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MILES JOSEPH BERKELEY.

BORN 1803. DIED 188g.
(With Portrait).

THE task is never an easy one for those of one generation
in science to express in a few words the precise nature of the
debt which they owe to their predecessors. The effect of
personal influence is always somewhat intangible and neces-
sarily fades with time. The final verdict of the scientific
historian cannot be reached except in a more remote per-
spective. Perhaps in detail it never can be reached satis-
factorily at all, owing to the difficulty of interpreting rightly
the ideas of one period in terms of those of another.

In the case of Berkeley the task seems tolerably clear. In
the first place he was the virtual founder of British Mycology.
His labours in this field began in 1836, when he undertook
for Sir William Hooker the description of the British species
for that author’s British Flora. He became from this time
the leading authority in Mycology, at least as far as the
British Empire was concerned. He is believed to have
published in all descriptions of some 6,000 species, and this
enormous labour he accomplished with a skill and precision
which leaves little room for doubt as to its durability.

Ten years later his long study of Mycology led him by
a transition—Iless obvious then, but which seems natural to us
now—to the study of the pathology of plants. He was the
first, perhaps, to treat the subject in a systematic manner, and
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though the long series of papers which he devoted to it
remain buried in the periodicals in which they appeared, they
did their work in establishing once for all its treatment on
a scientific basis. His memoir on the Potato-Murrain,
published in 1846, would even half a century later be thought
a model for similar researches, and has not been added to in
any material particular.

Another decade, and in 1857 he published his Introduction
to Cryptogamic Botany, a memorable book which may still
be consulted with advantage and always with pleasure. At
the time and for long after it played somewhat the part filled
in later years by Sachs’ Lehrbuch. It was the first com-
prehensive treatise of the kind in any language. While
summing up the striking results of foreign research, it was
no mere compilation but everywhere drew materials from
personal observation. The facts it contains still reveal them-
selves from time to time with unexpected freshness. One of
the most striking instances is the account of the curious
organism Emericella, in which Berkeley came very near to an
anticipation of Schwendener’s hypothesis of the nature of
Lichens. The great merit of all his work is the true biological
spirit with which it was pervaded. Perhaps Mycology in this
respect has the advantage over other branches of taxonomy
in that, for the most part, it requires its material to be dealt
with in the living state.

The facts of personal history required to complete this
brief appreciation are few. A man of good family, he was
educated at Rugby and at Christ’s College, Cambridge. As
was the case with Darwin, he derived his scientific impulse in
great measure from Henslow. The first objects of his study
were Mollusca, and he always preserved the spirit of the
naturalist. He became a clerk in holy orders in 1827, but
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never enjoyed any considerable preferment. Though his life
was one of indefatigable labour, he was at no time rewarded
by more than a moderate competence. His appearance till
within a few years of his death, when overtaken by infirmity,
was one of splendid distinction. To this the portrait now
given scarcely does justice: but it is unfortunately the only
one which is available.
W. T. THISELTON-DYER.
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2 Brannon.—The Structure and Development of

Norfolk, New Jersey, and appears abundantly in Long
Island and Vineyard Sounds. The writer has also collected
fine specimens at Nantucket. Possessed of brilliant lake-red
colour and delicate texture, it constitutes a notable specimen
in every representative collection of the New England
marine flora.

HISTORY.

The elder Agardh placed this Alga in the genus Delesseria,
which ‘then comprehended almost every Alga with a red
membranaceous leaf-like frond, and also included within its
limits Plocamium and Stenogramme.’ It was referred later
to Nitophyllum, but was found to differ radically in the form
of conceptacle, shape of frond, and position of midrib. For
a time it scemed that it was to have fellowship with Hemineura,
but the different position of conceptacle, lack of similarity in
nervation and ramification, gave sufficient distinction to deny
admission to this genus.

After a somewhat careful study of the plant, Dr. Harvey
raised it to the rank of an independent genus. He named it
Grinnellia, as a memorial to the ‘noble conduct of Henry
Grinnell of New York, chief promoter of the search after the
missing Arctic expedition of Sir John Franklin.’

GENERAL MORPHOLOGY.

In his description of Grinnellia, Harvey says that this Alga
has a frond which is ‘rosy-red, leaf-like, delicately membra-
naceous, areolated, symmetrical, traversed by a slender per-
current midrib. Conceptacles scattered over the surface of
the membrane, bottle-shaped, with a prominent orifice;
placenta basal, somewhat prominent, crowned with a pul-
vinate tuft of subdichotomous spore-threads whose terminal
cells are earliest ripened. Spores elliptic oblong or roundish.
Tetraspores tripartite, immersed in scattered shapeless cellular
warts.’

In addition to these statements regarding the gross anatomy
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of Grinnellia, it should be said that in well-developed plants
lateral veins arise from the basal region of the percurrent
midrib. In frayed fronds these lateral veins occasionally
develop into strong branches, simulating the action sometimes
occurring at the tip of the frond after an injury to the apex;
viz. bifurcation of the midrib in its subsequent growth. Often
these proliferations are the only vestiges of the frayed frond ;
and thus is demonstrated the fact that clusters of young
plants can arise vegetatively by compounding the remnants
of the old one. In this respect Grinnellia resembles closely
the associated genus Delesseria.

The leaf-like frond is supported by a short somewhat
cylindrical stalk which terminates in a dense, disk-shaped
holdfast. As Mr. M. C. Potter suggests in his study of the
thallus of Delesseria, this differentiation of parts in the frond
of Grinnellia gives the single plant a resemblance in structure
and functions to a dicotyledonous leaf. The foliar expansion
serves as an organ of assimilation; the midrib, veins, and
stalk furnish channels for conducting food-material and
reservoirs for its storage. This last function is evidenced
by the initial growth of numerous proliferations from the
midrib and stalk of frayed fronds.

Both asexual and sexual reproduction prevail in Grinnellia
americana ; and, unlike many of the Florideae, monoecism is
never present. The two methods of reproduction and the
differentiation of the sexes give certain peculiar character-
istics to the vegetative structure of the different fronds.

Male plants are usually much smaller, less abundant, and
have more delicate fronds, than either female or asexual
individuals. The largest dimensions of those collected at
Woods Hole were 7 cm. wide and 15 cm. long. The fronds
have a smooth surface, and, if superficially examined, would
be considered sterile ; but a careful inspection reveals numerous
lighter-coloured portions occupying from two to many times
the area of the normal cells. Sections through these arcas
show them to be patches of antheridia producing large
numbers of antherozoids.

B2
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The female plants average larger than the tetrasporic. Their
cystocarps are arranged promiscuously on either side of the
frond, while occasional sections through cystocarps growing
base to base were obtained. The cystocarps are cone-shaped,
with carpostomes in the crown of each affording a place
through which the mature carpospores may escape. Within
the fully-developed conceptacle, dichotomous chains of lake-
red, slightly elliptical carpospores are readily seen by focussing
through the pericarp; but the carpospores are so numerous,
so densely massed together, and of such deep colour in the
mature cystocarps, that one can determine very little of
the true structure of this organ by means of optical sections.
As in the non-sexual plants, the fruiting-bodies in the male
and female frond are less mature near the margin and apex.

On certain cystocarpic plants numerous proliferations are
developed on both sides of the frond. These plants are
apparently healthy and normal in all other respects. The
proliferations may become greatly developed and give the
plant an unusual appearance, very similar to that of leaves
bearing many small galls. These outgrowths are composed
usually of from two to three axial rows of cells corresponding
to those of the frond, except that their contents are clear and
granular. These cells are surrounded by one or two layers
of smaller cells, having the characteristic lake-red colour of
the frond (Fig. 14). An unusually fine opportunity for the
study of the origin and development of the cystocarp is
offered by these proliferations (Figs. 3, 14, 17). They were
critically examined in whole and sectioned preparations, in
stages from the earliest formation of the procarp to the
mature cystocarp. The cystocarps thus developed often
appeared pedicellate on account of the length of the prolifera-
tion, in the outer end of which they were borne (Fig. 3). No
tetrasporic or antheridial plants were found bearing these
proliferations.

The asexual plants outnumbered the female even during
July and August, the period when the latter reached their
maximum number at Woods Hole. In shape, colour, and
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texture of frond the mature tetrasporic plants are very similar
to the cystocarpic, but the decided contrast between the rough,
shapeless, tetrasporic incrassations and the smooth conical
cystocarps, easily enables one to distinguish them unaided by
the microscope. Each incrassation contains from four to forty
tripartite tetraspores, which closely resemble the carpospores.

HABITAT.

Grinnellia has been described by Dr. Harvey as an Alga
growing ‘ on stones and shells in four or five fathoms of water.’
In the collections of Grinnellia made at Woods Hole and
Nantucket it was found growing abundantly on the piles of
wharves, at a depth of one to one and a half fathoms below
high tide-mark. After severe storms it frequently drifts ashore
in company with many other Algae which are torn from the
slightly submerged rocks and shells.

Along the Massachusetts coast it thrives best in quiet waters,
though fine specimens are seen on rocks and shells submerged
one to two fathoms in the ‘holes’ connecting adjoining bays
and indentations, through which the tidal currents run at
a speed of eight to ten miles an hour. Mr. Isaac Holden
has kindly allowed me to quote from his observations of this
Alga made at Bridgeport, Conn., where it attains very con-
siderable dimensions, his largest mounted specimens giving
the royal measurements of 25 cm. wide by 65 cm. long. He
says he has found it growing in strong tide-currents, but that
it acquires its most luxuriant growth in quiet waters, thus
corroborating the observations made along the Massachusetts
coast. He has collected it from just below low water-mark
to the depth of six fathoms, and has secured many fine
specimens from the bottom, when wading at low tide, bring-
ing with them the stones or shells, particularly oyster-shells,
to which they were attached. Early in August adult plants
are very apt to become detached and float in large numbers,
From this last observation it appears that the mature plants
afford their spores a rapid and wholesale method of distribution. -
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GENERAL HISTOLOGY.

The entire surface of the plant is covered with a thick
gelatinous secretion, which causes it to adhere firmly to paper
when mounted.

The vegetative cells, forming a single layer in the foliar
expansion of the frond, are polygonal in shape, have thick
cell-walls, protoplasm peripherally arranged containing gra-
nular material, a large nucleus, and a great number of red
chromatophores (Fig. 1f). These chromatophores are also
found in the superficial cells of the midrib, the stalk and the
upper surface of the holdfast. The cells in the apical and
marginal (merismatic) portions of the frond are smaller, have
more delicate cell-walls, and are far more active than those in
the middle and basal regions of the frond.

The midrib is three to five layers of cells in thickness. The
central cells are very large, elongated, and angular. The super-
ficial cells are much smaller and more circular than those in
the centre. All of them have a thick cell-wall and a thin
peripheral layer of protoplasm containing a large amount of
granular material (Fig. 1 ).

Transverse sections of the dense disk-shaped holdfast show
that it is composed of a central region of large oval and oblong
cells surrounded by layers of cells which gradually diminish
in size and increase in numbers toward the surface of the
organ, where they are quite uniformly roundish and form
a strong cortical region (Fig. 2). Surrounding the entire
holdfast is a very thick yellowish coat of cellulose, through
which project many small rhizoidal filaments. These fila-
ments are composed of one to many rows of thin-walled cells,
and serve to absorb food-material as well as to fix the plant
more firmly to its substratum. The cells of the holdfasts are
completely filled with protoplasm and granular material ; have
a gelatinous, cellulose cell-wall, and are connected with one
another by protoplasmic pits.

Sections through the holdfast, midrib, and frond show
protoplasmic pits connecting adjoining joint-cells. It is not
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possible to demonstrate that open communication for inter-
change of nuclei, chromatophores, and other protoplasmic
products between adjacent vegetative cells is established by
these pits. In Schmitz’s discussion of them he says they are
traversed by plasma-cords which serve for conduction of
dynamic influences from cell to cell. He thinks that a transfer
of dissolved food-material from cell to cell is facilitated because
of the pores in the separating membrane of the pit, but that
migration of protoplasm by means of these open communi-
cations is inadmissible. He further states that open com-
munication between cells of Algae is rare, and that when
formed, as in Corallineae, the pores result from the subsequent
modification of the common dissepiment of adjacent thallus-
cells.

His views regarding the pits between thallus-cells of Algae
are evidently correct with reference to the organic connexion
of the cells of Grinnellia, with one exception—the con-
nexion between the procarpic cells. As will be seen in the
discussion of the procarp, the procarpic cells are connected,
not by pits, but by open pores, which are established, possibly,
in the manner ascribed by him to Corallineae.

PHYSIOLOGY.

Plants were found growing on the outer surface of the outer-
most piles of wharves at Nantucket and Woods Hole, having
an eastern, southern, and western exposure to sunlight ; while
very few plants were found on the exposed surface of the
north piles. Whether this was due to lack of light can hardly
be stated, as other conditions, decidedly unfavourable to
growth, were present. Not a single plant was found on the
inside of outer piles nor on the outside of piles in any great
degree shaded, while several other Algae belonging to the
groups of the Chlorophyceae and Rhodophyceae were dis-
covered growing in these places. This indicates that Grin-
nellia is far more dependent upon light than many of the
Algae associated with it.
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While direct sunlight appears necessary for the continued
growth of the plant, it cannot endure strong light when only
slightly submerged. If after collection the plants are placed
in water in a shallow vessel, exposed to the direct rays of the
sun, their normal colour rapidly changes to a brownish yellow,
and they give every evidence of rapid decay, evidently due to
the effect of direct sunlight and the accompanying rise of
temperature. Direct experiments were not made to deter-
mine the sensitiveness of Grinnellia to changes of temperature
alone, but incidentally it was observed that a sudden variation
of 10° to 15° C. from normal (temperature of 15° C. in the
water of Vineyard Sound) for any length of time is destructive
to the tissue. Fishermen reported collections of this plant in
the winter. Having cut through the ice they could scrape
it from the piles, in water of which the temperature was
probably not lower than 2° to 5° C., while in the summer the
temperature of these waters, as previously stated, is 15° to
17° C.

The three types of fronds, antheridial, carposporic, and
tetrasporic, show a similar degree of sensitiveness to direct
light and sudden rise of temperature, but can be preserved in
a normal condition for several days in the laboratory if
properly shaded, if the normal temperature of the containing
water be maintained, and if the sea-water be changed every
thirty-six to forty-eight hours.

Nowhere are the effects produced by the change of light
and temperature more perfectly shown than in the process of
sporing and germination. The spores are liberated in great
numbers during the night, particularly the second night after
the plants are collected. However, numerous experiments
proved that this process occurs in some degree during the
day, differing in this respect from the sporing methods
observed in some other Florideae, notably Ckampia parvula.

Immediately after collection, the carposporic and tetra-
sporic plants were separated in order to study the germination
of their respective spores. It was found that the carpospores
are usually closely grouped in great numbers immediately
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beneath the cystocarps from which they come, while the
tetraspores are promiscuously distributed in much less abun-
dance over the bottom of the dish. A gelatinous secretion
begins to form about both carpospores and tetraspores very
soon after they pass into the water, which serves to protect, to
hold the spores together, and to fix them to the bottom of the
dish or other substratum. The fact that they immediately
fall to the bottom of the containing vessel shows that they
have a greater specific gravity than the frond, which is
probably due to the fact that their chromoplasts and other
contents are denser than those of the cells of the parent
frond.

In a few hours after the liberation of the carpospores they
are so thoroughly fixed to the substratum by the gelatinous
secretion, that it is necessary to subject them to the full force
of a strong stream of water in order to loosen them. So
far as could be determined by experiment, they become much
more firmly attached than the tetraspores, which, in every
case, are found to be easily detached from their position
before germination. These phenomena lead to the belief
that the special function of the asexual spores of Algae is
identical with that of the asexual spores of Fungi; viz.
immediate distribution. The carpospores differ so little
in colour and shape from the tetraspores, both being lake-red
and elliptic-oblong, that they are scarcely distinguishable
from one another. They agree closely in size, averaging
30 u by 50 u, just preceding liberation. Shortly afterward
they become more spherical and enlarge to 36 u by 48 ». On
account of the densely aggregated chromoplasts in the newly-
deposited spores, it is extremely difficult to distinguish the
nucleus. However, when treated with five per cent. acetic,
or one per cent. picric acid for ten minutes, washed thoroughly
in distilled water, and then stained with Delafield’s haema-
toxylin, the nucleus of each spore is readily recognized.
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GERMINATION OF SPORES.

The carpospores and tetraspores having been separated in
the manner above mentioned, experiments in germination
were undertaken without possibility of confusing the respective
action.

Because of Protozoa and minute Crustaceans, which greedily
devoured the growing spores, great difficulty was experienced
in the observation of their development. Immunity from
these creatures was obtained by using water which had been
kept for an hour at a temperature of 95° C., so as to secure
a high temperature with but little evaporation, and thus to
prevent a larger percentage of salt than is present in normal
sea-water. Had water containing an excess of salt been
used, it would have proved, according to Oltmann’s experi-
ments, destructive to germination.

After the water had cooled sufficiently, it was slowly
filtered through a sand and cotton filter, an operation which
secured a twofold object—removal of foreign bodies, and
thorough aeration. Following these methods, the germination
of carpospores and tetraspores gave very satisfactory results.

In the beginning of the process of germination, the gelatinous
envelope, which upon application of chlor-iodide of zinc
gives a cellulose-reaction, is secreted, and is arranged in two
to three concentric layers about the carpospores (Fig. 5 4,¢,d) ;
while the single layer which surrounds the tetraspores is
comparatively thin and homogeneous. With subsequent
imbition of water the spores swell and become lighter-
coloured, the form also changing from elliptical to egg- or
oval-shape (Figs. 4 4,5; 56,¢,d). Cell-division first makes
itself manifest by transverse fission at the apical end, from
twenty-four to thirty-six hours after the spores are deposited,
a process which is usually repeated at corresponding intervals,
giving rise to a filament of from three to five cells. While
this filamentous growth is taking place at the apical end,
simultaneous or closely succeeding development begins at
the basal portion of the spore (Fig. 6 4, 5); and after the
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formation of three to six transverse walls, lateral branches
develop, forming the holdfasts of the young plant (Fig. 7 %).
These are usually only a few cells in length, irregular in outline
and incurved at the tip. enabling them to fix the young
plant firmly to its substratum. Because of the nature of its
holdfasts, the young fronds are often found growing in
epiphytic fashion on older Grimncllia-plants and other Algae.

At this period, the rapid growth in the middle of the
filament is characterized by the appearance of vacuoles and
the rearrangement of chromatophores in such definitely
transverse and radiating lines that the appearance of cell-
division is produced. As the spore continues developing,
these lines of chromatophores are arranged lengthwise of the
cells (Fig. 7 ¢), vacuoles appear and the colour of the contents
becomes much lighter and almost disappears in the outer
terminal cells of the filament (Fig. 7 ).

Cell-division in the germinating spore is limited to one
plane until the formation of a frond proper begins, when
fission takes place in two planes along the lines of the collected
chromatophores ; and subsequently, with the development of
the midrib, occurs in three planes in the median region of
the frond.

For frequent observation of the progress of germination,
pieces of mica were placed beneath the fronds until sufficiently
covered with spores. The mica was then transferred to
shallow dishes of water, and was examined often during the
early stages of spore development. This recurring disturbance
proved injurious to the spores, and they seldom survived the
treatment longer than a week. When unmolested and
supplied with fresh water daily, they continued to grow for
a period of two to three weeks.

To determine the varying effect of different rays of light
upon their development, dishes containing spores were
covered with colourless, red and blue glass respectively. These
receptacles were then protected from direct sunlight, and
supplied with the boiled sea-water which was changed every
thirty-six to forty-eight hours. The spores under the colour-
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less glass gave much better results than those in open dishes,
living from ten to thirteen days, which was due, perhaps, to
the exclusion of dust and the maintenance of a lower tem-
perature. The average of results of experiments with carpo-
spores and tetraspores shows that they live for a longer time,
attain greater size, and possess a more vivid colour when kept
under blue glass than when covered with red, and in both
instances give more satisfactory results than those germinating
under the colourless glass. These conclusions, while not final,
give additional weight to the belief that this plant is par-
ticularly sensitive to light. '

Under the most favourable conditions (beneath blue glass),
the spores developed into young fronds of twenty-four cells;
and on adult fronds collected, young plants of exactly com-
parable development were found growing in epiphytic fashion.

With the addition of these and more advanced forms, it
was possible to pass in review the successive phases from the
unicellular spores to the fully-developed membranaceous
fronds.

Not only does Griunellia reproduce itself by means of
spores, but also vegetatively, in two ways. First, by the
method referred to above where proliferations arise from the
remnants of frayed fronds. Very many of these specimens
were collected in the latter part of the season from piles which
had been scraped earlier in the summer, at which time only
fragmentary fronds of Grinnellia had been left attached.
The second method of vegetative reproduction was observed
in small portions of the frond which had been severed
accidentally from the parent plant. These fragments, con-
taining a short portion of the midrib, attached themselves
by their cut ends to the bottom of the porcelain dishes, and
grew vigorously as long as they were supplied with the usual
favourable conditions.

DEVELOPMENT OF ANTHERIDIA.

In his work on the fructification of the Florideae, Dr. Schmitz
states that, in all cases examined, the reproductive organs
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originate and develop by apical growth : ‘ An diesem Thallus
entstehen die Sexualzellen durch Differenzirung einzelner
Endzellen des ganzen Systems verzweigter Zellfiden.’

Grinnellia americana seemed an exception to Schmitz’s
law of development, because of the patches of antheridia and
the cone-shaped conceptacles which originate from the mem-
branaceous male and female fronds. Dr. Schmitz does not
mention this peculiar Alga, which was probably inaccessible
to him. To prove, therefore, whether this genus is an
apparent or a real exception to his law, made the study of
its development exceedingly interesting.

In the development of the antheridia, individual vegetative
cells in different parts of the frond are observed to change
from a pronounced red to a lighter colour, possibly due to
an accompanying development of a large amount of granular
matter of a highly refractive character. Similar changes are
observed to follow immediately in many of the cells adjoining
these centres, causing the male fronds to be patched promis-
cuously on both sides with numerous collections of these
lighter-coloured granular cells. These individual groups
occupy irregular areas varying from two to twenty times the
surface of the average vegetative cell, and are covered with
a thicker gelatinous layer than the vegetative portion of the
frond (Fig. 9). Cross-sections of these regions show that the
significance of the excessive granular substance in this instance
is the modification of vegetative tissue in preparation for the
formation of reproductive elements. The sections were
prepared from antheridial fronds which had been stained
two hours in Delafield’s haematoxylin. They show that the
modified vegetative cells divide transversely, and that each of
the daughter-cells repeats the process at both ends, in a plane
at right angles to the first plane of division, thus giving rise
to three layers of cells instead of one (Fig. 8).

The protoplasm of the cells last formed collects into a dense
mass at the distal end and forms a spherical body, which
separates by a constriction of the cell-wall below it. (Fig.
8d,d ¢ c’.) The spherical cell thus formed is an antherozoid.
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Presently these small spherical bodies separate from their
mother-cells and pass into the gelatinous layer which covers
the patches of antheridia.

These antherozoids are non-motile, consequently depending
upon water-currents for distribution so as to come into contact
with trichogynes. Repeated tests for their nuclei gave
negative results, though the granular contents show deeply-
stained fragmentary particles.

Because the male plants are smaller and apparently much
more rare than the female, and produce non-ciliated anthero-
zoids, it is obvious that the male plants must generate an
extraordinarily large number of them. This demand is
abundantly supplied by the myriads of antherozoids developed
in the apical manner described above.

DEVELOPMENT OF THE CYSTOCARP.

The method of the development of the cystocarps, which
are promiscuously distributed on either side of the female
frond of Grinnellia, appears more difficult to harmonize with
the theory of Schmitz than does the manner of formation of the
frond and the antheridia. The study of the initial develop-
ment of the cystocarp, however, not only shows that it
conforms to his theory of the development of most of the
Florideae, but further testifies that the whole tissue of this
leaf-like Alga is developed by apical growth of ramifying
threads. In the apical and marginal regions of partially
mature female plants, and distributed promiscuously over the
entire surface of young female fronds, are isolated individual
cells assuming a triangular shape (Fig. 10). They are
directed apically outward and upward in such a manner
that if a line were drawn through the long axis of any one of
them to the median plane of the frond, an angle of 50° to 75°
with the midrib would be formed. These are centres of
active growth, and develop groups of cells (Fig. 11 and Fig. 12)
similar in appearance and outline to those at the apices of
the growing plants. After twenty to thirty cells have been



Grinnellia americana, Harv. 15

formed in the plane of the frond, growth begins in the third
plane, producing a papilla-like thickening in these portions
(Fig. 13).

The procarp consists of three cells and arises as a lateral
branch from one of the large joint-cells in the plane of the
‘frond (Fig. 14). In the haematoxylin preparations of mature
procarpic cells it is found that each contains a well-defined
nucleus within the densely granular, protoplasmic contents,
and that these cells are connected by open pores which
perforate their delicate cell-walls. The granular material
passing through these pores gives a beaded, strand-like
appearance to the protoplasmic connexion between adjacent
procarpic cells. The basal procarpic cell is frequently the
smallest in the branch and is connected with the supporting
cell by a pore, and not by a pit as are the four contiguous
thallus-cells which, with the supporting cell, form a charac-
teristic group in the floor of the young cystocarp.

It is possible that the early connexions between the cells of
the procarpic branch were pits which became open pores by
the absorption of the delicate cell-wall at the points of
communication.

The uppermost cell of the procarpic chain becomes the
carpogonium from which the trichogyne develops (Fig. 14 7r).
The trichogyne is subject to considerable variation. In some
instances it is branched and much elongated (Fig. 17 4); in
others it is simple, twisted, and of moderate length (Fig. 15).
The granular protoplasmic contents of the trichogyne are in
marked contrast to the clear gelatinous sheath enveloping it.
Just above the carpogonium, a knee-shaped enlargement
frequently occurs (Figs. 14 and 17 £). At this point the
longitudinal axis of the trichogyne changes its direction and
makes an angle of 30° to 40° with its former axis. This
enlargement on one side of the basal region may be the
cause of the changed direction of growth in the trichogyne, or
may be an accompanying phenomenon due to the resistance
which the young trichogyne must overcome when pressing
between the cells of the rapidly-forming pericarp.
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In Schmitz’s discussion of the origin of the female sexual
cells of the Florideae, he states that without exception they
develop from the end-cells of shorter or longer side-branches
of the whole system of ramification of thallus-filaments; that
these branches are formed sometimes as secondary side-
branches subsequently to the formation of other ramifications;
and that, in all cases, the female sexual cell, the carpogonium,
is formed from the end-cell of the side-branch by permitting
a process to project from its apex which develops into a more
or less long hair-like trichogyne.

As has been shown in the foregoing description of the
origin of the procarpium and carpogonium, Grinnellia agrees
with many of the Florideae in the development of these
organs.

It was impossible to discover antherozoids fusing with the
trichogynes of freshly collected material, therefore several
young female fronds were placed in a dish of water and
covered with antheridial plants. The same degree of care
was observed with respect to the change of filtered sea-water
at stated periods and the excess of light and heat as had been
found necessary in the successful germination of spores and
the preservation of living Grinnellia plants. Very satisfactory
results followed, and several cases of fusion and partial fusion
were found in scctions of specimens artificially brought
together.

The carpogonium is fertilized by the fusion of one or more
antherozoids with the trichogyne (Fig. 19 a). It was im-
possible to identify the nucleus in the antherozoids, and
equally difficult to determine whether the trichogyne possessed
a nucleus. Hence no union of nuclei was observed when the
cell-contents of the antherozoid were intimately associated
with those of the trichogyne. In the latter there were
individual and grouped particles, which took a deeper stain
when treated with Delafield’s haematoxylin than the sur-
rounding non-granular substance.

In somewhat older specimens the trichogyne is separated
from the fertilized carpogonium by a cellulose plug which is
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formed in the neck of the trichogyne. Shortly after this,
zoogloea-bacteria collect about the distal end of the trichogyne
and cause its rapid disintegration (Fig. 144). This shows the
evanescent character of the organ, which decomposes and
falls away in a short time after receiving the contents of the
fusing antherozoid.

As there is no indication of a conjugating tube connecting
the carpogonium to the large auxiliary cell which supports
the procarpic branch, and as there are open pores connect-
ing the cells of the procarpium, it seems evident that, with
the substitution of pores for pits, Bornet’s explanation of the
method of propagating the fertilizing influence from the car-
pogonium to the cell which develops the sporiferous tissue
must be accepted in this Alga.

Very soon after the fertilizing contents of the carpogonium
have been transmitted to the auxiliary cell (the large thallus-
cell which supports the procarpic branch), it begins an active
growth. It increases in size, develops a very thick cellulose
cell-wall, and becomes gorged with dense, yellowish, proto-
plasmic contents. A similar and accompanying phenomenon
is observed to occur in the four large auxiliary cells which
immediately surround this supporting cell of the procarp and
are found in the plane of the frond (Fig. 16).

These cells are nucleated, have the same general position
with reference to one another (Fig. 25), and form a distinctive
group in all young cystocarps.

In their study of Gracilaria, Bornet and Thuret refer to
a group of cells in the basal region of the fruiting body
which resemble this group in Grinnellia. In a subsequent
investigation of the procarpium and fruit of Gracilaria,
Mr. Johnson mentions the same cells and considers them
a part of the procarp. In Grinnellia they are auxiliary cells
of which the central one develops the sporiferous tissue
subsequently to receiving the fertilizing influence of the
carpogonium.

The developmental changes in the young cystocarp are
very rapid from this period. The central cell of this group,

C
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as noted, is the centre of growth of the sporiferous filaments,
and the four adjacent cells receive and supply food-material
for the development of the sporiferous tissue. In all prepara-
tions of a certain stage it was observed that the central cell
gave rise to an upper and a lower daughter-cell (Fig. 20 4, ¢).
These cells contained the same dense, yellowish, protoplasmic
contents which characterized the cell from which they came.
The daughter-cells, resulting from the division of the upper
cell (Fig. 26 d) multiply rapidly and soon form a papilla (p4)
of four to six cells extending from the floor obliquely into the
cavity of the cystocarp. The plane of cleavage in the cells of
the papilla is not regular but angular and concave on the
upper surface of older, and convex on the lower surface of
younger cells (Fig. 18). Marginal cells are cut off from the
surface of these and give rise to most of the sporiferous
filaments (Fig. 23). All of these cells are connected by pits
and contain the same dense, yellowish, protoplasmic contents
which characterized the auxiliary cells.

Sporiferous filaments continue to originate at different
times, so that in a median longitudinal section of a partially
mature cystocarp fully developed spores may be found on one
side, and half mature to very young ones on the other (Fig. 22).

The sporiferous filaments have a somewhat unique, though
uniform, method of development. They usually grow in the
form of a central chain of cells, from each unit of which
a whorl of branches is developed consisting of two to three
cells (Fig. 24). Primarily, the cells of each branch are
connected by long protoplasmic filaments (Fig. 18 p¢), but the
cells gradually enlarge until this neck-like connexion is so
abbreviated that they are almost in contact, showing merely
a simple protoplasmic pit in the very short connexion between
their walls (Fig. 23). These enlarged cells become densely
filled with protoplasm and give rise to the dichotomously
branching chains of carpospores. Usually three to five
carpospores originate from each sporiferous branch by
repeated abstriction of its terminal portion (Fig. 23¢). At
first the carpospores are small, irregular in form (Fig. 26¢),



Grinnellia americana, Harv. 19

and possess a clear granular appearance. Presently they
enlarge (Fig. 26 cp), passing through an elongated oblong-
elliptical form (Fig. 26¢) to a true oval or spherical shape
(Fig. 26 m). As the spores gradually increase in size, they
acquire a reddish colour which finally becomes a lake-red,
the characteristic colour of all mature spores of Grinnellia.
This process is repeated by every one of the sporiferous
filaments developing from the large central basal cell, in this
way giving rise to a very large number of carpospores,
averaging from 300 to 400, in every mature cystocarp. The
stimulation resulting from fertilization of the young cystocarp
is manifest not only in the origin and active growth of the
sporiferous filaments, but also in the rapid development of
other portions, such as the pericarp, basal cortical tissue and
sterile filaments (Fig. 21).

From the moment the joint-cell at the base of the procarpic
branch begins to enlarge and acquire dense protoplasmic
contents, the growth of the pericarp is accelerated. The cells
on the upper surface of the cystocarp multiply rapidly and
become elevated by the growth of tissue in the fruiting portion
of the young cystocarp. As this surface-tissue, which is to
form the pericarp, further develops, it is apparent that its
irregular arrangement of cells is becoming regular, and that
a number of filaments, growing apically, are united with each
other by lateral branches. These pericarpic filaments not
only branch in the surface-plane of the pericarp, but also at
right angles to that plane, forming two- to three-celled branches
which are connected with the terminal cells of the sterile
filaments within the cystocarpic cavity (Fig. 18 sp). The
branches from the pericarpic filaments decrease as the filaments
grow outward and upward until their apices are in contact and
form a circle about an open portion over the central region
of the cystocarpic cavity. These filaments now change the
direction of growth, which had previously formed an angle
of 60° to 75° with the surface-plane of the frond, so that they
grow almost at right angles with that surface (Fig. 22 ¢r).
The apical cells divide four to six times and growth dis-

C2
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continues. Thus a cone-shaped wall is developed about the
cystocarp, and a carpostome, very rarely two, is formed in
the apex of the cystocarp by the circularly-arranged terminal
cells of the pericarpic filaments.

The lower cortical tissue, composed of a few cells at the
time of the fertilization of the procarp, begins to increase
immediately after fertilization and forms a supporting tissue
of four to six layers of cells between the floor or basal cysto-
carpic cells (consisting of the five auxiliary and the surround-
ing cells lying in the horizontal plane of the frond) and the
pericarp, enclosing the lower portion of the cystocarp
(Fig. 22 ¢). These cortical cells have thin walls and clear
granular contents, indicating that their function is, at least
partially, transmission of food to the mother-cells of the
sporiferous filaments.

The body-cavity enlarges, pari passu, with the development
of numerous sporiferous and sterile filaments, the latter
connecting the cortical tissue at the base of the cystocarp
with various portions of the rapidly developing pericarp.

These sterile filaments consist of a few, long, narrow cells
having an appearance similar to that of the cortical cells
(Figs. 18, 26 5£). The function of these filaments is somewhat
problematical. The fact that they originate from the basal
cortical region of the cystocarp, which is in immediate contact
with the group of dense, protoplasmic, auxiliary cells, from one
of whose daughter-cells the sporiferous tissue develops, and
that they are joined to the pericarpial wall, strongly suggests
that their function is to conduct nutritive material from the
pericarp through the cortical tissue to the mother-cells of the
sporiferous filaments. It seems hardly probable that they
afford a support to the pericarp, as it is composed of two to
three layers of cells arranged in the manner of an arch about
the body-cavity of the cystocarp (Fig. 21 gr).

The fact that the cells given off in whorls from the central
cells of the sporiferous filaments are small with clear sparsely
granular contents at first, in subsequent development becoming
greatly enlarged and crowded with dense granular substance,
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gives additional testimony to the belief that the sterile
filaments connecting pericarp and cortical cells in the base of
the cystocarp (Fig. 21) are agents for conducting food-material
from the pericarp to the egg-cells of the cystocarp.

In Mr. T. Johnson’s work on Spkaerococcus and Gracilaria,
he figures and describes a complicated fusion of the procarpic
cells shortly after fertilization of the trichogyne. A very
large cell is the result of this fusion of several cells and from
this the ooblastema-filaments develop. Nothing of this nature
is discovered in the growth of the cystocarp of Grinnellia.
It seems, on the contrary, that the large protoplasmic
companion-cells simply contribute nourishment to the large
central cell through the pits in the walls of their connecting
processes (Fig. 26 p), and that this large cell gives rise to a few
ooblastema-filaments and to a papilla-like growth of cells
containing dense protoplasmic contents from which nearly all
the ooblastema-filaments develop (Figs. 24. 25). In this
way the production of these filaments is continued at different
intervals and gives rise to chains of carpospores of various
ages, ranging from mature to very young forms (Figs. 22, 26).

The lack of fusion in the auxiliary cells of Grinnellia is one
of the most notable points observed in the study of its
development. It is especially peculiar, as fusion of basal,
procarpic cells has been reported in the related genus
Gractlaria. A careful examination of a very large number of
stained and unstained preparations of median longitudinal
and transverse sections of young and old cystocarps failed to
reveal a single case of cell-fusion. The cell-walls of the old,
empty, auxiliary cells in the base of the mature cystocarps
were unabsorbed, though often irregular and distorted, because
the cell-contents had been used in supplying food-material to
the ooblastema-filaments and carpospores. As only a thin
membrane is left to mark the cell-walls of the empty auxiliary
cells, the freezing method was especially valuable in exactly
determining whether there had been any true fusion of
adjacent cells. Any process employed in preparation for
sectioning, which would have produced even a slight rupture
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in the frail walls of these old exhausted cells, would almost
certainly have given preparations showing the empty cells
connected by wide openings, thus leading to the conclusion
that cell-fusion between these auxiliary cells had taken place.

During much of the time devoted to the initial study of
Grinnellia, many attempts were made to carry it through
paraffine for the purpose of sectioning, but none were success-
ful. It was found on examination from time to time, as the
plants were being prepared for imbedding, that they endured
the action of absolute alcohol and the oils very well; but in
every case the tissue was found to be too delicate to endure
the temperature necessary in the final process of imbedding,
even when the softest paraffine, melting at the low temperature
of 45° C., was employed.

After repeated failures with paraffine the celloidin method
was tried. This proved somewhat more satisfactory, though
the prolonged treatment of sections with the oils used in
dissolving celloidin shrivelled and distorted them to such
an extent as to render observations partial and uncertain in
their results. Finally, having secured an abundance of
favourable material, and adopting the freezing methods and
apparatus perfected by Mr. W. J. V. Osterhout of Brown
University, the successful study of the cystocarpic develop-
ment of Grinnellia was undertaken, and very gratifying
results obtained.

The great advantages of the freezing method in work on
Grinnellia are appreciated in the ability to make rapid
preparation of fresh tissue and to secure a great number
of sections with comparatively little labour. This latter
advantage makes the process especially valuable in showing
the relation of the evanescent trichogyne to the procarp. It
is difficult to observe this relationship by other methods,
since many of the cystocarps may be too young or too old
by a few days to show clearly the early stages of procarpic
development.

A brief summary of this method may be given as follows:—

A portion of the fresh frond is arranged in several layers,



Grinnellia americana, Harv. 23

held firmly together and placed in dilute gum-arabic on the
freezing chamber. In a few minutes it is frozen sufficiently
for sectioning.

The sections in this work were cut -03 mm. in thickness,
and, mounted in dilute glycerine, were ready for examina-
tion.

In some cases sections were stained with Delafield’s haema-
toxylin in order to bring out distinctly the thin gelatinous
coat which surrounds the procarpic cells and, in more advanced
stages of the cystocarp, the thick cell-walls of the auxiliary
cells and ooblastema-filaments.

To summarize the chief points developed in the study of
Grinnellia americana :—

1. Grinnellia americana is distinctively an American marine
Alga. Itwas erected into an independent genus by Dr. Harvey.

2. There are no distinctive differences in the vegetative
structure of the male, female, and tetrasporic fronds.

3. This Alga flourishes most luxuriantly in quiet waters.
In such conditions the fronds separate from their holdfasts
late in the summer; and, rising to the surface, are carried
away by the shore-currents, thus effecting a wide and whole-
sale distribution of the fruiting bodies.

4. The cells, vegetative and reproductive, are nucleated,
surrounded by thick cell-walls and, with one exception, con-
nected with one another by protoplasmic pits, In the case
of the exception, the cells of the procarp, they are connected
by open pores.

5. Adult plants are very sensitive to intense light and
increasing temperature ; but, on the other hand, will not grow
in shady places.

6. Mutilated plants proliferate readily, and thus a single
frayed frond may give rise to a large number of vegetatively-
produced plants. Not only do these proliferations develop
when injured, but the female plants frequently bear prolife-
rations, in the terminal end of which may be found a cysto-
carp, which appears pedicellate.

Plants may originate vegetatively by regeneration of the
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frond from small portions which have been cut from the
parent plant.

7. It is found by experiment that the carpospores and
tetraspores are excellently adapted to the study of the various
phenomena attending germination, for while they respond
readily to change of intensity of light, temperature, and salinity
of the surrounding water, yet they are sufficiently hardy to
develop into young plants when artificially supplied with
favourable conditions.

8. The non-motile antherozoids are developed in enormous
numbers by the abstriction of the terminal portion of the
apical cells of the antheridia.

9. The cystocarp begins to develop by the modification
and apical growth of a joint-thallus-cell.

10. The procarp, consisting of three cells, is developed from
the supporting thallus-cell in the base of the young cystocarp.
Its apical cell becomes the carpogonium. Subsequently, the
fertilized contents of the carpogonium are transferred through
the open pores connecting the procarpic cells to the sup-
porting thallus-cell which bécomes the central one of the five
auxiliary cells.

11. The trichogynes are often branched, and as many as
five simple ones may grow from a cystocarp borne on a
proliferation.

12. Fusion of the antherozoid with the trichogyne results
in great stimulation to the thallus-cell at the base of the
procarp, and rapid disintegration of the trichogyne, which is
a very evanescent organ.

13. The sporiferous filaments are developed as chains of
central cells, from each of which a whorl of spore-producing
threads may originate.

14. The carpospores arise acropetally from the branches
of the sporiferous filaments, and not interstitially.

15. The development of the cystocarps of Grinnellia agrees
with that reported for Gracilaria in that the body-cavity
develops schizogenetically, and that the sterile filaments
connect the pericarp with the cortical tissue below the group
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of highly refractive, yellow cells at the base of the procarpium.
It differs in that the pericarp is only two to three layers of
cells in thickness, and that no fusion of cells is observed in the
basal cystocarpic region of Grinnellia. As previously stated,
this is one of the most salient points developed in the study
of Grinnellia. This subject was more interesting, and received
more special attention, because fusion of cells in the basal
cystocarpic region had been reported for other Florideae,
notably the closely related genus Gracilaria.

16. It is perfectly evident that fusion of cells in the basal
region of the developing cystocarp does not occur; but that
the large amount of nourishment supplied to the ooblastema-
filaments by the cells growing directly from the joint-cell at
the base of the cystocarp, is received directly through the pits
from the group of densely protoplasmic auxiliary cells in the
floor of the fruiting body, and indirectly, by transmission from
the pericarp through the sterile filaments.

17. Grinnellia americana conforms in every phase of de-
velopment to Schmitz’s law of apical growth. This law is
exemplified in the germination of the spores, the growth of
the fronds, the origin and development of antheridia and
cystocarps, and the final separation of antherozoids and
carpospores.

STATE UNIVERSITY OF NORTH DAKOTA,
GRAND FORKS, NORTH DAKOTA.
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EXPLANATION OF FIGURES IN PLATES I-IV.
INustrating Mr. Brannon’s paper on Grinnellia americana, Harv.

Fig. 1. Transverse section of a frond. , showing the region of the midrib.
/, the region of the frond which is only one layer of cells in thickness. x125.

Fig. 2. Transverse section of the holdfast. ¢, thick, yellowish cuticle. c¢o, the
cortical portion of the holdfast. 7, one of the rhizoidal filaments. x 725.

Fig. 3. ¢, cystocarps bomne on the distal end of the proliferations. x 30.

Fig. 4. Two carpospores two days old showing a thick, cellulose cell-wall.
a, spherical spore before germination, and 4, the spore having become elliptical
in outline shortly after the formation of an apical cell. x 500.

Fig. 5. Three germinating carpospores showing gelatinous coats of cellulose
arranged concentrically. &4, two-celled stage of germination. ¢ and d, more
advanced and showing apical growth. x 500. -

Fig. 6. Carpospore four days old. 4, a, a' are the cells which are to produce
the foliar portion, and &' the cell which is to develop the holdfast portion of the
plant. x500.

Fig. 7. A tetraspore eight days after beginning to germinate. 4, a filamentous
holdfast. ¢, the longitudinally arranged chromatophores, and o, the vacuoles.
X 500.

Fig. 8. Transverse section of a cluster of antheridia. d, a mother-spermatium-
cell with the protoplasm collected in its distal end. 4", showing the separation
of the young antherozoid. ¢, more advanced, and ¢! a young antherozoid with
shining granular contents completely separated from mother-cell. (Haematoxylin
preparation.) X 1300,

Fig. 9. Surface-view of a patch of young antheridia (an). x33s.

Fig. 10. Portion of the marginal region of a young female frond showing
a three-celled cystocarp which is developing apically from a modified vegetative
cell. x33o.

Figs. 11 and 12 show more advanced stages of Fig. 10. x 230,
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Fig. 13. A surface-view of a young cystocarp showing the trichogyne (¢) and
the apical cell (@) corresponding to a of Figs. 11 and 12. x 3230.

Fig. 14. Transverse section of a young cystocarp borne on a proliferation.
¢r, trichogyne. 4, the knee-like projection at the base of the trichogyne.
&, collection of Bacteria about the disintegrating apex of the trichogyne. a, the
carpogonium. g, the open pore connecting the fertilized carpogonium with its
hypogynal cell. 4, the joint-thallus-cell which gives rise to the procarpium.
¢, cortical tissue in the pericarpic region of the young cystocarp. x 440.

Fig. 15. Transverse section of a young cystocarp showing the joint-thallus-cell
(&) which gives rise to the procarpic branch. ¢, twisted trichogyne. a, carpo-
gonium, au and ax', two auxiliary cells. x 440.

Fig. 16. Tne group of five auxiliary cells which characterizes every young
cystocarp. 2, pit-like connexions. a, the thallus-cell which gives rise to the
procarpic branch and, subsequently to fertilization of the carpogonium, receives
its fertilized contents. #u, nucleus which appears distinctly in these cells. d,
daughter-cell from the central auxiliary cell (a). x 725.

Fig. 17. Transverse section of a proliferation which bears a young cystocarp
having two trichogynes. &4, a branched trichogyne. a, carpogonium. £, the
knee-like growth on the trichogyne ¢r.  x 8co.

Fig. 18. Portion of a transverse section of a young cystocarp. a, central
auxiliary cell. 1, 2, and 3, companion-auxiliary cells. d, daughter-cell producing
an ooblastema-filament and a papilla of densely protoplasmic cells from which
most of the ooblastema-filaments develop. The cleavage plane in these cells
of the papilla is very irregular. p¢, protoplasmic pits connecting adjacent
sporiferous cells. s/, sterile filaments connecting the basal cortical portion
of the cystocarp to the inner branch-cells (sp) of the pericarp (#7). x71s.

Fig. 19. An optical section of a proliferation which has a young cystocarp with
two trichogynes (Haematoxylin preparation). & and 4!, two antherozoids in
contact with the trichogyne. 4, a strongly stained body in the protoplasmic
contents of the trichogyne. x440.

Fig. 20. Transverse section of a young cystocarp in the plane mn of Fig. 16.
a, the joint-thallus-cell which bears the procarpium and receives the fertilized
contents of its carpogonium. ¢, an upper, and 4, a lower daughter-cell of the
mother-cell (a). ¢ has developed ooblastema-filaments sp. 1 and 2 are companion
auxiliary cells. x575.

Fig. 21. Obliquely transverse section of a young cystocarp. a, central auxiliary
cell. &, the upper daughter-cell from the mother-cell (a). pa, the obliquely
developed papilla of cells from which the ooblastema-filaments develop. g7,
protoplasmic pit. sf, sterile filaments connecting the basal cortical region (¢) of
the cystocarp with its pericarp (p»). x8oo.

Fig. 22. Transverse section of a partially mature cystocarp showing chains of
mature carpospores (cy) on one side and half mature (¢') on the other side.
sf, sterile filaments connecting the basal cortical tissue to the double-walled
pericarp. ¢r, carpostome formed by the surrounding terminal cells of the peri-
carpial filaments. x115.

Fig. 23. Portion of the transverse section of the papillary cells with marginal
cells (m) from which sporiferous filaments develop. ¢, young carpospore abstrict-
ing acropetally. p, protoplasmic pit. x440.

Fig. 24. Oblique section through the basal region of the cystocarp. a, central
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auxiliary cell with companion-auxiliary cells (1, 3, and 2). d, upper daughter-
cell bearing the ooblastema-filaments (sp) which develop whorls of sporiferous
filaments from central cells in the chain. ps, protoplasmic pits. sf, sterile
filament which develops from one of the auxiliary cells surrounding the central
one of the auxiliary group. x73s.

Fig. 25. A somewhat later stage of the auxiliary cells than that shown in
Fig. 16. of, ooblastema-filament. pga, papilla from which other ooblastema-
filaments are to develop. x 728.

Fig. 36, Transverse section of a semi-mature cystocarp. sp, dichotomous
sporiferous filaments which are abstricting young carpospores (¢) from their outer
ends. ¢p, elliptical half mature carpospores. , mature carpospores which were
separated from their parent sporiferous filaments and remained in the cystocarpic
cavity of the sectioned body. 4, portion of the upper daughter-cell from the
central auxiliary cell (). pa, papilla of cells which developed from the daughter-
cell (@). o, sterile filaments, and g, protoplasmic pits. x 72s.

All figures were drawn by the author. The third figure was drawn from an
herbarium specimen. All the others were drawn with the aid of the camera
lucida from preparations of fresh material.
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The Evolution of Heat by Wounded Plants.

BY

HERBERT MAULE RICHARDS.

——

With Woodcuts 1 and 3.

——

HE capability of plants to respond by increased vital
activities to different forms of injury is a fact which

is well recognized, although the attending phenomena have
not in all cases been thoroughly investigated. It is not
difficult to enumerate a number of instances where, in quite
dissimilar ways, a definite reaction towards abnormal condi-
tions has been observed. There may be mentioned, for
instance, the formation of callus and of corky tissue, which
follows injury; or the abnormal growths of tissue attending
the irritation caused by animal parasites (galls) or by parasitic
Fungi. In such cases the evidences of unusual activity on the
part of the plant is shown in the morphological differences of
the affected tissue. From an entirely different standpoint,
that of the stimulus of the ordinary functions of the cells
themselves, the work of Hauptfleisch! affords interesting
evidence. It appears from his observations that the move-
ment of protoplasm is accelerated to an unwonted degree
by injury to adjoining cells. In some plants, where under
ordinary conditions no motion is observable (e.g. Elodea,

! Prings. Jahrb., Vol. xxiv, p. 190, 1892.
(Annals of Botany, Vol. XI. No. XLI1. March, 1897.]
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Vallisneria), a marked streaming is seen after injury to
neighbouring parts. But in relation to the subject of this
paper, the effect of injury or other abnormal conditions on
the functions of the plant as a whole is of particular interest.
One of the best measures of increased activity of a plant is
found in the intensity of the respiration; and this last has
been determined, under a variety of irritating influences, to be
temporarily considerably above the normal. For instance,
under exposure to the vapour of chloroform or ether?!, or to
various gases in increased or diminished pressure? and also
after wounding3, the CO,-production rises markedly, and in
the last-mentioned case at least subsequently falls to the
normal.

It would seem then possible that all this extra work which
is done under the stimulus of irritation, would necessitate a rise
in the temperature of the affected parts. So it was suggested
to the writer during his work on the respiration of injured
plants, and so also had Pfeffer forecast the possibility of an
increase in the temperature of plants through wounding*.
To measure any rise of temperature on the wound-surface
itself, it is of course quite impossible to employ a ther-
mometer; instead of which a thermo-element, of which a
description will be given later, was used. The results of
the experiments attained by this method, and also on a large
scale with a rough calorimeter, were sufficiently successful to
warrant an account of them. The writer has again to thank
Professor Pfeffer very much for his advice and criticism, and
for the facilities afforded in the laboratory. In this place also
the writer would express his obligation to Dr. Giessler, one
of the assistants in the Botanical Institute at Leipzig, whose
invaluable assistance, in the many operations which required
two persons to carry out, contributed greatly to the success
of the work.

! Elfving, Ofversigt af Finska Vetensk-Soc. Forhandlingar, Vol. xxviii, 1886.

* Johannsen, Untersuch. Tiibingen, I. 686.—Stich. Flora, 1891, p. 1.

* Richards, Respiration of Wounded Plants, Ann. of Bot., Vol. x, p. 532, 1896.
¢ Studien zur Energetik der Pflanze, 1893, footnote 3, p. 201.
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It should be understood at the outset that the results herein
recorded should be taken as no more than a qualitative, and
not as a quantitative, determination of the heat produced by
injured plants. The object of the research was, in the first
place, to establish the fact of a rise in temperature, if any,
following the wounding of plant-tissues; and in the second
place to determine the curve of the change of temperature.
While all possible pains were taken to shut out, in so far as
could be, any sources of error, the extreme accuracy of
Rodewald’s! quantitative research was not so necessary.

As regards the apparatus and methods used, the thermo-
electric element, in connexion with a mirror-galvanometer,
was, as has already been hinted, mainly employed. The
bolometric method was not used, since the former means
proved sufficient for the purposes desired. A simple thermo-
element similar to the form used by Dutrochet 2, was the one
selected. Such a single element is by no means so delicate
as is a battery of twelve or thirty-six, such as Rodewald3
employed, but it proved sensitive enough, and was more
advantageous, since the wound made by the element in the
tissue under experimentation was reduced to a minimum.
Such an element consists of two pieces of soft iron wire
connected by a bow of German-silver wire, the points of
contact being soldered by means of silver. The free ends
of the iron wires are connected by means of binding screws
to the wires from the galvanometer. The precise form of the
points of this thermo-electric needle was only determined by
experiment. At first sharp needle-points were tried, but
proved ineffective for the purpose in hand, since they freed
themselves too easily from the tissue in which they were
imbedded. It was found that spatulate points, the idea of
using which was obtained from Stahl4, were preferable, afford-
ing as they do a firmer hold in the plant, and also a larger

! Pringsheim, Jahrb., Binde xviii, p. 263 ; xix, p. 221 ; xx, p. 261.

? Annales des Sciences Naturelles Bot., Tome xiii, Série 3, p. 5 et seq.
* Prings. Jahrb., Band xviii, p. 276.

¢ Stahl, Ann. du Jardin Bot. de Buitenzorg, Vol. xiii, p. 153.
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surface upon which the warmth may act. An element of
this form, made out of iron wire of about 1 mm. and German-
silver wire of about -75 mm. in thickness, beaten out to form
points about 6 mm. in width at the widest point, was the one
employed (see woodcut). Before use care was taken that it
should be thoroughly coated with shellac to protect it from
possible chemical action, and a large part of the element,
where it would be likely to come in contact with the hands
or other outside object, was covered with thick strips of cork
cemented on with sealing-wax.

Woodcut 1.

Disgram of the thermo-electric element employed ; somewhat reduced. The
shaded portion and the outer straight wires are of iron : the inner bow of German-
silver.

The galvanometer was one of the usual mirror-type, with
scale and telescope, of which no especial description is neces-
sary. The distance of the scale and telescope from the
galvanometer itself was about 2-5 metres, but the telescope
was sufficiently powerful to make each division of the scale
appear as much as 3 millimetres across, so that a quarter or
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even a fith of one division could be read with ease. There
are many sources of error in the use of this instrument which
require great precautions to exclude; all due care was taken
to do so in so far as they might influence the work in hand.
The galvanometer was naturally exceedingly sensitive to
masses of iron; hence, so far as possible, all iron objects,
particularly movable ones, were removed from the room.
Another necessity is that the room in which the experiments
are being carried on should be of constant or nearly constant
temperature.  This, together with a no less important condi-
tion, that of a perfectly solid foundation for the instruments,
was realized in the room in which these experiments were
performed ; where the temperature remained for the most
part exceedingly equable, within a few tenths of a degree,
and the cement floor being directly on the ground, was quite
free from vibration. The thermometer on the level of the
table where all the plants were kept, registered a little over
24" C. For rendering the galvanometer astatic, a bar-magnet
was uscd and so arranged that the observer at the telescope
could alter its position and thus control the zero-point. The
change of the declination of the magnet of the galvanometer,
due to the earth’s magnetism, could not be disregarded ; hence
before each observation a zero-point was established by cutting
out the thermo-clement from the circuit with an ordinary
mercury commutator.

In the use of the thermo-electric element Rodewald! gives
a number of precautions against errors, which were followed
in so far as neccssary in this work. The most important is
the complete insulation of the clement by means of an even,
but not too thick, coat of hard shellac, which at the same
time serves to protect the metal from the chemical action of
the juices of the plant. A careful watch was kept to see that
the shellac coating always remained intact, and very fre-
quently the clement was washed clean and re-lacked. The
binding-screws which connect the iron wires of the element
with the copper wires coming from the galvanometer were

Y1 ¢ xeliy, p. 28
D
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another source of trouble, since any disturbance of their
constancy of temperature was followed by uncertain deflections
of the galvanometer. Finally, however, they were encased in
cork, which was found to thoroughly protect them from
outside influences. As has already been said, a large portion
of the element itself was also protected with cork and sealing-
wax. The above are the most weighty sources of error as
regards the galvanometer and the thermo-electric element;
in the actual experiments on living plants there are other
precautions to be taken, of which more will be said later.

Frequent experiments established the fact that, with the
scale used and at the distance at which it was placed from
the mirror, one division had the value of 0-07° C. It was
found for the purpose desired that water of different tempera-
tures, measured by standard normal thermometers, was as
accurate as a more complicated apparatus with oil. Alcohol
was also used, and the results obtained thereby agreed with
the determinations made with water. In the experiments
which will be found given at the end of this paper, one
division of the galvanometer scale is taken then as the
equivalent of 0-07°.

In the manipulation of the plants under experimentation,
there are also many precautions to be taken against possible
errors. In the first place the plants must be kept in an
atmosphere saturated with moisture, both to prevent their
withering and also to avoid changes of temperature due to
evaporation from the cut surfaces of the injured plant. It is
also necessary that they should have acquired the temperature
of the warm room. A day or two was always allowed before
the plants brought into the warm room were used. Another
point which is exceedingly important is the placing of the
thermo-needles in the objects. When the needle is thrust too
much into that portion of the wound which gapes open,
naturally little or no effect is observed ; but when it is properly
arranged near the base of the cut where the sides come
together, the needle-point receives the full influence of both
the cut surfaces. The latter method was always practised,
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with the exception of a few cases where the wound gaped so
widely that it was impossible ; under which circumstances the
needle was stuck into the tissue directly behind the cut. Why
this latter was not always done will be explained in a fol-
lowing paragraph. It is unfortunately impossible to obtain
the necessary comparison of temperature between the injured
and uninjured parts without inserting the needle into the
latter as well as the former, and thereby wounding it slightly.
The wound is slight, however, and as oxygen of the air can
scarcely gain access around the needle thus introduced, the
difference is not so important as it would seem. The error,
too, if any, would tend to counteract the effect of the intended
wound in the injured part, and hence in a qualitative deter-
mination such as this is not serious, especially since all the
objects experimented with were treated in the same manner.
In order to ensure absolute certainty that the injury purposely
inflicted would not influence both needle-points, two objects
were used (e.g. two potatoes) which are here always referred
to as the uninjured and injured objects. It was found by
repeated experiments that the various plants used, if they
were of the same age and had presumably been kept under
the same conditions, never varied appreciably in temperature
in the uninjured condition. Without going further into the
description of the manipulations gone through, it is sufficient
to repeat that the various objects investigated were treated in
as nearly as might be the same manner, and any errors
arising thereby largely equalized ; which it will be appreciated
is the most important desideratum in a purely gualitative
determination. The writer recognizes, of course, that in
a gquantitative estimation of the amount of heat produced a
much finer degree of accuracy would be required, such as
Rodewald! employed in his admirable researches.

As a control for the thermo-electric method, a series of
experiments were carried on with a simple form of a calori-
meter, by which the temperature-curve of a mass of plants
could be determined. The results were of a confirmatory

' Prings. Jahrb,, L. c.
D2
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nature. The apparatus consisted simply of two bell-glasses
of about 1} litres capacity, protected all around with a thick
layer of cotton-wadding. The bell-glasses were also supplied
with thermometers, which had previously been compared, and
a small aperture, loosely stopped with a bit of cotton to
prevent any rapid circulation, was provided for the admission
of air. Inside the bell-glasses were also dishes of KOH for
the absorption of the CO, respired, and above these the plants
were supported. After filling both of the bell-glasses, a day
was allowed for them to become equalized in temperature.
If readings taken in the evening and again the next
morning both showed no difference between the two bell-
glasses, the plants in one of them were cut and then returned
as quickly as possible. After this the difference between the
temperatures in the two bell-glasses registered the effect of
the injury. and readings taken from hour to hour showed the
curve. It is unnecessary to say that these experiments were
carried on in the room the temperature of which only on one
or two occasions varied within a few tenths of a degree. The
difference in the temperatures between some of the experi-
ments is due to a difference in location of the bell-glasses.
When on a higher level they were naturally somewhat warmer.
For this reason the thermometers were carefully adjusted to
the same level and never moved during the course of any one
experiment. The amount of heat arising from the absorption
of the CO, by the KOH was not regarded, although of course
it was greater in the injured than in the uninjured plants.
But this is counterbalanced by the fact that the warmer bell-
glass must also lose more by radiation than the cooler.
The apparatus was not intended to be more than approxi-
mately accurate, and the application of such corrections
would not be worth while for the results required.

Although potatoes were used more than any other plant, a
variety of others representing different sorts of tissue were
experimented with. But potatoes were more convenient,
and also had the great advantage of resisting the attacks of
fungi better than anything else. The writer had also ex-
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perimented with them in regard to their respiration in the
injured condition, and it was desirable to be able to compare
the results of this with those of the previous investigation.
The experiments with potatoes will, then, be first taken up.
It was never found that there was any difference in tempera-
ture between the cut surfaces and the uninjured potato
immediately after injury; it was not until the second obser-
vation was made, usually some two hours after wounding,
that any indication of increasing warmth in the injured plant
was noticeable. The amount of increase was not found to be
great at this time, being only about o0-07° C., but there is a
steady increase after this. That there should be no sudden
increase immediately after injury is to be expected. The
cause of the large CO,-production at this time has been
shown! to be a physical one. The maximum temperature is
not reached until some twenty-four hours after injury, a period
corresponding to that of the respiration-intensity. As might
be expected, there is some range of variation in the reaction
of individual potatoes. Many things might lead to differences:
as, for instance, a difference in the metabolic activity due to
different age. It was usually found, however, that potatoes
procured at the same time, i.e. which had presumably becn
gathered simultaneously and kept under the same conditions,
gave pretty uniform results. The difference ‘between old
potatoes of the previous year and new ones was marked, as
will be discussed a little later. One source of error which
was to be guarded against was the use of unhealthy potatoes.
It was found that sometimes potatoes with only a small
rotten spot, which had no influence on the general temperature
of the tuber, would further rot in the warm, moist atmosphere
in which they were kept, until the decayed portion would
affect the temperature of almost the whole potato. This is
particularly insidious in that the increase of temperature from
the rotting of the potato would simulate the rise following
injury. Several series were discarded for this reason, and
great care was taken to have none but healthy potatoes.
! Richards, Respiration of Wounded Plants, Ann. Botany, Vol. x, p. 544, 1896.
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After an experiment was completed, the tubers were cut
in pieces and examined for any decayed spots. The surfaces
of the wounds made in the potatoes never showed any signs
of decay, presenting only the layer of corky tissue, quite
dry and hard, over the surface.

The highest maximum ever noted was a temperature-
difference of the injured and uninjured potatoes of almost
0-4° C. The return to the normal temperature after the
maximum is slower than the ascending curve. There is
a distinct drop in the temperature a few hours after the
maximum, followed by a much slower decrease; until, by
the fourth or fifth day after the injury was inflicted, no
difference was to be determined with the apparatus used.
The actual rise in temperature is not, of course, so very much ;
but when the normal temperature of potatoes in relation to
the surrounding medium is considered, it is not to be despised.
Repeated experiments showed that at the temperature of the
warm room, namely about 24° C., old potatoes of the previous
year showed a difference between the living and dead tissue
of 016° C. In new potatoes only recently out of the ground,
the plus temperature under the same conditions of temperature
and moisture was somewhat lower, viz. 0-13° C. That the
old potatoes have a higher temperature than the new ones
is not remarkable, since the former are just emerging from
their resting period, while the latter are just entering a period
of quiescence where the metabolic activity is naturally low.
A similar difference was found in the reaction to injury where
the young potatoes did not respond so actively to the
stimulation of the wound (compare Expts. 7, 9, and 10).

The relation which the rise of temperature bears to the
increased respiratory activity after injury is naturally not to
be directly estimated; since in this case the local warmth
only is measured, while in the experiments on respiration it
was the total effect which was determined. Approximately
speaking, the temperature directly on the surface of a wound,
or just below it, at the time of its maximum is about twice
as great as the normal plus temperature of a living over
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a dead potato. Thus the temperature of a living uninjured
potato being o-17° C. over that of the surrounding objects, the
temperature on the cut surface of a wounded potato will at
its maximum be from 0-20° C to 0-25° C higher than that of
the uninjured plant. But it must be remembered that
in these conclusions no allowance has been made either for
the conduction of heat by the tissue of the potato itself or for
radiation into the air, which must, of course, amount to some-
thing and must increase as the temperature of the tissue
increases. In relation to this point and also the other regard-
ing the comparison of the temperature with the respiration,
it is exceedingly important to have some idea of how far the
surrounding tissue of the potato is sympathetically affected
in the increased warmth following injury.

It will be scen from Experiments 11 and 12 that the
influence of the wound does not extend very far back from
the point of irritation. There is in most cases a very
rapid falling off at a distance of only a few millimeters
from the wound; and at a distance of two centimeters
there is no perceptible difference. It is evident, then, that
the rcal heat-producing processes which follow injury must
be comparatively local, for the conduction of heat by the
tissuc of the potato naturally increases the distance at
which a temperature-difference is distinguishable. In order
to obtain a clearer understanding of this question, experi-
ments were made to determine an approximate idea of the
conductivity of potato-tissue for heat. Two potatoes in
scparate vessels were half buried in sand which was in one at
the temperature of the air, namely 24:2 C.; while in the other
it was kept during the time of the experiment nearly ten
degrees higher. The needles were thrust into the two
potatoes at a distance of 30 mm. from the surface of the sand,
and in fifteen minutes the galvanometer indicated an increase
in temperature of the warmed potato amounting to o-15 C.
By another cxperiment it was also found that two potatoes
which showed by the galvanometer a difference in temperature
of almost exactly 3 C., took five and a half hours to become
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equalized, being kept the while at the temperature of the
cooler of the two potatoes, namely 24-1° C. It is evident from
these experiments that while the conductivity of the tissue for
heat may not be very rapid in comparison with other bodies,
it is not to be disregarded. Hence it is not too much to say
that the actual heat-reaction of the wound itself appears less
localized than it in reality is. It is, of course, impossible to
separate these two factors, the actual warmth and the con-
ducted warmth; but having found that, even including the
latter, the tissue does not seem to show any increase in
temperature beyond 20 m. from the wound, it is safe to say
that the actual wound-reaction is probably considerably inside
of even this.

In the experiments with the two bell-glasses packed with
cotton-wadding, the rise in temperature caused by a large mass
of potatoes— 500-600 grams—may be plotted on a curve which
has much the same course as that determined by the thermo-
electric method (see Woodcut 2, p. 63). Naturally it is not

. possible to compare the actual temperatures indicated by the
two methods, for neither is quantitative. It is to be expected
that the rise indicated by a large mass of potatoes should be
higher than that obtained from a single tuber, and such is the
case. That, as measured by this method, it should be pro-
portionally greater is not to be looked for; as the indirect
way of measuring the heat and the loss by radiation gives no
accurate knowledge of the actual amount produced. The
method is of value, however, in that in the two bell-glasses
are two equal masses of potatoes under exactly similar con-
ditions, except that in one they are injured while in the other
they are normal. The rise to the maximum takes some twenty-
four hours after the potatoes have been cut and returned to the
bell-glass, and is about 0-g° C. higher than the temperature
given by the uninjured potatoes, the latter showing ordinarily
a plus temperature of 0-4° C. above that of the surrounding air.
The return to zero of difference follows in the course of a few
days. Such a method as this, if strictly followed out calori-
metrically, would give results which could be better compared
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with the experiments made on respiration, since both methods
deal with the total reaction on masses of tissue where the
effect cannot be localized.

None of the other plants employed were investigated so
thoroughly as potatoes, but enough to show that they too
gave a distinct temperature-reaction after injury. Radishes
were experimented with once or twice, and showed, in so far
as the experiments could be carried, a reaction similar to that
of potatoes. One experiment with the bell-glasses herein
recorded (Expt. 23) remained trustworthy until after the
maximum had been reached, but later it had to be abandoned
as the radishes began to decay. The same trouble occurred
with the other experiments, and for this reason radishes were
no longer used. It was difficult at the time of year—June and
July—when these experiments were made, to obtain carrots
of sufficient size for use ; and they also have the disadvantage
that the wounds when made gape open very widely after a few
hours. Nevertheless a series was successfully finished, and
showed very much the same results as those obtained with
potatoes, although the temperature was lower (Expt. 15).
This last fact may perhaps be explained by the circum-
stance of the gaping of the wound, which thereby allowed
more loss of heat by radiation. The maximum comes at
a somewhat later period, and the return to normal temperature
somewhat slower than with potatoes, but this corresponds with
the respiration-curve previously determined!. In the bell-
glasses the highest maximum yet mentioned was found, being
1:35° C. (Expt. 29), and as well the highest plus temperature
of the normal tissue was indicated by both methods. By the
thermo-electric method which gives the actual temperature of
a single carrot, it was found under normal conditions to be
0-2° C. (Expt. 16). It will be remembered that the normal
respiration of carrots is very high, being about 15 mg. per
hour. The swollen stem of the Kohl Rabi (Brassica oleracea
var. gongylodes), and the fruit of the Cucumber, also gave

! Richards, Respiration of Wounded Plants, 1. c. Expts. 14, 15.
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temperature-curves with the thermo-electric apparatus (Expts.
13, 14, 20), but were not tried with the bell-glasses.

Leaves afforded an entirely different type of tissue. Or-
dinarily speaking these are not well adapted for the use of
a thermo-element. The thick leaves of Aloe were experi-
mented with in this way, although without success; but with
onion-bulbs very interesting results, of which more will be
said later, were obtained. With the bell-glasses ordinary
leaves could be employed: experiments with those of Lirso-
dendyon and Diervilla gave very satisfactory results (Expts.
24, 25). The maximum, as would be expected, was reached
much more rapidly than with massive tissues. In four and
a half hours the injured leaves, in the case of Liriodendron,
were o-75° C. warmer than the uninjured, the latter showing
an average temperature of about o-4° C. over that of the air.
By the next day there was little difference, and that speedily
diminished as the injured leaves died.

Of all the plants investigated onion-bulbs gave a far stronger
reaction than any other. With the bell-glasses the average
maximum of two experiments (Expts. 26 and 28) was 3:3° C.
This high temperature continued for some time; and it was
not until the fifth day that it sank again to the normal plus
temperature of about o-5°C. In one experiment (Expt. 27)
it will be noticed that the maximum was much lower; but,
at the same time, the temperature of these onions in the
uninjured state was very much higher than in the other two
experiments, being 1-2° C. above air-temperature. This
accounts for the low maximum in the injured condition,
and is probably to be explained by a difference in metabolic
activity of the onions. It may be mentioned that the onions
used in this experiment did not come from the same source
as the others. With the thermo-element, however (Expts. 17
and 19), no remarkably high temperature was detected in
the cut, or rather immediately behind it; since in onions the
wounds gape so that it is impossible to stick the needle
advantageously into the cut itself. This fact was puzzling
until, by subsequent experiment, it was found that the whole
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onion is more or less, though somewhat irregularly, affected,
and that at so great a distance as 45 mm. from the wound
a temperature of 0-17° C. over that of the uninjured bulb was
found, when it was only 0-28° C. in the wound itself. It is,
then, easy to belicve that the small onions used in the bell-
glass experiments, and injured so severcly as by quartering,
should give a comparatively violent reaction.

From the above discussion of the results of the experiments
it is evident that there is a distinct temperature-reaction, more
or less variable, which manifests itself in plants after injury.
This reaction is in fact a ferer, if one may use the term,
brought about by the increased vital activities of the wounded
plants. In considering the significance of this ‘ wound-fever’
onc should also bear in mind the other phenomena which
attend injury. Attention has already been called to these in
the introduction to this paper. Of the greatest interest is the
coasideration of the relation which the increase in respiration
bears to the rise in temperature. The respiration-curve was”
found to be at its highest, in potatoes for instance, about twenty-
four hours after wounding; and it is at the same time that the
maximum of the temperature-curve is indicated (Woodcut 2).
In the same way, as has alrcady been said, the phenomena go
hand in-hand in the case of leaves. Thc return of the tem-
perature to the normal is, it is true, somewhat more rapid
than that of the respiration, at least as far as was indicated
by the method used ; but after the fourth or fifth day it will
be remembered that cven the respiration is only very slightly
above the normal . Thevuretically speaking, the rise in respira-
tion, representing as it does an increase of chemical work
in the tissues of the plant, demands a rise also of temperature,
and it is intcresting to find that, as a matter of fact, such
is the case. Even granting that the respiratory processes
arc alone responsible for all the heat normally produced in
a plant, the temperaturc could hardly be expected to increase
correspondingly with the respiration.  The writer would
again call attention to the fact that by radiation and so

' See Kihards, Respiration of Wosnded Plants, 1. .



44 Richards.— The Ewvolution of

forth an appreciable amount of the produced heat must be
lost. It is, however, evident from the experiments in which
the action of the air was prevented by the application of clay,
that the phenomena, as regards both respiration ? and tempe-
rature (Expt. 12 @), are dependent on a supply of oxygen,since in
these cases a marked diminution of the reaction was noticeable.

Of interest in this connexion are the results of Eriksson!,
who has shown that the amount of heat produced during
intra-molecular respiration is but a fraction—a tenth or there-
abouts—of that which is formed when the same plants are
respiring under normal conditions. It is not to be wondered
at then that after injury, when the respiration and hence also
the vital activities of plants are greatly stimulated, a rise of
temperature should also be found.

But it is not a simple question of how much heat should be
produced by the formation of a given amount of CO,, since it
is living and not dead material which concerns us. There
are, no doubt, many other changes which take place; the very
fact which has already been shown ? that apparently more O,
is absorbed than is required for the amount of CO, produced
shows that oxidizihg reactions may take place which, although
they do not influence the amount of CO, respired, might
possibly give rise to temperature-changes. Yet in addition to
these there are no doubt other phenomena attending injury
which are not to be measured directly by their chemical
effect. For instance, the acceleration of protoplasmic currents
which Hauptfleisch 3 has described, affords direct evidence of
a disturbance of the normal condition of the cell-contents.
It would be interesting to know from the point of view of
time how these phenomena are related to those which may
be determined in a physical or chemical manner: whether
the accelerated protoplasmic movements precede —which
perhaps is not impossible—or follow the other phenomena.
From the observations of Hauptfleisch it would seem that,

' Uber Wiirmebildung und intramoleculare Athmung der Pflanzen, Untersuch.
Bot. Inst. zu Tiibingen, Band I, p. 105 et seq.
? See previous paper, l. c. Table on p. 548. ? Prings. Jahrb., L ¢
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while the more rapid circulation is not general through the
whole of an injured plant, it is propagated with a speed and
to a distance which is not commensurate with the apparently
local character of the heat-reaction, so that it would appear
that the former perhaps precedes the latter.

That plants should, like animals, respond to the stimulus of
an injury by an attempt to rally from it is not surprising ;
but that this rallying should be accompanied by somewhat the
same symptoms is a matter of no little interest. It is true
that the reaction is, absolutely, not so marked with a plant as
with the higher animal ; but when one considers that in the
former case the cells and tissues are not so interdependent as
in the latter, and that the whole scale of vitality is keyed to
a lower pitch, this cannot be wondered at.

It should be remembered, however, that compared with the
ordinary temperature of plants over the surrounding medium,
the rise of temperature after injury is as great, if not greater,
than in animals. Large or small the reaction is, however,
sufficiently well marked to justify institution of a comparison
between the rise in temperature following the injury of plants
and the fever following the wounding of animals, both being
due to the exerting of the vital forces of the organism to
recover from the shock.

The main results of these experiments, as far as is to be
judged from the objects experimented with, may be stated, in
brief, as follows : —

1. That a certain rise in temperature of the adjacent tissue
follows on the wounding of plants.

3. That this * fever.reaction’ runs a definite course, attaining
its maximum some twenty-four hours after injury, so that
a curve plotted from it corresponds in the main to that of the
respination-intensity under similar conditions (Woodcut 3).

3. That the maximum in all the plants investigated was
between two and three times the ordinary plus temperature
of the plaat.

4 That in potatoes (i. c. massive tissues) the effect is local,
but that in onion-bulbs (i. ¢. leaves) a much greater extent of
tissue is sympathetically affected.
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A.

The experiments in this section were all made with a
thermo-electric element attached to a galvanometer of the
form and after the manner already described. In all cases
the material used had been kept at least twenty-four hours
in the warm room before being used. Hence no mention of
this is made under the individual experiments. The readings
of the galvanometer are given in divisions and fractions of
divisions of the scale employed, and are corrected to the actual
zero-point of galvanometer at the time the observations were
made. 1 division of galvanometer scale=o0-07° C.

EXPERIMENT 1.
Two potatoes 7-8 cm. long. In uninjured condition show
equal temperature. One cut at 4.00 p.m., the other left
uninjured.

Duration of Experiment. Tﬁ:‘m‘f" Dégl'fm‘zf Equiv. in °C.
First day  4.00 p.m. 24°%50 o0 0°.00
»” 6.00 ,, 24°-40 1.1 0°.08
» 8.45 am, 24°10 2.7 0°.19
13.45 p.m. 24°:30 40 0°.28
Second day 4.30 ,, 24°-30 2.8 0°.20
9.30 a.m. 24°30 13 0°.08
'I‘hxrd day 9.30 ,, 24°40 o5 0°.08
Fourth day 9.30 ,, 24%40 o0 0°.00

EXPERIMENT 2.
Two potatoes 7-8 cm. long. No difference in temperature
in uninjured state. One cut at 4.00 p.m.

Duration of Experiment. T‘.:‘pr;r:n:.m Dceflevc..nof : Equiv. in °C.
First day  4.00 p.m. 24°50 0.0 ' 0°.00
» 6.00 ,, 24°-40 .5 | 0°%09
» 8.30 a.m. 24°10 2.7 0°19
13.30 p.m. 24°30 45 | o0°31
Second day 4.30 ,, z4°-3o 3.0 0°.31
9.30 a.m. 24 .20 o-5 0°.03
Third day 9.30 ,, 24 -40 o3 | 0°%02
Fourth day g¢.30 ,, 24°-40 oo | 0°.00
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EXPERIMENT 3.

Two potatoes 8-9 cm. long. In uninjured condition showed
no difference of temperature. One cut at 8.45 a.m.

Duration of Experiment, | T§mperature) Deflec. of | g5, 4 o,
First day 8.45 am. 24 .10 0.0 0°.00
» n .00 noon 34 -20 1.0 0°.07
00 p.m. 34 .25 30 0°.14
Second day 9 00 a.m. 24°10 30 0°.31
4-45 pm. 24>10 2.3 0°.15
Third day g.30a.m. 24°-30 0.8 0°.08
Fourth day g.30 ,, 24°:30 0.0 0°.00

EXPERIMENT 4.

Two potatoes 6—7 cm. long. In uninjured condition
showed no difference of temperature. One cut at 9.00 a.m.

|

Duration of Experiment. lTel'::'::':;“n Défﬁ;':f Equiv. in °C.
First day  9.00 a.m. z4°-1o o-0 0°.00
” 12,00 noon 24 .20 10 0°.07
4-45 p.m. 34 .30 20 0°14
Second day 9.30 a.m. ' a4° °.00 35 0°.23
4.00 p.m, | 24°30 28 0°.20
Third day 9 00 a.m. 24°20 10 0°.07
4-00 p.m. 24°-10 0.6 0°.04
Fourth day 9.00 a.m. 24°-30 02 0°.01
Fifth day g.00 ,, 24°10 0.0 0°.00
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EXPERIMENT 5.

Two potatoes 8 cm. long. Uninjured equal in temperature.
One cut at 9.30 a.m

Duration of Experiment, | Tomperature| Deflec. of | pgq;y. jg oC,
Firstday 9.30 am. 24°-20 0.0 0°.00
» 13,15 p.m. 24°-20 o-8 0°.08
” 3 00 ,, 34°-25 1.6 0°11
50 ,, 24°-30 3.0 0°.21
Second day 9 30 a.m. 24°-00 38 0°.27
4.00 p.m. 24°-00 2.5 0°17
Third day 9 00 a.m. 24°.20 0.6 0°.04
4.15 p.m, 24°-30 0.5 0°.03
Fourth day 9.00 a.m. 24°-10 0.3 0°.02

EXPERIMENT 6.

Two potatoes 7 cm. long. Uninjured equal in temperature.
One cut at 9.00 a.m.

Duration of Experiment. Te":l:?;'“n Déflevc“:f Equiv. in °C.
First day 9.30 am. 24°10 0.0 0°.00
» u oo noon 24:-10 0.7 0:-05
0 p.m. 24°:30 1-5 0°10
Second day 9 30 a.m, 24°-20 43 0°.30
N 4.00 p.m, 24°-30 30 0°.21
6.30 ,, 24°:35 2.2 0°15
Third day 9.00 a.m. 24:-10 1.0 0:-07
4.00 p.m. 24°30 0.6 0°.04
Fourth day 9 00 a.m. 24°10 0-0 0°.00
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EXPERIMENT 7.

Two potatoes 10 cm. long. These potatoes were of another
lot than the ones previously tried. In uninjured condition
no difference in temperature. One cut at g.0o a.m.

Duration of Experiment. | Tmperature| Deflec. of | g iy in o,
First day 9.00 a.m. 34 -40 0-0
. 11.30 ,, 24 -50 1-5 0°10
' 3.45 p.m. 34 .30 2.5 0°.17
»”» 6.00 ,, 24°-30 33 0°.23
Second day 9.00 a.m. z4°-zo 45 0°.31
' 11.00 ,, 34 .20 55 0°.38
” 4.00 p.m. 24 -30 37 0°.26
Third day 9.00 a.m. 24 .30 2.7 0°.18
. 12.00 noon 24°-40 2.0 0°14
4.00 p.m. 24°.40 1. 0°.10
Fourth day n .00 noon 24°10 o8 0°.08
Fifth day 12.00 ,, 34°.20 03 0°.02

EXPERIMENT 8.

Two potatoes 9 cm. long; of same lot as Experiment 7.
No difference in temperature in uninjured condition. One
cut at 9.00 a.m.

Duration of Experiment. Tei:'ﬁ:;“"e DGTI:;:[ Eq_uiv. in °C.
First day  9.00 a.m. 34 -40 0-0 °.00
. 11.30 ,, 24 .50 1.5 0°10
» 00 p.m. 34 .30 2.3 0°.168
a5 247-30 33 0°-23
Second day 9.00 a.m. 24 10 40 0°.38
” 11.00 ,, :4 .20 53 0°.37
4.00 pm. 34 .30 42 0°-29
. Third day 9 00 a.m. 24 .30 30 0°.21
' 13.00 noon 24°.40 2.3 0°16
Fourth day 12.00 ,, 3440 1-3 0°.10
Fifth day 132.00 ,, 24°%20 o4 0°.08

E
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EXPERIMENT 9.

Two potatoes 5-6 cm. long. These were young potatoes
of the new year’s crop, unlike the one previously experimented
with. In the uninjured condition they showed no difference
in temperature. One cut at 9.00 a.m.

Duration of Experiment. Te.:ma:re Défff‘mof Equiv. in °C.
First day  9.00 a.m. 34"- 30 0-0 0°.00
” 11.00 ,, 24 .30 06 0°.04
» 3.00 p.m. :4 .10 1.6 0°11
Second day 9.30 a.m. 24 .20 2.0 0°14
1.00 p.m. 24°-50 1.8 0°13
Third day 12.00 noon 24°;30 1.8 0°13
3.30 p.m. 24°30 1-5 0°10
Fourth day 4.00 ,, 24°10 0-0 0°.00

EXPERIMENT 10.

Two potatoes 5-6 cm. long. Same lot as used in Experi-
ment 9. No difference in temperature in uninjured condition.
One cut at 9.30 a.m.

Duration of Experiment, | Tomperature | Deflec. of | paggy ip o,

in room.

First day 9.30 am. 24 .30 oo 0°.00
» 1LI§ 34° °30 o4 0°.03

» 3 x5 p m. z4 .T0 o-8 0°.08
24 .20 1.2 0°.08

Second day 9 30 am, 34 .20 3.3 0°.16
3.00 p.m. 24°-50 I 0°11

Third day 9.00a.m. 34°-30 1.2 0°.08
3.30 p.m. 24°-20 o8 0°.08

Fourth day 4.00 , 24°10 0-3 0°.02
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EXPERIMENT 11.

To determine the distance at which the increase of tem-
perature may be noticed. Two potatoes, one of which was
cut in the usual way, were kept until the injured one had
attained its maximum temperature.

Deflec. of Equiv. in Te:n“?:n-
Galvan. Celsius © in room.
In wound 3-0 0.21 24°-30
5 mm. distant 1.8 011
II mm. 1-0 0-07
15 mm, 0.7 0-06
2omm. ,, 0.0 0.00

EXPERIMENT 12.

For the same purpose as Experiment 11. Potatoes treated
in the same way.

Deflec. of Equiy. in Texr:n-
Galvan. Celsius ° in room.
In wound 30 0-21 24°-30
o-5 mm. distant 2.2 015
35 mm. 2-0 014
8.0 mm. ,, 1.8 013
10 mm. ,, 1.6 0:11
1.3 mm. ,, 1.0 0.-07
1.7 mm. ,, o5 0.03

EXPERIMENT 12 a.

To determine the effect of exclusion of air from the wounded
parts. Two potatoes, one of which was cut and the cuts
immediately pressed together and covered with clay. No
deflection of the galvanometer was observed immediately

subsequent to injury. After standing twenty-four hours clay
removed and determination made.

T t Defl f uiv.

o | Calvan | &

July 30. g.coa.m. 24-30 1-0 o-07
’ 12,00 noon 24-35 17 o-12

» §.00 p.m. 2430 2.4 o1y

E 2
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EXPERIMENT 13.

Two specimens of kohl-rabi (Brassica oleracea var. gon-
gylodes) 7-8 cm. diameter. Leaves had been removed, but
wounds entirely healed. In uninjured condition showed no
difference in temperature. One cut at 9.00 a.m.

Duration of Experiment. Tei:pr:roa:n I:}eflo;c.mof Equiv. in °C.
Firstday 9.00a.m. 34 .30 0.0 0°.00
» 11.30 ,, 24 .20 o8 0°.08
4.00 p.m, 24 -20 2.0 0°14
Second day 9 00 a.m. 24 .30 33 0°.23
" 13.00 noon 24 .20 2.6 0’18
. 3.00 p.m. 24 .40 2.0 0°14
Third day 11.30 a.m. 34°-30 1.0 0°.07
Fourth day g.co0 ,, 24°-10 o4 0°.08
Fifthday 9.30 ,, 34°20 0.0 0°.00

EXPERIMENT 14.

Two specimens of kohl-rabi (Brassica oleracea var. gon-
gylodes) 8 cm. in diameter. As above. Uninjured, no difference
in temperature. One cut at 9.00 a.m.

Duration of Experi . T in room. %‘f“;‘ Equiv. in °C.
First day  9.00 a.m. 24"-:0 0-0 0°.00
” 11.45 ,, 24 .20 1-3 0°.09
4.15 p.m. 24 .20 2.8 0°.20
Second day 9.0c0a.m. 24°30 35 0°.24
3.00 p.m. 24°-40 30 0°.21
Third day 9.00a.m. 24°-35 1.8 0°13
11.30 ,, z4°-3o 1.3 0°09
Fourth day g.c0 ,, 24 .10 0.3 °.01
Fifth day 9.30 ,, 24°30 o.0 0°.00
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EXPERIMENT 16.

53

Two carrots (Daucus Carota) about 15 cm. long. Had been
thirty-six hours in warm room, and showed no difference of

temperature before injury.

One cut at 9.00 a.m,

Duration of Experiment. Tei:'pl;:;‘.‘" Dé:mf Equiw. in °C.
First day  9.00 a.m. 24%30 0-0 0°.00
" 11.00 ., 24°25 1.3 0°.09
” 3.00 p.m. 24°30 2-5 0°17
» 5.30 ,, 24°10 2.8 0°.20
Second day 9.00 a.m. 24°-40 33 0°.23
» 12.00 noon 24°30 36 0°.25
”» 3.30 p.m. 24°-30 33 0°.28
» 6.00 ,, 24°30 33 0°.23
Third day  9.00 a.m. 24°10 1.8 0°13
» 3.00 p.m. 24%30 1.6 0°11
Fourth day 9.00 a.m. 24°20 0.6 0°.04
Fifth day g00 ,, 24°30 o2 0°.01

EXPERIMENT 16.

Comparison of living and dead tissues of various plants.

The dead plants were killed with boiling water.

The tem-

perature given is the natural + temperature of the plants.

D(sglevc‘.n?f Equiv. in °C.
Potatoes (old) a 2.3 0.1
” b 2-5 0.17
Potatoes (new) ¢ 3.0 0-14
”» d 2.0 0.14
Onion 1.7 0-12
Carrot 2.8 0.-20
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EXPERIMENT 17.

Two onions (ANium Cepa) diameter about 6 cm. In warm
room three days before using. One cut at 10.00 a.m. The
wounds gape so that the needle was always inserted a little
behind the cut surface.

Duration of Experiment. Tei':pr;‘:n'l?" Dceglo;c.mo.f Equiv. in °C.
First day 10.00 2.m. 2420 0.0 °-00
» 13,00 noon 24°20 1-6 0°.11
» 3.00 p.m. 2430 32 02-22
” 6.00 ,, 24°15 40 0°.28
Second day 9.00 a.m. 2410 40 0°.28
» 12.00 noon 24°.00 43 0°.30
s gmee | E | n | o
X 4 2 0
Third day 9.00 am. 24°-40 2.3 0°.16
» 12.00 noon 24°-50 a-g 0°.14
) 2.00 p.m. 24°-40 1. 0°.11
Fourth day 9.00 a.m. 24°-50 1.0 0°.07
" 5.00 p.m. 24°-30 10 0°.07
Fifth day 9.00 a.m. 24°-30 0.6 0°.04
” £.00 p.m. 24°-40 0.3 0°.02

EXPERIMENT 18.

Showing that the whole tissue of the onion is sympatheti-
cally affected. Two onions, one of which was wounded by
cutting. Allowed to remain twenty-four hours until maximum
reached. Temperature, 24°40.

Distance from | Degec. of Galvan, Equiv. in °C.
1 mm. 40 0.28
2.4 mm. 30 0.321
35 mm, 3-0 0-21
10-0 mm. 3.3 0323
16-0 mm. 3-0 0.31
450 mm, 2.5 017
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EXPERIMENT 19.

Two onions (Allium Cepa) about 5 cm. in diameter. As in
Experiment 17. One cut at 9.30 a.m.

Duration of Experiment. | Témperature | Deflec of | payiy 45 o€,
First day o9.30a.m. 24 .20 0-0 0°.00
» 12.00 noon 24 .20 15 0°10
” 3.00p.m. 247:30 35 0°.24
6.00 ,, 34 .15 40 0°.28
Second day 9.00a.m. 24°10 40 0°.28
» 12.00 noon 24°10 40 0°.28
" 3.00p.m. 34°-00 38 0°.37
6.00 ,, a4°-oo 33 0°.28
Third day g.00a.m. 34 .40 2.6 0°18
» 12.00 noon 24 .50 2.5 0°17
5.00 p.m. 24 .40 1-8 0°12
Fourth day 9.00 a.m. 24°-50 1.0 0°.07

EXPERIMENT 20.

Two cucumbers (Cucumis sativus) about 12 cm. long. Had
been in warm room two days. Showed no difference in tem-
perature before injury. One cut at g.0o a.m.

Duration of Experiment, | Lemperature Dé:l'c' of | Equiv. in °C.

n room. yan.
First day 9.00 am. 24°-20 0-0 0°.00
» 13.00 noon z4°-2o 1.0 0°.07
” .00 p.m. 34 .30 30 0°.21
.00 4 24 .40 2.3 0°16
Second day 9.00 a.m. 24 -30 2.5 0°.17
6.00 p.m. 34 .50 1:3 0°.09
Third day 9.00 a.m. :4 -40 0.3 0°.02
.00 p.m. 24° 250 o3 0°.02

5
Fourth day g.00a.m. 24°50 0.0 0°.00
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B.

The experiments recorded in this section are comparisons
of the temperature of two bell-glasses, properly packed with
cotton wool, one containing the uninjured, the other the
injured plants. The bell-glass containing the normal plants
is always designated as bell-glass A, the other as bell-glass B.
When it was desired to determine the ordinary plus tempera-
ture shown in the bell-glass containing the uninjured objects,
the other, usually bell-glass B, was filled with some substance
to prevent the circulation of air, &c., and to render all the
conditions as nearly equal as possible. Vessels containing
KOH were always placed in the bell-glasses, and the objects
supported above them. Formalin was employed to prevent
the growth of fungi. The thermometers used were carefully
compared, and found to be precisely alike and to agree with
the standard thermometer.

EXPERIMENT 21.

400 grams potatoes in each bell-glass. Had been kept in
warm room two days before using. Injured by cutting into
quarters.

Duration of Experiment. Ef:;s ABE.:‘: gf;s“,PBB:(':' Difference. E::&':‘é‘g
Uninjured June 1 4.00 p.m. 24.40 24-40 0.00 3400
»» yy 3 0.00 a.m. 2415 24-15 0.00 23-70

Cut in quarters at 9.30 a.m.

First day 12.30 p.m. 24:30 2440 0-10 23-90
”» 3.30 3425 34 0.-356 35'6°
v 6.30 ,, 24-28 2475 0.50 23-70
Second day 11.00 a.m. 24-30 1510 0.80 23.70
» 1.00 p.m. 24-30 a5-20 0.90 2365
» 4.00 p.m. 34-20 24-95 0-78 33-60
’ 6.30 24.25 24-80 0.66 23-70
Third day 9.00 a.m. 23-80 24-30 0.50 23-40
” 13.00 noon 23.90 2440 0-80 23-20
»” 3.00 p.m. 323.90 24+40 0.60 323-40
. 6.00 , 24-00 2455 0.55 23.60
Fourth day 9.00 a.m. 24-10 24-50 040 23.60
»» 4.00 p.m. 2428 24-60 0-35 23-70
Fifth day 9.00 a.m. 24-30 2465 0-35 23-.80
» 5.00 p.m. 24-30 24-50 0.20 24-00




Heat by Wounded Plants. 57

EXPERIMENT 22.

600 grams potatoes in each bell-glass. In warm room two
days before using. Washed in 1 %/, Formalin to sterilize.
Injured as in Experiment 21.

. . emp. i Temp. i .
Duration of Experiment. : Be.fl Glase A | Bell.Class'p. | Difference. Te::lm;m

June 8 5.00 p.m. ’ 25-80 25-80 0.00 2530
» 9 g9.00oam. ., 2580 25-80 0.00 3535

Cut in quarters at 9.10 a.m. Bell-glass B.
First day  13.00 noon 26.10 26.20 010 | 12560
”» 1.00 p.n. 26.20 26.50 0-30 2565
» 3.30 , 26-20 26.75 0-58 25-70
» 430 ,, 26-25 27-00 0.78 15-60
5.30 26-35 27.20 0.85 25-60
Second day 9.00 am. 26-50 37:45 0-95 25.65
» 11.00 ,, 26-55 27-40 0-85 35-50
» 1.00 p.m. 26.60 27-40 0-80 26-10
” 400 , 26-50 27-30 0.80 26.10
Third day 9.00 a.m. 26.50 27-30 0.70 36-10
3.30 p.m. 26.60 27-20 0-60 26-20
Fourth day 8.30 am. 26.60 27.00 0-40 26-10
Fifth day 8.30 ,, 26.40 26.60 0-20 26-00

EXPERIMENT 23.

450 grams radishes (Rapkanus sativus) had been two days
in warm room. Washed in 1°/, Formalin. Injured by cutting
longitudinally in quarters.

Duration of Experiment. B‘el;leg . i“A. B’el;f-la . i“B. Diﬂerence.. Te:‘l‘il):ir;et‘ure

June 18 9.00a.m. 15.80 25.80 0.00 25-40
Quartered at 9.15 a.m.

First day 10.15 a.m. 25-80 26.00 0.20 25-40
” 1LI5 o, 25-90 26-25 0-35 25.60
» 12.15 p.m. 26.00 26.60 0-60 25-60
» 315 26-20 2705 0-85 3575
" 415 26-30 a7.1s 0-95 25-75
” 8.00 ,, 26.320 27-35 115 25-80
Second day ¢.00 a.m. 26.20 26.80 0.60 23.70
” 11.00 ,, 26.40 27.05 0-65 25-90
» 1.00 p.m. 26-40 26.80, 0-40 25.80
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EXPERIMENT 24.

75 leaves of Diervilla sp. in each bell-glass. Weight, 50

grams. Kept in warm room fourteen hours before experi-
ment.
Duration of Experiment. B}fg’ ;“A. B'elif-% . i“B_ Difference. Te::mt:re
June 20 132.00 noon 26.20 26.20 0.00 26.10
Leaves slit longitudinally at 13.00.
First day 1.00 pm 26-20 26.20 0-00 26.10
”» 2.00 ,, 26-20 26.25 0.05 26.10
’ 3.00 ,, 26.10 26.20 0-10 26.10
”» 400 ,, 26-00 26320 0-20 25-90
» 9.00 &.m 25-80 3590 0-10 35-90
» 12.00 noon 35.80 25.85 0-06 2595

EXPERIMENT 25.

Leaves and small twigs of Liriodendron tulipifera. About
70 leaves, or 120 grams of leaves, in each bell-glass. Had
been in laboratory one day before experiment was begun.
At the end of the experiment the leaves, in bell-glass A, were
found to be still quite fresh and turgid.

Durston of Experiment. | p3e257 | 552, % | Difrence, | Temperature
June 34 .00 p.m. 26.20 26-30 0.00 25.80
» 35 11.00am. 36.20 26.20 0.00 25-80

Leaves slit longitudinally and petioles cut at 11.00 a.m.

First day 1.00 p.m. 26-20 26-50 0.80 2590
” 3.30 ,, 26-20 26.95 0.75 26.10
» 5.30 , 26.25 26.90 0.85 26-00
» 9.00 a.m. 26.50 26.90 0-40 25.80
» 3.30 p.m. 26.320 26.40 0.20 25-80
Second day 6.00 ,, 26.20 26.35 015 25.60
» 8.30 am. 2615 26.20 0-056 2560
» 13.00 noon 26.10 26.10 0.00 35-80
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EXPERIMENT 26.

59

45 onion-bulbs (AlNium Cepa)—500 grams—in each bell-

glass. Had been in warm room two days before beginning
of experiment. Washed objects with 1 %/, Formalin to sterilize
them.
Duration of Experiment, | plemp.in, | Temp in | Digerence, | Temperature
June 30  6.00 p.m. 24-35 24-20 --05 23-90
July 1 8.30 ,, 2410 2410 0.00 23-70
Onions in Bell-glass B cut into quarters at 8.45.
First day 10.30 a.m. 24°15 54-:5 0.10 23-80
- 11.30 ,, 24-20 24°45 0-25 23-80
» 13.00 noon 2325 2475 050 23.90
” 12.30 p.m. 24-30 24-90 0-60 2395
” 1.00 ,, 24+50 25-30 0.70 24400
” 3.00 ,, 24:65 1555 0-90 24-00
” 3.30 2455 25-90 1.85 2410
" 430 ,, 24-60 26.20 1.60 24-30
" 5.30 ,, 24.60 26.40 1.80 2420
” 7.30 ,, 24-70 26-65 1.96 2410
” 9.30 ,, 24-80 2720 240 2405
Second day 8.00 a.m. 25-50 28.70 3.30 25-10
»” 1000 ,, 35-50 28.80 8.30 25-10
" 4.00 p.m, 35-50 28.30 3.80 25-20
Third day 9.00 a.m. 24-40 25:60 130 24-30
" 400 p.m. 24:40 25-40 1.00 24-15
Fourth day 9.00 a.m. 24-40 35-00 0-60 24-00
» 1.00 p.m. 3440 2485 045 24-10
» 5.00 ,, 24-30 3455 035 24-00
Fifth day 10.00 a.m. 24-40 34-50 0-10 24-30
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EXPERIMENT 27.

500 grams small onion-bulbs (A/ium Cepa), 3 cm. in diameter,
in each bell-glass. In warm room three days before beginning
of experiment. Washed with Formalin to sterilize.

Duration of Experiment. Be'}.l?a‘ y i':‘. B;l;f_gmnn Difference. T“o‘:ﬁ{::_‘"‘
July 10 5.00 p.m. 26.40 26.40 0.00 25.20
July 11 9.00 a.m. 26.80 26.80 0.00 25-80

Cut onions in Bell-glass B in quarters 9.15 a.m, )
First day 11.30 a.m. 26.80 27-10 0.30 25-80
»” 1.30 p.m. 26-80 2745 0-85 a5-70
’» 330 , 26.85 28.20 1.35 25-70
" 7.30 26.80 27-40 1.60 a5-70
" 9.30 ,, 26-80 ay-70 1.90 25-80
Second day 10.00 a.m. 26.85 28.95 2.10 a5.70
” 12.00 noon 26.90 39-20 2.830 2580
" 6.00 p.m. 36.95 2895 2.00 25-80
» 9.00 ,, 27-00 28.80 1.80 25.90
Third day 8.00a.m. 27.00 28.10 110 2§.90
" 13.00 noon 27.00 27.80 0.80 25.90
” 6.00 p.m. 26-90 2y-70 0.80 25.80
Fourth day 8.00 a.m. 26.80 ay-30 0.50 25-70
» 1.00 p.m. 26.80 27-35 045 25-80
”» 6.00 ,, 26.85 2705 0.20 25-90
Fifth day ¢.30 a.m. 26.90 2700 010 25-80
The onions in Bell-glass B were removed and then replaced with coke.
The temperature of the bell-glass with living onions above that
of the other 1s shown below.
Evening 5.00 p.m. 26.80 25.60 1.30 25.70
Next morning 9.00 a.m. 26.9o0 25-80 1.10 25-80
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EXPERIMENT 28.

500 grams onion-bulbs (Alium Cepa), from 2-3 cm. in
diameter, in each bell-glass. In warm room two days before
using. Washed in 1°/, Formalin to sterilize. Injured as in
Experiment 27.

Duration of Experiment. B};fa y i'k_ lee-'(.i‘v ‘;‘"B Difference. T':;‘::{;:’”

July 14 5.00 p.m. 27-00 27.05 0-05 26.40

» 15 8.00am. 27.00 27.00 0.00 26.40
Cut onions in Bell-glass B in quarters 9.0o a.m.

First day 10.45 a.m. 27.00 27.00 0.00 26-40

» 132.45 p.m. 27.00 27-30 0-30 26.45

” 2.45 5 27.00 a7.60 0.60 26.35

»” 445 1 ay-10 2795 0.85 26-40

” 6.45 27.10 28.20 1.10 26.40

» 8.45 a7.10 28.70 1.60 26.40

” 10.45 » 17-10 29-10 2.00 26-30

Second day 10.45a.m. 27.00 3015 316 26.30

”» 11.45 2y.00 30-35 3.36 2630

» 132.45 p.m. 27.00 30-40 340 26.30

»” 2.45 27.00 30-40 3.40 26.40

» 445 » a7-0§ 30-05 8-00 240

» 6.45 , a7.05 30-05 8.00 26-40

Third day  8.45 a.m. 27.10 29-90 2.80 2650

» 10.45 » 37.10 29-70 2.60 26.50

” 2.45 p.m. 27.05 29-35 2.30 26.30

” 6.45 27-00 29-00 2.00 26.20
Onions in Bell-glass B removed as in Expt. 27.
Difference equals + temperature of Bell-glass A.

Evening 10 p.m; 27-00 26.25 0.7 26.20

Next moming 2710 26.50 0.60 26-35
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EXPERIMENT 29.

750 grams—20—small carrots (Daucus Carofa) in each
bell-glass. Had been three days in warm room. Washed
with 1/, Formalin.

Duration of Experiment, B;ll.lﬂoacu‘snh B;l;lel:dc SE. D“’:g"“- 1;:?:3:‘5‘6"
July 6 7.30 a.m. 25-80 25-80 0.00 2500
”» 11.00 , 25-80 25-80 0.00 25-00

Cut carrots in Bell-glass B in quarters.
First day  3.00 p.m. 25.80 25-90 0-10 35-00
’ 5.00 ,, 25-70 26-20 0-50 24-90
» 7.00 ,, 25.60 26.40 0.80 2490
» 8.00 a.m. 25.50 26.70 1.20 24-60
’ 10.00 ,, 35-40 26.65 1.36 24-60
" 12.00 noon 25-40 26-75 1.85 24-70
” 2.00 p.m, 35.40 36-40 1.00 24:50
Second day 4.00 ,, 25-35 26.20 0.85 24°50
” 6.00 ,, 35-35 26.15 0.80 24-60
” 8.00 ,, 25-40 26.00 0.60 2470
” 9.00 a.m. 2545 26.0§ 0.60 24-80
" 1.00 p.m. 25-30 25-80 0.50 24-80
Third day 5.00 ,, 25-20 a5-60 0.40 24-60
” 10.00 a.m. 35-40 2555 0.15 24-70
Fourth day 4.00 p.m. 2540 25-40 0.00 a4-70
The carrots in Bell-glass B were removed and replaced by coke to
compare temperature in Bell-glass A with surrounding air.

Evening 7.00 p.m. 25-40 24.65 0.76 34-70
Next morning 10.00 a.m. 25.60 2480 0.80 24-80
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Woodcut 2.

Approximate temperature-curves of wounded plants, The solid lines are the
curves obtained with the thermo-element, the dotted ones those from the bell-
glass experiments. With the former the value of each division is 0.05° C., with the
latter 0-5°C. The vertical lines show the days from time of injury.

1. Onion-bulbs, Expts. 17 and 28. I1. Carrots, Expts. 15 and 29.
II1. Potatoes, Expts. 4 and 22.
Compare previous paper, 1. c., Woodcut 3, p. 582.

Postscript.—Since the MS. of this paper was sent to the printer, a résumé, by
Prof. Pfeffer, of this and the previous article on respiration has appeared in
Berichte der math.-physisch. Classe d. Konigl. Sichs. Gesell. zu Leipzig, Sitzung
vom 27. Juli 1896.






A Contribution to our Knowledge of
Lyginodendron.

BY

A. C. SEWARD, M.A, F.GS.

——

With Plates V and VI.

—_——

MONG a number of specimens in the Botanical Depart-
ment of the British Museum referred to the genus
Dadoxylon, 1 found one transverse section which had been
cut from a thick stem possessing a large pith and a con-
siderable development of secondary wood. An examination
of the specimen revealed certain striking anatomical characters
entirely at variance with those of Dadoxylon or Cordaites, but
on the other hand indicative of a close affinity with the genus
Lyginodendron. The section had been taken from an un-
usually fine piece of fossil wood partially enclosed in argil-
laceous limestone, having a length of 14 cm. and a breadth of
14cm. A portion of the exposed surface of the specimen
consists of smooth and waterworn wood; and where the
fossil is enclosed by the surrounding matrix no trace of tissues
external to the wood can be detected.
* The wood measures 5:8 cm. in the thickest part, and very
probably when the stem was living it attained a still greater
breadth, as there is no proof that the outermost portion as
shown in the fossil represents the extent of the original woody
tissue. The large pith lying towards one side of the block

[Annals of Botany, Vol. XI. No. XLI. March, 1897.]
F
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measures 2-9cm. in the widest part. Seen in longitudinal
section, the pith shows here and there somewhat irregular
and more or less transverse bands of dark-coloured tissue
which, on superficial examination, resemble the horizontal
disks of the pith of Cordaites (Pl. V, Fig. 2). Other sections
of the same block were afterwards found in the Museum, and
finally additional preparations were recognized in the William-
son Collection as having been obtained from the large piece
of stem. From the entries in Professor Williamson's Catalogue
of microscopic sections it was found that the material came
from the Coal-Measures of Oldham, and had been contributed
by Mr. Nield. The spccimen when intact must have been
one of the largest ever found in the English Coal-Measures in
which the internal structure had been preserved.

In the fourth of the series of Memoirs on the ¢ Organization
of the Fossil Plants of the Coal-Measures’,Williamson writes as
follows with regard to a specimen referred to Lyginodendyon :
‘I have obtained from Mr. Nield one magnificent axis in
which the woody cylinder and its contained medulla has
been at least eightecn inches in circumference. The thickness
of the wall of this vascular cylinder has been at least
2} inches; and, since the specimen is weathered and water-
worn, it may have been of even larger dimensions.’ In
a foot-note the specimen is said to have been ‘found in a
watercourse intersecting the Lower Coal-Measures at a locality
near Oldham known as Har Culver (Higher Culvert)!’ In
the recent memoir on Ljyginodendron and Heterangium by
Williamson and Scott, the authors refer more than once to
Nield's large specimen.  Discussing the size of Lyginodendron
stems, these authors write: ‘ The largest undoubted stem of
Ljyginodendron which we possess attained a diameter of about
4cm. We leave out of consideration for the present both
Mr. Nield's specimen and the cortical impressions. . These
must have belonged to stems of enormously greater size, but

' Phil. Trans., 1873, p. 386. A mdial section of this specimen is figured in
Plate XXIII, Fig. 9 (No. 1183 in the Williamson Collection).
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we cannot absolutely prove their identity with Zyginodendron'.
On page 742 of the same work we find the following account
of the large Oldham fossil :—

‘There remains the large specimen showing structure,
received from Mr. Nield, and referred to in Memoir IV. p. 386.
The specimen includes the pith and a portion of the wide
zone of secondary wood. Sections in the three directions
have been cut and clearly exhibit the structure so far as it is
preserved. The diameter of the pith is 3:3x2:3cm. The
maximum radial thickness of the secondary wood is 5-8 cm.,
but we cannot be certain that its whole thickness is preserved.
Assuming, however, that we have the whole thickness of the
wood, the radius of the stem up to the cambium would have
been over 7cm., and its diameter over 14cm. We cannot
tell what was the diameter of the whole stem, for we know
nothing of the cortex. No authentic ,specimen of Lygino-
dendron which we have seen, however, has secondary wood
of a greater thickness than about 6 mm. ; so, if we judge by
this dimension, the stem in question must have been nearly
ten times as large as that of any undoubted Ljyginodendron
in the Williamson Collection. Unfortunately, the only
structure preserved is that of the secondary wood. Its general
anatomy is identical with that of certain specimens of L ygino-
dendron. The tracheids are smaller than is usual in Lygino-
dendron, but not smaller than in some undoubted stems of
that plant. The radial section shows the muriform rays
and the pits on the walls of the tracheids, which, in so far
as their preservation allows of comparison, agree very well
with those of our plant. The pith is completely disorganized,
and no trace of the primary wood can be recognized. There
is, however, a narrow incomplete zone of internal secondary
wood, distinct from the rest, at the margin of the pith, which
recalls the anomalous medullary tissue sometimes found in
Lyginodendron. Although the parenchyma of the pith has
perished, the cavity contains clusters of dark brown cells,

! Phil. Trans., Vol. 186 (1895) B, pp. 705, 706.
F 2
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which are much like the sclerotic nests characteristic of the
pith of Lyginodendron. On the whole, until some other fossil
has been found which agrees better with this doubtful stem,
we think there is a presumption that it really belonged to
a Lyginodendron, or to some plant of the same type of
structure 1.’

An examination of additional sections cut from Mr. Nield’s
specimen has furnished a few more facts as to the anatomical
structure, and the main object of the present paper is to
amplify and illustrate by means of a few figures the description
given by Williamson and Scott. The material on which the
following account is based consists of (1) the water-worn block
mentioned by Williamson in 1873, and now in the Botanical
Department of the British Museum ; (2) twelve sections in the
Botanical Department ; and (3) the following sections in the
Williamson Collection? (British Museum), viz. Nos. 1131, 1132,
1133, 1183, 1184, 1185. All the sections have been cut from
the single specimen supplied to Professor Williamson by
Mr. Nield. In PL V, Fig. 1, is represented a photographic
reproduction of a transverse section. The diameter of the
pith and wood has already been given. The large pith is
seen to be partially occupied by irregular patches of tissue,
which in longitudinal section (Fig. 2) assume the form of
broken transverse bands. The inner margin of the secondary
wood consists of small dark bands separated by lighter
radially-elongated spaces. This is more clearly seen in Fig. 6
and in the lower part of Fig. 3; the lighter and broader
patches were originally occupied by medullary-ray tissue, and
the darker lines represent the internal limits of rows of
secondary tracheids. In Fig. 1, and more clearly in Fig. 6,
the continuity of the inner margin of the wood is interrupted
at three points, ¢, 7, and #”, which mark the position of out-
going groups of xylem-elements, probably leaf-trace bundles 3.

! Phil. Trans., Vol. 186 (1895) B, p. 743.

? There are also two small scctions in a collection of fossil plants ia the
Botanical Museum, Cambridge.

* These groups of tracheids in passing through the secondary xylem of the stem
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The dark concentric lines seen in a transverse section of the
wood, and especially well marked on the right-hand side of
the photograph (Fig. 1), are for the most part due to the
occurrence of lines of narrower tracheids, locally developed in
response to some influence which was much too irregular to
be the result of scasonal changes. In Fig. 2 the wood and
pith are shown in radial section; the mottled appearance of
the former is due to the numerous and large medullary rays
which form a characteristic feature of the stem. In Figs. 3
and 4 the character of the wood is more clearly seen; the
lower end of Fig. 3 is in the immediate neighbourhood of
the inner limit of the wood, and here the tracheids are fewer
in number and farther apart than in the more external portion
of the wood. The spaces between the narrow and curved
rows of tracheids correspond to those seen less distinctly in
Figs. 1 and 6: in this region of the stem the medullary-ray-
parenchyma has usually disappeared.

The xylem is entirely composed of tracheids with reticu-
lately-pitted radial walls (Fig. 5); the nature of the pitting
on the tracheids which form the innermost limit of the wood
cannot be clearly seen owing to imperfect preservation. The
xylem-elements are arranged in radial rows varying in breadth
from one row of tracheids to bands composed of eight rows.
In tracing bands of tracheids towards the periphery of the
stem the number of elements composing any one band in
a tangential direction is found to vary considerably, as the
result of the intercalation of new rows or of a fusion between
adjacent bands. The medullary rays consist of radially
elongated parenchymatous cells of one to ten rows in breadth,
the average breadth of a ray being nearly equal to that of the
tracheidal bands. The broad medullary rays give to the wood
the characteristic appearance noticed in the description of
Fig. 2. Towards the inner margin of this wood the medullary-
ray-cells are usually absent, but in places where they have
been preserved they are found to be tangentially elongated

follow a gradually ascending and steep course, very similar to that of the leaf-trace
bundles of Lyginodendron Oldhamium.
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between the widely separate bands of xylem. In Figs.7 and 8
the wood is shown in tangential and radial section; in the
former the polygonal cells of the medullary rays are seen to
occupy long and narrow meshes, usually with pointed ends,
in a framework of tracheids. No trace of bordered pits has
been noticed in the tangential walls of the wood-elements.
In radial section (Fig. 8) the reticulate pitting is found to be
fairly well preserved, but the borders of the pits are for the
most part imperfect (Fig. 5); the medullary-ray-cells present
the characteristic appearance of radially-elongated parenchy-
matous cells, with here and there dark patches suggesting the
contents of secretory cells. Seen under a higher power,
the radial walls of many of the tracheids are found to be
traversed by sets of parallel and obliquely running lines. It
is difficult in many cases to determine how far such parallel
markings on the xylem-elements of fossil plants are the result
of cleavage in the infiltrated mineral substance, or to what
extent they are the expression of some histological feature.
In the tracheids of fossil coniferous wood we frequently find
delicate and regular lines agreeing very closely in appearance
with the striation characters of recent tracheids, and probably
due to the emphasizing by ferment-action and decay of the
original striations in the substance of the tracheid-walls. In
the present instance it is probable that the lines referred to
are in some measure due to the original striation of the
tracheids.

The structures hitherto described in detail constitute the
secondary centrifugally-developed wood. If the rows of
tracheids in the secondary wood be traced to their inner
termination, they are found to taper off to an acute apex,
or to merge into a small group of tracheids in which the
radial arrangement is either entirely absent or indistinctly
marked. As already pointed out, the medullary-ray-cells
have usually been destroyed in this region, and the spaces
separating the inner terminations of the tracheid bands are
often bounded by a fairly regular line, concave towards the
pith ; this marks the limit of decay, and recalls to some extent



Knowledge of Lyginodendron. 71

the appearance presented by the broad medullary rays of
a Calamite stem (Pl VI, Fig. 10). In the parenchymatous
tissue internal to the tapered ends of the tracheid-rows, and
to a less extent in the broad medullary-ray-tissues, there are
found several patches of black substance which, no doubt,
mark the position of secretory cells. Internal to the centri-
fugal xylem there extends round the periphery of the pith
a series of short rows of tracheids, often arranged in groups
with a fan-like disposition and with the apex facing the
centrifugal wood. These series of tracheids are separated
here and there by distinct medullary rays. This inner and
much smaller zone of secondary tissue constitutes the centri-
petally-developed xylem. In Pl V, Fig. 6, the faint line
immediately internal to the centrifugal wood, and surrounding
the pith, marks the position of the centripetally-developed
tracheids; these are also semi-diagrammatically shown in
Pl. VI, Fig. 14x. In PL VI, Fig. 10, the inner limit of the
centrifugal wood is shown on either side of a bay forming
a break in the outer ring of xylem, and probably due to an
outgoing leaf-trace-bundle. In Pl. VI, Fig. 16, a fairly well
preserved portion of the centripetal xylem is figured; it
consists of rows of tracheids, sometimes as many as sixteen
tracheids occurring in a single radial series, separated by
bands of imperfectly preserved medullary-ray-parenchyma.
The radial walls of these tracheids appear to have the same
form of pitting as occurs in the centrifugally-developed xylem.
Internally the centripetal ring is succeeded by very imper-
fectly preserved tissue, but in some places it can be readily
seen that a merismatic layer existed on the pith-side of the
inner ring of wood. The crushed and partially disorganized
tissue internal to the wood contains numerous dark-coloured
patches of tissue (s) and an abundance of secretory cells.
The former, of which one (s) is shown in Fig. 16, internal to
the centripetal wood, are nests of sclerous cells, of which
several occur in the region of the pith (Fig. 10). In a longi-
tudinal section the remains of phloem-tissues are found
internal to the centripetal xylem, and in many places the
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tissues have been torn, apparently along the line of cambium,
which gave rise to the centripetal xylem. Internal to the
phloem a patch of medullary parenchyma is preserved, con-
taining a sclerous nest and several black patches of secretory
cell-contents.

Reserving for further consideration the nature and relations
of the centripetal and centrifugal xylem, we may pass on to
describe the pith. In Plate V, Fig. 2, the lighter portions in
the pith mark the spots where the tissues have been destroyed
and their place taken by mineral substance; the dark patches
represent parenchymatous tissue containing numerous sclerous
nests, which appear as dark dots in the photograph, and
secretory cells. On examining transverse and longitudinal
sections of the pith under a low magnifying power, one sees
distinct signs of active merismatic division as expressed by
the arrangement of parenchymatous cells in regular serial
rows. Some of the darker portions in Fig. 2 consist of
secondary parenchyma developed from a zone of meristem
situated on the extérnal limits of the darker-coloured and
rounded outlines of the tissue-patches. In Fig. 14 a portion
of the pith is represented, very slightly enlarged ; immediately
internal to the centripetal wood there are patches of paren-
chymatous tissue containing secretory cells and three sclerous
nests; internal to this, and separated from it by an intervening
band of mineral matrix, we have a mass of parenchyma of
which a considerable portion is made up of a series of regular
radiating rows of elements formed by cambial activity, the
cambium being situated at the inner edge of the secondary
tissue (¢). This secondary medullary parenchyma presents
the same appearance in longitudinal as in transverse sections.

In describing the occurrence of anomalous xylem in the
pith of Lyginodendron Oldhamium, Williamson and Scott!
point out that in some cases the cambium gives rise to secondary
parenchyma instead of xylem and phloem. The secondary
parenchyma in the pith of Lygsnodendron robustum is, on the

' Loc. cit., p. 722. See also the reference on p. 733 to ‘ Some specially com-
plicated forms of anomalous tissue in the pith of Lygimodendron Oldhamium.'
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other hand, a product of a meristem internal to the centripetal
wood. A tissue of precisely similar appearance occurs in
a specimen of Lyginodendron Oldhamium which Williamson
figured in his Memoir IV (1873), Pl. XXII, Fig. 4. The
dark patches of tissue internal to the wood consist of radially-
disposed rows of parenchyma developed by a zone of cambium,
and exactly corresponding in structure with the masses of
tissue in the pith of Lyginodendron robustum. 1t is conceivable
that the secondary parenchyma may be of a corky nature,
and analogous to the periderm-tissue described in the pith of
Stangeria paradoxa® and in some stems of Bennettites®.

There remains to be considered the nature of the xylem-
bands. Unfortunately the tissues between the outer edge of
the centripetal xylem and the inner edge of the centrifugal
xylem are very imperfectly preserved. In a few places,
however, the two bands of wood are seen to be in direct
continuity. The tracheids of the two zones of wood are
frequently separated by a gap in the tissues; and, as
previously noticed, the bands of centrifugal wood when traced
to their inner termination often pass into groups of tracheids,
which do not show anything of the regular arrangement charac-
teristic of secondary xylem. In Plate VI, Fig. 12, and in
Figs. g and 16, the characteristic appearance of the imperfectly
mineralized tissue between the two sets of xylem-elements is
represented. In one or two places between the centripetal
and centrifugal wood, traces have been observed of tracheids
showing indications of spiral thickening ; it is possible that
these may be the protoxylem-elements of the primary wood,
but the preservation is hardly such as to justify any very
decided statement.

This brings us to a comparison with the structure of the
xylem as described by Williamson and Scott in L yginodendron
Oldhamium (Binney). In that species the centrifugally-

! No. 1153. Cf.also 1114, 1118 and other specimens in the Williamson Collection.

! Solms-Laubach, Bot. Zeit. Jahrg. 48, p. 11.

3 Capellini and Solms-Laubach. I Tronchi di Bennettitee (Mem. R. Accad.
Sci. Inst. Bologna), Vol. ii, 1891, p. 48, Plate V, Figs. 3, 5.
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developed secondary xylem agrees in the main very closely
with that of the stem described above. On the inner side of
the centrifugal wood there occur in Lyginodendron Oldhamium
groups of primary xylem ; each group represents a leaf-trace-
bundle and possesses a well-defined mesarch structure, the
position of the primary xylem-elements being recognized by
the presence of the narrow spirally-thickened protoxylem-
tracheids, and the larger scalariform tracheids, in addition to
the reticulately marked elements!. In some examples of
Lyginodendron Oldhamium an inner zone of centripetal xylem
has been described, probably identical with that in Nield’s
specimen. This inner xylem is described by Williamson and
Scott as ‘anomalous wood,’ and compared with similar
structures in certain recent Dicotyledons? In attempting to
establish the precise affinities of the stem under discussion it
is extremely important to decide, as far as possible, whether
or not there are any traces of primary xylem like that of
Lyginodendron Oldhamium. Owing to the imperfect state of
preservation in that part of the stem where the primary xylem
should occur, it is very difficult to give a decided and
satisfactory opinion as to the original existence of such
primary groups as occur in the previously recorded examples
of the genus.

It is, in the first place, conceivable that the primary xylem-
elements have become disorganized during the growth and
increase in thickness of the stem. This possibility necessitates
considerable caution in relying on negative evidence. On the
other hand there are certain appearances presented by sections
of Nield’s stem which, without absolutely proving the existence
of primary xylem-tracheids, render it probable that traces of
such groups have been partially preserved. There are often
found groups of tracheids, or occasionally single isolated
tracheids, between the radially-disposed bands of centrifugal
and centripetal wood. These, it may be, are portions of
primary xylem-strands. The unfortunate imperfection in the

! See the figures and descriptions in Williamson and Scott’s paper.
? Williamson and Scott, loc. cit., pp. 723, 723.
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mineralization of the tissues in this region, renders it im-
possible to make use of such characters as the nature of the
pitting as a distinguishing feature of the primary xylem-
tracheids. In Lyginodendron Oldhamium, for example, the
scalariform character of the tracheids affords a convenient
distinguishing feature of the primary xylem in longitudinal
section. In one or two longitudinal sections imperfectly
preserved tracheids have been detected of which the faint
traces of pitting suggest the scalariform type, such as occurs
in the primary xylem of Lyginodendyon Oldhamium, but the
evidence is insufficient to be cited as absolute proof.

In Plate V, Fig. 6, at 7 and ¢”, is shown a group of
tracheids in contact laterally and distally with the main mass
of centrifugal xylem; these groups are probably leaf-trace-
bundles on their way to the surface of the stem. In Plate VI,
Fig. 15, a single leaf-trace is seen under a higher magnifying
power ; the dark lines indicate the direction of the rows of
tracheids, and the centripetal xylem is represented at 2. It
is not possible to recognize at the proximal end of the out-
going leaf-trace-bundle any definite indication of primary
xylem-elements; the space may be in part the result of
tearing of the tissues in the immediate neighbourhood of the
primary tracheids. In another section showing a leaf-trace-
bundle in a similar position to that represented in Fig. 15,
there are groups of fairly thick-walled elements lying about
internal to the fan-shaped trace; these may be portions of
the primary xylem. At the distal end of a somewhat
obliquely-cut leaf-trace, as seen in a transverse section of
the stem, there is a mass of narrow and radially-elongated
parenchymatous cells. In tangential sections of the stem
the leaf-trace-bundles are seen passing through the centrifugal
xylem, and in their immediate neighbourhood the tracheids
of the wood exhibit extraordinary contortions. In Fig. 11
some of the strongly curved centrifugal tracheids are shown
in connexion with an outgoing leaf-trace!. One of the

1 A very similar appearance is presented by a tangential section of a Calamitean
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small sections (1185) in the Williamson Collection shows the
strongly marked curvatures of the tracheids remarkably well.

It has been pointed out by Williamson and Scott that in
Lyginodendron Oldhamsum the internal cambium may arise
¢partly from the parenchyma of the primary xylem, so that
some of the tracheae belonging to the latter have been carried
inwards into the pith!’ By this means the original position
of the primary xylem-elements would be altered, and their
subsequent recognition rendered more difficult. This possi-
bility should be borne in mind in connexion with the apparent
absence of primary xylem-strands in Nield's stem.

To compare, briefly, Lyginodendron Oldhamium and the
larger stem described above, as regards the centrifugal wood,
there is on the whole a very close agreement; but a careful
comparison of sections from the British Museum stem with
numerous examples of Lyginodendron Oldhamium confirms
the opinion expressed by Williamson and Scott, that in Nield’s
specimen the tracheids are somewhat smaller than in the
undoubted examples of Lyginodendron. In Lyginodendron
Oldhamium the medullary rays are usually narrower, and
smaller in proportion to the breadth of the tracheid-bands
than in the larger stem. The anomalous wood described by
Williamson and Scott in some examples of Lyginodendron is
precisely similar in structure to the ring of centripetal wood
in Nield’s stem. In some examples of Ljyginodendron Old-
kamium the tissues of the pith present the same regular
radial arrangement of parenchymatous cells as in the large
stem. The sclerous nests and secretory sacs are practically
identical in distribution and appearance in Ljyginodendron
Oldhamium and Nield's stem.

In transverse sections of Lyginodendron Oldhamium one
occasionally finds that the secondary centrifugal wood and
the primary xylem assume the appearance of an almost con-
tinuous band without any obvious division between them ;

stem, figured by Renault in a ‘Notice sur les Calamariées.’ Autun, 1893,
Plate 1V, Fig. 6.
! Loc. cit., p. 7323.
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presenting, in fact, an appearance very similar to that already
noticed in certain parts of the large stem 1. Sections of Lygino-
dendron Oldhamium occasionally show an apparent continuity
between the centrifugal and centripetal xylem-bands, the
primary xylem being sometimes disturbed and much less
obvious than in other parts of the section.

In the remarks on two sections (Nos. 1129 and 1130)
written in the catalogue of the Williamson Collection, the
great breadth of the medullary rays is pointed out; the
secondary wood in the specimens is very similar to that
in Nield's stem, but the tracheids in the former are slightly
wider. The same sections show also the curving of the inner
ends of the tracheid-bands, as in the large stem ; the groups
of primary xylem in these sections present a crushed appear-
ance and are separated by wide intervals. The general
appearance of the sections is exceedingly close to that of
Nield's plant2. The comparison of several specimens of
Lyginodendron Oldhamium with the stem under discussion,
as regards the manner of occurrence of the primary xylem,
renders it probable that the absence of any direct proof of
the existence in the latter of undoubted primary elements by
no means negatives the idea that the plant originally
possessed primary xylem-strands similar to those of the
former species. A tangential section through the wood of
Lyginodendron Oldhamium presents the appearance of longer
and narrower medullary rays than those represented in PL. V,
Fig. 7; but although there is a fairly constant difference
in this respect, by examining a sufficient number of sections
it is possible to match fairly closely the various structures in
the two sets of specimens.

The general conclusion arrived at may be briefly stated as
follows. The large stem which forms the subject of the

! e.g. No. 1150 in the Williamson Collection.

* Williamson noticed the close resemblance in the wood of the two sections
(1129 and 1130) to that of Nield’s specimen. In his catalogue he speaks of the
wood and medullary rays of these two sections as practically proving the identity
of Nield's specimen and Lyginodendron Oldhamium.
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present paper, should be placed in the genus Lyginodendron,
but is in all probability not specifically identical with Lygirno-
dendron Oldkamium (Binney). No actual proof of the
occurrence of primary xylem-tracheids has been discovered,
but such evidence as is available is favourable rather than
opposed to the original existence of such primary strands.
As a convenient designation of Nield’s large stem, of which
the diameter must have been very considerably greater than
in any previously known specimen of the genus, we may
adopt the name Lyginodendron robustum.

With reference to the numerous examples referred to
Lyginodendron Oldhamium, Williamson and Scott write:
¢All the forms with which we are concerned may be pro-
visionally referred to the same species, or rather type, Lygino-
dendron Oldhamium. As these words imply, it may be
possible with more complete knowledge to recognize additional

" specific types among the numerous examples of the genus.

As regards a comparison with recent plants, the most striking
resemblance is that between the centrifugal wood of Ljgino-
dendron robustum and the wood of Cycadean stems. An
examination of sections of the secondary wood of Cycas,
Stangeria, and Macrozamia reveals the closest possible
resemblance with Lyginodendyron. In the stems of Cycas
and Macrozamia, however, the wood does not form a broad
continuous band as in Lyginodendron robustum, but consists
of concentric zones developed from successive meristems.
The cycadean nature of the centrifugal wood of L yginodendyon
Oldkamium has been previously pointed out by Williamson and
Scott! and othersZ, but the much larger size of the stem of Lygi-
nodendyon robustum makes the resemblance still more striking
than in the much smaller form, Lyginodendron Oldhamium.
In 1879 Renault described a new type of a Palaeozoic
plant from the well-known silicified beds of Autun, to which
he gave the name Cycadoxylon Fremyi®. A comparison of

! Loc. cit., p. 767. ? Solms-Laubach, Fossil Botany (1891), p. 361.

3 Structure comparée de quelques tiges de la Flore Carbonifére (Nouv. Arch.
Mus. Paris, Vol. ii [2], 1879, p. 283. Sec also Cours de botanique fossile, Vol. i.
(1880, p. 74, Plate XI.



Knowledge of Lyginodendron. 79

the figures illustrating the structure of this Autun specimen
with those of Lyginodendron robustum brings out a striking
similarity as regards the structure of the centrifugal wood.
The tangential section figured in Pl. V, Fig. 7, of the present
paper is very similar to the corresponding section of Cyca-
doxylon (Renault, Pl. XIV, Fig. 12). There is also a close
agreement between the transverse and radial sections of the
wood of the two plants (cf. Renault, P1. XIV, Figs.10and 11,and
Lyginodendron robustum, Figs. 4, 8, 10, 16). More recently
M. Renault has supplemented his earlier account of Cycadoxylon
by additional figures and a further description published in
an important work on the coal-field of Autun and Epinac.

The following description of the structure of the wood as
seen in a transverse section of Cycadoxylon Fremyi illustrates
the most striking characters: ‘Le systéme ligneux est
composé d’un cylindre extérieur continu d’arcs ligneux dis-
persés dans la moelle en nombre variable. Le cylindre’
extérieur est formé de séries rayonnantes de trachéides, ponc-
tuées, a accroissement centrifuge ; les bandes ligneuses inté-
rieures sont constituées par des séries rayonnantes semblables,
mais dont I'accroissement est centripéte’!. Renault compares
this genus, of which Cycadoxylon Fremyi is the only example,
with Ptyckoxylon and Medullosa. The centrifugal and centripetal
bands of xylem are separated from one another by parenchy-
matous tissue, and there is no indication of any continuity
between them in a radial direction, nor are there any groups of
primary xylem internal to the centrifugal wood such as occur
in Lyginodendyon Oldhamium. Since writing this paragraph
I have had an opportunity, through the kindness of M, Renault,
of examining the sections of Cycadoxylon. In one specimen
a small group of primary xylem was clearly shown.

In Fig. 56 (p. 3c9) of the Flore fossile d'Autun et
d'Epinac, a portion of a transverse section of Cycadoxylon

! Bassin Houiller d’Autun et d’Epinac. Flore fossile, Pt. II, p. 307. I am
indebted to M. Renault for kindly forwarding me a proof of that part of his
forthcoming work which deals with Cycadoxylon. [The text of this work has now
appeared. January, 1897.)
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Fremys is represented, showing an internal and narrow band
of centripetal xylem, composed of tracheid-rows separated
by broad medullary rays, and external to this a narrow zone
of parenchyma, followed by a broader zone of centrifugal
xylem. The broad band of the latter wood consists of rows of
tracheids and broad medullary rays practically identical with
the corresponding xylem of Lyginodendron robustum, the
centripetal wood is also precisely alike in the two plants. The
absence of any cortical tissues in Lyginodendron robustum
prevents any comparison with the cortex of Cycadoxylon.
¢ Gum-canals’ are fairly numerous in the tissues of the latter
genus, as in Lyginodendron.

In the pith of Cycadoxylon there appear to be no sclerous
nests, and in the cortical tissues there are none of the radially-
disposed bands of sclerenchyma characteristic of Lyginodendron
Oldkamium. As at present defined, the genus Cycadoxylon
is no doubt distinct from Lygsinodendron ; the resemblance,
which is indeed particularly close between the centrifugal and
centripetal wood of the two plants, Cycadoxylon Fremy: and
Lyginodendron robustum, is one based on secondary structures.
There is no evidence of any similar agreement as regards the
more important primary structures!.

In 18782 Williamson figured and described three sections
of a fragment of wood from the volcanic ash of Arran which
he named Lyginodendron anomalum. A re-examination of
the sections by Williamson and Scott led them to regard
the specimen as having ¢ nothing in common with the genus
Lyginodendron’ but as rather comparable with Renault’s
Cycadoxylon 3. In transverse section the Arran fragment
shows bands of reticulately pitted tracheids and broad medul-
lary rays, with some of the tracheids occasionally cut across
in an obliquely longitudinal direction. In tangential section

' The existence of a group of primary xylem, referred to in a previous footnote,
makes the agreement still closer.

? Phil. Trans.,, 1878 (Memoir 1X of Williamson), p. 252, Plate XXV,
Figs. go-93. The specimen from which the sections were obtained is in the
Geological Museum of the University of Glasgow.

? Williamson and Scott, loc. cit., p. 770 (footnote).
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we have an irregular network of tracheids with the large
meshes occupied by groups of polygonal parenchymatous
cells. The tangentially-cut medullary rays assume the form
of oval, circular, or oblong groups of cells, bounded by the
extremely sinuous and contorted tracheids. The chief dif-
ference between the tangential section of Lyginodendron
anomalum and Lyginodendron robustum consists in the
broader and shorter medullary rays of the former, and the
more irregular and sinuous course of the tracheids. In a
section through the centrifugal wood of Lyginodendron ro-
bustum in the neighbourhood of an outgoing leaf-trace, the
tracheids are similarly contorted to those in Lyginodendron
anomalum. In a tranverse section of the former passing
through a leaf-trace-bundle, as shown in Pl. V, Fig. 6, ¢z and
7, and Pl VI, Fig. 15, the broad distal end of the trace is
followed by long and narrow parenchymatous cells, which
have accompanied the tracheids from the inner edge of the
wood. The general appearance of such a section is almost
identical with that of a transverse section of Lyginodendron
anomalum. Such a comparison suggests the possibility that
the shorter and broader medullary rays and the more
irregular course of the tracheids may not represent the
normal character of the stem from which the Arran frag-
ment was obtained, but that these appearances may be the
result of some disturbing influence in the secondary wood.
The resemblance between ZLjyginodendron robustum and
Lyginodendron anomalum as regards the structure of the
wood and the form of the medullary rays, which is specially
striking in the wood of the former species where the normal
form of the rays is modified by the bending of the tracheids
to a leaf-trace-bundle, points to the possibility of the two
forms being closely allied to one another. The Arran frag-
ment is much too small to allow of precise identification,
but the structure of the wood renders it extremely probable
that in Lyginodendron anomalum, Will., we have a small piece
of a stem which possessed secondary wood of the cyca-
dean type very similar in structure to that of Lyginodendron
G
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robustum and Cycadoxylon Fremyi. In the absence of more
complete specimens, it is impossible to decide which of these
generic names shall be adopted ! ; but the Arran plant may,
I believe, be regarded as closely allied to Lyginodendron
Oldhamium and Cycadoxylon Fremyi. The figure of a trans-
verse section of Lyginodendron anomalum given by Williamson
in his Memoir IX, Pl. XXV, Fig. 9o, does not bear so close
a resemblance to Lyginodendron robustum as is apparent in
another section recently cut from the same specimen and
now added to the Williamson Collection. In this section
the broad medullary rays and bands of tracheids are more
regular in their arrangement, and the section as a whole
exhibits a striking similarity to that of Lyginodendron
robustusn. A small portion of this section is shown in Pl VI,
Fig. 13; in some of the bands of tracheids the individual
elements are occasionally cut across obliquely, but on the
whole the structure is like that shown in the figure.

Without attempting to give a specific diagnosis, we may
briefly summarize the more important characteristics of the
specimen for which the name Lyginodendyron robustum is
suggested, and which has hitherto been spoken of as ¢ Nield's
specimen.” The centrifugal wood is composed of reticulately-
pitted tracheids somewhat smaller in diameter than those of
Lyginodendron Oldhamium ; the medullary rays are rather
broader, and there is a more regular continuous zone of
centripetal xylem than in Lyginodendron Oldhamium. In
the latter plant this internal development of xylem is found
to vary considerably in amount in different regions of the
same transverse section. In the transverse section 1885 E
(Williamson Collection), the ‘anomalous wood’ is well shown,
but internal to one of the primary xylem-strands it is absent.

This particular group of xylem is seen to be in direct
continuity with the external centrifugal wood in such a

1 In addition to the sections in the Williamson Cabinet (No. 1208 and three
others), there is a somewhat larger tangential section, apparently from the same
. specimen, in the Binney Collection (Cambridge). The original specimen is in the
Hunterian Musecum, Glasgow University.
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manner as to closely resemble the appearance presented by
some of the sections of Lyginodendyon robustum. Williamson
and Scott do not attach the slightest importance to the
anomalous medullary cambium as a specific character; they
point out that ‘among stems, which are perfectly similar in
other respects, some show it and some do not, while in those
that possess this anomaly, the degree in which it is developed
is most variable 1.’

Numerous sclerous nests and secretory sacs occur in the
pith of Lyginodendron robustum, and the latter are also
present between the centrifugal and centripetal wood, and
in the medullary-ray-tissue. An extended examination of
several sections leads to the conclusion that Williamson and
Scott’s opinion that Nield's specimen ‘really belonged to
a Lyginodendron, or to some plant of the same type of
structure,’ is no doubt correct. Lyginodendron robustum
represents by far the largest stem of the Ljginodendron type
so far recorded, and the considerable thickness of the second-
ary xylem renders more obvious the close correspondence
with the wood of recent cycadean stems, than is apparent
in the much smaller stems of Lyginodendrorn Oldhamium.

In certain genera of fossil plants, one of the most prominent
characteristics is the very close resemblance of their centri-
fugal xylem to the wood of recent Cycads. Lyginodendron,
Heterangium and Cycadoxylon afford three examples of such
agreement, and other genera might be mentioned. It is not
unusual to discover specimens of plant-fragments in which
the secondary xylem-characters are clearly preserved, but
from which it is impossible to formulate a complete diagnosis.

It is often impossible to rely on the structure of the
secondary wood alone as a means of specific or even generic
identification ; but the nature of the xylem-elements, the

! Loc. cit, p. 733. Examples of Lyginodendron Oldhamium showing an
unequal development of centripetal wood are figured by Williamson (Mem. XVIL
Phil. Trans., 1890, Plate XI1I, Fig. 3) and by Williamson and Scott (Phil. Trans.,
1895, Plate XXIII, Fig. 8). Both sections were cut from the same specimen;
also sections 1142 and 1885 E. )

G 2
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structure and form of the medullary rays, usually enable us
to refer a specimen to a definite family or group of plants.
In dealing with coniferous wood we are able to adopt certain
recognized generic designations, such as Araucarioxylon, Pity-
oxylon, and others, which, as somewhat comprehensive terms,
are extremely useful in systematic work. The term Cyca-
doxylon proposed by Renault, if extended in its application,
might serve as a general generic designation for plants
possessing secondary xylem closely resembling that of recent
Cycads. Such a term would be particularly useful in dealing
with imperfect material; while the more complete data
obtained from better specimens would enable us to make
use of generic designations of a less comprehensive meaning.

In his important Memoir on the comparative structure of
certain Coal-Measure stems, Renault includes the three
genera Cycadoxylon, Colpoxylon, and Medullosa in the group
Cycadoxyleae; and as a characteristic of the group he
mentions that the gencra in question have lost the centri-
petal wood in their stems, while retaining it in their leaves .
In the more recent, and fuller, account of Cycadoxylon,
Renault figures and describes well-marked bands of cen-
tripetal wood, thus necessitating either a modification of
the original definition of the Cycadoxyleae, or a removal
of Cycadoxylon from that group of plants in which the stem
has no internal centripetal wood.

If Cycadoxylon were adopted in a wider sense than as
defined by Renault, it would be the more appropriate genus
to which to refer Lyginodendron anomalum. In the case of
Lyginodendron robustum alone it might perhaps be better to
make use of this generic designation; but the presumptive
evidence in favour of a generic identity with Lyginodendron
Oldkamium is so strong, that there appear to be sufficient
grounds for the choice of the more restricted genus Lygino-
dendyron. Without attempting to institute a comparison with
the various Palaeozoic genera possessing cycadean characters,

! Nouv. Arch. Muscum, Paris, 1879, p. 282.
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it would seem that Ljyginodendron robustum, Lyginodendyon
Oldhamium, Lyginodendron anomalum, and Cycadoxylon
Fremyi, possess such characters in common as distinctly
point to a close relationship.

Our incomplete knowledge of the last named species, as
compared with our much more complete acquaintance with
Lyginodendron Oldhamium, renders it unprofitable to press
the comparison very far; but it is probable that we may
be able, with more extended knowledge, to classify many of
the Palaeozoic types into more definite groups founded on
the true relationship as expressed by the possession of
cycadean characters.

The structure of Medullosa gigas, Ren., as described in
the Flore fossile d'Autun et d’Epinac, presents an exceed-
ingly close agreement with that of Lyginodendron (Flor. foss.,
PlL. LXXI). A more complete comparison of the various
Palaeozoic plants possessing cycadean affinities must, however,
be deferred.

My thanks are due to Mr. George Murray, Keeper of the
Botanical Department in the British Museum, for permission
to have several sections prepared from material in his charge ;
to Mr. Gepp, of the British Museum, I am indebted for the
photographs reproduced in Plate V; and to Dr. D. H. Scott
for valuable criticisms and suggestions.

EXPLANATION OF FIGURES IN PLATES
V AND VI.

Illustrating Mr. Seward’s paper on Lyginodendron.

All the sections have been prepared from the same specimen of Lyginodendron
robustum, sp. nov., and are in the Botanical Department of the British Museum.

PLATE V.

Fig. 1. Transverse section of the stem, showing the thick centrifugal wood
with apparent annual rings, and the tissues of the pith, with secondary parenchy-
matous tissue at 2.
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Fig. 3 Longitudinal section (radial) showing the characteristic appearance
of the wood as seen in radial section, and the imperfectly preserved tissues of
the large pith. (Figs. 103 are from photographs by Mr. Gepp, and represent
approximately the natural size of the sections.)

Fig. 3. Portion of a transverse section of the centrifugal wood, with the broad
medullary rays especially distinct at the lower end of the figure (from a photograph
by Mr. Hayles of the Cavendish Laboratory, Cambridge). x17%.

Fig. 4. Portion of the wood of Fig. 3 more highly magnified, showing the
broad medullary rays. x 5a.

Fig. 5. Radial wall of a tracheid of the centrifugal wood. x 330.

Fig. 6. The inner edge of the wood and the pith-parenchyma: ¢, 7, " mleaf-
trace-bundles, x*=centripetal wood, s =sclerous nests (natural size).

Figs. 7, 8. Tangential and radial longitudinal sections through the centrifugal
wood. x53.

PLATE VI

Fig. 9. Transverse section showing the inner termination of the centrifugal
wood ('), and the imperfectly preserved bands of centripetal tracheids (x*), and
medullary rays. x53.

Fig. 10. Transverse section showing the characteristic tapered rows of tracheids
at the internal limit of the centrifugal wood, separated by spaces left on decay
of the broad medullary rays: x?a=centripetal xylem, s=sclerous nests (slightly
enlarged).

Fig. 11, Tangential longitudinal section passing through the centrifugal wood
in the immediate neighbourhood of a leaf-trace-bundle. The figure represents only
a portion of the outgoing trace.

Fig. 13. Transverse section showing the inner ends of centrifugal tracheids and
the outer limit of centripetal tracheids. x 5a.

Fig. 13. Lyginodendron anomalum. Transverse section. x §3.

Fig. 14. Lyginodendron robustum. Slightly enlarged sketch of the inner edge
of the xylem and the peripheral tissues of the pith ; g =radially-arranged secondary
parenchyma, ¢ =meristem ; x*= centrifugal, and x* =centripetal xylem ; s =sclerous
nests.

Fig. 15. Transverse section including a leaf-trace-bundle cut across somewhat
obliquely, * = space at proximal end of the leaf-trace (slightly enlarged).

Fig. 16. Transverse section to show the fairly well preserved centripetal

xylem (x%). x353.
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On some Species of the Genus Urophlyctis ™
BY

P. MAGNUS (Berlin).

——

With Plates VII and VIII.

——

ON March 16, 1882, at the meeting of the Botanical
Section of the ‘ Schlesische Gesellschaft fiir vaterlindische
Cultur, J. Schroeter described the development of the old
Physoderma pulposum, Wallr2 He pointed out that it pro-
duces large swarm-sporangia which rest superficially upon
the epidermis of species of Chengpodium, and send forth
fascicles of rhizoids into the cells. It also develops resting-
sporangia by the conjugation of two cells of similar form
inside the living tissue of the host. One of these cells empties
its contents into the other, which then grows into the resting-
sporangium. Upon these characters he based the genus
Urophlyctis in the ‘ Kryptogamen-Flora von Schlesien,” v. III.
part I, p. 196 (1886). There he also added a second species
under the name of U. major (U. majus in the text) which
does not form swarm-sporangia.

In 1888 I described ® a third species, parasitic on Carum
Carvi, which I named Uropilyctis Kriegeriana. 1t is con-

! Read before Section K of the British Association, Liverpool, 1896.
? Botanisches Centralblatt, 1883, Vol. xi, pp. a19-331.
? Sitzungsberichte der Gesellschaft naturforschender Freunde zu Berlin, p. 100.

[Annals of Botany, Vol. XI. No. XLL March, 1897.]



88 Magnus.—On some Species qf

fined to the epidermal cells, which, owing to their being
attacked in this way, swell out, together with the adjacent
cells, into a pearl-shaped gall, having a depressed umbo at
the apex. The apical orifice leads into the much-enlarged
epidermal cell which contains the Fungus. This species of
Urophlyctis, which does not extend beyond the epidermal
cell, forms resting-sporangia by the conjugation of two cells
derived from different mycelial threads. This I described
in the paper cited.

In the second edition of Rabenhorst’s ¢ Kryptogamen-Flora
von Deutschland, Oesterreich und der Schweiz,’ vol. II. Pilze,
Part 1V, Phycomyceten, p. 131, Alfred Fischer unites the
genera Cladochytrium Nowak., Physoderma Wallr.,, and
Urophlyctis Schroet., into one genus Cladochytrium, and in
it he places the three above-mentioned species. As to the
formation of the resting-spores in this enlarged genus Clado-
chytrium he says (p. 132): ‘Die Dauersporen entstehen
entweder an Stelle der Sporangien aus der inhaltsreichen
Zelle der zweizelligen Anschwellungen und tragen dann eben-
falls eine kleinere, leere Anhangszelle; oder terminal an
kurzen, von den Sammelzellen ausgehenden unverzweigten
Fiden, deren Enden anschwellen und, ohne sich wieder zu
theilen, zur Dauerspore werden.’ Fischer does not therefore
admit the process of conjugation from which the resting-
spores of Urophlyctis originate, but considers the anthe-
ridium to be that cell of the two-celled swellings which is
less rich in protoplasm.

Without any mention of Fischer's opinion, however, Schroeter
retains the genera Physoderma, Cladochytrium, and Urophlyctis
in Engler and Prantl’s ¢ Natiirlichen Pflanzenfamilien,’ I. Theil,
1. Abtheilung, pp. 81 and 86, and refers the last-named genus
to his tribe Oochytriaceae. Possibly at the time when
Schroeter wrote, Fischer's paper had not yet been published,
and nevertheless he quotes Fischer’s ¢ Phycomycetes’! amongst
the more important literature on the Chytridiaceae. It may

' In Rabenhorst’s Krypt.-Fl. Deut., 1. Bd., ivte Abtheil.  Leipzig, 18¢3.
Lieferungen 45-47.
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be that the last number was issued during the revision of
the proofs.

I can confirm Schroeter’s statements concerning the forma-
tion of the resting-spores of the oosporangia, having repeatedly
examined Urophlyctis Kriegeriana, U. pulposa, and also a
third species belonging to this genus.

As mentioned above, U. Kricgeriana presents the appear-
ance of pearl-like galls on the surface of the stems, leaves,
and floral parts of Carum Carvi. Neighbouring galls often
fuse more or less completely, thereby forming smaller or
larger hyaline punctate crusts, especially on the surface of the
stems (Fig. 1). Every gall has externally at its apex a more
or less depressed umbo (Figs. 1 and 2), which leads into a very
large cell occupying the centre of the gall. U. Kriegeriana
occurs only within this cavity. The inner membrane of this
enlarged central cell always reaches the base of the umbo,
and is at that point exposed; but with that exception the
cavity is surrounded on all sides by a wall consisting of many
layers of cells. The membrane at the free apex is traversed
by a myceclial thread which dilates immediately below into
a vesicle, from which, in young galls, hyphae originate
(Figs. 3-5 and 9). These hyphae form swellings which grow
into conjugating cells (Figs. 6-7), and hyphae of the same
kind are attached to many points of the cell-wall. They
either immediately produce the conjugating cells or, more
rarely, they first form a swelling from which delicate hyphae
arise (Fig. 6), and these form the conjugating cells. Conju-
gation takes place as described by Schroeter. The cells,
which conjugate by means of a connecting channel, always
originate from distinct hyphae. At first the conjugating cells
differ but slightly in size ; one of them, however, soon enlarges
considerably, whilst the other remains small, and its contents
pass through the connecting channel into the larger cell
(Figs. 10, 13). :

It is noteworthy that the male cells giving off their contents
always spring from one distinct set of hyphae; so that we
have herc male plantlets developing at long intervals male
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cells which conjugate with female cells originating from other
hyphae (Figs. 10and 13). The hyphae often branch, especially
from the male cells (Figs. 10 and 11).

As Schroeter has already described in the case of Urophlyctis
pulposa, the receptive and enlarging cell separates also, in the
present instance, from the parent hypha. Therefore I have
not been able to determine whether a single hypha produces
several receptive or female cells.

The female cell enlarges, becomes filled with dense proto-
plasm containing oil-globules, and develops a thick brown
cell-wall. On the side where conjugation with the male cell
takes place it remains flat and depressed in the centre. The
process of conjugation can be most clearly observed, as
Schroeter has done in the case of U. pulposa; and I believe
that Fischer was led to his conclusions rather from descrip-
tions, and the statements made by Biisgen as to the formation
of resting-sporangia in Pkysoderma, than from actual personal
investigation of the subject.

From the structure of the gall, as described, it is most
probable that the germs of the parasite enter an epidermal
cell, which in consequence swells considerably and causes
frequent divisions in the surrounding epidermal cells. The
particular cell attacked by U. Kriegeriana becomes the
central cavity of the gall, whilst the surrounding epidermal
cells undergo repeated subdivision and form a wall around
it consisting of several layers of cells, leaving at the apex
a crater-like opening.

As before stated, U. Kriegeriana grows only within the
enlarged cavity of the gall, and never extends beyond it.
The development of the wall of the central cell corresponds
with this. The wall thickens considerably, almost attaining
the width of the neighbouring cell-layer of the envelope of
the gall. It never exhibits the sieve-like perforations or the
grating-like appearance which De Bary and Schroeter have
described in U. pulposa. The strong imperforate membrane
is not traversed by the delicate hyphae of the Fungus, and
the parasite remains confined to its enlarged host-cell.
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I have never observed the formation of other propagative
organs, especially the development of zoosporangia, although
I have often directed my attention to this point. The forma-
tion of zoosporangia seems to be wanting here, as in the case
of Schroeter’s L. major, or it may, perhaps, be restricted to
the germination of the oospores.

Urophlyctis Kriegeriana is very common on Carum Cares
throughout Europe. Besides Saxony and Bohemia, the only
habitats known to me up to 1888, it has since been found in
Thuringia by F. Thomas?, and Herr E. Ule has discovered it
near Coburg, according to a specimen communicated to me.
G. de Niessl has collected it near Schwarzkirchen in Moravia,
and distributed it under the name of Protomyces macrosporus,
Ung., in Rabenhorst’s Fungi Europaei, No. 1100. Herr
Friederich Stolz gathered it in the Gschnitz valley and in
the Stubai valley, Tyrol ; and Blytt has found it in Norway 3.

I am able, however, to record its occurrence not only on
Carum Carvi, but also on Pimpinella Saxifraga. The Fungus
which W. Voss has indicated on Pimpinella Saxifraga as
Synchytrium aureum, Schroet., in the first part of his Myco-
logia Carniolica (in ‘Mittheilungen des Musealvereins fiir
Krain,’ 1889), p. 17, is my Uropllyctis Kriegeriana, as 1 have
proved by a specimen communicated to me by Herr W.
Voss himself. Perhaps the parasite also occurs on other
Umbellifers 3.

Another species of Urophlyctis 1 knew to be the cause of
a serious disease of the Beetroot in Algiers. L. Trabut
reported* on a disease observed on the thick primary roots
of Beta vulgaris, var. rapacea, at Rouiba, near Algiers. It
consists of thick fleshy botryoid swellings contracted at the

! Mittheilungen des Botanischen Vereins fiir Gesammtthiiringen, Bd. viii, 1889.

? Bidrag til Kundskaben om Norges soparter iv, p. 35 in Christiania Videnskabs-
Selkabs Forhandlingar, 1896, No. 6.

* In a collection of Fungi made by J. Bornmuller in Persia, 1892-93, and sent
to me for investigation, I found Urophlyctis Kriegeriana on Carum persicum,
Boiss. from the province Kerman, on Mount Kuh-tagh-Ali, near the city of
Kerman, 3,100 m. above the sea. (No. 4402 of J. Bornmuller, Iter Persico-
turcicum, 1891-93.)

¢ Comptes Rendus de ’Académie des Sciences de Paris, June 4, 1894.
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base. Trabut proved these to be due to the presence of
a Fungus which he named Entyloma leproideusn, and described
and figured it afterwards in the ‘ Revue Générale de Botanique,’
T. vi (1894), p. 409, under the name of Oedomyces leproides,
Saccardo having founded upon it the genus Oedomyces.
Subsequently Saccardo and Mattirolo published an elaborate
paper on the subject in Malpighia anno X (1895). Trabut,
Saccardo and Mattirolo state that the Fungus occurs in cysts
provided with a strong membrane (quasi cellulas giganteas).
The cysts are scattered irregularly through the swellings, and
the spores are produced from evanescent hyphae by acrogenous
and intercalary abstriction. Saccardo distinguished it from
Entyloma, mainly ¢ cystis vel singularibus et forma subhemi-
sphaerica sporarum.” Trabut describes the spores thus: ‘ De
forme sphérique déprimée avec pédicelle trés court, inséré sur
une éminence au centre de la face déprimée. . .

These authors refer the Fungus to the Ustilagineae. Sac-
cardo and Mattirolo support this view by pointing to the
formation of the cysts within the tissue of the root of the
host-plant, to the new growth caused by the parasite, to
the acrogenous and intercalary origin of the spores, and
finally to the structure and colour of the latter. Ed. Prillieux,
in his work, ‘ Maladies des plantes agricoles et des arbres
fruitiers et forestiers, causées par des parasites végétaux,’
Tome I (Paris, 1895), pp. 193-1g7, refers to this disease
and assigns the Fungus to the Ustilagineae.

Thanks to the kindness of Professor O. Mattirolo, who
sent me a specimen in alcohol, 1 have been able to examine
this Beetroot parasite. It proves to be a Urophlyctis, and
must therefore bear the name U. lproides (Trab.), P. Magn.
The cysts have a wall of exactly the same thickness as the
central cell of the gall of U. Kriegeriana, and the parasite
lives also exclusively within the cysts, as the authors above
cited have shown.. According to these authors the cysts are
embedded singly in the parenchyma of the swellings, and
originate from the hypertrophy of the cells attacked by the
parasite. I cannot quite confirm this. I found rather that
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many cysts are connected with each other by narrow tubes
originating from the cysts (Fig. 17). Each cyst throws out
pointed processes which penetrate the parenchyma, and then
at intervals widen out again into fresh cysts; each new cyst
does the same and so on (Figs. 17-22). It often happens
that many such tubular processes spring from one cyst; they
may be short or long, wide or narrow: and they may
frequently be followed a long way through the tissue. The
tubes are provided with the same kind of thick membrane
as the cysts. The observation of young processes and small
cysts shows that the protoplasm affected by the parasite
enters them, and that this protoplasm leads the way for the
Urophlyctis that follows at a later period. In any case I have
not succeeded in tracing the hyphae of the Fungus in the
protoplasm of the youngest swellings. The parasite, however,
soon follows, and entering these swellings often forms new
spores within their wider portions (Fig. 18).

It is only in the narrowest portions of the channels, as
shown, for instance, in Figs. 22 and 23, that the formation
of spores is suppressed. The majority of the cysts of one
swelling are therefore connected with each other, or rather
they are excrescencesof a single cyst pervading the parenchyma
of the swelling.

The only difference between this growth and that of the gall
of Urophlyctis Kricgeriana is that the development of the
cell attacked by the latter parasite, and consequently also that
of the gall, is limited. On the other hand, in the case of U.
leproides, the cell attacked by the Fungus grows without limit ;
it pervades the parenchyma, the frequent divisions of which
are the cause of the cell's growth into the new tissue, while
it reacts on the parenchyma as a stimulus for still further
divisions. Thus the large botryoid swellings on the upper
part of the root of Beta vulgaris, var. rapacea, make the
disease very conspicuous.

The wall of the infected cell is also in this case very thick,
and it never possesses sieve-like perforations as in U. pulposa
and U. major. The formation of spores takes place in exactly
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the same manner as in U. Kriegeriana. In this species there
are also certain hyphae which produce only male cells, and often
branch from these cells (Figs. 24, 28-30). It is remarkable, as
I have observed, that the male cells are sometimes divided by
septa (Figs. 32, 33). They conjugate by means of a narrow
connecting channel through which the protoplasm of the male
cell passes into the female (Figs. 24,28,29). The conjugating
cells are alike, or differ only slightly in size at first (Figs. 28
and 32); but the receiving-cell soon enlarges considerably
and separates from the mother-thread, the remains of which
are only seldom perceptible (Figs. 29 and 337). Thus it
would appear that conjugation always takes place on the
side opposite the stalk. This conjugating side remains also
flattened and usually somewhat depressed in the centre, as
the authors quoted above have described and figured, and
eventually a strong brown membrane is formed. No swarm-
sporangia are known: it is, however, quite possible that they
exist, as so far only the cysts of the inner tissue of old galls
have been examined, not the surface of young galls. The
specimen I examined did not show any zoosporangia.

The case is very different in Urophlyctis pulposa, the
development of which has already been described by Schroeter
in its more essential features. The parenchymatous cells
infected by the parasite enlarge considerably, but at the
same time the wall is perforated, owing to the action of the
parasite, by local gelatinization, whereby their protoplasm,
together with that of the parasite living in it, passes into
the surrounding cells (Figs. 14-16), causing in this case also
considerable enlargement (Fig. 14). Thus the parasite wanders
through the perforations of the wall caused by local gelatiniza-
tion of the membrane from one cell to another, and all the
infected parenchymatous cells of an infected area represent
a continuous system of cavities pervaded by the parasite, and
often intermixed with unchanged small parenchymatous cells
(Fig. 14).

Schroeter, in Engler and Prantl, Natiirl. Pflanz., 1. Theil,
1. Abtheil., p. 86, also refers his Physoderma Butomi to the
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genus Urophlyctis without giving any reasons for so doing.
Should it actually belong to this genus, and form resting-
sporangia—in contradiction to the statements by Biisgen—
by conjugation, then it would represent a Urophlyctis which
wanders from cell to cell by means of its mycelium, and does
not cause the host-cells to increase in size. In future years
I hope to extend my investigations to such species of
Plysoderma.

In every case it is of great interest to discover the different
ways in which the various species of Urophlyctis affect the
host-cell, and the tissue of the plants on which they are
parasitic.

The figures which accompany this paper have been drawn
from nature by Dr. Paul Roeseler in my presence. To
Dr. Stapf I am much indebted for his kind assistance in
translating this paper.

EXPLANATION OF FIGURES IN PLATES
VII AND VIIL

Illustrating Professor Magnus’s paper on Urophlyctis.

Figs. 1-13. Urophlyctis Kriegeriana, Magnus, on Carum Carvi from Prossen
in Saxony.

Fig. 1. Transverse section of the stem with several confluent galls. x15.
The galls are cut in the tangential or median planes; only the latter show the
umbo (%). x15.

Fig. 2. Transverse section of the stem with a single gall cut through the
apex (#). x 106,

Figs. 3-5. Longitudinal sections of the apex (#) of the galls. The short
mycelial threads that have penetrated the membrane of the infected cell are
shown enlarging into vesicles from which originate long mycelial threads. x 390,

Fig. 6. A single mycelial thrcad attached to the cell-wall. It shows a vesicular
enlargement from which spring hyphae that give rise to conjugating cells.

Fig. 7. Mycelial threads attached to the cell-wall. These have formed con-
jugating cells. x 390.

Fig. 8. Mycelial threads attached to the cell-wall.  x 390.



96  Magnus.—Some Species of Genus Urophlyctis.

Fig. 9. Apex of the host-cell (x) showing the vesicle from which originate
the mycelial threads. One mycelial thread is shown attached to the cell-wall.

Figs. 10-13. Conjugating cells. The male conjugating cells are modified
from special mycelial threads with long internodes, which frequently branch out
from the male cells. They conjugate with the female cells through narrow
fertilization-channels.  x 390.

Figs. 14-16. Urophlyctis pulposa (Wallr.), Schroet., on Chenopodium.

Fig. 14. Large parenchymatous cells of Chenopodium rubrum (Karlsbad,
Bohemia) in which the parasite grows; next to unchanged parenchymatous cells
which remain small. The walls of the neighbouring infected cells are pierced
in a sieve-like manner, and the mycelial threads may be seen passing through the
pores from one cell to the other. At a a young parenchymatous cell is shown,
into which, in the young state, the mycelial threads of Urophlyctis pulposa hav
entered through the pores in the cell-wall. The cell is beginning to swell; the
mycelial threads have as yet formed no conjugating cells. x420.

Figs. 15-16, Cells in which Urophlyctis pulposa has developed, showing the
sieve-like perforated walls. x207.

Figs. 17-31. Urophlyctis leproides (Trab.) P. Magn., on Beta vulgaris, var.
rapacea, from Rouiba in Algiers.

Figs. 17-23. Transverse sections of the galls showing the cysts.

Fig. 17 shows several cysts connected together by channels which arise from
the cysts. The latter are shown also in Figs. 19-21. Figs. 22 and 23 exhibit the
separate long connecting channels of the cysts of the galls. Fig. 18 shows these
in part cut in transverse section. (Figs. 17-20, x 111; Figs. 18, 19, and 23,
x 162 ; Figs. 21-23, x 420.)

Figs. 24-33. Conjugating cells formed from mycelial threads.

In Figs. 24, 28, and 29 are shown the threads which give rise only to male
fertilizing cells with long intermediately segmented cells, which branch out from
the fertilizing cells. Figs. 25-27 show the fertilization-channels. Figs. 29 and 33
show at » the remains of the carrying threads of the female receptive cells.

In Figs. 32 and 33 the male cells have become divided. x 420.
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On the Polymorphism of the Green Algae and
the Principles of their Evolution ',

BY

DRrR. ROBERT CHODAT,

Professor of Botany in the University of Geneva.

HE classification of the Chlorophyceae has from time to
time been the subject of numerous discussions, and even

now it is by no means considered as settled. After comparing
the different systems proposed by Rabenhorst? Gay3, Klebs*,
De Toni?® and others, it is easy to understand how it could be
possible for so distinguished a botanist as Sachs® to say: ‘It
is certainly a great mistake to oppose the Chlorophycecae to
the other Algae (Cyanophyceae. Rhodophyceae, Phaeophyceae)
as a distinct type ; such a division has nearly the same value
as one in which the Phanerogams destitute of chlorophyll
should be opposed to the green Phancrogams and in which
both should be considered as distinct types. In the Chloro-
phyceae of the systematist several arcketypes lie hidden, each
of which corresponds in its phylogenetic rank to the Arche-
goniatae, the Florideae, the Phaeophyceae, &c. It is not
possible, howcver, in the present stage of investigation of the

' Read before the Botanical Section of the British Association at the Liverpool
Meeting, 1896.

* Rabenhorst, Fl. Europ. Algar.

* Recherches sur le développement et la classification des Algues vertes, Paris,
1891.

¢ Ueber die Organisation einiger Flagellatengruppen, Untersuch. aus dem Bot.
Institut, Tiibingen, 1881-5, p. 300, and Beitr. z. Kenntniss niederer Algenformen,
Bot. Zeit. 1881.

* Sylloge Algarum.

¢ See Sachs, Phylogenetische Aphorismen, Flora, 1896, p. 199.

[Annals of Botany, Vol XI. No. XLL March, 1897.]
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Green Algae, to discover the archetypes in the chaos of the
Chlorophyceae.’

Sachs ! will for the present only recognize as archetypes the
Cyanophyceae, Phaeophyceae,, Rhodophyceae, Conjugatae
(with Bacillariaceae), Siphoneae, and Archegoniatae. He
includes the order Coleochaeteae in the Archegoniatae,
separating it from the Green Algae—an arrangement which
I am unable to accept, for reasons presently to be explained.

One cannot too strenuously oppose such a conception of
the archetypes. It is very clearly evident that the most
striking resemblance exists between the Phaeophyceae and
the Chlorophyceae; the production of zoospores. the origin
and development of sexuality, and the progressive develop-
ment of the thallus occur in a similar manner in both groups.
Their systematic rank as archetypes is of no higher value
than that of the Bryophyta compared with the Pteridophyta.

Whilst agreeing with Sachs in regarding the Conjugatae
as forming a very distinct order, I cannot go so far as he
does when he removes them from the Chlorophyceae and
groups them with the Bacillariaceae, a quite distinct and
remote order belonging to the Phaeophyceae.

Just as we find in the Archegoniatae several distinct groups,
such as the Mosses, Ferns, Equisetaceae and Lycopodineae,
which cannot at present be traced back to any known common
ancestor, so there are in the Chlorophyceae such orders as
Oedogoniaceae, Sphaeropleaceae, Conjugatae, and Siphoneae,
which are only separated from the others by certain tendencies
already known in the whole group.

The Conjugatae, for example, are chiefly characterized by the
mode of their fertilization. Conjugation, however, exists in
certain species of Chlamydomonas (C. Braunii)®. Very highly
differentiated chromatophores are also to be found in the Vol-
vocineae 3, and the zygotes of these are not very different from

' Loc. cit., p. 201.

? Gorochankin, Beitrige zur Kenntniss der Morphologie und Systematik der
Chlamydomonaden, Bull. Soc. Nat. Moscou, No. 3, 1890.

3 See the above-quoted paper; also Schmidle, Chlamydomonas Kleinii, Flora,
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those of the Desmidiaceae. Rooting hairs are not only known
in the true Chlorophyceae but also in the Conjugatae?!, and the
equality of the cells of the filaments is a very common character
in both groups.

With respect to the Siphoneae, which constitute a very
special group, I think that the Vaucheriaceae can be detached
from them with even more reason than the Conjugatae from
the true Chlorophyceae. The multiplicity of the nuclei is not
only common to the Siphoneae but also to many Chloro-
phyceae at an adult stage of their cells (Cladophoraceae, some
Pediastreae) 2.

In this paper I shall set aside those orders which by the
fixity of their characters, or their morphological differentiation,
constitute very peculiar and definite groups among the
Chlorophyceae.

Chlorophyceae
A. EUCHLOROPHYCEAE

Flagellatae—> Volvocineae Palmellaceae—, Protococcoideae

Pediastreae
Ulvaceae B. Siphoneae
CONJUGATAE Ulothricaceae  CLADOPHORACEAE
<Chaetophoraceae

SPHAEROPLEACEAE, OEDOGONIACEAE  Coleochaetaceae

As in similar cases, the proper course to adopt in order to
discover affinities is to ascertain the complete development of
each type under consideration, and to find out the modifications
it undergoes under various circumstances, both in its natural
habitat and also under cultivation.

1894 ; and Chodat, Histoire des Protococcoidées, Bull. Herb. Boissier, IV, 1896,
p- 377-

! Borge, Ueber die Rhizoidenbildung, Upsala, 1894.

* Askenasy, Ueber die Entwicklung von Pediastrum, Ber. d. D. Bot. Gesellsch.,
1888, Heft 3. And also Chodat et Huber, Recherches expérimentales sur
Raphidium, Bull. Soc. Botan. Suisse, 1895, t. v.

H 2
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To know some, or even all, of the constant characters only
is in no way sufficient ; because if they are absolutely constant,
the groups which are endowed with them become very sharply
delimited, and their relation with other groups is very obscure,
as for instance in the Characeae. It is only when we find
representatives in which the important characters are altered
or combined with peculiarities recalling other groups that we
are able to put forward a theory as to the affinity of the
family. The theory will be of no value until the induction
drawn from comparative morphology leads us to find in the
general life-history of the organism some gradual analogy
showing a very dcfinite tendency.

Thus, for instance, in the Archegoniatae the archegonium
and antheridium (putting aside the details of their organiza-
tion) are very constant characters; whereas we see in the
reduction of the number of spores, or the progressive reduction
of the prothallium, analogies tending to a very definite end.

In natural groups there are sometimes concomitant characters
which may not perhaps be mutually dependent but which
generally vary at the same time. Every peculiarity is, as we
know, susceptible of more or less change, sometimes so much
so that it becomes not apparent, but only potential. Thus,
for instance, a plant apparently destitute of le.ves may bear
them when circumstances are more favourable ; this is an indica-
tion that the want of leaves is only an adaptive character. In
some cases the leaves are only found in the younger stages,
the plant being afterwards entirely destitute of them. In this
case the evolution or life-history of the plant in its totality
will be necessary in order to determine its affinities.

For this reason I hoped to derive some fresh information
from the variability, or, as it has been often called, the
polymorphism, of the lower Chlorophyceae.

The theory! put forward in this paper is the result of
a great many observations extending over several years, on

! Sce also Chodat et Huber, Remarques sur le systéme des Algues vertes
inférieures, Archives Sc. Phys. et Nat. Genéve, t. 31, p. 393.
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material obtained partly in nature and partly by the aid of
pure cultures, some of them under the microscope. I have
drawn no conclusions from my work which are not based—
firstly, on the fact that on the same plant (filament or colony)
forms which had been formerly considered as distinct grow in
direct connexion (Cystococcus, Pleurococcus); secondly, on the
observation under the microscope of the production of spores
and zoospores in plants which up to now were considered
destitute of them (zoospores of Eremosphaera, spores of Scene-
desmus, larval condition of Chlamydomonas,&c.); thirdly,on the
fact that in a pure culture all the individuals, or nearly all,
underwent a transformation which could be easily followed
(filament of Pleurococcus, the fixed forms of Raphidium, &c.);
and, fourthly, on the observation that under changed conditions
the new forms are always in relation to their surroundings
(Palmella, Monostroma, Pediastrum). All these observations
have been verified a great many times .

Which are the lowest of the Green Algae it is not easy
to say, because the most simple, namely, those from which
I am inclined to derive the others, are still very highly
organized, and those apparently less complex are merely
reduced forms. Hence it would not be possible for a philo-
sopher to take the lower Green Algae as a basis for the
theory of the origin of life.

It is permissible, however, according to my observations,
to trace the principal groups of the Chlorophyceae back to
the little order of the Palmellaceae, in which are comprised
the following genera: Palmella (miniata)?, Tetraspora, Gloco-
cystis and Apiocystis.

Palmellaceae. Their gelatinous general envelope is pro-
duced by the confluence of the spccial gelatinous cell-walls.
In Palmella the cells are grouped together in all directions
of space; whilst in Zetraspora they are regularly disposed

! These observations are quite independent of the theories of polymorphism
which were formerly advanced by Kiitzing, Hansgirg, and Borzi, and which were
not derived from direct observations or pure cultures.

2 See Chodat, Matériaux pour servir & I'histoire des Protococcoidées, Bull. de
I'Herbier Boissier, 1894, t. 3, p. 585.
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in one plane. The cell divides in two distinct ways. In
the first, after the first or second segmentation within the
gelatinous cell-wall of the mother-cell, the cell-contents are
arranged as in Tefraspora. This arrangement I have called
letrasporoid, or, when the dividing new cell-walls are more
consistent, pleurococcotd. This has been very often described
as vegetative division.

When the cell-wall is more roundish the new_cells have
a tendency to group themselves in three directions, viz. as if
occupying the angles of a tetrahedron: this is the tetrahedric
division, commonly manifested in Gloeocystis®. This I shall
call Gloeocystis-division.

The cells of the Palmellaceae in every stage are, on leaving
the envelope, capable of swarming as zoospores. As the cells
vary greatly in size there is also great variety in the zoospores.

In certain conditions, as for instance when the solution in
which the Algae are cultivated becomes more concentrated,
the cell-walls grow more consistent ; the products of division
not being able to separate themselves from each other,
division goes on, and then this cell is characterized as a
sporangium. By the absorption of the separating cell-walls
in the interior of the mother-cell, the daughter-cells can
assume their rounded form.

Between this formation and the Gloeocystis-stage there is
only a difference in the consistency of the wall of the mother-
cell, and in the degree, more or less, of absorption of the
separating walls of the daughter-cells. Very gradual inter-
mediate conditions are also to be found, and are the best
demonstration that in such lower forms no true distinction
is to be made between the so-called free cell-formation and
the vegetative division. This is very clearly shown in the
genera Monostroma3, Palmella, and especially in Pleurococcus.

From these three principal conditions, which are very
equally represented in the true Palmellaceae, we can derive

! See Gay, loc. cit., p. 9a.
? See Chodat, Remarques sur le Monostroma bullosum, Bull. Soc. Bot. France,
Session Extraordinaire, 1894, t. 41, p. cxxxiv.
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the three important tendencies which rule over the lower
Green Algae.

A. The =zoospore-condition, namely, the unicellular motile
stage, becomes the leading principle in the Volvocineae, in
which the two other conditions are only transient or sub-
ordinate.

B. The sporangium-condition, that is to say the unicellular
motionless stage with a consistent cell-wall, is in the second
group the leading character, the two others being only acci-
dentally realized, or merely transient (Pleurococcoideae).

C. The Zetraspora-stage, namely, where the non-motile
cells are connected by regular cell-walls at right angles, or
nearly so, arising from the division mentioned above, becomes
a preponderant character in the Ulvaceae and the filamentous
Algae by the increasing of the consistency of the walls,
which is the condition of a more definite form of tissue or
filaments ; whilst the two others are merely transient or
reduced. .

These principal lines being established, each of them may
follow a very logical evolution and conform to the leading
principle. In their lower types there will be a less strong
fixity of the main characters, and a much greater resemblance
to the different conditions of the Palmellaceae.

Volvocineae. The general cell-structure of the Volvocineae
is the same as in the Palmellaceae, but with variations due to
their special evolution and to their mode of life. In some
species of Tetraspora, and especially in the curious genus
Apiocystis?, each cell of the thallus is already provided with
two cilia, but these cilia are motionless.

The unicellular Chlamydomonas species, with their gelatinous
envelope, are propagated by bipartition or multipartition
within the mother-cell-wall; the division is at first longi-
tudinal, but in most cases very soon becomes transverse by
the rotation of the separating wall. Very often the four
daughter-cells show a tendency to take the form of the

! See S. Moore, Apiocystis a Volvocinea, Trans. Linn. Soc., Vol. xxv, 1890, p. 362.
Thuret et Bornet, Notes Algologiques.
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mother-cell by the absorption of the dividing walls within
the latter, which is then to be compared to a sporangium
with 4-8 or more zoospores. These are set at liberty by the
rupture of the sporangium-envelope.

In some cases, though rarely, the sporangial division passes
into the Gloeocystis-stage or condition by the gelification of
the wall of the mother- and daughter-cells (CAl. pulvisculus,
CHl. intermedia).

A very interesting condition is that which I have described
" in the case of Ckl intermedia'. We have here a reduction
to a Zetraspora-type, in which the cells are grouped in a
single plane. By the further division of each of the four
cells this stage is able to assume a very singular form, which
I have named the /arval stage. In this case each segmen-
tation in the four cells is in a direction perpendicular to the
division of the next cell. A similar mode of segmentation
is well known in certain Volvocineae ( Volvox and Eudorina)?®.
I have observed it in all the genera of this family, and also
in the lowest forms, such as Chlamydomonas. This condition
has been called the Gonium-stage. It is only a modification
of the ordinary Tetraspora-division, for it may already be
observed in the true Palmellaceae. The only difference is
that here the cell-walls separating the products of the division
are only subsequently gelified, so that all the cells lie very
close to each other, forming a very peculiar plate-like body.

In Chlamydomonas variations are chiefly found in the cell-
contents ; the chromatophore may be continuous or perforated,
with or without one or several pyrenoids; the latter are also
variable in form in the different species. The species of
Sphaerella, with their envelope remote from the body, are
also closely related to Chlamydomonas; in the earlier stage3
they cannot be distinguished from that genus, and the wall is
close to the body. For this reason some young stages of

! Bull. Herb. Boiss., 1894, loc. cit.

2 Goebel, Ueber Ewdorina, Grundziige der Systematik, p. 41, Fig. 17.

3 Cohn, Nova Acta Leopold XXIL Also, Chodat, Neige rouge du Col des
Ecandies, Bull. Herb. Boiss., 1896.
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Sphacerella have been described by several authors as new
species of Ckhlamydomonas (Chi. nivalis, Lagh., Chl. sanguinea).
In some forms of Chlamydomonas the cell-walls become more
and more reduced and are sometimes altogether wanting. From
these forms to the metabolic species and genera? such as
Chloraster, Pyraminomonas, and Polyblepharis, the passage
is easy.

The genus Gonium, which has been separated in nearly all
the systems from Chlamydomonas and placed in a different
family, is very closely related to the latter. They may be
considered as Volvocineae in which the tetrasporoid-stage
is undergone in a motile condition. Gonium sociale can be
very easily reduced to a unicellular form which can multiply
in this stage for a certain time, as is shown by our pure
culture experiments. A Gloeocystis-condition is also very
easily obtained by gradual concentration of the nutritive
solution. G. pectorale, which at its normal stage is a sixteen-
celled motile colony, has been reduced in our experiments
to four-celled colonies, which are very like G. sociale. We
could only determine by further cultivation to which of the
two species such forms belonged. In these young stages
of G. pectorale each cell of the four-celled colony divides into
sixteen, and thus produces successively or simultaneously four
new sixteen-celled colonies. This can be very clearly verified
in cases where only a single cell of the tetrad divides. This
species is also capable of subsisting in a unicellular stage.

In Pandorina the earliest stage is the larval condition, which
is transformed by degrees into a globular condition by the
rolling in of the edges; in_certain cultures of this species,
however, I could obtain motile stages of the shape of Gonium
pectorale 3, only less regular ; and also by gelification, resting-
stages like the Glococystis-stage of Gonium sociale.

! Lagerheim, Die Schneeflora des Pichincha, Berichte der Deutsch. Bot. Ges.
1893, p. 517, tab. xxviii.

? See Dill, Die Chlamydomonas und Verwandte, Jahrbiicher fiir wissensch. Bot.
xxviii, 1895.

?* Loc. cit., Matériaux pour servir, &c., I, pp. 593 and 597.
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The origin of the thirty-two cells of the coenobium of
Eudorina is the same as in Pandorina; we have here merely
the larval stage more advanced in division, following the same
law. By degrees the thirty-two cells thus formed group
together into an ellipsoid, which at first is open at one end.
Up to the adult condition this origin is still apparent, the two
poles being different. Non-sexual reproduction by the
formation of a coenobium of four to eight cells arranged as in
Pandorina, viz. close to one another and not surrounding
a gelatinous body, is very often produced in our cultivations.
These may be easily distinguished from Pandorina by the
mode of attachment of the cilia and the more globular shape
of the cells.

The origin of a Volvox-colony is quite the same!. The
larval-condition is here still more pronounced than in the
others; but owing to the greater specialization of the indivi-
duals composing such a colony, the polymorphism is less
marked. A unicellular stage is up to the present unknown.
Thus considered, the Volvocineae constitute a very natural
group in which the prevailing tendency is to replace the
resting-stage of similar Palmellaceae by the motile condition.
The evolution of the group can be followed step by step. As
has been demonstrated in Chlamydomonas, we can trace two
different lines of development ; one has a tendency to retain
the unicellular condition, the other to form a more or less
complicated colony.

The possibility of an indefinite variation in Chlamydomonas
is also very clearly shown by the variability of the cell-
contents, which are very uniform in the other Volvocineae,
and still more in the different forms of sexuality found in this
genus. Isogamy, heterogamy, and conjugation? have been
observed ; whilst from the isogamous Chlamydomonas or
isogamous Gonium?® to the very highly differentiated anthero-

' See Kirchner, Stein und Klein, in Pringsheim’s Jahrb. £ Wiss. Bot. XX, and
in Cohn’s Beitr. zur Biolog. III.

? Gorochankin, loc. cit.

* Chodat, Matériaux, I, p. 597.
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zoid and oosphere of Volvox, there are the two graduated
intermediate stages in Pandorina and Eudorina.

Protococcaceae.—In the same way that it is possible
to derive the Volvocineae theoretically from the Palmellaceae
by the prevalence of one of their peculiarities, namely, their
motile stage, it is not less natural to imagine a similar origin
for the Protococcoideae, in which group the motionless
sporangium-stage is the most important.

As the close connexion between the two groups is not so
clearly apparent as in the former case, we may consider the
Protococcoideae either as the product of a special evolution
from a reduced stage of filamentous Algae; or else, as appears
to me more natural, as the direct product of the evolution
of sporangium-conditions in supposed Palmellaceae.

In the lower forms there are globular cells with smooth
or more or less ornamented cell-walls ; the latter are generally
the firmest. Their propagation takes place by the develop-
ment of zoospores or spores. All their reproductive processes,
however, show a very marked tendency to transform these
motile elements into resting-spores.

We have in Golenkinia radiata (Chod.)! a particularly
instructive case. The globular cell has a rather thick cell-
wall with filiform radiating prolongations; multiplication
takes place by discharging four naked and half-amoeboid
spores, which soon become clothed; in other cases the cell
can be revived by the extrusion of its cell-contents provided
with a new smooth though thin cell-wall. Multiplication
in this stage takes place by the production of quadriciliate
zoospores. I have also described the same in the case of a
gelatinous Gloeocystis-condition. The production of motile
elements is replaced in the adult stage by naked non-motile
spores, which under special conditions may be transformed
into very definite spores with thick cell-walls.

Palmellococcus* is a genus producing in its natural habitat

! Chodat, Golenkinia radiata, Journ. de Botanique, 1894, tab. 8, p. 305.
¢ Chodat, Matériaux, I, p. 600, loc. cit.
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(wet walls) from two to four spores with rather thick walls.
Simply by cultivation in common water the production of
numerous naked spores is obtained in a few hours. They
are, as in the former case, extruded by the gelification of the
separating walls, and finally this substance disappears by
solution. The nature and persistency of this material plays
a very important part in the evolution of this group, as will
shortly be shown. The limit of the number of normal spores
is as a general rule two or four; the maturation of these
spores is rapid, and when they are discharged from the
mother-cell they have already acquired the peculiarities of the
latter. In this case it is not surprising that the production of
zoospores takes place so rarely.

The form of the mother-cell is in the lower species, or
in the lower conditions, globular, but in some other species
or adult conditions it becomes altered, and a great variety
is found among the representatives of this group (Qocystis,
Kirchneriellat, Lagerheimia®, Nephrocytium).

These different forms existing, two kinds of reproduction
can take place. First, the cell-contents being divided into
four (as is the case in most of them), these are sometimes only
discharged very tardily. Growth takes place within the
mother-cell, and by direct heredity these spores assume by
degrees the same form as the mother-cell. The most striking
example is given in Lagerkeimia genevensis, a single-celled
ellipsoid form, with four to eight long prolongations; the spores
at the moment of their expulsion, and even before, are
provided with the same appendages. Such a spore, having
at the moment of its extrusion the form and external
peculiarities of the mother-cell, has been named by me an
aulospore.

In such cases this mode of reproduction, although the
commoner and more fixed mode, can be replaced under other
conditions by true spores, and also, but very rarely, by
zoospores, from which the others are derived, as is in some

! Chodat, Bull. Herb. Boiss., 1895, p. 301, Fig. 3.
3 Sur le genre Lagerhesmia, Nuova Notarisia, 18y5, p. 86.
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cases very clearly shown, partly by experiment, partly by
comparison with allied species.

Sometimes the autospores are after their extrusion quite
free (Lagerkeimia, Oocystis p. p., Dactylococcus), sometimes
they are surrounded by the gelatinous envelope formed as
stated above ; this is the case in Kirchneriella, Nephrocytium,
&c. Lastly, the autospores which are not in this case
surrounded with this jelly, are united together by threads
formed of this substance, as in Dactylococcus infusionum’.
It will be easily understood that under such conditions the
arrangement is very variable, the cells being attached together
either in one continuous row or in radiating threads, or
forming a branched gelatinous filament.

In this case the form of the mother-cell is susceptible of
great variation (in the same species), the more modified form
being a spindle-shaped cell. All these forms may be obtained
in a pure culture at the same time by gradual transformation.
When the four spindle-shaped autospores are not set free
by the solution of the gelatinous matter, they often remain
attached in a single row as they werein the mother-cell, and
by their expansion in a plane constitute the well-known
coenobium of Scenedesmus acutus. All these transformations,
and those above described, I have observed a great many
times, and it is very easy to repeat them.

As a further step, this little coenobium producing similar
autospores united together in a row at the instant of their
expulsion, the production of an awfo-colony takes place.
Under commonly observed conditions this so often occurs
that it has been considered as the only mode of reproduction
in Scenedesmus. It becomes more constant, however, in some
other species of the same genus, such as S. guadricauda,
which is generally provided with long spines. In Raplhidium?
we have in a way a repetition of this method of propagation;
the long spindle-shaped cell divides within the thin mother-

! Chodat et Malinesco, Sur le polymorphisme du Scenedesmus acutus, Bull. Herb.
Boiss., 1896, t. iv, p. 184; et ibid,, 1893, p. 640; et Chodat, Matériaux, I, pp.603,608.
! Chodat, Matériaux, I, p. 608, tab. 26.
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cell twice transversely; the four superposed cells show
a tendency to elongate and to assume the spindle form of the
mother-cell. Finally, by absorption of the cell-wall they are
set free, as though they had originated by simple fission.

When there are some filaments of Vawckeria or other Algae
in a culture of Raphidium Braunii, the latter plants develop
a little disk at one end by which they become attached to the
filament. In this case the difference between the two poles
is clearly demonstrated by the behaviour of the products of
division. In most of the individuals so attached, the wall
of the mother-cell becomes more resistent at the base, and
only the upper part is dissolved; the new Raphkidia are
discharged and very often remain attached to the edge of the
cupule-like mother-cell. This process being repeated, a very
elegant bush-like colony arises, and a certain similarity to the
case of Sciadium is produced.

The polymorphism of this species is very considerable.
A simjlar evolution of the fixed stage of Dictyosphaerium has
also been described after repeated observations.

All these different Protococcoideae can be reduced to uni-
cellular globular conditions, in which they behave like the
sporangia of Palmella or Dactylococcus®. 1 have also obtained
from all the genera a gelatinous condition like Palmella by
the suppression of the motile element and the disappearance
of sexual differentiation. Up to the present time isogamy
has been described in only a very small number of species.

The Pediastreae constitute only a parallel group or sub-
order to the former one.

As I have just shown that the coenobium of Scenedesmus,
Raphidium and others can be derived from unicellular and
spore-producing types, the same theory is also applicable to the
Coenobieae. Leaving aside Hydrodictyon, which seems to be
a very peculiar type, the others are grouped in several small
series.

The first series has as its higher type the curious genus

! Chodat, Bull. Herb. Boiss., 1895.
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Hariotina, and as intermediate forms the different species of
Coelastrum.

It may be imagined that Coelastrum sphaericum, for
example, has been derived from a lower form of the Proto-
coccoideae with autospores. As in the former series, the
spores may be at the time of their expulsion either free or
united together by intermediate mucilaginous matter. In
such a theoretical type the autospores would have been
grouped in a globular colony. This may often be observed
in some very doubtful species, such as the so-called Ckloro-
coccum infusionum, Pleurococcus angulosus, &c., described by
Artaril,

One of the causcs of the production of auto-colonies,
in this and in other cases, is the rapid multiplication of
the nuclei. At a very early stage of their development
after their extrusion, the cells of the Pediastreae contain
several nuclei (4-32-64). By direct heredity each of the cells
assumes within the mother-cell the shape of the parent, and
when the mother-cell is provided with sculptures or prolonga-
tions, as is the case in some species of Coelastrum and in
Hariotina, these appendages are already formed at the instant
of the extrusion of the new colony.

This theory of the evolution of the group may be demon-
strated by the very specific variations of the different species
of Coelastrum, for example C. sphaericum?®. In the ordinary
condition the cells of the coenobium of this species remain
united together at the time of the birth of the young colonies.
The cells of the parent colony are for the most part emptied
of their contents; in other cases each of the cells of the
cocnobium is separated, and can produce a new colony in this
condition of desaggregation, or else may give birth to a two-
cclled body (as occurs in Sorastrum)in the cells of which new
colonies are formed. Lastly, gelatinous unicellular or multi-
cellular conditions are possible.

1 Untersuchungen iiber Entwicklung und Systematik einiger Protococcoideen,
Bulletin de 1a Société Imp. des Naturalistes de Moscou, No. 2, 1892, p. 29.
* Chodat, Sur I'Evolution de Coelastrum, Bull. Herb. Boissier, 1896, p. 273.

v
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In a similar manner Sorastrum ' may be derived from some
unicellular Polyedrium, as 1 have shown ; and the same thing
is highly probable with respect to Pediastrum, which is con-
nected with the unicellular Polyedrium-forms through the
interesting genus Ewuastropsis®. But in this latter small group
curiously enough the zoospores are still present ; discharged as
in other cases by the walls becoming gelatinous, they remain
enclosed in the vesicle, and their evolution takes place within
it. Finally, a new coenobium is formed. Ihave demonstrated
by experiment that it is possible to induce Pediastrum to
form the new coenobium directly within the mother-cell
without the intermediate stage of the enclosed motile cells.
By concentrating the nutritive solution, Pediastrum produces
new colonies in the manner shown in Coeclastrum, i e. typical
aulo-colonies.

In Hydrodictyon, which seems to be a very special type, an
intermediate condition between Pediastrum and Coelastrum
occurs. The swarming stage is attained not, as in Pediastrum,
outside the mother-cell, but within it. The question whether
Hydrodictyon properly belongs to this group seems to me an
open one. Perhaps the likeness to the Pediastreae is due to
a convergence rather than to a common origin. There are in
fact so many analogies between Cladophora and this genus
in the mode of formation of the zoospores,and the constitution
of the cell, that a new line of comparison is required.

To sum up: we have in the Pediastreac a repetition of the
evolution of the other Protococcoideae, and a great analogy
with the Volvocineae in the complication of the thallus, though
for reasons which are quite independent in both groups.

Ulvaceae-Chaetophoraceae. The type which is realized in
the Ulvaceae is still essentially similar to that of the true
Palmellaceae. In fact there is only the greater consistency
of the walls and, consequently, the more definite form of the
thallus. It is true that here the cells of the thallus are more

! See De La Rue, Sur le développement du Sorastrum, Ann. Sc. Nat., sér. V.
t. 17, 1873, and Chodat, Evolution des Coelastrum, loc. cit., p. 275.
? See Lagerheim, Ueber Arktische Kryptogamen, 1, Tromss-Museum, 1894.
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regularly disposed, and the number of the cell-rows also is
determinate. With the gradual evolution in the external
morphology, the thallus of the marine species becomes very
definite, and in some cases, like Enteromorpha, active apical
cells play a predominant part in the development of the new
tissues. Through the genus Monostroma?, and especially
through the fresh-water species, the Ulvaceae are closely
connected with Zesraspora. The disposition of the cells
dividing at right angles, above described in the Volvocineae
and Palmellaceae, is here also of very common occurrence.
With regard to the early development, there are several very
variable modes. The young thallus may take a globular,
tetrasporoid, or shortly filamentous shape. The Palmella-
condition is also found under certain circumstances in Mono-
stroma, and resting cells with thick cell-walls are very easily
formed, as in the Palmellaceae. The production of macro-
and micro-gametes or zoospores takes place in the same
manner, and isogamy is quite as frequently observed. There
can be no doubt, therefore, about the close affinity of the
Ulvaceae to the Palmellaceae.

The same may be said of the Chaetophoraceae, which
constitute another group. The polymorphism of Stigeoclonium
is well known 3 ; this Alga with its branched filaments can
assume a Palmella-condition*, and in every stage of its life
exhibits some very striking modifications. The adult plant
consists of a rhizome with branched filaments and swollen cells,
from which rhizome arise further branched filaments terminating
in hairs. But the ramifications are very inconstant, and con-
sequently the different species have not been distinguished
with accuracy. Each of the cells can separate® from the

! Chodat, Monostroma bullosum, Soc. Bot. France, loc. cit.

3 Reinke, Ueber Monostroma bullosum, &c. Jahrb. f. Wissensch. Bot. II,
p. 331,1878.

* Famintzin, Die anorganischen Salze, Bull. de I'Acad. Imp. des Sc. St. Pétersb.,
XV1I, p. 31.

¢ Cienkowski, Zur Morphologie der Ulothrichien, Bull. de I'Acad. Imp. des Sc.
St. Pétersb., XXI, 1876.

* Chodat et Huber, Remarques sur le systéme des Algues Vertes, Archives des
Sc. Phys. et Nat., Genéve, 1894, p. 395.

I
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whole by forming a macro-zoospore (as in Palmellaceae) or by
transformation into a Palmella-stage. The first modification
takes place generally in the erect filaments, the second is more
commonly found when the plant is in the rhizome stage.
Each of these cells can form a globular sporangium with 4-8
quadriciliate zoospores; in other cases subdivisions are
effected, as in Zefraspora, and these can gradually pass into
a Gloeocystis-condition or Protococcus-condition for the same
reasons as above indicated in the Palmellaceae. In the
Protococcus-stage (sporangium-condition) the zoospores can
be transformed into spores which by mutual pressure become
more or less polyhedric. After the destruction of the cell-
wall these daughter-cells may remain united together and
constitute multicellular bodies, from which zoospores or spores
similar to those of the mother-cell escape.

But I have also observed the same thing in the erect
filaments and also in the gelatinous condition. In all the
lower Chaetophoraceae, Ctenocladus, Chaetonema?, Endoclo-
nium, similar conditions also exist. In the genera Chaetoplora
and Draparnaldia this is less marked and confined to special
developments.

This polymorphism, which shows us so clearly the rela-
tion of this group to the Palmellaceae, is of the greatest
interest, and is similar to, though not identical with, the
following, studied by me in Pleurococcus vulgaris.

This plant is apparently well known. It grows on the bark
of trees, on wet stones, on turf in mountainous places or on
bare wood in damp places, and is of a characteristic green
colour. In opposition to Gay, Artari, and Klebs, who believe
in the fixity of the form of this Alga, I have arrived at the
conclusion, after three years of continuous research, that its
variability under different circumstances is very great. Under
this name we must include not only the common form without
a pyrenoid, but also the similar one with a pyrenoid (P/.

! Huber, Sur un état particulier de CAagefowema, Bull. Herb. Boiss., 1894,
p. 164.
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simplex, Artaril), as well as such very different forms as Cysto-
coccus and Protococcus vulgaris.

This plant having been considered as the type of the so-
named ‘ Pleurococcaceae’ by recent authors,such as Klebs,Wille,
&c., it is necessary to give somewhat full details concerning it.

As generally described in its natural and commonest con-
dition, the four cells are arranged in one plane, and each cell
is characterized by a parietal chromatophore. By repeated
divisions very regular thalli are formed, in which the cells lie
close together. This very common condition of Pleurococcus
vulgaris is the aerophilous form, which produces a more or
less thick stratum on the bark of trees. In a nutritive solution
the culture of this plant, gathered in very dry places, is often
impossible. 'When, however, in such a solution, the aeration
is good, some, or all, of the individuals grow very well, and
after some days or weeks the formation of a short filament
begins by the protrusion of a prolongation continuous with
the Pleurococcus-cell. In some cases, out of the four or eight
cells of a thallus, only a single one produces such an ex-
pansion, so that it is unquestionable that the filament belongs
to a true Pleurococcus vulgaris. In other instances from two
to cight do the same. The growth of the filaments is always
slow, and when they become more elongated division by
segmentation occurs. This may also be observed in larger
thalli which are covered with short or long hairs arising from
nearly all the outer cells. When circumstances are favourable
almost all the individuals develop in the same way, and a
great many little branched or unbranched filaments spread
in every direction. I have not been able to obtain filaments
exceeding twelve cells in length; the thalli often appear to
be more branched, but this is due merely to the fact that the
four initial cells of the normal Pleurococcus from which the
filaments originated still remain united ; in this case the rami-
fication is radiating. I have repeated these cultures a great
number of times, and have always obtained the same result.

' Loc. cit., p. 27.
12
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It is not necessary, however, to have recourse to cultures in
nutritive solutions ; in wet years all these developments can
be observed on the bark of shady trees exposed to rain and
moisture. I have renewed these experiments by starting
with Pleurococcus gathered in various localities in Switzerland
and France, and have always arrived at the same result.

A second variation, which is quite as frequent, is the pro-
duction of spores. In cultures or in fresh conditions this
takes place sometimes by the gradual solution of the
separating cell-walls of the thallus. During this process
the cell-contents acquire a special envelope and become more
and more globular. The general envelopc of the thallus is
not altered, but assumes the function of a sporangium-wall.
In this case it may be that on a large thallus one half of the
cells undergo this transformation, whilst the remainder retain
their normal structure. Some of the cells of these small
typical thalli may grow larger and become more globular;
at length the latter are separated from the normal cells and
constitute very different bodies, in which division of the
contents generally takes place very soon, and spores are
formed in this way. This production of sporangia is of
frequent occurrence in connexion with the normal Pleurococcus
cluster of cells, in which I have often observed not only the
above-described sporangia but also at the same time more
or less developed filaments. This shows very obviously how
difficult it is, with regard to this and other productions, to
discover the true cause of their formation, when they grow
not only under the same conditions but even on the same
plant.

Finally, each cell of the more or less complicated cluster
of Pleurococcus can be renovated by a similar process as I have
just described above for the formation of spores from the
vegetative thallus; but in this case the renewed cells retain
the same elongated or more or less quadrangular form, and
are consequently very like some Stickococcus. But this is
only an external resemblance. Stickacoccus is quite a different
Plant, belonging to the Ulothricaceae. All these sporangium-
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formations I have obtained in my pure cultures, and have
also observed them in their natural habitats on many occasions.

Naegeli has distinguished under the name of Cystococcus
a unicellular Alga which he believed quite different from
Pleurococcus. In his drawings the cells are globular, with
a stellate chromatophore, and a very distinct pyrenoid, which
has often been taken for the nucleus. On one side there
is a clear space containing a nucleus. He also describes
a cell-division in which the numerous daughter-cells are
polyhedric by mutual pressure. It is well known that Cys/o-
coccus can produce biciliate zoospores. I have also observed
very minute gametes fusing together a short time after their
expulsion. This plant, if only known in this stage, could be
taken as a type of the Protococcoideae, for in it may be very
easily observed the transformation of the zoospores into non-
motile spores. But Cystococcus is not a member of the Proto-
coccoideae at all; it is merely a stage of the development
of Pleurococcus.

I have already stated how in the same Pleurococcus the
different cells can produce a globular sporangium with spores,
a transformation of a part of the thallus into a false spo-
rangium, and branched or unbranched filaments, and the
same phases may be observed in the Cystococcus in its
typical form, and the true Pleurococcus, which is provided
with very different chromatophores. For instance, I have
repeatedly noticed on the same thallus, with or without
pyrenoids or filaments, typical Pleurococcus-cells with parietal
chromatophores, and one or more Cystosoccus-cells with
a more or less stellate chromatophore. In such cases
I have seen the expulsion of the zoospores or gametes,
whilst in other cells of the same thallus spores were formed .

' There are certainly two varicties or species known under the name of
Plesrococcus vulgaris; the first with more or less stellate chromatophores and
pyrenoids, which in its Cysfococcus-stage can produce motile spores (LPlemrococcus
vulgaris, Menegh. p. p., non Naeg.), and the other without pyrcnoids and with
less stellate chromatophores, from which I could not obtain motile elements
(P!. vulgaris, Naeg. p. p., non Menegh.). In my cultures the two remained quite
distinct.
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The appearance of the chromatophore when the Cysto-
coccus form is developed, or in a free condition, is, as usually
described, somewhat stellate and always with an incision
on one side. By division this appearance often changes into
that of a flat cup, the upturned edges of which cause the cells
to look as if there were parietal chromatophores.

I cannot sufficiently insist upon the fact that all these
various formations are not only found separate and combined
on the same spot of bark, but even on the same thallus.

Besides the formations here mentioned, the student can
follow step by step in older and more concentrated cultures
the development of very curious gelatinous conditions which
are very similar to the genus Hormotila described by Borzi.

To sum up: Pleurococcus, in the various conditions of its
evolution, may develop branched filaments, sporangia with
zoospores, gametes, and spores. This is sufficient ground for
removing this plant from the order Protococcoideae, and con-
sidering it as a type of the Chaetophoraceae, reduced owing
to its existence as a lichen-gonidium.

In this order isogamy only has been described. In a recent
paper one of my assistants, Dr. J. Huber?!, has carefully
studied the curious heterogamy of Apkanockaete, of which
I had at the critical moment collected specimens growing on
Oedogonium. In this epiphyte the central cells of the bilateral
thallus become greatly developed and produce oogonia. At
this time the latter, like the other cells, are provided with
a typical hair. The cells of the periphery contain the
antheridia, which are much smaller and paler, sometimes
colourless, and grouped in a very similar manner to the
antheridia of Coleockacte. The oosphere, which is five to six
times larger, is set free by the swelling of the inner side of
the cell-wall and the rupture of the upper part of the
oogonium. The expulsion takes place'suddenly,and the large
quadriciliate gametes remain enclosed in the mucilaginous
hyaline vesicle, as is the case with the zoospores of the same

! Huber, Sur I'dphanochacte repens, Soc. Bot. de France, Sess. extraordinaire en
Suisse, 1894.
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plant, which likewise bear four cilia and are smaller. The
male gametes are formed in the same way, rarely two in one
cell, but the gelified vesicle is rapidly dissolved and fecundation
can be effected. The fusion of the male gamete with the
very sluggish oosphere, which is at this moment always in
front of the empty oogonium, has been observed. It may
be compared with the corresponding process in Coleockaete ;
in the two genera the oogonium and zoospores are homo-
logous. The oosphere and antherozoid have the same shape
and the same number of cilia as the zoospores. In Coleockaete
pulvinata®, for example, the oogonia and the cells which give
birth to the zoospores are terminal cells. The antheridia
in both genera are also of the same morphological rank;
each antherozoid can be compared to a micro-zoospore. To
this it may be added that the cells of Coleockaete are provided
with chromatophores of the same shape, containing the same
pyrenoids ; and the hairs and zoospores are so clearly allied
to those of the Chaetophoraceae and other Green Algae that
we may justly feel greatly surprised to read in a serious paper
that the Coleochaeteae ? ought to be united with the Arche-
goniatae, and separated from the Chlorophyceae. It is true
the author admits that there is no direct passage from the
Coleochaetae to the Mosses and Ferns. On the other hand,
this direct relationship does actually exist between this group
and the other Chaetophoraceae. Aphanochaete is beyond all
doubt the connecting link which unites the two nearly allied
groups ; in fact, the only difference between the two consists
in the fact that in Coleockaete the oosphere is not motile, and
remains enclosed in a sort of archegonium. But it must be
remembered that in the other genus the oosphere is almost
motionless and remains in front of the oogonium.

If, as we are permitted to believe on comparison with
similar cases, the oosphere is merely a macro-gamete which
remains enclosed in the cell-wall, the stage of Apkanochaete
is of the greatest interest, being the intermediate step between

! Pringsheim, Jahrb. fiir wiss. Bot., Band II.
? Sachs, loc. cit., pp. 184, 185, &c.
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two motile hetero-gametes and the true sexuality realized
in the higher types. The form of the oogonium of Coleochaete
is simply a fortuitous resemblance to the archegonium, and is
not sufficient to establish any homology.

The analogy with Oedogonium, in which the two gametes
may be compared to two differentiated zoospores, is much
more marked. The number of antherozoids arising from one
cell is also comparable, and their origin is quite different from
that of the antherozoids of Mosses and Ferns.

All this very clearly indicates a direct affinity between
the Coleochaeteae and the Green Algae, which considered
as a whole group (the Siphoneae put aside) is quite as natural
a one as the Archegoniatae.

With regard to the so-called sporogonium of Coleockacte,
there is no dispute about the statement that the ovum
undergoes division after fertilization ; but this segmentation,
which reminds one to a certain degree of the production
of the sporogonium in some lower Liverworts, shows a far
greater resemblance to similar products in the Green Algae.

The fertilized zygote of Hydrodictyon divides during
germination into several zoospores ; the same thing is known
to occur in Oedogonium. In some Volvocineae, such as
Gonium, according to my observations, the zygote gives birth
to four zoospores with gelatinous envelopes, whilst in others
the zoospores are extruded before division.

From the fact that in the case of Coleockacte the ovum
is more protected by the formation of a resistent envelope,
germination becomes slower; and as I have already shown
that the transformation of zoospores into spores and finally
into autospores may be effected, it is evident that a similar
adaptation takes place here.

The little thallus of Coleockaete cannot be contrasted with
the antecedent plant as an entirely new formation; according
to all analogies with other Algae, it constitutes simply the
beginning of a normal plant, only modified under peculiar
circumstances. Similar small thalli are moreover formed in
Aphanochaete, but from zoospores. This is merely the result
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of normal activity due to fertilization, or the increase of
nourishment.

Furthermore, we must admit that in the Green Algae
antithetic alternating generations cannot be distinguished ;
for the production of zoospores, spores, and gametes depends
on certain circumstances, and occurs in most cases at every
stage of the life-history.

In conclusion | may say that all the facts above mentioned
relating to the variability of the Green Algae help us in
studying the difficult problem of the phylogeny of these
plants. It seems to me that it is now easy to understand
what are the leading principles in the evolution of the Volvo-
cineae, Protococcoideae, and Ulvaceae. On the other hand,
we can now go back step by step from the higher branch
of the filamentous Algae, the Coleochacteae, to the lower
Chaetophoraceae, of which Plewrococcus is a genus in a stage
of degradation. I could have shown in what manner the
Ulothrichaceae are related to the Ulvaceae, by such a series
of steps as (lothrix, Hormidium, Schisogonium, and Prasiola.
The Chactopeltideae are likewise very closely related to the
Ulvaceae, and cspecially to AMomostroma. 1 hope shortly
to complete in another paper this theory of the evolution
of the Green Algae.

The true affinities of the Green Algae are not by any
means 50 obecure as has been recently asserted by some
of the most competent botanists; on the contrary, their

phylogeny is especially clear; and the present paper may
throw some light on this difficult subject.
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PART III. THE LEAF.

MONGST the older monographs, the first important
contribution to our knowledge of the anatomy of the

leaf of Selaginella occurs in Hofmeister’s treatise on the
Structure and Development of the Higher Cryptogams!.
Dealing more especially with the species S. denticulata,
S. Galeottei, and S. Martensii, he first of all gives an account
of the mode of development of the leaf, describing it as
arising as a horizontal ridge of cells, embracing about one
quarter of the circumference of the stem, and first appearing
about eight or ten cells behind the apical cell. The cells
forming the ridge undergo division in such a manner as to
give origin to a plate two cell-layers in thickness, the central
cells of the ridge dividing more actively than those nearer the
edge. On either side of the middle line the cells undergo

! Vergleichende Untersuchungen der hoheren Kryptogamen. Leipzig, 1851,
[Annals of Botany, Vol. XI. No. XLI. March, 1897.]
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divisions parallel with the surface, forming a central core, which
afterwards becomes the vascular bundle. At the same time
the apex of the young leaf becomes elongated, and the
cell-walls in this region become thickened. Division and
growth now progress rapidly at the leaf-base, the cells of
the lower surface being more active in this respect than those
of the upper side. Hofmeister then describes the further
modifications in the course of transition to the adult form,
attention being drawn to the formation of marginal papillae
and hairs, and the development of rows of warts on the cells
near the margin of the leaf. He further points out that the
median cells of the leaf are arranged so as to form a network
with conspicuous intercellular spaces, whilst at the margins
the mesophyll is wanting, and the upper and under epidermal
layers are in contact.

Russow !, in describing the leaves in the genus, speaks of
the leaf as traversed by a single vascular bundle, which
terminates before the apex of the leaf is reached. The xylem
consists of spiral and reticulate elements, and is surrounded
by a scanty phloem. No endodermis is developed. The
ground-tissue, he states, consists of spongy mesophyll, well
developed in the more robust species, but only surrounding
the vascular bundles in those with more delicate leaves.
Russow draws special attention to the epidermis of the leaf,
and shows that it varies considerably both in the form and in
the nature of the cells of which it is composed. In some
species (e. g. S. Krausstana and S. Galeottes) the upper and
under epidermal layers are alike, and he suggests that pro-
bably the leaves of all species belonging to the section
¢ Articulatae ’ have this structure. Of Spring’s section ‘ Arti-
culatae’ (which is not synonymous with that of Baker) I have
cxamined only one other species in addition to those men-
tioned by Russow, viz. S. swlata, and in that species the
upper epidermis is quite similar to the lower. In other cases,
Russow continues, the cells of the ligular face are shorter

' Vergleichende Untersuchungen iiber Leitbiindel-Kryptogamen. Mém. Acad.
Jmp St. Pétersb., 1873,
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than those of the aligular face, as in S. Lyallii, S. cuspidata, and
pilifera. In the majority of the species the epidermis of the
ligular face consists of polygonal cells almost or quite isodia-
metric, and appearing conical in transverse sections of the leaf,
whilst the epidermis of the aligular face consists of elongated
cells rounded or quadrate in section. Russow further points
out that with regard to the smaller (dorsal) leaves, the cells of
the ligular face correspond to those of the aligular face of the
larger (ventral) leaves, and those of the aligular face of the
smaller leaves to the cells of the ligular face of the larger
leaves. The elongated epidermal cells contain several small
chloroplastids, the conical cells generally two, or occasionally
three, chromatophores only. In some species (e.g. S. Kraus-
stana) a layer of conical cells occurs beneath the epidermis
of the ligular surface of the larger leaves and of the aligular
surface of the smaller leaves, whilst in S. Lyallii this rudi-
mentary palisade-layer becomes well marked. Stomata are
described as occurring only on the aligular face, but ex-
ceptionally in S. pubescens (= S. Braunii, Bak.) stomata
occur on both surfaces of the smaller leaves!. Of the species
mentioned by Russow as having stomata on the aligular
surface only, I have examined all, and have been somewhat
surprised to find that no less than three of them, viz. S.
Kraussiana, S. cuspidata, and S. pilifera, had stomata on both
sides of both dorsal and ventral leaves. Lastly, Russow calls
attention to the peculiar cells of the epidermis of the ligular
face of the larger and the aligular face of the smaller leaves
(Doppelkegeln) in S. uncinata, and to the development of
sclerotic fibres at the margins and on the surface of certain
species, e.g. S. Martensii and S. stenophylla.

Treub 2 has studied the mode of development of the leaf in
S. Martensii. His results agree in the main with those of

U ¢ Bei S. pubescens finden sich auf beiden Flichen der kleinen Blitter Stomata ;
bei allen iibrigen untersuchten Arten war nur die Epidermis der Aligularfliche,
sowohl bei grossen als kleinen Blittern, mit Spaltofinungen versechen.” Russow,
L c., p.138.

* Les Organes de la Végétation du Selaginella Martensis, Spr. Leide, 1877.
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Hofmeister. I do not purpose in the present paper to enter
into the question of the development of the leaf, reserving that
point for discussion in connexion with the structure of the
stem-apex on which I am at present engaged.

In a brief note read before the British Association in 1887,
McNab! points out that in S. demsa, Hort., S. Poulteri,
Hort., and S. Kraussiana, A.Br., a triple row of stomata is
developed along each margin, one row above, one below,
and one actually on the margin itself. All three species want
the sclerotic marginal cells so commonly found in that
situation.

Haberlandt’s important paper on the chloroplastids  may
next be noted. In this treatise he gives a very full account
of the structure and development of the chlorophyll-bodies.
In the present contribution I have omitted any discussion of
these, simply because I have nothing of any importance to add
to Haberlandt’s account.

I may next refer to Dangeard’s account of the structure
of the leaf3. He distinguishes two distinct types of leaf-
structure : (@) where the upper and lower epidermal layers are
similar, and (4) where they are dissimilar. Under the first
type two sub-sections are constituted : (1) leaves in which the
mesophyll is homogeneous, e.g. S. spinosa, &c. ; and (2) leaves
in which the mesophyll is heterogeneous, e. g. S. Krawussiana,
&c. The leaves in the former sub-section have an epidermis
composed of elongated (in the long axis of the leaf) rect-
angular cells, while the mesophyll consists of long, branched,
narrow cells with numerous intercellular spaces ; in the latter
section the mesophyll is subdivided into two distinct layers,
an upper palisade-layer composed of conical cells perpendicular
to the epidermis, and a lower spongy layer. The type of leaf
with dissimilar epidermal layers Dangeard further describes
as having homogeneous reticulate mesophyll throughout.

! On the Stomata and Ligules of Selagine/la. Brit. Assoc. Reports, 1887.
? Die Chlorophyllkorper der Selaginellen: Flora, 1888.
3 Essai sur I'Anatomie des Cryptogames vasculaires: Le Botaniste, 1889,

P- 247.
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The stomata he describes as distributed, as a rule, over the
midrib on the aligular face of the leaf, more rarely over the
entire aligular surface. In the Rosulatae group (e.g. S. con-
wvoluta, S. cuspidata, &c.) stomata, according to Dangeard,
occur on both sides of the leaf. He also draws attention to
the sclerotic cells of the epidermis of several species, and to
the uni- (or more rarely pluri-) cellular hairs which occur along
the margins of some leaves. Dangeard finally describes the
vein as composed of a small cluster of protoxylem-elements
only surrounded by phloem, adding ‘le faisceau de cette
nervure ne poss¢de jamais de métaxyléme comme celui de la
tige” On this point he is at variance with Russow, who
speaks of the xylem as being composed of ¢ Schrauben- und
Netzzellen. 1In S. sulcata Dangeard describes the phloem as
limited to the under surface of the bundle, and points out the
occurrence of bast-fibres (fibres libériennes) in the phloem of
S. stenophylla. He again differs from Russow in asserting
the presence of an endodermis, though ‘certainement mal
différencié” Wojinowié¢ !, in his thesis on Selaginella lepido-
phylla, gives an exhaustive account of the structure of the leaf,
calling attention especially to the presence of stomata on
both sides of the ventral leaf, and to their absence from the
aligular face of the dorsal leaf. He says, speaking of the
latter, ‘ Die Epidermis dieser Seite (der organischen unteren,
vom Stengel abgewendeten Seite) fiihrt keine Spaltoffnungen,’
and again, ‘ In der Epidermis der organischen Oberseite (d. h.
der dem Stengel anliegenden) finden sich Spaltéffnungen.’
In this statement he is supported by Erikson (/. ¢.), who says,
in discussing the dorsal leaf, ¢ Epidermis p& den undre (uppét-
vinda) ytan bestdr af l&ngstrickta celler med tunna, nistan
rake mellanvigger och saknar klyféppningar. P& den ofre
(indtvdnda) sidan finnas ytterst talrika klyfoppningar, hvilka
dro strodda ofver hela ytan.” I have examined a very large
number of specimens from the Botanic Gardens of Kew,
Strassburg, Glasgow, &c., and in all cases I found that the

! Beitriige zur Morphologie, Anatomie und Biologie der S. /epidophylla, Spr.
Breslau, 18go.
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dorsal leaves, as in the case of the ventral leaves, bear stomata
on both sides.

Erikson’s monograph ! deals in considerable detail with the
leaf-structure in the Lycopodiaceae. The author has examined
thirty species of Selaginella, apparently chiefly from herbarium
material ; of these I have examined twenty. His work, to
a large extent, covers the same ground as my own; still, as
I have had opportunities of studying thirty-two species
which Erikson has not had access to, and as I am able to
supplement to some extent many of his observations, and to
add several points which he has not touched, I may venture
to consider his memoir as not rendering the publication of
the present paper altogether unnecessary. Into the details
of his work I need not at present go, but merely give, for
convenience of comparison, his scheme of classification of the
species according to their leaf-structure. Erikson distinguishes
three types of leaf: the first division includes such as have
leaves with the upper epidermal cells conical and with, at the
same time, a homogeneous spongy mesophyll,e.g. S. Martensis,
&c.; the second group includes those which have leaves
provided with a distinct palisade-layer, some of these, like
S. Kraussiana, with upper and under epidermal layers similar,
others, like S. Wildenowss, with upper epidermis diffcrent
from the under. The third group have leaves without
palisade-layers, again subdivided into those with a similar
epidermis above and below, e.g. S. spimosa, and those with
epidermis above and below dissimilar, e.g. S. serpens. In
comparing Erikson’s scheme with that of Dangeard, it will
be seen that the former takes the presence or absence of a
palisade-layer as the basis of primary division, and subdivides
the groups according to whether the epidermis of the upper
side is like that of the lower side or unlike; whilst Dangeard
selects the character of the epidermis as his primary basis of
classification, and subdivides according to the nature of the
mesophyll. It seems to me quite immaterial which plan is

! Bidrag till Kinnedomen om Lycopodinebladens Anatomi: Arbet f. Lunds
Bot. Instit., 1893,
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adopted, although Dangeard’s method is perhaps the simpler
of the two. It has the further advantage of being based on
a somewhat more constant character, although neither the
nature of the epidermis nor the composition of the mesophyll,
singly, seems to me to afford a perfectly satisfactory basis. In
the order of description of the species I have therefore com-
bined these two characters. The great majority of the species
which I have examined (thirty-two out of fifty-three) have the
epidermal layers different in character, and show in section
a reticulate mesophyll without any very definite palisade-
layer. Three additional species with very delicate leaves
have practically no mesophyll, but possess the epidermal
characters of the same nature as those of the majority. The
remaining species have the upper and under epidermis
practically alike ; some, however, of these have, and others
have not, a distinct palisade-layer. I have examined several
hundred leaves, and find scarcely one of the characters I have
mentioned at all constant. Even on the same epidermal
surface, one finds elongated cells in one part and quite short
polygonal cells in another. Again with regard to the meso-
phyll, many species show a quite distinct Zendency to form
a palisade-layer (though not a compact one) where, on the
whole, one would consider the mesophyll to consist of reti-
culate parenchyma only. As for the stomata, these are most
variable in their distribution, being situated sometimes on the
ligular, sometimes on the aligular, and sometimes on both
surfaces ; sometimes over the midrib only, sometimes on the
wings, sometimes generally all over the surface.

In the arrangement of the present paper I purpose first to
give a brief account of the peculiarities of the leaves of each
species, and thereafter to add one or two notes on special
points, such as the structure and development of the stomata
and the histology of the vascular bundle. I had occasion in
a recent paper! to draw attention to the necessity of con-
sidering the internal anatomy in the classification of the very

! On the diagnostic characters of the subgenera and species of Se/aginella, Spr. :
Trans. Biol. Soc. Liverpool, 189s.
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numerous species. I was led from a study of the stem-
structure to arrange the species somewhat differently from
the scheme adopted by systematists. It will be interesting
finally to see in how far the anatomy of the leaf supports or
refutes the views expressed in that paper.

SECTION I. ANATOMY OF SPECIES.

A. Martensii-Type.

All the species coming under this heading have the epidermis
on the ligular and aligular surfaces of the leaves dissimilar,
and a mesophyll consisting of reticulate parenchyma. (It will
be understood that, to save repetition, the chief differences
in histology will alone be pointed out. Unless otherwise
stated, the characters in the various species are those described

in the type-species.)

1. 8. Martensii, Spr. Pl ix, Fig. 3.

Ventral leaf. The leaves are lanceolate, somewhat elongated, and
unequal-sided with narrow, bluntly pointed apices. The margin consists
of elongated sclerotic fibres, from which numerous unicellular tricho-
mata arise. The cells of the ligular epidermis are polygonal, wavy
on surface view, conical in section. No stomata occur on this face.
The aligular face consists chiefly of elongated plate-like cells with
sinuous margins, amongst which occur scattered sclerotic fibres. The
stomata are in several rows over the midrib, and the epidermal cells
are often sclerotic in the neighbourhood. Occasionally stomata occur
on the lamina, near the margin of the leaf. Near the stomata the
epidermal cells are considerably shorter. Cuticular warts occur on
the surface of the marginal cells.

Dorsal leaf. The leaves are ovoid oblique with well-marked apices,
and the margins bear numerous unicellular trichomata. The ligular
epidermis consists of elongated, wavy-bordered cells without stomata.
The aligular surface consists of polygonal sinuous cells, peg-shaped
in section, with numerous stomata. Very many of these stomata have
their guard-cells surrounded by strongly thickened epidermal cells,
especially on the walls touching the guard-cells (Fig. 3).
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Section.  (Unless otherwise stated, the section described is that of
the ventral leaf) On the ligular face the cells are cuticularized and
obconic, and rest on the lower or aligular epidermis at the margins, but
are separated from it in the thicker regions of the leaf by reticulate
mesophyll.

2. 8. grandis, Moore.

Ventral leaf. The leaves are long, rhomboidal, and sharply acumi-
nate, on the whole equal-sided, and bear shorter or Jonger spines on
the base only. The ligular epidermis consists of polygonal cells,
becoming more elongated and wavy towards the margins. A few
stomata occur on this face. The aligular epidermis coansists of
elongated sinuous cells, becoming shorter over the midrib and having
scattered sclerotic warty fibres. The stomata are in several rows over
the midrib.

Dorsal leaf. The leaves are ovoid pointed oblique with long
spiny apices. The ligular face bears no stomata, though these are
numerous on the aligular surface. Epidermis as in the type.

Section.  As in S. Marlensii.

3. 8. Vogelii, Spr.

Ventral leaf. Leaves triangular ovoid, with blunt apices and without
marginal spines. Stomata occur on both ligular and aligular surfaces,
though more numerous on the latter.

Dorsal leaf. Leaves oblique ovoid, small, with long apices and
without marginal spines. Stomata occur on the aligular surface only.

Section.  As in the type.

4. 8. hasmatodes, Spr.

Ventral leaf. Leaves oblique, ovoid, acute, faintly spiny on the
outside margin. The polygonal cells of the ligular face become long
and wavy bordered nearer the margins; no stomata. The walls
of the aligular epidermal cells have irregular thickenings similar to
those figured as occurring in S. producta (Fig. 6). The stomata are
surrounded by similar cells, and warty sclerotic fibres occur among the
epidermal cells.

Dorsal leaf. Leaves ovoid, oblique with a long cusp; margin
faintly spiny. The ligular epidermis has no stomata, but has the
same irregular thickenings that occur in the cells of the aligular
epidermis of the ventral leaf. The aligular epidermal cells are

K2
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polygonal, becoming longer towards the margins. The stomata are
surrounded by irregularly thickened cells.
Section.  As in the type.

6. 8. erythropus, Spr.

Ventral leaf. Ovate, oblique, curved, with numerous marginal
trichomata with red contents, Stomata occur near the base on the
outer region of the ligular epidermis. The elongated cells of the
aligular face are not wavy, the cells near the stomata becoming
polygonal.

Dorsal leaf. Similar in form to the ventral leaf, but with a long
cusp. The ligular face bears numerous stomata distributed over the
outside half of the leaf. The marginal cells are sclerotic and warty.
The cells of the aligular face are long at the margins, shorter near the
midrib where the stomata occur.

Section. The cells composing the reticulum are shorter and more
rounded than in the four preceding species.

6. 8, caulescens, Spr.

Ventral leaf. . Ovate, curved, pointed, with marginal unicellular
spines. Stomata occur near the base of the ligular face of the leaf.
The cells of the aligular surface are elongated, but not wavy, though
warty. The aligular face bears numerous stomata.

Dorsal leaf.  Similar in form to the ventral leaf, but with a longer
cusp. Stomata occur on the aligular face only.

Secfion.  As in the type.

In var. argentea there are no stomata on the ligular surface of the
ventral leaf. In var. japomica and var. minor the ligular surface of
the ventral leaf has stomata near the base, and the epidermal cells are
elongated on one side of the midrib and polygonal on the other. On
the aligular face of the dorsal leaf in these varieties a few sclerotic cells
occur on either side of the midrib. I draw attention to these small
histological differences by way of emphasizing the great variation that
occurs in the leaf-characters.

7. 8. Grifthii, Spr.

Ventral leaf. Unequal-sided, awl-shaped, pointed, spiny. Marginal
sclerotic warty cells on the gibbous side. A few stomata occur on the
ligular face near the margin of the leaf. Numerous stomata and
sclerotic fibres on the aligular surface.
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Dorsal leaf. Ovate, with long cusp; margins warty and spiny.
Sclerotic fibres occur among the Ligular epidermal cells, though no
stomata are present on this face. These are, however, numerous on
the aligular face.

Section.  As in the type.

8. 8. Karsteniana, A. Br.

Ventral leaf. Leaves large, very oblique ovoid, blunt apically and
with basal wings, very faintly spiny. The polygonal cells of the
ligular surface are more elongated and wavy towards the margins;
stomata are absent. Sclerotic warty fibres occur on the aligular
surface. The stomata are very peculiar. Frequently the walls of the
guard-cells are so much thickened as to almost or quite obliterate the
lumina, as I have figured in S. concinna (Fig. 7). The surrounding
epidermal cells are also greatly thickened. It is difficult to see how
these stomata can serve any physiological purpose, at least in the
mature leaf. I may say in this connexion that I invariably examined
leaves taken from several parts of the plants studied, avoiding the very
young leaves near the apex, and the old leaves on the basal regions of
the stem. ’

Dorsal leaf. Leaves ovate pointed and faintly spiny. Stomata
occur both on and near the margins. The stomata on the aligular
face were in many cases sclerotic, as in the case of the ventral leaf.

Section, As in the type.

9. 8. suberosa, Spr. (Fig. 19.)

Ventral leaf. Ovate-lanceolate, bluntly pointed with spiny margins,
The margins have warty sclerotic cells every here and there, except
where marginal stomata occur, Warty sclerotic fibres also occur
among the aligular epidermal cells, the stomata being confined to the
region over the midrib.

Dorsal leaf.  Ovate with backwardly directed wings, spiny sclerotic
margin, and a long cusp, No stomata occur on the ligular face. The
sclerotic fibres on the aligular face are very long, thick-walled, highly
refractive, and warty. Stomata occur over the midrib, and a very few
at the margins of the basal lobes.

Section.  As in the type.

Fig. 19 shows a section of the ventral leaf. The ligular epidermis
consists of peg-shaped cells with every here and there sclerotic fibres,
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One of these is shown in section. The reticulate mesophyll is of the
usual nature common to species belonging to this type. Two warty
sclerotic fibres cut across are shown in the aligular epidermis.

10. 8. stenophylla, A. Br.

Ventral leaf. Oblong-ovoid, bluntly pointed, and slightly spiny.
Sclerotic warty fibres occur on the ligular face; warty sclerotic
marginal cells alternate with marginal stomata. Similar sclerotic
fibres occur on the aligular face, where there are numerous stomata.

Dorsal leaf. The leaf is ovate with a long cusp and spiny margin.
The marginal cells are sclerotic, and the leaf has backwardly directed
" lobes as in S. Karsteniana. No stomata occur on the ligular face,
though there are numerous sclerotic warty fibres. These also occur
on the aligular face. The stomata occur not only over the midrib,
but at the margins as well.

Section. As in the type.

The vascular bundle of the leaf of this species will be referred to later.

11. 8. viticuloss, Klotz. (Figs. 2, 9, 10, 16, 22.)

Ventral leaf. Ovate, oblique, bluntly pointed, with short basal lobes.
The margin is formed of elongated pitted cells, from almost every one
of which unicellular spines arise. The spines are much shorter near
the apex. Stomata occur on the aligular face only, in 4-5 rows
over the midrib. Many of these have sclerotic walls (Figs. 9, 10), and
not infrequently one meets with abnormal stomata with three guard-
cells (Fig. 10); whilst on some leaves I have found the stomata
grouped in twos and threes (Fig. 2). All the cells of the aligular
surface are elongated and sinuous, and provided with two rows of
cuticular warts (Fig. 16). The cells near the midrib are shorter and
have less sinuous walls. The cells of the ligular face are wavy
and polygonal, but become more elongated towards the margin of the
leaf; there are no stomata on this face.

Dorsal leaf. Ovate pointed, oblique, with long cusp. The margin
is spiny, and the trichomes are especially long on the basal lobes.
Several of the epidermal cells of the aligular surface of the basal lobes
bear trichomata. Stomata occur in four or more rows over the midrib
on the aligular face; a few also occur on the inside lobe. The
stomata are often sclerotic and abnormal, as in the case of the ventral
leaf. No stomata occur on the ligular face.

Section.  As in the type.
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12. 8. serpens, Spr. (Figs. 4, 14, 29.)

Ventral leaf. Ovoid, blunt, with sclerotic spiny margins (Figs. 4, 14).
The cells of the ligular epidermis are polygonal or rounded, becoming
elongated with sinuous lateral walls on the basal lobes. The elongated
cells of the aligular surface are provided with one row of warts; the
cells become shorter near and over the midrib. Stomata occur on
this side only.

Dorsal leaf. The leaves are ovoid, cuspidate, very oblique, and
the margin is more sclerotic than in the ventral leaf. Stomata occur
on both sides—on the aligular side, where they are frequently sclerotic,
over the midrib; and on the ligular side on the outside lobe. The
elongated cells of the ligular epidermis have 3-4 rows of warts.

Section.  As in the type, but the mesophyll-cells are short and
closely packed (Fig. 29).

13. 8. cuspidata, Lk.

Ventral leaf. The leaves are broadly ovate, and cuspidate with
a broad marginal band of sclerotic fibres, trichomatous especially
towards the base. These marginal cells have no chloroplastids.
Stomata occur on the ligular face occasionally, especially on the
margins of the basal lobes. The aligular epidermal cells are elongated
but not wavy; there are numerous stomata.

Dorsal leaf. The leaves are almost as large as those of the ventral
side, and similar in form and margin. Stomata occur on the lamina,
but not over the midrib, of the ligular face, Numerous stomata occur
on the aligular face.

Section.  As in the type,

14. 8. helvetica, Lk. (Fig. 23.)

Ventral leaf. Leaves awl-shaped, bluntly pointed, unequal-sided,
and faintly spiny. The epidermis of the ligular face, which bears no
stomata, consists of polygonal cells over most of the surface, but of
elongated cells over the basal and apical regions.

Dorsal leaf. The dorsal leaves arc nearly as large as the ventral,
and of similar shape and histological characters. Stomata occur near
and over the midrib on the aligular face, and sparingly also at the edge
near the base. On the ligular face stomata also occur over the middle
and edge. Their walls are often sclerotic.

Section. The mesophyll consist of rows of elongated cells, which
curve upwards from the ventral to the dorsal surface (Fig. 23).
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15. 8, denticulata, Lk.

Ventral leaf. Qvate, somewhat cordate, faintly spiny. Stomata
occur on the aligular surface only, over the midrib and wings; a few
occur near the margins.

Dorsal leaf. Similar in shape to the ventral, but smaller; faintly
spiny. Stomata occur on both sides.

Section.  As in the type.

16. 8. patula, Spr. (Fig. 11.)

Ventral leaf. Lanceolate, oblique, abruptly pointed, with marginal
trichomata at the base, spiny at the apex. Stomata occur along the
edge of the ligular surface where the ordinary polygonal cells of this
surface become longer. The aligular cells (Fig. 11) are partly
sclerotic, and each bears one or two rows of cuticularized warts.
The cells are shorter over the midrib where the stomata occur.

Dorsal leaf. Leaves ovate, cuspidate with marginal trichomata.
Stomata occur on the ligular face near the base. The aligular
epidermal cells are warty.

Section.  As in the type.

17. 8. convoluta, Spr.

Ventral leaf. Oblique sickle-shaped, acute, with spiny margins;
the lamina near the margins one cell thick. The aligular surface only
bears stomata.

Dorsal leaf. Ovate, oblique, acute, with spiny margin. Both
ligular and aligular surfaces bear stomata. The cells of the aligular
face are, in most parts of the leaf, nearly as long as those of the
ligular surface. '

Section.  Reticulate mesophyll between the two epidermal surfaces,
but the upper cells (ligular) are closely packed and form a pseudo-
palisade-layer. Dangeard speaks of stomata on the ligular as well
as on the aligular face of the ventral leaf. As I have above stated,
this is true of the dorsal leaf (which Dangeard does not refer to in
this relation), but I have been quite unable to find stomata on the
ligular face of the ventral leaf.

18. 8. fiabellata, Spr.

Ventral leaf. Oblique ovate, bluntly pointed, faintly spiny along
one side. On both ligular and aligular surfaces the epidermal cells

vary in length.
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Dorsal leaf. Similar in shape to, but one-third the size of, the
ventral leaves. The stomata which occur only on the aligular face
are frequently sclerotic.

Section.  As in the type. Dangeard’s figure of the transverse
section of the leaf (Z ¢., Plate XI, Fig. 20) shows no intercellular
spaces. This is quite incorrect.

19. 8. producta, Bak. (Figs. 5, 6.)

Ventral laf. Cordate, oblong-lanceolate, unequal-sided, with
sclerotic margins, faintly spiny at and near the base. The aligular
epidermis consists of the usual elongated wavy-bordered cells, with
many sclerotic fibres interspersed. The stomata are almost all
sclerotic (Fig. 5), the lumina of the surrounding epidermal cells being
sometimes almost occluded. The epidermal cells also have numerous
irregular thickenings on the lateral and end walls (Fig. 6).

Dorsal leaf. Similar to those of the ventral side, but cuspidate.
The aligular and ligular epidermal surfaces are similar to those of the
ligular and aligular surfaces of the ventral leaf respectively. The
stomata, which occur on the aligular face only, are sclerotic.

Section. As in the type, save that the mesophyll-cells are very
long.

20. 8. bisuleata, Spr.

Ventral leaf. Oblique, ovate, bluntly pointed with spiny margin.
The ligular epidermis bears numerous marginal stomata from base to
apex. The margin has a warty sclerotic border. Stomata occur over
the entire aligular surface.

Dorsal leaf. Oblique, ovoid, cuspidate with spiny sclerotic margins.
Stomata occur only on the aligular surface.

Section.  As in the type,

21. 8. uncinata, Spr. (Figs. 12, 13.)

Veniral leaf. Leaves oblique, oblong, subsessile, with quite smooth
(non-hairy) but sclerotic margins. Stomata occur on the aligular face
only, the guard-cells having two large chloroplastids in each.

Dorsal leaf. Ovate, with smooth sclerotic margin. Stomata on
the aligular face only.

Section.  As in the type.

The development of the stomata is discussed in Sect. II.
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22. 8. plumosa, Bak. (Fig. 21.)

Ventral leaf. Oblong pointed, spiny but non-sclerotic margins.
Several stomata occur on the outside marginal region of the ligular
face as well as over the midrib on the aligular face. ,

Dorsal leaf. Broadly ovate and suddenly acuminate with spiny
margins. No stomata occur on the ligular face.

In section the leaf of the species approaches that of S. Wildenowri,
the peg-shaped ligular epidermal cells being followed by a layer of
small cells with large chloroplastids—a pseudo-palisade-layer—followed
in turn by a reticulum of larger rounded cells, abutting on the aligular
epidermis (Fig. 21).

23. 8. Douglasii, Spr. (Fig. 1.)

Ventral leaf. Ovate, oblique, bluntly pointed, with a few hairs on
the basal lobes. The spines are commonly sheathed at the base by
marginal leaf-cells. The margin is not sclerotic, but the cells are
warty. Stomata occur on both faces, over the outside of the basal
lobe on the ligular face, and over the midrib on the aligular face.

The dorsal leaf is similar in shape with a cusp provided with
hooked spines. The margin is similar to that of the ventral leaf.
Stomata occur on both surfaces.

In section the leaf shows a reticulate mesophyll only—there are no
palisade-cells.

Both of these species (22 and 23) show a tendency to have the ligular
and aligular epidermis composed of somewhat similar cells, and thus
form a transition to types B and C.

The succeeding ten species conform in the structure of their leaves
to the Marlensii-type, although their stem-anatomy shows a distinct
advance, having three or more steles instead of one.

24. 8. inaequalifolia, Spr.

Ventral leaf. Oblique awl-shaped, bluntly pointed, with sclerotic
faintly spiny margins. The axillary leaf resembles the ventral, save
that the lamina is equalized. Stomata occur on the aligular face
plentifully, and a few also occur near the margin on the ligular face.

Dorsal leaf. Similar in shape to the ventral leaf, but narrower.
Stomata occur on the aligular face only.

Section.  Similar to that figured for S. Wildenow:i (Figs. 30, 31).
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25. 8. Wallichii, Spr.

Ventral leaf. Oblong oblique, bluntly pointed, without marginal
spines. Stomata occur on the margin on the ligular face, as well as
abundantly on the aligular surface.

Dorsal leaf. Similar in shape but cuspidate. Stomata occur on
both ligular and aligular surfaces.

Section. As in S. Wildenowss.

26. 8. Wildenowii, Bak. (Figs. 30, 31.)

Ventral leaf. Oblong, unequal-sided, with crenate non-spiny
margins. Stomata occur on the aligular face only.

Dorsal leaf. Oblong, unequal-sided, cuspidate. Stomata distributed
over the aligular face only.

Section. The ligular epidermis in section is composed of obconic
cells with one or two large chloroplastids in each, having their truncated
apices continuous with a reticulate mesophyll. The aligular epidermal
cells are much deeper in the centre than where they touch each other.
The walls of the guard-cells are frequently thickened.

27. 8. canaliculata, Bak. (Fig. 20.)

Ventral leaf. Awl-shaped, or rhomboid with a sclerotic margin
and a few spines near the apex. A few stomata occur near the
margin of the ligular surface, as well as abundantly on the aligular
face.

Dorsal laf. Similar in shape but cuspidate. Stomata occur on
the aligular face only.

Section.  As in S. Wildenouni, save that in most of the lamina the
reticulate mesophyll is wanting, and the ligular peg-shaped cells rest
directly on the aligular epidermis (Fig. 20).

28. 8. Mettenii, A. Br.

Ventral leaf. Oblong, obtuse, pointed, with sclerotic faintly spiny
margins. A very few stomata occur along the margin of the
ligular face. Stomata are generally distributed over the aligular
surface.

Dorsal leaf. Ovate, oblique, with sclerotic non-spiny margins.
The stomata occur on the aligular face only.

Section. The vascular bundle runs the whole length of the leaf,
The mesophyll-cells are very short.
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29. 8. Lobbii, Moore.

Venitral leaf. The shape of the ventral, axillary, and dorsal leaves
is that of the leaves of S. inaequalifolia, The margin of the ventral
leaf is sclerotic but not spiny. Stomata occur on the aligular
face only.

Dorsal leaf. Stomata distributed chiefly over the lamina on the
aligular face—absent from the ligular epidermis.

Section. As in S. Wildenowsy.

30. 8. gracilis, Moore.

Ventral leaf. Bluntly pointed, ovate or hastate with the bases
produced, that on the side next the stem uncinate. A few stomata
occur on the ligular face near the margins. The edges are smooth
and sclerotic.

Dorsal leaf. Similar in shape, cuspidate. Stomata occur on the
aligular surface only.

Section. As in S. Wildenowsy,

31. 8. viridanguls, Spr.

The leaves of this species are oblong oblique, the dorsal leaf
cuspidate. The dorsal leaf has stomata on both ligular and aligular
surfaces, but the zenfral leaf has stomata on the aligular surface only.

Section.  As in S. Wildenowss.

32. 8. chilensis, Spr.

Both ventral and dorsal leaves are lanceolate, almost equal-sided
and with produced bases. Both have marginal sclerotic cells, but the
margins are only very faintly spiny. A few stomata occur on the
ligular face of the ventral leaf near the margin, but none occur on
the same face of the dorsal leaf. In secfiom both leaves conform
to the type described for S. Wildenowsi.

33. 8. Victoriae, Moore.

Ventral and dorsal leaves are both oblique sickle-shaped, with blunt
apices, sclerotic margins, and without marginal spines or hairs.
The stomata, which occur only on the aligular face of the ventral
leaf, are frequently clustered. Stomata occur on both sides of the
dorsal leaf.

Section. The ligular epidermal cells are long, narrow, and closely
packed, and merge into the reticulate mesophyll through an inter-
mediate semi-palisade-layer.
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The three following species have delicate leaves, and whilst
retaining the characters of the species already described in so
far as the epidermis is concerned, yet differ in having little
or no mesophyll save in the immediate vicinity of the vascular
bundle. Hence the ligular peg-like cells come to rest directly
on the elongated epidermal cells of the aligular surface. In
this respect a section of the leaf resembles that of S. canalicu-
lata (Fig. 20), a species which might be considered as forming
a transition to this section.

34. 8. molliceps, Spr.

Ventral leaf. Ovoid but unequal-sided, delicate, with long warty
sclerotic marginal cells, and spines which are especially long on the
outer margin. Stomata occur over the midrib and along the margin,
but are absent from the ligular face.

Dorsal leaf. Ovoid, but not so unequal-sided, and cuspidate, with
spiny sclerotic margin. Stomata occur all round the margin and on
the aligular face.

Section. The obconical ligular cells rest directly on the aligular
epidermis.

35. 8. apus, Spr.

Ventral leaf. Oblique, unequal-sided, acuminate, with a faintly
spiny margin. Stomata occur on the aligular surface as well as
near the margin.

Dorsal leaf. Oblique, tapering, slightly spiny. Stomata occur on
the ligular surface near the margin, and occasionally actually on it.
The aligular epidermal cells are warty, and stomata occur all over the
surface.

Section. As in S. molliceps.

36. 8. albonitens, Spr.

Ventral leaf. Lanceolate, acuminate, unequal-sided, faintly spiny
along the margin. The polygonal cells of the ligular face have inter-
spersed long sclerotic cells with stomata along the margin. Similar
sclerotic cells occur among the elongated cells of the aligular face.
Stomata are distributed over the entire surface, and a few occur on
the margin itself,

Dorsal leaf.  Ovate, with long pointed apex. The margin is spiny
and warty. The ligular face is composed of elongated warty cells,
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some of them sclerotic, but bears no stomata. The aligular surface is

composed of elongated wavy cells with interspersed sclerotic fibres

and stomata over the entire surface, but not actually on the margins.
Section. As in S. molliceps.

I have already drawn attention to the variation in length
and form of the epidermal cells in species with leaves of the
Martensii-type, but one may say in general terms that the
preceding thirty-five species have the ligular surface of
the ventral leaf and the aligular of the dorsal leaf composed
of polygonal cells, whilst the aligular surface of the ventral
and ligular of the dorsal leaf are formed of cells obconic in
section and with polygonal bases. In the succeeding species
the epidermal layers on the ligular and aligular faces are
approximately similar, and the cells are all elongated.

B. Braunii-type.

Three species come under this heading, viz. S. Braunis,
S. concinna, and S. Bakeriana. All agree in that the epidermis
of both the ligular and aligular surfaces consists of elongated
sinuous cells, and in having a distinct palisade-layer as well
as reticulate mesophyll. Indications of a palisade-layer in
species of the Martensii-type have already been noted.

87. 8. Braunii, Bak.

Ventral leaf. Ovoid with crenate or faintly spiny margins. The
cells of the ligular face are elongated, verging to polygonal, whilst
those of the aligular face are short with wavy margins. Numerous
stomata occur on the aligular surface.

Dorsal leaf. Lancet-shaped, pointed, but without spines on the
margin. The ligular epidermis, which bears stomata, is composed
of short wavy margined cells, whilst the aligular surface is covered
by polygonal or slightly elongated cells, with numerous stomata over
the midrib.

Section. As in S. concinna.

38. 8. concinna, Spr. (Figs. 7, 24, 25.)

The leaves are somewhat peculiar in shape. The venfral leaf is
ovate but very unequal-sided, and has two long spiny backwardly
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directed lobes, one or both of which is frequently furcate. The
ligular face consists of wavy bordered cells more elongated than in
S. Brauni, without stomata, whilst the aligular face, composed of
similar cells, bears stomata over the midrib, often sclerotic (Fig. 7).
The dorsal laf is ovate, and has a strongly sclerotic margin with
elongated spiny apex. On the inner side there is a narrow basal lobe
projecting backwards along the stem, on the outside the lobe is three
or four times as broad. All the cells are warty (as are those of the
ventral leaf also). Stomata occur on both faces.

Section.  In section the ligular and aligular epidermal cells are seen
to be strongly cuticularized and warty (Fig. 25). Beneath the ligular
epidermis (of the ventral leaf) there occurs a well-marked palisade-
layer of narrow deep. cells, followed by a reticulate mesophyll resting
on the aligular epidermis. At the margins the cells (Fig. 24) are seen
to be entirely sclerotic, without intercellular spaces.

39. 8. Bakeriana, Bail.

The ventral leaves are cordate, bluntly pointed and oblong. A few
stomata occur on the margins, but none on the ligular face. Four
to five rows of stomata occur on the aligular face. The margin is
not sclerotic and very faintly spiny, or quite smooth.

Dorsal leaf. Ovate, pointed, with a faintly spiny margin. Stomata
occur on the aligular face only.

Section. Like that of S. concinna, but the mesophyll is smaller in
amount. A loose reticulum surrounds the bundle.

In the remaining species the epidermis of both the ligular
and the aligular surfaces, composed of quite or nearly similar
wavy-margined cells, is much elongated in the long axis of the
leaf. In one only, S. Lyallis, there is a well-marked palisade-
layer, usually double, as well as a reticulate mesophyll, which
latter is alone, as a rule, present in the leaves of the re-
maining species. In a few, a pseudo-palisade-layer suggests
a transition between the majority and the type just discussed.

C. Galeottii-type.

40. B. QGaleottii, Spr. (Fig. 8.)
Ventral leaf. Broad, ovate, oblique, bluntly pointed, with a faintly
spiny margin and a few long multicellular spines on the edge of the
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basal lobes. Stomata occur on the aligular face only, the guard-cells
of which are very frequently folded outwards into the adjacent
epidermal cells (Fig. 8).

Dorsal ieaf. Oblique hastate, with backwardly directed basal lobes
and numerous multicellular hairs. Stomata occur on the aligular
face only.

Section. As in 8. delicalissima.

41. 8. delicatissima, A, Br. (Fig. 18.)

Ventral leaf. Ovate oblique, with warty and spiny marginal cells
not sclerotic. Stomata occur between the spines along the margin
and on the aligular face, but not on the ligular side.

The dorsal leaf is similar in shape, and stomata occur over the
midrib and outside edge.

Section. The ligular surface (of the ventral leaf) consists of large
cells, tabular in section, followed by an ill-defined layer of peg-shaped
cells with one to three chloroplastids in each, with their truncated
ends continuous with long branched and reticulate mesophyll-cells,
each with many small chloroplastids. The cuticle on both surfaces
is very delicate (Fig. 18).

42. 8. sulcata, Spr.

Ventral and dorsal leaves of this species are hastate, and bear well-
marked basal lobes with a fringe of multicellular hairs. The margins
of both leaves are smooth, or only faintly spiny. Stomata occur only
on the aligular faces of the dorsal and ventral leaf.

In section the pseudo-palisade-layer is absent, but the ligular
epidermis is composed of cells resembling in section the peg-shaped
polygonal based cells of the ligular epidermis in the leaves of the
Marlensii-type.

43. 8. Kraussiana, A. Br.

Venéral leaf. Oblique, pointed, unequal-sided, with spiny margins
and warty marginal cells. Numerous stomata occur on the margin
and on the ligular surface near it, as well as over the midrib on the
aligular face.

Dorsal leaf. Oblique, pointed, and unequal sided, in outline like that
of a Begonia leaf. The margin has short spines. Marginal stomata
oceur on the ligular face, and also over the midrib on the aligular face.

Section. As in S. delicatissima.
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44. 8. Poulteri, Hort.

Ventral leaf. Nearly circular or slightly oblique, slightly pointed,
with a faintly spiny margin. Stomata occur along the margin and
near it, also on the ligular surface. The aligular epidermis consists of
elongated cells with exceedingly wavy margins and with a few sclerotic
fibres interspersed.

Dorsal leaf.  Oblong oblique with backwardly directed basal lobe
and spiny margins. Stomata occur here also on the ligular face near
the margin.

Section. As in S. delicatissima.

45. 8. rubella, Moore.

The ventral and dorsal leaves are somewhat like those of S. Poulter:
in form. The margins are faintly spiny. Stomata occur on the
margin, and along the edge of the ligular face. Warty sclerotic
cells and stomata are frequent on the aligular surface.

The dorsal leaf is peltate, the basal lobes joining behind the point
of insertion of the leaf. There are no stomata on the ligular face, but
they occur plentifully on the aligular surface. All the cells of the latter
face are warty.

Section. As in S. delicatissima.

46. 8. lepidophylla, Spr.

The wveniral and dorsal leaves are both elongated ovate with
delicate tapering apices and of nearly the same size. The cordate
bases are fringed with hairs, and the margins are warty and spiny.
The cells of both ligular and aligular faces of both leaves are strongly
sclerotic. Stomata occur on both ligular and aligular faces of both
ventral and dorsal leaves. As already stated (p. 127), Wojinowié and
Erikson state that although stomata occur on both sides of the ventral
leaf, they are absent from the aligular face of the dorsal leaf. I have
examined a large number of dorsal leaves from several plants,
and never failed to find stomata both on the ligular and aligular
epidermis.

Section. 'The mesophyll consists of reticulate parenchyma only.

47. 8. involvens, Spr.

The leaves are rhomboid and fringed with spiny processes. The
apices are long and tapering, like those of S. lepidophylia. The

epidermis of both sides is like that of the preceding species, and
L ’
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stomata occur on both ligular and aligular faces of both dorsal and
ventral leaves.

In section the leaf resembles S. kelvetica (Fig. 23), but the cells of
the reticulate mesophyll next the ligular face are more closely packed,
forming a pseudo-palisade-layer. Distinct emergences occur on the
basal lobes, consisting of three, four, or more thick-walled spines, fused
together.

48. 8. pilifera, A. Br.

The leaves of this species are very similar to those of S. snvolvens.
The apices are long, and the margins are sclerotic and very spiny.
Stomata occur on both ligular and aligular faces of both ventral and
dorsal leaves.

The leaf in section shows the same characters as that of the
preceding species.

The remaining three species belonging to this series differ
from those already described in having spirally arranged
similar leaves. In structure, however, they closely resemble
those of the Galeottit-type. All three have strongly sclerotic
leaf-cells of dense and firm texture. The leaves are further
equal-sided and fringed with well-marked spines or emer-
gences. The reticulate mesophyll is large in amount, and
there is no palisade-layer.

D. Spinosa-type.
49. 8. spinosa, A. B. (Fig. 26.)

The leaves of the erect vegetative axis are approximately similar.
The first leaves on the creeping portion of the stem, which are often
opposite or nearly so, are ovate acuminate and placed far apart.
Their margins are entire, or have one or two multicellular spines.
On the erect axis the leaves become more lanceolate and pointed, and
have two to four prominent recurved spines on either side. The
margins of all the leaves are strongly cuticularized.

The ligular epidermis of the leaf of the prostrate axis is composed
of oblong cells with wavy margins. The aligular epidermis is similar
in character. S:omata occur on the aligular face only. A few stomata
occur along the margin where the cuticularized thick-walled cells are
absent.
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The epidermal characters of the leaves of the erect stem are similar
to those of the leaves of the creeping axis. Stomata occur on the
aligular face, rarely along the margins.

In section the mesophyll-cells are found to be homogeneous in
character, and all are more or less elongated in the long axis of the
leaf, forming a loose reticulum. In older leaves the aligular epidermis
shows a tendency to separate from the mesophyll (Fig. 26).

50. B. rupestris, Spr. (Figs. 27, 28.)

As in the preceding species, the leaves are homophyllous, elongate
lanceolate, with long spiny cusps, and margins fringed with unicellular
spines. The ligular epidermis consists of elongated wavy cells with
warty cuticle. No stomata occur on this face. The stomata on the
aligular surface are confined to a groove situated above the midrib.

In section the leaf is boat-shaped. A sclerotic hypoderma, one or
two cells deep, occurs on the lateral wings beneath the epidermis.
The mesophyll towards the aligular surface consists of much elongated
branched and anastomosing cells; towards the aligular face the cells
are much shorter (Figs. 27, 28).

51. 8. oregana, Eat.

The leaves in form and histological structure are almost precisely
similar to those of S. rupesiris.

E. Lyallii-type.

52, 8. laevigata, Bak., var. Lyallii, Spr. (Fig. 17.)

As in the case of the stem, this species differs somewhat in its leaf-
structure from those already described.

The ventral leaf is ovoid, equal-sided, and bluntly pointed with
a smooth margin. The dorsal leaf is more elongated and lanceolate,
without marginal spines. Both have descending wings adnate to the
stem.

The ventral leaf. The edge is composed of elongated thick-walled
cells with little chlorophyll. The epidermis of both surfaces consists
of elongated rhombic plates with wavy outlines. Several rows of
stomata occur on the aligular face, close to and over the midrib, where
the epidermal cells are much shorter. There are no stomata on the
ligular face. The dorsal leaf has quite similar characters.

L2
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In section (Fig. 17) the ligular epidermis is followed by a very distinct
palisade-layer, one or, in many places, two cells deep. The main mass
of the leaf is occupied by reticulate mesophyll, absent however at the
margins and apex. The vascular bundle consists, in section, of three
strands of spiral tracheides, the central strand being surrounded by
phloem, and all three imbedded in small-celled parenchyma without
intercellular spaces.

SECTION II. COMPARATIVE ANATOMY.

1. The distribution of the Stomata.

In comparing the different species, one is struck by the
great variation in the distribution of the stomata on the leaf.
As has been pointed out in the discussion of the individual
species, stomata may occur on the ligular or aligular surfaces,
or on both; generally over the midrib, but frequently on the
marginal lamellae or even on the margin itself. A glance at
the following tabular statement shows that out of fifty-two
species examined, fourteen species and one variety have stomata
on the aligular face only of both dorsal and ventral leaves ;
ten species and two varieties have stomata also on the ligular
face of the ventral leaves ; eight have stomata on the ligular
face of the dorsal but not on the corresponding face of the
ventral leaf; ten species have stomata on both ligular and
aligular faces of both types of leaf; whilst twelve species have
stomata actually on the margin either of the dorsal or ventral
leaf, or not removed more than one cell from it. One can say
therefore, though only in very general terms, that the
stomata in the genus are distributed as a rule on the aligular
epidermis.

2. Structure and development of the Stomata (Figs. 12, 13).

I have followed out the stages in the development of the
stomata in several species—e.g. S. uncinata (Figs. 12, 13),
S. Kraussiana, &c.—and find no essential differences between
them. The stomata appear to be quite of the normal phane-
rogamic type, with two guard-cells, each provided with
a nucleus and a variable number of chloroplastids, not infre-
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VENTRAL LEAF.

DORSAL LEAF.

Ligular face. | Aligular face. Margin. Ligwular face. | Aligular face. Margin.
5 S. Martensii S. Martensii
S. e'mndg.s S. grandis S. grandis
S. Vogelii S. Vogelii S. Vogelii
S. haematodes S. haematodes
S. erythropus | S. erythropus S. erythropus | S. erythropus
S. caule s S. caul S. caulescens
+» Vvar. japonica | ,, var. japonica » var, japonica
s Var. minor » Var. minor » var. minor
o ,, Var. argentea ,, Var.argentea
S. Griffithii S. Griffithii . Griffithii .
S. Karsteniana S. Karsteniana | S, Karsteni S. Kar
S. suberosa S. suberosa S. suberosa S. suberosa
S. stenophylla | S, stenophylla S. stenophylla | S. stenophylla
g. viticulosa g viticulosa
. . serpens S. serpens . serpens
S. cusp S. cuspid: S. cuspidata S. cuspidata
S. helvetica S. helvetica S. helvetica
S. denticulata S. denticulata ! S. denticulata
S. patula S. patula S. patula S. patula
S. convoluta S. convoluta S. convoluta
S. flabellata S. flabellata
S. Eroduc!a S. producta
S. bisulcata S. bisulcata S. bisulcata
... | S.uncinata S. uncinata
S. inaequalifolia | S. inacqualifolia S. inaequalifolia
S. Wallichii S. Wallichii S. Wallichii S. Wallichii
S. Wildenowii S. Wildenowii
S. licul S. canalicul S. canaliculata
S. Mettenii S. Mettenii S. Mettenii
s % g Lobbln g Lobl_:ii_i
. gracilis . gracilis .. . gracilis
S. viridangula S. viridangula | S, viridangula
S. chil S. chil L. S. chilensis
S pl g V'ictoriac S. Victoriae | g Vlicloriae
. . . . plumosa
S. Douglasii S. bouglasii S. Douglasii S. Douglasii
S. molliceps S. molliceps S. molliceps S. molliceps
S. arus S apus S. apus S. apus S. apus
S. alboni S. alboni S. albonit S. albonitens
S. Bakeriana S. Bakeriana S. Bakeriana
S. Braunii S. Braunii S. Braunii
S. concinna S. concinna S. concinna
S. Galeottii S. Galeottii
S. delicatissima | S. delicatissima S. delicatissima
S. sulcata S. sulcata .
S. K S. Kr i S. K S. Kr i S.K i S. K 2
S. Poulteri S. Poulteri S. Poulteri S. Poulteri S. Poulteri S. Poulteri
S. rubella S. rubella S. rubella S. rubella
S. lepidophylla | S. lepidophylia . lepidophylla | S. lepidophylla
S. involvens S. involvens S. involvens S. involvens
S. pilifera S. pilifera S. pilifera S. pilifera
S.spinosa S. spinosa
S. rupestris S. rupestris
S. oregana S. oregana
S. Lyallii S. Lyallii
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quently two only. In some species, e.g. S. viticulosa, stomata
with three or even four guard-cells may be found, similar to
those described and figured by Haberlandt! as occurring in
the sporogonium of Mosses, and by Farmer? in /rés. The
dermatogenic layer immediately over the midrib undergoes
division so as to form a band of variable breadth of almost
square cells, at first (i.e. near the base of the young leaf) quite
indistinguishable from each other. Presently some of these
cells, after division has ceased, become rounded and contain
denser protoplasm ; these are the mother-cells of the stomata.
The dermatogenic cell therefore becomes the mother-cell of
the stoma directly, and undergoes division by formation of a
vertical wall in the long axis of the leaf. In some cases this
wall is oblique. The median wall splits, and a central ellip-
tical pore is formed, as in the normal mode of formation of
stomata. In the older leaves of many species the walls both
of the guard-cells and of the surrounding epidermal cells
become greatly thickened, as, for example, in S. Martensii,
S. producta, S. concinna, S. viticulosa, &c. The stomata, which
are in some species formed directly on the margin, do not appear
to differ in any respect from those of other parts of the leaf.
3. The Epidermal Cells (Figs. 6, 11, 12, 13, 16, &c.).
Reference has already been made under the individual
species to the great variety in length and general form of the
epidermal cells. Generally speaking, one may distinguish
three types of cell in the superficial layer of the leaf: (1)
conical cells, having their somewhat square or more commonly
polygonal bases turned outwards, and their truncated ends in
continuity with the mesophyll (Fig.22); (2) elongated, square-
ended, or tapering plates, with more or less sinuous lateral
walls (Figs. 6, 11); (3) sclerotic, warty, and elongated fibres,
which occur along the margin in many species (Fig. 4), or
scattered irregularly amongst the epidermal cells of either
of the two preceding types (Figs. 11, 16, 19). Even on the
! Beitrige zur Anatomie und Physiologie der Laubmoose. Pringsh. Jahrb.

XVIL 3. 1886.
* Ann. Bot., No. xiii, p. 174.
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same leaf-surface one finds polygonal cells near the stomata
over the midrib, whilst on the margins and base the cells are
of the elongated type.

4. The Mesophyll.

The mesophyll varies also very greatly in amount, and also
in the form of its component elements. In general the main
mass of the leaf consists of a reticulum of longer or shorter
cells (compare Figs. 18 and 29) with comparatively large
intercellular spaces. In certain species a pseudo-palisade-layer
is formed, either of the terminal superficial cells of the reticu-
lum (Fig. 23), or of special smaller cells connected with the
reticulum (Fig. 21). In other cases, again, a quite definite
palisade-layer is formed, as in S. concinna (Fig. 25) and
S. Lyallii (Fig. 17). Towards the edges of most leaves, and
in some cases (e.g. S. molliceps, &c.) throughout the entire
leaf (save immediately round the vascular bundle), the
mesophyll is entirely wanting, and the two epidermal layers
are in contact. In such cases the guard-cells of the stomata
are very shallow, and since the aligular epidermal cells are
deep, a well-marked respiratory and transpiratory cavity is
left, even in a leaf only two cells thick.

5. The Vascular Bundle.

The vascular bundle is almost invariably simple, and
extends on an average through five-sixths of the length of the
leaf. In some cases it reaches to the base of the cusp, but
never (so far as I have seen) enters it. In one or two cases,
e.g. S. molliceps, 1 have found a bifurcate midrib, but this so
rarely that I am forced to believe that the bifurcate condition
is to be explained as a mere sport.

In structure the bundle is very simple. In S. Kraussiana,
for instance, the xylem of the midrib near the base and as far
as the middle of the leaf consists of four to five delicate
tracheides, of which as a rule one is annular, the rest spiral,
the spiral being the first to appear. In the upper third
of the leaf the protoxylem-elements become accompanied
by several short reticulate tracheides which flank the

7
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spiral tracheides, and in section (e.g. of S. Braunii) may
enclose the spiral elements completely. In all cases which
I have examined the vein is much more delicate nearer
the base of the leaf, and expands at its apex. In the very
young leaf of S. K'raussiana the reticulate elements at the apex
may be fully developed before the differentiation of the
characteristic markings on the spiral and annular tracheides.
The xylem is partly surrounded by a few long and narrow
parenchyma-cells, and one or two sieve-tubes with charac-
teristic plates are present if the bundle be at all massive.
In many cases I was quite unable to convince myself that
genuine sieve-tubes were present. All the tubes investing the
xylem are elongated, thin-walled, and contain nuclei and
protoplasm. These again are surrounded by a layer of larger
cells without intercellular spaces, usually containing a small
amount of chlorophyll, which may be considered as a
peridesm. I find no evidence of the existence of a genuine
endodermis, save just at the base of the leaf, where cells
comparable to and in direct continuity with the endodermal
cells of the stele occur. The midrib of S. Lyalliz is somewhat
irregular in character. The xylem-elements are arranged in
three patches; the central strand alone has genuine sieve-tubes
on its aligular face, but each of the three strands is surrounded
by parenchyma, and all three are enclosed in a definite layer
(probably peridesm), abutting on reticulate mesophyll below
and palisade-cells above (Fig. 17).

In a previous paper! I called attention to certain types of
stem-structure in the genus Selaginella, and made a comparison
between the grouping of species based on such anatomical
characters and that usually accepted by systematists. Con-
sidering the anatomy of the stem only, the majority of species
examined may be grouped round S. Martensii, all charac-
terized by the presence of a single stele and by dorsiventrality
both of external morphological features and internal anatomy.
S. uncinata formed a transition-type to that of S. inaequali-

! On the diagnostic characters of the subgenera and species of Selagimella:
Trans. Biol. Soc. Liverpool, 1895.
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Jfolia ; the former shows a distinct tendency to that splitting
of the single stele into dorsal, median, and ventral steles, which
is carried to its extreme in the latter type. All the species
which have the Martensii-type of leaf belong to the mono-
stelic and tristelic series as defined in that paper. A few
species, also monostelic so far as their stem-structure is
concerned, vary somewhat from the normal type of leaf-
structure. S. molliceps, S. apus, and S. albonitens present no
difficulty, seeing that their leaves differ from the Martensii-
type only in having the reticulate mesophyll reduced to
a minimum. S. Bakeriana, S. Braunii, and S. concinna, on
the other hand, differ from the Martensii-type in two respects ;
viz. in having a more or less distinct palisade-layer, and in
that the epidermis of the ligular and aligular surfaces is more
or less similar., As I have, however, tried to point out above,
the length of the epidermal cells is by no means constant
even in the same species; and several species belonging to
the Martensii-type, e.g. S. helvetica and S. plumosa, form
pseudo-palisade-layers, so that these three species are perhaps
not so aberrant as they at first sight appear. In the series
with quite equivalent epidermis on the ligular and aligular
faces, we find all the species with two laterally placed steles,
e.g. S. Kraussiana, as well as a few monostelic species. Of
these latter, three (S. pilifera, S. lepidophylla, and S. involvens)
have a peculiar in-rolling habit, which may have something
to do with the equivalence of the epidermis on both leaf-
surfaces, whilst the remaining three (S. rupestris, S. spinosa,
and S. oregana) are homophyllous. S. Lyallii is peculiar not
only in regard to the anatomy of its stem, but also in its
leaf-structure. Looking at the genus as a whole (at all events
the fifty-two species here discussed), one may say that there
are three chicf types of stem-structure: the dorsiventral
monostelic, leading to the tristelic, and the lateral bistelic.
The leaf, of course, is much more likely to be liable to the
influence of the environment than the internal anatomy of the
stem, and therefore it is less to be depended upon for classi-
ficatory purposes. Still, it is interesting to note that, with the
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few not extremely important exceptions noted, all the species
with heterogeneous leaf-epidermis belong to the dorsiventral
monostelic or allied tristelic types; whilst those with two
laterally-placed steles have homologous leaf-epidermis. With-
out pressing the point too much, one may, I think, say that,
on the whole, a classification of these fifty-two species based
on the anatomy of the stem is supported by the structure of
the leaf.

EXPLANATION OF FIGURES IN PLATE IX.

Illustrating Professor Harvey Gibson’s paper on the leaf of Selagine/la.

Fig. 1. A trichome from the margin of the ventral leaf of S. Douglasii, with
basal investment of marginal cells. x 350.

Fig. 2. Adjacent stomata of . viticulosa. x 350.

Fig. 3. Thick-walled stomata of S. Martensii. x 350.

Fig. 4. Margin of the ventral leafl of S. serpens, showing semi-occluded uni-
cellular spines. x 3350.

Fig. 5. Stoma of S. producta, showing great thickening in surrounding epidermal
cells.  x 350.

Fig. 6. Aligular epidermis of the ventral leaf of S. groducta. The cells have
localized thickenings. x 350.

Fig. 7. Stoma of S. concinna, with almost occluded guard-cells. x 350.

Fig. 8. Stoma of S. Galeottds. x 450.

Figs. 9, 10. Stomata of S. viticulosa. One is figured with three guard-cells.
X 350.

Fig. 11. Aligular epidermis of ventral leaf of S. pasw/a. One of the warty
sclerotic fibres is shown. x350.

Figs. 13, 13. Development of stomata from a young dorsal leaf of S. uncinata.
X 550.
Fig. 14. Marginal spine of S. serpens.  x 350.

Fig. 15. Multicellular trichome from the basal lobe of the ventral leaf of
S. sulcata.  x 450.

Fig. 16. Sclerotic fibre with two rows of warts from the aligular face of the
ventral leaf of S. witiculosa. x 330.

Fig. 17. Transverse section of the ventral leaf of S, Lyallii. x350. (For
description see text.)

Fig. 18. Transverse section of the ventral leaf of S. delicatissima. x 350.



the Anatomy of the Genus Selaginella, Spr. 155

Fig. 19. Transverse section of the ventral leaf of S. suberosa. Three of the
sclerotic fibres are shown. x 350.

Fig. 20. Transverse section of the ventral leaf of S. canaliculata near the
margin. X 350.

Fig. a1. Transverse section, ventral leaf of S. plumosa. x 350.

Fig. 22. Transverse section, ventral leaf of S. witiculosa. x 350.

Fig. 23. Longitudinal section of the ventral leaf of S. keloetica. x 350.

Figs. 24, 25. S. concinna: Fig. 24 from the margin of the leaf, Fig. 25 from
near the midrib. x 350.

Fig. 26. Transverse section, leaf of S. spinosa.  x 350.

Figs. 27, 38. S. rupestris: Fig. 27, a longitudinal section, x 350; Fig. 28, trans-
verse section, x 75.

Fig. 29. Transverse section of the ventral leaf of . serpesns.

Figs. 30, 31. S. Wildenowsi, Fig. 30 from near the margin ; Fig. 31 through
the midrib. x350. The latter section is taken across the upper half of the leaf,
where the xylem of the vascular bundle consists chiefly of reticulate elements.
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