleus. From
the observations of Strasburger ('92) and Coker ('04) it appears that in
Taxus, Funiperus, and Cupressus there is no division of the microspores
during their confinement within the sporangium, while in the Abietineae
and in Chamaccapyris, Cryptomeria, Thuja, Sequoia, Podocarpus, and
Cephalotaxus the microspores divide before they are shed.

In Cephalotaxus drupacea the first division of the microspore takes
place at lcast a day or two before pollination. Fig. 2 represents a section
of a pollen-grain at this time. It will be observed that the starch grains,
which were formerly present in abundance, have entirely disappeared, and
that there is an indication of a delicate membrane scparating the two
nuclei. In view of the importance of these early stages in the history of
the male gametophyte, and especially in view of the fact that Cephalotaxus
is regarded by many botanists as a primitive type of Conifer, a very careful
scarch was made for any cvidence of the survival of sterile prothallial cells
as found in the Cycads, Ginkgo, and in the Abietineae, but no trace of such
vestigial structures were found. There were but two nuclei present, and
a careful study has convinced me that the division which gives rise to them
(i.c. the generative and tube nuclei) is the only division in the male
gamctophyte which preccdes the organization of the body and stalk

B2
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nuclei. A similar condition has been reported for Tazus (Coker, '04) and
Torreya (Robertson, '04; Coulter and Land, ’05). Indeed, from the number
of types that have been investigated, it would seem that the survival of the
sterile prothallial cells among the Coniferales, is almost entirely confined to
the Abietineae. The single exception is that of Podocarpus, and even here
there are strong suspicions that the Podocarpeae and Abietineae are closely
related (Coker, '02).

In this connexion it is interesting to note that Miss Robertson ('04)!
correlates the survival of the vegetative prothallial cells with the winged
character of the pollen-grain. No one doubts the primitive character of the
Cycads and Ginkgo, and here the prothallial cells are evident. They are
also constantly present in the Abietineae, but in the Taxeae, Taxodineae,
and Cupressineae they are conspicuous by their absence. Miss Robertson
('04) infers that the superior buoyancy produced by the bladder-like
swellings of the exine in Podocarpus and in the Abietineae ‘ would make
any difference in weight of very little importance, and so natural selection
would not come into play to eliminate the vestigial sterile cells in the pollen-
grain.’ In her explanation Miss Robertson assumes that the elimination of
the one or two prothallial cells within the pollen-grain was accomplished
in order to bring about a reduction in its specific gravity ; and also that it
was easier for natural selection to develop new structures in the form of
winged bladders than to eliminate one or two very minute cells which have
long since become functionless. Personally, I question whether the presence
of one or two very minute prothallial cells within the pollen-grain would
make any perceptible difference in its specific gravity. The early reduction
in the number and size of the cells in the prothallium was no doubt accom-
plished to meet this end, thus affording an easy transportation ; but I am
more inclined to believe that the final elimination of the last two function-
less vestigial cells in the Taxodineae, Cupressineae, and Taxineae was the
result of long disuse. My belief in this regard is strengthened by a fact
which Miss Robertson has evidently overlooked. It is well known that in
the Pine pollen the vestigial prothallial cells become disorganized very soon
after they are formed, and practically vanish éefore the pollen is discharged
from the sporangium. This is also true for other members of the Abietineae.
Miyake ('03) reports that in the pollen-grain of Picea, just before pollina-
tion, ‘the disintegrating remains of the first two prothallial cells can be
seen merely as two thin and darkly staining bodies between the stalk-cell
and the pollen wall” With the practical disappearance of the prothallial
cells in the winged pollen, defore the bladder-like appendages have an
opportunity of producing any buoyancy, it is difficult to understand how
these latter structures can be responsible for the survival of the former.

! See also Jefirey, E. C., The Comparative Anatomy and Phylogeny of the Coniferales, Part 1L
Mem. Bost. Soc. Nat. Hist., 1904.
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During the time that the pollen is free, there is practically no difficrence in
the cellular contents of the grain of the winged pollen of the Abictineae and
the wingless pollen of the majority of other Conifers. It thus seems to me
that the correlation of the winged character of ‘the pollen and the survival
of the prothallial cells is not quite consistent. To my mind the survival of
these latter structures is an indication of the primitive character of the
Abictineae as a group.

The discharge of the pollen in Cophalotarus begins late in March and
continues for about three weeks. A considerable difference in the time of
pollination was noted from year to year, which was probably due to the
variable seasons in California. When the pollen is shed, the megasporan-
gium is but a very small pointed protuberance surrounded by a well-
developed integument. The micropyle is a little longer than the sporan-
gium, as shown in Fig. 3, and remains open for some time after pollination.
The microspores become lodged on the top of the megasporangium at the
base of the micropyle, and here they remain; and although they enlarge
considerably, there is not much further germination until the following
spring. Early in May of the following year the pollen-tube becomes
visible and begins its downward penetration into the tissue of the nucellus,
In some cases there was observed a slight indication of the branching of
the tube at this time, as shown in Fig. 4, but the main growth was always
in a downward direction, directly toward the female prothallium. Previous
to the penctration of the tube, the division of the generative nucleus takes
place, for, as shown in Fig. 4, the body-cell is already organized, as well as
the stalk-nucleus. The young tube now contains one large cell and two
free nuclei, and in this respect conforms with the conditions met with at this
time in most Conifers. The body-cell is distinctly oval in shape, and is
surrounded by a distinct membrane. It contains a dense granular cyto-
plasm and a large, deeply-staining nucleus, which is quite four or five times
the size of the stalk or tube-nucleus. One constant character of the body-
cell is that its long axis is parallel to the long axis of the tube, and that
its large nucleus is invariably found near the cell-membrane, at the side
away from the stalk and tube-nuclei, as shown in Figs. 4 and 5. The stalk
and tube-nuclei show no perceptible increase in size as the tube advances.
They are almost identical. Indeed, it is quite impossible, at this time, to
distinguish the onc from the other. They lie close together, imbedded in
a mass of cytoplasm close to and always in advance of the body-cell.

From this time on, the growth of the tube is comparatively rapid. The
condition of the tube and its contents, shown in Fig. 4, was found on May 11,
while that in Fig. 5 was found on May 21, taking just ten days for the tube
to penctrate completely through the nucellar tissue and reach the arche-
gonial chambers at the upper part of the female prothallium. The nucellar
tissue, through which the tubes push their way, has a lacerated appearance,
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and the cells near the tubes become thoroughly disorganized. The number
of tubes varied from one to four, but more generally only one or two were
found in a single nucellus. As the tube advances, the body-cell and the
tube and stalk-nuclei were invariably situated near the tip, as shown in
Fig. 5. When the tip of the tube has penetrated through the nucellar
tissue and has reached the space between the nucellus and the archegonial
chambers, it becomes quite distended, as if a great osmotic pressure were
acting from within. It woéuld seem that the sudden release from the con-
finement of the surrounding nucellar tissue permitted the wall of the tip of
the tube to stretch, allowing the latter to take on an almost spherical or
bulb-shaped form, as represented in Figs. 5 and 6. It will also be seen
from these figures that the bulk of the cytoplasm is at the tip of the tube,
with a thin layer lining the wall.

As soon as the tube reaches this condition the nucleus of the body-cell
cnlarges and prepares for division. This stage is shown in Fig. 6. I was
unable to find the spindle of the dividing body-nucleus, but a careful study
of the cytoplasm before and after the spindle stage revealed nothing that
would indicate the presence of blepharoplasts, which occur during the
division of the body-cell in the Cycads (Ikeno, '98; Webber, '97) and
Ginkgo (Hirase, '95). The cytoplasm immediately before division was
finely granular at the periphery, but distinctly fibrilar in its structure in
the vicinity of the nucleus, which indicated the preliminary stages in the
formation of the spindle.

The result of the division of the body-nucleus proved very interesting
because it differed in a marked degree from that reported for Zazus
(Belajeff, '93) and Zorreya taxifolia (Coulter and Land, '05). It will be
remembered that in Zaxus this division results in the organization of two
male cells of unequal size. In Zorreya taxifolia a similar condition
prevails, although Miss Robertson ('04) reports an equal division of the
body nucleus in Zorreya californica, and thus similar to the conditions
found in Cephalotaxus Fortunei by Arnoldi ('00). Miss Robertson, however,
believes that only one of the male nuclei enters the archegonium. The
discovery of Juel ('04) that the body-cell in Cupressus Goweniana gives rise
to a complex of cells is an interesting and important one, especially as
Thomson ('05) and Lopriore ('05) recently report that in Agathis australis
and in Araucaria the pollen-tube may contain six or seven nuclei. In these
latter cases it will be interesting to learn whether these nuclei are vegetative
or generative.

In Cephalotaxus drupacea 1 was able to follow a very complete series
of stages after the division of the body-cell nucleus, and my observations
are these:—There is no cell-plate formed between the two male nuclei,
and consequently there are not two male ce/ls formed, but simply two large
nuclei, which lie within the old membrane of the body-cell. These nuclei
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are at first perfectly spherical and of equal size. As shown in Figs. 7 and
8 they eventually lie close together and soon lose their spherical form.
They become slightly elongated and seem to cling or fold about each other,
as shown in Fig. 8. This condition was very frequently observed just
prior to their entrance into the archegonium. When the sperm-nuclei are
completely organized the chromatin is in the form of uniformly small
granules with two or three deeply-staining nucleoli.

Surrounding the nuclei there is very little starch present, which is in
contrast to the conditions generally found at this stage in the Cupressineae,
and to which Coker ('03) seems to attach some importance.

As we shall point out later, both sperm-nuclei, still folding over one
another, may enter a single archegonium together, or they may separate
a short distance apart just before entering. It invariably happens, however,
that they both enter the same archegonium.

The history of the male gametophyte in Cephalotaxus drupacea covers
a period of about fifteen months. In none of its phases does it show any
noticeably primitive characters as compared with other Coniferales.

THE FEMALE GAMETOPHYTE.

There were two difficulties in the way which prevented the securing of
a satisfactory series of preparations to show the development of the
megaspores.  First, because the three trees, from which all the material
was obtained, did not produce flowers in abundance, I hesitated to sacrifice
the later history of the gametophyte for the sake of the early megaspore
stages; and second, because the hard thick tissue enveloping the young
ovule prevented the rapid penetration of the killing fluid, it was almost
impossible to obtain a satisfactory fixation of the cells concerned, the
ovules themsclves being too small to remove without injury. In one
preparation I was able to make out a single large megaspore mother-cell
and in another a large megaspore with two smaller cells, one above the other,
which I interpret as disorganizing megaspores. As to the reduction division
and the events immediately following I was unable to trace further.

It scems almost certain, however, that only one megaspore germinates,
and that its early germination procceds very slowly. As the megaspore
enlarges, the usual free nuclear division takes place. In several cases six
or cight free nuclei were found in the cytoplasm. A central vacuole very
soon makes its appearance, which increases in size and gradually forces the
cytoplasm and free nuclei to the periphery. Fig. g shows a longitudinal
section through the young female prothallium, with the very large central
vacuole and the parietal layer of cytoplasm, in which the free nuclei are
distributed at more or less regular intervals. Up to this time the parietal
layer of cytoplasm is but a very delicate film. As shown in Fig. 12 it is
not even as wide as the diamcter of the nucleus. The character of the
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parietal layer was very similar to that which I have studied in Seguoia and
Cryptomeria. As indicated in Fig. 10, the central vacuole increases
enormously without much perceptible difference in the thickness of the
parietal layer of cytoplasm, although there is a very noticeable increase
in the number of nuclei, which shows that free nuclear division proceeds
during the enlargement of the vacuole.

During these early stages in the formation of the prothallium con-
siderable attention was given to the nucellar tissue which immediately
surrounds it. In Zaxodium Coker ('03) describes a distinct layer of large
cells which surrounds, and persists throughout the growth of the young
prothallium. It is thought that this layer takes an active part in the
nourishment of the growing gametophyte, and is, therefore, considered to be
a tapetum. A similar more or less differentiated tapetum has been found
during’ the early stages in the development of the prothallium in the
Abietineae and the Cupressineae, but seems to be entirely wanting in
Cephalotaxus. It is also absent in Taxus and Zorreya.

For Cephalotaxus Fortunei Mlle Sokolowa ('91) figures a distinct but
very thin megaspore-membrane. In C. drupacea 1 was unable to detect
the presence of a megaspore-membrane about the young prothallium, but
during the fertilization period and early embryo stages an extremely thin
membrane was observed. In two other species of Cephalotarus Thomson
(’05) was unable to find a trace of this membrane. He also reports that in
Tazus the megaspore-membrane is very poorly developed. The absence of
the tapetum and the extreme evanescent condition of the megaspore
membrane is significant. Indeed, from this point of view alone Thomson
(05) regards the Taxeae as the most recent group of the Coniferales.

After the stage shown in Fig. 10 the parietal layer of cytoplasm
increases in thickness, but the nuclei remain on the inner surface near the
vacuole. The formation of the first cell-walls is not unlike that found in
other Conifers. The nuclei, instead of dividing freely as heretofore, have
walls formed between them, thus forming the primary prothallial cells or
‘alveoli’ of Mlle Sokolowa ('91). These primary cells are open on the
inner side and exposed to the sap of the central vacuole. The primary
cells elongate rapidly and encroach upon the vacuole. Before the complete
closure of the central vacuole by the inward growth of the prothallial cells
numerous oblique and cross-walls are formed. These early cross-walls are
also present in C. Fortunei (Sokolowa, '91) and Zorreya (Robertson, '04).
Fig. 11 represents a section of the upper half of the prothallium before the
ingrowing cells have met in the central region. It will be noticed that the
nuclei are not only distributed on the inner exposed surface but they are
quite numerous at the periphery of the prothallium. The cytoplasm also
seems to be concentrated at these two definite regions. Nothing unusual
was observed in the final formation of permanent prothallial tissue. From
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Fig. 13 it will be seen that the cells are arranged in rows which converge
towards the centre of the prothallium. By comparing this with Fig. 11
one may safely infer that these slanting rows or lines of cells were formed
from the ingrowing primary cells.

THE ARCHEGONIA.

The first indications of archegonial initials were observed in material
collected early in April, somewhat over a year from the time the mega-
sporangium first made its appearance. They are generally but four in
number and are clearly of superficial origin. In the earliest stages
observed the initial cells were not much larger than the surrounding
sterile cells, and only their granular cytoplasm and deeply-staining nuclei
differentiated them from the latter. At a very early stage the initial
divides, giving rise to the first neck-cell and the central cell. The primary
neck-cell almost immediately divides by an anticlinal wall, and thus forms
the two neck-cells. It frequently happens that one of these divides again
anticlinally, so that the mature archegonium may present two or three
cells in the neck in cross-section, as shown in Fig. 15. The neck-cells
are easily distinguished from the other superficial cells of the prothallium
by their densely granular contents. Among the Coniferales the number
of neck-cells to the archegonium seems to vary considerably ; even in the
same species the number is not at all constant. There are never less than
two, however, and that seemed to be the prevalent number in Ceplalotarus.
Fig. 14 shows a longitudinal section of a young archegonium and the
position of the two neck-cells from this view.

As soon as the neck-cells became organized, the central cell grows
very rapidly, and its nucleus, which at this early stage is centrally located,
increases to fully five or six times its original size. Its cytoplasm also
becomes much more densely granular and stains more deeply. The
four archegonia, as may be seen from Figs. 15 and 16, lie close together,
with but a few layers of small prothallial cells between them, and with
their necks lying freely exposed, during these early stages, at the more
or less flat or convex surface of the top of the prothallium. As the
archegonia contihue their development, the upper sterile portion of
the prothallium grows forward, leaving the archegonia behind. This growth
progresses until a considerable cavity or archegonial chamber is formed
immediately over each archegonium, as shown in Figs. 24 and 25. A similar
depression of the archegonia occurs in Zorreya californica (Robertson,
'04), also in Zaxus (Jéiger, '99).

At a very early stage in the development of the archegonium (Fig. 14),
the sterile cells immediately surrounding it become very densely granular
and very soon acquire the characteristics of the sheath or jacket-cells
so commonly met with throughout the Conifers. These cells increase
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in number, as development progresses, and eventually each mature
archegonium is completely clothed by a single layer of them. In her
description of the jacket-cells for Zorreya californica, Miss Robertson
('04) merely states that they are more rich in protoplasm than their
neighbours and have conspicuous nuclei. For Zorreya tazifolia Coulter
and Land ('05) report that the jacket-cells do not make their appearance
until after fertilization, and even then they are not well organized. In
Cephalotaxus the jacket is a constant and striking feature of the archegonia
from the very early stages until they become disorganized by the develop-
ing embryo. In view of the fact that Arnoldi ('00) has described and
elaborately figured the passage of jacket-cell nuclei through the wall
and into the egg-cytoplasm, the behaviour and character of these cells
demanded considerable attention. After a careful and detailed study
I was unable to detect any evidence of nuclear transference or any
indications of perforations in the cell-walls through which the nuclei
might pass. The nuclei of the jacket-cells, to all appearances, were
perfectly normal and active until the disorganization of the archegonium
by the developing embryo. The so-called * proteid vacuoles ’ were observed
in the egg-cytoplasm some considerable time before fertilization, and
during the period of the actual fusion of the male and female nuclei they
were particularly abundant. As to their origin I am unable to speak,
but it seems highly improbable that they have any direct relationship
to the nuclei of the jacket-cells. There is not a common jacket for the
group of archegonia as occurs in Cryplomeria (Arnoldi, '01 ; Lawson, '04)
and other Cupressineae, but each archegonium is surrounded by its own
single layer of nourishing cells, as shown in Figs. 16 and 24. In this regard
they more nearly resemble the conditions occurring in the Abietineae.
Previous to the division of the central nucleus the cytoplasm of
the archegonium is finely granular and contains numerous vacuoles of
various sizes. These latter become so numerous as to give a frothy
appearance to the whole mass of cytoplasm. Mr. Boodle tells me he
finds identically the same condition in C. Fortunei. A very similar ap-
pearance has also been figured for the young archegonium of [liea by
Miyake ('03). The nucleus during this period takes up its position directly
under the neck-cells as indicated in Fig. 17. The chromatin is in the
spireme condition and there is generally present one and frequently
two nucleoli. The nucleus remains in this position during the period
of its mitosis, which gives rise to the ventral canal nucleus and egg-nucleus.
In this connexion it is worthy of note that Coulter and Land ('05) were
unable to detect a ventral canal-cell or nucleus in Zorreya tarifolia,
and express it as their opinion that a division of the central nucleus in this
species does not occur. Miss Robertson ('04), on the other hand, reports
that in Zorreya californica she was able to detect two archegonia with
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the central nucleus in process of division. In Cephalotaxus drupacea there
can be no doubt of the division of the central nucleus and the organization
of the ventral canal nucleus. I was not only able to find numerous cases
showing the ventral canal nucleus (Fig. 23) but also a series of stages clearly
showing the formation of the spindle.

The first indication of the division of the central nucleus is the usual
enlargement and the condensation of the chromatin thread for the
organization of definite chromosomes. During this period of changes within
the nucleus, the cytoplasm surrounding it becomes quite dense, and
kinoplasmic fibrils soon make their appearance. Fig. 18 represents
a stage when the nuclear membrane is partly broken down and the fibrils
of the young spindle are quite visible, although the general contour of
the nucleus is still retained. Fig. 19 shows a little older stage more highly
magnified. Herc the clongated chromosomes are clearly defined and
one of the poles of the spindle is already indicated by the drawing out
and converging of the fibrils towards a definite point. I was unable to
detect any differentiated areas of cytoplasm which would even suggest
the presence of centrospheres, and feel confident that the spindle is formed
in the manner which prevails among the Angiosperms.

Fig. 20 shows this spindle with the chromosomes at the poles, and
Fig. 21 shows the same stage more highly magnified. Being the last
mitosis in the history of the female gametophyte it will be interesting
to compare the chromatin with that of the first mitosis of the sporophyte
which immediately follows fertilization, and which is represented in Fig. 35.
This, however, will be touched upon again when we describe the details
of fertilization. Suffice it to say that the chromosomes are very long
bodics and that thesc are, as nearly as could be estimated, ten in number.

As shown in Fig. 21, the continuous fibrils of the spindle persist
betwcen the two masses of chromatin for some little time. It is these
fibrils which, in some Conifers, take part in the organization of the cell-plate
which separates the ventral canal-cell from the egg. In Cephalotaxus these
fibrils completely disappear without forming a ‘membrane. A ventral
canal membrane is developed in Pinus (Blackman, '98; Coulter and
Chamberlain, '01; Ferguson, '01), 7suga (Murrill, '00), Picca and Abies
(Miyake, '03). As in many other Conifers, the ventral canal-cell in
Cephalotaxus is represented only by the nucleus. As indicated in Fig. 22,
the cgg-nucleus and the ventral nucleus arc practically identical as to size
and shape. For a short time they occupy a position, one above the other,
in the neck region of the archegonium. There seemed to be no special
differentiation of the cytoplasm about either of them. There was not
a trace of a membrane formed at any time. In fact, I feel tolerably certain
none is formed. In this respect Cephalotaxus resembles Funiperus (Stras-
burger, '79), Thwya (Land, '02), Taxodium (Coker,’03), Cryptomeria (Lawson,
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'04), Sequoia (Lawson, '04), Podocarpus (Coker, '03), and probably Zorreya
(Robertson, '04). It is an interesting fact that in all those forms so far
investigated in regard to the ventral canal-cell, the membrane which
separates the egg from the ventral nucleus has only been found in repre-
sentatives of the Abietineae. This fact itself may not be of great im-
portance, especially as there are many forms yet to be investigated. It
seems to be significant, however, when we take it in connexion with the
survival of the vestigial prothallial cells in the pollen-grain, for here too
these vestigial structures are only found, so far as we know at present,
in representatives of the Abietineae (the single exception being that of
Podocarpus). If the retention of such evanescent vestigial structures
as the prothallial cells in the pollen or the membrane of the ventral
canal-cell has any phylogenetic bearing, then we have an argument in
support of the primitive character of the Abietineae as a group.

Great care was taken to follow up the further history of the ventral
nucleus. It remains in the neck region until the egg-nucleus moves down
and takes a position in the centre of the archegonium and it then shows
signs of disorganization. It completely disintegrates, and deeply-staining
nuclear fragments of it were frequently observed just below the neck-
cells. At the time of fertilization very little trace of it was left. By
the time the ventral nucleus has become disorganized the egg-nucleus
is found in the widest part of the archegonium (Fig. 27), and here, much
enlarged, it remains until its fusion with the male nucleus.

For a short time before and during fertilization the cytoplasm takes
on an extraordinary modification. Peculiar dense centres of cytoplasm
make their appearance and, as shown in Figs. 26, 27, and 28, they are
arranged in a single row which extends from the egg-nucleus to the
base of the archegonium. In a general way they have the appearance
of asters, for from each of them the cytoplasm is arranged in a series
of radiations. These radiations do not seem to be more fibrous than
the rest of the cytoplasm but are peculiar in that they extend out from
these definite centres. I am unable to understand the meaning of these
structures, but they are a constant and striking feature of the mature
archegonia.

FERTILIZATION.

From our description above we have seen how the pollen-tube pushes
its way through the nucellar tissue until it reaches the cavity in the female
prothallium immediately above one of the archegonia. At this period of its
development the tube contains the stalk- and tube-nuclei, lying freely in the
cytoplasm, and the two sperm-nuclei, both enveloped in the old wall of the
body-cell. All of these structures are at the tip of the tube, which has
become greatly distended. In some cases it was found that the contents of
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the tube had been discharged into one of the archegonial chambers before
the neck-cells had been reached. Whether this early discharge of the tube
contents is normal it is difficult to say. It may be due to the bursting of
the tube by the fixing fluids, as the tip at this time has all the appearance
of becing under considerable osmotic pressure. In many cases examined the
tip of the tube was carried between the neck-cells and into the archegonium
before its contents were liberated. Fig. 25 shows the swollen end of the
pollen-tube within the archegonium, and its contents are apparently still
intact. As the tip of the tube approaches the neck-cells, the two sperm-
nuclei may be separated from each other for a very short distance, but
quite as frequently they cling close together until the interior of the
archegonium has been reached. In Fig. 27 the tip of the pollen-tube is
represented just outside the neck-cell; there is a space between the two
sperm-nuclei, and these latter appear to be spherical in form. Arnoldi’s
(00) description of fertilization in Cephalotaxus Fortunei is very meagre,
and from his figures it is difficult to make out just what happens during
thesc stages. In several cases I was able to observe the two male nuclei, after
entering the archegonium, to be still enveloped by the membrane of the
body-cell, and frequently accompanied by the tube- and stalk-nuclei. From
the disturbed condition of the cytoplasm above the egg-nucleus, the dis-
charge of the tube contents and the migration of the sperm-nucleus towards
that of the cgg must take place with considerable force. This is clearly illus-
trated in Figs. 28, 29, 30, and 31.

It scems to be a common occurrence among the Coniferales for the
entire contents of the pollen-tube to enter a single archegonium. According
to Blackman ('98), Coulter and Chamberlain ('01), and Ferguson ('01), the
pollen-tube itself does not enter the archegonium in Pinus, but its entire
contents are forced bétween the neck-cells, and are later found in the cyto-
plasm of the egg. Practically the same thing occurs in 7axodium, Picea,
and Abies (Coker, '03; Miyake, '03), and a similar condition has recently
becn reported for 7orreya taxifolia by Coulter and Land ('05). Exceptions
to this are found in Zorreya californica (Robertson, '04) and in Sequoia
(Lawson, '04), where but a single sperm-nucleus enters the egg. From
Belajefl's ("91) figures it seems that this may also be true for Zaxus. In
Cryptomeria (Lawson,'04) a single male cell enters the archegonium.

Among the Gymnosperms there seems to be a decided tendency to
modify and reduce the structure of the male gametes. In the Cycads and
Ginkgo we have the two free-swimming ciliated sperms. In the Cupressineae
and Taxodinecae there are two distinct male cells of equal size organized, and
cach is surrounded by an independent cell-wall. In Zarus, Podocarpus, and
Torreya taxifolia there are two distinct male cells organized, but one of
them is dwarfed and functionless and much smaller than the other. In the
Abictineae, Cephalotaxus and Torreya californica, the two male gametes are
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represented only by nuclei, since there is no cell-wall separating the one
from the other. It is obvious that this reduction and modification of the
male gametes of the Coniferales is working along two distinct lines. Oune of
these-is to reduce and practically eliminate one of the male cells, and the
other is to reduce the structure of the gametes to nuclei. Inasmuch as the
nucleus is the essential part of the gamete, the degeneration of one of the
male cells must be regarded as a recent and highly specialized condition.

Returning to the conditions found in Cephalotaxus drupacea, it seems
that very little time elapses between the entrance of the tube-contents and
the dissolving of the membrane which surrounds the two sperm-nuclei
within the archegonium., As soon as they are released, one of them
immediately advances towards the egg-nucleus. When separated from
each other they become perfectly spherical, and there is no perceptible
difference in their size, shape, or in the structure of the chromatin ; indeed,
it is quite impossible to determine which one is destined to unite with
the egg-nucleus until one of them approaches the latter. In one case
I observed the two sperm-nuclei in touch with the female nucleus, but
whether there was ever an actual triple fusion I was unable to determine.
In a large number of preparations I was able to see but one of the sperm-
nuclei functioning ; the second one invariably remained behind, near the
neck-cells. Arnoldi ('00) reports that the functionless sperm-nucleus in
Cephalotaxus Fortunei may give rise to several smaller nuclei by dividing
amitotically. I was unable to confirm this for C. drupacea. In one case,
during a pro-embryo stage, I found the second sperm-nucleus in the
upper part of the archegonium, apparently having undergone no division
whatever.

As shown in Fig. 29, the path taken by the advancing sperm-nucleus
may be followed by the vacuole-like track in its rear. From the fact that
the cytoplasm has not closed in around it as it advances towards the female
nucleus, its movement is evidently a rapid one. It enlarges slightly as it
approaches the egg-nucleus, and at the time of contact it is about one-third
the size of the latter. Fig. 30 shows the sperm-nucleus in contact with the
egg-nucleus. As shown in this figure and those following, the conditions
are similar to those which occur in Pinus and other Abietineae. The sperm-
nucleus does not break through the membrane of the egg-nucleus, but forces
its way into the latter without losing any of its almost spherical form.
Fig. 31 shows the male nucleus almost inside of the female, while the male
cytoplasm partially envelops them both. The second male nucleus may
be seen in the neck region of the egg-cytoplasm. Fig. 32 shows a little
later condition ; here the functioning sperm-nucleus has enlarged slightly,
and the chromatin in the egg-nucleus has undergone a change. Fig. 33
shows the fusing nuclei more highly magnified. It will be seen from these
figures that there is a very obvious difference in the structure of the
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chromatin of the sex-nuclei. The male chromatin is very fincly and uni-
formly granular, while that of the female consists of much larger granules
arranged on a network of linin.

In the difference in size of the sex-nuclei at the time of fusion, Cephalo- -
taxus resembles the conditions described by Blackman ('98) and others for
Pinus and the Abietineae in general, but differs from those found in Seguoia
and Cryptomeria (Lawson, '04), where the male nucleus enlarges almost to
the size of the female before actual fusion takes place.

The carly stages in the formation of the first segmentation-spindle were
not found. It scemed perfectly clear, however, that very little time elapses
between the fusion of the chromatin masses and the organization of the first
spindle. According to Blackman ('98), Chamberlain ('99), and Ferguson ('01),
no resting fertilized nucleus is formed in Pénus. If such a nucleus is formed
in Cephalotaxus, its resting period is a very short one. I was unable to
identify the malc and female chromatin after the stage shown in Fig. 33,
but the first segmentation-spindle was frequently met with.

According to Coker ('08), the fusien of the male and female nuclei
takes place at the base of the archegonium in Zarodium. Jiger ('99)
reports a similar condition for Z7axus. As shown in Fig. 34, this cannot be
true in Cephalotaxus, for the first cleavage-spindle is always formed in the
identical place where the fusion of the nuclei occurred—that is, in the
middle region of the archegonium. The first cleavage-spindle, more highly
magnified, is shown in Fig. 35. Here the chromosomes are at the equator,
and are very long bodies, extending almost to the poles of the spindle.
A repeated counting of the chromosomes convinces me that these are
twenty in aumber in the sporophyte, which is twice the number found in
the gametophyte.

THE EMBRYO. .

Upon the fusion of the sperm-nucleus with that of the egg, the
embryonal sporophyte begins its existence. The first cleavage-spindle is
immediately organized and its formation takes place within the area
occupied by the fusion-nucleus, and, as stated above, this fusion occurs in
the middle region of the archegonium. The position of the first spindle is
shown in Fig. 34. Its axis is not parallel to the long axis of the
archegonium and may even lie at right angles to the latter. The dense
granular cytoplasm brought in by the sperm-nuclei may be distinguished
until after the first division, and forms a complete zone about the spindle.

The result of the first division of the fusion-nucleus is shown in Fig. 36.
There are two free nuclei formed. When first organized they are some
distance apart, but very soon approach each other and become enveloped
in a common dense sheath of starch and other granular substances. As
they lie very close together they might easily be mistaken for the sex-
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nuclei in process of fusion, had these latter stages not been carefully studied
beforehand (Fig. 36). As soon as they are formed these two free nuclei
move towards the base of the archegonium. They travel but a very short

"distance in this direction, however, before the second division occurs.

Each of them divides and we thus have four free nuclei in the pro-embryo.
Fig. 37 represents a longitudinal section of the archegonium, at this time
showing three of the four nuclei and their relative position to each other.
The four of them are grouped very near to each other and are apparently
not very far removed from the original position of the fusion-nucleus.

In Taxus, Jager ('99) reports that the free nuclei are organized at the
base of the archegonium, and a similar condition apparently occurs in
Podocarpus (Coker,’02). In Zorreya the free nuclei are also found at the
base of the archegonium, but the formation of walls between the nuclei
takes place after the second division (Robertson, '04), (Coulter and Land,
'05). It will thus be seen that even in the early stages of the pro-embryo
Cephalotaxus is unlike either of these types of the Taxaceae, and, as we
shall point out, in the later stages the dissimilarity is much more
striking.

Very soon after the second division, all of the starch, ¢ proteid vacuoles,’
and other cytoplasmic granules sink to the lower or basal region of the
egg, thus dividing the archegonium into two distinct and sharply differ-
entiated parts. The less dense or upper part of the archegonium apparently
becomes disorganized and functions no further, while the lower part or
basal region becomes occupied with the free nuclei of the pro-embryo.
Fig. 38 shows the differentiation of the pro-embryonal region at this time
and that the free nuclei do not sink to the extreme base of the archegonium
as they do at this stage in so many other Conifers.

A third division of the free nuclei now follows, resulting in the
formation of eight of them, and still there is no indication of cell-walls
separating them. Fig. 39 shows a pro-embryo at this time; six of the
free nuclei are shown as well as their relative position to each other. It
will also be observed that the free nuclei are arranged in tiers, two for each
tier. The next division is followed by the formation of membranes
between the nuclei and the organization of the first cells of the embryo.
These cells are arranged in tiers, but this arrangement is not as clearly
defined as that which prevails in the Abietineae and Cupressineae, where
three sharply defined tiers are present. In certain stages three tiers were
formed, and in others four could be distinguished. On account of irregular
arrangement of the first cells that are formed and the rapid division that
follows, it was difficult to say whether the fourth tier originated from
a subdivision of the first tier at the tip or from the uppermost tier of
nuclei. As Strasburger ('79) has pointed out, there is a group of terminal
cells organized which serves as an organ of penetration. After a careful
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study I am inclined to believe that these cap-cells originate from a sub-
division of the first tier at the tip of the pro-embryo.

My observations on the development of the embryo proper confirm
Strasburger’s ('79) account of the embryo of Cephalotaxus Fortunei. As
shown in Fig. 40 there are four distinct regions to be distinguished. The
first is the penetrating cap which soon becomes thrown off, the second is
the embryo itself, the third suspensors, and the fourth the rosette. Unlike
most Conifers, the cells of the second tier, which constitute the embryo
proper, divide very rapidly and become very numerous. There may be as
many as sixteen or thirty-two cells formed before there is any perceptible
elongation of the suspensors. This early merismatic activity of the embryo
may explain the necessity for the development of the terminal cells into
a penetrating cap. This explanation finds support in the fact that the
cap-cells are thrown off very soon after the suspensors are developed.
The cap-cells are in two layers. The first consists of five or six cells not
much larger than the embryo-cells, while the second consists of a very large
terminal cell, very much elongated and tapering to a point. Very soon
after the suspensors have reached the length shown in Fig. 40 the cap-cells
are discarded. The stages shown in Figs. 42 and 43 are soon after the
cap-cells have been thrown off.

The suspensors now elongate very rapidly and carry the embryo down
into the endosperm. The elongation of the suspensor. is at first in a
straight line, but as growth proceeds they become more or less twisted or
curved. This curvature gradually becomes more marked until a distinct
winding and twisting form is assumed. As shown in Fig. 43 the suspensors
become many times the length of the archegonium, and on account of their
winding growth it is quite impossible to trace them back to their point of
origin from a single section.

At an early stage during the elongation of the suspensors there
appeared to be an occasional budding from the main group of embryo-
cells and the formation of small secondary embryos. These however were
not frequently found. As a rule there is but one embryo formed from
a single archegonium. The small secondary embryos when they appear do
not develop very far. In one case one of these smaller embryos was
observed growing towards the neck end of the archegonium, quite in the
opposite direction taken by the main embryo. Even when two or three
main embryos from separate archegonia develop, one of them takes the
lead and grows much more rapidly than the others. Such conditions are
shown in Figs. 43 and 44.

The next period in the development of the embryo is marked by the
appearance of the embryonal tubes or secondary suspensors and the
disorganization of the primary suspensors. The tubes or secondary
suspensors were first obscrved soon after the stage shown in Fig. 43. The

C
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layer of embryo-cells next to the suspensors first elongate and this is
followed by the second, third, fourth, and so on in regular series. Several
layers of the embryo-cells thus become very much elongated, and continue
the function of the primary suspensors in carrying the tip of the embryo
deeper down into the tissue of the endosperm. Fig. 44 shows an advanced
stage in the development of the embryo. It will be observed from this
figure, that the elongation of these embryonal cells may exceed the length
of the primary suspensors and that the first of them are the longest and
appear gradually shorter as they approach the growing tip of the embryo.

SUMMARY AND CONCLUSIONS.

At the time of pollination the microspore consists of two cells—
the tube-cell and the generative cell. Vestigial cells or nuclei representing
the vegetative prothallial cells of the male gametophyte are entirely lacking.

Pollination takes place late in March. Three or four pollen-grains
become lodged on the top of the nucellus at the base of the micropyle,
and while they enlarge considerably they show no further nuclear activity
until the following spring.

There are usually three or four pollen-tubes produced. At the time of
the penetration of the tube into the nucellar tissue, the generative nucleus
divides, giving rise to the body-cell and the stalk-nucleus. The tube thus
contains one large cell and two free nuclei.

It takes about ten days for the tip of the tube to reach the archegonial
chamber. When this has been reached, the body-cell divides, giving rise
to two sperm-nuclei. The two sperm-nuclei are of equal size, and no cell-
wall is formed between them. There are therefore not two male cells
formed, but simply two large nuclei which lie close together within the
membrane of the body-cell.

Only one megaspore germinates, which gives rise to the female pro-
thallium. The megaspore first enlarges, and this is followed by free nuclear
division. A central vacuole soon makes its appearance, and by increasing
in size, forces the cytoplasm and free nuclei to the wall. During the growth
of the vacuole, free nuclear division proceeds at a rapid rate. The presence
of a megaspore-membrane could not be detected in the young prothallium,
but during the later fertilization-stages an extremely thin membrane was
observed. The prothallium very soon consists of a large central vacuole
and a very thin parietal layer of cytoplasm in which the free nuclei are
distributed at intervals.

When the parietal layer has reached a certain thickness a series of
walls are formed between the free nuclei, thus constituting the primary cells
of the prothallium which are open and exposed to the sap of the vacuole on
the inner side. By their inward growth the primary cells eventually close
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up the space occupied by the sap of the vacuole. Before the vacuole is
completely closed however, numerous cross-walls are formed.

As soon as the prothallial tissue is organized the archegonial initials
make their appearance in the form of superficial cells at the apex. There
are generally two, but frequently three, cells formed in the neck of the
archegonium. The sterile tissue around the necks of the archegonia grows
forward leaving the archegonia behind, thus forming four distinct cavities
or archegonial chambers. There are four archegonia organized, and each
is surrounded by a single layer of jacket-cells. There was no evidence
to show any migration of the jacket-cell nuclei into the archegonium.

A distinct ventral canal-nucleus is organized, which in size, shape, and
chromatin contents resembles that of the egg. It degenerates before
fertilization takcs place.

The entire contents of the pollen-tube enter the egg. The two
sperm-nuclei are not released from the membrane of the body-cell until the
interior of the archegonium has been reached. The sperm-nuclei are
perfectly similar, and it is impossible to say which one will function until
one of them moves towards the egg-nucleus. The second male nucleus
remains behind in the neck region of the archegonium.

The fusion of the sex nuclei takes place in the middle of the arche-
gonium, and at this time the male is about one-third the size of the female.
If a resting fertilized nucleus is formed, its resting period is very brief, for
the first cleavage spindle is organized immediately after fusion.

The first division of the fusion nucleus takes place in the middle
of the archegonium. The first division is immediately followed by a
second which results in the formation of four free nuclei in the pro-embryo.

After the sccond division, all of the starch ‘proteid vacuoles’ and
other cytoplasmic granules sink to the lower part of the egg, and the arche-
gonium thus becomes sharply differentiated into two distinct regions. The
lower dense region becomes occupied by the free nuclei of the pro-embryo.

By repeated free nuclear division therc are sixteen nuclei organized
before the formation of cell-walls. The cells eventually become arranged
in four tiers. The end tier develops into a penetrating cap, the second tier
forms the embryo proper, the third the suspensors, and the uppermost the
rosette.

There may be as many as sixteen or thirty-two cells in the embryo
before there is any perceptible clongation of the suspensors. This early
merismatic activity of the embryo-cells may account for the necessity
of organizing a penetrating cap from the terminal cells. Soon after the
suspensors have developed the penetrating cap is thrown off.

When the primary suspensors have reached their full length their
function is continued by a series of long embryonal tubes or secondary
suspensors which are developed from the proximal cells of the embryo.

c2
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Several cases of budding from the main group of embryo-cells were
found, resulting in the formation of small secondary embryos, but as
a rule one archegonium produces but a single embryo.

From this account of the gametophytes it becomes obvious that
Cephalotaxus cannot be regarded as a primitive type of Conifer, although
this is contrary to results obtained from certain studies on the sporophyte.
From his investigations on the vascular structure of the ovule Worsdell ('00)
regards Cephalotazus as the most ancient of the Coniferous genera,and con-
cludes that ‘ this genus forms in some measure a connecting link between
Cycadaceae and Coniferae, and helps us to trace, however faintly, a fragment
of the line of descent of the latter group.” By comparing the gametophytes
of Cephalotaxus with the Cycadales and with other Coniferales I cannot
accept Worsdell’s view. In fact I am forced to the conclusion that this
genus represents a very recent type of Conifer.

JODRELL LABORATORY,
RoyaL BoTANIC GARDENS,
Kew.
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EXPLANATION OF FIGURES IN PLATES I-IV.

Illustrating Dr. Lawson's Paper on Cephalotaxus,

All figures were drawn with the aid of the camera Lucida. The following oculars and objectives
were used.

Figs. 1, 3, 6, 7, 8, 13, 19, 31, Zeiss oc. 1, obj. oil imm. vy.

Figs. 3, 44, Zeiss oc. 3, obj. 3.

Figs. 4, 5, 9, 10, Zeiss oc. 3, obj. 3.

Figs. 11, 13, 14, 15, 16, 24, Zeiss oc. 1, obj. 3. .

Figs, 17, 18, 30, 23, 26, 27, 8, 29, 30, 31, 33, 34, 36, 37, 38, 39, 40, 41, 42, 43, Zeiss oc. 6,
obj. 3.

Fig. 35. Zeiss oc. 4, obj- 3.

Fig. 23. Zeiss oc. 4, obj. 7.

Fig. 33. Zeiss oc. 2, obj. oil imm. Jy.

Fig. 35. Zeiss oc. 6, obj oil imm. 4.

Fig. 1. A cross-section of a microspore some time before pollination, showing the single large
nucleus and the presence of starch granules. March 7, 1904.

Fig. 3. A cross-section of a microspore just before pollination showing the tube and the
generative nucleus.

Fig. 3. A longitudinal section of the ovule at the time of pollination showing the mega-
sporangium, integument, and micropyle. April 19, 1904

Fig. 4. A longitudinal section through the upper part of the nucellus showing a young pollen-
tube containing the body-cell B., and the stalk and tube-nuclei 5. £ May 11, 1904.

Fig. 5. The same ten days later showing a pollen-tube that has completely penetrated the
nucellar tissue with the body-cell, and the stalk and tube-nuclei in the distended tip of the tube.
May 31, 1904.

Fig. 6. A tip of a pollen tube more highly magnified showing the character of the cytoplasm in
the tube and in the body-cell, and nucleus of the latter preparing for division. May 31, 1904.

Fig. 7. The two sperm-nuclei resulting from the division of the body-cell nucleus. They occupy
the greater part of the cavity of the body-cell, the old membrane of which still envelops them. The
stalk and tube-nuclei are also present. May 23, 1904

Fig. 8. Two sperm-nuclei showing the characteristic way in which they fold over each other.
May 16, 1904.

Fig. 9. A longitudinal section of a very young prothallium. The single embryo-sac consists of
a thin parietal layer of cytoplasm and a large central vacuole.

Fig. 10. The same as above at a later stage.

Fig. 11. A later stage in the development of the prothallium showing the primary prothallial
cells growing in and closing the vacuole.

Fig. 12, A highly magnified section of a part of the parietal layer of cytoplasm taken from the
stage represented in Fig. g.

Fig. 13. A longitudinal section through the upper region of a young prothallium showing a young
archegonium with one neck-cell. April 2%, 1904. .

Fig. 14. A longituadinal section as above with two neck-cells in the archegonium and a single
layer of jacket-cells already organized. -

Fig. 15. A cross-section through the neck region of the archegonia. Two of the four show
three cells in the neck, the remainder only two. May 31, 1904.

Fig. 16. A cross-section through the middle region of the archegonia showing their characteristic
perfectly circular form in section and each enveloped in a single layer of jacket-cell. May a1, 1904.

Fig. 17. A longitudinal section of an archegonium with the central nucleus preparing for
division. May 23, 1go4.

Fig. 18. A longitudinal section of an archegonium with the central nucleus in the early stage
of division. Spindle formation has begun. May 26, 1904.
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Fig. 19. A more highly magnified section of the central nucleus during spindle formation. The
long chromosomes are sharply defined and one pole of the spindle is already indicated by the con-
veying of the fitrils toward a definite point. The nuclear wallis partly broken down. May 26, 1904

Fig. 30. A longitudinal section of an archegonium with the central nucleus in an advanced
stage of mitosis, the chromosomes being at the poles of the spindle. May 31, 1904.

Fig. 31. The same spindle more highly magnified showing the character of the chromosomes
and the absence of any cell-plate formation between the danghter-nuclei. May 21, 1904.

Fig. 32. A longitudinal section of an archegonium showing the ventral canal nucleus and egg-
nucleus fully organized and the absence of a membrane separating them. May 30, 1904.

Fig. 33. A longitudinal section of the npper portion of an archegonium more highly magnified,
illustrating the similanity of the ventral canal and the egg-nuclei and their relative position just after
their organization. May 30, 1904.

Fig. 24. A longitudinal section of two matare archegonia showing their relative position to
the archegonial chamber above, and the character and extent of the jacket-cells. May 23, 1904.

Fig. 25. A longitudinal section showing two pollen-tubes one of which has extended into the
arcbegoniom.  May 30, 1904.

Fig. 36, A longitudinal scction of a mature archegonium just before fertilization showing the
peculisr cytoplasmic centres in the region below the nucleus. May 36, 1904.

Fig. 37. A longitudinal scction showing the two sperm-nuclei still surrounded by the membrane
of the body-cell and about to enter the archegonium. The egg-nucleus has enlarged considerably.
May 26, 1904.

Fig. 38. A longitudinal section showing one sperm-nucleus within the archegonium, the second
sperm-nocleus was obscrved in the section immediately following. They were both within the wall
of the body-cell. May 28, 1904.

Fig. 39. A longitudinal section showing one of the sperm-nuclei approaching the egg-nucleus.
Its path and rapid approach is indicated by the disturbed condition of the cytoplasm in its rear
May 28, 1904.

Fig. 30. A longitudinal section showing the actual union of one of the sperm-nuclei with the
egg-nucleus while the second sperm-nucleus remains in the cytoplasm above. May 26, 1904.

Fig. 31. A longitudinal section showing a similar condition with the enveloping of the fusing
nuclei by the male cytoplasm. The sperm-nucleus enters the egg-nucleus without losing its
sphencal form. May 26, 1904-

Fig. 33. A lonyitudinal section showing a little later stage in the fusing of the sex-nuclei; the
male chromatin being in a less compact condition. May 18, 1904.

Fig. 33. A scction of the fusing-nuclei more highly magnified showing the difference in the
structure of the malc and female chromatin, May 26, 1904.

Fig. 34 A longitudinal action showing the spindle of the division of the fusion-nucleus. The
male cytoplasm forms a complete zone around the spindle, but some distance from it. May 33, 1904.

Fig. 35. A more highly magnified section of the first spindle of the sporophyte showing the
increased number of chromosomes as compared with those found in the gametophyte. May 23, 1904.

Fig. 36. A longitudinal section showing the first two nuclei of the pro-embryo. They both lie
embedded in & dense area of starch granules. May 23, 1904.

Fig. 37. A little later than above showing a four-nuclei stage of the pro-embryo. May 23, 1904.

Fig. 38. The same somewhat later showing all the granular substances of the cytoplasm
accumulated in the lower part of the archegonium, May 23, 1904.

Fig. 39 A pro-embryo of cight free nuclei and still no trace of cell wall forming between them.

Fig. 40. An older embryo showing the young suspensors and the embryo proper at the ends
with the terminal penctrating cap.

Fig. 41. The samc as above but slightly older.

Fig. 43. The same still older. The cells forming the penetrating cap have been thrown off.

Fig. 43. An embryo showing the very much eclongated and twining suspensors with three
yoonger embryos above,

Fig. 44- A much older embryo. The primary suspensors can no longer be seen, but the
secondary suspensors developed from the rear cells of the embryo proper are conspicuous. These
secoadary suspensors elongate enormously and carry the embryo at the end deep into the endosperm.
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Notes on the Development and Structure of the
Seed in the Alsinoideae.

BY

L. S. GIBBS, F.L.S.

With Plates V and VI and four Figures in the Text.
INTRODUCTION.

HE Caryophyllaceae, from the point of view of embryological develop-

ment, seemed to have been rather overlooked in recent years, in

comparison with the large amount of work which has been done in this
particular line of research for other families and individual species.

This was not the case with the older botanists. Schleiden and Vogel (2),
Meyen (8), Tulasne (5), and Hofmeister (6) all record interesting conclusions
on the morphological development of the suspensor, embryo and embryo-
sac. But most of this work, good as it is, is incidental or comparative, and
there is no consecutive account of the embryology and development in any
one species,

In this order the abundance and persistence of the nucellar perisperm
is a marked characteristic, and the formation of this tissue has been followed
with interest by several authors. Schleiden and Vogel (2) correctly figure
the peculiar shape of the embryo-sac and the localization of the starch
storage tissue, describing the former as growing in horseshoe shape round
the main mass of the nucellus (perisperm) of which it destroys only the
peripheral layers. Hegelmaier (10) defines the limits of the permanent
nucellar or perisperm tissue in this order, as the incidental result of working
on the morphology of the endosperm in both the groups Silenoideae and
Alsinoideae which constitute it. He does not suggest any possible physio-
logical relation between these tissues, and describes endosperm formatlon in
these ovules as transitory in character.

Recently Johnson (23, 25, 26) has worked out very thoroughly the
embryology and germination of certain Piperaceae, and one of the chief
results of his investigations is to bring out the important réle played by the
endosperm in the development of the embryo.

He draws some interesting conclusions from this fact on the function of
the endosperm in all seeds containing abundant perisperm. In Peperomia
pellucida and in Heckeria the endosperm is described as bursting out of the

[Annals of Botany, Vol. XXL No, LXXXI. January, 1g07.]
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seed-coat and continuing to jacket the embryo, which at germination is
only an undifferentiated mass of cells, until the root, hypocotyl, and cotyle-
dons are organized. This endosperm is not a storage tissue, but digests
the perisperm reserves and passes them on to the embryo. The suggestion
is therefore made that this restriction of the function of the endosperm
obtains in all seeds with abundant perisperm, the sporophyte of the second
generation being nourished, not by the parent generation, but by the
intervening gametophyte.

A chance series of sections through a mature seed of Stellaria
aquatica which seemed to prove the justice of this point of view, led
to the present investigation which rather confirms Johnson’s hypothesis.

To understand the organization of the mature seed, it was necessary to
trace the separate tissues composing it to their origin, and the subsequent
results seemed sufficiently interesting to justify publication.

Great uniformity and simplicity of structure prevails in all members of
the Alsinoideae examined.

This fact renders the progressive and comparative development of the
nucellar tissues, in conjunction with that of the embryo-sac and embryo, easy
to follow. Some stress has been laid on this point, as the part played
by the separate tissues of the ovule in the development of the embryo are
especially accentuated in this case, owing to the early laying down and
abundance of the perisperm coupled with the restriction of the functions of
the suspensor and endosperm.

Morphologically these ovules are characterized by the constant presence
of two integuments, each composed of two layers of cells, the inner integu-
ment always projecting beyond the outer one. The nucellus increases
in size by the periclinal and anticlinal divisions of the epidermal layer, and
this results in the sinking of the embryo-sac in the nucellar tissue, and the
formation of a sort of transitory beak at the apex of the nucellus by the
outgrowth, prior to fertilization, of certain cells which are subsequently
reabsorbed.

The chief feature in the embryology is the filamentous suspensor, the
basal cell of which (that directed towards the micropyle) attains to a very
large size.

The uniformity that characterizes the endosperm in these ovules is
very striking, and one of the chief objects of this research is to determine
the function of the cells of this tissue in relation both to their morphological
differentiation, and to the nutrition of the embryo.

Variation being so slight in the tribe Alsinoideae, one species is taken
as a type.

Stellaria media, L., was chosen as offering a good example, and it was
studied as far as the maturation of the seed, partly because the basal
suspensor cell reaches its maximum development in this species.
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In the stages of early development investigation is difficult owing
to the peculiar orientation of the ovules and the position of the loculi.
Transverse sections are useless and good longitudinal ones a question
of luck. For drawings of these stages, therefore, where better preparations
were available in other species they have been substituted for Stellaria
media. As the ovules mature, gradual changes take place in the seed coat,
which result in cuticularization of the cell-walls and infiltration of tannin
into both the cell-walls and contents of the tegumentary layers. The
tannin is very resistant to the penetration of paraffin and good microtome
series are difficult to obtain. For the study of the germination of the seed,
Cerastium perfoliatum was found to offer a favourable example, as it germi-
nates easily, and the walls of the seed coat are not so cuticularized and
contain less tannin than in most other species.

Three distinct stages seem to mark the comparative development
of these ovules, viz.:—

1. Pre-fertilization.
2. Post-fertilization to maturation.
3. Germination of the seed.

The descriptive matter has been arranged accordingly.
In this course of development two long rests occur : —

(a) in the pre-fertilization stage, immediately after the fusion of the
two polar nuclei into one definitive nucleus ;
(8) on the maturation of the seed.

In explanation of the terms employed, primary megaspore stands
for the megaspore mother-cell, which develops directly into the embryo-
sac, since no subsequent tangential divisions of the primary megaspore cell
were observed. The development of the embryo-sac is thus similar to that
obtained in many lilies. Primary suspensor refers to the whole of the fila-
mentous row of cells preceding the actual embryological divisions, which in
the early stages is usually called the pro-embryo.

As the inner and outer integuments are each composed of two layers
of cells, these layers are referred to as layer 1 and 2 of the inner integument
and layer 1 and 2 of the outer integument respectively, starting from the
periphery of the ovule. The functions of these two layers, being dissimilar
in the case of the outer integument and similar in that of the inner, it
is obviously necessary to differentiate between them.

The lower portion comprises the base of the nucellus and the chalaza.

The species investigated were as follows :—

A. As far as the definitive nucleus stage.

1. Alsineae. :
Stellaria Holostea, L., S. media, Cyr., S. graminea, L., S. uliginosa,
Murr., Cerastium glomeratum, Thuill,, C. quaternellum, Fenzl,
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C. perfoliatum, L., Sagina apetala, L., S. procumbens, L.,
Moehringia, sp.
2. Sperguleae.
Spergula arvensis, L., and id. var. sativa (Boenn), Spergularia
rubra, Pers.
B. From the definitive nucleus stage as far as the maturation of
the seed.
1. Alsineae.
Stellaria Holostea, L., S. media, Cyr., S. aguatica, Scop., Cerastium
glomeratum, Thuill,, C. perfoliatum, L., Sagina apetala, L.,
Alsine trinervia, L.
2. Sperguleae.
Spergula arvensis, L.
C. Germination of the seed.
1. Alsineae.
Stellaria Holostea, L., S. aquatica, Scop., Cerastium perfoliatum,
L., Alsine laricifolia, Wahlenb., A. fasciculata, M. Koch.

2. Sperguleae.
Spergula arvensis, L., and id. var. sativa (Boenn), Spergularia
salina, Presl.

HISTORICAL.

The results of former work on the group are as follows : —

Grew (1) in 1682 figures the seeds of Spergula and chickweed, describ-
ing the former as ‘ spherick in shape with a knobbed surface and membranous
Rimm,’ and the latter as kidney-shaped.

Schleiden and Vogel (2) in 1839, in a paper on ‘Albumen’ first
distinguished between ‘perispermium’ or storage tissue derived from
the nucellus and ¢ endospermium’ or tissue derived from the embryo-sac.
They give a very good figure of Spergula pentandra with the small celled
suspensor which characterizes the Sperguleae, and in a series show starch
storage tissue limited to the central mass of the nucellus, which alone
persists as the embryo matures.

Meyen (8), 1841, working on Stellaria media, noticed the elongation
of the suspensor beyond the embryo-sac peculiar to this species. He
figures the characteristic twist of the pollen-tube, where it adheres to the
apex of the embryo-sac. Following Schleiden, he interprets it as the
beginning of the * vésicule embryonnaire ’ which he describes as developing
first into the apical portion of the suspensor and ultimately into the suspensor
and embryo. He considered, that from its size, the suspensor must absorb
food material for the embryo.

Unger (4), 1855, figures the style of Stellaria media, with a pollen-
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grain on a papilla of the stigma, through the wall of which it is supposed
to penetrate.

Tulasne (5), 1855, in a most beautiful series of drawings from dis-
sections of the embryo-sac, with embryos in different stages, of Cerastium
triviale and C. collinum, Holosteum umbellatum and Stellaria media, dwells
on the peculiar form of suspensor (vésicule embryonnaire) in the latter,
calling the prolongation the ‘appendice’ He figures the twist of the
pollen-tube at the apex of the embryo-sac, and the persistence of the same
long after fertilization as general for species investigated, which differ chiefly
in relative size and shape of suspensor.

He describes the suspensor in Spergula arvensis and Spergularia
rubra as much simpler and almost uniform in diameter.

Hofmeister (6), 1858, in Stellaria media saw the two synergideae and
oosphere (Keimblischen), but no antipodals, and spoke of the upper ends of
the ‘Keimblischen’ as being pressed against the spitze Ausstiilpung,
welche die flache ScheitelwSlbung des Embryosackes in ihrer Mitte trigt.’
He noticed the persistence of the synergideae (unfertilized * Keimblidschen’)
till the first division of the fertilized one, when they are quite * verdringt’
so that only the upper portion of the first cell of the pro-embryo (Keim-
blischen) occupies the ¢ Ausstiilpung ' of the embryo-sac.

He described the suspensor (Embryotriger) as long in all Caryophyl-
laceae and the endosperm as scanty and as appearing late.

Vesque (9), 1878, working on the development of the embryo-sac
in Angiosperms, found that in Stellaria Holostea, the primary mother-cell
was hypodermal in origin, developing directly into the embryo-sac without
further tangential divisions. He also figures the development of a ‘ nucellar
cap’ by increased periclinal divisions.

Guignard (18), 1882, in Silene obtusifolia saw two tangent:al peripheral
divisions in the mother-cell, but admits not being able to trace real succes-
sion, owing to the slight differentiation between them and the rapid
enlargement of inferior cell into the embryo-sac.

Godfrin (15), 1880, working on the seed coats of Angiosperms found
such marked uniformity of structure in the Caryophyllaceae (Sileneae and
Alsineae) as to be characteristic of the tribe. He figures the seed coat
of Spergula arvensis in transverse section.

Hegelmaier (11), 1885, in his paper on the Morphology of the Endo-
sperm of Dicotyledons, places the Caryophyllaceae in his third class of
‘ einseitig peripherischen,” in which the endosperm first lays down one
layer at the micropylar end, then develops centripetally, filling up the
apical portion of the embryo-sac.

Working on Stellaria Holostea for the Alsinoideae, he denies free cell
formation at the chalazal end, where the endosperm nuclei merely degenerate,
and describes the apical tissue as lasting only for a short period.
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The same author in another paper (12), 1895, on the ¢ Orientation of
Embryos in Dicotyledons,’ shows that the curvature of the embryo in the
Curvembryae is due, in the first instance to no mechanical pressure, as
enclosed for a long period in transitory endosperm, it touches neither peri-
sperm nor testa. He mentions the small celled suspensor of Sperguia
arvensis, the spiral position of the cotyledons in the mature seed for that
species and their thick and narrow consistency.

Holfert (20), 1890, on the proteid layer (Nahrschicht) in Stellaria
nemorum, mentions three layers as composing the testa of the seed, viz.
(1) an epidermis, with wavy cuticle and contracted protoplasm in places;
(2) a ‘ Pigmentschicht’ of tangentially stretched cells with brown contents ;
and (3) a layer of cells bulging towards the inside, parenchymatous and
without contents, consequently ¢ Nihrschicht,’ as the contents must have
been absorbed.

But in Spergula arvensis he gives the sequence of the three layers,
as (1) epidermis (growing out at intervals into club-shaped hairs),
(2) ¢ Nihrschicht, brown and obliterated, and (3) colourless quadrate
cells (in transverse sections) with pitted walls and brown contents.

He worked on mature seeds only.

Balfour (27), 1901, in his comprehensive address on the Angiosperms,
throws out some illuminating suggestions as to the function of the integu-
ments as an integral portion of the sporangium, apart from their ultimate
purely protective use in the ripe seed.

He describes the tegumentary system of the ovule as an outgrowth of
the sporangial primordium of variable origin and development, its primary
function in Angiosperms is regarded as being that of water jacket and food
store, developed in response to special demands for water involved in
the seed habit.

Finally, Johnson (26), 1902, in the germination of the seeds of certain
Piperaceae describes the formation of the endosperm, and calls attention to
the fact that it is not a storage region, but digests and passes on food
material to the embryo from the more abundant perisperm or storage
tissue, and he suggests that this same relation between perisperm and
endosperm obtains in all seeds with abundant perisperm, such as the Poly-
gonaceae, Chenopodiaceae, Phytolaccaceae, and Caryophyllaceae.

COMPARATIVE DEVELOPMENT OF THE NUCELLUS AND EMBRYO-SAG,
AS FAR AS FERTILIZATION.

Stellaria media.

To study the growth of the nucellus, the very earliest stages in the
development of the flower must be examined. After the laying down
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of the carpels on the flower rudiment, a conical portion forming the extreme
apex of the latter remains, and it is this axile apical portion which grows on
in the centre of the carpels, forming the columella. The growth of the
columella is at first more rapid than that of the carpellary whorl. The
ovules arisc on it in basipetal succession, and the ovular outgrowths appear
on the top of the columella before it is enclosed by the carpels. The
nucellus first consists of a one-layered epidermis and some hypodermal
cells. As it increases in length by anticlinal divisions of these cells
a larger hypodermal cell is soon distinguishable (Pl. V, Fig. 2, m.) ter-
minating the axile row of the nucellus. This cell is the primary megaspore,
and as Vesque found for Stellaria Holostea, it becomes the functional mega-
spore without further tangential divisions. Anticlinal divisions now appear
in some of the epidermal cells of the nucellus, which if occurring over the
megaspore, may simulate tangential divisions of the latter (Pl. V, Figs. 3
and 5). In Stellaria uliginosa in two cases, exceptions to this rule were
secn (Figs. 1 and 2, . and m.) ; but in Fig. 2 the apparent tapetum may be
derived from the epidermal layer, the section being possibly oblique.

As the primary megaspore enlarges, two or three of the cells below it
in the same vertical row become differentiated from the surrounding tissue
in size, denser contents, and in larger nuclei (Pl. V, Figs. 3 and 3, ar.c.),
and it is at the expense of these cells that the subsequent growth in length
of the megaspore takes place.

The cells of the nucellus in immediate contact with the megaspore
also show larger nuclei and denser contents, simulating sporogenous tissue.
Some caution is therefore necessary in the interpretation of even slightly
oblique sections.

The integuments arise in basipetal succession.

Embryo-sac. The first division of the nucleus of the megaspore occurs
before the inner integument encloses the nucellus (Pl V, Fig. 5,e.5.). Sub-
sequent divisions to the eight-nuclei stage follow in normal sequence
(Fig. 6, ¢.5). Very rapid anticlinal, and less rapid periclinal, divisions
of the epidermal layer of the nucellus follow (Pl. V, Fig. 6, per. L), with the
result that the embryo-sac becomes sunk in its tissue and is enclosed in four
or five concentric layers which join on to the axile rows at the base of the
nucellus (Figs. 6 and 7, ger. /. and ax. ¢.).

Increased anticlinal divisions. occur at the apex of the nucellus
(Fig. 4, ap. muc.), also noted by Vesque (9), who speaks of the ‘nucellar
cap.’ The increased periclinal divisions he figures for the ‘cap’ were not
seen, and each layer in every case can be traced all round the periphery of
the nucellus in all stages of the growing ovule. These cells, at the imme-
diate apex of the nucellus just under the micropyle, form loose vertical
rows (Figs. 6, 7, ap. nuc.), the extreme cells of which, just before fertilization,
are prolonged as papillae into the micropyle (Fig. 13, ap. nxc.).
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The embryo-sac after elongating at the expense of the primary axile
row of cells (Figs. 5, 6, 7, ¢. s.), expands by the absorption of the limiting
concentric nucellar layer, which in this stage shows starch contents (Figs. 6
and 7, ger.l.st.). Progressive digestion of these limiting layers is shown by
the existence, in contact with the embryo-sac, of disorganized cells, which
remain in the position of, and can be traced back to, the layer of which
_they formed part (Pl. V, Figs. 6 and 7, dis. ¢.).

At this stage the embryo-sac contains eight free nuclei, and these
quickly differentiate into the two synergidae and oosphere, three antipodals
and two polar nuclei (Fig. 6, syn. oos. ant. p.n.). The cells of the nucellus
in the immediate vicinity of the antipodals present the same unattached
and partially digested appearance as those surrounding the rest of the
embryo-sac (Figs. 7 and 8, anz.). No evidence points to the antipodals
influencing the solution of tissue in contact with them. They are ephemeral,
disappearing after fertilization ; and even before their differentiation the
disintegrating changes in the nucellus are apparent. This seems to show
that the actual cytoplasm of the embryo-sac is the active digestive agent
up to fertilization, and also to a certain extent afterwards.

The synergidae are well defined. They are long cells, and contain
large nuclei (Fig. 7, sy».).

Fusion of polar nuclei. The fusion of the two polar nuclei into one
definitive endosperm-nucleus occurs some time before fertilization (Fig. 7,
d. n.). The definitive nucleus resulting from the fusion is very large, with
a well-marked nucleolus and dense reticulum. It occupies the centre of the
embryo-sac towards the upper portion, and is in contact with the oosphere.
The latter, which lies against the synergidae and near the embryo-sac wall,
is smaller with a more alveolate reticulum (Fig. 7, oos.).

The fact that the nuclear membranes of the definitive nucleus and
oosphere are in contact is characteristic of Stellaria media (Fig. 9, d.n.).
In other species examined, this was never found to be the case, some
cytoplasm always intervening (Pl. V, Fig. 8, d. n.). At this stage a very
long rest occurs. It is on that account the most easy to obtain, and was
found to occur in sections both of the expanding bud and open flower.

Progressive development of endosperm, perisperm, and embryo after
fertilization. The pollen-grains settle on the papillae of the stigma, as was
correctly figured by Unger (4), the tubes growing along the cell-walls, but
not penetrating them as he describes. They continue to force their way
between the cell layers composing the tissue of the style which is in direct
continuity with that of the septa of the ovary.

These septa consist of loose, spongy tissue which forms papillae on
each surface, and it is on these papillae that the micropyles of the ovules
abut. This fact explains the definite orientation of the two rows of ovules
in each loculus.
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Miss Lister (19) notes the spongy nature of the septa in this group,
and suggests their probable function as conducting-tissue for the pollen-
tubes. In the course of the present investigation, tubes were repeatedly
scen in the scpta of the ovary, and also penetrating through the papillae
which clothe their surface, to the micropyles of the ovules. These papillae
persist after fertilization, and, as the septa break down as the ovules increase
in size, the ruptured surface on the columella becomes covered by similar
outgrowths of the cells. They evidently serve to ensure the nutrition, and
form the conducting-tissue for the pollen-tubes in their passage to the
ovules. In Arenaria tenuifolia these papillae elongate considerably, entirely
filling up the cavity of the ovary. They replace to a certain degree the
septa, all of which become broken down by the growth of the ovules, and
possibly they may serve as paraphyses to keep the ovules damp.

As the pollen-tube makes its way through the conducting-tissues of
the stylc and scptum of the ovary to the ovule, some modifications take
place in the latter. The contents of the fan-like rows of cells forming the
extreme apex of the nucellus, as previously described on p. 31, show
increased density and darker staining properties, and the terminal cells of
these rows grow out as long papillae into the micropyle (Fig. 13, ap. nuc.).

The inner integument projects far beyond the outer, and the cells of
which this projecting portion is composed show considerable increase in
size and darker staining properties (Fig. 7, 7.1.). The contents of these cells
arc used up by the growing pollen-tube, the walls shrink, leaving a cavity,
and it is this cavity that the papillose outgrowths of the nucellar apical
laycrs project.

The function of these cells is probably to ensure the nutrition, and to
facilitate the passage, of the pollen-tube to the embryo-sac. Their subse-
quent absorption by the pollen-tube leaves a channel from the apex of the
nucellus to the embryo-sac, in which the tube persists for a long time
(PL. V, Figs. 17 and 18, p.2.).

Before entering the synergidae the pollen-tube forms a slight swelling,
and the apex then forces its way between them and lies against the oosphere
(Fig. 9. p. ¢.). Further penectration into the cavity of the embryo-sac was
not observed. The pollen-tube in all other species of the Alsinoideae
examined is very thick and persistent, forming a very characteristic twist
on itself before penetrating the synergidae (Figs. 13, 17, p.2). But Stellaria
media forms an exception to this rule. Tulasne (5), in his drawings of
dissections of the embryo-sac with suspensor and embryo, figures the twist
adhering to the apex of the embryo-sac in every other species examined by
him, and he lays stress on the fact that it was impossible to dissect out the
one without the other. In Stellaria media, however, this was not the case,
and he found it difficult to isolate an embryo-sac with the pollen-tube still
in contact, the latter remaining in the micropylar region and in the apical
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portion of the nucellus. In this species the wall is much thinner, and the
granular remains of contents are not so apparent ; the tubes are therefore
more difficult to see except in section, and the usual twist formed on the
entrance to the embryo-sac is replaced by a slight swelling of the tube
(Fig. 9, - £.).

Endosperm. After fertilization, as the oospore surrounds itself with
a cell-wall, the definitive nucleus elongates and prepares to divide (Fig. 9,
d. n.). This division, which never takes place before the first segmentation
of the fertilized egg, is extremely rapid ; amongst all the material examined
not a single case of actual primary division was seen.

In preparations, however, showing the first division of the oospore,
seven or eight endosperm-nuclei have been counted in a series of sections
through the embryo-sac, and this was found to be the average number for
this stage. These nuclei migrate at once to the periphery of the embryo-
sac, where they lie embedded in the cytoplasm, merely dividing to keep
pace with growth. At the micropylar and chalazal ends of the embryo-
sac more rapid divisions occur, leading to aggregations of nuclei and a
denser mass of cytoplasm at each extremity of the sac (Fig. 14, end. c. ;
Fig. 16, e. 5.).

It has been shown (p. 32) that up to fertilization (Figs. 6 and 7) the
uniform solution of the layers of nucellar tissue immediately in contact
with the periphery of the embryo-sac points to its cytoplasm as being
the digestive agency. This digestion after fertilization receives a definite
impetus by the aggregation of endosperm-nuclei at the anipodal end of the
sac (Fig. 16, e. s.), which elongates rapidly at the expense of the axile rows
of the nucellar tissue situated immediately below the antipodals (Figs. 18,
19, ax. ¢.) until the wall of the embryo-sac arrives in proximity to the
chalaza, where it enlarges somewhat (Fig. 19, ¢. s.).

A comparison of Fig. 7, in which the embryo-sac is fairly vertical and
is exercising a destructive influence on the cells over its entire periphery,
with Fig. 19, shows that some definite stimulus must have caused so distinct
a line to be taken by one particular portion of an organ, and this fact is to
be correlated with the aggregation of endosperm-nuclei at the chalazal end
of the embryo-sac.

As will be shown later, there is reason to suppose that certain layers
of cells at the base of the nucellus are specialized in a form which suggests
a tissue for the passage of air and water.

Endosperm cap. Very active divisions of the endosperm-nuclei at
the micropylar end of the embryo-sac result in an aggregation of nuclei,
embedded in dense cytoplasm, in the vicinity of the basal suspensor cell,
thus forming a cap surrounding it (Fig. 14, end. c.).

At about the time at which the cotyledons are first differentiated these
endosperm-nuclei arrange themselves peripherally (Fig. 19, end. ¢.), free
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cell formation subsequently follows, resulting in the formation of a single
layer of small quadrate cells with dense protoplasmic contents (Figs. 20, 21,
end. ¢.). This layer of cells keeps pace with growth by means of constant
anticlinal divisions at the apex of the embryo-sac, but it gradually thins out
into large uninucleated cells with vacuolated contents over the remaining
portion (Fig. 21, end.). In the mature seed the endosperm-cap invests the
root-cap of the embryo, and the rest of the embryo-sac is lined by a thin
film of very large cells. The embryo is therefore enclosed by a single
continuous peripheral layer of endosperm-cells of diverse character in the
hypocotyledonary and cotyledonary regions respectively. In sections the
cells composing the larger portion of the layer are difficult to see, owing to
their size and extreme thinness, but they are easily differentiated by careful
staining, and this portion can be dissected out in its entirety ; but it is very
difficult to get any part of the cap off on account of its intimate relation
with the root-cap of the embryo on the one side and the nucellus on the
other.

In consideration of these facts Hegelmaier (12) is hardly correct
in describing the embryo as being enclosed in transitory endosperm in
the Curvembryace, a group in which he had previously stated the endosperm
to be limited entirely to the micropylar-end (10).

Cell-wall formation in the endosperm is recorded for several families
at a stage similar to that at which it occurs in Stellaria media of the
Alsinoideae, that is, when the cotyledons first become differentiated.
Guignard (17) records it for the endosperm of some Leguminosae, and
concludes it becomes definitely organized at this stage to meet the in-
creasing requirements of the embryo, the suspensor, it is assumed, being
now no longer capable of doing so.

Strasburger (30), for the Eualchemillas, states that the endosperm
forms walls as the embryo becomes heart-shaped. He makes the apposite
suggestion that, as the embryo-sac is then full-sized, the stoppage of growth
causes the endosperm-nuclei to remain in contact and so start cell division
(80, p. 124). That this observation applies in the present case also is
borne out by the regular arrangement of the nuclei of the endosperm-
cap (Fig. 19, end. ¢.), which obtains just before cell division takes place.
Pcchoutre also (28) arrives at a similar result in the case of the Rosaceae.

In Stcllaria media we see that the endosperm is differentiated in
its apical portion into a compact layer of cells with dense and homogeneous
contents, which in organization and appearance strongly suggest ferment-
cells. This cap invests the apex of the embryo with its inner surface,
whilst externally it is in direct contact with the axile rows of the nucellus
(Fig. 22, end. ¢). The cells of these rows adjoining the endosperm-cells
show paucity of contents and very slight starch reaction, but they abut
directly on the perisperm tissuc of the nucellus, the latter appearing as
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if it were constantly being drained of contents.

Fig.1.

_—rpml

fou.—BX.T.

Figs. 1-3. The dotted lines represent the cell lnyerl, and

when interrupted show digestion of the same

Fig.3.

There is no peripheral
solution of tissue, as is the
case in the vicinity of the basal
suspensor cell, the endosperm
layer merely consisting of pas-
sage cells. The entire absence
of any other form of secretory
tissue can only lead to the con-
clusion that the endosperm in
this case is the medium through
which the starch stored in the
perisperm is made available
for the growing embryo.

The Axile Cells of the
Nucellus and the Perisperm.
Before fertilization, continual
vertical growth in the basal
region of the nucellus results
inan increase of the axile rows
(az. r. Text-figs. 1-3). Anti-
clinal cell division of the peri-
pheral layers ( ger. I Text-figs.
1-3), which from the earliest
stages of development, is less
active on one side than the
other, now ceases altogether
on the lower side, and the
embryo-sac is thus forced from
a horizontal to a more or less
vertical position, by the cam-
pylotropous curvature of the
nucellus characteristic of the
order.

The axile cells are in serial
connexion with the chalazal
cells, and after fertilization two
or three of the basal rows
become vacuolated and the
nuclei migrate to the walls,
which cuticularize (6. ¢. Text-
fig. 4, p. 38). These cells form
a band across the chalaza con-
necting up on each side with
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layer two of the inner integument (4. 5. Text-fig. 4), the walls of the latter
also becoming cuticularized (Pl. V, Fig. 18, 4. ¢.). In a longitudinal section
through the chalaza and base of nucellus (Fig. 13, 4. ¢.) these cell layers
are shown betwcen the small polygonal cells of the chalaza and the
rectangular layers of the nucellus. Their continuity with layer two, of the
inner integument, can also be traced. The walls of these basal cells show
pores, which do not occur on the cuticularized walls of the inner integu-
ment. These pores probably allow the free passage of water, for in these
ovules the vascular tissue of the funicle does not penetrate beyond the
chalaza (Figs. 18, 19, v. 4.), and there is no vascular system in the nucellus
or integuments. Nawaschin (22) figures a cuticularized area of thickened
cells in the chalazal region of the elm ovule, which suggest comparison
with the basal cells described above for the Alsinoideac. No further
explanation is offered in the text.

Godfrin (15) notes that orthotropous and campylotropous ovules vary
only in the nucellus being straight or curved. In both cases the hilum
is directly under the nucellus and, with few exceptions, the seeds are
non-vascular. Though he does not explain the fact, possibly the ad-
vantagcous position of the chalaza, or hilum in the mature seed, has
something to do with the efficient distribution of water, without the
supplementary aid of a branching vascular system. The fact that as
the ovules mature the terminal vessels of the funicle branch freely in the
chalazal tissue may be adduced in support of this view (Figs. 18, 19, v. &.).
The reserve food material is laid down directly over this the sole source
of water supply, the cuticularization of the inner integument after fertiliza-
tion, as described above, eflectively cutting off all other channels.

In the mature seed and on germination large air spaces occur in
the angles of the walls of the first two or three layers of the axile nucellar
cells immediately above the cuticularized basal cells, which suggest the
possibility of these latter cells forming a sort of aerenchyma (Pl VI, Figs.
22 and 24, a. 5.).

Perisperm. Before fertilization starch is limited to the layer of nucellar
cells adjoining the embryo-sac (Pl. V, Figs. 6, 7, st.), the axile cells of the nu-
cellus being as yet undifferentiated in respect of size and contents. After
fertilization, however, starch is laid down very actively in those axile cells
which immediately abut on the embryo-sac (prm. Text-fig. 4), and in this
way the process of development of the perisperm is inaugurated in the
nucellus (PL V, Figs. 16 and 18, prm.). Progressive development of the
perisperm occurs (Pls. V and VI, Figs. 19, 22, prm.) until it forms a tongue
of cells so denscly packed with starch grains that the nuclei are squeezed
out of all shape, but as the base of.the nucellus, towards the chalaza, is
approached, the starch contents become less and less, the cells are much
smaller, the nuclei more and more active and the cytoplasm denser in
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consistency, and quite at the base active cell division goes on, till maturity,
when all the cells contain starch. This perisperm exercises a mechanical
influence on the shape of the embryo-sac. The thin cytoplasm of the same
has no effect on the dense contents of these cells (prm. Fig. 4). Careful
investigation shows no sign of digested cells on the convex portion of
the perisperm cells of the nucellus. Increase of breadth being thus effec-
tually prevented on each side by the limits of the perisperm and testa
respectively, the necessary expansion of the embryo-sac must take place
in length and the natural effect of such a rigid mass of tissue is to increase
the convexity of both embryo-sac and embryo. Hegelmaier (12) explains
this development as a ‘crescent-shaped portion of the nucellus which

prepares itself for solution,’ but that is perhaps rather an arbitrary method
of description. Before fertilization, the whole nucellar tissue is homogenous.
After fertilization, starch localization takes place, which, as we have seen,
affects certain cells of definite layers ; but the fact that the layers digested
during the growth in length of the embryo-sac are not specialized as
storage tissue, hardly justifies one in saying they are ¢ prepared for solution.’
Available for solution would be an expression more consistent with the
facts, as the layers in question differ in no sense from the peripheral nucellar
layers, which are constantly digested during the growth of the embryo-sac.

Peripheral layers of the nucellus. The peripheral layers of the nucellus
are four to five cells thick before (Pl. V, Figs. 6 and 7, ger. Z) and just after
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fertilization (Fig. 16, per. L, Fig. 18. per.l). The growth of the embryo-sac
takes place at the expense of the inner peripheral layers, which are
successively absorbed, and a disorganized row of cells always surrounds
the embryo-sac with the exception of a small concave area near the chalaza
where the perisperm is developing.

By constant periclinal and anticlinal divisions of the epidermal layer,
the peripheral tissue keeps pace with the growth of the ovule, remaining
about four or five layers thick. As the growth of the ovule becomes
stationary, the meristematic activity of the epidermal layer relaxes (Pl V,
Fig. 19, per. /) until in the mature seed (Pl. VI, Fig. 22, per. /) the external
layer alone survives. The cells of this layer increase in size and starch
contents, but as their nuclei and cytoplasm remain active, they apparently
rctain the function of transitory starch storage tissue, which characterizes
these peripheral layers from the fertilization stage. This epidermal layer
in the sced persists till germination (Figs. 24 and 35, per. /).

Suspensor. The suspensor is filamentous, consisting of one large
cell, and succceded by a varying number of smaller cells in vertical
succession, never less than four, generally five or six (Pl. V, Figs. 14-18, sus.).
The large basal cell (directed towards the micropyle) is formed immediately
by the oospore, which clongates considerably after the fusion of the male
and female nuclei (Fig. 9, oosp.). The resulting nucleus occupies the
lower portion of the cell, surrounded by a dense reticulum. The upper
portion’ then elongates, the cytoplasm becomes less dense, until in the
cxtreme apex it completely loses its granular appearance and consists
of a denscly staining homogeneous substance (Fig. 9, Aawus.). The upper
portion of the oospore in this plant clongates so much that it forms
a haustorium at the micropylar end, which projects beyond the embryo-sac
into the nucellar tissue. A certain compression is traceable in longitudinal
section where the embryo-sac terminates (Pl. V, Figs. 9 and 15, Zaus.). In
this tip the homogencity of the contents remains distinct, and the wall
is thicker in consistency.

The process is similar in other species of the Alsinoideae, in which
the suspensor is not prolonged beyond the embryo-sac. The oospore
cnlarges and forms the basal suspensor cell, but the apex remains rounder,
though it stains darker than the rest of the cytoplasm (Pl. V, Figs, 10, 11,
b. sus. ¢). The enlargement of the oospore occurs very quickly. After the
first division of the oospore to form the primary suspensor a large vacuole
appears, at the end of the basal cell (Figs. 10, 11, 14, 18), and the nucleus
stations itself just below it. This position is characteristic and persistent. The
contents of the basal cell are extremely dense, the chromatin being lumped
in the meshes of the reticulum. The nucleus is very large and active
in appearance, and the cell suggests an absorbent organ.

After the first divisions of the primary suspensor the synergidae appear
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contracted and empty and are not traceable further, owing to the rapid
aggregation of nuclei and dense cytoplasm at this portion of the em-
bryo-sac.

The fan-like arrangement of the cell rows at the apex of the nucellus
indicates a convergence towards a given point (Figs. 16-18, ap. nuc.), and
moreover these cells show disintegration in proximity to the base of the
suspensor, and they are arranged with their long axes directed towards
it. As the embryo grows the basal suspensor cell elongates (Pl. V, Fig. 19, &.
sus. ¢.) and the contents become less dense and more granular, until finally,
as the cotyledons develop and the organization of the endosperm cap
follows, the suspensor is completely re-absorbed by the latter (Fig. 21, dis.
sus. c). The basal cell of the suspensor would thus form the first sucking
organ, but, as the wants of the embryo increase, it is replaced by the
endosperm cap, with its more complex organization and advantageous
position, with regard to actual and potential food supply. .

In the Alsinoideae a complete series is obtained in the grades of or-
ganization of the basal suspensor cell. In the Alsineae it reaches its
greatest development, and in Stellaria media the climax may be said
to occur. In the Sperguleae it is so reduced as to be hardly differentiated
from the rest of the cells of the filament. The importance of this cell
is indicated by its complex organization before the first division of the
oospore (Fig. 9, oosp.).

Most work on the subject seems to point to the fact that the suspensor
where it-occurs is an absorbent organ. It may produce vermiform haustoria
which seek available sources of food supply, as Treub (13) first described
for orchids, or it may consist of large swollen cells charged with nutritive
material, as in some Leguminosae (Guignard, 17). In the Alsineae the
suspensor is very small if we exclude the first cell, consisting of only
one row of three or four cells. In the Sperguleae it is more massive,
and the cells divide again to form a double row; so that possibly the
formation of the large basal cell, where it occurs, is to reinforce the ab-
sorbent power of the suspensor as a whole, just as the peculiar development
of the micropylar and absorbent portion of this cell in Stellaria medsa
suggests an attempt to increase the area of available food supply.

The inner integument. The integuments each consist, as has already
been explained, of two layers of cells, forming four layers in all, of which
three only persist in the ripeseed. These layers are at first undifferentiated
in the case of each integument (Fig. 6, o. £, 7.4). In the inner integument
which arises first the cells at the apex increase in size as it closes over
the nucellus, and these cells project far beyond the outer integument
(Fig. 6, 4. 5). Before fertilization they stain rather darkly (Fig. 7, i.4),
and after the passage of the pollen-tube they lose contents and shrink
in size often leaving quite a cavity in which the tube persists. They
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finally shrivel and close up (Fig. 18, 4. ) till in the mature seed the
mycropyle is so pressed against the hilum that the outer integument
practically closes over it (Pl. VI, Fig. 22). In the young ovule (Pl V,
Fig. 6, 4. 5.) the two layers are still distinct, the individual cells composing
them showing centrally placed and active nuclei. As the ovule increases
in size they become very much stretched (Fig. 7, ¢.1.), and after fertilization
the dividing walls are more or less obliterated, the cells lose protoplasmic
contents, and the nuclei disintegrate, the two layers practically fusing into
one. (‘Nahrschicht’ of Holfert (20).) The inner wall of layer two abutting
on the nucellus assumes a wavy outline of highly refractive appearance.
(Pls. V and VI, Figs. 21 and 22,4 5.) This inner wall immediately after
fertilization becomes cuticularized in conjunction with some of the basal
layers of the nucellus as alrcady described on p. 36 (Fig. 18 4.¢. and . 4.).

Outer intcgument. This consists also at first of two undifferentiated
layers (Fig. 6, o. 1.) but the cells of layer 1 soon increase in size and
the nuclei drop to the base of the cell (Fig. 7, o. 7. 4.). After fertilization
their walls begin to thicken and grow out but are not cuticularized until
maturity (Fig. 19, o.1.). They finally form projecting papillae, the surface of
the walls showing warty projections (Fig. 232, o. 4. 1. sec. pap.) or small
secondary papillae.

The second layer is composed of small cells with active centrally placed
nuclci and denser contents (Fig. 7, o. 4. 2). It suggests a transitory proteid
layer and remains distinct till the embryo is well advanced (Fig. 21, o. 5. 3),
after which the contents gradually disintegrate, the cell-walls become
crushed against the outer layer and apparently they merely increase
the mechanical functions of the latter at maturity (Fig. 22,0. 4. 2). (‘ Pig-
mentschicht ’ of Holfert (20).) The layers of the outer integument contain
starch even in the germinating seed. Tannin is present in the cells of
the integuments and the hilum.

This tannin seems characteristic of the moribund cells of the tegu-
mentary layers which at maturation arc purely protective.

Balfour (27) puts forward the suggestion that in non-vascular seeds the
integuments form the water supply of the ovule. In the case of Stellaria
media the only possible source of water supply is through the chalaza, the
integuments being cut off at a very early stage by the cuticularization of
the inside wall of the inner integument abutting on the nucellus. The base
of the integuments, however, are in connexion with the chalaza (Pl. V, Fig.
12, 4.1.), and the possibility of layer 2 of the outer integument forming
a sort of water jacket to the growing ovule is suggested by the fact that
in Spergula arvensis the wing which surrounds the ovule in the plane of
the embryo is formed entirely from the proliferation of the cells of this
layer (PL VI, Fig. 23 o0.i. 2). These cells contain a little starch, their
protoplasmic contents are not marked, and the nuclei are small. They
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certainly do not form a proteid reserve, and they are too active in
appearance not to suggest some necessary function. The proliferation
occurs on the first divisions of the suspensor. On maturity the whole
wing dries up forming merely a means for the dispersal of the seed. The
differentiation of this wing at such an early stage would support the idea of
transitory water storage, the later function to facilitate dispersal being only
a secondary result of the transitory nature of the first.

If we take this view in the case of Spergula arvensis, there seems no
reason not to apply it to the morphological representative of this tissue in
Stellaria media where it is reduced to one layer which would thus form
a specialized water jacket and not a transitory proteid reserve. This would
bring the whole question into line with Balfour’s apposite suggestion and
seems to be the view borne out from the ontogenetic standpoint.

Chalasa. The chalaza is composed of small polygonal cells with
large nuclei and dense homogeneous contents. These cells are in direct
continuity with the nucellar axile cells and also with the layers of the
integuments (Pl. V, Fig. 12, cka.). The vessels of the funicle abut on this
tissue, branching as the ovule increases in size (Pl. V, Figs. 12, 18, 19, 2.4.).
In early stages it gives a xanthoproteic reaction. Before the funicle breaks
off the cells become impregnated with tannin, and after rupture takes place
it is bent up against the micropyle forming the hilum (Pl. VI, Figs. 22 and
24, A&.). ‘

GERMINATION OF THE SEED.
Cerastium perfoliatum.

Germination begins by the elongation of the cotyledons into the
central mass of perisperm, thus forming the first twist of a spiral (Pl. VI,
Fig. 24). This elongation was observed in one or two cases in the mature
seed, but is exceptional before actual germination, or hydrolysis of the
starch reserves takes place.

In this stage the axile cells of the nucellus are elongated, and press
laterally on the region between the hypocotyl and the cotyledons (Pl. VI,
Fig. 24, av. ¢.). They show a marked decrease in starch contents in the
vicinity of the endosperm cap, the cells of which, on the axile side,
practically form part of the nucellar tissue. The chalazal cells are almost
obliterated, but the cuticularized layers of the ¢ aerenchyma’ are apparent,
large air spaces occurring in the nucellar cells immediately above them
(PL VI, Fig. 24, a. 5.). Transverse sections best show the intimate relation
of the endosperm cap to the nucellus and root apex of the embryo. The
activity of the endosperm is greatest in the first stage of germination,
starch appearing in the epidermal cells of the embryo as soon as the growth
of the cotyledons begins. A transverse section through the root cap shows
the procambial strand (Fig. 25, gc. s.), the cortex, the outer layer of which
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is densely filled with starch contents (Fig. 25, ¢.), the small cells of
the root cap (Fig. 25, r.c.), succeeded by the enveloping layer of the
endosperm cap cells (Fig. 25, end. ¢) which present an actively secretory
appearance and are connected as one tissue with the root of the embryo on
one side, and the nucellus on the other. A section taken above the root cap
still shows the endosperm cap cells (Fig. 26, end. ¢.), but in a section through
the hypocotyledonary portion they are no longer seen (Pl. VI, Fig. 28).

The second stage in germination which occurs in a day or two
according to the temperature and amount of moisture present, is marked
by the apical portion of the endosperm being pushed slightly through the
micropyle by the root apex on the elongation of the hypocotyl (Pl. VI,
Figs 31 and 33,end.c). It is ruptured immediately (Fig. 33, end. c.) as the
root grows through it, but the extruded portion which invests the hypocotyl
as a collar persists on the seed coat after the cotyledons have been with-
drawn (Fig. 35, end. ¢.). The basal portion remaining in the ovule is fused
to the nucellus (Fig. 29, end. ¢.).

The cells of the ruptured endosperm cap lose contents and become
vacuolated, they also clongate in a lateral direction (PL. VI, Fig. 30, end. c.),
but remain in connexion with the few strands of much compressed and
empty axile cells which form the remains of the nucellus (Fig. 29, end. c.
and ar. ¢.). The hypocotyl elongates with extraordinary rapidity and the
development of root hairs being more or less simultaneous with the rupture
of the endosperm cap (Figs. 33, 34, 7. £2). In one case they were formed
when the root was still in the micropyle. These facts seem to point to the
conclusion that once water absorption can take place the embryo is
independent of the ovule, though the whole cotyledonary portion may be
still enclosed in the seed coat, for it can then utilize the starch which has
been transferred to its tissues during germination.

The cotyledons have no connexion with the food reserves of the ovule.
The epidermal layer is cuticularized on germination, when it reacts to
iodine and sulphuric acid. Stomata appear on the dorsal and ventral
surfaces as the hypocotyl emerges (Fig. 41). Air spaces occur in the meso-
phyll and a thread-like system of vascular strands pervades the lamelli of
the cotyledons (Figs. 39 and 39 a, #ra.).

These strands terminate below the apex of the lamelli in two pencil
ends of tracheides which lie under a well-marked epithem composed of
loose cells, large water stomata occurring in the epidermis on the dorsal
side (Fig. 43, w. sto0.).

In some cases where seeds were germinated in the dark with excess of
moisture these stomata were more numerous, the epithem better developed,
and the tracheids in greater number and more diffused.

The epithem region shows differentiation in the mature embryo,
staining lighter than other portions. On germination it remains free of
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starch, but the water stomata were not apparent till the formation of the
root hairs, therefore not until the emergence of the hypocotyl, when root
pressure would first be felt and some organization to regulate osmotic
pressure must be called into play. The cotyledons are therefore perfect
foliage leaves, the organization of which is complete long before they
emerge from the seed coat.

The root apex of the embryo shows well-marked stratification in the
mature seed with the root cap differentiated. Starch appears in the
columella of the root cap after the differentiation of the root hairs (Fig. 34,
sth.). This starch is localized to a few central cells of the columella and is
evidently statolithic in function, as the grains are relatively few in number
and only occur towards the base of the cells in normally growing seedlings.

SPECIFIC DIFFERENCES.

Sperguleae. Spergularia rubra and Spergula arvensis.

Specific difference is rather marked in the Sperguleae, and runs in one
or two lines more suggestive of a primitive form than variation from type.

In both Spergula arvensis and Spergularia rubra the nucellus is very
much curved, bringing the micropyle almost in contact with the funicle,
simulating an anatropous ovule: This peculiarity may be due to the
greater packing of the ovules in the ovary, in Spergularia rubra especially
they are extremely numerous.

The layer 2 of the inner integument shows an especial modification in
Spergula arvensis. In the region of the endosperm cap and continued
above it for a certain distance this layer consists of small and active-looking
quadrate cells (Fig. 23, 7. 7. 2) which become strongly cuticularized, preserving
their well-marked outline both in the mature and germinating seed (PL VI,
Fig. 30, 1.1 2).

Layer 1 of the inner integument is indistinguishable. Over the rest of
the ovule the inner integument behaves in the usual manner, viz. both
layers fusing owing to the breaking down of the connecting walls through
the extreme stretching they undergo to keep pace with the growing ovule
(Figs. 23 and 29, 7.4.). In Spergula arvensis layer 2 of the outer integu-
ment also undergoes modification, a local hypertrophy of tissue caused by
the proliferation of the cells of this layer forming a wing all round the
ovule in the vertical plane of the embryo (Fig. 23, w.). This wing is
composed of small polygonal cells elongated in longitudinal section with
very small nuclei and thin contents. As the ovule matures this tissue
dries up, the empty cells remaining as an investing wing ; it therefore serves
a secondary function as a mechanism for wind dispersal. A water jacket
may possibly be the first function of this proliferation of tissue. The
appearance of the cells suggests water storage in the absence of dense
staining contents which would characterize proteid preserves. They also
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contain isolated starch grains which would not be traceable in cells
containing proteid material. This wing is differentiated while the embryo
is still in the suspensor stage.

The primary suspensor cell in both Spergula arvensis and Spergularia
rubra shows a well-marked reduction in size. This is so apparent that
Hegelmaier (10) speaks of the small celled suspensor of Spergula arvensis.
Schleiden and Vogel (2) figure a row of undifferentiated cells of Spergula
pentandra. This species was not available for examination in the present
case, but in both the species investigated the primary cell is still con-
siderably differentiated in size and contents from the succeeding ones of
the row. The suspensor in the Sperguleae has a tendency to become
more massive, as the cells composing it divide again vertically, thus
forming a double row of cells. The primary cell does not divide again,
The air spaces in the angles of the walls of the cells occurring just above
the ‘aerenchyma’ layers are very pronounced in the mature and germinat-
ing seed of Spergula arvensis.

The synergidae are small and short in Spergula arvenmsis and long
and narrow in Spergularia rubra.

Antipodals are well marked in both.

Alsineae. The synergidae fall into two types—

1, Long, with large nuclei, which attain their greatest development in
Arenaria trinervia (Fig. 8, syn.) and Stellaria media.

2. And a shorter type with inconspicuous nuclei, which occurs in
Sagina procumbens, S. apetala, and Stellaria uliginosa.

Antipodals are not always present or at least are not sufficiently
obvious to be observed. They are well seen in Sagina procumbens and
S. apetala, and in Stellaria media. In other species though clearly shown
in the progressive free nuclear divisions of the embryo-sac nucleus, they
were not so apparent at a later stage.

Definitive Nucleus. In all species, with the exception of Stellaria
media, there is no actual contact between the nuclear membranes of the
oosphere and definitive nucleus, some cytoplasm always separates them
(Fig. 8, oos. and d.n.).

Basal suspensor cell. In Cerastium and Stellaria species this cell is
very large. In Sagina apetala and S. procumbens it is smaller. It can be
recognized in all the species before the division of the oospore, and the apex,
though only prolonged as an haustorium in Sze/laria media, shows the same
marked differentiation in contents which stain darker and more homogene-
ously in that region.

Peysistent pollen-tube. s characteristic for all species except Stellaria
media, and is especially well seen in Sagina apetala and S. procumbens,
Cerastium species, and Stellaria aguatica (Fig. 13). The pollen-tube
twists on itself before it enters the synergidae, forming a plug on the apex
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of the embryo-sac, with which it is so intimately fused that it can always
be dissected out still attached to the apex of the latter. The wall of the
pollen-tube is very thick and the contents become granular. The tubes
are well differentiated in Heidenhain’s Iron Alum Haematoxylin.

Seed Coat. Shows distinct specific variation. The degree of cuticu-
larization, the form and number of cells which enlarge and the degree of °
tannin formation seem to be constant characters. Yet even in this case
variation is more apparent than real, depending chiefly on the papillose
manner in which the cell-wall grows out, and the nature of the secondary
projections which occur in it. In Stellaria aquatica the cells of the
outer integument grow out broadly, using up their whole diameter. The
ovule in consequence appears covered with papillae as the projecting cell-
walls are almost in contact. In Cerastium perfoliatum only the immediate
portion of the wall in the centre of a cell is raised, and radiating projections
round the surface of the ovule result (Fig. 24, 0.7. 1). The same remarks
hold for Spergularia salina (Fig. 32, pap.). Stellaria media approximates
more to Stellaria aquatica in the form of outgrowth of the individual
cell-walls, but secondary warty projections occur in the wall of each cell
(Fig. 224, sec. pap.). These projections in Spergula arvensis form large
secondary papillae, one of which may grow out from each epidermal cell
or in some cases only from a limited number of epidermal cells (Fig. 23,
sec. pap.). In the so-called #d. var. sativa, these projections are altogether
absent, which, as the numbers are inconstant in the type, seems to hardly
justify sub-specific distinction.

In both Spergula arvensis and its so-called var. sativa the wall has
a wavy cuticle which in Spergula arvensis proper is continued in the same
form on the secondary papillae (Pl. VI, Fig. 23, pap.).

ABNORMALITIES.

In Stellaria Holostea a case of two megaspores in one ovule was seen
(Pl VI, Fig. 36, m.).

In Cerastium glomeratum two nucelli were observed in one ovule, each
nucellus with a perfectly developed embryo-sac in the definite nucleus stage.
As this abnormality has been fully described and figured in a previous
paper (29) it is only referred to here.

In Sagina procumbens a very interesting case of vegetative outgrowth
of the nucellus is figured on Pl. VI, Fig. 37. It occurs in a microtome
series of the ovary and can be traced through four sections. No embryo-
sac formation is apparent, the nucellus consisting of very actively dividing
small cells, quite different in shape and contents from the tegumentary
tissue of the ovule. It projects well beyond the integuments, which are not
normally developed. In Fig. 37 the section is oblique, for while showing




the Seed in the Alsinoideae. 47

the outgrowth of the nucellus best, it cuts into the cells of the outer integu-
ment on the postcrior side of the ovule.

CONCLUSIONS.

The gencral result of work done on the Caryophyllaceae, section
Alsinoideae, emphasizes the view that it is a very well-defined group of
plants, the members being characterized by great uniformity both in the
morphological development of the sporophyte and in histological structure.
This uniformity extends to the reproductive organs, and investigation on
the Alsinoidcae in this direction tends to show that apart from more
specific differentiation there is a certain developmental trend in the direc-
tion of greater specialization from the Sperguleae to the Alsineae.

If we pass in review the results obtained, the three most important
points secm to be—1, the organization of the ovule in relation to the
passage and storage of food supplies for the embryo; 2, the manner in
which such food supplies are rendered available ; and 3, the indication of
certain lines along which development has proceeded within the group.

1. The organization of the ovule. The ovule in its complete form con-
sists of the chalaza, a large nucellus with embryo-sac, invested by two
integuments, and each of these component parts stands in important
relation to the development of the whole.

The chalaza is the seat of elaboration of proteid material, and the
whole of the organized food supplies required for the growth of the ovule
and embryo, together with water and air, must pass through this tissue.
It is situated in a very advantageous position, abutting on the vascular
system of the funicle which branches freely into it during the later stages
of development, whilst on the distal side its cells are in serial connexion
with the axile rows of the nucellus. The perisperm is laid down in the
upper region of these axile rows. Laterally, the chalaza is in communica-
tion with the integuments. The medium of diffusion between the chalaza
and the nucellus would appear to be a few of the basal layers of the
nucellus, the walls of which become cuticularized after fertilization and
show shallow pits. In the mature seed and on germination large air spaces
occur in the angles formed by the walls of several layers of the unmodified
nucellar cells immediately above the cuticularized layers. This fact is
suggestive of a possible function for these basal layers as a species of
acrenchyma. That all gaseous interchange must necessarily be limited to
this * acrenchyma ' is shown by the early cuticularization of the inner wall
of layer 2 of the inner integument which effectually cuts off every other
source of supply.

The immediate clongation of the embryo-sac which follows closely on
fertilization, and its subsequent enlargement in the vicinity of the chalaza, is
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also possibly correlated with the differentiation of the ‘aerenchyma’ in
relation to the supply of water and oxygen.

We have seen that the integuments consist each of two layers which,
in the case of the inner integument are undifferentiated, the cells of the
apical portion merely increasing in size where they project beyond the
outer integument. This part is subsequently used up during the passage
of the pollen-tube. Over the periphery of the ovule they lose their cell
contents, and become so stretched as growth goes on that the dividing walls.
disappear, leaving apparently one layer only.

The outer integument is composed of two differentiated layers, layer
1 being purely protective, increasing its area by the papillar outgrowth of
the cells forming it and its mechanical function by the cuticularization of
the cell-walls. It is possible that layer 2, the cells of which remain active
and functional till maturity by dividing to keep pace with its growth, may
act as a water jacket, forming a sort of transitory water storage tissue for
the growing ovule. This hypothesis is strengthened by a comparison with
the mode of its development in some of the Sperguleae. In these plants
a proliferation of the cells of the layer under discussion results in a local
hypertrophy, ultimately forming a wing which extends round the ovule in
the vertical plane of the embryo, but in its earlier stages is very suggestive
of a transitory water storage function.

The nucellus is differentiated into two regions, viz.: i. The peripheral
layers, which are available for solution by the cytoplasm of the embryo-sac
to provide for increase in size, and which when the latter obtains its
maximum growth are gradually reduced to one layer, which persists till
the germination of the seed and even in the discarded seed coat. ii. The
axile rows which receive and distribute the supplies of food material from
the chalaza in their basal portion and elaborate the starch reserves or
perisperm in the upper cells of these rows, the cells increasing greatly in
size as the starch is laid down.

2. The manner in which the food supplies are made available. . That this
occurs in the first place through the agency of the suspensor is suggested
by the remarkable form assumed by the latter owing to the great differentia-
tion of the basal cell of the filament. The early differentiation of that cell
points to the same conclusion since it assumes its final shape even before
the first division of the oospore (Pl. V, Fig. 9, oosp.).

The persistence of the pollen-tube, and the characteristic plug formed
by it on the apex of the embryo-sac, may also be interpreted as cor-
roborative evidence for the activity of the suspensor, as the channel formed
by the pollen-tube in its passage through the nucellus is kept open, thus
increasing the area available for solution. In Stellaria media, where the
tube is not persistent and does not form a plug, the plant has overcome the
difficulty in reaching the apical nucellar tissue by sending an haustorium
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from the primary cell itself into this tissue. The function of the suspensor
as a sucking organ would seem to be limited to the period preceding free-
ccll formation to the endosperm. As the basal cell elongates during the
growth of the embryo the contents become less dense and more granular,
and it finally remains as a mere empty sac.

The endosperm replaces the suspensor as the cotyledons are dif-
ferentiated in the growing embryo, and we have seen that it is the apical
portion alone which functions as a secretory organ, in the form of a cap
composed of a single layer of cells, which invests the radicle. The endo-
sperm is thus differentiated into two portions, structurally as well as
functionally diverse—an active apical region, composed of small cells with
dense contents, and an inactive peripheral portion with large and vacuolated
cells which are stretched over the remaining surface of the embryo-sac.
This differentiation is no doubt correlated with the favourable situation of
the apical portion of the embryo-sac, being in immediate vicinity to the
perisperm reserves of the nucellus and, through the lower axile cells of the
latter, to the water supply through the chalaza.

As the seed matures, we sce a further approach to these chief sources
of food supply by the gradual pressing of the micropyle against the
chalaza, which is characteristic of the maturation stage. In considering
the autonomous organization for nutrition in these ovules, it is interesting
to refer to the complex outside mechanisms in the case of Pklox Drummondi
(Billings, 24), where in early stages the ovary wall is described as forming
the starch reserve. A channel for the passage of food supply to the
embryo is provided in the form of a papillose outgrowth of the ovary
wall, in the vicinity of the micropyle ; this papilla presses against the latter,
which becomes closed and serves as conducting tissue.

The organization of the secretory cells of the endosperm in the
Alsinoideae is very complete. They form an investing cap surrounding
the radicle, which grows down into them, and completely fuse with the
nucellus, forming an intimate connexion between it and the embryo which
is only ruptured by the elongation of the hypocotyl on the germination of
the seed. Even then their connexion with the nucellus is not affected, and
they remain attached to the few strands of tissue which have not been
absorbed by their agency for the benefit of the embryo sporophyte. In
some chance sections through a seed, where a fungus mycelium had con-
sumed the endosperm, evidently not being able to attack the perisperm, the
embryo was malformed and undeveloped, with two straggling cotyledons
composed of a few strands of tissue, the whole limited to the apical portion
of the sac, thus pointing to the endosperm as the one agent for the supply
of proper food and directive energy. Seeds from which the endosperm
was artificially removed did not germinate. The results of the present
investigation, as far as the Alsinoideae group of the Caryophyllaceae are

E
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concerned, thus. bear out Johnson’s suggestion that the restriction in the
formation of the endosperm to that of a purely digestive tissue which he
observed in certain Piperaceae, obtains in all seeds with abundant peri-
sperm, such as Chenopodiaceae, Polygonaceae, and Caryophyllaceae, but
he goes on to say—

‘Observations thus far lead me to believe that in the perisperm-
containing seeds mentioned the embryo-sporophyte of the second genera-
tion is never nourished by the parent sporophyte directly, but always
through the intermediate gametophyte.’

This view, as far as the Alsinoideae are concerned at least, only holds
with regard to the ultimate organization of the embryo and the germination
of the seed.

. Before the cotyledons are differentiated everything points to the food

‘material being digested and passed through the suspensor, and the embryo
is accordingly nourished by the parent sporophyte up to that stage. It is
only after the organization of the endosperm cap nuclei into a definite
layer of cells that a portion of the endosperm takes on the function of
secretory agent, which it retains till germination, when it is ruptured by
the radicle on the elongation of the hypocotyl. A more limited function
than is described by Johnson for the endosperm in some of the Piperaceae
thus results from increased complexity and economy in organization; and
the jacketing by the endosperm of the undifferentiated embryo at germina-
tion, which is such a striking feature in the Piperaceae, is reduced in the
Caryophyllaceae to the short period necessary for the transference of the
starch reserves in the perisperm to the tissues of the embryo on germina-
tion. The endosperm cells in this order fuse up more or less completely
with the nucellus, and remain attached to the tissue of the latter when they
lose connexion with the embryo, which is completely organized in the
mature seed. There is certainly an elongation of the cotyledons in the
seed prior to that of the hypocotyl, but the cotyledons in this stage are
complete leaves, with a vascular system, cuticularized cpidermis, stomata,
and air spaces, and they are also provided with an epithem tissue and water
stomata at their apices.

3. Trend of Development. In the Alsineae there seems to be a slight
tendency towards greater specialization and development on the Spergulean
type. The more massive and shorter suspensor occurring in the latter,
with its small basal cell, is replaced by what may be a more labile
filamentous one, in which the basal cell is greatly developed for absorption
purposes, even to the producing of an haustorium as in Stellaria media.

. Ifin the development of the integuments we look upon the wing which
characterizes some of the Sperguleae and results from the local hypertrophy
of cells of layer 2 of the outer integument, as primarily functioning as
a water jacket, but subsequently becoming modified for wind dispersal on
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the drying up of the cells composing it, we get a mechanism in which the
latter function is often at a discount. In Spergularia salina winged
and unwinged seeds occur in the same ovary (Pl. VI, Figs. 31, 34). In
other specics the same condition obtains, but morc exceptionally. This
fact suggests that water storage is the determining factor in the proliferation
of this tissue, and where the supply of H,O is deficient, or unequally
distributed, the process of formation is interrupted. Therefore we might
consider the local hypertrophy which is the origin of this band of tissue to
be entirely suppressed in the Alsineae, and look upon the specialized layer
of very active cells, capable by division of keeping pace with the growing
ovule, and possibly of regulating water storage, as an advance in organization.

Finally, then, everything scems to point to the conclusion that the
Alsinoideae are members of a very old and stable family. On one side
they suggest an intermediate stage in the development of the ex-albuminous
sced by a progressive reduction in the functions of the nucellus. The cor-
rclative increase in the activity of the endosperm results in the reserve food
material being stored in the embryo itself through the medium of the latter
tissuc. M. Péchoutre’s researches on the Rosaceae seemn to point to that
family as providing further illustration of the same tendency:.

Among the points of comparison afforded by the Rosaceae may be
mentioned the f(unctional rdle played by the endosperm where some
portion persists in the ripe secd.

The endosperm in this family is characterized by a limiting peripheral
proteid layer (assize protéiquc), distinguished by abundant proteid reserves,
but not otherwisc differentiated from the other layers. In all cases some
of this tissue persists in an active condition in the ripe seed. The conclusion
drawn by Péchoutre that the function of this tissue is not mechanical, as in
the case of the sced coat to which it is fused, but rather physiological in
character, sccms to be justified.

In the Alsinoidcan stage of development the endosperm is limited to
one layer only, and its function is entirely secretory and digestive. \When
this tissuc increases in volume, the outer layer is specialized as a ferment
layer, the increase in volume being associated with the increase in activity
necessary to the transference of all the reserve food material through the
endosperm to the embryo before germination, instead of its being stored in
the nuccllus to be drawn upon as required. If we consider the other end
of the scale and take certain Piperaceae as a starting-point, a great
restriction in the function of the endosperm is apparent in the Alsinoideae.
In the Piperaceac the embryo at maturity is an undifferentiated mass of
cells, and on germination the endosperm extrudes from the seed coat and
jackets the embryo till cotyledons, hypocotyl, and root arc organized.

In the Alsinoideac the endosperm has no other function beside that of
secrction and digestion, and it does not bring these powers into play until

E2
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free cell division takes place. The complete organization of the embryo at
maturity restricts the necessity for jacketing. It might perhaps be sug-
gested that this restriction which obtains in the Alsinoideae is correlated
with the more complete development of the suspensor as a primary
digestive agent, and that this, by enabling the embryo to immediately
draw on the organized food supplies of the parent, ensures the organization
of the embryo being completed within the seed. The endosperm comes into
play to supply what is beyond the capabilities of the suspensor as the embryo
increases in size, and its function thus both begins before germination and
continues afterwards on the same lines. As we get higher in the scale its
activity after germination is more and more reduced until finally it is no
longer present on maturity. The storage of the starch reserves in the
embryo itself is another advance in specialization and economy. A small
beginning is indicated by the starch which appears in the epidermal layer
of the embryo in the Alsinoideae after germination, when the rupture of the
endosperm necessitates the presence of some reserve to ensure continuance
of growth till the cotyledons are drawn from the seed-coat and can assimilate
on their own account.

In conclusion, I must thank the Curator of the Chelsea Physic Garden
for supplying and growing material required for the purposes of this
investigation ; Mr. Malcolm Wilson, B.Sc., for very kindly collecting various
species ; and especially Professor Farmer for his unfailing kindness, help, and
advice in the course of this work.
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EXPLANATION OF PLATES V AND VL
Illustrating Miss Gibbs's paper oa the Seed of the Alsinoideae.

PLATE V.

Fig. 1. Stellaria wliginosa. Exceptional case of megaspore cutting off tapetal cell: m. mega-
spore; f tapetal cell. x 1100,

Fig. 3. Stellaria wliginosa. Tapetal cell showing further anticlinal division: m. megaspore ;'
¢. tapetal cell ; ax. c. axile cell-layer of nucellus. x 1100.

Fig. 3. Aremaria trincrvia. Enlarging megaspore : m. megaspore; ax. ¢. axile cell-layer of
nucellus ; ¢p. cpidermis.  x 430.

Fig. 4. Stellaria Helostew. Epidermis showing increased anticlinal divisions at apex of
aucellus : s. megaspore ; ax. ¢. axile cell-layer of nucellus ; ap. muc. apex of nucellus. x 1100.

Fig. 8. Cerastium glomeratum. First division of embryo-sac nucleus: e. s. embryo-sac; ax.c.
axile cells. x 1100,

Fig. 6. Ste/laria media.  Ovwule with embryo-sac showing two polar nuclei: ¢. 5. embryo-sac;
005, cosphere; rym. synergidac; p. m. polar nuclei; ams. antipodals; axr,c. axile cell-layers of
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nucellus; per. /. peripheral layers of nucellus; ap. nuc. apex of nucellus; s/ starch; dis. é.
disorganized cells; 7.¢. inner integument; o. 7. outer integument; mic. micropyle; cka. chalaza.
X 400.

Fig. 7. Stellaria media. Ovule with embryo-sac showing polar nuclei fused into one definitive
nucleus : d. n. definitive nucleus ; o. 7.}, 0. #.? layer 1 and layer 2 of outer integument; ¢.4.,, 7. 5.4
layer 1 and layer 2 of inner integument ; other lettering as before. x 400.

Fig. 8. Arenaria trinervia. Embryo-sac showing oosphere, definitive nucleus and synergidae :
cos. oosphere ; d. n. definitive nucleus; syn. synergidae. x 450.

Fig. 9. Stellaria media. Oospore forming basal suspensor cell with haustorium. Definitive
nuclens preparing to divide: oosp. oospore; Aawus. haustorium; d.n. definitive nuclens; syn.
synergid ; p. ¢ pollen-tube. x 1100,

Fig. 10. drenaria trincrvia. First segmentation of oospore into two suspensor cells: 4. sus. ¢.
basal suspensor c:ll; end. . endosperm-nuclei. x 450.

Fig. 11. Arenaria trinervia. Suspensor with three cells: &. sus. c. basal suspensor cell; end. n.
endosperm-nuclei; sys. synergidae. x 450.

Fig. 13. Arenaria trinervia. Longitudinal section through chalaza and nucellus, showing
cuticularized basal cells connecting up with the chalaza and integuments : suc. nucellus; 4. ¢. basal
cells of nucellus; c4a. chalaza; . 8. vascular bundle of funicle. x 400.

Fig. 13. Stellaria aguatica. Apical cells of nucellus prolonged as papillae: ap. nuc. apical
cells of nucellus; suc. nucellus ; . £. pollen-tube; &. sus. c. basal suspensor cell. x 400.

Fig. 14. Stellaria media. Embryo-sac with embryo, showing aggregation of endosperm-nuclei
at apical end (endosperm-nuclei on further side of embryo-sac shaded): end. c. endosperm cap;
b. sus. c. basal suspensor cell; emb. embryo. x 450.

Fig. 15. Stellaria media. Next section in same series showing haustorium of basal suspensor
cell protruding beyond embryo-sa:: Aaus. haustorium ; 4. sus. . basal suspensor cell ; e. 5. embryo-
sac. X 450.

¥ig. 16. Cerastium glomeratum. Lougitudinal section through ovule: Embryo-sac elongat-
ing after fertilization: per. /. peripheral layers of nucellus; 4. c. basal cells of nucellus; e. s.
embryo-sac ; prm. perisperm ; ax. c. axile-cells. x110.

Fig. 17. Sagina apetala. Longitudinal section of apex of ovule, showing persistent pollen-tube :
2. 2. pollen-tube; p. 2. ¢. pollen-tube twist ; other lettering as before. x 400,

Fig. 18. Stellaria media. Longitudinal section of ovule with embryo, showing perisperm forma-
tion in nucellus : prm. perisperm; emb. embryo ; sus. suspensor; fun. funicle ; sus. suspensor; other
lettering as before. x 400.

Fig. 19. Stellaria media. Longitudinal section of ovule with heart-shaped embryo showing
progressive perisperm formation in nucellus and reduction of peripheral layers: cofs. cotyledons ;
other lettering as before. x 110, ’

Fig. 30. Stellaria media. Longitudinal szction of ovule, showing embryo with cotyledons and
endosperm cap; lettering as before. x 75.

Fig. 21. Stellaria media. Apical portion of same section under higher magnification, showing
root apex of embryo, free-cell formation in endosperm cap and disorganizing suspensor ; also cells of
layer 1, outer integument, enlarging as papillae: dis. sus. disorganized suspensor; other lettesing
as before. x 110,

PLATE VL

Fig. 3a. Stellaria media. Longitudinal section of mature seed showing embryo, endosperm cap,
one persistent peripheral layer and central perisperm mass of nucellus with cuticularized basal cells
and air spaces above them: g/ plumule; pc. 5. procambial strand ; sec. pap. secondary papillae;
a. s. air spaces ; other lettering as before. x 110.

Fig. 22 a. Longitudinal section of the wall of a cell of layer 1 of the outer integument showing
secondary papillae and wavy cuticle, after treatment with Eaun de Javelle and I & H,$O;: sec. pap.
secondary papillae; cut. cuticle. x 450.

Fig. 224. Surface view of wall treated in the same way: sec. pap. secondary papillae; cws.
cuticle. x 450.

Fig. 22¢. Longitudinal section of basal cells of nucellus, showing shallow pits in the cuti-
cularized walls: after treatment with Eau de Javelle and I & H,SO,. x 430.
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Fig. 23. Spergula arvensis. Transverse section of ovule showing embryo-sas cut through the
cotyledonary and hypo-cotyledonary portion, the proliferation of layer 2 of the outer integumeat,
forming a wing of tissue round the ovule in the plane of the embryo, and secondary club-shaped
papillac on the cell-walls of layer 1 of the outer integument: w. wing ; other lettering as before.
x 110.

Fig. 24. Cerastium perfoliatum. Longitudinal section of germinating seed, showing elongation
of cotyledons; 4. hilam; other lettering as before. x 110,

Fig. 25. Cerastium perfoliatum. Transverse section of germinating seed, same stage as Fig. 24,
cut through the apex of embryo and nucellus in the root-cap region of the former, showing the
scquence of tissues and their relation to the endosperm cap : Testa : o. 4. outer integument ; 7. 4. inner
integument (two layers fused) ; ger. /. peripheral layer of nucellus ; exnd. c. endosperm cap ; Embryo:
7. ¢. root cap; <. cortical layers, outer densely packed with starch contents; pc. 5. procambial stand.
X 450.

¥ig. 26. Cerastium perfoliatum. Transverse section of germinating seed ; same serics as Fig.
235, just above root cap ; lettering as before. x 450.

Fig. 27. Cerastium perfoliatum. Diagram of transverse section of germinating seed showing
the radicle of the embryo surrounded by the endosperm cap. x 110.

Fig. 28. Cerastium perfoliatum. Transverse section of germinating seed, same series, through
hypocoty! of embryo, above the endosperm cap; lettering as before. x 450.

Fig. 39. Spergula arvensis. Longitudinal section through germinating seed, showing spiral
elongation of cotyledons, extrusion of hypocotyl and subsequent rupture of endosperm cap, with
axile cells of nucellus reduced to a few strands : Ayp. hypocotyl; other lettering as before. x 75.

Fig. 30. Spergula arvensis. Same section, cells of endosperm cap under higher magnification,
showing small quadrate cuticularized cells of layer 2 of the inner integument, which are only so
modified in the apical region of the ovule in this species; lettering as before. x 450.

Figs. 31-34 are from seed which was three years old. Where the endosperm cap extruded
slightly through the micropyle (Fig. 31, end. ¢.) the exposed cells had dried up and this portion
formed a dark mark on the endosperm cap (Fig. 33, end. c.) which was observed on all these seeds.

Figs. 31-34. Spergularia salina. Germinating seed from the first extrusion to the rupture of the
endosperm cap by the elongating radicle of the embryo to the formation of root hairs on the latter:
pap. papillae (formed by outgrowth of some cells of layer 1, ouler integument) ; w. wing ; end. c.
endosperm cap ; 7. A. root hairs; 7. c. root cap ; sfA. statolithic starch ; Ayp. hypocotyl. x 73.

Fig. 35. Spergula arvensis. Seedling, cotyledons extruded, the endosperm cap remaining on the
seed-coat : cots. cotyledons; 7. A. root hairs; end. c. endosperm cap, mag.

Fig. 36. Stellaria Holostea. Longitudinal section showing two megaspores in one nucellus:
m. megaspore ; ax. c. axile cells ; ep7. epidermis; ap. nuc. apex of nucellus. x 1100,

Fig. 37. Sagina procumbens. Longitudinal section of ovule showing vegetative outgrowth
of nucellus : »uc. nucellus.

Fig. 38. Sagina procumbens. Apex of cotyledon just emerging from seed coat : epi. epidermis;
tra. tracheids.

Fig. 38a. Tracheids. x 4s0.

Fig. 384. Longitudinal section of cells of the cpidermis with starch contents: s¢. starch; cwz.
cuticle. X 450.

Fig. 39. Surface view of stoma on ventral surface of cotyledons just emerged from seed coat:
sto. stoma. X 430.

Fig. 40. Surface view of a water stoma surrounded by loose epithem cells, on dorsal surface of
cotyledon, just emerged from seed coat. x 450.
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On the Cause of ‘Hardness’ in the Seeds of
Indigofera arrecta.

BY

C. BERGTHEIL aAnD D. L. DAY.
With Plate VIL

T is well known that seeds possessed of hard coats, which do not allow of

the penetration of water and consequent germination, frequently occur
in certain leguminous plants, but no satisfactory explanation of the cause
of this phenomenon has, so far as we are aware, been yet given. Attention
has been drawn to the very marked case of hardness in the seeds of
Indigofera arrecta by Leake (1), who points out that in the seed of this
plant derived from Natal or grown in India the germination capacity
normally varies from 5 to 10 per cent., but that by suitably scratching
the seed-coat, in the manner commonly practised in the case of clover,
it may be made to very nearly approach 100 per cent. These observations
have been confirmed, and have been found to apply equally to seed derived
from Java, The matter has assumed considerable industrial importance
owing to the introduction of /ndigofera arrecta, as a substitute for the
previously grown /ndigofera sumatrana, into the indigo districts of Bihar,
and machines have been devised for scarifying the seed in bulk, in such
a manner as to render its germination capacity satisfactory.

It has recently been found that the same end could be gained more
simply, and with more certainty of success, by treating the seed with
concentrated sulphuric acid ; the seed resists the attack of this substance
for twenty minutes to half an hour, and, after washing and drying, is found
to germinate perfectly 1,

As a result of this observation it seemed to us of interest to try to
determine to what cause the hardness of the seed was due, and how this
cause was removed by scarification, and by treatment with acid. The dnly
suggestion we have been able to trace as to the cause of hardness in seeds

! The idea of using sulphuric acid arose out of certain experiments carried out by Dr. Butler on
the destruction of the eggs of insect pests in the lint of cotton-seed by trcatment with this substance,
after which, the germination capacity of the seed was found to be considerably improved.

[(Annals of Botany, Vol. XXI. No. LXXXI. January, 1907.]
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is made by Percival (2) to the effect that their testae contain an abnormally
large amount of ash constituents, and that these resist the penetration
of water. This explanation has been shown inadequate in the case under
consideration by Leake (loc. cit.), who compared the amount of ash derived
from testae of seeds of /ndigofera arrecta with that obtained from the seced
of Indigofera sumatrana (with the germination of which there is no difficulty)
grown in the same locality, and found a considerably larger quantity
in the latter case.

We have therefore sought for an explanation in the structure, or the
nature, of the organic constituents of the seed-coat.

Preliminary examination of sections of the testa in an unstained
condition, or treated with a simple undifferentiating stain (e.g. carmine
or haematoxylin), showed its structure to be identical with that character-
istic of the seeds of other leguminous plants. Superficially there is a layer
of thick-walled ¢ palisade’ cells with their longer axes parallel to the radii
of the seed ; beneath this is another layer of thick-walled cells of peculiar
shape whose contents are pigmented yellow, and beneath this layer again,
a double row of elongated cells with their longer axes parallel to the
circumference of the seed ; finally, there are several layers of ordinary paren-
chymatous tissues (Pl. VII, Fig. 1). No essential difference could be found
in the structure of the testae of the secds of /ndigofera arrecta and Indigo-
Jfera sumatrana, and in neither case could any traces of substances of
a waxy nature be detected, either by examination of untreated sections
or sections treated with osmic acid.

In order to ascertain how far water could penetrate into the hard
seed-coat, sections were cut of seeds which had remained in water con-
taining a little fuchsin for twelve hours without showing any signs of
swelling. It was found that the stain had not penetrated beyond the
outermost layer of the seed, and was deposited there in a sharp line (Fig. 1).
On similarly examining seeds of /ndigofera sumatrana, or those of /ndigofera
arrecta which had been scarified or previously treated with sulphuric acid,
the stain was found to penetrate to the innermost layer of the testa
(Fig. 2).

This seemed to clearly indicate that the resistant layer was to be
found at the extreme outside of the hard seeds, and a careful examination
was therefore made of the chemical nature of the substances composing
the ‘palisade’ cells. On treating sections of such seeds with chlor-zinc-
iodine (Schulze’s solution), the cell-walls of all the tissues swelled and
acquired the violet colour characteristic of cellulose, and the cell-contents
the yellow colour indicating the presence of proteid substances. No cuticle
could be detected by this treatment, and sections of the testa of /ndigofera
sumatrana seeds, and those of /ndigofera arrecta, after treatment by
scarifying or acid, presented an identical appearance to those of untreated



the Seeds of Indigofera arrecta. 59

hard sceds. No explanation of the resistance to water in the latter case
seemed, therefore, to be provided by this method. Sections trcated with
sulphuric acid and iodine lead to precisely similar results (Fig. 3).

Several attempts were made to demonstrate the existence of a cuticle
in sections of hard seeds by methods of double staining (e. g. aniline-safranin
counterstained with hacmatoxylin, and Gram-eosin), but in no case could
a layer reacting towards these substances in the manner typical of cuticle
be shown,

An explanation was eventually found by treating sections with a
delicate stain for differentiating cellulose and cuticle described by Mangin
(Zimmermann, 8), consisting of a solution of iodine in phosphoric acid. On
treating sections of the testa of /udigofera arrecta seeds with this reagent,
the cell-walls of all the tissues and the cell-contents reacted as cellulose and
proteid matter respectively as before, but after a few minutes’ action, a thin
yellow linc was seen to appear at the extreme periphery of the section, and
to gradually swell as time progressed. On first appearing, this cuticular layer
was only about 3-4 u in thickness, but in the course of a quarter of an hour
it had become more than thrce times this depth and was very clearly
discernible (Fig. 4). Eventually the epidermal cells swelled enormously
and ruptured, whilst the cuticle split away and was seen as a broad yellow
band (Fig. 5). On treating sections of seeds of /ndigofera sumatrana
or of ‘treated’ /ndigofera arrecta with this reagent no layer of this kind
could be discerned. It was subsequently found that the cuticular layer
characteristic of the seeds of /ndigofera arrecta could be shown in sections
trecated with a concentrated alchoholic solution of chlorophyll, as recom-
mended by Correns (4), but the test is difficult of application and uncertain
in result. .

It is clear, thercfore, that the hard nature of the seeds of /ndigofera
arrecta is duc to their possession of a very thin outer covering of a substance
resistant to water. The exact nature of this substance cannot be de-
termined by the methods which have been described. By its reaction
under trcatment with chlor-zinc-iodine, its swelling under the action of
dchydrating agents, and its failure to respond to double staining methods,
it would appear to consist of cellulose ; whilst by its colour reaction towards
Mangin's phosphoric acid and iodine, its staining with an alcoholic solution
of chlorophyll, and its impermeability to water, it would seem to be cuticle.
We can only conclude that it consists of a body of an intermediary nature,
possibly a transition-product, between ccllulose and cuticle.

The action of scariflying the sced is, no doubt, to remove a portion
of this resistant covering, and so allow of the penetration of water, whilst
sulphuric acid acts either in a similar manner by leading to the swelling
of this laycr and its eventual rupture, or by converting it into a body akin
to cellulose and permeable to water.
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It would be of interest to determine whether this latter method of
treatment would answer in other cases of hard seed, and whether their

hardness can be traced to a similar cause to that which has been de-
scribed.

LITERATURE.

H. M. LEAKE : Journ. Royal Hort. Soc., vol. xxix.
J. PERCIVAL : Agricultural Botany, p. 623.
A. ZIMMERMANN : Die botanische Mikrotechnik, p. 138.

1.
2.
3.
4, : Ibid., p. 149.

Since writing the above we have seen a paper by Jarzymowski
(Inaugural-Dissertation, Halle, 1905), dealing with hardness in several legu-
minous seeds. This author holds that hardness is conditioned by the size
of the lumina in the cells of the  palisade’ layer of the seed-coat. This
explanation does not apply to the case of /ndigofera arrecta. No difference
can be detected between the shape or size of the lumina in such cells
in the coat of this seed and in that of /ndigofera sumatrana, nevertheless
the former hardly germinates at all without treatment, and the latter
germinates freely. The presence of the hard layer which has been de-
scribed in the hard variety and its absence in the variety in which hard
seeds do not occur, seems to point clearly to this being the determining
cause in this case.

Jarzymowski has tested the method of treating hard seeds with sulphuric
acid on several varieties and finds it to answer well ; it appears to have been
first suggested by Hiltner in 1902.
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The Bulbils and Pro-embryo of Lamprothamnus
alopecuroides, A. Braun.

BY

MARY M°NICOL, B.Sc.
Platt Biological Scholar in the University of Manchester.,

With Plate VIIL

LAMPROT HAMNUS is a genus of the Characeae placed in the

subdivision Chareae on account of the presence of only five cells
in the crown of the oospore: it differs from Zolypellopsis in the possession
of stipular cells and from Lycknothamnus and Chara in having the oogonia
below the antheridia.

Distribution. The plant has a wide distribution. It occurs in Europe
in the countries of Scandinavia, Denmark, Germany, Spain, and England,
though in the last-named country it is of very rare occurrence, having been
found only in two localities, at Newtown in the Isle of Wight, from which
locality it seems now to have disappeared (Groves, *90), and at the Fleet in
Dorset (Mansell-Pleydell, '92). It occurs also in Africa (Braun, '67), but is
not known in America, Asia, and Australia. The plants which I have
investigated were grown from some dried mud sent from the neighbourhood
of Port Elizabeth : they have now been growing in a healthy and apparently
normal condition for more than two years.

General Features. L. alopecuroides roots in very fine mud or slime,
growing to a height of about 15 cms. and branching very little. The inter-
nodes in the lower part of the plant may be as much as 4 or 5 cms. long,
the leaves being 5 or 6 cms. The internodes decrease rapidly in length
towards the apex of the plant, so that the whorls of leaves form a close
tuft, which gives the plant that characteristic appearance whence it derives
its specific name of alopecuroides. There is no formation of cortical tissue,
and the whole plant has a rather delicate appearance. (See Pl VIII, Fig. 1.)

The leaves are generally eight in a whorl, though on nearly every stem
there are variations in one or two whorls, which may have seven, nine, or
ten leaves, and with greater rarity either less or more than these numbers.

{Annals of Botany, Vol. XXI. No. LXXXI. January, 1907.]
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The well-developed whorl of long, single-celled, pointed, stipular leaves
or bracts occurring directly below the leaves and equal to them in number,
is characteristic of the plant, as are also the leaflets springing from the
axils of the leaves. Each leaflet has a sharp-pointed, colourless, trans-
parent apex, into which the cell-lumen does not enter (Fig. 54). The
stipular leaves measure 2 or 3 mms. in length and are here quite con-
spicuous, but the small leaves occurring in the axils of the ordinary leaves
can only be seen on close examination. They resemble the stipular leaves
in shape, but are much smaller and vary in length even in the same whorl :
they are generally less than 1 mm. long. In the lower whorls fewer of
these leaves are formed, there being two or three less in number than the
leaves. In one casc, taken at random, on the lowest nodes of a well-grown
plant the number of small upper leaves formed varied from one to six in
a whorl.

The development of the stipular leaves and of the axillary leaves has
been studied by Giesenhagen (’02), who has shown that all three whorls,
leaves, axillary leaves and stipular leaves, arise in a regular manner from
cells which become divided into three by two horizontal walls. After
regular subdivisions the upper cell gives rise either to an axillary branch
or to an axillary leaf, the middle cell forms the foliar leaf and the lower-
most cell the stipular leaf. _ .

The plant is monoecious, the oospores, which ripen in autumn, standing
singly below the antheridia which are of an orange-yellow colour.

Migula ('97) mentions that the plant may be slightly encrusted
with calcium carbonate, but in the specimens on which I worked there was
no encrustation except in the case of the oospores, which showed an
accumulation of fine granules, but this never extended to the apex of the
spore, so that to the naked eye the spores appeared greyish in colour, with-
a black apex where the hard, dark-coloured lamella was not hidden by the
deposit.

The Bulbils. The plants under observation were grown in large glass

jars, and being therefore under somewhat abnormal conditions, it is not
extraordinary that the oospores were generally incapable of germination,
though many seemed to arrive at maturity. The plants, however, showed
great vegetative vigour, and reproduced abundantly from the characteristic
unicellular bulbils which are produced on the roots. Similar unicellular
bulbils occur in Ckara aspera, in which species they have been described
and figured by Giesenhagen ('02).
*  The tubercles or bulbils are about 1 mm. in diameter, and occur on the
root node generally in groups of four or five, though larger groups are
frequently found. They exhibit no rotation of protoplasm such as occurs
in other internodal cells.

Mode of Growth of Tubercles. Tubercles may arise either directly by
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the swelling up of one of the cells of a node bearing rhizoids, or from
a rhizoid which has already grown out in the usual manner. In the former
case, when the tubercle has attained its maximum size and has become
filled with starch grains, one or more rhizoids may grow out from the
distal or apical end. These rhizoids may immediately swell up to form new
tubercles, which also become filled with starch, so that one or two new
tubercles may be formed at the apex of the first tubercle.

The starch grains in these tubercles are smaller than in those first
formed, indeed, a secondary tubercle appears always to remain considerably
smaller than the first (Figs. 11, 12, and 14).

In a similar way-the secondary tubercles may give rise to a tertiary

tubercle, which in its turn remains smaller than the tubercle from which it
springs. .
The second way in which tubercles arise is as follows. In a rhizoid
which has grown out from the node, is formed an oblique cell-wall, not
far from this node (Fig 8a). The cell so cut off begins to swell, and
small starch grains appear (Fig. 8 a,5,¢). At the node formed by the
oblique wall, further division may occur into four cells which grow out into
rhizoids in the manner usual in the Characeae: in these rhizoids, again,
cell-walls may be cut off near the base to form secondary tubercles:
tertiary tubercles are formed in the same way. Such sequences of two or
three tubercles, though frequent, are not by any means usual: large
numbers of tubercles may occur in which not one has grown out to form
a secondary tubercle. At the base of primary tubercles there is always
a small group of cells formed by further division of the four first-formed
node-cells, as described by Giesenhagen in Chara aspera. There is no
mention in this case of any occurrence of secondary tubercles. Their
formation may be due, in the case of the Lamprothamnus under observation,
to the formation of an unusual amount of starch in the plant, and the
necessity of further provision for its storage.

Kuczewski ('06), writing on the subject of the multicellular bulbils of
Chara delicatula, mentions that in his laboratory cultures of this species
the root bulbils attained a remarkable size and were morc plentiful than
in nature. It would thus appear that in cultures the tendency is towards
the greater development of this vegetative means of reproduction.
Kuczewski also notes and figures a ‘merkwiirdige Erscheinung des Auf-
tretens von Stirkekornern in den langgestreckten Zellen der Rhizoiden!
In L. alopecuroides 1 have several times noticed the same appearance, but
the starch grains in this case were not of the elongated form described by
him in C. delicatula, but were rounded or somewhat angular, like those in
the root tubercles. It is probable that they act as further supplies of
teserve starch.

The rhizoids of Lamprothamnus have a single nucleus embedded in
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the protoplasm a short distance from the apex, the apex itself being
occupied by a number of small, round, shining bodies (Glanzkérper), which
are constantly in oscillatory motion. The function of these Glanzkorper is
disputed by Zacharias ('05) and Giesenhagen ('01), the latter considering
them to be statolithic in function, the former holding that they have
some function to perform in the thickening of the cell-walls of the
rhizoid.

In these tubercles the nuclei are fragmented, a point which Giesenhagen
failed to determine in the case of the tubercles of C. aspera owing to the
difficulty of cutting sections, but it is probable from analogy that fragmen-
tation is the condition there also. The nuclei can be best seen if tubercles
are used from which the starch has been wholly or almost wholly with-
drawn for the formation of young plants at the node. These tubercles
should be fixed with chrom-acetic acid or Flemming's solution and stained
with Delafield’s haematoxylin or brazilin.

The nuclei resemble the fragmented nuclei of the internodal cells of
the plant, but are somewhat more irregular in shape. They are much the
same size, and divide similarly by the appearance of a constriction and the
subsequent pinching off of a part of the nucleus.

The Pro-embryo. The pro-embryos arising from the rhizoid-nodes
appear first as filamentous processes, at the end of which four horizontal
walls are formed, thus dividing the filament into five cells, the three upper-
most of which form the apex of the pro-embryo (Vorkeimspitze of Prings-
heim). Two more walls then arise close to and parallel with the two
lowest horizontal walls, thus cutting off two nodal cells; shortly afterwards
three vertical walls are formed in the second nodal cell, and then peripheral
cells are cut off. From these cells the first leaves are formed. From the
cells of the first or rhizoid-node rhizoids are formed.

At this stage the pro-embryo has not appeared above the mud in
which the plant grows and has formed no chlorophyll. I found no case in
which the ‘ Vorkeimspitze’ had more or less than three cells, though in Chara
the number is four or five. In Zolypella intricata and some species of
Nitella the number is two (De Bary, ’75). The three cells differ in size:
at first the apical cell grows until it is three or four times as long as the
others; the protoplasm in it can be seen rotating, whilst the two lower cells
are still filled with frothy protoplasm. With further growth the two lower
cells become very much larger than the apical cell, which remains compara-
tively small. The middle cell elongates, and soon after the ¢ Vorkeimspitze’
appears above the surface of the mud it begins to swell and becomes
sometimes spherical, though generally remaining elongated (see Figs. 6 and
18). The lowest cell elongates greatly, and very often becomes turgescent
and swells up, but it never becomes spherical as in the case of the middle
cell. The cells which become spherical, or nearly so, are very easily
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separable from the cells below, sometimes breaking off at a touch. The
size attained by these cells of the ‘ Vorkeimspitze’ is very striking when
compared with the cells of the leaves (Figs. 1 and 5). The lowest cell
sometimes attains a length of about 12 mm., whilst the middle cell reaches
about half this length.

The first leaf-node becomes divided by three vertical walls into four
cells, from three of which superficial cells are cut off and develop into
leaves. The fourth cell is regarded as an apical cell, which by further
division and growth forms the stem of the plant. The cells of the leaf-
node are cut off’ before the cells of the rhizoid-node, hence the leaves begin
to develop before the rhizoid cells.

From this first leaf-node (Uebergangsknoten, Pr.), which Pringsheim
considers to consist of three imperfect nodes, each producing at most two
leaves, arise the first true leaves (folia of Braun) of the young plant. The
‘Vorkeimspitze’ becomes pushed to one side by the growth of the leaves, so
that in older plants it has very much the position of a leaf, from which it
is nevertheless distinguishable here by its great size, the constant number
of cells, and the fact that no leaflets (foliola of Braun) are formed, as in the
case of the other leaves. Only four leaves of the ¢ Uebergangsknoten’ or
transitional node develop to any size, and of these the two leaves standing
on each side of the apex of the pro-embryo are alike in size, and are larger
than the other two leaves, which also resemble each other in size. The
leaves of this whorl always remain uneven in length throughout the life of
the plant. It can frequently be seen in older plants that in the two largest
of the leaves of this node, the cell immediately below the uppermost cell
becomes swollen, as in the corresponding cell of the ‘ Vorkeimspitze ’ (Fig. 1).
There is a tendency, especially in the lower nodes of the plant, for the cells
to swell in the same way, the wall becoming gradually thinner as the cell
expands. )

In one stem it was noticed that the first two nodes, which were separated
by a long internode, bore leaves having swollen cells, whilst in the four
succeeding nodes, which were close together, the leaves consisted of cells of
normal size. In the nodes immediately above these, there again occurred
long internodes and whorls of leaves having swollen cells. It is not
uncommon for isolated leaves of a whorl, or even all the leaves of a single
whorl, to show these swollen cells.

These large cells are good objects for observing the fragmentation of
nuclei, As in other Characeae there is in each nodal cell throughout life,
and in all young cells, a single large nucleus, spherical in shape and generally
having a single large nucleolus, though several nucleoli may occur. This
nucleus lies embedded in the frothy protoplasm filling the cell: division to
form new cells takes place karyokinetically. In the young cell, when cell
formation has ceased, elongation begins and a single large vacuole is formed

F
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in the centre and the nucleus begins to fragment, so that in one of the
large swollen cells there may be a hundred or more nuclei.

The fragmented nuclei of the large cells of Lamprothamnus resemble
those described by Kaiser in Chara foetida (Kaiser, O.,’96) to a great extent,
but there appear to be a larger number which are elongated in shape than
occur in the latter plant. The nuclei are varied and irregular in form:
many are elongated, and divide by a gradual constriction of the middle
portion of the nucleus (Fig. 17). In this figure of the nuclei of one of the
swollen cells, various stages are seen: to the right is a nucleus which is just
dividing across the middle, the two daughter-nuclei being connected only
. by a narrow neck. Other nuclei are rounded, or crescent-shaped.

Nordstedt, in referring to the pro-embryo arising from the spore,
remarks that in Lychnothamnus Wallyothii (an old name for the plant)
there occurs an embryo having an oblique node between the primary
rhizoid-node (Samenknoten, or node at the apex of the spore from which
rhizoids are formed) and the rhizoid-node or ‘secondary rhizoid-node’ of
‘Nordstedt. Such an extra node I found in many of the pro-embryos
formed at the root-nodes, and also in some produced from spores (Fig. 7).
In the formation of this extra node an §-shaped wall is formed and a cell
then cut off, which later divides into four, as in the node-formation in
rhizoid structures (Fig. 7 A). By further division and growth rhizoids are
formed, and these spread out in all directions, though they are actually
formed in a tuft on one side only of the pro-embryo. This extra node
varies in position : it is generally midway between the rhizoid-node proper
and the point of origin of the pro-embryo, and is easily distinguishable
from the rhizoid-node proper by the oblique wall. This extra or interposed
node is by no means of constant occurrence : in the case of the pro-embryos
arising from the underground nodes of the plant, taking nearly a hundred
cases, I found that the proportion of plants having this extra node was one
in three. In the case of the embryos grown from the spores, I was unable
to determine the proportion, as the spores germinated so rarely. It is
probable that this extra node is formed in embryos originating from a level
at a somewhat greater distance below the surface of the mud than that
from which the majority originate. The rhizoids of this interposed node
would serve both to fix the young plant firmly and to provide it with
nourishment, though probably the former function is the more important,
as such large food supplies are available in the root tubercles. This
hypothesis is borne out by the fact that if several pro-embryonic shoots arise
from a single node, they are alike as regards the presence or absence of this
extra node. )

Pro-embryos may arise on underground nodes on which no root-
tubercles occur, but, as is to be expected, the young plants generally arise
in proximity to the stores of food material. Pro-embryos also very
occasionally arise in the axils of the leaves.
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Transitions from rhizoid to pro-embryo. There are sometimes tran-
sitions from a rhizoid formation to a pro-embryo (Nordstcdt, '66). A long,
thread-like rhizoid, divided in the characteristic way by oblique walls, may
cut off cells at its apex to form the * Vorkeimspitze,’ leaf-node and rhizoid-
node (Fig. 6) as already described. In such a case the extent of the pro-
embryo cannot be defined, unless we consider it to be simply the internode
below the rhizoid-node proper, in which the rhizoids are formed by the
cutting off of peripheral cells, and all the cells above this rhizoid-node.
Nevertheless, as there are so many cases in which an extra oblique node
occurs below the rhizoid-node, when the extent of the pro-embryo is
obvious, such a distinction is rather arbitrary.

With the further growth of the young plant of Lamprothamnus, as in
the case of other Characeae, a branch, having a dome-shaped apical cell
capable of continued division and the formation of whorls of leaves, is
generally formed at the rhizoid-node proper (Fig. 1 4). This branch first
grows out at right angles to the pro-embryo, but soon turns upwards to the
surface of the mud. Occasionally an accessory pro-embryo arises from the
rhizoid-node (Fig. 5).

Pro-embryo arising from the oospore. The few oospores which had:
germinated did so in late autumn. The pro-embryos formed, seemed weak
and liable to the attacks of a fungus: they were all in a young stage, and-
the * Vorkeimspitze' cells had not swollen. I found two cases in which:
an interposed oblique node was formed between the spore and the rhizoid-
node (Fig. 7). The primary root, formed from the spore, divides by an
oblique wall in the manner characteristic of the rhizoids of the group, and
from the node so formed four rhizoids arise. Later, other rhizoids are
formed from this node, and extra rhizoids arise from the ¢ Samenknoten’ (Pr.)
or primary rhizoid-node (Nordstedt) situated at the apex of the spore.

Abnormal Plants. (1) Springing from a root-node on which were two.
tubercles, I found a young pro-embryonic plant, which, instead of showing
the usual rhizoids springing from the rhizoid-node, showed about nine
rounded tubercles of various sizes, evidently formed directly from the node-
cclls. Not a single cell had grown out in the ordinary way to form
a rhizoid. Betwcen the rhizoid-node and the node from which the pro-
embryo sprang, rows of small starch grains were deposited. The grains in
the different tubercles were of different sizes, varying directly with the size
of the tubercle itsclf.

(2) Another abnormal case occurred in which at a rhizoid-node
showing the §-shaped oblique wall, there arose, together with one or two
rhizoids, a rounded tubercle filled with starch grains. The tubercle had
formed chlorophyll and was of a bright green colour. Arising from the
same node and in close proximity to the tubercle was a single leaf
scgment made up of about five cells. It would seem that this part of

F2
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the plant must have been exposed to the light, and so had become green.
With a view of confirming this I exposed tubercles to the light at the surface
of the mud, but in no case could I obtain the formation of chlorophyll.

Summary of Resulls.

Under cultivation in jars in which there was no special provision
for aeration, but in which the water was from time to time changed,
L. alopecuroides has flourished vegetatively for several years, showing its
characteristic growth and producing an abundant supply of both antheridia
and oogonia.

Apparently a very small number of spores are capable of germination,
producing a pro-embryo of characteristic growth. .

The pro-embryos produced from the oospores resemble those produced
from the underground nodes of the plant.

In many cases the pro-embryo differs from that of other Characeae
by the interposition of an extra oblique node, from which rhizoids are
produced. ,

In the case of the pro-embryos produced from the rhizoid-nodes
bearing tubercles, about 30 per cent. showed this interposed node.

For the most part reproduction takes place by means of pro-embryos,
which are formed on the rhizoid-nodes and make use of the starch stored
up in the tubercles. Branch pro-embryos are rare.

Sometimes pro-embryos arise from rhizoid-nodes bearing no tubercles,
or from the rhizoid-node of another pro-embryo.

The tubercles either originate directly as such, or are formed by the
transformation of rhizoids.

The terminal rhizoid of a tubercle may again become transformed
into a tubercle containing starch, thus forming a series of two or more
tubercles.

The pro-embryos arise at the basal side of the tubercle.

Generally several pro-embryos arise from a node bearing tubercles.

The nuclei of the tubercles are fragmented, as in the case of the
internodal cells.

In concluding, I desire to express my sincere thanks to Professor F. E.
Weiss, who suggested this piece of work, and whose interest and help have
throughout been most valuable to me.
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EXPLANATION OF PLATE VIIL

Illustrating Miss M°Nicol's paper on Lamprothammus.

pa. pro-embryonic apex; /n. leaf-node; r. w. rhizoid-node ; s. r. . interposed oblique rhizoid-
node ; ». rhizoid ; 4. branch with dome-shaped apical cell.

Fig. 1. Lamprothamnus alopecuroides. Natural size.

Figs. 3, 3, 4. Successive stages in growth of pro-embryo.

Fig. §. Young plant from the rhizoid-node of which an accessory pro-embryo has arisen.

Fig. 5§ A. Characteristic sharp apex of leaflet.

Fig. 6. Transition from rhizoid to pro-embryo.

Fig. 7. Pro-embryo arising from an oospore, and showing an interposed root-node.

Fig. 7 A. Node of rhizoid showing characteristic formation of four cells. This figure has been
accidentally inverted in lithographing.

Fig. 8 @, 5, ¢. Stages in the formation of a root tubercle. In a starch is beginning to be formed.
In the other tubercles the presence of starch is indicated by & wash.
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Fig. 9. Fully formed tubercle.

Figs. 10, 11. Beginning of formation of secondary tubercle.

Fig. 13. Fully formed sccondary tubercles.

Fig. 13. Case in which the primary tubercle has remained elongated whilst the secondary
tubercles have become spherical,

Fig. 14. Sequence of 3 tubercles.

Fig. 15. Group of tubercles showmg primary, secondary, and tertiary tubercles in process of
‘formation.

Fig. 16. Fragmented nuclei of a root tubercle, s, Starch grain;

Fig. 17. Fragmented nuclei of one of the swollen cells of the pro-embryonic apex.

Fig. 18. Pro-embryo formed from tubercle near the surface of the mud, and eonscquently
shortened in gtowth A young pro-embryo is also seen to the right.
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Two new Triuridaceae, with some Remarks on the -
Genus Sciaphila, Blume.

BY

W. BOTTING HEMSLEY, F.R.S, F.LS.
Keeper of the Herbarium and Library, Royal Botanic Gardens, Kew.

With Plates IX ‘and X.

LUME, in 1825, described a plant from Java under the name of

Sciaphila tenella, the first member recorded of the singular group
now known as the Triuridaceae. In 1851 he published an amplified
description of the genus with incomplete descriptions of two proposed
additional species. Since then botanists have described species, which
they have referred to Sciaphila, from Ceylon, North-east India, Japan, the
Malay Peninsula and Archipelago, New Guinea and New Caledonia, Brazil
and Venezuela ; making a total of about thirty species, most of which have
been well figured. Studying these figures in connexion with the specimens
of a plant of this natural order discovered by Mr. H. P. Thomasset in
Mahé, Seychelles, I have been struck by the very great diversity in their
floral structure, and I cannot myself accept the view that they all belong to
one and the same genus. I do not propose making generic alterations
from the figures alone, and I have not time to examine the whole of the
materials ; but I will discuss some of the various modifications in the
structure or composition of the flowers, and compare the Seychelles plant
with Sciaphila tenella.

All the members of the Triuridaceae are saprophytes or holosapro-
phytes, as Johow terms them, mostly having hairy roots, and they are
very similar in aspect, being very slender, often almost capillary, and
white, yellow, pink, coral-red, purple or violet in colour, with small scales
in the place of leaves. They are mostly from 5 to 15 cm. high; but
Spruce notes that Sciaphila purpurea, Benth., sometimes attains a height of
1-4 m. The usually unisexual flowers are small, occasionally very small;
that is not more than -5 mm. in diameter. The perianth is always
regular, simple or uniseriate, with valvate segments nearly uniform in size
and shape. : , :

Taking Sciaphila, as limited or accepted by Bentham and Hooker,

{Annals of Botany, Vol. XXI, No. LXXXI. January, 1907.]
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Beccari, Engler, Schumann and others, it presents a wide range of variation
in floral structure, as here set forth,

Male flowers. Perianth 4- 6- or 8-lobed, rarely 3- or 5-lobed; the
number of lobes not quite constant in the same species, nor in the same
inflorescence, and sometimes differing in the two sexes. Perianth-lobes
entire or rarely toothed at the tip (S. candata, Pouls.), inappendiculate
or with terminal clavate, comose, bearded or penicillate appendages.
Staminodes none. Stamens 2, 3, 4 or 6, opposite the perianth-lobes ;
filaments none or very short, usually connate and central in the triandrous
species ; anthers 2- or 4-celled, dehiscing transversely (or longitudinally?) ;
connective undeveloped or produced in a long, filiform tail above the
anther-cells (S. crinita, Becc.). Pistillodes or rudimentary carpels none,
or three or more, and either similar to the fertile ones or filiform (S.
andaiensis, Becc.). The external appearance of the male flowers of the
species just named and those of S. crénita is very similar, but the organs
described by Beccari as rudimentary pistils are shorter and less finely
pointed than the prolongations of the connective in S. erinita. The author
does not, however, show them separately, as he does the stamens of
S. c¢rinita, and Schumann, without discussing the question, cites both
species as having caudate stamens. ¢Nuperrime autem cl. Beccari species
duas Sciaphilae, nempe S. crinitam et S. andaiensem, descripsit, quarum
connectivum non solum bene evolutum sed etiam in caudam filiformem
apicem staminum longe superantem abiit, quae ante anthesin circa mediam
antheram voluta adspectum peculiarem praebet’ I have not been able to
check this, but I think Schumann probably judged by the figures only.
However, Beccari himself was evidently in doubt as to the nature of these
bodies in S. andaiensis, although his Latin description runs: ¢ & pistilli
rudimento in filamentis 3 linearibus e basi tripartito.” On the other hand
in the Italian description which follows, he says: ‘Questo corpo ha
I'apparenza di un rudimento di pistillo; ma forse deve, come nella
S. crinita, considerarsi come una produzione del connetivo delle antere.’
In his key to the species, the two in question are placed under: ¢ Floris
d pistillodia 3 vel 1 tripartitum.” Of course there is the alternative of
fusion of pistillodes and stamens!.

Female flowers. Perianth presenting much the same modifications as
in the male flowers, and either similar to or rarely different from that of the
male in the same species. Staminodes none, or 3 or 6. Carpels always
numerous, usually 30 or more, free, 1-celled, 1-seeded, dry or fleshy,
dehiscent or indehiscent, smooth, verrucose, muricate or papillose; style

1 Sir Joseph Hooker describes the male flowers of S. 4kasiana, as having three subulate pistil-
lodes, but his original drawings, made from the living plant, show these bodies attached to the
anthers, as though they were prolongations of the connective. There are no specimens of this plant
at Kew, the published description having been made from the drawings.
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ventral and basal, medial or subterminal, shorter or longer than the ovary,
sometimes much shorter, sometimes much longer ; stigma filiform, clavate
or globose, naked, papillose or plumose.

Heymaphrodite flowers. In several of the species examined flowers have
been found containing both stamens and pistils, and although the anthers
sometimes contain pollen-grains and the ovaries ovules, it is uncertain
whether both are ever perfect in the same flower. Some flowers may be
functionally male ; others functionally female. These quasi-hermaphrodite
flowers are often irregular as to the number and disposition of the parts.

I think it will be generally conceded that the foregoing review of the
range of modifications in the floral structure of plants referred to Sciaphila
suggests further segregation. Bentham and Hooker, and also Engler,
admit of only two genera in the order Triuridaceae, although Miers and
others had long previously established five. Schumann more recently
restored Peltophyllum, Gardn., and Soridium, Miers, South American
forms.

A comparison of the Seychelles plant with Blume’s description and
figures of Sciaphila tenella, comes out as follows :—

Sciaphila. Seychellaria.
Male flowers.
Perianth-lobes bearded at the tips naked
Staminodes none three
Stamens six three
Filaments undeveloped distinct
Anthers two-lobed, dehiscing four-lobed, dehisc-
longitudinally ing transversely
Pistillodes numerous none
Female flowers.
Perianth-lobes bearded at the tips naked
Staminodes six none
Carpels fleshy dry
Styles shorter than the ovary  longer than the ovary

I have some doubt about the correctness of Blume's description and
figures of the stamens. His description runs: ¢Antherae sessiles, sub-
rotundae, carnosae, paulum papillosae, loculis disiunctis ad margines sulco
longitudinali dehiscentibus.” If this is an accurate description, Sciaphila
Zenella differs, in this respect, from all the other members of the order that
I bave examined, and all the figures that I have seen ; but Beccari, although
he does not discuss the point, evidently did not accept it as correct, because
he refers several Bornean specimens having the characteristic anthers with
transverse dehiscence to this species .

! Since the foregoing was written I have been able, through the courtesy of Dr. J. P. Lotsy,
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Apart from this, however, the differences are sufficient, in my opinion,
to justify the generic separation of the Seychelles plant from Sciapkila.
As I have already stated, I shall not attempt to classify the thirty species,
or thereabout, referred by various authors to Scigpkila, though, judging
from the figures, I do not think it would be a difficult task.

Seychellaria, Triuridacearum novum genus ex affinitate Sciaphilae, Blume,
a qua perianthii segmentis apice haud barbatis, lorum & staminodiis 3, staminibus 3,
pistillodiis nullis, florum ¢ staminodiis nullis et stylo quam ovario longiore differt.

S. Thomassetii (species unica).

Planta saprophytica, carnosa, tenella, diaphana, concolor, pallida, praeter radices
pilosas glabra, erecta, stricta, rhizomate repente squamoso ramoso, ramis ex
squamarum parvarum axillis egredientibus subhorizontalibus pilosulis.  Caules
filiformes, pauciramosi, 10o-12 cm. alti, vix 1 mm, crassi, squamis paucis ovato-
lanceolatis acutis 2-3 mm. longis instructi. F/ores carnosi, racemosi, racemis 6-12-
floris, breviter pedicellati, 1-2 mm. diametro, unisexuales, monoici, inferiores feminei,
paullo majores, superiores masculi, vel interdum nonnulli subbisexuales. Perianthium
utriusque sexus saepius 6-partitum, rarius 4- vel 5-partitum; segmenta ovato-
lanceolata, obtusa, alterna paullo minora, induplicato-valvata, inappendiculata vel
apice obscure papillosa, demum arcte recurva. Flores @ triandri; staminodia 3,
teretia, capitata, staminibus externa, longiora et iis alterna, perianthii segmentis
alternis opposita ; stamina centralia, perianthii segmentis alternis opposita, filamentis
brevibus basi approximatis. vel breviter connatis; antherae distincte 4-lobae, rima
transversali dehiscentes, connectivo supra loculos haud producto. ZFlores  sine
staminodiis ; carpella libera, numerosa (30-35), vix carnosa, rugulosa, in receptaculo
conico sessilia, unilocularia, uniovulata ; stylus ventralis, papillosus, ovarium multo
superans. Ovulum erectum, anatropum, raphe ventrali. Frucfus maturus non-visus.

SevcHELLES : found growing at the base of trees in mountain forest at 6oo m.,
Mare aux Cochons, Mahé, AH. P. Thomasset, February, 1906. Herb. Kew.

It has already been mentioned that the quasi-hermaphrodite flowers of
some of the Triuridaceae are occasionally irregular in structure in relation
to the number and position of the parts. Some of the male flowers of
Seychellaria are abnormal in having an extra, perfect or imperfect stamen
or two ; sometimes there are two or three stamens on contiguous instead of
alternate segments of the perianth, and occasionally there are two or three
imperfect carpels in the centre, and the staminodes are wanting. In one
flower we found excrescences near the middle of perianth-segments, five of
which were sessile and one stalked as shown in Figure 11 on Plate IX. It

Director of the National Herbarium, Leiden, to examine the type of Sciapkila tenclla, Blume, with
the result that I find his description accurate excepting that part relating to the anthers. The
stamens of this species are different from those of any other member of the order that I have
examined, but whether those seen are normal it is difficult to decide as the whole male flower is only
about a millimetre in diameter. Miss M. Smith has drawn what we saw and it is described on
p- 75—W. B. H.
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‘would appear that these small flowers are peculiarly subject to disturbances
in their development. )

In connexion with the Seychelles plant I have looked through the
Triuridaceae at the British Museum, as well as those at Kew, and among
the former is a specimen collected in the island of Aneiteum, New
Hebrides, by John MacGillivray, in 1853 (or 1854, as labelled, but there is
no evidence that MacGillivray visited the island a second time), which is
apparently undescribed. With the permission of Dr. A. B. Rendle, the
Keeper of the Botanical Department, I have been able to examine this
plant and describe it, and excepting in the stamens, and perhaps the
absence of staminodes from the female flowers, the floral structure is the
same as that of Sciaphila tenella, Blume. I therefore place it provisionally
in that genus.

Sciaphila aneitensis, Hemsl. species nova a S. fenella, Bl., floribus masculis
triandris et carpellis numerosioribus haud verruculosis recedit.

Planta saprophytica, gracilis. Cawles erecti, simplices, circiter 25 cm. alti,
squamis paucis minutis instructi. FJores numerosi, racemosi, pedicellis brevibus
recurvis, unisexuales, superiores masculi, Persanthium utriusque sexus 6-partitum,
segmentis ovatis apice comoso-barbatis inflexis nunquam reflexis. Flores masculs
circiter 3 mm. diametro, triandri; stamina perianthii lobis alternis - opposita ;
filamenta brevissima ; antherae bilobae, rima transversa dehiscentes; pistillodia
numerosa, globosa. Flores feminei carpellis fere maturis circiter 5§ mm. diametro ;
staminodia nulla? sed flores iuniores non visi; carpella 30-40, ovoidea, circiter
1 mm. diametro, laevia, quam stylus infra medium ventralis tertia parte longiora,
stigmate minuto globoso papilloso. ’

Nrxw Hesripes : Aneiteum, MacGillivray, 1853. Herb. Mus. Brit.
Sciaphila tedella, Blume.

Figures 11 to 17, Plate X, represent two out of four of the plants
which Blume apparently had under observation when he wrote his original
description, together with their floral structure. All four plants appeared
to be the same, though Miss Smith and I did not dissect flowers of all of
them, and there is only one label on the sheet, which gives the locality, as
near as we could decipher it, as van de Gunnung [i.e. Mount] Mendare.
It is possible, however, that Blume had other specimens before him,
because he gives more than one locality: ¢Crescit in umbrosis Montis
Menarae ac sylvarum Insulae Nusae Kambangae.’

The empty anthers of the three or four male flowers examined are
3-lobed, which is probably an abnormal condition, the normal condition
being 4-lobed in many of those figured by Beccari and others, and in
some cases the dehisced anthers look as though they were permanently
4-celled, as described by Miers in some other members of the order.
And the anthers of S. fenella have the appearance of being permanently
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g-celled. Be that as it may, there is little doubt that there is an error of
observation in Blume’s work, and that dehiscence by longitudinal slits does
not occur in Sciapkila ; and his  fleshy anthers’ were probably rudimentary
carpels. Such a misconception of facts is not at all improbable where the
parts are so extremely small.
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EXPLANATION OF THE FIGURES IN PLATES IX AND X.

Illustrating Mr. Hemsley's paper on two new Triuridaceae.
PLATE IX.

Fig. 1. An old plant of Seychellaria Thomassetii. Natural size,
Fig. 3. Lower part of the same.
Fig. 3. A plant of Seychellaria Thomassetis in flower. Natural size.
Fig. 4. Lower part of the same.
Fig. 5. Portion of inflorescence.
Fig. 6. A flower-bud.

. Fig. 7. A bract,
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Fig. 8. A young male flower forcibly opened.

Fig. 9. A fully expanded male flower.

Fig. 10. A male flower opened out to show the attachment of the staminodes and stamens.
Fig. 11. A male flower with excrescences on the perianth-segments,

Fig. 1a2. A female flower with a tetramerous perianth.

Fig. 13. A nearly ripe fruit,

Fig. 14. A carpel.

Fig. 15. Section of the same showing the attachment of the young seed.

All the Figures except 1 and 3 much enlarged and some of them are more or less diagrammatic.

PLATE X.

Fig. 1. A plant of Sciaphila ancitensis shown in two sections. Natural size.
Fig. 3. A flower-bud.

Fig. 3. A male flower.

Fig. 4. A stamen.

Fig. 5. A young fruit showing the persistent perianth.

Fig. 6. The same seen from the side,

Fig. 7. A perianth-segment,

Fig. 8, Stigma.

Fig. 9. A carpel.

Fig. 10. A young seed.

Fig. 11. Plants of Sciaphsla tenella. Natural size.

Fig. 13. An old male flower.

Fig. 13. Androecium and pistillodes.

Fig. 14. An old stamen,

Fig. 15. A female flower.

Fig. 16. A young fruit,

Fig. 17. A carpel.

All the Figures except 1 and 11 much enlarged and some of them are more or less diagrammatic.
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On the Existence of a Semi-permeable Membrane
enclosing the Seeds of some of the Gramineae.

BY
ADRIAN J. BROWN.

URING a recent investigation of the conditions governing the absorp-

tion of water by the ripe grain of certain cereals, some experiments

with the grain of Hordeum vulgare, var. caerulescens, indicated that the

embryo and endosperm of the grain are contained within a semi-permeable
covering.

The grain of this variety of /. vulgare is characterized by a greenish-
blue colour, due to the presence of a blue pigment in its aleurone cells.
As the colour of this pigment, like litmus, is changed to red by acid, the
grain is therefore naturally furnished with an indicator by means of which
the access of free acid to its aleurone cells may be detected.

During some experiments with the blue variety of /. vulgare, in which
the grain was steeped in a dilute solution (1 per cent.) of sulphuric acid, it was
noticed that when the skins of the grain were punctured or otherwise
damaged the colour of the aleurone cells of the grain adjacent to the
damaged part of the skin rapidly changed to red, and that this colour
transformation gradually spread to all the cells of the aleurone layer,
demonstrating diffusion of acid throughout the endosperm of the grain.
‘When, however, undamaged grain of the same variety of barley was
steeped in a similar solution of acid it was observed that although the
contents of the grain became soft and swollen from absorption of water,
the aleurone cells retained their original blue colour, indicating that the
acid had not obtained access to the interior of the grain. It was further
noticed that this condition remained for a week or even longer, if germination
of the grain was prevented or delayed by keeping it submerged in the acid
steeping liquid. If, however, germination took place, with consequent
rupture by the growing roots of the skins of the grain where they protect
the base of the embryo, the aleurone cells of the grain speedily changed to
a red colour, indicating that acid had diffused through the tissues of the
embryo into the endosperm of the seed.

'[Annals of Botany, Vol. XXI. No. LXXXI. January, 1907.]



80 Brown.—On the Existence of a Semi-permeable Membrane

These obscrvations regarding the behaviour of the grain of the blue
variety of A. vulgare when steeped in dilute sulphuric acid therefore
indicated that water alone vbtains entrance to the grain under these
conditions if its coverings remain intact, and that consequently the coverings
of the grain behave as a semi-permeable or selective membrane with regard
to an aqueous solution of sulphuric acid. But as this conclusion was based
solely on indications furnished by the colour reaction with acid of the blue
pigment of the aleurone cells of the grain, it'was evidently desirable to test it
by other methods of investigation.

In further experiments grains of the blue variety of H. vuigare were
steeped in a 1 per cent. solution of sulphuric acid for periods of time varying
from 24 to 72 hours, and subsequently were cut—some longitudinally, and
others transversely—into sections. On testing the reaction of these sections
with a solution of methyl-orange no indication of the presence of free acid
was obtained in any portion of the seed within the testa—the coverings of
the grain, however, exhibited an acid reaction. In all the experiments the
presence of water was demonstrated within the seed coverings, both by the
swollen and soft condition of the endosperm and also by the turgid condition
of the cells of the embryo. :

It was evident, however, that more conclusive proof that the coverings
of the grain functioned as a semi-permeable envelope would be obtained,
if, following steeping the grain in a solution of sulphuric acid, concentration
of the solution of acid was demonstrated—for manifestly concentration
must take place if water only is absorbed by the grain under these
conditions.

Experiments with barley grains, in which they were steeped in normal
(4'9 per cent.) sulphuric acid, and the remaining acid solution was subsequently
titrated with standard alkali, readily demonstrated that a marked con-
centration of acid in the solution takes place under these conditions. But
it appeared more satisfactory to establish, if possible, that the concentration
which takes place is proportional to the volume of water abstracted from
the solution of acid by the barley grains during steeping.

The following experiment was made with this object in view. 10-899
grms. of air-dried barley grains were in the first instance steeped in 15 c.c.
normal (4:9 per cent.)sulphuric acid for 3 hours,and afterwards the grains were
drained, well dried in filter-paper, and reweighed. The weight obtained
was 12:509 grms. This preliminary treatment of the grain was carried on
in the first instance to neutralize a feeble basic condition apparently
natural to the skins of the grain, and secondly, in order to correct as nearly
as possible for the weight of moisture adhering to the skins of the grain
after draining and drying in filter-paper.

Following this preliminary treatment the grain was again steeped in
15 c.c. normal sulphuric acid and allowed to remain for 48 hours.
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Subsequently after draining and drying the grain in filter-paper as before
it was found to weigh 14-459 grms. The grain had therefore absorbed
1-950 grms. of moisture from the normal acid in which it had been steeped.
This weight would represent 1-950 c.c. water abstracted from the original
volume of normal acid if the skins of all the grains of barley employed
were undamaged and had permitted the passage of water only through
them; but on examination it was found that the skins of 7-2 per cent. of the
grains employed had been injured and had admitted the passage of both
acid and water to the interior of the grains. Consequently the volume of
pure water abstracted from the acid solution and tending to concentrate it
is 1-81 c.c. (1.95 cc~0-14 c.c.). On subtracting this amount from the
original volume of 15 c.c. of normal acid employed, 13:19 c.c. remain as
the diminished volume of the acid solution calculated from the weight of
water absorbed by the grain.

On directly titrating 10 c.c. of the acid solution with normal (4-0 per
cent.) caustic soda, it was found that 111 c.c. were required for neutralization ;
hence 11.1 c.c. of the original normal acid have been concentrated to a
volume of 10 c.c, which is equivalent to a concentration of the original
15 c.c. employed to 13-51 c.c.

Therefore, from the weight of water absorbed by the grain, a con-
centration of the original 15 c.c. of normal acid to 13.19 c.c. has been
found, and by direct titration a concentration of 13.51 c.c.—close agreement
considering the relatively large errors present in the method of experiment
which it was found necessary to adopt.

In order to demonstrate still more conclusively that a solution of
sulphuric acid is concentrated by the semi-permeable property of barley
grains, four separate quantities of grain were steeped successively for 24
hours each in the same solution of normal sulphuric acid in order to
intensify the concentration effect. On subsequently titrating the acid
solution which remained unabsorbed by the grain its strength was found to
have increased from the original concentration of 4-9 per cent. to 7-62 per
cent. H,SO,.

The experiments described demonstrate conclusively that a separation
of water and sulphuric acid is effected when undamaged grains of barley
are steeped in solutions of sulphuric acid not exceeding a concentration of
4-9 per cent. As it appeared desirable, however, to ascertain if a similar
phenomenon is exhibited when barley grains are steeped in more con-
centrated acid, some grains of the blue variety of /. vulgare were immersed
in solutions of 9-0, 18-0, and 36-0 per cent. H;SO, for 44 hours.

On subsequent examination it was found in all the experiments that
the original blue colour of the undamaged grains remained unchanged.
Further examination by means of methyl-orange also demonstrated that
no free acid had penetrated to the interior of the grains. When the grains

G
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were cut, however, a difference was observed in the conditions of their
contents in respect of the amount of water absorbed during steeping in the
solutions of acid. The endosperms of the grains steeped in 9 per cent.
sulphuric acid were soft, and the tissues of the embryos were turgid through
absorption of water. The endosperms of the grains steeped in 18 per cent.
acid were not so soft, and the embryos, although distinctly moist, were
much less so than in the experiment with weaker acid. In the case of the
grains steeped in 36 per cent. acid, both their endosperms and embryos
appeared to be as hard and dry as they were previous to steeping in the
acid.

It is evident when a semi-permeable membrane capable of separating
water and sulphuric acid is in action some such results as those described
are to be expected, and they suggest some interesting questions in connexion
with osmosis which are reserved for future investigation.

In order to obtain additional proof that solutions of sulphuric acid of
such high concentration as 18 and 36 per cent., employed in the experiments
just described, had not gained access to the embryos of the barley grains
and destroyed their vitality, some of the grains which had been steeped in
these two solutions of acid were well washed in water and subsequently
placed under conditions favourable for germination. In a few days all were
in vigorous growth. _

Following on the experiments with sulphuric acid which have been
described, some experiments were made in which barley grains were steeped
in solutions of various salts in order to ascertain if water alone passes into
the interior of the grains under these conditions.

5 per cent. solutions of cupric sulphate, ferrous sulphate, potassium
chromate, silver nitrate, and potassium ferrocyanide, were employed with
the result that no trace of any of these salts was found within the coverings
of the grains after three days’ steeping, although in all cases the embryos
and endosperms of the grains were softened and distended with water.

Experiments were also made with solutions of sodium hydrate of
varying concentration. Solutions of 1 per cent. strength and-upwards
destroyed the coverings of the grain and ultimately disintegrated the grain
completely.

The coverings of the grain were, however, found to withstand the
action of a 0.5 per cent. solution, and under these conditions, although water
passed from the solution into the grain, sodium hydrate was excluded.

Experiments with solutions of hydrochloric acid of normal (3-65 per
cent.) strength also showed that this acid, like sulphuric acid, is excluded
from the interior of the grains.

With nitric ‘acid, however, somewhat different results were obtained.
When barley grains were steeped in a I per cent. solution of this acid it
was found that the acid was excluded during 24 hours' immersion, and in
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the case of a small number of the grains a similar result was obtained after
48 hours’ steeping, but eventually it was found that all the grains admitted
acid 1,

A similar condition was noticed, but after a much shorter interval of
time, when the grains were immersed in 5 per cent. nitric acid. From the
appearance of the grains after steeping, there is reason, however, to believe
that the passage of nitric acid to the interior of the grains does not result
from a selective action of their semi-permeable envelope, but from
destruction of the semi-permeable property of the envelope by the
chemical action of the acid.

Apparently, however, an instance of the envelope exhibiting a power
of selection for matter other than water is found in the passage of iodine
into the barley grain.

When barley grains are steeped in a 1 per cent. solution of iodine in
iodide of potassium (5 per cent.) solution for 24 hours, the passage of iodine
through the envelope into the interior of the grains is evidenced by the
contents of the cells of the embryo and of the aleurone cells being stained
brown, and also more markedly by the starch granules of the starch-
containing cells of the endosperm being stained blue.

The latter phenomenon, which renders it easy to study the manner in
which iodine passes into the grain, indicates that it penetrates all parts of
the skins enveloping the endosperm at approximately the same velocity,
with the exception of the part in the neighbourhood of the ventral-furrow,
through which it appears to pass with difficulty.

In the first instance it seemed probable that access of iodine to the
interior of the grain was only obtained after destruction of the semi-
permeable property of the envelope by the chemical action of the iodine,
but experiments in which grains of barley previously stained with iodine
were steeped in a solution of sodium hyposulphite, appeared to show that
such is not the case. Under such condition, if the semi-permeable
character of the envelope of the grains was destroyed, the sodium
hyposulphite would diffuse into the grains and discolour the starch-
containing cells of their endosperms which had previously been coloured
with iodine; and, in confirmation of this, direct experiment showed that
when grains of barley stained with iodine were steeped in a solution of
sodium hyposulphite after their skins were punctured or otherwise damaged,
the sodium hyposulphite diffused into the grains and discoloured them. On
the other hand, when iodine-stained grains with uninjured skins were
steeped in a solution of sodium hyposulphite, no discoloration was
observed even after the grains had been immersed in the solution for five
days.

! It appeaied that cutrance of the acid was always obtained at the germ, or proximal, end of

G2
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The experiments described above demonstrate that the embryo and
endosperm of the barley grain arc enclosed within an envelope through
which water and iodine can pass to the interior of the grain, but through
which certain acids and salts cannot pass. As there appeared to be no
known instance of the occurrence in the vegetable kingdom of a membrane
other than one of living protoplasm, which possessed a marked semi-
permeable property, it seemed very desirable to inquire if the semi-
permeable property of the envelope of the barley grain was a function of
living protoplasm, although from the first it appeared very improbable that
it was so when the conditions ruling in some of the experiments already
described were considered.

In order to demonstrate the semi-permeable character of living proto-
plasm by plasmolysis, solutions either of inert salts, or of such bodies as
cane sugar, which do not exert an injurious action on the protoplasm of
the living cell experimented with, must be employed, for otherwise, as the
solute must come into direct contact with the protoplasm of the cell in
order to exert its osmotic influence, its vitality would be destroyed and it
would cease to function as a semi-permeable membrane. But in some of
the previous experiments it has been shown that the semi-permeable
property of the envelope of the barley grain is exhibited with solutions of
sulphuric acid of very high concentration, and it appears inconceivable that
such strong acid can come in contact with living protoplasm without
destroying its vitality at once. Moreover it has been shown that when
solutions of such poisons for protoplasm as silver nitrate and cupric sulphate
are employed these salts are excluded from the interior of the barley grain.
Additional evidence that living protoplasm does not act as the semi-
permeable membrane of the barley grain is also furnished by the results of
the experiments with iodine, which have already been described. In these
experiments it was shown that iodine penetrates the coverings of the
grain, and yet on subsequent immersion of the grain in a solution of sodium
hyposulphite the coverings through which iodine has already passed prevent
the passage of the salt. To regard the selective character of the coverings
as depending on the action of living protoplasm after the passage of
a strong poison like iodine through them seems unreasonable.

Conclusive proof that the semi-permeable character of the envelope
surrounding the grain does not depend on the activity of living protoplasm
was, however, obtained by experiments conducted with grains of barley
after they had been subjected to the action of boiling water. Some barley
grains were immersed in boiling water, and at intervals of 5, 10, 30, 60,
and 120 minutes a number of the grains were removed. On examination
it was found that the skins of all the grains which had been steeped in
boiling water for 120 minutes were ruptured and their contents were
extruding, and of those grains similarly treated for 60 minutes all but one
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were ruptured. In the case of the grains boiled for 30, 10, and 5 minutes
all remained whole.

Following on the treatment with boiling water the grains from the
three last experiments, the skins of which were apparently uninjured, were
steeped in normal sulphuric acid for 48 hours. On subsequent examination
it was found that no trace of acid had penetrated to the interior of the
grains except in a very few instances in which the skins of the grains had
been accidentally damaged. In order to obtain additional evidence that life
in the grains had been destroyed by the treatment to which they had been
subjected, some of the grains which had been immersed in boiling water
for the shortest period of time (5 minutes) were placed under conditions
favourable to germination, with the result that they exhibited no signs of
life.

The above experiments therefore show conclusively that the semi-
permeable property of the envelope of the barley grain is not a function of
living protoplasm.

A study of the nature and position of the semi-permeable envelope
enclosing the barley grain was then commenced. Previous observations
regarding the behaviour of the blue pigment in the aleurone cells of grains
of H. vulgare, var. caerulescens, when steeped in an acid solution, demon-
strate that the semi-permeable envelope must occupy a position which is
external to the aleurone cells of the endosperm, and also that it must
enclose both the embryo and endosperm of the grain.

The envelope enclosing the embryo and endosperm of the barley grain
apparently consists 1 : (1) of the pales, originally the floral envelope ; (2) of
the pericarp, composed of several layers derived from the component parts
of the walls of the ovary; and (3) of the spermoderm, composed of the
ovular integuments together with the outer layer of the nucellar tissue.
The semi-permeable property of the grain therefore should be located in
one or more of these coverings.

The pales of the grain'do not function as the semi-permeable covering,
for after their removal the grain exhibits its semi-permeable property
equally as well as before. The property also does not appear to be
a function of any part of the pericarp, for the layers of cells composing
this covering are disintegrated when the barley grain is digested in
a 36 per cent. solution of sulphuric acid without the semi-permeability of
the grain being destroyed. (See above, p. 81.)

The spermoderm of the grain, however, resists the action of 36 per cent.
sulphuric acid in a very remarkable manner, and hence this covering or one
of its component layers probably constitutes the semi-permeable membrane
of the barley grain.

1 See ¢ Développement et constitution de ’endosperme de l'orge’. W. Johannsen. Comptes
Rendus des travaux du Laboratoire de Carlsberg. Vol. 2, 1884, 63.
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In order to investigate this point further, grains of H. wvulgare, var.
cacrulescens, and of several varieties of H. distickum were steeped for
48 hours in solutions of methyl-violet and of fuchsin, and also in solution
of various salts which could be readily traced by micro-chemical means,
and subsequently sections of the grains were prepared for the purpose of
studying microscopically the limit of passage of the reagents employed
through the coverings of the grains.

The best results were obtained with grains which were in the first
instance steeped in a 3 per cent. solution of silver nitrate for 48 hours,
and afterwards steeped for 48 hours in a 5 per cent. solution of sodium
chloride. By this means the limit of penetration of the silver nitrate
through the skins of the grain was rendered visible by its precipitation
as silver chloride in the cellular tissues and subsequent blackening on
exposure to light,

Microscopic examination of sections of barley grains treated in this
manner demonstrates that silver nitrate passes through the pales and
pericarp into the spermoderm, which, in part at least, is coloured by the
silver salt. A thin layer of uncoloured membrane, however, remains
between the stained portion of the spermoderm and the walls of the
aleurone cells of the endosperm. Probably this layer of the spermoderm
is derived from the epidermis of the nucellus, but its identity has not been
satisfactorily determined at present.

When transverse sections of a barley grain treated with silver nitrate
and ‘sodium chloride are examined in the neighbourhood of the funicle
a very well-defined line is found, indicating that the silver salt, after
penetrating the spermoderm some distance, stops abruptly at the outer-
most layer of the sheaf-like mass of empty cells, which are usually regarded
as the remains of the cells of the nucellus; but it appears undesirable to
draw any definite conclusion from this observation owing to the complex
character of the envelope of the barley grain in the neighbourhood of the
funicle. ’

There seems to be no doubt that the semi-permeable property of the
barley grain centres in the spermoderm, but whether the property is
confined to one of its layers only has not been definitely determined
as yet.

As it appeared interesting to ascertain if the grain of other of the
Gramineae than Hordeum exhibited the phenomenon of semi-permeability,
grains of Avena, Triticum, and Secale were steeped in a normal solution
(4.9 per cent.) of sulphuric acid for 48 hours, and subsequently examined.
It was found that they all evidenced the possession of a semi-permeable
covering, as in the case of Hordeum. In the case of Triticum and Secale,
however, a much larger proportion of damaged grains not capable of
excluding acid were found as compared with Hordeum and Avena.
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Apparently this is due to the grain of 7riticum and Secale not retaining
the pales as a protective covering, as in the case of Hordeum and Avena,
and consequently to the skins which compose the pericarp and spermoderm
of the grain of Zriticum and Secale being more exposed to accidental
injury.

CONCLUSION.

This paper gives an account of the preliminary work of an investigation
which is being continued, and although the results so far obtained suggest
further discussion both from a botanical and a physico-chemical point of
view, it appears desirable at present to await the results of experimental
work which is proceeding. The following summary appears, however, to
be justified :—

1. The grain of Hordeum is enclosed within a semi-permeable or
selective covering, which permits the passage of water and iodine to the
interior of the grain, but which prevents the passage of sulphuric and
hydrochloric acids, and all salts of metals at present examined, when they
are in aqueous solution.

2. The semi-permeable property of the covering of the grain of Hordeumn
is not due to the action of living protoplasm.

3. The semi-permeable property of the covering of the grain of
Hordeum is located in the spermoderm of the grain. ’

4. The grain of Avena, Triticum, and Secale is enclosed in a semi-
permeable covering apparently similar to that of the grain of Hordeum.

ScHOOL OF BREWING,
UNIVERSITY OF BIRMINGHAM,
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I. INTRODUCTION.

N January last we published a preliminary note on the structure of
Trigonocarpon olivaeforme3, giving a short account of a reinvestigation
of a large number of the seeds. The object of the present paper is to illus-
! [The investigation recorded in the present paper was carried out jointly by my colleague and
myself at the Jodrell Laboratory. The part of the paper now published, giving the results of our
joint observations, has been written entirely by Mr. Maslen. In the second part we hope to discuss

the more general questions arising out of our work.

D. H. ScoTT.]
* Scott and Maslen, 1906.

(Annals of Botany, Vol. XXI. No. LXXXI, January, 1907,
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trate and describe in detail the structures there referred to, to describe
a new species of Trigonocarpus?, to briefly describe the specimens which
are preserved as structureless casts and impressions and compare them
with those in which the internal structure is preserved, and to discuss the
probable affinities of 7#igonocarpus and the general bearing of our work.

Among the many forms of seeds which occur in the British Coal-
Measures none are more familiar to geologists and palaeobotanists than
the more or less triangular nut-like seeds referred to Brongniart’s genus
Trigonocarpus. This name (or Trigonocarpum) was originally applied by
Brongniart, in his Prodrome d'une Histoive des Végétaux fossiles?, to French
specimens, on account of their characteristic three-ridged form as seen in
the ordinary sandstone casts, and equally well in transverse sections of the
petrified seeds preserved in the calcareous concretions of the Lower Coal-
Measures.

In the most common mode of preservation, the familiar three-angled
‘nuts’ of the miners were long ago shown by Hooker and Binney * and
by Williamson* to be nothing more than internal casts of the cavity of the
seed, and to be often surrounded by a thin coaly layer which was correctly
interpreted as the remains of the testa. These internal structureless casts
are found in all parts of the Coal-Measures. Wild ® instances the Peel Delf
rock, near Worsley, in the Upper Coal-Measures, and the Bardsley Delf rock,
near Ashton-under-Lyne, in the Middle Coal-Measures, as localities which
have yielded a great many examples of these triangular internal casts, while
in the Lower Coal-Measures 7rigonocarpus is not uncommon in a petrified
form. Some of the specimens exhibited at the Natural History and other
Museums show hundreds of examples of 77igonocarpus on one slab of rock,
and thus serve to illustrate in a striking manner the abundance of these
seeds and of the plants on which they were borne in later Palaeozoic
times.

Tyigonocarpus occurs also at corresponding horizons in many parts
of Europe. The French Stephanian (corresponding to our Upper Coal-
Measures), especially at Grand’Croix, near St. Etienne, has yielded
numerous types of Gymnosperm seeds, many of which were originally
described by Brongniart®. These silicified Carboniferous seeds from St.
Etienne have also been studied by Renault, and quite recently by Prof.

! Some reason should be given for our use t;f the form Zrigomocarpus in this paper instead of
Trigonocarpon, which was the name used in our preliminary note. The name of this seed has,
unfortunately, been spelt differently by different authors. Brongniart himself in his original
¢ Prodrome’ uses Z¥igonocarpum, in his ¢ Tableau’ Zrigonocarpon is used, while in the memoir on
the St. Etienne seeds the genus appears as Zrigonocarpus, Lindley and Hutton used Zrigono-
carpum, while Williamson adopted Zrigvonocarpon. Prof. F. W, Oliver, F.R.S,, in his recent papers

on some of the French seeds uses Zrigorocarpus and for the sake of nniformity among present-day
observers we have adopted the same form.

? Brongniart (*28). * Hooker and Binney (’55). ¢ Williamson ('77), p. 251.
s Wild ('00), p. 433 * Brongniart ('74), ('81).
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F. W. Oliver, who has commenced a re-examination of the seeds and from
whom valuable papers have already appeared on Stephanospermum?,
Trigonocarpus pustllus?, and other forms.

In Brongniart’s memoir on these silicified seeds from Grand’Croix,
published in 18743, they are divided into two series, according to shape, as
follows :—

(A) Graines a symétrie binaire, plus ou moins aplaties et bicarénées.

(B) Graines a symétrie rayonnante autour de laxe a trois, six, huit

divisions ou d section circulaive.
For these series Prof. Oliver has proposed the names Platyspermeae and
Radiospermeae respectively 4.

The Radiospermeae are further divided into several groups based on the
form of the transverse sectio -, circular, triangular, hexagonal, or octagonal ;
and the three-angled forms are referred to three genera, 7rigonocarpus,
Tripterospermum, and Packytesta. Of these genera, Trigonocarpus and
Tripterospermum appear to be so nearly alike as to be difficult of separation.
Indeed, the first British specimens of Zrigonocarpus of which the internal
structure was described—by Hooker and Binney in 1855 *—were regarded
by Brongniart himself as probably belonging to his genus Tripterosper mum.
The specimens afterwards described by Williamson under the name of
Trigonocarpon olivacforme ® undoubtedly represent the same form as the
Hooker and Binney seed, and in fact nearly all the structural specimens
which we have examined from the British Coal-Measures, and they are
numerous, are so generally similar in size, form, and structure as to lead
us to the conclusion that they probably belonged to the same species of
plant.

It is important, therefore, at the outset of our investigations, to critically
consider the two genera Trigonocarpus and Tripterospermum, and to decide
to which form our common British specimens should be referred.

The characters used by Brongniart for the separation of these two
genera are given in the following extract. Zripterospermum is described as
of the same general form as Tyigonocarpus: ‘ Mais ce testa, trés-épais, se
prolonge en trois ailes trés-saillantes, et est composé de deux couches trés-
distinctes : l'interne est formée d’un tissu serré, trés-coloré et trés-opaque,
composé de cellules diversement dirigées; l'extérieure, plus large, est
constituée par un tissu plus lache et plus transparent’’. One of the
distinguishing characters here given, viz. the double-layered testa, is now
known to be shared by Brongniart’s Trigonocarpus pusillus, as shown
by Prof. Oliver in his recent re-examination of this seed from Grand'-
Croix® Prof. Oliver shows that the compact layer of the testa is

' Oliver ("04) (1). ? Oliver ('04) (2). ? Brongniart ('74).
¢ Oliver ("04) (1), p. 389. ®* Hooker and Binney (’55). * Williamson ('77).
' Brongniast ('74). * Oliver ('04) (2), p. 98.
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overlaid by two or three layers of thin-walled cells, which in all
probability represent but a small portion of a much more extensive tissue,
so that, according to this character, Trigonocarpus pusillus (Brongn.) is
a Tripterospermum.

The other distinguishing feature of Tripterospermum, i.e. the more
wing-like form of the ridges of the hard testa, remains to be considered.
The difference would be best seen by a comparison of transverse sections of
the body of the seed in the two genera. Comparing our common British
form, described in this paper as 7Zrigonocarpus Parkinsoni (see Pl. XI,
Fig. 5), with the figures given by Brongniart, it seems to agree (as was
evidently thought by this author himself) rather more closely with 7riptero-
spermum than with Trigonocarpus.

Should we, then, describe our British forms as belonging to the genus
Tripterospermum? We have already seen that the degree of prominence
of the three principal ridges of the testa is the only remaining character by
which to distinguish the two genera. Among our British forms there is
some variation in this respect, not only in the principal ridges, but also
in the less prominent ribs which occur between them, as will be more fully
discussed later. Prof. Oliver, in his memoir on Stephanospermum, one of
the radiospermic Gymnospermous seeds from St. Etienne, and in a com-
parison of this form with other related Palaeozoic seeds, after pointing out
that the seed described by Williamson as Trigonocarpon olivacforme
unquestionably belongs to the same affinity as the Hooker and Binney
specimens, says: ‘Consequently, for the present discussion, both these
Trigonocarpons may conveniently rest in the Brongniartian genus 7riptero-
spermum’. Somewhat later, in his Notes on Trigonocarpus and Poly-
lophospermum, discussing the same subject, Prof. Oliver says that ‘In any
case the structural feature used by Brongniart to separate 7rigonocarpus
and 7ripterospermum seems unimportant’ 2,

We concur in this opinion, and shall therefore describe our forms as
belonging to Trigonocarpus. We are the more disposed to do this as this
name has been extensively used in this country by Williamson and others
for petrified specimens and casts similar to those described in this paper,
and so has become well known to every one interested in fossil plants.
Tripterospermum has never been used for British forms.

We may now consider the question of the specific name which should
be given to the common form. This question is made the more difficult of
solution owing to the difficulty of accurately comparing the structural
specimens preserved completely embedded in a matrix with the much more
common form of preservation as a structureless cast. The specific names
have usually been first applied to the casts and afterwards to structural
specimens which appeared to agree in shape and size.

! Oliver ('04) (1), p. 391. * Oliver ('04) (3), p. 97 note,
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According to Mr. Kidston! the earliest figured specimens of Zrigono-
carpus are those given in Parkinson’s Organic Remains?®, published in 1811.
These are the familiar internal nut-like casts to which Brongniart, in his
Prodrome 3, gave the name Trigonocarpum Parkinsons. This name appears
" to be the earliest applied to British specimens.

The other familiar specific name, olfvaeforme, seems to have been first
used by Lindley and Hutton for casts 4, and afterwards by Williamson ® for
specimens showing -internal structure,

Lindley and Hutton figure and describé several species of 7rigono-
carpus (their Trigonocarpum) from the casts. Some of these forms differ
from our common form in size and shape to such an extent that we feel no
doubt as to their being distinct species, but two somewhat similar forms
are figured as 7. Noeggerathi and 7. olivacforme. Internal casts of 7. Noeg-
gerathi are said to be provided with six longitudinal ridges instead of three
as in 7. olivaeforme.” Internal casts of any of our specimens would certainly
have only three ridges, so that 7. Noeggerathi may be excluded. More-
over, according to Mr. Kidston, 7. Noeggerathi is an uncommon seed in
Britain ©.

It rests, then, between 7. Parkinsoni (Brongn.) and 7. olivacforme
(L. and H.), which Mr. Kidson, after examination of the casts in the
Natural History and other Museums has pronounced to be really indis-
tinguishable from one another”. If this identification as one species is
correct— and as far as our own observations go they are in support of it—
T. Parkinsoni (Brongn.), as the earlier name, should be used. The common
British specimens will therefore be described in this paper as Trigonocarpus
Parkinsoni.

Lindley and Hutton also figure, under the name of Carpolithes alata®,
specimens which show not only the internal cast of the cavity of the body
of the seced, but also that of the elongated micropylar canal, and an
impression of the testa of the seed, as shown in Pl XII, Figs. 16 and 17,
and Pl XIII, Fig. 18, of this paper. These specimens Mr. Kidston also
identifies with Zrigomocarpus Parkinsoni®, and we think that there is no
doubt that they do represent a more complete form of preservation of the
same or a similar form to that represented by the ordinary internal casts
and the petrified specimens.

Thus we now know the common Zrigonocarpus in three conditions :—

(1) As the common internal casts of the central cavity of the seed,
the actual tissues having disappeared completely, or being represented only
by a layer of structureless coal.

! Kidston ('86), p. 216. t Parkinson ('11). 3 Brongniart ("28).
$ Lindley and Hutton ('31-'37), vol. ii, Pl. 223, Figs. 1, 3.
8 Williamson ('77). ¢ Kidston (’86), p. 219. 7 Kidston (88), pp. 218, 219.

* Lindley and Hutton ('81-'87), vol. ii, P, 87. * Kidston ('86).
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(2) As structureless casts and impressions showing, in addition to
the ordinary cast of the body of the seed, the long micropyle and testa.

(3) As completely petrified specimens in which the internal structure
is more or less perfectly preserved.

II. PREVIOUS WORK ON THE BRITISH FORMS OF TRIGONOCARPUS.

We propose next to pass in review the work which has previously been
done on the British forms of Zrigonocarpus, especially on the petrified
specimens showing internal structure. The earlier papers have been referred
to in the preceding section, but a connected, somewhat fuller account may
be useful before passing to our own work. Lindley and Hutton, in the
Fossil Flora®, deal only with the ordinary structureless internal casts,
and with impressions showing the outer coats, but without internal struc-
ture, which they described as Carpolithes alata. The internal casts are
referred to several different species by differences of shape, number of
longitudinal ridges and size. Some of these casts, 7. olivaeforme and
7. Noeggerathi, are common forms and closely resemble in size and shape
the most commonly found petrified specimens as described in the present
paper. These ¢ species’ have already been discussed in this paper (p. 93).
Other forms such as 7. ovatum and 7. Dawesii are less common as internal
casts, and from their greater size and difference in shape almost certainly
represent distinct species.

An important paper, and the earliest one dealing with the internal
structure of the common British form of Zrigonocarpus, is that by
Hooker and Binney published in 18%53 The specimens came from
calcareous nodules in the lower part of the Lancashire Coal-field, and the
slides are now preserved in the Geological Department of the Natural
History Museum and in the Binney Collection at Cambridge. The authors
give a good general account of the organization of the seed, as well as
a short account of the relation of the petrified specimens to the common
casts. The latter are described as being merely casts of the cavity of the
seed, i.e. of the cavity within the hard integument. The two layers form-
ing the coat of the seed are distinguished, and the microscopic structure of
each described in some detail.

The rounded (basal) end of the seed is described as being surrounded
by an annular ridge, an outgrowth of the harder, inner, layer of the testa,
whilst at the other end of the seed the integuments are prolonged as
a conical cylindrical or trigonous beak traversed by a narrow canal. The
base of this micropylar beak is said to be surrounded, in some cases, by an
annular ridge, but from our own observations of the original slides and
many others of the seed, we are led to think that this appearance may

! Lindley and Hatton ('81-'87). * Hooker and Binney ('55).
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be explained as a result of obliquity of the plane of section, which will pro-
duce a deceptive appearance of an annular ridge surrounding the upper part
of the seed, as will be more fully explained in a later part of this paper.

Some of the Hooker and Binney slides show the tracheal elements
of the nucellus in a well-preserved condition. and these are described and
figured in their paper. All the Hooker and Binney slides are longitudinal
sections.

The next description of the structure of Zrigonocarpus’ was by
Williamson in 18771, under the name of Trigonocarpon olivacforme. He
described and figured a considerable number of vertical and transverse
sections of good specimens from the Oldham deposits, at about the same
geological horizon as that from which Mr. Binney obtained his examples.
The specimens were cut into series of many longitudinal and transverse
slices which are figured in natural size. The most instructive of these is
a series of transverse sections (see Williamson’s paper, Figs. 100-8), which
start from the lower portion of the micropylar tube, and traverse successively
lower zones of the seed, and which were very useful for comparison with
the longitudinal sections which had previously been figured by Hooker and
Binney. With the aid of these transverse sections, Williamson gave the
first clear explanation of the origin of the ordinary triangular internal casts.
He also described in detail the microscopic structure of the inner hard
layer of the seed-coat which he calls the endotesta (=our sclerotesta) and
gives a good figure.

In 1900 Mr. George Wild published a paper: ‘On New and Interesting
Features in Trigonocarpon olivacforme?’ from observations based on
a number of new slides which have since come into Dr. Scott’s possession,
and some of which have been made use of in the preparation of our paper.
From a study of thirteen consecutive transverse sections, Wild was able to
show (1) that the micropylar beak was very much longer than had
previously been suspected, being nearly or quite equal in length to the
body of the ¢fruit ’ itself; (2) that the micropylar beak retains its character-
istic triangular cavity nearly up to the apex, and (3) that the long micropyle
was apparently winged, the soft (outer) layer of the testa being developed
in a flattened form on both sides of the central harder tissue. This
interesting feature will be discussed later on in this paper.

Wild also emphasized the fact of the frequent association of 7rigono-
carpus with Myeloxylon, which is now known to be the petiole of Medullosa.
The block from which Wild’s slides were cut abounds in petioles, roots and
other parts belonging to Medullosa, and most of the other preparations
which we have seen agree in this respect. In Wild's slides the limiting
layers of the soft testa of the seed arc often well preserved, and Wild
pointed out the close similarity in structure between these and the outer

! Williamson (77). * Wild ('00).
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tissues of the petiole of Medullosa anglica® as further evidence of the
probable relationship of Medullosa and Trigonocarpus. As we shall show
later on in this paper, the similarity is possibly not quite as close as Wild
supposed.

The principal object of the present paper is to present the results of
a detailed examination of a large number of sections of the common form
of Trigonocarpus (I. Parkinsoni). Many of the sections and specimens are
in Dr. Scott’s collection, and others have been borrowed from various
sources including the British Museum (Natural History), the Manchester
Museum, the Newcastle Museum, the Cambridge University Collection,
and that at University College, London. For facilities to examine these
and other specimens we are indebted to Mr. E. A. Newell Arber, F.G.S.,
Mr. W. E. Hoyle, D.Sc., Prof. F. W. Oliver, F.R.S., Prof. M. C. Potter,
F.L.S., Prof. A. C. Seward, F.R.S., and Dr. A. S. Woodward, F.R.S.

After describing the common form we shall briefly describe a new
species obtained from a roof-nodule at Shore-Littleborough, Lancashire.
The slides have been submitted to us for examination by Prof. F. W, Oliver,
F.R.S., after whom we have named it 7rigonocarpus Oliveri. A short
account will then be given of some features of interest in connexion with
the casts and impressions, and finally a second part of the paper will be
devoted to a discussion of the general bearing of our work and the probable
affinities of the seed. '

III. TRIGONOCARPUS PARKINSONI, BRONGN.
General characters of the seed.

The seed as ordinarily preserved in the petrified condition is large,
and of an oval form which is well shown in the longitudinal sections figured
by Hooker and Binney ? and by Williamson3. The general oval shape of
the body of this seed as seen in the longitudinal sections is very character-
istic, and different from that of the new species Zrigonocarpus Oliveri
(PL XIII, Fig. 19). The greatest width is about half-way up the body of
the seed, i.e. of the rounded part excluding the micropylar beak. The
transverse sections across the body of the seed show the three prominent
ridges on which the generic name is based (see PL XI, Fig. 5). There is
but little variation in size among the seeds which we have examined, and all
appear to be in about the same stage of development. Some of the largest
specimens which we have examined have a maximum diameter across the
body of the seed (measuring to the outer margin of the hard testa only) of
about 1-6 cm. The usual transverse diameter is less than this, about 1.3—

1-4 cm. The length of the body of the seed, without the micropylar beak,
is usually 2-2.5 cm.

! Scott ('99). ? Hooker and Binney (’65). ? Williamson (77).
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In many Palaeozoic seeds with somewhat Cycadean organization, the
micropylar region is elongated into a beak-like structure. Ordinary longi-
tudinal sections of Trigonocarpus Parkinsoni commonly exhibit some trace
of the micropylar beak, but it is rarely, if ever, preserved throughout its
length. In many of the impressions, such as those from Newcastle figured
in this paper (Pl XII, Figs. 16, 17, and Pl XIII, Fig. 18), the beak is about
equal in length to the body of the seed, but as the sections show that the
beak at the top was very slender and devoid of hard tissue, it is probable
that part of it has been lost. In an impression of 7rigonocarpus Parkinsoni
figured in a paper by one of us! the long micropylar tube is quite double
the length of the body of the seed, but this may possibly represent a distinct
species from those described in this paper. In longitudinal sections of the
petrified seeds, the micropylar beak is generally quite short, probably owing
in some cases to the slightly oblique character of the section. In many
cases it seems probable that the greater part of this elongated structure
was broken off or had decayed prior to fossilization, when the seeds formed
part of the medley of vegetable débris of which the coal-balls are
composed.

Taking the micropylar beak into account, the total length of a full-
sized seed must have been at least 4—5 cm., and may have been greater
than this.

There is some evidence that the 'seed was attached to its parent axis
by means of a stalk (see Pl. XII, Fig. 12).

A common feature of many of these old seeds is the possession of
a thick two-layered testa, of which the outer thinner-walled zone or sarco-
testa is always partly or entirely destroyed. The inner layer, which we
shall describe as the sclerotesta (=Williamson’s endotesta), consists of
thick-walled elements, many cells in thickness, and all filled with dark
contents. The sclerotesta bears three prominent ridges on its outer
surface (PL XI, Fig. 5, 5. 7.), with corresponding furrows on the inner side
marking the position of the three sutures, along which the testa may have
split open when the seed was ripe. In each space between two main or
principal ridges, are two, or more commonly three, less prominent eleva-
tions which we shall describe as secondary ridges (Pl. XI, Fig. 5, s. %),
so that the whole number of longitudinal ridges down the body of the seed
is usually twelve. The ridges along the body of the seed undergo changes
in number, and in the relative prominence of the principal and secondary
ridges when traced upwards into the micropylar region, as will be described
in detail later on in this paper. The degree of prominence of the various
ridges is subject to considerable variation, even in the body of the seed; in
some specimens the secondary ridges are scarcely visible, and the sclerotesta
consequently becomes only three-ridged.

! Scott (°05), (1) Fig. 33, p. 146.
H
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The sclerotesta is in many cases the outermost tissue preserved, but in
good specimens this is succeeded on the outside by a delicate, thinner-
walled tissue, the sarcotesta (Pl. XI, Fig. 5, sa). This layer is never
preserved in its entirety, owing to its weak construction and to its position
on the outside of the seed, though parts of it may be perfect. Owing to
the more or less collapsed condition of the sarcotesta, it is impossible to
make an accurate estimate of its total thickness in the natural state, but it
must certainly have exceeded 2 mm., and was probably considerably
thicker than this. The sarcotesta is bounded on the exterior by the well-
differentiated limiting layers to which Mr. Wild first directed attention?,
and traces of which are found in most of the best slides (see Pl. XI, Figs.
1,3,8, 6,7 8, ., PlL. XII, Fig. 11, 4. and ¢, and Pl. XIV, Fig. 23).

The two layers of the testa, when traced upwards, are continued into,
and form the walls of, the long micropylar beak to which we have already
drawn attention.

The sclerotesta of the micropylar beak is, in its lower part, more or
less triangular in transverse section (Pl. XI, Fig. 7, s. ¢), and throughout
the greater part of its length the beak possesses a triangular central tube
or micropylar canal. OQutside the sclerotesta of the beak is a great
development of the sarcotesta, appearing, as seen in the transverse sections,
as a wide flat wing on either side of the micropyle (see Pl. XI, Figs. 7, 8,
and Pl XII, Figs. 9, 10). The ‘wing’ is bounded extermnally by the
usual limiting layers. The question as to how far the flattened, wing-like
form is natural, and how far it is caused by loss of the internal tissue of the
sarcotesta and flattening by pressure is difficult to answer, but will be
discussed later in this paper. Within the testa of the body of the seed,
and usually separated from it by a space, is the nucellus (Pl. XI, Fig. 5, n.).
Longitudinal sections show the chalazal attachment of the nucellus at the
base of the seed (Pl. XII, Fig. 12, p.). Above the chalazal attachment
the nucellus appears to have been free from the integument, agreeing in
this respect with Stephanospermum ® and some other Palaeozoic seeds, and
differing from the modern Cycads, in which only a comparatively small
upper portion of the nucellus is free. This view of the relation of nucellus
and integument has already been suggested by Professor F. W. Oliver for
a French form, Trigonocarpus pusillus® At the micropylar end of the
nucellus is the pollen-chamber, long ago indicated in some of Hooker and
Binney’s figures, and described and more fully illustrated by Williamson.
The pollen-chamber (Pl. XII, Fig. 13, p. c.) forms a wide dome 2-5-3 mm.
in diameter at the base, and was provided at the top with a narrow beak
or canal, b¢. not more than 300 x in diameter (see also Pl. XII, Fig. 14).
In the section figured the pollen-chamber beak is barely half a millimetre
in length, but presumably it extended much farther in the natural condition.

¥ Wild ('00). ? Oliver ('04) (1), p. 368. 3 Oliver ('04) (3), p. 99
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No pollen-grains are present in the pollen-chamber of any of the specimens
which we have examined.

Within the nucellus, and separated from it by a space, is the mega-
spore membrane (Pl. XI, Fig. 5, m.), which in all our slides is preserved
merely as a line without visible structure. No prothallium or archegonia
are preserved.

The vascular supply to the seed consists of two sets of bundles, which
are given off at different levels from the main bundle. The supply strand
which enters the base of the seed, while still at a considerable distance
below the base of the nucellus, gives off a number of bundles (probably
six) which traverse the sarcotesta of the seed, lying opposite to some of the
smaller (secondary) ridges of the sclerotesta. These sarcotestal bundles are
embedded in the inner denser tissue of the sarcotesta, and were evidently
complete bundles with phloem as well as xylem, although the former has
not been preserved. From the best preserved examples it appears probable
that the xylem was of mesarch structure, the smaller, protoxylem elements
occupying an internal position.

The second vascular system of the seed runs in the nucellus and is
rather complex in its arrangement. It springs from the upper end of the
main bundle which spreads out in the lower part of the seed, and forms
what appears to be a practically continuous sheath of tracheides, comparable
with the tracheal mantle of a Stephanospermum?. Transverse sections
across the central part of the body of the seed show that the tracheides
range themselves in more or less definite and crowded longitudinal strands,
which are connected by transverse anastomoses running in a tangential
direction. The nucellar vascular system has been traced through the
whole length of the nucellus almost to the base of the pollen-chamber, and
indications of possible tracheides have been detected even in the beak of
the pollen-chamber itself.

The Testa.

The Outer Coat or Sarcotesta. The outer thin-walled layer of the
seed-coat is usually either destroyed altogether, or is represented by only
a few layers of cells, immediately external to the dark-coloured inner layer
or sclerotesta. Externally the cells representing the sarcotesta usually
have no definite limiting layer, while internally the junction with the
sclerotesta is a sharp one, especially in transverse sections across the body
of the seed. In good specimens, however, the sarcotesta is better preserved,
and is then found to be a tissue of considerable extent, limited externally
by well-differentiated epidermal and hypodermal layers (Pl. X1, Figs. 5, 6).
The sarcotesta is never completely preserved, but is always more or less
collapsed and disorganized, so that it is not possible to estimate its original

1 Oliver ('04) (1), p. 363.
2
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thickness with certainty. In the transverse section of the central part of
the body of the seed shown in Pl XI, Fig. 5, the sarcotesta sa at its
thickest part measures about 2 mm., and there is clear evidence that the
outer portion, with the exception of the limiting layers /, has been destroyed,
so that the total thickness would have been considerably more than this,
at least in the spaces between the ridges of the sclerotesta where it was
probably thickest.

In some cases, as in the transverse section figured (Pl. XI, Fig. 5),
the external boundary-line of the sarcotesta follows fairly closely the
contour of the sclerotesta within, but we are inclined to think that this
correspondence is not natural, but is merely a result of more or less
desiccation and compression prior to fossilization, and that the transverse
section of the whole seed may have been circular. The correspondence
in outline between the sarcotesta and sclerotesta is seen in several of
Williamson’s original slides figured in his paper, and his remark that:
‘though the external outline of the sarcotesta is less sharply defined than
that of the endotesta [=our sclerotesta], we yet see that to a considerable
extent the former follows the latter, the differences seen in the sections
being due to shrinkage from some collapse in the soft parenchymatous cells
of the outermost layer,’ ! seems to imply that Williamson thought the
correspondence was a natural one.

The sarcotesta appears to have been thinnest around the body of the
seed, and to have increased in thickness above and below. This is shown
in some of the sections figured in this paper. Pl. XI, Fig. 3, is a
transverse section across the base of the same seed as that shown in
Pl. XI, Fig. 5. The central mass of dark sclerotic tissue, s. #., continuous
with the sclerotesta of the body of the seed, is surrounded by a well-
developed sarcotestal tissue, which in places is quite 3 mm. thick, and in its
natural condition must have been much thicker than this, as a considerable
loss of tissue is indicated by the remains of disorganized cells, as well as by
the doubling in of the limiting layers of the sarcotesta, /. Pl XI, Fig. 1,
is another transverse section of the same seed, but taken still lower: the
inner part of the sarcotesta is preserved, but great loss of tissue is shown
by the limiting layers which are in places doubled in and repeated four or
five times.

Passing to the upper end of the seed, a transverse section across the
lower part of the micropylar beak is shown in Pl. XI, Fig. 7, and it will
be seen that the sarcotesta sa is here quite well-developed, as indeed it
continues to be right up to the end of this organ.

The sarcotesta consists typically of thin-walled parenchyma without
special peculiarities. The inner portion is compact and consists of cells
without visible inter-cellular spaces. In the body of the seed, these thin-

! Williamson (*77), p. 250.
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walled cells abut quite suddenly on the dark-coloured thicker-walled
elements of the sclerotesta (Pl. XI, Fig. 5). The outer portion of the
sarcotesta appears to have been lacunar, which fact helps to account for
the almost complete destruction of this tissue. The lacunar zone is
occasionally preserved to a slight extent in the bays between the longitudinal
ridges of the sclerotesta. Pl. XIV, Fig. 24, shows the lacunar sarcotesta in
one of Williamson’s original slides, and a similar tissue can be made out
in several sections belonging to the same series.

It has been stated above that the sarcotesta is sharply delimited from
the sclerotesta ; the sudden transition is well seen in sections passing across
the central part of the body of the seed, such as that shown in Pl XI,
Fig. 5. A section showing the details of the structure of the inner
sarcotesta and outer sclerotesta, such as that figured in Williamson'’s paper !,
shows that the sharp demarcation is not simply the result of thickening of
the walls of the elements of the sclerotesta, for the radially elongated cells
of the outer part of the sclerotesta abut suddenly on the rounded cells of
the sarcotesta, so that there is seen to be a difference in the form of the
elements as well as in the thickening of the walls.

In transverse sections passing across the lower part of the seed, such
as are shown in Pl XI, Figs. 1 and 3, the transition from sclerotesta to
sarcotesta is much more gradual. In Fig. 1 the sclerotic tissue is seen
surrounding a triangular space & enclosing the incoming vascular bundle:
this dense tissue passes over quite gradually into the surrounding thin-
walled sarcotesta. In Fig. 3, which is cut at a somewhat higher level across
the same seed, the outermost sarcotestal cells are seen to be quite thin-
walled, but nearer to the central sclerotesta s.z the walls become thicker
and the transition is more or less gradual.

Sections across the upper part of the seed also show a more or less
gradual passage between the two layers, as will be seen by examining
PL. XI, Figs. 7 and 8, and Pl XII, Fig. 9, which are transverse sections
cut at successively higher levels across the micropyle.

The absence in certain regions of sharp demarcation between the two
layers of the testa is of interest in the comparison of Trigonocarpus with
the seeds of Cycas and other recent forms of similar organization. Miss
Stopes has shown that it is usually difficult to draw a boundary line
between the outer flesh and the stone layers in a modern Cycadean seed,
and she insists that the stone layers, or at least the outer part of them,
belong morphologically to the outer flesh and so form one layer, not two
We shall leave the further discussion of the bearing of this question of the
single or double nature of the Cycadean integument, and the attempt to
explain the complicated integument of a Cycad ovule as the morphological
equivalent of a Lagenostoma with the cupule and integument fused together,

1 Williamson ('77), Pl. 14, Fig. 112, 2 Stopes ('05), p. 56a.
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to the concluding part of this paper. The relation of the sarcotesta and
sclerotesta in 7Trigonocarpus is such as to indicate that they are mor-
phologically one integument, just as is the case in the structurally very
similar layers of a modern Cycad seed.

Other Palaeozoic seeds also agree in this respect. Polylophospermum
stephanense (Brongn.), a radiospermic seed from Grand'Croix which agrees
with Trigonocarpus in important characters, has been shown by Professor
Oliver to exhibit gradual transition from the hard sclerotesta to the softer
enveloping sarcotesta .

The sarcotesta is bounded externally by the definite hmmng layers to
which Wild first directed attention (p. 95). The figure given by Wild?
shows an apparent epidermis consisting of closely set radially elongated
dark-coloured cells forming a kind of palisade tissue, usually only one, but
sometimes two, cells in thickness. These palisade cells are covered by
what is described as a thin cuticle. From the resemblance of this tissue in
Trigonocarpus to the limiting layer of the petioles of Medullosa anglica, in
which the epidermis has a well-marked palisade form 3, as well as from the
constant association of these two forms, Wild was led to believe that
Trigonocarpus is probably the seed of Medullosa. Re-examination of some
of Wild’s slides shows that some of them exhibit traces of a layer of small
cells outside the palisade cells, and forming a true epidermis to them. The
epidermal cells are better seen in some other slides, especially in some of
those obtained from the Manchester Museum. The limiting layers of the
sarcotesta is shown in Pl. XIV, Fig. 23, drawn from one of the Manchester
slides, and magnified about 4o times. The epidermis is shown at ¢, and
the hypodermis of palisade-like cells at 2. The epidermal cells are quite
small and apparently empty; their outer walls are thickened to form
a continuous cuticle which is frequently preserved as a detached line, when
the radial walls of the epidermal cells are wholly destroyed. The detached
cuticle of the epidermis is visible in parts of Pl. XI, Fig. 1, as well as in
some of the other photographs in Plates XI and XII. Occasionally the
epidermal cells are visible in surface view as a simple layer of small
isodiametric cells. The hypodermis consists of much larger cells usually
more or less radially elongated and sometimes very irregular in shape
(Pl. X1V, Fig. 23) ; sometimes only one elongated cell appears, elsewhere
the place of a single elongated cell is taken by a row of two or three short
cells. All the cells of the hypodermis agree in being filled with dark-
coloured contents which give to the layer as a whole a very characteristic
appearance much resembling that of the outer tissues of a Medullosa petiole.
Re-examination of the Medullosa anglica slides has failed to detect any
trace of an epidermis outside the rarely preserved palisade tissue which
apparently includes the real epidermis of this form. At the same time, in

! Oliver (’04) (1), p. 101, ? Wild (00", Fig. 14. 3 Scott ('99), Pl 11, Fig. 13.
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view of the strong probability, on other grounds, of a relationship between
Medullosa and Trigonocarpus, it is not impossible that a small-celled
epidermis may be subsequently discovered in the former genus. In the
meantime, the apparent absence of this layer in Medullosa renders Wild’s
comparison less close than he thought.

As already briefly described, the outer series of vascular bundles of
the seed traverse the sarcotesta and they are occasionally seen in transverse
sections of the seed, although, owing to the usual non-preservation of
anything more than a few layers of the inner sarcotesta, such sections
are quite rare. The bundles spring from the main supply-strand at a
considerable distance below the chalaza, and bending outwards traverse
the sarcotesta of the body of the seed, running opposite to the secondary
ridges of the sclerotesta. The position of one of the sarcotestal bundles
is indicated at s. 4. in PL XI, Fig. 5. The bundle itself cannot be dis-
tinguished in this photograph, but is shown more highly magnified in
Pl XIV, Fig. 28. Traces of sarcotestal bundles can be seen in other slides,
and in all cases they appear opposite to the secondary, never to the
principal, ridges of the sclerotesta. The total number of sarcotestal
bundles would thus have been nine, or perhaps only six, in ordinary
specimens, such as that shown in Pl XI, Fig. 5. It seems probable
that the number was really six. In no single section are sarcotestal
bundles seen opposite to all the secondary ridges of the sclerotesta, and
in all the sections in which the bundles are visible, they appear invariably
opposite to the two outer of each set of three secondary ridges, never
to the central one. The central secondary ridge frequently differs from
the lateral ones in being more rounded, and, moreover, as we shall see later,
it is the first ridge to disappear when traced up to the upper end of the
seed. It seems probable that it also differs in having no sarcotestal bundle
opposite to it. That there are six, not nine, sarcotestal bundles is also
favoured by examination of the section across the base of the seed shown
in Pl. XI, Fig. 3. This is an approximately transverse section cut some
distance below the chalaza; careful examination of the original section
shows six bundles, s. 4., embedded in the compact sarcotesta, and doubtless
these are the same bundles that afterwards appear opposite to some of
the secondary ridges of the sclerotesta in the body of the seed. The
central mass of sclerotic tissue which is seen in this section (Pl. XI, Fig. 3,
s. ¢) is produced on one side into a projection, which in all probability
represents the lower end of one of the principal longitudinal ridges of
the sclerotesta, cut through owing to slight obliquity of the plane of section.
No sarcotestal bundle can be seen opposite to this ridge, although two
occur symmetrically disposed on either side of it, so that this section helps
to confirm the conclusion as to the number and position of the bundles
arrived at above,
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An individual sarcotestal bundle is shown, magnified about 200 times,
in PL. XIV, Fig. 28. The position of this bundle is shown at s.4. in PL. XI,
Fig. 5. These bundles are quite small; the total radial diameter of the
one figured cannot have been greater than .15 mm., and the diameter of
the largest tracheide about ‘025 mm. The bundle is only imperfectly
preserved, and no trace of phloem elements are visible. The tracheides ¢
are nearly in contact with the ordinary parenchyma of the sarcotesta
sa on the inner side of the bundle, while on the outer side there is a space
which is partly occupied by decomposed tissue 4. #, which probably
represents the original phloem elements. The bundle was therefore
probably a collateral one with external phloem. There is some evidence
that the xylem was mesarch in structure, as the smaller elements, pre-
sumably protoxylem tracheides, occupy a more or less central position.
This conclusion is also favoured by the examination of longitudinal sections,
as will be explained later (p. 115). This bundle is separated from the
sclerotesta of the secondary ridge, to which it runs parallel, by sarcotestal
tissue about -3 mm. in thickness. The longitudinal sections are not
sufficiently good to enable us to trace the sarcotestal bundles upwards
to their termination. The transverse section shown in PIl. XI, Fig. 5,
cannot be far removed from the middle of the body of the seed, and Pl.
X1, Figs. 6-8, and Pl XII, Figs. g, 10, are cut at successively higher levels.
In all these sections the inner sarcotesta is fairly well preserved, and it seems
likely that if vascular bundles were present they would have been preserved
also. No trace of such bundles is visible, so that it seems probable
that they did not extend farther up than the body of the seed.

As Trigonocarpus Parkinsoni is the first of the Cycad-like seeds of the
Carboniferous Period, the Stephanospermeae of Professor Oliver, in which
it has been possible to give a fairly complete account of the sarcotesta,
it will be useful to compare this layer with what is known of the correspond-
ing tissue of other related fossil seeds, and with the ¢ outer flesh’ of recent
Cycadean seeds.

The possession of an outer soft layer to the seed is believed to be
a common character of all the seeds which constitute Professor Oliver's
Stephanospermum-Group of Radiosperms, although in the type genus,
Stephanospermum, evidence for its existence, other than from analogy,
is absent!. In most of the genera included in this group, Aetheotesta,
Trigonocarpus, Tripterospermum, Polylophospermum, Codonospermum, &c.,
an outer fleshy, or sometimes fibrous, sarcotesta has been proved to exist,
although it is usually very badly preserved.

Trigonocarpus pusillus, Brongn., a small representative of the genus
from the French deposits, recently re-described by Professor Oliver,

possesses a sarcotesta of two or three layers of thin-walled, iso-diametric,
! Oliver (’04) (1).
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parenchymatous cells which probably represent but a portion of a more
extensive tissuel,

The detailed structure of the seeds of the Cycads has been
recently described by Miss Stopes® The ‘outer flesh’ or sarco-
testa, which is universally present, is composed of parenchyma with
numerous gum canals and tannin sacs and is bounded externally by an
epidermis of radially elongated cells. The sarcotesta is traversed by
a series of vascular bundles which spring from the central supply bundle
entering at the base of the seed. In position these bundles lie opposite
to the longitudinal ridges of the underlying ‘stone’ or sclerotesta as
has been described above in 7rigomocarpus. In the Cycads the number
of sarcotestal bundles always corresponds exactly with the number of
ridges, so that in Macrozamia spiralis where the stone is provided with
twelve well-marked ribs there are also twelve bundles, while the bilateral
seed of a Cycas which possesses only two ridges has only two bundles,
although each bundle contains two vascular strands in some species. As
described above, in Zrigonocarpus it is probable that the sarcotestal
bundles occur opposite to certain of the longitudinal ridges only, not to all.

Returning to the Cycads the individual sarcotestal bundles are de-
scribed as collateral with mesarch xylem. In some forms, such as Cycas
circinalis, the bundles are of a simple type with external phloem and
internal xylem provided with a considerable development of transfusion-
tracheides, the whole bundle being surrounded by a sheath composed
of peculiar cells provided with reticulated lignified thickenings 3.

In some other forms the sarcotestal strands are more complex in
structure although their position remains the same. In Cycas media
each strand consists of two collateral bundles with their phloems directed
towards one another, so that the outer bundle of the two has, of course,
reversed orientation. The xylem of each bundle is mesarch, and the
inner one of the two possesses a considerable development of transfusion
elements *. In Cycas revoluta the bundles run in pairs through the outer
flesh.

In yet other species the structure becomes still more complex, for
in Cycas Beddomii the whole strand, consisting of two bundles embedded
in fine conjunctive tissue containing many transfusion elements, is sur-
rounded by a well-differentiated sheath composed of the peculiar cells
mentioned above in Cycas circinalis®.

As far as can be judged from the transverse sections of imperfectly
preserved sarcotestal bundles around the body of the seed such as that
shown in Pl. X1V, Fig. 28, Trigonocarpus Parkinsoni conforms to the
simplest of these types, that of Cycas circinalis, but owing to the imperfect

1 Oliver (’04) (a), p. 98. ? Stopes ('04). 3 Stopes ('04), p. 440.
4 Stopes ('04), p. 443. * Stopes ('04), p. 445, Fig. &
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preservation the evidence is not conclusive. More perfectly preserved
sarcotestal bundles at the base of the seed afford evidence of a more
complex structure which may be compared with that of Cycas Beddomii,
as will be explained in detail in our description of the lower end of the
seed (p. 115).

The Sclerotesta. We may now consider some of the details of the hard
layer of the testa, the sclerotesta, which lies within the sclerotesta. The
structure of the sclerotesta has been previously described in some detail by
Hooker and Binney!, and later. by Williamson?, and as far as internal
structure is concerned we have but little to add to their descriptions. This
hard layer forms a complete investment to the seed excepting only at
the upper end of the long micropylar beak, where it is, of course, perforated
by the opening of the micropylar canal. Its thickness, when measured
between the ridges of the body of the seed, in such a section as that shown
in Pl. XI, Fig. 5, 5. £, is 1-1-5 mm. Most longitudinal sections show a
thickening of the sclerotesta as it is traced from the chalaza upwards
to the base of the micropylar beak. This may also be seen in some of
the transverse sections, as by comparing Pl. XI, Fig. 5, and Pl XI, Fig. 7,
the former cut across the central part of the body of the seed, and the
latter across the lower part of the micropylar beak, although as the
two sections are not cut from the same seed the comparison as to thickness
must not be carried too far. Comparison may also be made of Pl. XII,
Fig. 12 and Fig. 13, which are longitudinal sections of the lower part, and
of the upper part respectively, of two seeds; in Fig. 12 the thickness
of the sclerotesta is at its thinnest part about -8 mm., while in Fig. 13
the maximum thickness is 2 mm. The sclerotesta of the lower part
of the same seed as that figured in Pl XII, Fig. 13, has a thickness of
only 1 mm.

As already briefly described the sclerotesta has a very characteristic
form when seen in transverse sections. The normal number of ribs pro-
jecting on the outer side is probably always twelve in sections cut across
the body of the seed, such as Pl. XI, Fig. 5. The twelve ribs are usually
easily distinguishable into two sets, the principal ribs (Pl. XI, Fig. 5, 5. 7.)
always three in number, and the smaller or secondary ridges (Pl. XI,
Fig. 5,s. ¢.) usually nine in number. The degree of prominence of the principal
ridges is subject to considerable variation in different seeds as well as at
different levels of the same seed. In most specimens the principal ridges
are readily distinguished from the secondary ones by their greater promin-
ence as shown in Pl XI, Figs. 5, 6. In some other seeds the principal
ridges are broader and less pointed, and in yet other cases there is only
a slight difference in size and shape between these and the secondary
ridges.

! Hooker and Binncy (*55). * Williamson ('77), p. 252,
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In many transverse sections one or more of the principal ridges shows
a central crack as though the seed naturally split open along these sutures
(see Pl XI, Figs. 5, 6). This splitting is never seen in relation to the
secondary ribs.

The principal ridges when traced from the centre of the body of
the seed upwards to and along the micropylar beak gradually become less
prominent and ultimately disappear. This change will be seen by ex-
amining the series of transverse sections represented in Pl. XI, Figs. 5-8.
Fig. 5 is cut near the centre of the body of the seed and exhibits
what may be called the normal arrangement, the principal ridges being
easily distinguished by their size. In Fig. 6, which is cut at a some-
what higher level than Fig. 5, these ridges are still sufficiently large ta
be readily identified even without the characteristic splitting which is
well shown in this slide. In Fig. 7, which is cut across the lower part
of the micropylar beak the principal ridges of the body of the seed appear
opposite to the angles of the triangular micropylar tube -and although
still large, some of the secondary ridges have become equal to them. Lastly;
in Fig. 8, which is cut higher up the micropylar beak, the principal ridges
lying opposite to the points of the micropylar canal have practically.
disappeared altogether.

Passing to the secondary ridges, these are also found to vary con-
siderably in different specimens and at different levels. In a typical
example, a section across the central part of the body of the seed, such
as Pl. XI, Fig. 5, shows the three secondary ridges, s. ¢, lying between two
principal ribs and about equally developed. In some cases, however,
the median ridge of each set of three is so slightly developed as to be
practically absent, so reducing the total number of ridges (principal and
secondary) to nine, while in yet other examples all the secondary ridges
are ill-developed so that only the three principal ridges are at all con-
spicuous. Changes also take place in the secondary ridges when they
are traced upwards as will be seen by again examining the series of
transverse sections at various levels (Pl. XI, Figs. 5-8). In Fig. 5 all the
secondary ridges are about equally developed; in Fig. 6 which is cut
at a higher level the central ridge of each set of three has ‘flattened out’
so that it has nearly disappeared while the two lateral secondary ridges are
equally prominent; in the still higher sections while the lateral secondary
ridges still remain conspicuous the central one is unrepresented. Hence
the most persistent longitudinal ridges appear to be the lateral secondary
ribs, or those to which the sarcotestal bundles are probably opposite, as we
have previously shown.

A knowledge of these regional variations in the ridges of the sclero-
testa is of some importance in the attempt to interpret the structures seen in
casts, as will be explained later.
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On the inner side of the sclerotesta there are three furrows corre-
sponding in position with the three principal external ridges. These furrows
vary in depth in different parts of the seed, as is well seen in transverse
sections. In sections cut across the lower part of the body of the seed, the
grooves are very slightly developed, and are sometimes absent altogether,
while in sections taken at successively higher levels, the furrows become
more and more pronounced. Comparison of Pl. XI, Figs. 5-8, will serve
to demonstrate this fact, as also that the points of the triangular micropylar
tube are the upward prolongations of the three shallow grooves seen in
sections across the body of the seed such as shown in Fig. 5. The three
grooves on the inner side of the sclerotesta, of course account for the three
ridges which are shown on the surface of the common internal casts of the
cavity of the seed.

With regard to the minute structure of the sclerotesta, we have little
to add to former descriptions. In good thin sections the sclerotesta is
readily distinguishable into two regions, an inner zone (Pl. XI, Fig. 6, s. ),
which is very dark in colour, and consists mainly of elements which are
elongated in the vertical direction, and an outer zone (Fig. 6, 5. ') in which,
especially in sections cut across the body of the seed, many of the cells are
seen to be elongated in a horizontal radial direction, and so form a kind
of outer palisade layer to the sclerotesta. This is best shown, in Fig. 6, in
the sclerotesta of the secondary ridges. If the section is a thicker one, the
distinction of the sclerotesta into two zones is not so clearly seen. In more
detail the structure of the sclerotesta of the central part of the body of the
seed is as follows. Starting from within, and considering the region between
the longitudinal ridges, we have first about four to six rows of small
elongated elements running in the longitudinal direction, and filled with
the dark-coloured material which is characteristic of all the elements of the
sclerotesta. These cells are thick-walled and fairly uniform in size, many
times longer than broad, and of prosenchymatous form. Hooker and
Binney describe these cells as forming a lining of long slender tubes to the
whole body of the fruit (i. e. seed), and assert that among these cells some
may be found marked with annular or spiral bands!. Williamson states
that traces of the same structure appear in his sections®. We have
examined a considerable number of longitudinal sections of Zrigonocarpus,
including the original Williamson and Hooker and Binney slides, but we
have been unable to confirm this observation.

Outside these longitudinally running cells are seen some rows of
elongated elements which run in a horizontal direction around the body
of the seed, and outside these is a zone in which the cells appear to meander
irregularly, the elements passing across one another in all directions. In
a tangential section of this part of the testa 3, the elongated cells are seen

! Hooker and Binney ('55). ? Williamson ('77), p. 283. 3 Slide 944 S.
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running in bundles which interweave with one another almost like basket-
work. These cells are followed by the layer of radially elongated elements
or palisade layer which usually constitutes the greater part of the thickness
of the sclerotesta, and forms its outermost part. The actual proportion in
thickness of the palisade layer to the rest of the sclerotesta is subject to
considerable variation in different seeds. Many of the details of the
structure of the sclerotesta are shown in Williamson’s figures (Williamson,
1877, PL 14, Figs. 112, &c). At the principal ridges the structure is
somewhat different from that described above, as the majority of the cells
follow a mainly longitudinal course, so that they are cut across in transverse
sections of the seed. Many slides show dark-coloured elongated cells,
passing radially through the centre of each principal ridge, and it is along
these elements that the splitting which is so frequently seen takes place.

The general plan of structure as given above, appears to have been
the usual one in the sclerotesta of the Palaeozoic Cycad-like seeds, and
a similar structure has been described in detail by Prof. Oliver in Stepkano-
spermum akenioides, Brongn., and S. caryoides, Oliver!. It also appears to
agree in a general way with the structure of the stony layers of the seed of
a modern Cycad. Miss Stopes states that: ¢ It is very clearly marked in
many Cycads that the stone has at least two layers, an inner one of mainly
vertically running stone cells, as in the integument of Lagenostoma ovoides,
and an outer one of mainly horizontally running stone cells.”? Thislayer is
surrounded by the usually undifferentiated cells of the outer flesh. In
some Cycads the structure of the outer layers of the testa is much more
complex, as in Cycas Beddomsii, described by Miss Stopes 3. In this form
the stony layer (sclerotesta) and outer flesh exhibit the following details of
structure. The innermost part of the stone is formed of layers of vertically
elongated sclerotic cells comparable with the inner zone of Zrigonocarpus
Parkinsoni as described above. These are succeeded on the outer side by
a number of layers of elongated sclerotic cells which follow a horizontal
direction and run circularly round the seed. A similar zone is found in
Trigonocarpus. Next follows a thick layer of radially elongated horizontal
cells, which are described as belonging to the outer fleshy layer. These
cells have somewhat thickened slightly lignified walls, and may be com-
pared in a general way with the outer layer or palisade-layer of the
sclerotesta of Trigonocarpus. The radially elongated cells pass externally
into others with reticulately thickened walls, and these again into the
ordinary tissue of the outer flesh, consisting of large parenchymatous cells
with pitted cellulose walls similar to the ordinary sarcotestal cells of
Trigonocarpus. The reticulately thickened tracheide-like cells, which occur
between the radially elongated inner cells and the ordinary parenchymatous

! Oliver ('04) (1), p. 364 and p. 373. ? Stopes ('05), p. 562.
? Stopes ('04), p. 444 and Fig. 7.
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outer cells of the sarcotesta in Cycas Beddomii are described as having
a water-storing function, and their presence is perhaps to be correlated
with the dry habitat of this species!. No similar cells are found in
Trigonocarpus. Apart from this difference it will be seen that in the
details of structure of the testa, Trigonocarpus Parkinsoni exhibits some-
what close similarity with that of one of the most complicated of modern
Cycads.

The Inner Flesh. The next question which may be considered is that
of the possible existence of a thin-walled tissue within the sclerotesta, and
corresponding in position with the ‘inner flesh’ of the seed of a Cycad.
Such a layer may be called an ‘endotesta,” but in view of the use of this
term by Williamson and others for the stony layer or sclerotesta of
Trigonocarpus, we have thought it better to avoid confusion by using the
term ‘inner flesh.’

In none of our specimens is such a layer preserved in a recognizable
condition, excepting just at the base of the body of the seed. In one
of our slides?, a longitudinal section passing in a slightly tangential
direction through the base of the seed, a tissue consisting of parenchyma-
tous cells, is seen lying between the nucellus and the sclerotesta. The only
evidence for the existence of an inner flesh higher up in the body of the
seed is found in the commonly somewhat irregular and ‘unfinished* ap-
pearance of the inner boundary of the sclerotesta. This ¢ unfinished’
appearance is particularly noticeable at the upper part of the body of
the seed, and the lower part of the micropylar tube. On the whole we
think the evidence is sufficient to make it probable that Zrigomocarpus
possessed a continuous inner fleshy layer within the sclerotesta. The
reason why the cells of this layer are not more generally preserved, is
probably that the cells themselves were of a delicate nature, and also that
the hard impermeable coat of the seed prevented the infiltration of the
petrifying material before the tissue had undergone disorganization.

An inner fleshy layer probably existed in most of the Palaeozoic seeds
of similar organization to 7rigonocarpus, although it is never found even
in a fair state of preservation. Prof. Oliver has described traces of such a
tissue in Stephanospermum caryoides®, while in Stephanosper mum akeniosdes
a delicate network of thin-walled cells is sometimes seen lying in the
angle between the base of the nucellus and the lining of the sclerotesta 4,
just as in some of our slides of Trigonocarpus Parkinsons.

The very imperfect preservation of this tissue is unfortunate, in view
of the great importance of determining its relation to the nucellus within,
whether the nucellus stood up freely, separated from the testa throughout
the greater part of its length, i.e. from the pollen-chamber to the chalazal

! Stqpes ('05), p. 445. 1 Slide 941 S.
* Oliver (*04) (1), p. 374- 4 Oliver ('04) (1), p. 367.
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attachment, as in Lepidocarpon, and, according to Prof. Oliver, probably in
Stephanospermmum?, or whether the relations were as in the modern Cycads,
and in Lagenostoma, in which the testa and nucellus are adherent excepting
right at the top of the seed. A discussion of this question will best be
deferred until after the structure of the nucellus has been described, but
here we may say that in 7rigonocarpus as in Steplhanospermum,the evidence
supports the view that the nucellus was free.

The Chalazal End of the Secd.

An account may now be given of some of the details of the structurc of
the lower part of the seed. Some of the longitudinal sections afford evidence
that the seed was attached to the parent plant by means of a stalk. The
stalk is shown in Pl. XII, Fig. 12. As shown in the figure, the sarcotesta
of the stalk of this specimen has undergone considerable displacement and
compression as is made evident by the crushed tissue on the right-hand side
of the stalk and the repetition of the limiting tissues of the sarcotesta on the
other. The form of the stalk shown in this section is therefore not the
natural one, nor is the unsymmetrical position of the stalk with reference
to the chalazal attachment above. Other sections show the stalk sym-
metrically placed. As shown in Pl. XII, Fig. 12, as well as in some other
slides, the stalk appears to consist almost entirely of parenchymatous tissue
continuous with the inner, denser, zone of the sarcotesta, but this appearance
is really due to the fact that the section passes somewhat tangentially, not
medianly, through the base of the seed, although, as it passes through the
chalazal attachment of the nucellus it cannot be very far from the median
plane. Apparently the median plane of the stalk is more closely approached
right at the bottom of this section, as here it passes into sclerotic tissue, s. 2,
which is probably part of the central core of the stalk continuous with the
sclerotesta of the body of the seed.

Many of the more nearly median longitudinal sections show the central
corc of sclerotic tissue of the stalk in the form of a downwardly directed
pointed prolongation of the sclerotesta, the shortness of which, in most
of the slides, is doubtless due to the slight obliquity of the sections. In one
section the sclerotic stalk has a length of about 1-5 mm., and in another
slide it is traversed longitudinally by the main supply bundle of the seed.
The sclerotic tissue of the stalk probably gradually died out below, the hard
core becoming smaller as its tissue was replaced by the thinner-walled cells
of the sarcotesta. We have already seen that in this part of the seed the
passage from sclerotesta to sarcotesta is a gradual one. Judging from
the longitudinal section shown in Pl XII, Fig. 12, the sclerotic axis of the
stalk must have had a length of more than 4 mm., as the sclerotic tissue, s. 2.,

1 Oliver (*04) (1), p. 368.
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is at about that distance from the base of the sclerotesta of the body of the
seed.

Passing to the transverse sections of the base of the seed we have
in Pl. XI, Fig. 1, a section which is doubtless cut across the lower part of
the stalk, probably about on a level with its lower end, as shown in the
longitudinal section, Pl. XII, Fig. 12. In the section shown in Pl XI,
Fig. 1, the whole of the outer portion of the sarcotesta has been destroyed
with the exception of the characteristic outer limiting layers, /., which have
evidently suffered much displacement by compression from without, as they
are, in places, repeated as many as four times. The tissue preserved is
mainly composed of thin-walled cells which pass gradually into the sclerotic
tissue which surrounds the triangular space, 4., containing the entering
vascular bundle. No trace of bundles or tracheides can be seen in the _
sarcotesta of this slide, probably because the section is just below the level
at which the sarcotestal bundles are given off from the main bundle. The
triangular form of the space in which the main bundle is contained is
probably of some significance, especially as this form is much less marked
in sections across the upper part of the stalk, such as the one shown
in Pl. XI, Figs. 3 and 4. There is evidence from the longitudinal sections
that the sarcotestal bundles were given off from the main bundle at a con-
siderable distance below the base of the body of the seed, although,
unfortunately, no section shows the actual branching. In the section
figured in Pl XII, Fig. 12, sarcotestal bundles can be seen in the slide
at the points marked s. 4., s. 4., and one of these is figured in detail in P1. XIV,
Fig. 25, which will be described later. From the position of these bundles
in the stalk it is clear that they must have arisen some distance below the
level at which they are seen in Pl XII, Fig. 12, so that the junction with
the main bundle must have been at least 4 mm. below the base of the
nucellus.

It is probable that the section which is shown in Pl XI, Fig. 1, is cut
quite near to the level at which the sarcotestal bundles are given off, and
that the triangular form of the space is to be correlated with this fact.
The six sarcotestal bundles may have been given off in pairs corresponding
in position with the angles of the space, or they may have been only three
in number, each afterwards dividing into two. That the section is below
rather than above the plane of branching seems evident from the entire
absence of sarcotestal bundles, since the preservation of the inner tissues of
the testa is so good that they would almost certainly be seen if they had
been present.

Pl XI, Fig. 2, shows the central part of Fig. 1, magnified about
100 times. The xylem of the main supply bundle is preserved (4.), and has
a width in the longest direction of -28 mm. The surrounding thinner-
walled tissue has been entirely destroyed, but presumably it was a similar
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parenchyma to that seen surrounding the bundle in the higher section
shown in Pl. XI, Fig. 4,a.

PL XI, Fig. 3, is a transverse section probably cut quite close to the
base of the body of the seed, or across the upper part of the stalk, of the
same specimen as that illustrated in Figs. 1 and 2. The central core
of sclerotic tissue, s.z, continuous with the hard coat of the body of the
seed, is well seen, as also the gradual transition of this tissue into the
surrounding sarcotesta with the characteristic bounding layers, . The
main vascular bundle, 4., is just discernible occupying a sub-central
position in the sclerotesta, while in the surrounding sarcotesta six bun-
dles, s.5., can be seen. The outer part of the sarcotesta has been destroyed,
with the exception of the external layers, /, which are pressed in on
the more durable tissues.

The central sclerotic tissue is produced on one side, probably owing to
the section being somewhat oblique, so that it passes across the lower
portion of one of the principal longitudinal ridges of the body of the seed.
As before mentioned no sarcotestal bundle is seen opposite to the point of
this projection, although two are seen occupying a fairly symmetrical
position opposite to its sides. The bundle and surrounding tissues of
Pl. XI, Fig. 3, are represented magnified about 100 times in Pl XI,
Fig. 4. The magnification of Figs. 2 and 4 is equal, so that the bundle
at the two levels may be directly compared. In Fig. 4 the main supply
bundle, 4., is shown, and appears to have a diameter of about -14 mm., or is
about half the size of the bundle of Fig. 2 cut at the lower level. The
larger size of the bundle in Fig. 2 favours the view which has been already
expressed, that in this section the sarcotestal bundles had not yet been given
off, as the section is below the level of branching.

Returning to the section shown in Fig. 4, no clear evidence of
a differentiated phloem surrounding the xylem can be made out, but
the bundle is embedded in a comparatively large-celled, apparently paren-
chymatous tissue, which occupies the space within the core of hard tissue.
It will be noticed that the triangular form is still preserved to a certain extent,
though it is not as sharply marked as in the lower section (Pl. XI, Fig. 2).

In all probability the main supply bundle was concentric in structure.
A definite protoxylem cannot be made out in this transverse section,
and, unfortunately, the longitudinal sections which show the main bundle are
not sufficiently good to help us in this matter. Miss Stopes has shown
that in Cycads: ‘ The main supply bundle is usually either completely
concentric or has a strong tendency in that direction ; the bundles given off
to the outer flesh are collateral and orientated with the phloem outwards,
and with a considerable development of centripetal xylem ; the strand con-
tinuing to supply the inner system has a strong concentric tendency?®’ In

! Stopes ('05), p. 560.
1
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all probability Trigomocarpus Parkinsoni agreed with the modern Cycads
in all these respects.

After giving off the sarcotestal strands, the main bundle, accompanied
by its parenchyma, continues unbranched through the stalk of the seed,
until it passes into the nucellus and gives rise to the inner vascular system
to be described later. At the bottom of the body of the seed a pad of
parenchymatous tissue is frequently seen between the nucellus and the
sclerotesta ; this tissue is doubtless continuous with the tissue which sur-
rounds the vascular bundle of the stalk. Laterally this tissue may have
been continuous with the presumed ¢ inner flesh,’ or it may have narrowed
down beyond the limits of the tracheal disk and become continuous with
the hypoderm of the nucellus. On analogy with Stepkanospermum? the
latter view would appear to be probably the correct one.

In Pl. XII, Fig. 12, the position of some sarcotestal bundles is
indicated at s.4., s.6., and in Pl. XIV, Fig. 25, this portion of the seed is
shown magnified about eighty times. The tissues are very much disturbed,
although the preservation of some of the elements is excellent. Parts
of at least two and probably three sarcotestal bundles appear to be repre-
sented at 4., 4., 5. In places the dark-coloured hypodermal cells of the
sarcotesta, 4., have been pushed inwards until they are quite close to
the bundles. Immediately surrounding the bundle on the right are the
remains of a delicate cell-reticulum representing the tissue in which the
bundles were embedded. Bounding the space in which the bundles are
contained are some of the ordinary cells of the sarcotesta, sa.

Scattered about in the fine tissue which separates the bundles are
numerous short tracheides or transfusion elements, s.z, which remind one
forcibly of the very similar elements contained in the fine conjunctive tissue
surrounding the pairs of sarcotestal bundles in Cycas Beddomii. In this
Cycad the two bundles of the outer flesh are complex in structure. Each
is really double, and consists of two complete collateral mesarch bundles
orientated with their phloems towards one another. The bundles are
surrounded by a considerable development of very fine conjunctive tissue
containing numerous transfusion tracheides with thickened walls and fine
reticulate or spiral markings, and the whole is enclosed in a common sheath
of relatively large cells with reticulately thickened lignified walls (see
Miss Stopes’ paper, 1904, Fig. 8, p. 445).

In Trigonocarpus Parkinsoni the sarcotestal bundles of the body of the
seed are always very imperfectly preserved, but as far as the evidence goes
a simpler type of bundle, such as is found in Cycas ciresnalis 3, is indicated,
rather than the complex one of Cycas Beddomii. In the longitudinal section
shown in Pl XII, Fig. 12, and Pl. XIV, Fig. 25, however, a more complex
type of bundle may be represented. Comparing our PL XIV, Fig. 25, with

! Oliver ('04) (1), p. 367 and PI, 43, Fig, 21. ? Stopes ('04), p. 439.
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Miss Stopes’ figure, we see in 7rigonocarpus two, or possibly three, bundles,
b., ., b., enclosed in a space bounded by cells of the sarcotesta, some
of which, a., show fine spiral markings, and perhaps indicate a sheath some-
what similar to that of Cycas Beddomii. In the fine tissue around and
between the bundles are seen abundant fine transfusion elements or short
trachceides, s.2., very similar to those of this species of Cycas. It would thus
appear that the sarcotestal bundles of Zrigonocarpus Parkinsoni, at least in
the lower part of the seed, were of a complex type.

Leaving the general structure of the bundle we may next consider
some points of detail. In Pl XIV, Fig. 25, one of the bundles (the upper
one) is traversed for a distance in a longitudinal direction, while the other
(below) is cut more obliquely. The upper bundle affords evidence of being
mesarch in structure, as the elements with more diffuse thickening bands
occupy a more or less central position. It thus confirms the conclusion
arrived at from the transverse sections (p. 104). The commonest type
of tracheide in the bundle is apparently thickened in a very fine spiral,
whilst others show loose or compact reticulate markings. Some of the
tracheides are shown more highly magnified in Pl. XIV, Fig. 26. The
commonest type is that shown at A with exceedingly fine spiral or scalariform
markings. A distinctly scalariform tracheide is shown at D with the same
exceedingly delicate thickenings. As supporting the probable connexion of
Trigonocarpus with Medullosa it is interesting to note the similarity of these
tracheides of 7rigonocarpus with the fine scalariform elements characteristic
of the primary tracheides of WMedullosa anglica®’. Pl. XIV, Fig. 26, B, shows
one of the tracheides from the central part of a bundle, perhaps one of the
elements of the protoxylem, while C shows a common type in which two
crossing series of spiral bands are present. Similar tracheides to the latter
are common in Medullosa anglica, and, as the two series of thickenings are
not quite equally in focus at the same time, they probably represent the
markings of two adjacent tracheides on the common wall between.

Pl XIV, Fig. 27, shows two of the short tracheides or transfusion
elements of Pl. XIV, Fig. 25, s.2. Like the most typical tracheides of the
bundles their markings are of a particularly fine character.

The Micropylar End of the Seed. The Question of a Wing.

A remarkable feature of this seed is the great prolongation of the
micropylar tube, which in some specimens considerably exceeds the body of
the seed in length. In the specimens figured in this paper, Pl. XII, Figs. 16
and 17, and Pl. XIII, Fig. 18, the micropyle is only slightly longer than the
body of the seed, but it is possible, and indeed probable, that the full length
of the beak is not preserved, although Fig. 17 has the appearance of being
complete. A specimen of Zrigonocarpus Parkinsoni in Mr. Kidston’s

! Scott ('99), pp. 89, 95; Pl 10, Fig. 5; Pl 13, Fig. 15.
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collection! has a micropylar beak almost 3 cm. in length, or quite double
that of the body of the seed. As will be pointed out later in this paper it
is quite possible that more than one species of 7rigonocarpus is represented
among these casts, and some forms may have had a longer micropylar beak
than others.

The series of transverse sections cut at successively higher levels, shown
in Pl XI, Figs. 6-8, and Pl. XII, Figs. g-11, will serve to illustrate the
changes which take place in the micropylar region of this seed. Figs. 6, §—
Io are magnified about six times, Fig. 7 about six and a half, and Fig. 11
about thirty-two times. The sections from which Figs. 9-11 were made
are among those which were described by Mr. Wild in the paper previously
referred to2  The changes which take place in the degree of prominence
of the principal and secondary longitudinal ridges of the sclerotesta as they
are traced from the body of the seed into the micropylar beak have already
been described (p. 107), and are illustrated in Figs. 6-8.

Pl XI, Fig. 6, is a transverse section across the upper part of the body
of the seed, and probably passes through the walls of the pollen-chamber
seen at . The central cavity of the seed is beginning to assume a triangular
outline, showing that the section is cut quite close to the base of the micropyle.
The sclerotesta, s.2., s'.7., and sarcotesta, sa., are fairly well preserved, and
the former shows the usual splitting along the principal ridges. The outer,
lacunar part of the sarcotesta is destroyed, with the exception of the limiting
layers, /., which can be traced round the greater part of the seed. In some
places the limiting layers of the sarcotesta have been so pressed in as to be
in contact with the sclerotestal ridges, so that the rest of the sarcotesta in
these places has been totally destroyed. There seems no reason to suppose
that the transverse section of the complete seed at this level was other than
circular.

Pl. XI, Fig. 7, shows a transverse section cut at a somewhat higher
level. It evidently traverses the lower thicker part of the micropylar
beak. The micropylar canal, 7., has now acquired its characteristic
triangular form, and in one place the sclerotesta, s.z., shows splitting in
a position corresponding to one of the principal ridges of the body of the
seed. The limiting layers, Z, of the sarcotesta can be traced the whole dis-
tance round the seed, although in places they have evidently been much
disturbed, as is shown by the overlap on the right side. The sarcotesta has
the form of two wings, one on either side of the boss formed of the central
sclerotic tissue. The total spread of the ‘wings’ in this slide is about
19 mm.,, or, allowing for the overlap of about 3-5 mm. on the shorter (right)
side, this would make the two sides roughly equal and the total spread
of the ‘wings’ about 21 mm. The width of one side of the triangular
micropyle is nearly 2 mm,

! Figured in Scott (’05) (1), Fig. 33, p. 146. * Wild ('00).
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Pl. XI, Fig. 8, is another transverse section from the same specimen as
that shown in Fig. 7, but it is cut at a considerably higher level across the
micropylar beak. The sclerotesta, s.z., has become thinner and the ridges
are less developed. The triangular form of the micropyle, 2., is still pre-
served, although it is no longer equilateral, one side being somewhat shorter
than the others. The wing-like form of the sarcotesta is clear, but there
has been much loss of tissue and consequent deformation. Allowing, as
before, for the overlap on the shorter side, the total spread of the wings
would be the same as before, about 21 mm. In some places the sarcotestal
tissue, with the exception of the limiting layers, Z, has entirely disappeared,
and the two surfaces of the wing are pressed together.

PL X1I, Fig. 9, is another transverse section from the same specimen as
Figs. 7 and 8, but is cut at a still higher level. The sclerotesta, s.z, is
here very much reduced in quantity, and evidently at a slightly higher level
it would disappear altogether. The micropyle, £nm., is still triangular, and
the departure from the equilateral form is still more marked than in Fig. 8.
The total spread of the ‘ wings’ is almost exactly equal to that of Figs. 7
and 8. ‘

Pl. XII, Fig. 10, is from another slide cut from the same specimen as
the others. Sclerotic tissue, s.2, around the micropyle can still be seen,
although it is quite small in amount. There is now no sign of a triangular
micropyle, but its place is taken by a slit ; however, it is quite evident that
in this part of the seed, owing to the small amount of sclerotic tissue,
a triangular micropyle might readily have been converted into a crevice by
crushing from without. Compared with the lower sections, the micropylar
boss in this slide is not well defined, while the whole structure varies
irregularly in thickness, owing partly to collapse consequent on disappearance
of tissue, and partly to the intrusion of Stigmarian rootlets. The best-
preserved part of the wing, however, does not look as if much loss of tissue
has taken place.

The section shown:in Pl XII, Fig. 11, from another seed, is the highest
of our transverse series, and is cut, apparently, near to the extreme tip
of the micropyle. This figure is magnified about thirty-two times, or about
five times the scale of the other figures in this transverse series. The
limiting layers, epidermis, ¢., and hypodermis, /., are quite well preserved,
and the inner tissues are fairly well so. The micropyle appears to be
nearly or quite closed, and is surrounded by a little group of brown cells, 4.,
not more than 300 p in diameter, and that by a light zone, Z, the maximum
diameter of which is not more than 400 u, so that the whole is on an
extremely small scale. This section apparently shows more than half the
circumference of the micropylar tube, and as the maximum distance from
the centre of the micropyle to the outside of the testa is only 1-2 mm. there
is no question of a wing, unless one supposes that the micropyle is entirely
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displaced, which can scarcely be the case as the tissues are fairly well
preserved.

It is from the examination of sections such as those shown in Figs. 7-10
(and there are others which exhibit the same features), that the opinion has
grown that the long micropylar region of Trigonocarpus Parkinsoni was
provided with a broad wing continuous with the outer layer of the testa.

We have found it impossible to satisfy ourselves on the question
whether the wing is a natural structure or is merely a result of the flatten-
ing of the soft tissues of an originally cylindrical sarcotestal investment of
the micropyle. In all the sections which we have examined there has cer-
tainly been much loss of tissue ; sometimes, as in parts of Pl XI, Fig. 8,
where the limiting layers of the sarcotesta are pressed into contact, the whole
of the tissue between has disappeared. In the section represented in
PL XI, Fig. 8, the total spread of the wings, allowing for the overlap,
is about 21 mm. Supposing the epidermis filled out to form a circle
(i. e. with no wings) the circumference would be about 45-50 mm., which
would correspond to a diameter of about 14-16 mm. The seed represented
in Pl. XI, Fig. 5, has an average diameter of about 17 mm., but as the
outer part of the sarcotesta has been destroyed the diameter in the original
condition would doubtless have been somewhat greater than this. Anyhow,
the measurements show that if the seed remained circular at the micropylar
region there was only slight diminution in size up to the levels represented
by PL XI, Fig. 8, and Pl. XII, Figs. g and 10. On the other hand, if the
wing is natural, its spread would have been greater than the diameter of the
seed below, which seems very unlikely to have been the case. Taking an
intermediate view, that the wings had been somewhat reduced in thickness
and exaggerated in spread, we might suppose that the maximum diameter
of the seed remained almost constant up to the level of these sections, the
micropylar region being flattened instead of cylindrical.

On the circular hypothesis the epidermis, in such a section as Pl. XI,
Fig.8, must have been squashed in upon the micropylar boss, for the diameter
here would have been more than double what it is now. Unfortunately,
a critical section is not available, as in no slide is the preservation of the
tissues sufficiently good to enable us to trace continuity of structure between
the sclerotic tissue of the boss and the dark hypodermal layer of the sarco-
testa. That there has been loss of tissue is certain, but the structure does
not suggest so great a displacement as is necessitated on the circular hypo-
thesis. In other sections, also, the limiting layers of the sarcotesta round
the micropylar boss seem to be in nearly their natural position.

On the other hand, the fact that somewhat wing-like appendages may
be produced by mere pressure is demonstrated in sections taken across the
stalk, or even the body of the seed. Pl XI, Fig. 5, shows a small ‘ wing’
on one side, while Pl. XI, Fig. 3, from the stalk of the seed, exhibits
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a ‘wing’ comparable in length and form with one from the micropylar
region. At the same time the ‘ wings’ in the micropylar region are much
more symmetrically developed than elsewhere. We think that, on the
whole, the evidence favours the existence of real wings, but the examination
of specimens with still better preservation of the outer part of the testa will
be necessary before the presence of wings can be positively affirmed.

The Nucellus and Pollen-Chamber.

In all our longitudinal sections of 7rigonocarpus Parkinsoni the nucellus
stands up freely from the base of the seed, with a space between it and the
sclerotesta (see Pl. XII, Figs. 12 and 13). The width of this space varies
considerably in different specimens, and in some cases it is quite narrow.
In a fairly median longitudinal section (941 S.) in which the nucellus does
not appear to have suffered much displacement or contraction, the average
width of the space is only -25 mm. In most slides contraction has taken
place, and the space is consequently much greater.

On the assumption of an ‘inner flesh’ (p. 110) this space would have
been partly occupied, so that if, as seems probable, the nucellus was free
from the integument, the space between must have been a very narrow one,

The nucellus itself is also quite narrow, and in good sections preserves
a fairly constant width throughout its extent, from the chalazal attachment
below to the base of the pollen-chamber above. The nucellus shown in
PL XII, Fig. 15, has an average thickness of -1 mm. In other sections, in
which the nucellus is less perfectly preserved, the thickness is commonly not
more than .05 mm.,, probably owing to the fact that the nucellar epidermis
is usually destroyed.

Within the nucellus is a dark-coloured structureless line (Pl XI,
Fig. 5, m.), which doubtless represents the membrane of a large, solitary
megaspore. The megaspore membrane is always found contracted away
from the nucellus, with which it was doubtless originally always in contact.
Unfortunately, the prothallus and archegonia are never preserved.

Transverse sections of the body of the seed made at different levels
exhibit some characteristic differences in the appearance of the nucellus. In
sections across the lower part of the seed the nucellus frequently possesses
numerous blunt or pointed outgrowths projecting into the space between it
and the testa. These processes are often rather irregular in their distribu-
tion and size, and are well shown in some of the original Williamson slides .
In sections above the middle of the seed these outgrowths are usually less
conspicuous, so that this feature is of some value in determining whether
a single transverse section is cut above or below the middle of the seed.
With regard to the origin of these processes, we believe that they are
caused by the contraction of the tissue of the nucellus which lies between

1 e.g. No. 1460 W.
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them, and that they generally correspond in position with the longitudinal
vascular strands to be described later.

The structure of the nucellus, as seen in the best-preserved sections,
is shown in Pl XII, Fig. 15, and Pl XIV, Figs. 29-31. Externally,
there is a single layer of cells forming an epidermal layer, n.e., readily
distinguishable from the underlying tissue. These cells are usually filled
with dark contents similar in appearance to those of the hypodermal cells
of the sarcotesta. In longitudinal sections (Pl XII, Fig. 15) these cells,
n.e., are usually somewhat elongated in the longitudinal direction, and
have an average length of about .08 mm., but vary considerably among
themselves in this respect. Fig. 15 is magnified about forty times, and
is taken from a portion of the nucellus which is quite low down in the seed,
but similar cells can be seen around the nucellus in most parts of this
longitudinal section, so that it is clear that they extend from the chalazal
attachment upwards. The nucellar epidermis closely resembles that of
Stephanospermum, described and figured by Prof. Oliver !.

Pl. X1V, Fig. 29, represents a portion of the nucellus from a section
of Trigonocarpus Parkinsoni lent by Prof. Oliver, and is magnified about
560 times. The nucellar epidermis is shown at #.e., and, as is commonly
the case, the cuticle of the cells, c.e., is separated. In this section the
epidermal cells are empty, but usually they are filled with the characteristic
dark contents. '

PL. X1V, Figs. 30 and 31, are made from the same section, a good trans-
verse one lent by the Manchester Museum. The magnification is about 160
times. In Fig. 30 the nucellar epidermis, #.c., is poorly preserved, and only
the cuticle is clearly seen. In Fig. 31 the cuticle of the nucellar epidermis
is shown at e., and the contracted contents of the cells at ce. In many
sections the nucellar epidermis is represented only by its cuticle, which
persists as a fine line separated by a space from the rest of the nucellus.

Within the epidermis good sections show a tissue consisting of thin-
walled flattened cells (Pl. XIV, Fig. 31,4.). As shown in Fig. 31, the cells
of this intermediate layer are flattened in the radial direction, and as far as
can be made out from the longitudinal sections they are elongated vertically.
The corresponding cells shown in Pl. XIV, Fig. 30, i., are less flattened,
possibly because they are opposite to one of the outwardly directed processes
already mentioned.

The innermost layer of the nucellus may be distinguished as the
tracheal zone, consisting as it does mainly of delicate tracheides with spiral
or scalariform thickenings (Pl. XIV, Fig. 31, 2£). The vascular bundle
which comes in at the chalaza spreads out into what is apparently a con-
tinuous mantle of tracheides in the lower part of the seed. In some of the
transverse sections across the lower part of the body of the seed the

! Oliver (04) (1), P 43, Fig. a1.
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tracheides can be traced continuously for about a quarter of the circum-
ference of the nucellus, so that there is no doubt as to their forming
a continuous investment to the megaspore in this part of the seed. Higher
up in the body of the seed the tracheides appear to range themselves in
more or less definite longitudinal bundles, which are connected by transverse
anastomoses running in a tangential direction. ~The structures observed
are shown in Pl. XIV, Figs. 30 and 31. Fig. 30 shows a portion of
a transverse section of the nucellus, including one of the outwardly directed
processes already mentioned. On the inner side of the nucellus a flattened
longitudinal nucellar bundle is shown, #.5. The tracheides of which the
strand is composed are usually much flattened radially, as shown in the
figure. In its central part the bundle shown is about three elements thick,
but laterally it becomes reduced to but one layer of longitudinally running
tracheides.

Pl. X1V, Fig. 31, is drawn from the same transverse section as Fig. 30,
and shows at the lower end part of one of the flattened longitudinal bundles,
n.b., consisting of fairly thick-walled elements which can be seen to be
tracheides in other parts of the section where the nucellus is cut somewhat
obliquely. Outside the longitudinally running tracheides—cut transversely
in the section—other tracheides, #, are shown running in a horizontal or
oblique direction. Laterally, as shown in the upper part of Fig. 31, the
longitudinal tracheides disappear, and are replaced by others which run in
an approximately horizontal direction, and so form transverse anastomoses
between the longitudinal bundles, Similar longitudinal strands are seen in
this section opposite to other projections on the outer side of the nucellus.

The nucellar tracheal system has been traced through the whole length
of the nucellus, almost to the base of the pollen-chamber. There is no
evidence of phloem in connexion with the nucellar tracheides.

A tracheal investment of this kind to the megaspore appears to have
been a common feature of many of the old Cycadean seeds of the Palaeozoic
era. Prof. Oliver has described a somewhat similar tracheal investment in
Stephanospermum. In Stephanospermum akenioides the structure of the
nucellus as a whole is almost identical with that of Zrigonocarpus Parkinsont,

‘excepting that, whereas in Stephanospermum the tracheal mantle forms a
thin but continuous sheath without trace of local segregation into bundles’,
in Trigonocarpus there are definite longitudinal bundles.

The question of the relation of the nucellus to the integument, whether
coherent with it throughout the greater part of its extent as in the modern
Cycadeae, or free from it as in Stephanospermum or Lagenostoma, is one of
importance. From the fact that the nucellar epidermis in 7rigonocarpus
can be traced throughout the whole length of the nucellus from the chalaza
upwards, as in Stephanospermum, and is not confined to the upper part, as

' Oliver ('04) (1), pp. 367, 368.
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it probably would be if the nucellus were free only at the tip as in the
Cycads, we believe that in 77igonocarpus the nucellus was free from the
integument throughout its whole length.

The Pollen-Chamber.— Above the prothallial region of the nucellus is
seen a relatively small pollen-chamber (Pl. XII, Fig. 13, pc.), a very
characteristic feature in these old seeds. This structure in 7rigonocarpus
was indicated in some of the figures of Hooker and Binney!, and after-
wards described and more fully illustrated by Williamson2. Curiously
enough, the best preservation of the pollen-chamber which we have yet seen
is in one of the original Hooker and Binney slides, now preserved in the
Binney Collection at Cambridge, and figured in our Pl. XII, Figs.13 and 14,
and Pl. X1V, Fig. 32.

As shown in Pl. XII, Fig. 13, the pollen-chamber forms a wide dome,
2-5—-3 mm. in diameter at the base. = We have to add the new fact that the
pollen-chamber was provided at the top with a narrow channel or beak, ée,
not more than 3oou in diameter. The presence of a beak is also obscurely
indicated in the Williamson section (1478 w.), which is shown in Fig. 114
of his Memoir before referred to. The beak, as shown in the Binney slide,
is barely half a millimetre in length, but presumably it extended much farther
in the natural condition, and connected the pollen-chamber with the micro-
pyle, or even extended for some distance along the latter.

The pollen-chamber as a whole is smaller than in Stephanospermu:.
In S. caryoides the pollen-chamber forms about one-seventh of the height
of the whole nucellus, and in S. akenioides about one-fourth or one-fifth 3,
while in Trigonocarpus Parkinsoni the proportion, judging from the Binney
section represented in Pl. XII, Fig. 13, and excluding the beak, is about
one-tenth. In general structure the pollen-chamber of Zrigonocarpus
appears to have been very similar to that of Stephanospermusm, but on
account of the small number of sections in which the pollen-chamber is
shown and the imperfect preservation, it is impossible to describe its struc-
ture in much detail. The megaspore wall was doubtless separated from
the cavity of the pollen-chamber by a transverse septum continuous with
the nucellus. In Pl. XII, Fig. 13, the septum is wholly destroyed, unless
the pad of tissue shown at p. has been displaced from the floor of the pollen-
chamber, as is probably the case. In other sections* (not figured) part
of the septum remains at the sides.

In Stephanospermum akenioides the septum between the megaspore
and the pollen-chamber is a vascular sheath consisting largely of tracheides
continuous with those of the wall of the nucellus below and around, thus
completing the vascular.investment of the nucellus®. Tracheides are never

1 Hooker and Binney (’55), Pl. 1V, Figs. 7, 8, 1a.

* Williamson (’77), PL XIII and XIV, Figs. 113-15,

® Oliver ('04) (1), pp- 363, 374- ¢ e g 940 (8); Wild 1939 (S).
® Oliver ("04) (1), p. 369.
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found beyond the septum, i. e. they never penetrate to the walls or roof of
the pollen-chamber itself. In our specimens of Trigonocarpus no trace can
be seen of tracheal elements either in the septum or in the walls of the
pollen-chamber, excepting, perhaps, in the beak to be described later. In
the case of the septum this negative evidence does not necessarily imply
that tracheides were absent, as the septum in our specimens of Zrigono-
carpus is only poorly preserved, but the absence of tracheides in the pollen-
chamber wall in such a slide as that shown in Pl. XII, Fig. 13, when quite
well-preserved tracheides are seen lower down in the nucellus in the same
section, appears to indicate that such elements were probably really absent.
In this respect, then, 7rigonocarpus probably agrees with Stephanospermum.

In all the slides the megaspore membrane (Pl. XI, Fig. 5, .) is con-
tracted away from the nucellus and from the septum above, but doubtless
in the natural condition the two tissues were in close contact all round. At
the apex, as suggested by Professor Oliver for Stephanospermum?, the
megaspore membrane probably bulged the septum upwards, so that the
septum and the top of the megaspore encroached somewhat on the pollen-
chamber, and may have reduced its size considerably from that which
is shown in Pl. XII, Fig. 13, pc. As in Stephanospermum, the pollen-
chamber was provided laterally with cushions or shoulders of nucellar tissue
of considerable thickness, composed of thin-walled elongated cells, the
clongation being parallel to the slope of the wall. One of these cushions is
shown in Pl. XII, Fig. 13, ¢., and the other on the opposite side of the
pollen-chamber is quite visible in the slide, although not in the photograph.
The patch of tissue shown at p. in this figure is probably not a portion
of one of the cushions, but, as shown by comparison with other slides, part
of the floor of the pollen-chamber displaced from its natural position. The
tissue of the cushion dies out on the roof of the pollen-chamber.

The wall of the pollen-chamber is covered externally by a layer of
epidermal cells apparently similar to, and doubtless continuous with, those
of the nucellus below. When traced to the base of the nucellar beak
the epidermal cells become radially elongated and palisade-like in form
(Pl XII, Fig. 14, w.). A somewhat similar change in the epidermal cells
of the pollen-chamber wall has been described by Professor Oliver in
Stephanospermum caryoides. In this form the flanks of the pollen-chamber
are included in a well-marked epidermis of cubical cells which become
columnar as the insertion of the beak is approached 2.

In Trigonocarpus Parkinsoni, within the epidermal cells of the pollen-
chamber beak, there is an inner layer of small prosenchymatous elements,
shown in Pl. XII, Fig. 14, 2, and Pl. XIV, Fig. 32, £ These fibrous
elements are not more than about .o1 mm. in width, and when examined
under a high power and with good illumination exhibit a very faint ¢ barring’

t Oliver (04) (1), p. 364 2 Oliver ("04) (1), p. 374 and Pl. 44, Fig. 38.
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which somewhat resembles tracheal thickenings. The question as to
whether these elements are really tracheides or not must be left open
for the present, but in view of the absence of tracheides from the wall
of the pollen-chamber in both 7rigonocarpus and Stephanospermum we are
inclined to think that the elements in question are non-tracheal.

On the whole the pollen-chamber with its beak in Zrigomocarpus
Parkinsoni resembles in a somewhat striking manner the Cordaitean pollen-
chamber as shown in Renault’s well-known figure !, while there is also fair-
agreement with the corresponding structures in a recent Cycadean ovule as
in Stangeria®.

IV. TRIGONOCARPUS OLIVERI, SPEC. NOV.

This is a new species of 7rigorocarpus which has kindly been com-
municated to us for description by Professor F. W. Oliver, F.R.S., after
whom it has been named. The locality from which it was obtained—
Shore-Littleborough in Lancashire—is a comparatively new one for petri-
fied fossil plants, the colliery having recently been reopened for scientific
purposes by Mr. W. H. Sutcliffe, F.G.S. This rich locality has yielded
many well-preserved and interesting fossils which are found in nodules from
the roof of the workings, as well as in the ordinary nodules or coal-balls
lying in the coal-seam immediately below.

Trigonocarpus Olivers occurs in'a roof-nodule, and is at present repre-
sented by one specimen only, which has been cut by Mr. Lomax into the
four longitudinal sections shown in Pl XIII, Figs. 19-22. As no trans-
verse sections are available for examination we are unable to fully diagnose
the new form, but, as far as can be judged from the longitudinal sections, it
is similar in many respects to Zrigonocarpus Parkinsoni, and we have pro-
visionally placed it in the same genus. At the same time there are differ-
ences from the ordinary form which are quite sufficient for its separation as
a distinct species.

Trigonocarpus Oliveri is a somewhat smaller seed than 7. Parksnsoni.
None of our sections pass radially through the seed from base to apex,
so that the true length of the seed is not shown. The longest section, that
shown in Pl XIII, Fig. 19, has a length of about 1-8 cm,, or slightly less
than that of 7. Parkinsoni, specimens of which, excluding the micropylar
beak, vary between just over 2 cm. and 2-5 cm. in length. The maximum
width of 7. Olivers across the body of the seed, measuring to the outside of
the sclerotesta, is nearly -9 cm.,, or half the length. In 7. Parkinsoni the
corresponding maximum width varies between about 1-3 and 1-6 cm. The
new seed is therefore somewhat shorter and narrower, and is also slightly
narrower in proportion to its length, than most specimens of 7. Parkinsons.
The sarcotesta is not preserved, excepting, perhaps, slight traces of it at the

' Renault ('81-'85), T. i, Pl. 14, Figs. s and 6.  * e.g. Lang ('00), Pl. XVII, Fig. 1s.
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base of the seed within the angles of the sclerotesta (Pl. XIII, Fig. 20, sa.).
The sclerotesta is shown at s.z in the figures and exhibits certain differences
from that of the ordinary form. The section figured in PL XIII, Fig. 19,
is, on the whole, the most median one we have, and shows the characteristic
¢ coffin-shape ’ of the sclerotesta and of the cavity within it, which is quite
different from the oval form with a rounded base which is seen in all the
longitudinal sections of Zrigonocarpus Parkinsoni (cp. Pl. XII, Fig. 12).
This section (Fig. 19) is evidently not quite radial at the base of the seed, as
it misses the chalazal attachment of the nucellus n. The nucellus shows
a ragged appearance due to a number of irregularly disposed processes
similar to those described in dealing with the nucellus of Zrigonocarpus
Parkinsoni (p. 119). The base of the sclerotesta is characteristically flat or
nearly so, and in this section it has a width, to the outside limit of the
sclerotesta, of about -6 cm.

At the base of the seed the sclerotesta is produced at the angles into
two downwardly pointing processes, p., p., which appear to be sections
of a circular ridge surrounding the base of the seed. At the apex the
section is clearly not radial, as it escapes the micropylar beak altogether.
Three processes are seen rising from the top of this section, the interpretation
of which is not without difficulty ; they probably represent some of the
longitudinal ridges of the sclerotesta as they converge to the base of the
micropylar beak.

Pl. XIII, Fig. 20, is another obliquely longitudinal section of the same
seed. The basal part of the seed is evidently cut nearly radially, as the
chalazal attachment of the nucellus, #., is shown. In the upper part of the
seed the pollen-chamber, p.c., is apparently cut through. The base of this
section shows the downwardly directed processes of the sclerotesta, p.2.,
better developed than in Fig. 19, and we think that these two sections make
it practically certain that there was a circular ridge around the base of this
seed, a feature which constitutes one of the most distinctive characters
of the species. In Fig. 20 these processes (2.p.) evidently extended farther
downward than is shown in the specimen ; only the proximal part of the
circular ridge is preserved.

The upper part of this section (Pl. XIII, Fig. 20) is not cut in the
median plane. The three ridges shown, »., », ., give rise to an appearance
as though the apex of the seed was provided with a circular ridge similar to
the crown of a Stephanospermum. This appearance, however, is probably
deceptive, and is due to the obliquity of the section, which thus passes
through three of the ordinary longitudinal ridges of the sclerotesta. Three
similarly placed ridges are sometimes shown in 7rigonocarpus Parkinsoni
when the seed has been cut obliquely, and the two outermost of these have
frequently been described as caused by the presence of an annular ridge.
Truly radial sections of 7. Parkinsoni passing through the micropyle show
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no trace of an annular ridge. That the three processes shown in Pl. XIII,
Fig. 20, ., r.,, ., are only longitudinal ridges is also made clear by their
absence in the more radial section of the upper part of the same seed shown
in Pl. XIII, Fig. 19.

Pl. XIII, Fig. 21, is a vertical tangential section, and shows the cavity
of the seed, c., and the surrounding sclerotesta, s.z. The sclerotesta is much
thicker on one side than on the other, probably because the section passes
through one of the longitudinal ridges on that side. On the thicker side
a nearly detached portion of the sclerotesta is shown, probably correspond-
ing to another longitudinal ridge.

Pl XIII, Fig. 22, is still more tangential, as it shows little more than
the sclerotesta, s.z., with a trace of the cavity of the seed within. The
sharply pointed upper and lower ends of this section probably indicate
that the section passes through one of the longitudinal ridges, and that
these had very acute edges. In Z7igonocarpus Parkinsoni the ridges were
more blunt or round, and none of the numerous sections which we have
examined of this form are at all like the section shown in PL XIII, Fig. 22.
We do not think that the form represented in this figure is a possible one
for Trigonocarpus Parkinsoni.

The innermost cells of the sclerotesta, especially in the section shown
in Fig. 22, have dark contents and are quite different from the rest of
the cells of this layer. They are continued as fine lines from the centre
of the section (Fig. 22) through the middle of the longitudinal ridge shown
above and below. The splitting of the testa along the ridges, which can be
seen in Figs. 20 and 22, appears to proceed along these cells, which seem to
be in a state of disorganization. In this form the splitting of the testa
along the ridges would thus appear to have been a natural process corre-
lated with the presence of special cells occupying the central parts of the
sclerotestal ridges.

The presence of a circular ridge surrounding the base of the seed,
and enclosing, presumably, the stalk by which it was attached to the parent
plant, is a character which Zrigonocarpus Oliveri possesses in common with
Polylophospermum stephanense, a French seed which has been recently
re-described by Professor Oliver!. Indeed longitudinal sections of the base
of this seed compare closely with similar sections of Trigonocarpus Olivers.

Polylophospermum stephanense is a long prismatic seed, hexagonal in
transverse section and prominently ribbed along the salient angles, while
both at the apex and base there are cup-shaped incurved outgrowths of the
testa which produce two false chambers at the ends of the seed. One of
these chambers encloses the micropylar beak, and the other the stalk of the
seed. The length of this seed is about 1-5 cm., or somewhat less than that
of Trigonocarpus Oliveri.

! Oliver ("04) (2).
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Trigonocarpus Olivers differs essentially from Polyloplospermum ste-
phanense in its general shape and in the absence of the cup-shaped outgrowth
of the testa around the micropyle. Its general shape is much less narrow
and cylindrical, the proportion of length to breadth being about 2 : 1, while
in Polylophospermum it is about 3:1. The shape in transverse section cannot
be determined from our sections.

On the whole, judging from the characters which are available in a series
of longitudinal sections of a single seed, we think that this seed more closely
resembles 7rigonocarpus, and we have therefore provisionally placed it in
this genus.

The following is a brief diagnosis of the distinctive characters of the
new seed :—

Trigonocarpus Oliveri, sp. nova.

Horizon. Lower Coal Measures. Shore-Littleborough, Lancashire.

Size. Length nearly 2 cm. ; maximum transverse diameter about -g cm.

Shape. Characteristically ‘coffin-shaped’ in vertical sections. Base
flattened. Sclerotesta produced around the base of the seed in the form of
a circular ridge enclosing the stalk of the seed. Longitudinal ridges of the
sclerotesta acute-angled, not rounded as in 7rigonocarpus Parkinsoni.

V. THE CASTS AND IMPRESSIONS.

It is not intended in this paper to enter into a full discussion of the speci-
mens of Trigonocarpus which do not exhibit internal structure—the internal
casts of the cavity of the seed and the more or less flattened specimens of the
whole seed which have usually been described under the name of Carpolithes
alata (Lindley and Hutton). At the same time, a correlation of the features
shown in those specimens with those of the petrified seeds showing internal
structure is of some interest and importance, and we propose to devote
some attention to this matter in the present paper, especially with reference
to the three good specimens of Carpolithes alata represented in Pl. XII,
Figs. 16 and 17, and PI. XIII, Fig. 18.

Taking first the ordinary internal casts, some account has already been
given of these nut-like ‘seeds’in the present paper (pp. 9o, 94), and a few
additional details may be given here. The common type of these internal
casts—those described under the names of 7rigonocarpus Parkinsoni and
T. olivaeformis—although they vary somewhat among themselves in size
and shape, still agree closely with the petrified specimens showing internal
structure, so that it is highly probable that they represent the same form.
The probable identity of the casts described as 7. Parkinsoni and T. olivae-

JSormis has already been pointed out (p. 93).

Many of the internal casts show a triangular fracture at the narrower

(upper) end, which doubtless represents the place where the cast of the



128 Scott and Maslen—The Structure of Trigonocarpus.

triangular micropylar tube had broken off. Many of the specimens also
show a circular or oval scar at the lower or more rounded end ; this scar
probably indicates the edge of the tracheal disk from which the free nucellus
sprang (see Pl. XII, Fig. 12, p.). The internal casts show, as a rule, three
well-marked longitudinal ridges, which doubtless represent the three
longitudinal furrows on the inner side of the sclerotesta of 7rigonocarpus
Parkinsoni. We have described (p. 108) how these furrows become less
deep or pronounced towards the base of the body of the seed in petrified
specimens ; it is interesting to find that the internal casts show the three
ridges dying out towards the bottom, exactly as shown in the sections.
None of the sections of 7rigonocarpus Parkinsoni which we have examined
would yield internal casts with more than three longitudinal ridges, so that
the casts described as 7rigonocarpus Noeggerathi (Stern.), which are in size
and shape comparable with ours, but are provided with six longitudinal
ridges instead of three, must have belonged to a different but probably
closely related plant.

"~ We pass now to the impressions shown in Pl. XII, Figs. 16 and 17,
and Pl XIII, Fig. 18, which are similar to those described by Lindley and
Hutton as Carpolithes alata, and identified by Mr.Kidston with 7rigonocarpus
Parkinsoni’. Whether the three specimens figured here and others figured
elsewhere all belong to the same species may perhaps be left for the present
an open question, but that they are specimens of 7rigonocarpus seems certain,
although the correlation of the features presented by these impressions with
the parts of the structural specimens presents considerable difficulty.

The specimens shown in Pl. XII, Figs. 16 and 17, now belong to
the Copenhagen Museum, but were originally contained in the Hutton
Collection at Newcastle. The specimens were obtained for us through the
good offices of Mr. E. A. Newell Arber, F.G.S. The photographs are about
twice the natural size, so that the total length of the specimens as preserved
is about 4-5-5 cm. Of the total length, the rounded body of the seed forms
about four-ninths in the specimen shown in Fig. 16, and about half of that
shown in Fig.17. In a figured specimen of 7rigonocarpus Parkinsoni belong-
ing to Mr. Kidston ? the body of the seed forms only one-third of the total
length. The latter specimen may represent a different species from ours, unless
in our specimens the micropylar beak is incompletely preserved. Of the
three examples figured in this paper (Pl. X1I, Figs. 16 and 17, and Pl. XIII,
Fig. 18), one, Fig. 17, has every appearance of being complete at the upper
end, but in the other specimens (Figs. 16 and 18) the micropylar beak
quite probably extended farther than shown, especially so as we know that
the upper portion of the beak consisted almost wholly of thin-walled, easily
destroyed tissue.

The specimen shown in Pl. XII, Fig. 16, is probably to be interpreted

! Kidston (°86), pp. 218, a19. ? Figured in Scott ('08) (1), Fig. 33, p. 146.
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in the following way. The outer surface of the sclerotesta surrounding the
micropylar canal is shown at s.25., the reference line passing to one of
the longitudinal ridges of the micropylar beak (compare the transverse
section across the lower part of the micropylar beak shown in Pl XI,
Fig. 7). The beak shown in Fig. 16 gradually tapers upwards, so that
while the width at the base is about 6 mm., at the upper end it is less than
3 mm. These dimensions agree approximately with those of the sclerotesta
shown in- Pl. XI, Figs. 7 and 8, from which it appears that these two
sections were cut at a considerable distance from one another, perhaps
nearly equal to the length of the micropylar beak shown in Fig. 16. The"
upper end of the micropylar beak of Fig. 16 has an unfinished appearance,
probably because the distal portion, consisting of thinner-walled tissue,
is lost. That the outer surface of the sclerotesta of the beak, and not that
of an internal cast of the micropylar canal, is shown in Fig. 16, is made
probable, then, by its size agreeing, with that of the petrified specimens.
The width of the base of the beak compared with that of the body of the
seed also confirms this explanation. A typical transverse section across
the body of the seed, such as that shown in PL XI, Fig. 5, has a diameter
(measuring to the outside of the sclerotesta) of about 1-3 cm., while the
diameter at the base of the beak is almost exactly half this, and the same
proportion holds good in the specimen represented in Pl. XII, Fig. 16.
On one side of the micropylar beak is seen a flat area (Pl XII, Fig. 16, sa.),
which we interpret as the impression of the sarcotestal covering. The
appearance presented might very well be due to a wing of soft tissue more
or less ‘doubled’ under. This ‘wing’ cannot be traced with certainty below
the beak portion of the seed.

The body of this seed (Fig. 16) has such a form and dimensions as to
quite well agree with the petrified specimens of 7rigonocarpus Parkinsoni.
The body of the seed is split in such a way as to provide us with
a tangential section showing the sclerotesta, s.z., preserved in coaly
material which is continuous with the similar substance forming the micro-
pylar beak, s.2.5., and the material, ¢., filling up the central cavity of
the seed. '

Pl XII, Fig. 17, shows another seed impression which has a remarkable
appearance of being complete, especially at the upper end, so that the whole
seed has a symmetrical, elongated, oval outline. The body of this seed is
about equal in width to that of the specimen shown in Fig. 16, but its
length is about -5 cm. greater. The micropylar beak, m.5., can be seen
extending from the top of the body of the seed for a distance of 2-25 cm,,
preserving an almost equal size the whole distance. The lower (darker)
portion of the beak, 1 cm. in length, is preserved in relief, and has a triangular
form, with an edge or longitudinal ridge to which the reference line, .5,
passes, and possibly another on the left of this. The upper (lighter) part of

K
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the beak is represented by a furrow with a median groove, because the actual
micropylar beak has been broken off and only its impression remains.

The body of the seed shown in Fig. 17 presents much the same appear-
ance as that of Fig. 16 ; what appears to be the sclerotesta is shown at s.z.,
while ¢ is perhaps the surface of the coaly shale which forms a cast of the
interior cavity. A fact which is difficult of explanation, on the supposition
that ¢ in Figs. 16 and 17 represents the surface of an internal cast of the
cavity of the seed, is the complete absence of any sign of the longitudinal
ridges which are so characteristic a feature of the ordinary sandstone internal
casts of 7rigonocarpus. Mr. E. A. Newell Arber informs us that he has
seen hundreds of such smooth specimens. The absence of longitudinal
ridges would be equally difficult to explain if we assume that the smooth
surface ¢ represents the surface of the whole seed squashed flat, for we
should expect the sclerotestal ridges of the body of the seed to be shown.

The most interesting feature of the specimen shown in Pl XII, Fig. 17,
is the impression of the sarcotesta, sa., which surrounds the whole seed and
gives to it a regular, elongated, oval form. The whole seed may have been
symmetrically flattened out into the form shown, or, if a real wing was
present, it is probably seen in this specimen. On the whole, we think that
the specimens shown in Figs. 16 and 17 favour the presence of a real wing,
although the evidence from the impressions, as well as from the study of
the petrified specimens, is not conclusive.

The third of our figured specimens of Carpolithes alata (Trigonocarpus
Parkinsoni?) is shown in Pl. XIII, Fig. 18, the magnification being equal
to that of the others. The specimen comes from Jarrow, and belongs to
the Hutton Collection in the Newcastle Museum. The total length of the
seed as shown is about 4 cm., the body of the seed being 1-8 cm. and the
micropylar beak 2-2 cm. in length, while the maximum width of the body is
1-5 cm. The size is therefore approximately equal to that of the other two
impressions and to the ordinary petrified specimens. The micropylar beak,
m.b., has a triangular form, and tapers rather rapidly above. The body of
the seed and the micropylar beak are apparently represented as internal
casts in the coaly shale. One of the internal grooves of the sclerotesta is
represented by the conspicuous ridge, »., which is seen passing across the body
of the seed, and continuing as the prominent edge of the triangular micro-
pyleand traceable almost to the summit of the latter. That the surface of the
body of the seed shown is really that of an internal cast,and not the outer sur-
face of the sclerotesta, is clear from the fact that but one longitudinal ridge can
be seen cither here or along the micropylar tube. Preservation of the outer
surface of the sclerotesta sufficiently good to show one well-marked ridge
would be practically certain to show others also. Moreover, the sclerotesta
itself is seen in this specimen as a layer of coaly material, 5.2, which encloses the
internal cast in places, although the greater part of it has been broken away.
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One difficulty in the interpretation of the specimen shown in Pl XIII,
Fig. 18, is that the longitudinal ridge apparently extends to the bottom of
the body of the seed, while, as we have before mentioned in this paper, the
ordinary internal casts usually show the ridges disappearing towards the
base of the seed. Examination of a number of specimens of Carpolithes
alata and of the ordinary internal casts at the Natural History Museum
makes it highly probable that in Fig. 18 the real base of the seed is not
seen. The ridge shown is of exactly the same length as one of the ridges
of many of the internal casts, and the real base of the seed was in all
probability unribbed. We feel little doubt as to the specimen shown in
Fig. 18 being really mainly preserved as an internal cast, with a thin coaly
layer representing the sclerotesta preserved in places.

The true interpretation of impressions such as those shown in Figs. 16,
17, 18, presents considerable difficulty, and becomes possible only after the
internal structure of the petrified specimens has been worked out in detail.
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EXPLANATION OF PLATES XI-XIV.

Ilustrating Messrs. Scott and Maslen’s paper on 7rigonocarpus.

PLATE XI.

Fig. 1. First of a series of transverse sections across a sced of 7rigonocarpus Parkinsoni. This
section is the lowest of the series and is cut across the base of the seed some considerable distance
below the chalaza. Slide 637 (S)!. Magnification between 6 and 5 times,

b. triangular space containing main supply bundle of the seed and surrounded by a zone of
dark-coloured sclerotic tissue continuons with the sclerotesta ; /Z limiting layers of sarcotesta.

Fig. 2. The central portion of the same slide as shown in Fig. 1 more highly magnified.
Magnification 100.

s.2. sclerotic tissue continuous with sclerotesta ; 4. main supply bundle of seed ; 5. triangular space
enclosing bundle.

Fig. 3. Transverse section of same specimen at a higher level across the base of the seed. Inner
part of sarcotesta preserved with about six sarcotestal bundles. Slide 626 (S). Magnification 6.

6. main supply bundle of seed; s.2. sclerotestal core surrounding bundle; s.4. six sarcotestal
bundles embedded in compact sarcotesta ; /. limiting layers of the sarcotesta.

Fig. 4. Central part of same more highly magnified. s... part of core of sclerotesta; . main
supply bundle of seed ; a. cells surrounding bundle.

Fig. 5. Transverse section across the central part of the body of the same seed as shown in
Figs. 1-4, showing general form and three principal and nine secondary sclerotestal ridges. Slide
325 (S). Magnification 6.

m. megaspore membrane (contracted); . nucellus; .7. one of the principal ridges of the
sclerotesta ; s.7. ane of the secondary ridges of the sclerotesta ; sa. sarcotesta ; / limiting layers of
sarcotesta ; 5.5, position of one of the sarcotestal bundles (shown more magnified in Pl XIV,
Fig. 28).

Fig. 6. Transverse section across the upper part of the body of the seed probably passing across
the pollen-chamber. The central cavity is beginning to assume a triangular form and the sclerotesta
. shows the differentiation into two zones. Slide 1470 (W). Magnification 6.

2. wall of pollen-chamber; s.t. inner zone of sclerotesta; s°./. outer zone of sclerotesta; sa.
sarcotesta ; /. limiting layers.

Fig. 7. Transverse section near base of micropyle showing triangular form of micropyle and
‘wing’ of sarcotesta. Slide Q. 585 (M). Magnification 64.

t.m. triangular micropyle ; s./. sclerotesta of micropylar beak ; sa. sarcotesta; / limiting layers
of sarcotesta.

Fig. 8. Transverse section across micropylar beak at a higher level than Fig. 7. From samc
specimen as Fig. 7. Slide 487 (S). Magnification 6.

¢m. triangular micropyle; s.r. sclerotesta of micropylar beak; sa. sarcotesta; / limiting
layers of sarcotesta.

! [The reference letters after the number of the slide refer to the collections to which the slides
belong. Ow=in the collection of Prof. Oliver, F.R.S. M=in the Manchester Museum. B=the
Binney Collection at Cambridge University. S= Dr. Scott’s Collection. W = Williamson Collection
at the Natural History Museum.)
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PLATE XIIL

Fig. 9. Transverse section across micropylar beak at a still higher level. Slide 1943 Wild (S).
Magnification 6.

¢.m. trisngular micropyle; s.t. sclerotestal tissue surrounding micropyle; Z limiting layers of
sarcotesta.

Fig. 10. Transverse section across beak at a still higher level. Same specimen as Fig. ¢
Slide 1942 Wild (S). Magnification 6.

s.t. small amount of sclerotic tissne surrounding micropyle which was apparently slit-like in
form ; /. limiting layers of sarcotesta. .

Fig. 11. Transverse section of extreme tip of micropylar beak. Opening of micropyle
apparently blocked. Slide 1952 Wild (S). Magnification 33.

4. dark cells surrounding micropyle; /. light-coloured zone surrounding micropyle; 4. hypa-
dermis of sarcotesta ; e. epidermis of sarcotesta.

Fig. 12. Longitudinal section of the lower part of a seed of Zrigomocarpus Parkinsoni. The
section is not strictly radial and therefore does not pass through the chalazal bundle. The attack-
ment of the apparently free nucellus is shown. Slide R. 763 (M). Magnification 7.

2. nucellus ; 2. chalazal attachment of nucellus; s.., s.5. position of sarcotestal bundles one of
which is shown more highly magnified in Pl. XIV, Fig. 25; s.t. sclerotestal tissue at base of stalk
of seed.

Fig. 13. Longitudinal section of upper part of seed showing pollen-chamber and beak. Slide
234 (B). Magnification 6.

p. pollen-chamber occupying apex of nucellus ; ¢. lateral cushion at side of pollen-chamber;
2. pad of tissue probably displaced from the floor of pollen-chamber; ée. beak of pollen-chamber;
sd. sclerotesta at base of micropylar. beak.

Fig. 14. The pollen-chamber beak of Fig. 13 more highly magnified. Magnification 107.

w. wall of beak consisting of palisade-like cells (see Pl. XIV, Fig. 32); /. possible tracheides
forming inner portion of wall of beak.

Fig. 15. Portion of the nucellus showing the covering of epidermal cells. From the lower part
of a seed. Slide 222 (B). Magnification 40.

n.c. nucellar epidermis ; #.%. inner tissue of nucellus.

Fig. 16. Carpolithes alata (Trigonocarpus Parkinsoni ). From a specimen in the Copenhagen
Museum originally contained in the Hutton Collection at Newcastle. Magnification 3.

s5.2.5. outer surface of sclerotesta bounding the micropylar beak; sa. impression of sarcotesta ;
s.2. sclerotesta of body of seed ; ¢. substance filling cavity of seed.

Fig. 17. Another specimen from the same collection. Magnification 2.

m.b. micropylar beak ; sa. impression of sarcotesta; s.7. sclerotesta of body of seed ; c. substance
occupying cavity of seed.

PLATE XIIL

Vig. 18, Carpolithes alata ( Trigonocarpus Parkinsoni 1). Specimen from the Hutton Collection
in the Newcastle Museum. Showing internal cast of body of seed with sclerotestal covering and
internal cast of micropylar canal.

r. ridge of cast ; .7, sclerotestal covering ; m.6. micropylar beak (internal cast).

Fig. 19. Trigonocarpus Oliveri. Longitudinal section of seed showing characteristic ¢ coffin
shape’ of the sclerotesta. Slide S. 28, 4. (O*. Magnification 6§. Loc. Shore-Littleborough (roof-
nodule).

n. nucellus; s.. sclerotesta; p., 2. processes of sclerotesta representing annular ridge at base
of seed.

Fig. 30. Another vertical section of the same specimen, more median below but less median
above. Slide S. 28, ¢. (O). Magnification 6.

#., nucellus ; p.c. pollen-chamber; s.2. sclerotesta ; sa. sarcotesta (1) preservedmthe angles of the
sclerotesta ; 2., p. processes due to annular ridge at bue of seed ; r., 7., 7. three of the longitudinal
ridges of thc seed which are cut through on account of the obliquity of the section.
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Fig. 21. More tangential section of the same seed passing through a longitudinal ridge of the
sclerotesta on one side. Slide S. 28, d. (O). Magnification 6}.

s.t. sclerotesta ; c. cavity of seed.

Fig. 22. Still more tangential section of the same seed showing the sharply angular form of the
ridges. Slide S. 28 a. (O). Magnification 6}.

s.t. sclerotesta ; c. trace of cavity of seed.

PLATE XIV.
Trigonocarpus Parkinson.

Fig. 33. The limiting layers of the sarcotesta. Slide R. 763 (M}. Magnification about 4o.

e. epidermis of small cells; 4. hypodermis of larger cells’ with dark contents; sa. ordinary cells
of the sarcotesta.

Fig. 24. Lacunar tissue of the outer part of the sarcotesta. Slide 1459 (W). Magnification
about 45.

Fig. 35. Sarcotestal bundles at base of seed. Same slide as Pl. XII, Fig. 12. Slide R. 763 (M).
Magnification about 8o.

sa. cells of sarcotesta; 4., 4., 4. vascular bundles; s.z. short tracheides (transfusion elements) in
delicate tissue between the bundles ; a. other short tracheides among cells of sarcotesta ; 4. hypodermal
cells of sarcotesta (displaced).

Fig. 26. Types of tracheides from the sarcotestal bundles shown in Fig. 25. Slide R. 763 (M).

A. Commonest type of tracheide with very fine spiral or scalariform markings. Magnification
about 280.

B. One of the small elements (protoxylem) from the central part of a bundle. Magnification
about 460.

C. Tracheide with two series of crossing spiral bands. Magnification about 280,

D. Oblique view of a scalariform tracheide.

Fig. 27. Two short tracheides (transfusion elements) from the same slide. Slide R. 763 (M).
Magnification 560.

Fig. 28. A sarcotestal bundle. Apparently mesarch. The position of this bundle is shown in
PL XI, Fig. 5, s.6. Slide 325 (S). Magnification 200.

sa, cells of sarcotesta; d.f. decomposed tissue. The arrow points towards the outside of
the seed.

Fig. 39. Portion of the nucellus showing the nucellar epidermis. Slide 4 (O). Magnification 560.

.. nucellar epidermis ; c.c. separated cuticle of epidermal cells ; #.c. inner tissue of nucellus.

Fig. 30. Part of a transverse section of the nucellus showing a nucellar bundle. Slide R. 762 (M).
Magnification 1%0.

n.b. flattened nucellar bundle; ¢, intermediate layers of nucellus; #.c. remains of nucellar
epidermis.

Fig. 31. Another part of the same transverse section. Slide R. 762 (M). Magnification 160,

n.b. part of flattened nucellar bundle; ¢. tracheide in longitudinal section; ¢. intermediate
layers of nucellus consisting of flattened cells; c.c. contracted contents of epidermal cells; e. cuticle
of epidermal cells.

Fig. 32. A part of the pollen-chamber beak shown in Pl. XII, Fig. 14. Slide 224 (B).
Magnification 400.

w. wall of beak consisting of a palisade-like tissue; ¢. possible tracheides.
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NOTES.

THE DELAYED DEHISCENCE OF CALLISTEMON RIGIDA, R. BR.—
This plant, commonly known as the stiff or rigid Bottle Brush, first described by
R. Brown in the Bolanical Register, 1819, Pl. 393, is frequently grown in Mel-
bourne, although a native originally of West Australia. The tufts of red flowers
at the ends of the branches are very striking in appearance, and leave behind sessile
closely-set fruits which ultimately dehisce by three oval apertures in the centre of the
flattened top of the semi-succulent fruit.

Since the plant flowers each year at the ends of the youngest branches only, the
age of the fruit is that of the branch bearing them. Each fruit, sessile on the bark,
is connected by a short stalk to the wood-cylinder of the year of its formation, the
clusters of fruits leaving the wood perforated at such points by knot-holes. Hence
the age of a fruit can be further verified by counting the number of annual rings
inwards to the point of origin of its stalk.

When first formed the fruits are separated by spaces from one another, but since
they grow at first relatively more rapidly in diameter than do the branches, they come
into very close contact and remain so for the first two or three years. Ultimately
they separate again, owing to the branch steadily increasing in diameter, while the
fruits have practically ceased to grow. The same applies to the knots in the wood,
which, after the fruits have fallen, are soon obliterated in the succeeding year’s
growths of wood. The fruits normally persist on the plant for many years, finally
becoming rough and corky on the surface, though still containing living pericarp-
cells, the pericarp-tissue being watery and pale green, with few scattered chloro-
plastids, more distinct in the younger fruits. These have no special cambial tissue
except on the surface, where the layers of cork are formed, and on the stalk, where
the latter passes through the cambium of the stem. The fruits nearly cease to grow
in their second year (o-8 to 1cm. diam.), the total increase in the next ten or even
eighteen years being not more than 1 to 2 mm. The edges of the semi-succulent
receptacle, however, which are at first nearly flat with the three carpellary valves, grow
a millimetre or two upwards and inwards over the valves, sometimes nearly closing
these in, but on drying always contracting so as to allow their dehiscence to set
free the seeds,

Dehiscence and the escape of the seeds is normally delayed for three, four, or
more years, and in one case portions of a cluster twenty years old were undehisced ;
the pericarp contained living and plasmolysable cells, and of the small linear seeds
many also were found on microscopic examination to contain undoubted living cells.
In the dry air of the laboratory, the fruits dehisced on cut branches, and the minute
brown seeds fell in quantity. The same occurs in the open if an attached branch is

(Annals of Botany, Vol, XXI, No. LXXXI. January, 1907.]
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killed at its base by heat so that the water supply Is cut off from the fruits, or even if
the water supply is strongly diminished by partial interruption of the wood-cylinder,
or by drought. Repeated attempts to germinate twenty-year-old and ten-year-old
seeds failed, but it seems always to be a difficult matter to obtain satisfactory
germination with the seeds of this plant.

The popular superstition is that the seeds will only germinate after subjection to
intense heat, as after a bush fire. The origin of this idea probably lies in the fact
that the fruits are retained undehisced for a long time, so long as they are supplied
with sap, but that on dead or cut branches dehiscence soon follows as the result of
the cessation of the supply of water. Scrub fires very commonly kill the basal ends
of stems or branches, and leave the upper portions more or less uninjured, so that

’

F16. 1. Clusters of fruits on stems of Callisieson rigida. (a) Cut and dried four-year-old stem,
the fruits all dehisced. (&) Cluster twenty months old, freshly cut and fruits all undehisced. (¢)
Cluster nine months old, fruits half-grown and not yet in contact,

the still living fruits would then dehisce and shed their abundant seeds to germinate
on the temporarily cleared ground beneath.

Dehisced fruits on living branches dry up, and fall gradually from the clusters,
leaving these broken and irregular. Even when all have fallen, the cluster is still
represented by pits on the bark which persist for some years,
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We have therefore in this case a special instance of a plant which saves its seeds
until the ground beneath has been cleared by fire or excessive drought, or until the
branch or tree has been killed by these or other causes.

A fair-sized plant of this small shrubby tree, 12 to 15 feet high, may possess
1,200 clusters of fruits, each averaging fifty-two undehisced fruits, and the fruits
containing approximately 250 seeds per valve, or 750 per fruit. The total number
of seeds ready for dehiscence on such a tree might therefore amount to 40 or 5o
millions. Hence it is hardly surprising that although the seeds are only about
a millimetre long, by a fifth of a millimetre broad, the blackened ground beneath
a tree whose base has been killed by a bush fire, while the upper branches are
temporarily undamaged and living, should become completely covered by a brown
layer of fallen seeds within a few days to a week or more.

THE UNIVERSITY, MELBOURNE,
A. J. EWART.

ON THE CONSTANCY OF CILIA-INSERTION IN BACTERIACEAE.—
For the last eight months I have kept two forms of the genus Pseudomonas (cylindrical
cells with polar cilia) under observation, constantly re-inoculating and causing them
to become perfectly adapted to their environment. My object was to ascertain whether
a form which had polar cilia could, under more favoura®® conditions, develop cilia
all round the cell, i. e. become peritrich.

In the order Spirillaceae, on account of the undulating nature of the membrane,
it is not to be expected that ciliation can be other than polar, and peritrich ciliation
is never found : increase of motility, as I have previously observed, in Spirillum gigan-
leum (syn, Spirillum volulans), is correlated with an increase in the number of polar
cilia.

In the case of the Bacteriaceae, however, we are dealing with organisms whose
membranes are stiff, and in which it is conceivable that increase of motion would
be correlated with a development of cilia on the sides as well as at the poles.
This would break down the distinction between the genus Baci/lus and the genus
Pseudomonas.

After eight months’ cultivation of two forms of the genus Pseudomonas 1 have
found that in all cases the cilia remained polar, even when better adaptation to the
test-tube-culture environment, and consequently greater motility, had taken place.

Hence, to attain greater motility the cilia either become stronger or else more
numerous at the poles only. In this they agree with the genus Spirillum.

DAVID ELLIS.






A Revision of the Geophilous Species of Peperomia,
with some additional Notes on their Morphology
and Seedling Structure.
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With Plate XV.

THE discovery of the seedlings of certain of the geophilous Peperomias,

which have been described in the last volume of the Annals of
Botany !, has necessitated a re-examination of all the bulbous species of the
genus. The confusion existing between the Peruvian and Mexican repre-
sentatives has been referred to, and some attempt has already been made
to disentangle and distinguish the various species®. As it was impossible
to clear up the various points of systematic interest from the material in our
British herbaria, a visit has been paid to the herbaria at Geneva for this
purpose.

I must here express my thanks to M. C. de Candolle for his kindness
in allowing me to work in his Herbarium, where, in addition to his own
collection, I was able to see all the material from the Berlin Herbarium,
including the plants recently collected by Weberbauer and Fiebrig. He
has further very generously allowed me to describe the new species, and
to write this account of the geophilous forms, although he himself is at work
on a new monograph of the genus. The Boissier and De Lessert Herbaria
were also visited, and I am much indebted for the kindness and attention
which I received there. I must also add a word of thanks to Dr. Stapf for
the kind help he has given me in connexion with this revision. As the
principal result of this work, a classification of the geophilous Peperomias
is put forward on a new basis, namely, on the character of the under-
ground tuber, which affords not only a very ready method of recognizing
the plants from particular regions, but also appears to indicate, to a certain
extent, the natural relationships of the various species.

The final separation of the species is effected mainly by the characters
of the fruits, as in Dahlstedt’s monograph 3, and in some cases the venation,
! Hill in Ann, Bot., vol. xx, p. 395. * Ibid., pp. 396-8.

3 Dahlst. in Kong. Svenska Vet. Akad. Hand. Bd. 33, No. 3, 1900.

[Annals of Botany, Vol. XXI, No. LXXXIL April, 1907.]
M
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texture, and internal structure of the leaf are of great value. A few
additional points of biological interest, with regard both to the seedling
structure and to the development of the bulb or rhizome, have come to
light during this investigation, an account of which will be given below.
Seven new species are described in the course of this paper, and the
descriptions of most of the known species have undergone considerable
emendations.

HISTORY.

The first of the bulbous species to be described was the Peperomia
-umbilicata of Ruiz and Pavon! in 1798, from the neighbourhood of Lima in

Peru;; it is a well-marked form, which does not appear to have becn brought
to Europe since Pavon’s time. The bulb or tuber is more or less placenti-
form in shape, the roots spring from the sides and base, whilst the upper
part is bare and crowned by the rosette of radical leaves. The next
specimens to arrive in Europe were those collected by Humboldt in Mexico,
which are figured and referred by Kunth? in 1815 to the same species as
Pavon’s Peruvian plant. In the figure the roots appear to emerge more or
less from a point on the upper surface of the bulb, which is described as
being about the size of a pea.

In other respects the descriptions of the two plants agree, and since
ripe fruits were not obtained, and the characters of bulb and leaf were not
very clearly noted, it is scarcely surprising that these two plants should
have been considered to belong to the same species. Since this time
many geophilous forms have been collected both in Mexico and in Peru,
and all those with a distinct bulb have been referred to P. umbilicata,
apparently without any critical examination of the plants having been
undertaken.

Thus in the Prodromus, at least four well-marked and easily separable
species are included under P. umbilicata, R. and P., and even Dahlstedt,
though he has removed certain plants from this collection to form his new
species, P. peruviana (Miq.), Dahlst.3, has failed to separate the Peruvian
from the Mexican forms, with which they have been so long confused.
Specimens belonging to two distinct species are also included under
P. parvifolia, C. DC., both by De Candolle and Dahlstedt*. It is owing

! Ruiz and Pavon, F1. Peruv,, i, p. 30, T. 45, Fig. 6. '

? H. B. and K., Nov. Gen,, i, p. 59, T. 15, Fig. 1.

3 Dahlst., L. c., p. 32.

¢ DC. Prod,, XV1, i, p. 393. Dahlst,, l.c., p. 30. P. parvifolia, C.DC. was described in Seeman’s
Journal of Botany of 1866, p. 133, from Pentland’s specimen (from 12,850 feet) at Kew and from
a Pavon specimen in the Boissier Herbarium. In the Prodromus in 1869, p. 393, Mandon’s plant
No. 1123 is added to the two just mentioned, and the diagnosis is amplified by a description of the
ovary; the spikes also are said to be dense-flowered. The Pavon plant, which appears to be similar

to Mandon No. 1123, has no ripe fruits, but was probably the plant on which the original description
was based, for Pentland’s plant is without doubt a specimen of 2. gernviana, Dahlst.
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to this confusion that the classification of the geophilous Peperomias has been
so difficult, and it was in the hope of arriving at a solution of the problem
that this research was undertaken.

GENERAL MORPHOLOGY.

The correlation between the pseudo-monocotyledonous method of
germination and the geophilous habit in these Peperomias has already been
discussed !, and some account of the underground tuberous portion of
these plants has been given, but it will be useful to refer briefly to the
various types of bulb or rhizome which are found among these species at
this point, on account of their value for purposes of classification.

"There appear to be four well-marked types of underground stem,
which will be distinguished by the names of the prominent species.
In the simplest or parvifolia type there is a simple, smooth, more or
less spherical corm, with a basal tuft of roots and an apical crown of leaves .
In the case of old corms, owing to the division of the growing-point, there

. may be two or three rosettes of leaves. The central cylinder runs vertically
through the corm from the stem-apex to the point of emergence of the roots,
and the general appearance and structure very closely resembles that of
a crocus corm. To this type belong four Peruvian and Bolivian species,
P, parvifolia, P. verruculosa, P. minuta, and P. cyclaminoides.

To the next or umbilicata type belong those species in which the
underground stem is a hypocotyledonary tuber, as in the preceding group,
but the roots arise irregularly from the sides and base 3. In the seedling* the
primary root is vertical, but it is soon replaced by adventitious roots which
spring from the sides of the little tubers8. The three species from South
America, which must be included here, differ somewhat from each other.
In P. umbilicata, R. and P., collected by Pavon, the roots arise in a some-
what regular ring round the middle of the spherical tuber, leaving the
upper part free, and having a few roots scattered over the base; whilst in
P. peruviana and P. falsa the roots are scattered in an indefinite manner
over the sides and base of the tuber, which is often warted and irregular in
outline®,

The third or campylotropatype is of particular interest,and an account,
with figures of the development of this peculiar form of tuber, has been
given in the previous paper’. Some nine or ten species belong to this
group and, with one exception, are all natives of Mexico and Central
America. In the paper referred to, the opinion was expressed that this
form of tuber was entirely confined to the Mexican region, but from an

1 Hill, L c., p. 397 % Cf, Hill, L. ., PL. XXIX, Fig. 27.
* Cf. Hill, L. c,, Pl. XXIX, Figs. 1 and 2. * 1. ¢, Pl. XXIX, Figs. 5-1o.
$ 1. c., Pl XXIX, Figs. 11 and 15. o1, c., Pl XXIX, Fig. 1.

? L c., pp- 407-410, Pl. XXX, Figs. 532-39.
M2
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examination of Gaudichaud's specimens from the country round Lima—
with which one of Weberbauer’'s! plants agrees—it is clear that there is at
least one South American example in which the roots have been carried
round to the upper surface of the tuber?. This species, which I have named
P. Gaudichaudii, has a somewhat different arrangement of its roots in
old tubers to that seen in the Mexican examples. In the latter case the
roots arise in a single tuft on one side of the stem-apex?3, whilst in the
former (cf. Pl. XV, Figs. 3 and 4), although the bulb develops at first as in
P. pedicellata, yet as it gets older the point of origin of the roots is gradually
extended round the apex until the leaf rosette is enclosed by a ring of
roots. These form a mass densely felted together by root hairs, which
spread over and obscure the small bulb below, so that the leaves and
inflorescences appear to spring from a dense mass of roots, and the bulb
may be easily overlooked. Owing to the sharp curving of the central-
cylinder of the hypocotyl in the young tuber, by means of which the
primary root is carried round to the upper surface 4, the name campylotropa
has been given to Kunth’s P. umbilicata from Mexico 8, which is perhaps
the best known and most typical species of this group.

The mode of development of the underground stem in the fourth or
rhizomatous type is known only in the case of P. macrandra®, and
it is possible that the three or four species, which can be placed in such
a group, are not really very closely allied. P. mexicana occupies an
intermediate position between the third and fourth types, since in the
young plant there is a small warted tuber with a basal root, which appears
to be carried round slowly to the upper surface; then by the continued
growth of the stem-apex a short rhizome is produced, which may produce
adventitious roots, but retains the old irregular tuber at its base (Pl. XV,
Fig. 5)7. The effect in this case is, on a very small scale, like that produced
by the rhizome of Cyclamen europaeum®.

The typical rhizome of the group is seen in P. macrandra®, where
it occurs as a blackish-green, branched organ, creeping probably near the
surface of the ground. It is some three or more cm. in length, with
more or less erect branches about 1 cm. long, provided with adventitious
roots, and marked by large leaf-scars. The mode of development of the
two other species placed in this group is at present unknown. P.monti-
cola appears at first to have a campylotropous bulb, which then develops

1 Weberbauer, No. 1632 Amancies, in montibus prope Lima 2-800 m.

? Hill in Ann. Bot. xx, footnote (1), p. 396. 3 Ibid,, L c., Pl. XXX, Fig. 38.
¢ Ibid., 1. c., PI. XXX, Fig. 40.

8 Kunth in H. B. and K., Nov. Gen,, i, p. 59; 1. c., p. 407.

¢ C. DC,, in Ann. du Conserv. du Jard. Bot. Genéve, 1878, p. 276.

7 Hill, L c, p. 411, Pl. XXX, Figs. 42, 44, 45.

! Hildebrand, Die Gattung Cyclamen, p. 22, &c.

* Hill, L. ¢, p. 413, Pl. XXX, Fig. 46.
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into a short, irregularly tuberous rhizome ; and 2. rupiceda, C. DC., a new
species brought by Weberbauer from Peru, has also a short, more or
less horizontal, tuberous rhizome some 2 cm. long, provided with adven-
titious roots from all over the surface, and narrowed to the erect stem-apex.

It is possible that P. puberula, Baker?!, and some other species with
well-developed rhizomes may also belong to the group, but until some-
thing is known of the seedling structure it is best to omit them from this
revision.

THE LEAVES.

The leaves in these geophilous species are peltate, except perhaps in
the case of P. mexicana, though in this species the peltate nature of the
lamina is well seen in the aerial cotyledon. The petiole is inserted in
a median position, as in P. peruviana, P. campylotropa, and P. bracteata, or
more commonly its insertion is at a point at about one-third of the length
of the lamina from the base. In outline the lamina may be orbicular, as in
two of the species just mentioned, or the apex may be more or less pointed,
giving rise to an orbicular-ovate or ovate shape,as in P. bracteata, P. ovato-
peltata, P. macrandra, &c. The lamina is usually flat, but in the small-
leaved, xerophytic species of the parvifolia group it is slightly concave.

There is a great difference in the texture of the lamina in the different
species, and with this the character of the leaf venation is closely correlated.
In P. peruviana the lamina is membranous when dry and the veins are
very delicate ; ina transverse section only a single layer of palisade tissue is
seen. Similar membranous leaves are found in P. ovato-peltata, claytonioides,
macrandya, and gracillima, &c. Nothing is known of their internal struc-
ture, but in these species it is evident from their appearance, and also from
information supplied by the collectors, that they live in damp and shady
places. A slightly stouter type of leaf, with a well-marked reticulate vena-
tion, is found in P. wmbilicata, R. and P., and in P. Gaudichaudi. ‘The
texture of the lamina in P. campylotropa, P. monticola, P. cyclaminoides, and
P. rupiceda is of a still firmer nature, being somewhat coriaceous, and the
radiating veins can be easily seen, but the internal structure is not known.

The most highly specialized type of lamina is found in the parvifolia
group, where it is very much reduced in size and increased in thickness. The
small lamina is here usually orbicular-ovate or ovate, peltate about one-third
of the distance from the base, and slightly concave. Of the three species
concerned, P. parvifolia, P. verruculosa, and P.minuta, the internal structure
of the leaf of the first two is known. In a transverse section two or three
layers of palisade tissue are seen, below the water-storing tissue on the
upper surface of the leaf, an arrangement correlated no doubt with the
xerophytic conditions under which these species live.

! M. de Candolle tells me that he now considers 2. Milleré and P. Bourgeaui to be the same
species and identical with P. puberula, Baker. Cf. Hill, 1. c., p. 413 and footnote.



144 Hill—A Revision of the Geophilous Species of Peperomia.

THE INFLORESCENCE!,

The inflorescences of these small plants are usually numerous ; they
develop from the stem-apex and are surrounded by the leaf rosette.
They consist of a peduncle bearing the flowers in a spike on its upper part,
and may often attain to a considerable length. The lower or barren
portion of the peduncle is in most cases about equal in length to the
petioles, whilst a great deal of difference is shown in the character of the
actual spikes in the different species. They may be short and crowded
with flowers—some 5 mm. long in the parvifolia section—or, more
commonly, they are long and lax flowered ; usually simple, they are
frequently branched in P. ovato-peliata and the allied species P. claytonioides,
P. pinulana. The flower is like that found otherwise in the genus, and
consists of two stamens and an ovary in the axil of a bract. The bract
is peltate, and as a rule appears to be green, though in P. ovato-peltata it is
white, and may be made use of as a specific character. In shape it is
commonly ovate-acute or acuminate, and shows the same texture as the
leaves, but in P. bracteata it is a fairly large and conspicuous orbicular
structure which tends to fold round the spike. The anthers are either
almost sessile, or are borne on short filaments :4--6 mm. in length. The
fruits are often strikingly different in the different species, and afford the
most certain characters for their determination. In most cases they
are sessile or subsessile, but in the Central American species P. peds-
cellata, the stalk of the fruit is equal in length to the fruit itself. In shape
the fruits are commonly globose or ovoid, and are often very small ; they
terminate either in a small dome-like style, bearing the stigma at its apex,
or the style may be prolonged as in P. geruviana, P. mexicana, P. macran-
dra, &c., to form a conical or cylindrical beak, which in the case of
P. macrandra is equal in length to the berry proper, and bears the stig-
matic surface at its apex.

In the case of P. rupiceda, this stylar portion has extended backwards
over the fruit to form a cap, covering the upper half of the globose fruit,
and is quite unlike the style of any other geophilous species. The fruit-
wall also is of a peculiar character, but since no seedlings have been
found, it is at present uncertain whether this species really belongs to that
subsection of the genus. The fruit-wall throughout the subsection affords
some well-marked characters, which are of great value in the determina-
tion of the species; they may be arranged in two groups. In the one, the
fruit-wall, as seen in surface view, is more or less smooth or slightly reticu-
lated, and appears to be a somewhat delicate structure?, whilst in the other,
the wall is stouter and more resistant, being more or less deeply pitted,
which gives the fruit a verrucose or verruculose appearance.®

! Hill in Ann. Bot. xx, Pl. XXIX, Figs. 1, 3, 27; Pl. XXX, Figs. 33, 42.
3 Cf Hill, L c., PL. XXIX, Fig. 3. 3 Ibid. 1. c., Pl. XXIX, Figs. 18, 29.
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To the former type belong P. peruviana, P. falsa, P. Gaudickaudi,
P. ovato-peltata, P. claytonoides, and P. pedicellata (Pl. XV, Figs. g and 11),
whilst P. parvifolia, P. verruculosa, P. cyclaminoides, P. bracteata, and
P, campylotropa (Pl. XV, Figs. 16 and 17) possess the more xerophytic type
of fruit characteristic of the second group. The fruit of P. monticola
(PL. XV, Fig. 12) is quite distinct from either type, and will be described later.

In all cases the pericarp, which is some three to six cells in breadth,
is bounded by a more or less thickened layer of cells, interrupted by pits,
and it is these pits which give the surface of the fruit its characteristic
appearance. In the group of which P. peruviana may be taken as a type,
the walls of the external layer of pericarp cells are not much thickened,
but the cells of this layer tend to be elongated tangentially, and the pits
are broad and shallow. At the base of each pit there is a gland, consisting
of a single cell with peculiar refringent contents!, The pericarp is usually
about three to four cells broad, and the cells contain chlorophyll. When
the sced is ripe the cell-walls are often found to have become blackened.
The style in this group is usually a somewhat narrow conical or cylindrical
organ bearing the stigma at its apex, and in P. mexicana and P.macrandra
it attains to a considerable length 2.

In the xerophytic group, of which P. parvifolia is a good example,
the pericarp is seen in section to be some five or six cells in breadth;
the walls of the outermost layer of cells are more or less strongly
thickened, and the cells themselves may be isodiametric or radially
elongated 2.

In some of the species the cells of the outermost layer are more or
less isodiametric, as in P. minuta (Pl. XV, Fig. 7), whilst in others they are
radially elongated, e. g. P. verruculosa * and P. cyclaminoides. The innermost
layer of cells next the testa is composed of large and tangentially elongated
cells in some species. The glands at the base of the pits may be large
single cells, as in P. minuta (Pl. XV, Fig. 7), P. bracteata, P. campylotropa,
or they may be composed of a group of four or more cells, as in P. parvi-
Jolia, P. verruculosa, P. cyclamiioides (Pl. XV, Fig. 17), where they form
conspicuous structures. The style in all these species is a small dome-like
button at the apex of the fruit with the stigma at its summit. The fruit
of P. monticola is peculiar in the black polished and faceted appearance -
of the surface of the pericarp. In section also it differs from the other
geophilous species in the greater development of the pericarp, of which the
basal part of the fruit is entirely composed (Pl. XV, Fig. 12). The outer-
most layer of the pericarp consists of thick-walled and very regular
isodiametric cells, interrupted by narrow and not very deep pits, and this
causes the peculiar faceted appearance of the fruit-wall.

1 Hil}, L. ¢., p. 400, P, XXIX, Fig. 4. 9 Ibid., 1. ., PL. XXX, Figs. 43-47.
3 Ibid,, L c., p. 405, Pl. XXIX, Figs. 19~20. ¢ Ibid., L. ¢, Pl. XXIX, Fig. 29.
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SEEDLINGS.

A few additional facts have come to light about the seedlings of two
of the geophilous species. A fairly complete series of young plants of
P. Gaudichaudii was found amongst Weberbauer’s material, and seedlings
and young plants of P. macrandra—the rhizomatous species—were found
in the Boissier and De Lessert Herbaria.

In P. Gaudickaudsi the development appears to be exactly similar
to that described for P. pedicellata, although the youngest stages have
not been seen. The roots, however, are much more numerous than in
that species, and are freely branched, so that with their close felt of
root hairs they form a dense mat over the surface of the tiny bulb (Pl. XV,
Figs. 3 and 4). As the plant gets older the roots are gradually developed
in a ring-like manner round the top of the tuber, and so encircle the stem-
apex. The young seedling of P. macrandra has already been described!;
the older stages now found are of interest, since they show that the rhizome
is formed directly from the plumule by the slow upward growth of the
stem-apex, and no curvature of the hypocotyl takes place as in P. pedicel-
lata, &c. (cf. Pl. XV, Fig. 1). The figures of the young plants show the
radicle at the base of the obovoid tuber with some secondary basal roots,
and in the older stage two plumular leaves have developed from between
the cotyledons at the apex of the tuber (Fig. 2).

SYSTEMATIC ARRANGEMENT.

Turning now to the systematic arrangement of the various species,
it is clear, in the first place, that they may be separated into two geo-
graphical groups, which have no species in common between them, although
similar biological adaptations may occur in both areas. The following
is a list of the species from the South American and Mexican regions,
which, though in some cases imperfectly known, appear to belong to the
geophilous subsection of the genus.

SOUTH AMERICAN SPECIES.

P. macrorhiza P. parvifolia

P. scutellacfolia P. verruculosa
P. umbilicata P, minuta

P. Gaudichaudis P. cyclaminoides
P. peruviana P. rupiceda

P. falsa P. cotyledon

! Hill in Ann. Bot. xx, p. 413, PL. XXX, Fig. 48.
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MEXICAN AND CENTRAL AMERICAN SPECIES.

P. ovalo-peltata P. campylotyropa
P. claytonioides P. gracillima
P. pinulana P. mexicana
P, bracteata P. monticola
P, pedicellata P. macrandra

All the species appear to fall into the section (A.) Eutildenia of
Dahlstedt !, and they may be regarded as forming a distinct subsection,
which for convenience will be termed Geopkila.

It is, however, possible that some members of Miquel's subgenus
Panicularia?, as amplified by Dahlstedt?, should be included with the
geophilous species, although no evidence has been obtained from seedlings.
P. cotyledon *, particularly, which has a tuberous rhizome and peltate
leaves, shows considerable external resemblance to species of the Eutildenia
section, and the fruits are also of a similar type. The peculiar character of
the compound spike or paniculate inflorescence therefore may have caused
a separation of species which are really closely allied.

The position and characters of the subsection are as follows :—

Peperomia.
Subgenus V. Tildenia Migq.
Sectio A. Eutildenia Dahlst.
Subsectio I. Geophila A. W. Hill.

Tuber hypogaeum vel rhizoma tuberosum. Folia ad caulis basin
rosulatim congesta, + peltata, glabra. Bractea peltata. Planta novella
(germinans) cotyledonibus longiuscule petiolatis heteromorphis; unius bre-
vioris lamina minuta, hypogaea, in semine inclusa, quasi haustorium referens ;
alterius lamina parva, peltata, viridis, foliis assimilatoriis similis.

CLAVIS SPECIERUM.
A. Tuber hypogaeum basi radicibus instructum. Bacca + ovoidea, apice

scutulo late conico praedita. 9 Parvifoliae.
(1) Lamina orbicularis, circa 1-5 cm. diametro, coriacea. Amenta 3-4 cm.
longa. P. cyclaminoides.
(2) Lamina parva, + ovata vel elliptica, carnosula. Amenta 4-8 mm.
longa.
§ Lamina + ovato-orbicularis.
1 Bacca ovato-elliptica, verrucosa. P. parvifolia.
11 Bacca ovata, valde verruculosa. P, verruculosa.
§§ Lamina + elliptica, minuta.
Bacca ovato-elliptica, minute punctata. P. minuta,
! Dahlst. in Kong. Svenska Vet. Akad. Hand. Bd. 33, no. 2, 190o.
3 Miq., Syst. Pip., p. 117 3 Dahlst., l. c., p. 49.

* Benth., Pl. Hartweg., in montibus Huacabamba, p. 148, Hartweg 833 ; cf. also 7. umébellata,
Miq., Chachapoyas, Peru; Matthews, No. 3230, Herb. Kew.
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B. Tuber hypogaeum, basi lateribusque radicibus instructum. Bacca apice
in appendicem producta. § Umbilicatae.
(1) Lamina suborbicularis, + subacuta, sub medium peltata.
P. umbilicata.
(2) Lamina orbicularis, ad medium peltata.
§ Lamina tenuis. Bacca ellipsoidea, apice in appendicem an-

gustam conico-cylindricam producta. P. peruviana.
§§ Lamina subcoriacea. Bacca globosa, apice in appendicem
cylindricam producta. P. falsa.

Species non satis notae.
+ Lamina ovata, sub medium peltata. P. scutellacfolia.
{ 11 Lamina orbicularis, centro peltata. P. macrorkisa.
C. Tuber hypogaeum, campylotropum, radicibus fibrosis prope apicem
ortis. 9 Campylotropae.
(1) Bacca stipitata. .
§ Bacca oblongo-cylindrica, stipite baccam ipsam + aequante,
brevistyla. P. pedicellata.
§§ Bacca cylindrica, breviter stipitata, longistyla. 2. mexicana.
(2) Bacca subsessilis.
§ Pedunculus ramosus. Lamina + ovata, sub medium peltata.
P. ovato-peltata, P. claytonioides, P. pinulana.
§§ Pedunculus simplex. Lamina + orbicularis.
+ Lamina sub medium peltata.
Lamina + membranacea, venis conspicue reticulatis.
Bractea anguste elliptica, acuminata. Bacca globoso-
ovata, subtiliter reticulata. P. Gaudichaudis.
1+ Lamina ad medium peltata.
* LLamina tenuis, membranacea. Bractea ovato-acuta.

Stamina filamentis instructa. P. gracillima.

** Lamina + membranacea. Bractea conspicua, orbicularis.

Stamina filamentis instructa. P. bracteata.

%%k Lamina coriaceo-membranacea. Bractea ovato-acuminata.

Antherae subsessiles. P. campylotropa.

D. Rhizoma tuberosum, + repens. N RhAizomatosae.

(1) Rhizoma repens. Lamina late ovata, acuta. Bacca elliptica, stipitata,
in stylum cylindricum baccae aequilongum producta. P. macrandra.
(2) Rhizoma exiguum, vel tuber hypogaeum. Lamina ovata,acuminata,
Bacca cylindrica, subtiliter stipitata, in stylum cylindricum dimidiam

partem baccae aequantem producta. P. mexicana.
(3) Rhizoma tuberosum. Lamina + orbicularis. Bacca nigra, verrucu-
losa, + globosa, apice pileo styloso obtecta. P. rupiceda.

(4) Rhizoma vel tuber irregulare. Lamina + ovato-rotundata, subacuta.
Bacca levis, nigra, cylindrica, apice rotundata ; stigma sessilis.
P. monticola.
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(5) Rhizoma tuberosum. Lamina + orbicularis. Amenta numerosa, in
paniculam terminalem longe pedunculatam conferta. P. cotyledon.

9 A. Parvifoliac.

P. cyclaminoides, A. W. Hill, sp. nov. (Pl. XV, Figs. 16 and 17).

Tuber hypogaeum, globoso-placentiforme more Cyclaminis, 1-2 cm.
latum, -5-1 cm. altum, basi radicibus fibrosis instructum. Caulis subnullus.
Folia in rosulam congesta, in sicco luteo-viridia ; petiolus 3-7 cm. longus;
lamina orbiculari-ovata, apice obtusa, circa 2 cm. longa, 1-:3-1-5 cm. lata,
coriacea, sub medium ad 3 longitudinis peltata, venis magis minusve di-
stinctis, circa 5. Amenta plura, 3-4 cm. longa, magis minusve laxiflora,
pedunculis 6-8 cm. longis. Bractea ovato-acuta, carnosula, circa 1-1 mm.
longa, -7 mm. lata. Stamina filamentis parvis .4--5 mm. longis instructa.
Bacca elliptico-globosa, 1-5 mm. longa, 1.2 mm. lata, verruculosa, apice
scutulo late conico praedita. Semen elliptico-globosum, .95 mm. longum,
8 mm. latum.

BoLIVIA AUSTRALIS. Pinos prope Tarija; ‘In steriler feuchter
Felswand im Moos,’ 2,800 m. Fiebrig, No. 2488 (Herb. Berol.).

P. parvifolia, C. DC.

Tuber hypogaeum, nigrescens, magis minusve globosum, 1-1-5 cm.
diametro, basi radicibus fibrosis instructum. Caulis subnullus. Folia in
rosulam congesta, olivacca; petiolus 1-5-2-5 cm. longus; lamina magis
minusve triangularis vel suborbicularis, circa 5-7 mm. longa, 5-5-5 mm.
lata, apice obtusa vel rotundata, basi rotundata vel subcordata, sub medium
ad } longitudinis peltata, carnosa, venis haud distinctis. Amenta plura,
4-5 mm. longa, densiflora, pedunculis, petiolis + aequilongis. Bractea
clliptica, acuta, circa 1 mm. longa, -6 mm. lata, carnosula. Stamina sub-
secssilia. Bacca + ovato-elliptica, fulvo-olivacea, circa 1-4 mm. longa, 1 mm.
lata, verrucosa, apice scutulo parvo late conico praedita. Semen ellipticum,
circa -8 mm. longum, -65 mm. latum.

P. parvifolia, C. DC. in Sceman’'s Journ. Bot., 1866, p. 133; C. DC,,
in DC. Prod., XV1I, i, p. 393 ; Dahlst. in Kong. Svenska Vet. Akad. Hand.
Bd. 33, No. 2, 1900, p. 30, Tab. I, Fig. 7. A. W. Hill in Ann. Bot. xx,
19c6, p. 404, Pl. XXIX, Figs. 18, 27, 28.

BoLIVIA. Prov. Larecaja. Vic. Sorata, Cabezeras de Chilcani, Lacatia,
&c., 3,600-4,200 m., Mandon, No. 1123 (Herb. Kew, Herb. DC,, &c.).
Andes of Huanta; 12,000 ft. Pcarce (Herb. Kew); Bang. No. 1860
—with aborted inflorescences (Herb. Berol.). Copacabana; circa 3,950-
4120 m. A. W. Hill, No. 181 (Herb. Kew). PERU. Herb. Pavon (in
Herb. Boiss.). This plant appcars to agrec with No. 1123 of Mandon, but
has no ripe fruits.

P. verruculosa, Dahlst., sp. nov.
Tuber hypogaeum, globosum, circa 1-2 cm. diametro, basi radicibus
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fibrosis instructum. Caulis subnullus. Folia olivacea, in rosulam con-
gesta; petiolus 1-2 cm. longus; lamina suborbicularis, apice basique
magis minusve rotundata vel basi interdum subcordata, circa 6-8 mm. dia-
metro, paullo sub medium peltata, subcucullata, carnosa, evenia. Amenta
plura, 5-8 mm. longa, densiflora, pedunculis petiolis aequilongis. Bractea
orbicularis, acuta, circa -8 mm. longa, -5--6 mm. lata. Bacca ovata, fusca,
circa 1.4 mm. longa, 1 mm. lata, valde et longe verruculosa, apice appendice
obscuriore humili mammiformi medio stigmatifera praedita. Semen circa
-8 mm. longum, -6 mm. latum.

P. verruculosa, Dahlst. ex A. W, Hill, Ann. Bot. xx, 1906, p. 406
(Pl. XXIX, Fig. 29).

PERU. Prope Sachshuaman, Cuzco, 3,70om. 4. W. Hill, no. 182.
(Herb. Kew). Dep. Junin; inter Tarma et Oroya, ¢ Kalkfelsen,” 4,000 m.
Weberbauer, no. 2544. Ad viam ferream Lima-Oroya, ¢ Hacienda Arapa-
Yauli’ (Porphyrfelsen), 4,400 m. Weberbauer, no. 305 (Herb. Berol.).

P. minuta, A. W. Hill, sp. nov. (Pl. XV, Figs. 6 and 7).

Tuber hypogaeum, depresso-globosum, 8 mm. diametro, 5 mm. altum,
basi radicibus fibrosis instructum. Caulis subnullus. Folia olivacea, in
rosulam congesta ; petiolus 1-1-5 cm. longus; lamina elliptico-orbicularis
vel elliptica, 3-3-5 mm. longa, 2-3 mm. lata, subcucullata, sub medium ad
% longitudinis peltata, carnosa, venis haud distinctis. Amenta plurima,
minuta, circa 4 mm. longa, densiflora, pedunculis circa 2 cm. longis.
Bractea late elliptica, carnosula, circa -8 mm. longa, -6 mm. lata. Stamina
subsessilia. Bacca ovato-elliptica, fulva 1:5 mm. longa, -8 mm. lata, minute
punctata vel reticulata, apice scutulo parvo cylindrico praedita. Semen
ellipticum, -75 mm. longum, -6 mm. latum.

PERU. Dep. Ancachs, Prov. Cajatambo; via inter Ocros et Chonta,
cordillera nigra, 4,400 m. Weberbauer, no. 2776 (Herb. Berol.).

9 B. Umbilicatae.
P. umbilicata, R. and P.
Tuber hypogaeum, lutescens, globosum vel + placentiforme, circa
1-5 cm. diametro, lateribus et praesertim basi radicibus fibrosis instructum,
supra nudum. Caulis subnullus. Folia in rosulam congesta, viridia, subtus
albida ; petiolus 4-6 cm. longus ; lamina magis minusve orbiculata, saepius
subacuta, 1-2-2 cm. diametro, submedium peltata, coriaceo-membranacea,
venis reticulatis distinctis. Amenta 6-9 cm. longa, superne densiflora, inferne
laxiflora. Bractea ovoideo-orbiculata, circa 1 mm. longa, -7--8 mm. lata.
Stamina filamentis instructa. Bacca immatura, + conica, -8—-.9 mm. longa,
apice in appendicem parvam producta.
P. umbilicata, R. and P., Fl. Peruv,, i, p. 30, Tab. 435, Fig. b.
PERU. In Coll. Limae; Chancay et Huanuci supra saxa, Pavon
(Herb. Berol.,, Herb. Boiss.).
P. peruviana, Miq.; Dahlst. (descr. emend.).
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Tuber hypogaeum, magis minusve globosum, fulvum, subere obtecc-
tum, basi latcribusque (ubique) radicibus fibrosis instructum. Caulis
subnullus. Folia viridia, in rosulam conferta; petiolus 2-5cm. longus;
lamina orbicularis, 1-2 cm. diametro, ad medium peltata, tenuis, in sicco
membranacea, venis tenuibus.  Amenta 2-5 cm. longa, inferne + laxiflora,
pedunculis petiolis + aequilongis. Bractea ovato-rotundata, circa -8--9 mm.
longa, -4--5 mm. lata, apice satis longe attenuata. Stamina filamentis
instructa. Bacca ellipsoidea, atro-viridis, circa -7 mm. longa, -5 mm. lata,
minute reticulata, apice in appendicem angustam conico-cylindricam sub-
obliquam circa -3 mm. longam summo apice stigmatiferam producta.

P. peruviana, Miq. in Nov. Act. Nat. Cur, no. 19, Suppl, p. 483.
Dahlst., 1. c., p. 32, Taf. 1, Fig. 9. Hill, in Ann. Bot. xx, 1906, p. 400,
Pl. XXIX, Figs. 1-17.

P. umbilicata, R. and P, l.c,, C.DC,, in DC. Prod., XVI, i, p. 393.
Dahlst., Lc, p. 31.

P. parvifolia, C. DC. (Pentland sp.), in DC. Prodr., XVI, i, p. 393.

BoLivia. S. Francisco de Hay et Pisacoma; Af¢yen (Herb. Berol.).
Prope L. Titicaca, 12,880 ft., Pentland (Herb. Kew). Prov. Larecaja ; Vic.
Sorata, collis Ullontigi, 2,800 m., Mandon 1,122 (Herb. Kew, etc.). Guaqui ;
4,coom. A. W. Hill, no. 180 (Herb. Kew).  Austro-Bolivia ; Tucumilla
bei Tarija, Fiebrig, no. 2824* (Herb. Berol.).

ARGENTINA. Cienega; Sierra de Tucuman, 8,000 ft., no. 658, Lorents
et Hieromymus. Prov. Salta; N%- Castillo, 12,000 ft., Lorents et Hierony-
mus (Herb. Berol.). Prov. Salta ; ex pampa grande, 2,800 m., usque ad limina
nivis acternae. Nevado de Cachi, 5,200 m., no. 12, Speggazini (Herb. DC.).

Forma major.

Pctiolus 8-14 cm. longus; lamina orbicularis, 3-3-5cm. diametro,
e medio peltata, membranaceo-coriacea. Amenta circa 8 cm. longa, pe-
dunculis ad 10 cm. longis. Bacca ovato-conica, -9 mm. longa, basi -5mm. lata.

Peru. Ollantaytambo; prope Urubamba, 2.500 m. A. W. Hill,
no. 183 (Herb. Kew).

P. falsa, sp. nov. A. W. Hill. PL XV, Figs. 10 and 11.

Tuber hypogaeum, irregulariter globosum, circa 1-2 cm. diametro, basi
lateribusque radicibus fibrosis instructum. Folia viridia, in rosulam congesta ;
petiolus circa 3-5 cm. longus ; lamina orbicularis, 1-1-3 cm. diametro, sub-
coriacea, e medio peltata, venis tenuibus. Amenta plurima, 1-5-3 cm. longa,
+ densiflora, pedunculis petiolis + aequilongis. Bractea orbiculari-acuta,
circa -9 mm. longa. Stamina filamentis minutis instructa. Bacca + globosa,
circa -7 mm. longa, -6 mm. lata, nigra, reticulata, apice in appendicem
cylindricam pallide viridem circa 2mm. longam summo apice stigmati-
feram producta.

PERU. Pucara; inter saxa, 3,7c0 m. (Puno-Cuzco Via ferrea). 1Weber-
baner, no. 451 (Herb. Berol.).
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P. macrorhiza, Kunth in H. B. and K., Nov. Gen., v. 1, p. 72. Dabhlst.,

l.c., p.30.
PERU. Inter Coxamarca ct Cerro de Centurcagua, alt. 1,8co m.

(Herb. Berol.).
The specimen is too meagre to identify ; the leaves are small, and the
bulb is rather irregular in outline ; the inflorescence is immature.
P. scutellaefolia, R. and P., Fl. Per,, i, p. 29, Dahlst., L c., p. 31.
PERU. In collibus ad Atiquipa.

9 C. Campylotropae.
P. pedicellata, Dahlst. (descr. emend.).

Tuber hypogaeum, parvum, flavum, circa 5 mm. latum, 3 mm. altum,
radicibus fibrosis instructum prope apicem ortis. Caulis subnullus. Folia
viridia, pauca, in rosulam basalem disposita ; petiolus 6-7 cm. longus;
lamina ovata vel orbiculari-ovata 2:5-3 cm. longa, 2 cm. lata, basi leviter
cordata, apice acuta vel + acuminata, membranacea, septemnervia, prope
basin peltata. Amenta valde laxa, pedunculis tenuibus petiolis longio-
ribus. Bractea ovato-lanceolata, + acuminata, circa 1 mm. longa. Stamina
filamentis instructa. Bacca oblongo-cylindrica, fulva, subtiliter reticulata,
longissime stipitata, stipite baccam ipsam + aequante, circa :8—9 mm.
longa, -35 mm. lata, apice appendice conico-cylindrico praedita.

P. pedicellata, Dahlst., 1. c, p. 35, Tab. i, Fig. 13. Hill, l.c., p. 408,
PL XXX, Fig. 32, &c.

GUATEMALA. Santa Rosa; Dept. Santa Rosa, 3,000 ft., ¥. Donnel
Swmiti, no. 3829 (Herb. Kew).!

P. mexicana, Miq. (descr. emend.).

Tuber hypogaeum, primum parvum, globosum, demum saepius basi
lobatum, apice rhizoma exiguum formans, prope apicem radicibus fibrosis
instructum. Caulis brevissimus, tuberosus. Folia viridia, in rosulam
congesta ; petiolus 1-5-2 cm. longus; lamina ovata, vel ovato-oblonga,
acuminata -5-2-5 cm. longa, 4 mm.-1 cm. lata, subtrinervia, in sicco
membranacea. Amenta 4-5 cm. longa, + laxiflora, pedunculis tenuibus
circa 4-5 cm. longis. Bractea ovata vel ovato-lanceolata, + acuminata, circa
I mm. longa. Stamina filamentis instructa. Bacca cylindrica, fulva,
circa 1 mm. longa, -3--4 mm. lata, subtiliter reticulata, breviter stipitata,
stylo cylindrico dimidium baccae aequante apice stigmate capitellato
terminato.

P. mexicana, Miq., Syst. Pip., p. 75, et in Nov. Act. Nat. Cur., 1846,
p- 12, Tab. 6. C. DC,, in DC. Prodr., XVI, i, p. 394. Dabhlst, L c., p. 34,
Tab. i, Fig. 12. A. W. Hill in Ann. Bot. xx, 1906, p. 411, Pl. XXX, Figs.
471 and 42.

1 Not in Herb. DC, ; cf. Dahlst., 1. c.
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P. Galleotiana, Hooker, Ic. Pl iv, Tab. 327.

Tildenia mexicana, Miq. in Diar. Inst. reg. Nederl., 1843.

MEXICO. Kickx; Miradores. Linden,no. 127 (Herb. Boiss.). Baranca
de St. Francisco prope Mirador ; in rupibus, Licbman, no. 97 (Herb. DC.).
Cordillera Vera Cruz; Galeotti, no. 7111 (Herb. Kew, Herb. De Less. ctc.).

P. ovato-peltata, C. DC. (descr. emend.).

Tuber hypogaeum, globosum, 1-1-8 cm. diametro, radicibus fibrosis
confertis instructum, primum ex uno loco prope apicem ortis demum annulum
circa rosulam foliorumformantibus. Caulis subnullus. Foliaviridia,inrosulam
disposita. Petiolus circa 6-12 cm. longus ; lamina latc-ovata, apice acuta,
basi rotundata vcl subcordata 5-8 cm. longa, 3-5 cm. lata, tenuis, sub
medium peltata, venis circa 8. Scapus 12-18 cm. longus, simplex vel 2-3-
ramosus, amentis + densifloris. Bractea albida, elliptico-acuminata, circa
1-5 mm. longa. Stamina filamentis instructa. Bacca immatura, ovato-
globosa, apice stylo conico-cylindrico baccae subacquilongo instructa.

P. ovato-peltata, C. DC. in Seem. Journ. Bot., p. 133, 1866, et in DC.
Prod., XV, i, p. 394 ; Dahlst, L. c., p. 34, Tab. i, Fig. 11.

P. umbilicata, R. and P., L.c. Dahlst, Lc., p. 31 (¥. D. Smith,
no. 1430).

CosTA RICA. San José; Hoffman, no. 521 (Herb. Berol.).

GUATEMALA. Dep. Baja Verapaz; Sta Rosa inter saxa humida,
5000 ft. K. von Tiirckheim, no. 1430 (ed. J. Donnel Smith) (Herb.
DC., Herb. Kew). Nova Hispania, Pavon (Herb. Boiss.).

A figure, attributed to this specics, is given by Dahlstedt, in which
the fruit is ovoid, with a small conical style not unlike that of P. parvi-
JSolia. The fruits of the specimens at Berlin are not quite ripe, but they
are more or less globose with a fairly long cylindrical style, and appear to
agree with those of P. claytonioides. 1t seems therefore probable that there
is some mistake about Dahlstedt’s figure.

P. pinulana, C. DC. (descr. emend.).

Tuber hypogaeum, placentiformi-globosum, circa 6 mm. latum, 4 mm.
altum, radicibus fibrosis instructum, ex uno loco prope apicem ortis. Folia
obscure viridia; petiolus circa 17 cm. longus; lamina subovato-rotundata,
circa 3 cm. diametro, apice breviter obtusiuscule acuminata, basi repando-
cordulata, carnosa, in sicco tcnuissime membranacea, pellucida, 3 supra
basin peltata, venis 9. Scapus ramosus, foliis circiter aequilongus ; amenta
cum pedunculis (1 cm.) circa 3 cm. longa. Bractea subovato-elliptica, apice
subulata. Bacca ovata, apice in stylum contracta, stylo apice imo stigma
globulosum puberulum gerens.

P. pinulana, C. DC. in Engl., Bot. Jahrb. x, p. 289.

GUATEMALA. Supra Pinula ; prope Xalapa, ad truncos arborum in
silvis ; 1,800 m. Lekmann, no. 1693 (Herb. Boiss.).!

' Not in Herb. DC.
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P. claytonioides, Kunth (PL XV, Figs. 8 and g).

Tuber hypogaeum, globosum, circa 7 mm. diametro, radicibus fibrosis
ex uno loco prope apicem instructum. Caulis subnullus. Folia supra laete
viridia, subtus glaucescenti-viridia, opaca, in rosulam congesta. Lamina
orbicularis vel ovato-orbicularis, 3-4 cm. diametro, apice acutiuscula, sub
medium peltata, carnosula, venis 6-8. Scapus simplex vel 2—-3 ramosus, ad
30 cm. longus; amenta laxiflora. Bractea ovato-acuminata, carnosula,
centro viridula, ceterum albida, supra basin rotundata. Stamina filamentis
instructa. Bacca globosa, -8 mm. diametro, rugosa, apice in appendicem
angustam cylindricam circa 4 mm. longam summo apice stigmatiferam
producta. Semen globosum, 65 mm. diametro.

P. claytonioides, Kunth in Ind. Sem. Hort. Bot. Berol., 1847, p. 11.
C.DC. in DC. Prodr., XVI, i, p. 400. Dabhlst,, l.c., p. 33, Tab. i, Fig. 10.

GUATEMALA. Loco nonindicato. Sawer communic. Specimina culta.
H. Lefr. Montp. (Herb. Berol.) Ex Hort. Berol. (1847), (Herb. Berol.).
Ex Hort. Kew, 1863 (Herb. Kew).

P. claytonioides is of considerable interest, since it appears to be the
only geophilous species which has been raised from seed in Europe. In
fact all of the specimens in our herbaria have been grown in different
botanical gardens, and the original description of the species was founded
on a plant raised in the gardens at Berlin. This species is very closely
allied to P. ovato-peltata, as Dahlstedt ! has already pointed out. It may,
indeed, be identical with it, and possibly represents the cultivated form of
P. ovato-peltata. In the shape of the leaves, the white inflorescence bracts
and the fruits, which are globose with a style -3--4 mm. long, this species
seems to agree with P. ovato-peltata. The most important points of differ-
ence are seen in the much larger and more delicate leaves of P.ovato-peltata,
coupled with inflorescences which are shorter and less branched than those
of P.claytonioides,both of which characters must be considerably influenced
by environment.

P. pinulana is closely allied to both P. ovato-peltata and P. clayto-
nioides, and Dahlstedt suggests that it may be only a variety of the latter.
It seems to me more likely that both these species should be united to
P, ovato-peltata, but the material is at present too scanty to justify such
a union.

P. Gaudichaudii, A. W. Hill, sp. nov.

Tuber hypogaeum, parvum, globosum, -5-1-2 cm. latum, 4-6 m. altum,
radicibus fibrosis instructum, primum ex uno loco prope apicem ortis deinde
rosulam foliorum cingentibus tuber obscurantibus. Caulis subnullus. Folia
in rosulam congesta, olivacea; petiolus 2-8 cm. longus; lamina triangulari-
orbicularis vel cordato-orbicularis, apice subobtusa, circa 5-9 mm. longa,
6-8 mm. lata, magis minusve membranacea, sub medium peltata, venis

! Dahlst., 1, c., p. 34.



Hill—A Revision of the Geophilous Species of Piperemia. 155

conspicue reticulatis. Amenta pauca, laxiflora, 6~-8 cm. longa, pedunculis
2-6 cm. longis. Bractea anguste clliptica, acuminata, circa 1 mm. longa,
-4 mm. lata. Stamina filamentis instructa. Bacca globoso-ovata, circa 1 mm.
longa, -8 mm. lata, subtilitcr reticulata, atrofusca. Semen -75 mm. longum,

65 latum.

P. umbilicata, R. and P, lc. Miq., Syst. Pip., p. 70. C. DC. in DC.
Prod, XVI, i, p. 393. Dahlst., l.c,, p. 31.

P. peruviana, Dahlst., l.c., p. 33 (in parte).

PeEru. Callao prope Lima, Gaudick. (Herb. Berol.). Lima, Gandich.
no. 150 (1834) (Herb. Berol,, Herb. DC.). San Lorenzo, Lima, Callao,
Gaudich. (Voyage Bonite, 1836). San Lorenzo, Gaudich., no. 150 (1832)
(Herb. De Less.). Lima, Dombey, Boivin (1839) (Herb. Boiss.). Amancaés ;
in montibus prope Lima, saxa in * Loma formation’ 200-800 m., I}'cberbauer,
no. 1632 (Herb. Berol.). Dept. Junin, Prov. Tarma; Huacapitana ad
Palca, 1900-20co m.  IWebcrbauer, no. 2013 (Herb. Berol.).

P. gracillima, S. Watson (descr. emend.).

Tuber hypogaeum, parvum, globosum, radicibus fibrosis instructum,
prope apicem ortis. Caulis subnullus. Folia facic viridia, in dorso cuprea,
in rosulam conferta ; lamina magis minusve orbicularis, circa 1-5-2 cm.
diametro, ad medium peltata, tenuis. Amcnta cum pedunculis filiformibus
circa 10 cm. longa. Stamina filamentis circa ‘6 mm. longis instructa.
Bacca immatura.

P. gracillima, S. Watson in Proc. Amer. Acad., xxii. (N. S,, xiv), 1887,
p- 448.

MEexIco. State of Jalisco; Rio Blanca, Palmer, no. 585 (llerb.
Kew), in deep recesses of overhanging rocks.

Though the material is imperfect, this seems to be a distinct specics,
differing from P. campylotropa in the dclicate membranous lcaves and the
stalked anthers.

P. bracteata, A. W. Hill, sp. nov. (Pl. XV, Fig. 15).

Tuber hypogaeum, orbiculare, circa -8-1-2 cm. diametro, apice radicibus
fibrosis instructum. Caulis subnullus. Folia viridia, in rosulam congesta ;
petiolus 8-10 cm. longus; lamina rhomboideo-orbicularis vcl orbicularis,
apice saepius paullo obtusa, 2-3 cm. diametro, fere ¢ mecdio peltata,
magis minusve membranacea, venis 8-9 conspicuis. Amenta 5-20 cm.
longa, inferne laxiflora, pedunculis circa 10 cm. longis. Bractea viridis,
magis minusve orbicularis, circa 1-5 mm. diametro; stamina filamentis
instructa. Bacca globoso-fusiformis, 1-5 mm. longa, -95 mm. lata, verrucosa,
fulva, apice stylo cylindrico-conico praedita. Scmen ellipticum, circa 1 mm,
longum, -8 mm. latum.

¥ This specimen probably belongs to this species, but the material is insufficient for a complete
determination.

N
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GUATEMALA. Dep. Huchuetenango; Sactos, inter saxa, Caec. ef
Ed. Seler, no. 2731. ‘Estancia de la Virgen’ ad imam arborum, ibid.,
no. 2743 (Herb. Berol.).

P. campylctropa, A. W. Hill, sp. nov.

Tuber hypogaeum, placentiformi-globosum, circa 1-2 cm. latum,
.8—1.2 cm. altum, radicibus fibrosis instructum,ex uno loco prope apicem ortis.
Caulis subnullus. Folia viridia in rosulam disposita ; petiolus 3-8 cm. vel
saepius 15-20 cm. longus ; lamina suborbicularis, 1-5-3-5 cm. diametro,
e medio peltata, magis minusve membranacea vel coriaceo-membranacea,
venis 6-9 inferne distinctis. Amenta + densiflora, cum pedunculis 8-20
vel interdum 30 cm. longa. Bractea ovata, acuminata, circa 1-5-1-7 cm.
longa, -8--g cm. lata. Stamina subsessilia. Bacca globoso-ovata, atro-fusca,
circa 17 mm. longa, 12 mm. lata, verrucosa, apice scutulo late conico
praedita. Semen globoso-ellipticum -96 mm. longum, -86 mm. latum.

P. umbilicata, Kunth in H. B. and K. Nov. Gen,, I, p. 59, Pl. XV,
Fig. 1. Hill, in Ann. Bot., xx, 1906, p. 407. Pl. XXX, Fig. 31.

P. umbilicata, R. and P, l.c. Miq., Syst. Pip., p. 70. C.DC. in DC.
Prod., XVI, i, p. 393. Dahlst.,, lc, p. 31.

P. umbilicata, var. macrophylla, C. DC. in DC. Prod., XVI, i, p. 394.

MEXxIco. In locis excelsis scopulosis frigidis regni Mexicani, prope
Sta. Rosa de la Sierra et Los loares alt. 2,600 m. Humboldt (Herb.
Berol.) ; Humboldt, no. 764 (Herb. Willd.); Ukde, no. 253 (Herb. Berol.).
Pédrégal ; Vallée de Mexico ‘among damp rocks with Ferns, Bourgeau,
no. 418. Santa Fé; Vallée de Mexico, Bourgeau, no. 631 (Herb. Kew,
Herb. Boiss.,, Herb. DC.). State of Michoacan; ‘damp hillsides® prope
L. Patzcuaro, Pringle, no. 4124 (Herb. Kew, Herb. Boiss., Herb. Berol.).
San Luis Potosi; 22° N. 6,0co-8,000 ft., no. 802, Parry and Palmer (Herb.
Kew, Herb. Boiss.)

P. sp. dubia; Mexico. Grakam, 1830 (Herb. Kcw). Mexico; Zuna-
pan, Coulter, no. 1399 (Herb. Kew).

The plants included in this species differ considerably in the external
morphology of their leaves. In the specimens collected by Pringle the leaf
lamina is delicate, whilst in the Parry and Palmer specimens, &c., the
lamina is fairly stout and rather coriaceous. In the characters of the
bract, stamens, and fruit, however, there seems to be a fairly close agreement,
so that the differences in general habit are probably due to the nature
of the situations from which the various specimens have been collected.

9 D. Rhizomatosae.
P. macrandra, C. DC. (descr. emend.).
Rhizoma hypogaeum, repens, circa 3 cm. longum, nigrum, ramis
& erectis circa 1 cm. longis, radicibus fibrosis instructum. Folia viridia ;
petiolus 10-15 cm. longus; lamina late ovata, acuta, 6-7 cm. longa,

|
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4-4-5 cm. lata, } supra basin peltata, in sicco membranacea, venis 5-7.
Amenta ad 13 cm. longa, inferne laxiflora, pedunculis ad 7 cm. longis.
Bractea ovata, apice acuminata, fere ¢ medio peltata. Stamina fila-
mentis, circa 1-5 mm. longis instructa. Bacca elliptica, circa 1-2 mm.
longa, breviter (-4 mm.) stipitata, in stylum cylindricum baccae aequilongum
producta, summo apice stigma minute puberulum gerens.

P. macrandra, C. DC. in Ann. du Conserv. du Jard. Bot. Genéve, 1898,
P- 376. Hill, in Ann. Bot., xx, 1906, p. 412. Pl. XXX, Fig. 46.

MEXICO. Prov. Oaxaca; Sierra de San Felipe, ‘wet ledges,
8,500 ft. Pringle, no. 4654 (Herb. De Less., Boiss., Kew, Brit. Mus.).

P. monticola, Miq. (descr. emend.) (Pl. XV, Fig. 12).

Tuber hypogaeum, irregulariter globosum, vel rhizoma tuberosum,
2-4 cm. longum, circa 1-5 cm. diametro, supra saepius ubique radicibus
fibrosis instructum. Caulis brevissimus vel subnullus. Folia atro-viridia,
in rosulam congesta; petiolus 6-12 cm. longus; lamina rhomboideo-
rotundata vel rotundo-ovata, apice subacuta, basi subcordata, circa 3-4-5 cm.
diametro, e medio peltata, magis minusve coriacea, venis 7-9 conspicuis
Amenta crassiuscula, + densiflora, cum pedunculis 10-20 cm. longa.
Bractea ovata, acuta, -7 mm. longa. Stamipa subsessilia. Bacca nigra,
cylindrica, facie nitens, tessellata, circa 1.9 mm. longa, 1 mm. lata, apice
basique rotundata, apice stigmate scssili pracdita.

P. monticola, Miq. Syst. Pip., p. 71. Benth. in Pl. Hartweg, p. 293.
Dabhlst., l.c., p. 32.

P. umbilicata, B. subacutifolia, C. DC. in DC. Prod., XVI, i, p. 394.

P. umbilicata, a. macrophylla, C.DC. 1. c.

MEXICO. Galeotti, no. 6023 (Herb. De Less). Aguas Calientes;
Hartweg, no. 1621 (Herb. Kew, Herb. De Less.); Ukde, no. 254 (Herb.
Berol.). San Luis Potosi; Schaffuer, no. 633 (Herb. Berol. ex Herb.
Vigener). Convalli San Luis Potosi; in locis humidis, Sckafner no. 1c8
(Herb. Kew).

P. cotyledon, Benth. PL Hartweg, p. 148. C.DC. in DC. Prod,, XVI, i,
p- 401. Dahlst., l.c,, p. 53.

PERU vel Ecuador. Huacabamba ; in montibus, /fartiwcg, no. 833
(Herb. Kew, &c.).

Rhizome tuberous, peltate radical leaves. Inflorescence terminating
in a short dense compound spike, with one or two whorls of leaves on the
peduncle.

P. rupiceda, C. DC., MS. (sp. nov.) (L. XV, Figs. 13 and 14).

Peru. Lima. Oroya; inter Matucama et Tambo de Visa, 2,370-

2,650 m. I ¢eberbaner, no. 145 (Herb. Berol.).
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GEOGRAPHICAL DISTRIBUTION.

The geophilous species form a very natural biological group, and
their respective habitats seem to be fairly well defined. Too great stress
must not be laid in all cases on the underground tuber as a guide to
the relationships of different species, since the external fcatures of any
of these plants appear to depend largely on the conditions of their particular
habitats. The parvifolia group, however, does scem to be a very natural
one, for not only do the several species show affinities in numerous points,
but they occur in a fairly definite line from about 10°-18° S. latitude.
P. minuta is the most northerly species, and is succeeded by P. verrun-
culosa in the regions from Oroya to Cuzco ; P. parvifolia occurs around the
southern end of Lake Titicaca,and P. ¢yclaminoides, which perhaps is not so
closely related to the other three species, has been found in the mountains
of Southern Bolivia near Tarija. They all show well-marked xerophytic
characters, and apparently live in exposed places. Under such conditions
the roots from the base of the bulb, growing more or less vertically down-
wards, would be able to obtain water from soil at some depth below the
quickly drying surface.

The other South American species are more distinctly shade plants,
with a fairly large leaf lamina, thin and membranous in texture when dried,
and the walls of their fruits are delicate and apparently contain chlorophyll.
Of the-four well-known species of that group, P. umbilicata, P. peruviana,
and P. falsa are no doubt closely allied. Their bulbs, with lateral and
horizontally running adventitious roots, are similar in character. P. Ganu-
dichaudii, however, in its campylotropous bulb, is a very distinct form,
though in other respects it shows fairly close relationship to P. umbilicata.
With the Mexican campylotropous species P. Gaudichandii appears to
have only a biological connexion, since it differs from them both in leaf
and floral characters,and it seems most likely that a similar biological adap-
tation has arisen independently in the two widely separated localitics.

Of the species just mentioned, 2. peruviana appears to have the most
extended range, namely from the vicinity of Urubamba in Peru in the
north to the south of Bolivia, and to the province of Salta in the Argen-
tine, whilst P. Gawdichaudii appears to be restricted to relatively low
country (200-8co m.)! in the neighbourhood of Lima.

The Central American and Mexican species are recorded from Costa
Rica (P. ovato-peltata), Guatemala (P. claytonioides, P. pinulana, P. pedi-
cellata, P. bracteata), and from Mexico to about as far north as lat. 22°N.
P. monticola, from the region of S. Luis Potosi, is the most northerly

! Weberbauer's No. 2013 from the Province of Tarma, Dept. Junin, 1goo-2000 m. in the
mountains above Lima, may perhaps belong to this specics.
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species. P. campylotropa and P. gracillima occur on the DPacific side
of Mexico, whilst P. mexicana is found on the Atlantic side of the country
in the Cordillera of Vera Cruz. P. macrandra from the province of
Oaxaca appears to be the most southerly of the Mexican species.

All the species seem to be somewhat dcfinitely localized, and with
the exception of P. monticola, and perhaps some specimens referred to
P. campylotropa, are all distinctly shade-loving plants. P. bractcata, and
P. campylotropa to a much slighter degree, show some xerophytic
characters in their verrucose fruits, but the leaves in these species are thin
and membranous, and in some (e.g. P. gracillima) are very delicate.

The various species are in nearly all cases easily recognized and
sharply defined, the bulbous habit and seedling structure being the principal
points of similarity. 2. pedicellata, P. mexicana, and P. macrandra show
some affinity judging from their fruits and leaves, and P. ovato-peltata,
P. claytonioides and P. pinulana form a very natural group, or perhaps they
are only slightly different forms of the same species.

Of the remaining species there is little to be said. P. wmonticola is
a very distinct form, and perhaps should not be included in this group. Of
P. campylotropa and P. gracillima we have not sufficient material to point
out their relationships.

Four new species of these geophilous Peperomias have been found
in the last two or three years, and a careful examination of material, which
has lain in Herbaria for many years, has revealed three or four distinct
species hitherto confused with species already described. It seems, there-
fore, highly probable that there may be several species, as yet unknown
to science, in the mountains of Central and South America, and a knowledge
of their biological characters, seedling structure, and corditions of life would
doubtless yield results of the highest interest.

EXPLANATIONS OF FIGURES IN PLATE XV.

Illustrating Mr. A. W. Hill's Paper on l¢peromia.

The sections of the fruits are from photographs.

Fig. 1. P. macrandra, C. DC., a young scedling showing the laminae of both cotyledons and
the tuber. ¢, = absorbent, ¢, = assimilating cotyledon.

Fig. 3. An older plant. Two plumular leaves have developed and the tuber has enlarged.

Fig. 3. P. Gaudichaudii, a young seedling, with its seed. The tuber is obscared by the
closely felted roots.

Fig. 4. An older tuber seen from above, showing the two cotyledon scars and the point of
emergence of the roots.
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Fig. 5. P.mexicana, showing the development of the rhizome. The petiole bases only are shown.
Fig. 6. P. minuta, the fruit. x 9.

Fig. 7. The same in section. x 35.

Fig. 8. P. claytonioides, the fruit. x 10.

Fig. 9. The same in section. x 4a.

Fig. 10. P. falsa, the fruit. x I0.

Fig. 11. The same in section. x 4o.

Fig. 12. P. monticola, the fruit in section. x 40.
Fig. 13. P. rupiceda, the fruit. x 9.

Fig. 14. The same in section. x 3s.

Fig. 15. P. bracteata, the fruit. x 10,

Fig. 16. P. cyclaminoides, the fruit.  x 9.

Fig. 17. The same in section. x 45.
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Studies in Apospory and Apogamy in Ferns,
BY

J. BRETLAND FARMER, D.Sc, F.R.S,
AND
L. DIGBY
With Plates X-VI—XX.

’I‘HE study of monstrosities has played a varying part in the growth
of our ideas on morphology. At one time it has seemed as if
teratology held the clues to the solution of all morphological problems,
whilst at another time it has so sunk in estimation as to be looked on as
little better than trifling and foolishness. One of the chief obstacles in the
way of correctly weighing the value of teratological evidence lies in the
difficulty of deciding, in any given instance, how far one is justified in
reading a phylogenetic significance into an ontogenetic fact. It is probably
true, for those who feel able to settle difficulties on @ priori grounds—who
belong to the school of transcendental morphologists—that ‘Les mon-
struosités favoriseraient également tous les réves de l'imagination, et . . . on
verrait en elles tout ce qu'on voudrait y voir’ (A. de St. Hilaire). But
it is equally true that there is another and more profitable way of dealing
with abnormalities, They may be regarded as the results of interference
with ordinary reactions on the proper sequence of which that which we
call * normal’ development depends. The introduction of experiment into
teratological inquiry has done much to put the subject on a proper footing,
and to encourage the hope that by its means we may be able to penetrate
somewhat into the physiological workshops where morphological problems
are constructed.

Amongst these problems none, perhaps, are of greater interest than
those concerning sexuality. Two aspects of this matter have to be kept
in view, firstly the facts and meaning of the sexual fusion itself, and
secondly that correlative process of meiosis,! which is so intimately con-

1 See Farmer and Moore, On the Malotic Phase (Red uction-divicions) in Animals and Plants,
Q. J. M. S., vol. xlviii, 1905. The terms ¢ Maiosis* and ¢ Maiotic’ should have been writteu Aleiosss,
Meiotic, respectively. This form of the words is adopted in the present paper.

By the term meiosis, or meiotic phase, is t that nuclear change which is concerned in the
reduction in number of the chromosomes. Two mitoses are always involved, but the change in question

{Annals of Botany, Vol. XXI. No. LXXXII. April, 1907.]
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nected with the former that it occurs as an intercalated phase somewhere
in the life-cell cycle of every animal and plant that reproduces sexually.
But the proper bearings, if any, of these cyclically recurring events upon
morphological conceptions, e.g. that of alternation of generations, are
still obscure, because we are at present in possession of so little of the
evidence.

Considerations of this kind have strongly attracted us to the study
of apospory and apogamy in Ferns, and especially towards the cytological
aspects of the problem.! Many new facts have in the meantime been
elucidated by workers in connexion with other groups of plants, but it
seemed especially desirable that the Ferns, owing to the important position
which the independence of the gametophyte and sporophyte generations
respectively assures to them, should be closely investigated.

Since the discovery of apogamy by Farlow in 1874 and by De Bary
in 1878, in various species of Ferns, our knowledge of the phenomena
both of apogamy and of apospory has been greatly extended by the
investigations of Druery? Bower® Lang* and others, who have not
only increased the number of species in which the processes are known
to occur, but have contributed much to elucidate the structural features
involved.

The present paper will only deal with the results of our studies on the
following plants, Lastrea pseudo-mas vars. polydactyla, Wills ; polydactyla,
Dadds ; and cristata apospora, Druery. Athyrium Filix-foemina vars.
clarissima, Jones; clarissima, Bolton; and wnco-glomeratum, Stansfield.
Scolopendrinm vulgare var. crispum Drummondae.

We desire to express our indebtedness to Dr. Lang for apogamous
prothallia of Lastrea ps.-m. polydactyla, Wills; to Prof. Bower for a fine
plant of Athyrirm Filix-foemina var. clarissima, Jones; and to Mr. Druery,
who with unfailing generosity has supplied us with examples of all the
other Ferns, and has assisted us in other ways from his fine collection
of living plants. The actual cultivation of the material has been carried
on at the Chelsea Physic Garden under the care of the curator, Mr. Hales.
probably always occurs in the first or heterotype division. The premeiotic number of chromosomes
is that present between sexual fusion, resulting in the embryo, and the meiotic divisions in (the
spore-mother-cells of ) that embryo after it has become adult. Post-meiotic cells are those that
intervene between meiosis and sexual fusion, thus they include all the sormal gametophytic nuclei.

! Cf. Farmer, Moore and Digby, On the Cytology of Apogamy and Apospory. I. Preliminary
note on Apogamy, Prac. Roy. Soc,, vol. lxxi. Also Digby, Miss L. II. Preliminary note on
Apospory. Ibid. vol. lxxvi.

* Cf. Druery, T. C., various papers in the Journal of the Linnean Society from 1884 to 1894,
and elsewhere ; also his Book of British Ferns, London.

¥ Bower, F. O., On Apospory and Allied Phenomena. Trans. Lin. Soc., and ser., vol. ii, 1887,
Also, On some Normal and Abnormal Developments of the Qophyte in Zrickomanes. Annals of
Botany, vol. i; and other papers,

* Lang, \W. H., On Apogamy and the Development of Sporangia upon Fern Prothalli. Phil,
Trans. Roy. Soc., vol. 190 (189,
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We propose to give a detailed account of each of the different plants
separately, reserving a general discussion of the results for the conclusion
of the paper.

1. Athyrium Filix-foemina var. clarissima, Jones.

The fronds of this Fern, as has been known since the investigations
of Mr. Druery and of Prof. Bower, produce aposporous prothallia in
connexion with the sporangia, which latter never in this plant reach
maturity, but their peripheral cells grow out directly into prothallial fila-
ments.

Two principal types of prothallium may be distinguished, firstly the
filamentous or flattened form, which we shall speak of as the ‘ expanded’
form, and secondly a more tuberous or fleshy growth, which we shall call
the ‘bulbous’ prothallium (Fig. 17). The expanded prothallia were of far
commoner occurrence in the conditions under which our cultures were
carried on. They are delicate plants resembling ordinary prothallia with
fimbriated edges, and bear antheridia and archegonia freely. But they
nearly always fail to produce sporophytes, though we have succecded
in keeping them growing for several years.

The bulbous prothallia, on the other hand, are far more prolific in
sporophytes, and nearly all of those we have succeeded in raising have
originated from prothallia of this type.

Although the two types of prothallia are connected by intermediate
forms, it will be convenient to treat their origin and structure separately.

A. The Expanded type. Professor Bower has given an account of the
development in his memoir of 18871 Our observations confirm his
statements and in some slight degree serve to extend them. The sporangia
generally begin to show signs of abortion soon after the archesporium
is delimited, but frequent exceptions were encountered in which the arrest
of development was delayed until after several archesporial divisions
had occurred. Any peripheral cell of the sporangium, and sometimes
of the stalk, may grow out as a prothallial filament, but those near the
sporangial tip were most commonly the seat of the new growth.

The course of development is subject to some variation, but a fila-
mentous structure is nearly always produced at first (Figs. 2, 3).

We have followed the development of these earlier stages with special
care, as it was expected that it might be possible to trace in them nuclear
changes which would indicate a transition from the sporophyte to the
gametophyte. Every stage of the nuclear division has been seen, both
in the developing sporangia and in the prothallial outgrowth up to
the four-celled stage of the latter, and the result has been to confirm

! Bower, F. O., On Apospory and Allied Phenomena. Trans. Lin. Soc., new ser., vol. ii, 1887.
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in every way the statement already made in a preliminary communication !
to the effect that the transition from the sporophyte to the gametophyte
in this Fern is attended by no reduction or alteration in the number of the
chromosomes, nor is there any constant feature that would serve to dif-
ferentiate these structures in the two generations respectively (cf. Figs. 8, 9,
13, 14, 15). We have further compared the chromosomes of the sporophytic
tissue (Figs 9, 23, 24) in the embryo with the young cells of older pro-
thallia with the same result.

It would be unsafe to predict that no case of chromosome reduction
will ever be found to be associated with apospory, but at any rate it may
be at once stated here that, so far as our present knowledge goes, apospory
is always found to imply the absence of the meiotic phase from the life-
cycle of the organism. And the natural corollary of this conclusion is that
the embryos, when they occur on the ‘gametophytes’ of such plants,
always arise apogamously, that is, they are formed without fertilization
from cells or tissues that already possess the full complement of ‘sporo-
phytic’ chromosomes which have persisted unchanged through that period
of the life-history which is commonly termed the gametophyte.

The cell of the sporangium that is destined to a prothallium grows out
in a papilla and its nucleus there divides (Fig. 8). The chromosomes
at this division have been repeatedly counted, and they are approxi-
mately ninety.

It will of course be readily understood by those who are familiar with
cytological work of this kind that an exact estimation is impossible, but we
have taken every care to get as near as possible to the real number. In
our former communication the totals were underestimated, owing to the
great difficulty of distinguishing the individuals. It is easier to arrive at
most consistent results by counting the chromosomes when in diakinesis,
i.e. just before they congregate on to the spindle. The division is
typically premeiotic.

The first division of the papilla most often results in the cutting off
of a terminal cell (cf. Figs. 3, 6) that does not divide further, but forms
a mucilage cell, whilst the more proximal cell by further divisions gives
rise to the prothallium. It is important to note that all these mitoses are
strictly of a premeiotic character, and no indication of a heterotype division
is seen. A remarkable and constant character of the prothallial nuclei is
afforded by the presence of several nucleoli often exhibiting curious forms
(Figs. 10, 11, 12). They are quite diagnostic of the prothallia of this
variety as distinguished from the type represented by Atk. Filix-foemina,
and their presence affords a valuable criterion of the purity of cultures in
the few doubtful cases that we have encountered. They are clearly ‘ chro-
matin nucleoli,’ and their relation to the linin filament on approaching

! Digby, Miss L., loc. cit.
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mitosis shows clearly that they are the chief sources of the chromatin,
which at these periods of cellular activity becomes distributed in the thread.
We have examined these nucleoli not only with stains, but also with other
agents, . g. pepsin, and this latter reagent indicates very clearly that they
consist almost entirely of a substance unaffected by it. Incidentally, we
may remark, that an acidulated solution of pepsin affords a valuable method
which much facilitates the counting of chromosomes, as after such treatment
they become much more distinct, owing to the removal of other proteid
matter from the cell.

The prothallia, which usually show the customary differentiation of
cushion and wings, produce large quantities of antheridia, and also a good
crop of archegonia. The development of these calls for no comment, as
it is perfectly normal up to maturity. In the antheridia, the mother-cells
of the antherozoids were examined in order to test the possibility of a re-
duction occurring at this belated stage, but without any other result than
to show conclusively that no reduction occurs. The antherozoids (which
are of a larger size than those of the normal Azk. Filix-foemina) are
vigorously motile, and exhibit chemiotactic response towards o1 °/
malic acid.

The archegonia, although they are normally formed, very speedily die.
The nucleus of the oosphere sometimes fragments, but the whole central
row of archegonial cells soon degenerates and assumes the familiar yellowish-
brown colour so characteristic of archegonia that have failed to become
fertilized. But although they are thus destined to abort, they nevertheless
are able, at maturity, to exert an attractive influence upon the antherozoids.

On prothallia of this expanded type we have very seldom met with
young sporophytes, and for a long time these were completely absent from
our cultures. This appeared to us surprising, as Mr. Druery informed us
that he was able to raise them readily. However, we did obtain a few,
and these were always on prothallia that possessed a well-developcd
cushion. They are produced upon the cushion, and the superficial cells
take part in the formation of the embryo. The root is formed endogenously,
and burrows out of the prothallial tissue. It is impossible to distinguish
in these cases the limit between embryo and prothallium, the cells of one
pass insensibly (so far as appearance goes) into those of the other, and
indeed, but for the presence of numerous archegonia in the cushion, it
would be difficult to be sure that it was of prothallial nature at all and did
not belong to the embryo itself. The embryo is, however, readily dis-
tinguished from one that has arisen (sexually or otherwise) from an oosphere
by the absence of a foot. The transition from the tissues of one generation
to those of the other is quite gradual, and the prothallium itself, as often
happens in such cases, exhibits considerable tracheidal differentiation.

B. The Bulbous Irothallium. This type of prothallium seems to have
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been met with by Mr. Druery, although his description indicates that his
bulbils were not exactly similar to those produced by our plant. Probably
the difference may depend on conditions of cultivation, for this type only
became relatively frequent in our cultures when they were made in a cool
greenhouse. They occur mixed with the expanded prothallia, and might
be taken for vegetatively produced bulbils were it not for the fact that
they frequently bear archegonia and antheridia. (The antheridia are,
however, chiefly confined to such prothallia as occur along with them.)
The bulbous prothallia recall the massive structures described by Bower in
Polystichum angulare var. pulcherrimum, Padley, as one of the forms of
prothallium produced aposporously on the leaves of that plant. They may
be perhaps compared to the ordinary prothallia, by supposing that these
had not developed wings, but had concentrated all growth upon the cushion.
Probably the almost complete restriction of the embryo to the bulbous
prothallium may be associated with storage of food.

It is often very difficult to make out the manner in which the embryo
develops from these bulbils, but comparison of a very large series shows
that the young sporophyte is differentiated gradually, so to speak, from the
apex of the bulbil, and usually involves a larger or smaller number of the
internal cells. Sometimes it is only the terminal cells of the bulbil that
give rise to the young plantlet (Fig. 19), but oftener those of an axile strand
are also concerned. The first leaf always appears as a direct outgrowth
from the apical surface of the bulbil (Fig. 18), whilst the first root is
formed endogenously. In some cases, especially when the bulbil has reached
a relatively considerable size, the whole of the interior cells are modified to
form vascular elements—tracheids and sieve-tubes—and a first impression
is easily formed that the bulbil as a whole is really nothing but a vegetative
sporophytic outgrowth from the parent leaf (Fig. 18). That this is not the
case is always shown by more careful examination. The tissue connecting
the bulbil with the leaf of the parent frond can invariably be made out to be
prothallial in character, and this is further proved in the numerous instances
in which archegonia, and sometimes also antheridia, have beecn found on
its surface.

Of course the real nature of the bulbil is very important to determine,
and we took every care to verify our conclusions as to this point, not only
by microtome sections, but by examining entire bulbils after suitable
staining and clearing.

The first stages of embryo formation (Fig. 19) are not easy to recognize,
but they are betrayed by the existence of a little cap of whitish tissue
situated on the somewhat broad free end of the bulbil.

Sometimes the embryo development begins very early in the history
of the bulbil, and these cases have all been carefully examined, lest we
might have been dcceived by an example of vegetative sporophytic budding.
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In no single instancc did such vegetative reproduction of the sporophyte
occur in our cultures.

No cases of migration of nuclei in the prothallial tissue of this variety
have been seen.

The chromosomes of various parts of the embryo, taken from the
young stem-leaf and root, have been counted, and the average numbers (90)
very closely approximate to those obtained as the result of a study of the
prothallial cells.

Cell Sizes. A remarkable difference exists between the cells of this
plant and that of the type species (see below, p. 185). The cells and nuclei
of the variety are very obviously of a larger size, and the same feature is
also shared by the antherozoids (cf. Figs. 16 and 34).

Summarizing the results obtained from a study of this Fern, we may
present them as follows :—

1. There are two types of prothallium, the expanded and the bulbous.
The latter almost alone (in our cultures) bore sporophytes.

2. No change in the number of the chromosomes marks the transition
trom one stage in the life-history to another.

3. There is no migration of nuclei from one prothallial cell to
another.

4. The nucleoli of the gametophyte are peculiar, and different from
those of the prothallial nuclei of the type form.

5. The archegonia, although they are never fertilized, exert a chemio-
tactic influence upon the antherozoids which are very actively motile.

6. The embryo arises as a bud upon the gametophyte.

7. The cells, nuclei, and antherozoids of the variety each have a proper
size which differs from that of the type Fern.

2. Athyrium Filix-foemina var. clarissima, Bolton.

This Fern was discovered in Lancashire by Mr. T. Bolton, who found
it growing wild in 1892. It very closely resembles the preceding variety
except that the ultimate branches of the leaves are somewhat spiral in
character. The aposporous nature of the plant was established by
Mr. Druery, who discovered that the prothallia were not only associated
with the sori of (invariably) sterile sporangia, but that they might also
occasionally arise directly from the apices of the pinnae.

Mr. Druery has twice given us fronds of thisFern, and they proved remark-
ably prolific, the prothallia appearing in crowds on pegging the frond down
on damp soil. Unlike the preceding variety (c/arissima, Jones), the pro-
thallia produced by this plant are fertile to an extraordinary degree, and
there is no difficulty in getting a large supply of embryos. We have
grown some of the young sporophytes produced from the first lot of
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prothallia, and these have again been used to provide a sccond generation.
The plant has bred true with us, though Mr. Druery speaks of the progeny
as being very inconstant.

The prothallia are nearly all of the expanded type, but a few cases of
‘bulbous’ prothallia have occurred in the cultures.

We have satisfied ourselves that, as in the preceding variety, there
is no reduction of the chromosomes associated with any stage in the life-
history of this Fern. The prothallial cells, and the antheridial cells up to
the last division leading immediately to the formation of the spermatocytes,
have been studied, but the number of the chromosomes remains unaltered
(Fig. 26) and is identical with that obtained in the nuclei of the sporophyte
(Fig. 27). The result of a large number of counts indicate that there are
about eighty-four chromosomes. Of course, when they are so numerous,
the numbers are not to be regarded as more than approximately correct ;
repeated countings of the chromosomes of the same nucleus often yield
slightly different results. The limits of error, however, become narrowed by
practice. It is more difficult to feel sure of the results of comparing
together the nuclei of diffeient varieties of this species of Athyrium. We
have endeavoured to do this, and believe that there is a specific number for
each variety. We find in practice that the number in the variety now
under discussion is slightly inferior to that of var. clarissima, Jones (see
p. 164), and somewhat more numerous than in the typical A#kyrium Filix-
Joemina, in which they are about eighty. These numbers are obtained by
averaging the results of reliable estimations, and they also coincide with the
impression given by a close examination and comparison of the nuclei
of the varieties in question.

The prothallial nuclei also exhibit the same remarkable chromatin
nucleoli (Fig. 25) that are so striking in var. clarissima, Jones, but they are
not so prominent as in that variety. In fact, in this as in many other respects,
Mr. Bolton’s Fern stands about midway between the type form and -
Col. Jones’s plant.

The prothallia, as has been observed, are extremely fertile. They
produce large crops of antheridia, especially on the smaller prothallia,
whilst upon the cushions of the larger ones archegonia of perfectly normal
appearance are formed. As an exceptional circumstance, both antheridia
and archegonia may occur on the upper surface of the prothallium, but they
are for the most part restricted to the lower surface.

The antherozoids are not as large as those of the clarissima, Jones,
and differ in no constant character from those of the typical plant. The
archegonia are formed in the normal manner, and when the neck opens the
antherozoids are chemiotactically attracted and crowd into it,a few often
slipping down into the venter. But no act of fertilization occurs, although,
as will be seen, the embryo originates from the oosphere itself.
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The antherozoids seem generally to be attracted as far as the ventral
canal cell, and only accidentally to reach the actual cavity of the venter
(Figs. 28, 29), though occasionally as many as three or four were seen there.
They do not enter the egg, which is surrounded by a delicate pellicle. The
antherozoids soon die after they reach the venter.

Whether or not any stimulus to further development on the part of the
oosphere is given by their proximity must be left undecided. The two
kinds of sexual organs are produced in such large numbers that it has not
been practicable to isolate prothallia-bearing archegonia, but the indirect as
well as the negative evidence against impregnation seems to us to be con-
clusive. Not only have we not seen anything to indicate the entrance of an
antherozoid into an egg, but the absence of any increase in the chromo-
somes in the embryo, as compared with the prothallial cells, would seem to
preclude the possibility of any act of fertilization having occurred. As
in the forcgoing variety, no migrations of the nuclei from one prothallial
cell to another were seen.

The embryo in this variety, so far as our own material is concerned,
invariably ariscs from the oosphere (Fig. 29). In this respect it stands
in sharp contrast to that of the preceding variety, in which it as constantly
originates from prothallial tissue, and never directly from the egg. The
first divisions are somewhat inconstant, but the basal wall, parallel to the
long axis of the archegonium, is the first to appear. The two halves of the
embryo then segment differently, and this is perhaps to be correlated with
the blunter form of the anterior and the more pointed character of the
posterior half of the embryo at this stage. In the epibasal half (Fig. 30),
the median wall almost always precedes the appearance of the transversal
wall, but these two walls cut up the epibasal half of the embryo into the
usual four octants. In the hypobasal half of the embryo the first division-
wall is most commonly parallel to the basal wall, and thus in longitudinal
sections the embryo as a whole appears to consist of a row of these cells
(Fig. 29). Then each of the two cells in the hypobasal region is divided by
a wall most often situated in the median plane. It may happen, however,
that the transversal wall appears instead of the median, though this appears
to be exceptional.

We did not attempt to follow out the further development of the
embryo in detail. The process yery closely resembles that of an ordinary
Fern. A tolerably well-developed foot is formed, though it is smaller than
the corresponding organ in the typical forms. The cells surrounding the
base of the archegonial cavity become filled with temporary reserve
materials which are ultimately absorbed, on behalf of the growing embryo,
by the cells of the foot.

As in the preceding variety, there is a very regular and characteristic
difference in the average size of the cells and nuclei as compared with those
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of the type species. In this, as in many other characters, the present form
stands about midway between the type and Col. Jones’s variety. It is
difficult to give exact ratios, as the sizes of individual cells vary a good deal,
but by making drawings in outline of the cells and nuclei of correspond-
ing regions of prothallia and leaves, both of the varieties and of the typical
plant, we have arrived at approximate values. We shall give the data
in another paragraph (see p. 185).

It is clear that in the case of Atk. Filix-f. clar., Bolton, we meet
with an example of what, in the absence of the aposporous origin of the
prothallium, would be regarded as parthenogenesis, for, as in true partheno-
genesis (if it really ever occurs), the egg gives rise to an embryo without
fertilization. But in this instance the egg itself is abnormal in respect of its
nuclear composition. The nucleus of a normal oosphere produced on an
ordinary prothallium only possesses half the number of chromosomes
characteristic of the sporophyte. That is, meiosis has intervened (at the
spore-mother-cell divisions), and the premeiotic number of chromosomes is
no longer present, but has become halved, owing to the peculiar mode
of distribution of ‘entire chromosomes (the allelomorphs of each pair) at
meiosis. But in the case before us the meiotic phase has been omitted, and
consequently the premeiotic number of chromosomes characteristic of the
sporophyte is retained throughout the gametophyte and is present in the
oosphere. The egg then cannot be regarded as the exact physiological
equivalent of that produced by a normal prothallium. It already possesses
the full number of chromosomes that normally would only be provided as
the result of fertilization. Hence from the point of view of the nuclear
constituents—at any rate as regards the chromosome contents—the act of
fertilization would be superfluous, and indeed, unless some method of
regulating the number of chromosomes other than by meiosis should become
operative, it would be contrary to expectation. The possibility, however,
of such regulation should not be overlooked, in the light of N&mec’s state-
ments respecting the restoration of the normal number when this had been
artificially modified, as in his experiments on anaesthetized roots. On the
other hand, the study of many animal embryos, in which the numbcer
of normal chromosomes had in various ways been disturbed, clearly indicates
that such a power of regulation is cxceptional. Indeed it may be stated
generally that, whatever number an embryo possesses on starting develop-
ment, this is retained as far as development proceeds. The few exceptional
cases, resulting from polyspermy, only emphasize the individuality of the
chromosomes. A survey of the facts at present available renders it difficult
to see how an egg that had retained the premeiotic number of chromosomes
could possibly become fertilized.

We may summarize the facts connected with the development of
Ath. Filix-foemina var, clarissima, Bolton, as follows :—
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1. The prothallia are both soral and (very rarely) apical, and the
expanded type greatly predominates over the bulbous form.

2. Sexual organs are very freely produced, and the antherozoids are
very active, and are chemiotactically attracted by the archegonial contents,
some of them even reaching the venter.

3. No true fertilization occurs.

4. No migration of prothallial nuclei were observed.

5. The egg develops apogamously, and in its earlier ontogenetic stages
follows (though not exactly) the ordinary Fern type.

6. The cells of the sporophyte and of the prothallium are larger than
those of the type Fern, and smaller than those of the var. c/arissima, Jones.

3. Athyrium Filizv-foemina var. unco-glomeratum, Stansfield.!

We owe material of this plant to the kindness of Mr. Druery, who in
1904 gave us part of a frond, which on being pegged down produced
aposporous prothallia, both from the sori and apices of the pinnae. Two
sporophytes were raised, one of which ¢ reverted’ to the ordinary type of
A. Filix-foemina, whilst the other one kept true to the varietal form. It
produced the aborting sori during the summer of 1906, and from these
fronds we have obtained enough material to work out the general outlines
of development, though not in full detail. We propose to investigate this
form further, and also the future behaviour of the descendants of the
reverted plant.

The prothallia spring, as has been said, from the abortive sporangia
and also from the apices and margins of the frond, which are notably
pellucid in texture. The sporangia are not numerous, and they are
remarkably elongated ; the prothallia commonly springing from the
apical (or terminal) cell. Like those of var. clarissima, Jones, the pro-
thallia are of the expanded and bulbous types, though the latter are not
so markedly different from the former as in that variety. They resemble
rather a prothallium that has been almost reduced to a cushion, but they
often bear filamentous outgrowths. The expanded prothallia commonly
possess fimbriated edges, and this peculiarity (also shared with clarissima,
Jones) is to be associated with numerous adventitious marginal growing-
points of limited duration. Such new growing-points may even arise from
the marginal cells of the sinus close to the principal apical cell. Archegonia
and antheridia are both produced. We have not succeeded in raising
enough sporophytes to clear up the embryogeny. But it is certain that
the embryo arises endogenously and in connexion with an archegonium,
and that it possesses a somewhat rudimentary foot. These facts indicate

! Cf. Stansfield, F. W., On the Production of Apospory by Environment in AtAyrium Filix-
Joemina var. unco-glomeratum. Joum. of the Lin. Soc., vol. xxxiv.
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that the process resembles that of clarissima, Bolton, rather than that of
clarissima, Jones.

One of the most striking features of the prothallia of var. wnco-
glomeratum is the very large size of the cells and the nuclei. They are
far larger than in any of the other varieties of Atkyrium with which we
are acquainted, and the nuclei share with the preceding varieties the exist-
ence of well-marked and numerous nucleoli (Fig. 31). The antherozoids,
similarly, are the largest we have met with amongst these varieties of
Athyrium.

The number of the chromosomes remains constant throygh the life-
history, no reduction taking place in connexion with the gametophyte.
The actual numbers are very difficult to decide, but we estimate them at
about 100. They are certainly more numerous than in the other varieties
we have examined.

As in the other varieties of Athyrium here dealt with, there is no
indication of nuclear migration in the prothallium.

4. Scolopendrium vulgare var. crispum Drummondae.

This fern was given us by Mr. Druery. It was first recognized as an
aposporous variety, and as such described by him in 18931, The pro-
thallia arise in great profusion, especially from the margins of the frond,
and sometimes they occur even before the frond is pegged down on the
soil. They are somewhat irregular in shape, but all belong (so far as our
experience goes) to the expanded type. Antheridia and archegonia are
freely produced, and are formed on both surfaces of the prothallia, though
more abundantly upon the lower surface. We have raised young plants
to test their purity, and find that the variety breeds true on the whole,
though there is some latitude in the ‘ crisp’ character of the fronds.

The chromosomes are very numerous, but they follow what we have
found to be the rule in all the aposporous ferns which we have studied.
That is, there is no cyclical alteration in the number of chromosomes;
but we found a larger difference in the numbers given by various countings
than we have met with in most of the other ferns? and we are inclined to
think these variations probably are not due entirely to errors of estimation,
but do really correspond to fluctuations in the numbers actually present in
the different cells. Thus we found in the embryo a considerable number
of cases in which the chromosomes were about 95-100, but two instances
in which we could only distinguish about 80. In the prothallial cells
the average number was 70, whilst in the archegonial nuclei only 80-83
chromosomes could be identified. The antheridial nuclei are difficult to
deal with on account of their small size, but in those cases on which we

! Journ, Lin. Soc., xxx.
* Cf. however the results on pp. 182, 188 for Lastrea psendo-mas var. cristala apospora.



Apogamy in Ferus. 173

could at all rely, the numbers obtained varied between 70 and 82. Whilst
it seems certain, then, that there is no reduction in the accepted sense of
the term, there is evidence of a slightly larger number of chromosomes
in the sporophyte as contrasted with the gametophyte. Too much weight
must not be placed on this, and there is another circumstance which should
be mentioned in this connexion that seems to us to indicate a possible
explanation of the irregularities that we have encountered, not only in this,
but in the other forms. A study of the common Scolopendrium vulgare of
the typical form shows that it contains a much smaller number of chromo-
somes than does the variety. We find that in the spore-mother-cells, when
they divide, the reduced (meiotic) number of chromosomes is 32, thus
confirming Stevens’s! and Gregory’s? statements for this species. The
number in the premeiotic cells of the sporophyte of the same plant is
64. It is clear then that these must have broken up into smaller units,
or have been replaced by such, but it is also obvious that this multiplica-
tion has not resulted in the production of exact multiples in the variety
of the chromosomes present in the original parent. Thus it is not
inherently improbable that individual differences may exist, and that the
different cells may lack uniformity in the matter of their chromosomes.

Scolopendrium vulgare is remarkable for the number of diverse forms
to which it has given rise, and we propose to examine these further in
order to test the hypothesis that the variation in form may be associated
with fluctuation in the number of chromosomes. It is not improbable that
Scolopendrium and its variety only represent a comparatively extreme
example of chromosome-variation, and that the reason why one fails to
arrive at the same conviction with regard to the existence of variation
in the preceding ferns may be merely due to the divergence from the
mean being so small as to fall within what we regard as the limits of error
in observation.

The archegonia, as has been already stated, are produced on a fairly
extensive cushion in great numbers, and they occur on both surfaces of the
prothallium. Embryos are formed apogamously, and they originate, as in
Athyrium Filix-foemina var. clarissima, Bolton, from the oospheres.

The archegonia develop quite normally, and we have been able readily
to follow all the stages; these being diagrammatic in the clearness with
which they can be distinguished.  After the ventral canal has been cut off
from the oosphere the latter body assumes the well-known bun shape, with
a slight anterior depression. The nucleus is of the usual basin-like form,
and in the hollow can readily be seen the corpuscle or ‘ body’? that is
a regular feature of the normal oospheres.

1 Stevens, Ber. d. Deutsch. Bot. Gesellsch., 1898. 2 Ann. Bot., xviii, p. 447.
% This ‘body’ lies sometimes in the ‘receptive spot’; sometimes, though more rarely,
outside it.

02
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We have studied the process of fertilization in the common Male Fern
(Fig. 35) for purposes of comparison, and it is easily seen that the similarity
between the oosphere in our Scolopendrium and that of a normal Fern ends as
maturity approaches. Before the neck of the archegonium opens, in many
cases at any rate, the egg becomes surrounded with a membrane, and the
possibility of fertilization is thus definitely excluded. It is very common in
old degenerating archegonia to find the oospheres thus enclosed in a proper
membrane, whilst otherwise exhibiting signs of disintegration. A frequent
symptom of approaching death is visible in a more or less complete fragmenta-
tion of the nucleus. We had observed in otherwise healthy and compara-
tively young oospheres (Fig. 36), which had not yet become surrounded
with membranes, that occasionally there were two well-defined and large
nucleoli, and that the linin was clearly grouped with reference to these
two centres. In other cases it appeared as if amitosis were going to
supervene, for the nucleus had become correspondingly two-lobed, con-
nexion by means of a very narrow isthmus being, however, preserved.
But we are convinced that these appearances are signs of approaching
senility, and that they do not represent stages in the first segmentation
of the egg. Of course, the definite proof of this can only be given when
the first division is actually seen, and we have as yet not succeeded in
obtaining preparations to illustrate this, but the weight of probability is
strongly in favour of an ordinary mitosis being associated with the first, as
it is with the later divisions of the embryo.

The mode of segmentation of the embryo, more than one of which
may be formed from one prothallium, closely follows that already described
in Ath. Filix-foemina var. clarissima, Bolton. The first wall, the basal,
separates the epibasal from the hypobasal half, and the former is nearly
hemispherical in shape, whilst the latter is more conical. In the epibasal half
the median and transverse walls arise consecutively, whilst in the hypobasal
portion the first wall is formed in a plane parallel to that of the basal one.
Subsequent divisions rapidly arise, and the parts of the young embryo
become recognizable. There is a distinct foot, but it is not easy to
distinguish its limits from the cells of the wall of the inner part of the
archegonium, which divide freely and become densely filled with food
materials (Fig. 37). The young sporophyte grows rapidly, and, as is so
common with many aposporous ferns, the first-formed leaves show a marked
tendency to produce prothallial outgrowths when the plants are cultivated
under hurried conditions.

It is instructive to note that the prothallium of this variety behaves
very differently from those of the common species of Hart's-tongue, when
it assumes an apogamous development. In the first place, as described by
Lang,! the embryo in the latter Fern arises from a ‘ cylindrical process,’

! Lang, Phil. Trans., vol. 190, p. 16.
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and by the direct outgrowth of the sporophyte from the gametophyte.
But in the variety Drummondae the sporophyte develops from the
oosphere, and there is no cylindrical process. In the second place there
is a very important difference between the behaviour of the nuclei of the
prothallial cells in the two cases. In the aposporous prothallia of our
variety there is neither nuclear migration nor fusion, but Lang describes
and figures cells containing two nuclei as being situated ‘ near the border
line between sporophytic and prothallus tissue.” We regard this as of
paramount importance taken in connexion with the fact that whereas our
prothallia were produced aposporously, those with which Lang was working
had been grown from spores. It may therefore be taken as certain that
whilst our prothallial nuclei, as regards the number of their chromosomes,
are identical with the nuclei of the sporophyte, those of Lang’s prothallium
only possessed half the number characteristic of the sporophyte. Hence
the nuclear migration (and probable fusion) in this case would fall exactly
in a line with what we shall describe for Lastrea pseudo-mas vars. poly-
dactyla, Wills and -Dadds (see p. 176).

The results obtained from the study of this Fern may be summarized
as follows:—

1. Aposporous development of the prothallia occurs on the margin of
the leaf. :

2. There is no reduction of the chromosomes on passing from the
sporophyte to the gametophyte.

3. Whereas the ordinary Hart’s-tongue Fern possesses 64 (premeiotic)
and 32 (postmeiotic) chromosomes in the sporophyte and gametophyte re-
spectively, the variety crispum Drummondae exhibits some amount of
variation, and contains from 8o to 100 chromosomes in its nuclei.

4. There is no migration or fusion of nuclei in the cells of the prothallium
of this variety.

5. The embryo arises apogamously from the unfertilized oosphere.

6. The oospheres may become enclosed each in a membrane before
the archegonial neck opens.

5. Lastrea pseudo-mas var. polydactyla, Wills.

This Fern has long been recognized as one which only produces
apogamous embryos on the prothallia, which are nevertheless raised from
the ordinary spores. In 19o3 we published a preliminary statement of
the cytological observations we had made on the plant.! These observa-
tions not unnaturally were received with some degree of scepticism, but
our further investigations have convinced us of the accuracy of our state-
ments, and they have at the same time served, as we think, to invalidate

! Farmer, Moore and Digby, loc. cit.
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some of the criticisms which, on somewhat @ prioréi grounds, have been
urged against them.

The prothallia on which our work has been almost exclusively based
were given us by Dr. Lang, and they proved to be well-preserved for
cytological investigation. We have not been successful in our efforts to
raise material for ourselves, for spores sown in 1905 and 19c6 for some
reason failed to germinatel.

As is well known, the prothallia of this variety of the Male Fern
do not bear antheridia very freely, and the archegonia are wholly absent.
In this respect it stands in sharp contrast with the variety polydactyla of
Dadds, in which the sexual organs are produced abundantly, although
no embryos are formed from the oospheres.

We believe that the fusion of the nuclei of adjacent vegetative cells
replaces, in each of these two Ferns, the normal sexual act, and we will
now give in some detail an account of the process as it occurs in Lastrea
psendo-mas var. po{ydadyla, Wills, the original plant of which was found
many years ago growing wild in Devonshire.

The prothallia we used for this investigation were always mounted
whole after staining, as with sections there is always a risk of misinterpreting
the limits of particular cells, as well as the danger that the knife might have
dislocated the nuclei from their original positions. The prothallia were
stained in various ways, and on the whole we obtained the best results with
Heidenhain’s Iron-Haematoxylin.

The cells which are concerned in the migration are not limited to the
thicker part of the prothallium. Those in the wings frequently afforded
examples of the nuclear passage. It is, however, always in the younger
regions of the plant that they occur, and it is useless to seek for them
in the large full-grown cells at a distance behind the advancing margin.

The first sign of migration on the part of a nucleus is scen in a change
of form (Figs. 45-47). It commonly assumes an elongated shape with the
pointed end directed to the wall that it is about to pierce. The nucleus
in what we may term the receptive cell is usually round in form, and
appears to be quiescent. When the end of the invading nucleus comes
in contact with the partition wall, it obviously produces some change,
probably by means of a fermentative activity, and the apical part of the
nucleus slips through the narrow orifice thus made. The anterior end
of the nucleus contains a darkly staining substance, and it gradually
squeezes itself through the aperture. The whole process is a very clear
case of chemiotaxis, as is evidenced by the very definite way in which the
penetrating nucleus makes its way towards the nucleus of the receptive
cell, and it is perhaps also further indicated by the accumulation of stainable

! Since this was written we have succeeded in raising a number of prothallia showing the
apogamous peg.



Apogamy in Ferns. 177

substance at its anterior end. After the nucleus has thus traversed the wall,
the pore through which it has passed is sometimes difficult to identify,
at other times, however, it remains as a well-marked hole. The nucleus
then generally seeks the nucleus of the receptive cell, and the two lie closely
appressed to ecach other, and finally they fuse (Figs. 48-51).

There are several variations that may be exhibited during the process.
Sometimes the two nuclei do not immediately fuse, and we have seen many
such instances of two nuclei lying in one cell, more or less near together,
whilst there is invariably a non-nucleated cell immediately adjacent, from
which one of the pair has come. At other times the fusion is very rapid,
and both nuclei seem attracted to each other. Such an example is shown
in Fig. 48, where the fusion is seen to take place almost simultaneously
with immigration. A few cases which are perhaps to be regarded as
‘abnormalities’ occur, in which a nucleus will pass entirely through the
adjacent cell, apparently attracted by the nucleus of one situated beyond
it (Fig. 53), and, again, a few instances have been seen in which there are
three nuclei in one cell (Fig. 52). But in every single case the origin of the
invading nucleus was betrayed by the empty cell which it had abandoned.
We have been able to trace the stages of fusion and division of the nuclei
in question in a practically unbroken sequence.

The fusion assumes special importance when the chromosome contents
of the nuclei come to be studied. We find in these prothallia that some
of the dividing nuclei possess the same number of chromosomes as the
dividing spore-mother-cells during meiosis, that is, they have the reduced
number (Figs. 41, 42). In such nuclei we find 64 to 66 chromosomes.
Of course there is a little variation in the actual numbers obtained,
when dealing with chromosomes as numerous as these, but the latitude
is not large. In other nuclei belonging to the cells of the same prothallium
we find many more chromosomes. We are not able to state accurately
what the actual numbers are, but they are certainly considerably over 100
(Fig. 43). We may fairly look on these as formed in nuclei which have
duplicated the gametophytic (postmeiotic) number of chromosomes by
fusion. The cells of the apogamously produced embryos have been
studied, with the result that in every case we find these young sporophytes
are characterized by nuclei possessing the double complement (premeiotic)
number of chromosomes (Fig. 44). It thus appears to be clear that the
nuclear cycle is essentially that of an ordinary sexual plant; that is, the
sphorophytic premeiotic chromosomes are distributed at meiosis between
the two pairs of spores which arise from the spore-mother-cell ; from the
spores arise the prothallial cell generations with the postmeiotic (reduced)
chromosomes. But whereas in a normal life-history the premeiotic number is
restored by the act of fusion of the egg and sperm nuclei, in this prothallium the
same end is attained by the fusion of the nuclei of adjacent prothallial cells.
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It may here be stated that we have investigated the prothallium of the
common Male Fern, but have seen no cases of nuclear migration, nor have
we been able to find any evidence of such migration in the case of the
aposporously produced prothallia described below.

We find that the number of chromosomes at meiosis (e.g. the heterotype
mitosis) in this Fern is somewhat less than that characteristic of -the
common Male Fern at the corresponding stage. For whereas in the latter
it is about 72, in the variety polydactyla of Wills it is about 64-66 (Figs. 39,
40). The development of the embryo calls for no special remark. It
is differentiated from the tissue of a prothallial excrescence, and we have
nothing essential to add to the descriptions given by other authors. We
have, however, given a few Figs. (54-56) to illustrate the process. It will
be seen that it conforms very closely with the mode of development as
it occurs in Preris cretica! and except for the presence of archegonia,
with that of Lastrea pseudo-mas var. polydactyla, Dadds.

Comparing the size of the cells and nuclei of the prothallium with
those of the typical form of the species, they are in both cases distinctly
smaller, but there is not a consistent ratio between cell and nucleus. We
find, as the result of a considerable series of comparisons of tracings made
by the camera lucida of the cell network and nuclei of this variety and the
type, that the average size of the cells is about 85 per cent., and of the
nuclei about 6o per cent. of those of the common Male Fern. While we
have taken all the care we could to make comparisons between prothallia
that corresponded in age and development, it must be said that the
measurements in any given single instance may show somewhat wide
divergence from the mean or average. But nevertheless these numbers
do convey very fairly the general impression gained as the result of
comparing a considerable number of prothallia of the two Ferns.

6. Lastrea pseudo-mas var. polydactyla, Dadds.

The general habit of this Fern resembles that of the variety polydactyla of
Wills, but it differs from the latter in many important points of development.

The spores are fertile, and large quantities of prothallia have been
raised from them. The young plants are all produced apogamously, and
those which we allowed to continue growing have retained the characters
of the parent plant. We have studied the development of the archesporium
in order to ascertain the number of chromosomes in the sporophyte. They
are very numerous, and an accurate estimation, as in the preceding variety,
could not be arrived at (Fig. 57). When the spore-mother-cells are formed
the divisions arc of the meiotic type, the first being typically heterotype
and the second homotype. It is not necessary to enter into details of these

! Cf. De Bary, Bot. Zcit. 1878.
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mitoses, but the number of the chromosomes was found to be greater than
an investigation into the corresponding mitoses of the typical Male Fern
had led us to expect. It is certainly not less than go, and we are inclined
to put it a little higher, 96 is probably nearer the actual figure (Fig. 58).
This number is also met with in the prothallia (Fig. 59), although the
chromosomes are more difficult to count in those cells than even in the
spore-mother-cells. ‘

The prothallia, as the investigations of others, especially of Lang, have
shown, are normal in appearance. They bear antheridia and a few arche-
gonia. The latter occur immediately behind the growing-point, and are
situated upon a rather diffuse cushion. The antheridia are rather small.
They arise as protuberances from the central part of the wall of a cell on the
lower surface of the prothallial cells, and at first are easily confounded with
young rhizoids. The antherozoids, as Dr. Lang remarks, are very active.
The archegonia are peculiar in that they project considerably above the
lower surface of the prothallium, and this is doubtless to be correlated with
their mode of formation. The mother-cell divides at first by walls inclined
to each other, and thus a young archegonium almost resembles a stumpy
branch, and its elevated position is accounted for.!

The central, ventral, and neck canal-cells appear to be perfectly normal
(Figs. 62, 63), and yet fertilization never takes place.

The embryo arises as a projection from the lower surface of the pro-
thallium (Figs. 64, 65 a, 8), and we confirm the statement of previous
observers as to its proximity to an archegonium. We are inclined to regard
the projection, which forms the first sign of the embryo formation, as the
equivalent of an archegonium arrested and modified in the earliest stages.?
Just as is the case with the archegonia, so also here, the first stage consists
in the bulging out of one (or possibly more than one) superficial cell which
becomes marked off from its fellows. This cell is, as has already been
stated, most often situated close to an archegonium, and usually amongst
several. It may be even derived from the peripheral cell of an archegonium
itself, as has been stated by other investigators, but this has very seldom
happened in our own cultures. The cell in question then divides by walls
inclined to one another, and so a little patch of tissue, the cells of which
are arrayed fan-wise in section, is formed. As is well known, the anterior
portion of the projection develops into the stem-apex, whilst the root is
formed by the projection backwards through the prothallium, and behind
the venter of the archegonium, of a strand of cells. The protoplasmic
contents of the constituent elements serve readily to distinguish them from
the true prothallial cells around them. An apical cell is ultimately dif-

! Cf. the account given for Doodia caudata by Heim, Flora, Bd. 82.
3 Lang has suggested a similar origin for the sporophytic ¢ buds’ on the prothallia of Aspidium
angulare var. foliosum multifidum, loc, cit., p. 305.
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ferentiated on this posterior burrowing portion, and shortly afterwards the
first cap-cell is cut off, and thus it is identified as the primary root.
Tracheids and vascular strands are differentiated, and the embryo finally
only differs from a normal one in the lack of a foot, and the position,
external to the prothallium, of the stem-apex. It often happens that some
of the prothallial cells situated near the anterior end of the embryo become
divided so as apparently to form an additional conducting strand, con-
necting the embryo with the stores of prothallial nutriment. This tissue
may perhaps be regarded as physiologically representing a somewhat
imperfect foot, but formed by the prothallium instead of the embryo.

We have carefully examined a large number of prothallia for the
nuclear migrations and fusions which are so constant and frequent a feature
in the other variety of polydactyla (Wills). We have found them in
relatively few cases (Fig. 61), and never in the wings of the prothallium.
They have invariably occurred just behind the growing-point, and thus are
confined to the region from which the young plantlet springs. We regard
this fact as confirming the interpretation we have placed upon the process
in the preceding variety, and it is of interest to find that whereas the
migration and fusion of nuclei both occur in these two Ferns, the prothallia
of which arise from spores, they are absent both from the common Male
Fern, and also from all the other varieties which we have studied in which
the prothallia were aposporously formed.

We have endeavoured to induce apospory in this variety as well as in
the preceding one, but hitherto without result. The methods which have
been so successful in the case of the other Ferns that form the subject of
this paper have entirely failed here. We have examined the nuclei of
the embryo (Fig. 60) in this plant, and find the number of chromosomes,
as was to be expected, to be very great. Although on account of their
crowded condition and great numbers we were unable to arrive at exact
estimations, we see no reason to doubt that they are present in the typical
premeiotic number.

The cells and nuclei of this variety, in spite of the numerous chromo-
somes, arc smaller than are those of the type (cf. p. 186 below), and a similar
character is shared by the antherozoids.

7. Lastrea pseudo-mas var. cristata apospora, Druery.

This Fern owes its origin to a prothallium which came up in a Wardian
case in which 7richomanes radicans was growing. It seems perfectly clear
from the account?! given by its discoverer, Mr. Druery, that the prothallium
in question must have grown from a stray spore which had found its way
into the case. It was, in the first instance, referred to the well-known
Lastrea Filix-mas var. cristata, in which apogamy had already been dis-

! Journ. Linn. Soc., vol. xxx.
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covered by De Bary as long ago as 1878.! The general resemblances
between it and De Bary’s plant seemed to be fairly close, but our studies
on these varieties of Ferns have convinced us that external features of
similarity must be accepted only with considerable reserve, as affording
indications of identity. The two forms of polydactyla varieties of the Male
Fern, and those of clarissima in the case of the Lady Fern, prove that forms
remarkably alike, but which have had a different origin, may be in essential
characters very diverse. And this attitude of caution is justified in the
present instance. For our plant is not only apogamous, but in a remark-
able degree aposporous as well. Indeed, it is not known to produce spores
at all. Whatever its real origin, it is at any rate now a plant essentially
different from that originally known as c¢risfata, and there is no sound
reason for regarding the two as phylogenetically connected.

The plant is a small one, with leaves of delicate, somewhat pellucid
texture. The vascular strands stop short of the ends of the pinnae, and
the tracheids branch out in the form of a narrow brush. The leaf margins
are abundantly provided with mucilage hairs, and very often the cells,
especially at the ends of the final ramifications of the leaf, grow out in
a tufted manner resembling the hymeneal layer of an agaric (Fig. 67).

On detaching the leaf and pegging it down on damp soil under glass,
prothallia are produced.in extraordinary abundance. They spring not only
from the ends of the pinnules (Fig. 66), but also from superficial cells of the
leaf (Fig. 68). These latter cells occur singly, and are not restricted to,
though they are often more abundant in the vicinity of, the vascular strands.
They are easily distinguished in prothallia that have been pegged down
for a short time by the dense appearance of their nuclei and protoplasmic
contents. The prothallia that arise from them are commonly irregular in
shape, and sometimes assume a bulbous appearance. They did not, in our
cultures, produce sexual organs or embryos.

The marginal and apical prothallia are much more regularly heart-
shaped (Fig. 76), and in fact resemble ordinary prothallia of very delicate
texture. Antheridia are produced freely, but archegonia have never been
seen on them, nor do they appear to be formed at all. Most of the regular
prothallia produce embryos, and occasional examples of tracheid formation
have been encountered in prothallia that have not borne any embryo.

The appearance of the embryo is heralded by the formation of a very
much localized hypertrophy situated just behind the growing-point (Figs.
74, 75). The cells divide freely, but the protuberance thus formed can
hardly be described as a cylindrical process, such as is formed in Lastrea
ps-m.var. polydactyla, Wills. It is at best but a small excrescence standing
out from the level of the prothallium, and tracheids very soon make their
appearance within it. The formation of tracheids is not very definite at

! Bot, Zeit., 1878.
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first, but ultimately a strand is formed which marks the primary vascular
tissue of the young embryo. The root is formed endogenously, and bores
out through the tissues in the posterior direction, whilst the first leaf and
the apex of the stem are differentiated from the superficial cells of the
excrescence. The embryo has thus a somewhat broad attachment to the
prothallium (Fig. 76), but there is no structure that can be definitely
recognized as a foot.

The chromosomes have been counted in dividing nuclei of the pro-
thallium (Figs. 70, 71), in the antheridia, and in the embryo (Figs. 72, 73).
The numbers obtained indicate, as in Scolopendrium, a certain degree of
variation, but they quite preclude the occurrence of reduction in the sense
of meiosis. For the prothallium, 60 is the probable number ; the variation
on either side, in nuclei favourable for counting the chromosomes, was very
small. In the case of the embryo, on the other hand, whilst some nuclei
showed 60, others exhibited a mean number of about 78.

It thus seems probable that the actual number of chromosomes is not
quite constant even in the nuclei of the same individual. Possibly, as will
also appear later, this variation in chromosomes is to be associated with
other varying characters presented by these Ferns.

We searched a considerable number of prothallia to ascertain whether
or not there is a migration of nuclei, such as occurs, in the apogamous (but
not aposporous) Lastrea ps.-m. var. polydactyla, but with a negative result.
The importance of this becomes sufficiently obvious when it is remembered
that there is no reduction in ‘this plant, for with the omission of meiosis
from the life-history there would appear to be no grounds for anticipating
the intercalation of a process tending to duplicate the number of chromo-
somes. Indeed, with the cessation of the meiotic phase, it is difficult to
understand how any such process could persist.

In comparing this Fern with the other varieties of Lastrea, it is im-
possible, especially if we fix our attention on the sporophyte, not to be
struck by the relatively small number of chromosomes which the nuclei of
its sporophyte contain. It is true that the other varieties diverge from the
type in the matter of their complement of chromosomes, but their differences
are insignificant as compared with that shown by the plant under considera-
tion. If, however, we consider the gametophyte only, the difference is very
slight, and the question naturally arises as to whether we are not, in this
Fern, dealing with a case which is the correlative of those which we have
hitherto considered ; that is, whether, regarded from the standpoint of the
chromosomes, the gametophyte character has not been impressed on the
sporophyte, instead of the reverse process which we have encountered, for
example, in the varieties of the Lady Fern. In the latter, we have every
reason for believing that the gametophyte has arisen directly from the
sporophyte, and owing to the absence of meiosis it has become endowed
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with the premeiotic (unreduced) complement of chromosomes. In such
a case there is no obstacle in the way of understanding that a sporophyte
would naturally arise from the gametophyte by true apogamy, since the
sporophytic number of chromosomes are already present. Such a view
of the case would be further strengthened by a study of the polydactyla
varieties of Lastrea. In them the prothallium is formed in the normal
manner after meiosis, and the prothallial cells hence possess the postmeiotic
(reduced) number of chromosomes. The embryo, it is true, is not the
result of union of normal gametes, but nevertheless a nuclear fusion is
concerned in its formation, and thus the full complement of sporophytic
chromosomes is effected.

Of course the aposporous prothallium of the A#kyrium type presents
its own difficulties, but they may be surmounted if we admit that the
special potentialities of the duplicate number of chromosomes may be
reduced to latency. If, however, we admit, as indeed the facts seem to com-
pel us to do, that not only is the formation of the gametophyte independent
of reduction, but a -sporophyte may arise directly from a gametophyte
whick has itself arisen after meiosis, i. e. without a restoration of the normal
sporophytic duplication of chromosomes, we implicitly give up the position
that alternation of generations is necessarily bound up with the periodic
alternation in the number of the chromosomes. That is, we admit that
there is no common pkystological basis for the two processes.

We confess, however, that such a course seems to us to be the only one
that is consistent with the facts. 'Of course it might be argued that, as in
the variety polydactyla of Wills there is already evidence of a tendency
towards reduction in number within the group of varieties, the var. cristata
apospora only represents an extreme case. But apart from the improbability
of such an explanation, having regard to the actual facts, we meet with
great difficulties as soon as we refer to what is known about the origin
of the variety. The nucleus of the spore which first found its way into the
Wardian case must have only possessed the postmeiotic number of chromo-
somes, that is, only half the number of those of the sporophyte which
produced it. Consequently up to this point, and on the formation of the
prothallium by its germination, the character of each of the gametophytes
of the three varieties of Lastrea must have resembled each other. The
divergence began in the formation of the embryo. For whereas in the two
polydactyla varieties the premeiotic number of the young sporophyte was
" provided for by a fusion of prothallial nuclei, this process was omitted
in the variety cristata apospora, and thus no mechanism was utilized to
ensure that doubling of the typical gametophytic number of chromosomes
that so commonly is associated with the production of the sporophyte.

We shall defer the discussion as to the bearing of these conclusions on
the question of alternation of generations to a later page.
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Just as the chromosomes of this variety are fewer than those of the
other varieties of Lastrea examined by us, so also the sizes of the cells,
nuclei, and antherozoids are smaller than the corresponding elements
in them. It is difficult in this, as in other cases, to give exact measure-
ments, but taking the value of the respective structures in the typical
Lastrea pseudo-mas as 100, a series of careful comparisons gives for this
variety the following results :—

Prothallial cells, 60 ; nuclei of prothallial cells, 75; antherozoids, go.

GENERAL DISCUSSION.

A consideration of the structure of the so-called varieties of Lastrea
and of A¢hyrium which have been described in this paper serves to show
that with the variation in form other important characters are associated.
These characters not only concern the peculiarities connected with the
particular form of apospory or apogamy that may be exhibited by an
individual variety, but they extend to minute details of cell structure.
Thus the ¢ varieties’ of Atkyrium show, though in various degrees, a con-
stant difference in the nucleoli of their prothallia as compared with those of
the type. They all possess numerous chromatin nucleoli, and these assume
at times very remarkable shapes. Moreover, there is in this respect a fairly
regular amount of deviation from the type which marks the individual
variety and distinguishes it from the others. Whereas the prothallial
nuclei of the ordinary Lady Fern, Athyrium Filiz-foemina, possesses com-
monly one or sometimes two nucleoli, those of the variety clarissima,
Bolton, show a number of these bodies.

The corresponding nuclei of var. clarissima, Jones, possess the same
peculiar nucleoli, consisting chiefly of chromatin, but they are more abundant
and often assume very curious forms, at times recalling those of heterotype
chromosomes, with which, however, they have really nothing to do ; they are
simply nucleoli of very unusual form, and when mitosis takes place the
chromatin from them passes out into the linin threadwork of the nucleus.
The nucleoli of the variety unco-glomeratum, again, are also numerous, but
they lack the unusual appearance presented by those of the former species.
Another series of constant differences, which are probably of greater interest,
lie in the size of the cells and nuclei of the different varieties. In Lastrea
these differences are somewhat irregular, but in Athyrium we find them
arrayed in a series in an almost regular manner. We will consider the case
of Athyrium first, and it will conduce to clearness if we record the gradations
as we have observed them in a tabular form, premissing, however, that the
numbers given are not intended to express more than the average results
obtained after the study of a considerable mass of material. They may,
however, be taken as expressing the proportionate size as given by a large
number of camera lucida drawings made to scale from the cells, &c., of
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organs as nearly corresponding in their stages of development as we could
get. We have reduced the value of the different cells and nuclei so as
to express them in terms of the standard (100) given in the case of Atkyrium
Filix-foemina, which, for purposes of this comparison, we have selected
as the type of the Azkyrium series. We have also added the number
of chromosomes.

Ath. Ff.var.  Ath. F-f.var. Ath. F-f. var.

Athyrium Filix-  clarissima, clarissima, unco-glomeratum,
Joemina (type). Bolton. Jones. Stansfield.
Young prothallial cells 1co 135 180 250
(near growing-point)
Old prothallial cells 100 140 170 300
(in the wings)
Young prothallial nuclei 100 140 190 250
oid ” v 100 160 220 280
Epidermal cells of leaf 100 110 180 200
of young sporophyte
Antherozoids 100 135 160 250
Number of chromosomes  76-80 84 90 100
(actual number) (38-40 in the prothallium)

It will be seen that there is a fairly constant difference characteristic of
each so-called variety. It should be stated that of course the cells of the
young parts of the prothallium are much smaller than they ultimately
become, and that the nuclei in the older cells are likewise smaller than those
of the cells at the growing-point. But this age-difference is tolerably
uniform throughout the different varieties, as is indicated by the figures
in the foregoing table.

In the young cells we found the ratio{ size of nucleus

size of cell
very closely to 0-32, but at a short distance behind the growing-point,
owing to the relatively great enlargement of the cell, it diminished to o.07
and less! It must be clearly stated that these relations only have to
do with size, the chemical characters, such as nuclein content, having been
left out of consideration. But taking the cell and nuclear size as the
criterion, it will be readily seen that the so-called ¢ varieties’ are severally
removed from the type in the order in which they are placed in the table.
It has been seen that the nucleolar characters differentiate them in the same
way, and the size of the antherozoids and the number of the chromosomes
both point in this same direction. Furthermore, the facts in connexion with
apogamy are also in harmony with the other features. Clarissima, Bolton,

! Cf. Strasburger, Ueb. d. Wirkungssphire d. Kerne u. d. Zellgrosse, Hist. Beitr., v. Schwartz,
Beitr. z. Entw. d. pflanzl. Zellkernes nach d. Theilung, Cohn's Beitr. z. Biol. d. Pflanzen, Bd. 4.
Gerassimow, Ueb. d. Grisse d. Zellkernes, Beitr, z. Bot. Centralbl., Bd. 18; also, Die Abhing. d.
Grosse d. Zelle v. d. Menge d. Kemmasse, Zeitschr. f. allg. Physiol., Bd. r.

to approximate
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with its embryo arising from the oosphere, is plainly nearer the type than is
either clarissima, Jones, or unco-glomeratum, Stansfield, in which it arises
from the vegetative parts of the prothallium.

It is furthermore of special interest to find that the same sequence
is shown by a comparison between the cells of the first leaves of the sporo-
phyte generation, taking the epidermal cells as the basis of measurement.
We selected these because there was less likelihood of the introduction
of error, since the uninjured leaf can be used. Sections introduced so
many complications as to render any estimations based on them almost
valueless.

It would be doubtless going too far to suggest that these varieties
of the Lady Fern should be regarded as of specific rank. The fact that the
offspring are to some extent variable and unstable would alone render such
a course undesirable. But they may perhaps be justly considered as
‘mutations’ which possess the faculty of continuing to vary, and even
apparently of reverting to the parent form. It remains, however, to be
seen whether these apparent reversions are really to be so regarded, and an
attitude of caution respecting them is desirable, at any rate for the present.
We propose to investigate the progeny of the forms here studied in the im-
mediate future, in the hope of deciding some of the questions here suggested.

The forms of Lastrea are less regular in their divergence from the parent
form and from each other than are those of Atkyrium. In one sense,
however, the trend of variation is in a direction opposite to that pre-
vailing in the varieties of the latter genus, at least so far as we know them
at present. For whereas in A#kyrium the type is surpassed by its varieties
in cell-size, &c., in the three varieties of Lastrea the reverse is the case.
Of course a more extensive study of the varieties of each Fern may show
that this difference is merely accidental, and that each type really stands
more in the mean than at one end of the variations.

Treating Lastrea pseudo-mas, and its three varieties studied by us, in the
same manner as the former genus, the subjoined table will summarize the
general nature of the differences.

Lastrea ps.-m. Lastrea ps.-m.  Lastyea ps.-m.
Lastrea var. golydactyla, var. polydactyla, cristata
pscudo-mas. Wills, Dadds. apospora.
Prothallial cells of average 100 85 70 6o
size (near growing-point)
Nuclei of ditto 100 60 70 75
Epidermal cells of average 100 90 100 70
size (sporophyte) ,
Antherozoids 100 ? 85 90
Chromosomes :—
gametophyte 72 66 90 60
sporophyte 144 132 130 66?

6o & 78
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The chief points of interest brought out by the foregoing table are,
firstly, the small size of the nuclei as compared with cells in polydactyla,
Wills, and the reversed relation in the case of c¢réstata; secondly, the fact
that whilst the cells of polydactyla, Wills, are larger than those of the
corresponding variety of Dadds, the chromosomes of the latter are far
more numerous. As regards the antherozoids, it was not easy to arrive
at exact estimations, but we incline to place those of cristata as slightly
larger than those of polydactyla, Dadds ; we were unable to get satisfactory
measurements of the antherozoids of the other variety. The measurements
of the cells of the leaves! did not, as will be seen, give concordant
results.

We may, for the moment, omit from our consideration the chromo-
some characters as presented by cristata, since they are affected by
conditions different from those that concern the two varieties of polydactyla.
The general result of a comparison of these forms shows that in internal,
just as in larger external characters, divergence from the type may affect
individual features independently, and this is strikingly shown by the smaller
number of chromosomes possessed by the cells of polydactyla, Wills, and the
larger number exhibited by the variety of Dadds, when both are compared
with the type. This independence, as has been seen, extends to other
characters within this group, and its existence serves to correct any impression
of rigid correlation of differences with any one variant (e.g. chromosome
number) such as a study of the forms of Atkyrium Filix-foemina alone
might perhaps have suggested.

It seems not unlikely that comparative investigations on somewhat
similar lines might usefully be extended to groups of allied species of other
alliances, and it would be especially interesting to obtain this information
in respect of those congeries of forms known as sub-species, mutations, and
the like, in the case of flowering plants.

It is now necessary to consider the question of the chromosomes more
in detail.

It has already been stated, in dealing with the individual forms, that
the actual numbers obtained in each case are to be taken only as averages,
but that the countings themselves yielded a certain divergence from each
other round the mean. We are disposed to regard this divergence as not
entirely due to errors in estimation, but as in part, at any rate, repre-
senting a real difference. It has previously been shown? that differences
occur in plants which only contain so few chromosomes as to make it
impossible that the differences in the numbers estimated could be attributed

1 In the intercellular spaces of the leaves of each variety the well-known glands are of frequent
occurrence.

* Farmer and Reeves, On the Occurrence of Centrospheres in Pellia cpiphylia, Nees. Annals
of Bot., vol. viii. Farmer and Shove, On the Structure and Development of the Somatic and Hetero-
type Chromosomes of ZTyadescantia virginica. Quart. Journ. Micr. Sci., vol. xlviii.
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to errors of counting. And althopgh in the plants now under discussion
it is impossible to speak with absolute certainty as to the degree of error
that is unavoidably present, such a case as that of Lastrea cristata apospora
is well worthy of attention. Since the estimation of the chromosomes
in the prothallium, with two exceptions, all fell between 59 and 64, with
a great preponderance in favour of the former, we think we are probably
correct in taking 60 as fairly representing the chromosomes in the prothal-
lium. But with the embryo it is different. We find our numbers fall into
two discontinuous groups, one ranged closely about 60 (59-64) the other
approximating to 78 (77-80). Similarly, in respect of Scolopendrium
vulgare var. crispum Drummondae, whilst the prothallial countings gave
70-75 as an average number, it was clear that the embryo contained more,
ranging perhaps from 95-105, or say 100, as a mean. These indications
of individual differences are of interest when taken in connexion with the
varietal differences. For, along with much evidence—which conveying from
many sources seems to testify to the permanence of the chromosomes—
we meet notwithstanding with positive cases of chromosome fluctuation
that might seem to negative any value being attached to number.

Even in other plants and animals, in which the numbers are low,
we find differences in closely allied species which are difficult to account
for, although they prove that the fractionation of the linin that bears the
<hromatin is subject to change, introduced either through rearrangement
-of the primoridia, or owing to the limits between individual chromosomes
losing their original precision. And if, as we have strong grounds for
believing, the chromosomes are intimately associated with hereditary
qualities of the organism, itis evident that a disturbance of the chromosome
structure would, ceferis paribus, be likely to be associated with variation.
But it is evident that one must keep distinct two kinds of chromosomic
differences. In the ordinary somatic mitoses the entire nuclear linin
and chromatin is equally halved between the two daughter nuclei, and
for this purpose it is difficult to see how the mere chance of any temporary
end-to-end adherence—or even an increased fractionation—of the individual
chromosomes could affect the final result. But in meiosis, where there
is a segregation and ultimately a distribution of units contributed by the
paternal and maternal ancestors respectively, it is readily comprehensible
that any such destruction of the individuality of the chromosomes might
find expression in the production of sports, or unlooked-for variations.

Regarding the instances of apogamy and apospory which have been
described in this paper from the point of view of their nuclear history,
it is clear that there are two main groups into which they severally fall.
Firstly, we have forms in which fertile spores are produced in connexion
with the ordinary process of meiosis. To this category the two varieties
polydactyla of the common Male Fern belong. Secondly, there are those
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plants in which spores (and the meiotic phase) are cut out of the life-cycle,
and the gametophytes arise directly as outgrowths from some part of
this sporophyte—whether from barren sporangia or from the tissues of
the leaves, and retain the full sporophytic (premeiotic) complement of
chromosomes. The varieties clarissima of the Lady Fern may be cited
as examples amongst the Ferns. Perhaps a third group should be added
in which there is reason to think (e.g. Lastrea pseudo-mas var. cristata
apospora) that the sporophyte only retains the original gametophytic
chromosomes, but as in this form apospory and apogamy regularly
follow each other, and the gametophyte #ow resembles the sporophyte
in its chromosome contents, it is better to avoid increasing the com-
plexity of classificatory systems by inventing a special class for such
cases.

Most people would probably agree with us in regarding the type
of apogamy, as illustrated by the polydactyla varieties, as simpler
and less modified than that which involves apospory as well. The
prothallia of many Ferns belonging to the former series are apparently
normal, and they are certainly so during their earlier life. Thus we meet:
with facultative apogamy in the latter, which passes into obligate apogamy
in those Ferns which have lost the power of producing archegonia. In the
cases examined, the method of doubling the chromosomes of the gameto-
phyte by ordinary fertilization is replaced by the fusion of nuclei belonging
to prothallial cells. There is very strong evidence to show that this latter
process obtains in prothallia that have arisen from fertile spores, but which
by cultural conditions have been prevented from forming sporophytes other
than in an apogamous manner, for Lang! observed and figured binucleated
cells in his prothallia of Scolopendyium wvulgare, very similar to those we
have found in Lastrea. On the other hand, when the prothallium arises
aposporously, as in the varieties of A#kyrium, in Lastrea pseudo-mas var.
cristata apospora, and in Scolopendyium vulgare var. crispum Dyummondae,
no such nuclear fusion has been detected. The cases are closely paralleled
by what is known to occur when meiosis is omitted elsewhere. Thus
Overton ? found that in Thalictrum purpurascens the embryo could arise
with or without fertilization. .He adduced convincing evidence to prove
that in the latter case meiosis had been suppressed, and that the oosphere
itself possessed the full premeiotic complement of chromosomes. Such
a case, which is not one of parthenogenesis, but a true case of apogamy,
is very similar to that of Atkyrium Filix-foemina var. clarissima, Bolton,
and the Drummondae variety of the Hart’s-tongue. The chief difference
is that in the A¢4yrsum the gametophyte springs from premeiotic sporangial

! Lang, loc. cit.
* Overton, J. B., Ueber Parthenogenesis bel Thalictrum purpurascens, Ber. d. Deutschen
Bot. Gesellsch., Bd. xxii.
P2 °
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cells, instead of from spores which had not undergone meiosis, and in
the Hart's-tongue the gametophyte arises still more directly from the
sporophyte (leaves). Rosenberg has recently shown in Hieracium excellens
and H. flagellare ! that one and the same plant may show differences in the
seat of origin of its gametophyte. Some of his plants were normal, and
produced a postmeiotic gametophyte in an ordinary embryo-sac or spore.
Others formed a macrospore but omitted meiosis. Others, again, replaced
the developing, but finally aborting, spores by a cell originating from
the nucellar tissue, i.e. from an extra-archesporial cell, just as in the
varieties clarissima of Athyrium.

In the two last cases the sporophyte arose apogamously from an
oosphere already provided with the premeiotic number of chromosomes.
Juel ? has also shown in Taravacum that whilst meiosis occurs in connexion
with the formation of the microspores, it is absent from the series leading
to the formation of the macrospore and oosphere. Furthermore,in connexion
with the mitosis leading to the formation of the macrospore or embryo-sac,
he makes the interesting observation that the earlier stages of nuclear
division indicate the onset of the meiotic phase. The appearance is,
however, transitory, and the mitosis soon assumes the character of an
ordinary premeiotic division. A somewhat similar state of things was also
described by Strasburger® for the Ewualckemillas, in which Murbeck * had
also discovered that apogamy occurred.

A fusion of the nuclei of the vegetative cells closely similar to, but
indeed not physiologically identical with, what happens in the polydactyla
varieties of the Male Fern, has been shown by V. H. Blackman?® to take
place in the Uredineae, and perhaps in a more disguised form in the
Ascomycetes. Possibly the cases of anomalous conjugation of cells
belonging to the same filament in Spirogyra might be looked upon as
examples of an analogous nature.

It would thus seem to be desirable to restrict the term apogamy, or
Eu-apogany, to those examples in which, as in Athyrium, Eualckemilla,
&c., there is no pretence of, as there is no obvious need for, fertilization
of any kind ; and we would suggest the term Psend-apogamy to cover those
instances in which the sexual fusion of gametes is replaced by a fusion of
ordinary gametophytic nuclei which, morphologically, are not sexually
differentiated. This would include the process as it occurs in the Uredineae

! Rosenberg, O., Ueber d. Embryobildung in d. Gattung Hieracium. Ber. d. Deutschen Bot.
Gesellsch., Bd. xxiv.

% Juel, H. O., Die Tetradentheilungen bei Zaraxacum u. anderen Cichorieen, Kongl. Svenska
Vet. Ak. Handlingar, Bd. 39.

3 Strasburger. D., Die Apogamie der Enalchimillen. Pringsh. Jahrb. f. wiss. Bot., Bd. xli.

¢ Murbeck, Sv., Parthenogenetische Embryobildung in der Gattung A4/chemilla. Lunds Univer-
sitets Arsskrift, Bd. 36.

® Blackman, V. H., On the Fertilization, Alternation of Generations, and General Cytology of the
Uredineae. Ann. Bot., vol. xviii.
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and probably the Ascomycetes, and also the growing number of instances
of apogamy in prothallia induced by cultural conditions, as well as such
cases of obligate apogamy as that of the polydactyla varieties of the Male
Fern.

As a sub-class of the eu-apogamous developments it might be
convenient to distinguish as partkenapogamous those forms in which the
sporophyte originates from a (premeiotic) oosphere. In this way it will
be possible to avoid confusion with parthenogenesis. It is true that at
present we do not know any well-founded cases of parthenogenesis, but
such may nevertheless be discovered. It would of course involve the origin
of the sporophyte directly from the postmeiotic unfertilized oosphere,
which would then rise to give a sporophyte with a similar nuclear character.
The known examples of parthenogenetic Echinoderm larvae artificially
produced indicate the desirability of keeping an open mind as regards the
possible occurrence of parthenogenesis, and it may be pointed out that
if Lastrea pseudo-mas var. cristata apospora, when it first developed from
a spore, had possessed archegonia it might have been quite possible for
a parthenogenetic production of the first sporophyte to have taken
place.

When apospory, and with it the omission of meiosis, has occurred
in the life-cycle, then an apogamous development seems the only way of
continuing the life-history ; and, vice versa, it is evident that apospory might
also be correlated with parthenogenesis.

We propose to present in the following table a suggestion for the
classification of the various apogamous and aposporous types, but in
framing such a classification we have sought to avoid making it too
cumbrous by too minute subdivision. We are well aware, however,
that no single form of classification is likely to meet with universal
acceptance, and we only offer this as one which we have found useful
ourselves.

A. AFTER MEIOSIS.

1. Normal fertilisation :
Example : the ordinary life-history of archegoniate plants.
2. Pseudapogamy (facultative or obligate) :
Examples: Lastrea pseudo-mas vars. polydactyla ; Uredineae (Black-
man).
3. Euapogamy:
Example: Lastrea pseudo-mas var. cristata apospora at its first
origin. )
4. Parthenogenesis :
No case at present definitely known.
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B. MEIOSIS ABSENT, apogamy obligate.
1. Parthenapogamy, sporophyte originates from oosphere—
(a) After formation of spores:

Examples: Tkalictrum purpurascens (Juel), Eunalchemilla sp.
(Murbeck, Strasburger), Hieracium excellens (type 2 of
Rosenberg), Antennaria alpina (Juel).

(8) With apospory:

Examples: Athyrium Filix-foemina var. clarissima, Bolton,
Scolopendyium vulgarevar. crispum Drummondae, Hieracium
excellens (type 3 of Rosenberg).

2. Eunapogamy, sporophyte originates from gametophytic tissues—
(a) After formation of spores:

Example: possibly Lastrea pseudo-mas var. cristata apospora at

its first origin.
(8) With apospory :

Example: Atkyrium Filix-foemina var. clarissima, Jones ;
Lastrea pseudo-mas var. cristata apospora.

Of course any classification is likely to contain anomalies, and it may
be objected that it is unnatural to make the presence or absence of spores
a means of subdivision. It is true that it is not perhaps very logical, but
it is a convenient character, especially in connexion with the Phanerogams,
although there is in them one irregular feature that demands a passing
comment. The limits between the spore and the spore-mother-cell are
apt to disappear, and thus it might be argued that, strictly speaking, many
forms are really aposporous which are not usually reckoned as such. For
example, when the spore-mother-cell at once becomes the cell in which the
gametophyte is produced, as in Lilsum, one might—though not very
usefully—maintain that the spore stage properly so called had been cut out
of the life-history.

On the whole we have preferred to regard all the single cells in
which the phanerogamic gametophyte is produced as spores, whether they
go through the tetrad division or not, if there seems to be sufficient reason
to refer them to an archesporial origin. In Rosenberg’s type 3 of Hieracium
excellens and H. flagellare the single cell in which the gametophyte is
produced is clearly not referable to such a source, and it is therefore classed
with the aposporous forms. This distinction is the more necessary
because of course the gametophyte of the Phanerogams is always intra-
cellular, but it is theoretically quite possible for the enclosing cell to
belong even to extra-sporangial tissue, although no instance of the kind,
so far as we are aware, has been as yet discovered.

Amongst the Ferns, we are not at present acquainted with an example
in which spores are produced in the absence of meiosis, but their relatively
common occurrence in the ovules of Phanerogams renders it not im-
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probable that such an instance may turn up amongst these plants. If so,
the spores on germination might give rise to prothallia consisting of
premciotic cells, and it would then be fairly safe to assume that any
sporophytes formed on them would likewise be apogamounsly produced.
We have purposely refrained from discussing those cases of apogamy
in which nothing is known as to cytological details, as, for example,
Balanophora, Ficus, Gnetum, Allium, and many others. For the assigning
of these to their proper places can only be carried out when they have been
reinvestigated from the point of view of their nuclear structure.

ALTERNATION OF GENERATIONS.

It is perhaps impossible, in dealing with the cytological aspect of
apospory and apogamy, to avoid reference to questions involving views
as to the nature of alternation of generations in the archegoniate
plants. Within recent years a certain amount of cytological evidence
has been woven into the fabric of theory, with the result that a conviction
seems to have been formed in the minds of some botanists that the
antithetic theory is in some way bound up with the periodic change in
the number of the chromosomes. Consequently the facts that have now
come to light, proving that gametophyte may rise directly from sporophyte,
and sporophyte from gametophyte, without any such change on the part
of the chromosomes, have been looked on as sapping the foundations
on which the antithetic theory rests; and, pro fanfo, as supporting the
views of those who advocate the theory of homologous alternation. As
a matter of fact, it appears to us that they tend neither to destroy the one
nor uphold the other.

The periodic change in the number of chromosomes is primarily related
to sexual fusion. Sexuality is a condition of meiosis, and meiosis in
its turn renders the continuance of the sexual act a possibility ; at least
this is a fair statement of the matter so far as our present knowledge
is concerned. Just as sexuality is the common property of all the animals
and plants alike (with sundry exceptions that in no way invalidate the
general position), so also is meiosis. And the details of the mitoses
included in the meiotic phase are extraordinarily similar in the two
kingdoms.! Thus one would hardly be guilty of exaggeration in stating
that, just as the fundamental importance of sexuality is rightly gauged from
its almost universal occurrence, so also is that of the intimately related
meiotic phase, regularly intercalated as it is in the life-cycle of every
sexually reproducing animal and plant.

! Farmer and Moore, On the Essential Similarities existing between Heterotype Nuclear
Divisions in Animals and Plants. Anat. Anzeiger, 1895.
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In fact, these two processes—sexuality and meiosis—are knit together
by the closest physiological ties. They stand each to each in a very
definite relationship of a causal nature. But there exist no a priori grounds
for assuming any such necessary connexion between either of them and
any other features or phases in the life-history, however important these
may be in themselves. The matter becomes one for independent inquiry,
in the midst of which it should not be forgotten that post /oc is not the
same thing as propter koc. Meiosis may well be found to concur with certain
events or stages in particular life-histories without any assumption as to the
existence of any essential or necessary relation being in any way justified.
The fact that meiosis long anteceded the appearance of the Archegoniatae
might indicate that the hypothesis as to its neccessary relation with in-
dividual parts of the life-history in these plants requires to be tested
by a comparison with other groups before it can be admitted. But such
a comparison with forms outside the archegoniate series at once shows that
the fundamental assumption underlying the hypothesis is not of general
application, nor indeed is it universally true even within the series itself.
Meiosis occurs in all the groups (except perhaps the very lowest, in which
sexuality is not known), but it does not recur at corresponding periods
in all alike. Thus, to take the first example of Fwucus, the meiotic phase
involves the two first nuclear divisions in the oogonium, whilst the last
is a post-meiotic division, and results in the formation of the (potentially
eight) oospheres. But no one probably would seriously attempt to
homologize the product of the first two divisions of the Fucus oogonium
with the spores of a Fern, and to conclude that the final division in the
oogonium morphologically represented the prothallium reduced to a mere
oosphere. The Dictyotaceae present some features of difficulty, but these
are more apparent, perhaps, than real. Williams has shown that the plants
bearing sexual organs are made up of postmeiotic cells, the plants that
issue from the zygote, on the other hand, are premeiotic, meiosis regularly
occurring during the formation of the tetraspores. Dictyota is far removed
from the Archegoniatae, and it is not sound morphology to attempt to drag
into homologous series groups which have had a different phylogenetic
development. At present, moreover, we are not fully in possession of
the facts respecting Dictyota, but even if it should ultimately turn out
that there is a regular alternation between a tetrasporic and a sexual
generation, the question as to the nature of the alternation itself is one
which will have to be settled on its own merits, and not by an appeal
to a widely diverse group such as the Archegoniatae. What we shall
require to know is, whether there is any evidence to show that within that
algal group therc has been built up from the zygote a cell-colony which,
from a condition of a parasitic embryo, has achieved independence as
an asexual spore-bearing individual. It is, on the other hand, still quite
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conceivable, though as we think improbable, that Dityota may afford
a true example of homologous alternation ; this would not, however, affect
the question of the origin of the sporophyte in the Archegoniatael

In the Desmids and the Conjugatae, as Klebahn and others have
shown, there exist tolerably conclusive reasons for believing that meiosis
occurs immediately on the germination of the zygote, and that conse-
quently the whole plant belongs to the postmeiotic stage of the cellular
cycle, thus forming the exact antithesis of what occurs in Fucus.

Once more, Allen has shown in Coleockaete that meiosis is bound
up with the first two divisions, that is with the germination, of the zygospore.
Consequently, the cells of the ‘sporophyte’ organism lying within the
oogonium belong to the postmeiotic cell generations. But the ordinary
Coleochaete plant only arises from the zoospores which are produced by
this ¢ sporophyte.” But in spite of this early onset of meiosis probably few
would refuse to admit the claim of the ‘sporophyte’ of this plant to be
regarded as an intercalated cell series. The Coleochaete plans is not
formed till the emitted zoospores give rise to it, and the cell divisions which
intervene between zygosis and their formation can hardly be looked on
as other than a new and intercalated development. It is not very likely
that any one would maintain that the sporophyte was the modified repre-
sentative of a normal Coleockaete plant, whereas it is easy to see how it
might have arisen on the lines of Oedogonium or Sphaeroplea.

But the fact that in Coleockaete the ‘ sporophyte,’ after it has passed
the first stages of germination, should consist of postmeiotic cells affords
an interesting contrast with what happens in the Archegoniatae. In both
cases the spore (or zoospore) marks the natural transition to the gameto-
phyte, and since we find that meiosis is not of necessity bound up with
uniform stages in the life-history of all organisms, there appears to be little
justification for a refusal to admit the claims of Coleockacte to be regarded
as a type of alternation on all fours with, though forming a variant of, that
exhibited by the Archegoniatae. We frankly confess that such a com-

" parison appears to us more probable than a view which would relegate
the postmeiotic cell-generations to a position analogous to that of the
protonema of a Moss.

Finally, the flowering plants themselves afford perhaps the best proof
of the statement that whilst meiosis is of fundamental physiological im-
portance it is nevertheless not bound up with definite morphological
limitations. In the majority of cases, it is true, it does coincide with the
onset of particular morphological changes, but it is really independent

! Recent investigations have shown that in the relation of the incidence of the meiotic phase
the Florideae, in which there are cogent reasons for admitting the existence of a true alternation of
generations, resemble the lower members of the archegoniate series. Cf. Yamanouchi, The Life~
history of Polysiphonia, Bot. Gazette, vol. xlii.
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of them. In the spore-mother-cells as they are formed in the ovule or
macrosporangium, provided that these divide into four cells, as phylo-
genetically speaking they ought to do, then the meiotic phase coincides
with this division into four potential macrospores. But if the now useless
stages are cut out, we find meiosis shifted onwards in the ontogeny until,
as Lilium candidum for example, it may even coincide with the first two
divisions of the germinating macrospore, that is to say, it has been shifted
on to the developing gametophyte. Inasmuch then as it appears that
no essential relationship subsists between the onset of meiosis and any
particular stage in the life-history, the question at issue between the
respective champions of the antithetic and homologous theories, in so
far as cytological evidence is concerned, remains very much where it was
before. But notwithstanding this, it seems to us that the attention which
has become necessarily concentrated on these questions has indicated wider
points of view, and at least has served to render the real issues somewhat
clearer.

It hardly needs pointing out that the views as to alternation are
in no way affected by the circumstance that in so many of the higher
plants we meet with exceptions in which the ordinary course of eventsis not
adhered to. Thus cells that should have continued to perpetuate their like
until the final appearance of asexual! reproduction may depart from this
prescribed course, and so, as it were prematurely, may give rise to the next
(alternate) generation. Amongst the lowest plants such an instance would
be afforded by a zygote of Oedogonium, which should at once grow out into
an Oedogonial filament, with the omission to produce the four zoospores.
This might conceivably represent a primitive case of apospory, but if the
filament thus arising were to reproduce sexually one might pretty safely
assume that the meiotic phase had not been suppressed, as in the higher
plants where sexuality correspondingly fails, but that it probably occurred
on germination, although unaccompanied by the usual formation of asexual
zoospores.

The circumstance should not be lost sight of that we are profoundly -
ignorant of the causes that guide the stages of ontogeny, and it seems now
certain that any cell the nucleus of which is provided with the requisite
chromosomes, whether these are in single or duplicate number, is
at least potentially endowed with the capacity of forming the starting-
point of the entire life-history, in so far as the grosser morphological
characters are concerned. Thus tissues with premeiotic nuclei can yet
become transmuted into the generation normally characterized by post-

! We use this word to denote those cells which normally terminate the one and form the
starting-point for the next (sexual) generation. We prefer, according to older usage, to retain the
spore as the natural boundary between the two generations rather than to adopt the spore-mother-
cell as such, according to the view suggested by Strasburger in 1894 and supported by some
distinguished American botanists.
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meiotic nuclei, and the case of Lastrea pseudo-mas var. cristata apospora
shows that the converse is also possible.

The general conclusion to be drawn from this somewhat lengthy
discussion, on the relation between the periodic reduction in the number of
the chromosomes and the alternation of generations, is that no necessary
correlation exists between the two phenomena, and therefore the problem of
alternation and its nature must be settled by an appeal to evidence other
than that derived from the facts of meiosis. That alternation is #ormally
associated with meiosis on the one hand and with zygosis on the other
no one will dispute so far as the Archegoniatae are concerned. But in the
absence of all proof of the existence of a necessary and causal connexion,
or rather in the face of direct evidence to the contrary, it is scarcely to be
wondered at that the presumed correlation should often be broken as
ontogeny becomes more complex; and thus the way is paved for the
appearance of exceptions which, so long as they are of rare occurrence,
are often regarded as monstrosities or abnormalities ; but when they become
common they are rather to be looked upon as proofs of current physiological
instability than as keys for the immediate solution of problems in mor-

phology or phylogeny.

EXPLANATIONS OF FIGURES IN PLATES XVI-XX.

Illustrating Professor Farmer and Miss Digby's paper on Apospory and Apogamy in Ferns.

[The nuclei have all been drawn with the camera to the same magnification (x 1500) 3 mm.
Hom. Imm. Zeiss. Oc. 18, except Fig. 32, which was drawn under 2 mm. Hom. Imm. Zeiss. Oc. 18
(x 3350).]

PLATE XVL

Athyrium Filix-foemina var. clarissima.

Fig. 1. Sporangium (young) before the archesporium is delimited.

Fig. 2. Sporangium with apical prothallial growth ().

Fig. 3. Prothallial growth, 4-celled.

Fig. 4. Abortive sporangium with three prothallial outgrowths.

Fig. 5. Multicellular prothallium from apex of the abortive sporangium ; the archesporial tissue
(a) can be distinguished.

Fig. 6. Abortive sporangmm with four prothallial outgrowths,

Fig. 7. Abortive sporangium with older protlmllmm

Fig. 8. First prothallial cell in division, nucleus in equatorial plate stage. The cells below
the one in division belong to the sporangium.

Fig. 9. Nucleus from wall of young sporangium in equatorial plate stage, for comparison with
the preceding figure.

Figs. 10, 11, 12. Nuclei of young prothallial cells. n#, nucleoli. x 1500,

Fig. 13. Prothallial nucleus in early prophase of mitosis. x 1500.
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PLATE XVII,

Fig. 14. Prothallial cell with nucleus in equatorial plate stage. x 1500.

Fig. 15. Nucleus of the antheridial cell in equatorial plate stage; the daughter-cells will give
rise to the spermatocytes. x 1500.

Fig. 16. Spermatocyte with antherozoid differentiating. x 1500.

Fig. 17. ¢ Bulbous’ prothallium on frond. Three reduced prothallia are also shown. From
a cleared preparation. f, surface of leaf; A7, archegonium; s, abortive sporangium with prothallial
outgrowth.

ngig. 18. ¢ Bulbous® prothallium bearing embryo, from a preparation mounted entire. f, the

surface of the leaf.

Fig. 19. ¢ Bulbous’ prothallium with earliest rudiment of sporophytic tissue (sp) (longitudinal
section).

Fig. 20, ¢Bulbous’ prothallium (section) with young embryo.

Fig. 21. a, §, ¢, d, four serial sections through a bulbous prothallium bearing an embryo.

Fig. 22. Section through older embryo. R, the root.

Figs. 23, 34. Nuclear division in the cells of young embryo.

Athyrium Filix-foemina var. clarissima, Bolton. x 1500.

Fig. 35. Nucleus of prothallial cell. x 1500.
Fig. 26. Nucleus of prothallial cell in mitosis. x 1500.
Fig. 37. Nuclear division in embryo. x 1500.

PLATE XVIIL

Fig. 38. Oosphere (contracted) in the venter of the archegonium. m, neck of archegonium;
&, antherozoids.

Fig. 29. Embryo (parthenapogamous) within the venter of archegonium. s, neck of arche-
gonium. a, antherozoid; the arrow — shows the direction of the apex of the prothallium. In the
epibasal half two nuclei are shown separated by the (invisible) median wall. In the hypobasal half
two nuclei are shown separated by a wall parallel with the basal wall B5.

Fig. 30. Transverse section of the epibasal half of a young embryo showing the median and
transversal walls. The section was taken transversely through the prothallium at right angles to its
axis of growth.

Athyrium Filix-foemina var. unco-glomeratum, Stansfield.

Fig. 31. Nucleus from prothallial cell. mx, nucleoli. x 1500.

Athyrium Filix-foemina,
Fig. 33. Spore-mother-cells with the heterotype chromosomes. x 2250.
Fig. 33. Prothallial cell with nuclens, x 1500.
Fig. 34, a, 8, c. Spermatocytes with stages in the differentiation of antherozoid. x 1500.

Lastrea Filix-mas.
Fig. 35. Oosphere in archegonium showing fertilization stage. 4. the antherozoid in the
oosphere ; a 1, antherozoids that have failed to penetrate the cosphere ; B, the * body ' in the oosphere.
The track of the antherozoid in the oosphere is seen to pass across it. A, neck of archegonium.

Scolopendrium vulgare var. crispum Drummondae.

Fig. 36. Oosphere within the venter of the archegonium. The nucleus shows tendency to
amitosis. v, the nucleus of ventral canal-cell.
Fig. 37. Young embryo in section. ar, part of the archegonium neck.

Lastyea pseudo-mas var. polydactyla, Wills,

Fig. 38. Nuclear division of young archesporial tissue. x 1500.
Figs. 39, 40. Heterotype mitosis in spore-mother-cell. x 1500,
Fig. 41. Nucleus in mitosis from prothallium. x 1500.
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Fig. 42. Nucleus in equatorial plate stage. In this and the preceding figure the postmeiotic
number of chromosomes are shown. x 1500.

Fig. 43. Nucleus, in same stage as the last, from prothallial cell, but containing increased
number of chromosomes due to fusion with a nucleus of adjacent cell. x 1500.

Fig. 44. Nucleus in same stage from cell of embryo. x 1500.

PLATE XIX.

Figs. 48, 40, 47, 48, 49, 50, 51 illustrate stages in the migration and fusion of nuclei from
adjacent prothallial cells. The empty cell is drawn, but the surrounding cells, every one of which
contains a nucleus, are not included in the figures: the figures are all drawn to a magnification of
1500 diam., and are reduced to § size.

Figs. 53, 53. Unusual types of nuclear migration. In Fig. 52 three nuclei have collected into
one cell; in Fig. 53 a nucleus is secen passing from one cell, traversing the next, and entering the
third cell beyond.

Figs. 54, 55. Apogamous outgrowth with tracheids arising from the prothallium.

Fig. 56. Embryo formed from the apogamous peg. The prothallium shows tracheids in the
anterior end.

Lastrea pseudo-mas var. polydactyla, Dadds.

Fig. 57. Dividing nucleus from young archesporial tissue. x 1500,

Fig. 58. Heterotype mitosis in spore-mother-cell. X 1500.

Fig. 59. Mitosis in the antheridial rudiment. The antheridium arises as a small pouch-lxke
upgrowth from the prothallial cell, shown in the Fig. . x 1500.

Fig. 60. Prophase of mitosis in embryo. x 1500.

Fig. 61. Migration of nuclei in prothallium. Note the wall separa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>