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INTRODUCTION.

The genicula of the Coralline are of special interest from both
morphological and physiological point of view. The presence or the
absence of a geniculum in Corallinaceous algae forms the essential
character on which is based the division of the family into two

_ subfamilies, viz., the Coralline and the Melobesic. -

In certain other calcareous algz, such as Galazaura, Actinotrichia,
Halimeda, Cymopolia, &c., we also find genicula of a similar appearance.
Although these genera are systematically apart from one another,
there can be no doubt that the physiological function of genicula is

" the same in all cases. ,

- A comparative sfudy of the genicula in all these members would
surely afford us interesting results. In the present paper, however,
the observation is confined to the Coralline. ' .

As far as the present writer’s observation extends, the literature
relating to the subject in question is comparatively scarce. ‘NELSON

and Duxcan? jointly tried some investigations into the histology of

1) On Some Points in the Histology of Certain Speéies of Corallinaces.
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- the calcareous alge, and left a valuable paper. Sorus” treated
somewhat the same subject, and wrote a few lines about the formation
of the genicula in the Coralline ; and pointed out the difference
between Amphiroa and Coralling in ' the structure of genicula.
Hryprice® noticed the critical points of the primary incrustation of
Corallina and Lithothamnion. He took Corallina officinalis, L. as the
representative of the Coralline and mentioned the genicular formation
as an important diverging point of the two subfamilies.

The writer previously noticed several interesting facts about the
genicula of the Coralline, while he was examining material from
Japan and Canada. Some of the views arrived at a different conclu-
sion from those of former investigators.. They will be pointed out
under the proper chapters.

The material worked over belongs mostly to the Japanese and
the Canadian alge. They were preserved in alcohol directly after
they had been collected or after decalcifying the fresh plants in
Perény’s fluid. The specimens which were kindly sent to the writer
by Dr. M. Fosrig, Madame A. WEBER vaN Bossg, Mr. F. S, CbLLINs,
Major Tueo. REINHOLD were a great help to him in comparing
results. The writer must not miss the chance to express his deepest
thanks to these phycologists. Thanks are also due to Prof. J. MaTsu-
MURA, Prof. M. MrvosHr and others who have helped the writer in
" various ways.

The writer regrets to say that the study on Amphiroa stelligera
and Amphiroa aspergillum, which play an important and interesting
part in the present work, he has been obliged to undertake on dried
material. He could not help omitting several important observations

on these species, as, with dried fronds, he was unable to pursue the

1) GRrAF v. Soums-LausacH. Corallina p. 28.
2) Lithothamuion von Helgoland. p. 79.
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course further. Moreover specimens of Amphiroa australis were not
_accessible to him. This is the only species which is reported to have
the fronds constructed with globﬁlar cells.  The writer does not
doubt that minute study on the structure of .this species might afford

interesting facts to add to the present work. .

“Botanical Institﬁte,
Imperial University of Tokyo.
October, 1903.
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EXTERNAL APPEARANCE OF GENICULA.

The genicula of Coralline appear with a brownish colour while
the plant is'yet living. In some of the members which have no
significant genicula, the colour is, as a consequence, not remarkable.
When the fronds are bleached and the articuli have turned into

chalky white, the genicula are distinguishable as yellowish brown
 constrictions or rings around the calcareous fronds.

The geniciﬂa are entirely free from the deposit of calcium, and
the substance is horny and flexible. This gives a special character to °
the fronds. Whether a frond is rebust or not depends essentially
upon the relative size of the genicula and the accompanying articuli.
Even in an individual the proportion differs in the basal and the
upper parts of the frond.

The majority of Coralline have very short genicula at the basal
‘part of the frond., The articuli at this region are mostly short and
cylindrical. Hence the stem at this part becomes moniliform, the
genicula taking the places of the constriéti.ons. Amphiroa dilatata,
Amp. Bowerbankii, Amp. canaliculata, Amp. ephedrea, etc., in short,

those. which would be grouped under the section Eurytion, Dene.,

have the genicula with equal or nearly equal diameter with the

articuli adjacent. .

The genicula of Amp. stelligera, Amp. Charoides and their allied
forms are the larger than those of the other species. Some of the
matured genicula, indeed, are longer than the accompa,n.ying articuli.
They are cylindrical, smaller in diameter than the articuli.

When the fronds of the Coralline are observed with the naked
eye, we can easiiy distinguish several forms of the genicula. These
multitudinous shapes might be classified briefly into the following
five types :
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I Linear: the majority of Corallina, Jania and some of Amphiroa
belong to this type. As for the basal genicula, most of the members
come under this category. The exceptions are the greater number of

“the Eurytion, Amp. Charoides, Amp. stelligera etc., and many species of
Cheilosporum (Fig. .A). '

The gap between the articuli is very narrow, apparently seen
only as a circumscribing slit around the geniculum. This sort of
- genicula has been called *lineform ™ by the former systemﬁtists.
In these the genicula are not so short as they appear from the external
side. Both.ends of the articuli which hold the geniculum between
them are concave. Hence the greater part of the geniculum is
covered by the overhanging margins of the relating articuli. I shall
call this marginal portion, for sake of convenience, the circum-

genicular cortex (Pl. fig. 1-2).

|

The genicula of Amp. aspergillum, when judged by the external

B

T

appearance, come under this category. But the internal structure of
the frond in this species is quite different from that of the other
members of the Coralline. As it will be treated further in the
following pages, we can not cleirly distinguish the genicular and the
articular portions in its internal structure. v

II.  Spotty : many of the section Arthrocardia, Dene. belong to
this type, especially those which have the sagittate articuli ending

in narrow base. (fig. B).
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In these the diameter of the geniculum is much smaller than that
of the adjacent articuli; and the greater part of the geniculum is
exposed outside. Or, in other words, the part exposed to the outside
is comparatively larger than the part hidden under the circumgenicular
cortex. Hence the genicula of this type appear to the naked eye like
brownish spots. |

ITI. Bandform : the genicula at the lower portions of the
members under the section FEwrytion, Dcne. belong to this type
(fig. E). _

This type of genicula has the diameter equal or nearly equal to
that of the adjacent articuli. The length is comparatively great.
The articuli are destitute of circumgenicular cortex. On the contrary,
a portion of the distal end of an articulus is covered by the outgrowth
of the successive geniculum. The details will be given in a later
chapter. |

IV. Filiform : the peculiar genicula of Amp. stelligera, Amp.
Charotdes, etc., belong to this type (fig. D).

They are very long genicula, often several times longer than
the diameter. The diameter of the genicula is smaller than that of
the articuli, hence the whole appearance is filiform. In the youngest
stage of its development it is undistinguishable from ¢ spotty "
genicula as in the upper parts of Amp. canaliculata.

V. [Fenestraform : the genicula at the upper portions of the
fronds of Amp. dilatata, Amp. ephedrea, Amp. Bowerbankii, -etc.,
belong to this tyI‘ae.

The genicula here mentioned are by ho means the complete ones.
They are always to be found at the upper and younger-portions of
the fronds which are without exception furnished with the * band-
form ” genicula at the basal parts. The “ fenestraform ” genicula,

?

therefore, should be taken only as a young stage of the * bandform’
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type. Yet the genicula of the present type characterise a species in
a great degree. It would be better, therefore, to mention them on
the same level with the other forms (fig. E).

The above mentioned five types are easily discernible with the
naked eye. 'The divergency of the genicula into these types is due to
the difference of the modes in the eaﬂy stage of their development.
Some minute account of the histological views will be given in the

following chapters.

THE POSITION OF ‘GENICULA.

The embryonal stage of the Coralline is a mere thin calcareous
incrustation upon a substratum. In this stage it is not easily
distinguished from a sterile form of some Melobesie. The tiny
epiphytic species, such as Corallina pusille and Cor. radiata have their
basal incrustation in the shape of a verruculose circular disc.

Every member of the Coralline, however, soon develops a
mammilary process perpendicular to the surface of the incrustation.
The process becomes provided with an uncalcified joint, the primary
or the basal geniculum, slightly above the level of the surface of the
incrustations. cf. Hrypricw’s paper on ¢ Lithothanmion von Helgo-
land.”?  The mammilary process continues to grow upward acropetal-
ly, having the geniculum at fixed distances. The intergenicular
portions are so-called articuli.

The intergenicular distance or the height of an articulus is always
comparatively short at the basal part of a frond. As the plant grows
larger, the successive upper articuli become larger and larger, some-
times compressed simultaneously, inclining to its proper shape in

ach species. This circumstance is nearly similar in every member

except tiny and epiphytic forms.

I). P.79.
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When the articuli at the basal portion grow in thickness, after
they have been geniculated, the consequence is that they always
assume a moniliform shape : and if the growth of the diameter of the
genicula has corresponded to that of ‘the articuli, we have a homo-
geneous cylinder with parallel 1'ings- at certain distances. In the
former case the result is always ¢ linear "’ in form, as in Amp. aberrans,
Cor. officinalis and many others: in the latter case ‘bandform ”
~ genicula are formed, as in Amp. dilatata, Amp. ephedreea, &c.

At the upper portions of the fronds we find several differences
in the position of the genicula. These various positions may be

divided into two, the normal and the abnormal.

A. TaE NormaL PoSITION.

[

The normal position of genicula is always at the ends of the
articuli, situated in the direction of the rachis. This position is
most common in the members of the Coralline. And the genicula -
belonging to the axial stem or to the main branches are of this type.

There might be two equal or several unequal genicula at the
distal end of an articulus. In the former case the two genicula are
mostly’ separated in the meridional plane. This results in the
branching mode which I have called the ¢ direct” dichotomy”
(fig. F). In some dichotomous fronds, a single geniculum s on the
_top of each arm of Y-shaped articuli, instead of two genicula at the
diverging point, forming the branching mode ‘which I have called
«indirect ”’ dichotomy (fig. G). In Cor. decussato-dichotoma and its
~allied species, the two genicula are situated, side by side, at the top

of an articulus. But the partition plane of both genicula is always

1) Yexpo: Cor. vere Japon. p. 10. footnote.
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at right dngles to that of the next order. The consequence is that
the dichotomy of one order comes in the plane at right angles to that
of the adjacent onme. ~This mode of dichotomy is what I called
¢ decussato-dichotomy.” (fig. H).

A peculiar mode of bifurcation is found in the main stems of
Amp. aspergillum. In this species the articuli of the main stems are
as broad as their length and strongly compressed except those at the
basal portion. A few of the successive articuli below a bifurcating
articulus are much more complanated and have a longitudinal groove
along the meridional line; as if the tendency of the bifurcation at the
upper articulus were already indicated in the l(')lwer articuli.

When several unequal genicula have been formed at the distal.
end of an articulus, the branching mode becomes much more complex.
In the pinnated fronds, the two minor genicula are on both sides of
the middle one ; and when several minor ones are around the axial
one, the mode is whorly. In either case the middle and large one
is situated in the direction Qf the rachis and is always at the center of
the distal arex.

Strictly speaking,' the size and the position of the genicula at the
distal end of an articulus from which the trichotomy and the pinnation
begin are different. In the trichotomy three genicula, equal in size
and in value, start at the end of an articulus from the same level. In
the pinnated bmnéhlets, the two genicula on both sides of the axial
geniculum are much smaller than the latter. The geﬁicular cells of
the axial one start from the zone lower by one than that of the
genicular cells of the pinnules (fig. 3). This was actually observed in
Amp. aberrans, Cor. officinalis, Cheilosporu-;ﬁ mazimum, etc. (cf. fig. 11,
Plate 1. Cor. verz Japon.). .

The genicular cells have no power to develop into articular cells”

o s e - . ’
by division ‘or elongation. They are always transformed from the
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cells of a certain portion of an articulus. The difference of the level
from which the genicula start illustrates the fact that they are of
separate origin. Hence at least in the last mentioned species the
genicula of the ramuli or the pinnules are not genetically related to
those of the neighbouring axial articulus. It should be admitted
that the pinniferous articulus might be taken conveniently as a
sagittated one with the shoulders enormously prolonged and finally
jointed. |

Amp.' stelligera and Amp. Charoides, as well as their allied forms,
have a peculiar mode of ramification. This has been already remarked

by Ktrzine in his Tab. Phyc. vol. VIIL p. 26. The branches never

start like all other members of the Coralline dirvectly from an articulus. .
The primary geniculum of a ramus or ramulet always starts from a
certain limited part of the axial geniculum, and not from an articulus.
The whorly branchlets of these species, therefore, have quite a distinct
morphological significance from those of Cor. pilulifera, Cor. vancouzerien-
sis, etc. which are mentioned below. Hence in the former spzcies the
branchlets are practically developed at the expense of the axial
geniculum. I was not able satisfuctorily to trace the origin of the
branchlets, as the material would not allow me to do so ; but it was
clearly observed that the embryonal stage of the branchlets is readily
‘recognizable around the immature axial geniculum. How the genicula
could give out branchlets will be noticed hereafter.

The genicula of the pinuated and the whorl y fronds are always
at certain angles to one another. The angles between the genicula
of the axis and the pinnules are geometrically adjacent angles to the
angle formed by the axial articulus and the pinnules. IHere the
angle between the genicula means that which has been formed by
the planes perpenclicular to the periclinal axes of the axial articulus

and ‘the pinnules concerned.
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The extreme case of pinnation is that of Amp. aspergillum. The
more or less compressed articuli of the main stem are regularly jointed
at certain distances. The genicula are linear, with subequal diameter
to the articuli. The primary articulus of the branchlets arise decussate-
ly from the upper end of the periclinal edge of the compressed
articulus. The insertion of the pinnze or the primary genicula is

at right angles to the axial geniculum.

As the position of genicula is dependent upon the mode of

branching, the plants with irregular branching have naturally the
te}) f P o [=) y

genicula at indefinite positions. The Jarger number of the section

FEuamphiroa, Dene. are examples of this category.

In Amp. valonioides a branch often arises obliquely upwards from
the distal end of an axial articulus with its primary geniculum at
some distance further than the diverging point. This gives an
appearance of sympodium until we examine the internal structure.

of. Cor. veree Japon. Pl. 1. fig. 3.

Amp. cretacea has an irregular mode of branching. It sometimes
gives out branches at the distal end of an articulus showing apparant
dichotomy. On the other side, several branches arise decussately
from the periclinal side of a cylindrical articulus. The latter is by
no means the abnormal buta special mode of ramification belonging -

to this species. cf. PL. IV. fig. 2. L. c.

These decussate branches have the primary geniculum in two
forms. The first is that of the geniculum directly situated upon the
surface of the axial articulus ; that is, the geniculum starting without
any process on the surface of the articulus. The second form has the
genicula upon the process, perpendicular or obliquely, produced on
the surface. These modes of geniculation might correspond to

“direct 7 and “indirect” dichotomy. But the character is not

N
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constant in equal degree as in the case of dichotomy ; and both types
may be found in the same individual. cf. PL IV. fig. 2. 1. c.

Some of the plants which belong to the section Eucorallina, and
migbt be classified near Cor. officinalis, have often numerous genicula
around the axial one. The writer has mentioned actual examples in
Cor. pilulifera and Cor. vancouveriensis, f. densa.” The subordinate
genicula belong mostly to the stalks of the conceptacles. Although
this arrangement of conceptacles characterises the plant in some
measure, in considering the position of the genicula, the whorly
‘genicula in this species would better be treated as of less importance.
It should not be forgotten, however, that the origin of these whorly

genicula is entirely different from those of Amp. stelligera, etc.

B. Asxorvar PosiTiox.

As has been already remarked in the preceeding chapter, every
geniculum accompanies an articulus, whether it be of branch, pinnule
or stem. Hence the abnormal position of a geniculum means a
geniculum belonging to an abnormal branch or branchlet. The most
common case of such abnormity is found on the flat surface or margin
of an articulus. Illustrious examples have been given in Amp.
aberrans® and Amp. canaliculata.  In these species the branchlets
consisting of one or more articuli originate on the surface or the
margins of the articuli. In most cases the form of branches and the
shape of the articuli of these abnormal ramules are much modified.
To give the minor points of these modifications is, at present, not
necessary, These abnormal branches have the genicula directly on

the surface of the articuli. Very often, in the case of Amp. aberrans,

1). Cor. ver® of Port Renfrew. PL LVI.fig.17: Cor. vere Japon. PL IIT, fig. 16.
2). Cor. vere Japon. PL IL fig. 1-2.
3). Martens: Preus. Exp. nach Ostas. Tange. Pl VI.
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a knotty protuberance is found at the point of insertion of the
geniculum into the articulus. In Amp. canaliculata, Mart. the genicula
are always directly attached to the margins of the articulus, that is to
say, the genicula grow from the hlal‘ﬂins without any protuberance
or prolongation of the calcified portion.

In most cases the abnormal genicula seem to have genelated from
the cortex. Im Amp. cretacea, a number of the cortical cells increase
layer upon layer at a certain portion of the surface of an articulus in
such a degree as to produce a wart-like protuberance. One of the
cellular layers elongates to an extraordinary degree, in like manner as
a normal genicular formation, and thus the primary geniculum is
built up.

Some of the blanches of Amp. cretacea, Amp. valonioides, etc.
originate from the cortex in the manner just described above. In
Amp. aspergillum the primary genicula of the pinnules are always
generated from the cortex. These ramules are by no means abnormal
branches in these species, but a characteristic mode of ramification
limited to them.

Thus the genicula at the distal end of an articulus Wthh give
rise to dichotomy, “trichotomy, whorly or pinnation (not of Amp.
aspergillum) ave originated from the medulla ; and those of the lateral
branches or processes are mostly from the cortex. The abnormal

genicula generally belong to the latter category. .

RELATIVE POSITION OF THE GENICULAR AND THE
ARTICULAR CELLS.

The structure of the articuli of the Corallinee may be easily divided
into two portions, The internal part is constructed with long
filamentous cells bound together along the periclinal side of the cells.

These cells occupy the greater part of the diameter. The cells at the
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middle portion run in the direction of the axis of the articulus. Those
at the peripheral portion more and more become inclined, diminishing,
at the same time, in the length, until they result in globular or cubical
cells running radially to form the cortex. The medullary cells are
mostly arranged in zones. These zones are easily observable when
the calcium carbonate in the frond has been dissolved. They appear
as concentric parallel lines, convex toward the apex of the frond
(figg. 3, 5, 6).

A geniculum is built up with one or more zones of the periclinal
cells. The méjority of the Coralline belong to the former category.
In the case when one zone of the periclinal cells shared the formation
of geniculum, the middle portions of the cells serve as the geniculum
proper. Both ends of the cells have the deposit of calcium carbonate
and have no proper function as genicular cells. The calcified distal
ends should for the sake of convenience be called the extra-genicular °
portion (figg. 9-10).

The bordering line between the articuli and both ends of a
geniculum varies more or less according to the species. As has been
mentioned above, a geniculum is not built up by the mass of .the entire
cell. but by a mass of parts of the cells. In other words, the cells at
the critical portion which divide a geniculum and an articulus are
separated into two parts, the one serving to build the geniculum and
the other the articulus (figg. 1, 2, 4). Hence the word * borders”
does not apply to the continuation of the cell boundaries. It
means the continuity of the transitional points of the genicular and
the articular portions of the cells ; or the critical points of the genicular
and the extragenicular portions.

In the hair-like Jania the number of the genicular cells is much
less than that of the robust forms, and they are arranged in a less

regular manner. Generally speaking, the cells at the middle portion
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of a geniculum are longer than those in the periphery. . But there
occurs much fluctuation in the length, and the longitudinal section
of a geniculum always shows a zigzag appearance. cf. Cor. vera Japon.
PL IIL fig. 3.

In Amp. aberrans the genicular area changes abruptly into the
articular portion, and the boundaries between them are exceedingly
sharp. The boundaries are more or less convex toward the articular
parts at both ends of the geniculum. The majority of the Coralline
are of this respect, although. the sh:u‘pnaess of the boundaries may
fluctuate in a slight degree (fig. 3).

Amp. dilatata, which shows _special characters in various points,
here also gives us an aberrant type in this respect. ~The upper
boundary is a concave plane running into the geniculum and the
- lower is a convex one running toward the lower articulus, with
special outgrowth at the central portion of both planes- (fig. 5).
This character, however, is limited to the genicula of the upper and
middle portions of the fronds. The genicular cells of this plant
undergo further development and an old geniculum has an appeamnce
quite foreign to that of the younger ones.

In Cheilosporum anceps, the zonal arrangement of the peri-
clinal cells is entirely disturbed. The cells are not straight but
undulating, and are connected with one another through the large
lateral -openings (fig. 4). In this respect it resembles the cellular
arrangement of the Jania, especially Cor. yenoshimensis. cf. Cor. vera
Japon. Pl III. fig. 3.

Although the zonal arrangement of the periclinal cells is thus
irregular, the transition parts are regularly and sharply defined
(fig. 4). ,

In Cor. decussato-dichotoma and Cor. yenoshimensis the periclinal

cells are not undulated as in Cheil. anceps but the perforation on the

°
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lateral walls and the non-zonal arrangement of the cells are similar to
those of the latter species.

The above mentioned genicula are all those in the normal position.
The chm‘acte.rsv are more or less constant to the species, In the
abnormal genicula, as it were, these descriptions may.not be often
sharply applied.

The greater part of this chapter does not holdvgood in the fronds
of Amp. aspergillum. 1In this species an articulus is built up of two
and only two zones of the periclinal cells, covered with a few layers
of cortical cells. The lower of the two zones practically fills up the
entire portion of the medulla. The cells constructing it are much-
elongated filaments of nearly equal length, running longitudinally in
‘an exact sense. The upper zone is a layer of elliptical cells, each of
which is situated at the top of the filamentous cell. These elliptical
cells have their longer axis in the same direction as the filamentous
cells below them, but those at the peripheral region bend horizontally
by degrees and finally become confluent with the cells of the
innermost cortical layer. Hence in the longitudinal sections of an
articulus we have a ()-shaped layer of minute cells holding the bundle
of the filamentous cells wholly inside of it. The boundary of the
neighbouring articuli lies at the points where the basal extremities of
the filamentous cells of an articulus come into contact with the
terminal extremities of the elliptical cells of the lower articulus. The
slit between the articuli which suggests a linear geniculum in the
external appearance of a frond, is around this region (fig. 7).

We have several reasons for believing that the lower half of the
filamentous cells serves as the genicular portion proper of the other
species, In the preparations the cortex around this portion seems to
be entirely free from continuation with the filamentous cells like a

ciccumgenicular cortex of other species. But it would be a little
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dangerous to give further details on this point, as the material worked
over has been from a dried specimen. It might be stated, however,
that at least a small portion at the base of the filamentous cells is not
calcified and flexible as in the genicular portions of the other
Corallinc. ‘

These peculiarities of structure suggest the convenience of omitting
the above mentioned species from the general discussions of genicula.
The following chapters will be applicable to the other members of the

Corallinee, except Amp. aspergillum unless it is specially mentioned.

STRUCTURE OF GENICULAR CELLS AND COMPARISON
WITH ARTICULAR CELLS.

The genicula of Amp. dilatata, Amp. echigoensis, Amp. Bowerbankii,

Amp. epherea, etc.,—probably all members of the section Furytion,

Dene.—are built up with several zones of periclinal cells. The genicula
of this category have special characters and should be treated further.

In Amp. rigida the genicula seemed to have been builtbup with’
two zones of periclinal cells. T hey are, however, always formed of a
single zone, the cells being often intertwined at the equatorial points
and looking like two zones. cf. Cor. ver. Jap. PL 1. fig. 6.

The presence of the extragenicular portion is an important
matter. Former investigators seem to have overlooked this. NELsON
and Duxcax” remark that the long cells (of 'allticulus) are often
distinctly continuous with the filiform cellular processes of the
articulations (genicula), especially with the deeply seated ones. They
seem to have noticed nothing about the extragenicular portion.
Among the multitudinous illustrations of * Tabulae Phycologice "

only two figures indicate this circumstance in any degree. And in

1) 1 e p. 206
2} Vol. VIII Taf. 56. and 60.
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the illustrations of “ Etude Phycologique " and * Sur les Coral-
lines " no precise point about it is given.
To begin with, we will treat of the unizonal geniculam ; that

is to say, a geniculum built up with a single zone of periclinal cells.

The genicular cells are long filamentous cells, varying in the
proportion of their length and their diameter according to whether
they take the middle or the peripheral position in the geniculum.
The diameter of the cells is constant or nearly constant in a species.
The part at both ends which I have called * extra-genicular portion ”’
has mostly a different diameter from the genicular portion proper.
The diminishing or the increasing of the diameter occurs abruptly at

the critical points between the two portions.

In regard to the length of the filaments, we find that it varies
according to the species ; but it is always several times, often more
than twenty times, as great as the breadth. We can not tell the
proportional length by the mere external appearance of a geniculum.
This is owing to the relative size of the circumgenicular cortex.

In the cross sections of the genicula we find the cells more or
less polygonal from wmiutual compression. The cell rooms are

comparatively narrow and mostly roundish polygonal.

Staining with colouring materials, we can easily perceive the
lamellar structure of the cellwall in the genicular cells. The
comparison of the properties of the wall with those of the articular cells
1s highly interesting. In the present paper it is not the aim to give
the details of the microchemical properties of the cellwall, but some

remarkable features we shall not fail to point out hereafter.

1) Borwer et Toorsr; Pl L-LL

2) Decas~e: PL 17. fig. 5
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When stained with BormER'S heematoxylin and fuchsin after the
method 1 mentioned in my former papers,” we find at least three
lamelle stained in different degrees. The innermost lamella is pretty
¢hick, sharply distinguishable from the other parts of the wall (fig.
13). This part stains deepest in dark violet. It is the thickest of the
lamelle and is peculiar to the genicular portion proper. The genicula
of the Coralline stain in a much deeper degree than the articular part.
This circumstance depends upon the property of this lamella. The
second lamella envelops the innermost lamella and varies in its
thickness, as it seems, according to the age of the genicnla. It stains
in pale violet or grayish blue. At the external part of the latter
lamella we have another thin lamella. This thin lamella practically
answers the middle lamella of the higher plants and is clearest at the
per‘ipherul portion of the genicula ; and in some species it is entirely
invisible at the interior part of the genicula (fig. 14). In Cor.
yenoshimensts the three lamellae are very clearly defined (fig. 13).. As
the cells are more or less polygonal and compressed by each other,
the outermost Jamella is comparatively thick at the points where more
than two cells meet together. In some spieces this lamella is to be
detected only at these points (fig. 14). In the genicular cells of
Amp. s.telligcm only the outermost lamella gives a deep violet colour,
while the other portions remain a light bluish colour.

‘A peculiar modification of the wall was observed in the peripheral
portion of a geniculum which had been attacked by a parasitic alga.
The middle lamella stained exceedingly deep, while the second
lamella was quite indifferent to the colouring material (fig. 15). At
first the writer was induced to consider it the. extra-genicular portion
cut lengthwise. But the staining mode is just contrary to the

ordinary case, and a further examination of the longitudinal section

1)} Cor. verz Japon. P.3: Cor. vere of Port Renfrew P. 711.
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showed that this modification was due to the parasitic Diatom. The
exact determination of the pavasite is beyond the present purpose.

When the section had been treated in anilin blue for 24 hours,
we gained a beautiful preparation stained metachromatically. The
outermost ]a).rer which fills up the intercellular space and apparently
takes the place of the middle lamella stains in deep purple. The next
layer stains in light blue. The innermost layer which stained in
deep violet in hamatoxylin is now separable into two parts. The
innermost is very thin, but stains in deep purple ; the outer layer in
purple also but more faint: These two layers stained in the same
degree when treated with hamatoxylin.

Hence we might divide the cellwalls of the genicular cells into

four parts, with the exception of those of Amp. stelligera.

L The middle lamella : filling up the intercellullar spaces and
often hardly distinguishable at the axial portion of geniculum by
virtue of the stror;g mutual compression of the cells : staining deep
in heematoxylin and anilin blue, :

This lamella corresponds in its position, especially when it is
very thin, to the intercellular substance of Dirrrr.”

IL. The primary cellwall : staining in less degree with the
colouﬁng matters. With hematoxylin it stains in pale violet and
with anilin blue in light blae. L

IIL. The secondary lamella : staining in deep violet with
heematoxylin, and in pale purple with anilin blue. Tt is this lamella
which characterises the genicular cells when stained with the colouring
materials. It staines much deeper than other parts in almost.all
colouring reagents. ' |

IV. The tertiary lamella : staining in hematoxylin and anilin

1) Drerer: Die Neuere Theorie tiber die feinere Structur der Pflanzenhiille.
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‘blae very deep. When stiined with the former it can not be
distinguished from the second lamella: very thin: taking the innermost
position of cellwall. - Often this lamella can hardly be detected.

The extragenicular portion has several different characters-in -
~ comparison with the genicular portion proper. The wall of the former
part is not as thick as that of the latter, and there is always, after
preparation, a longitudinal space left between each cell.  When
stained by an ordinary colouring reagent, this space remains unstained,
apparently suggesting the intercellullar space. When, however, thec
sections were treated in ruthenium red by the proper method, this
‘space assumed an intense red colour. It is beyond doubt that the
space is filled with a substance which has a peculiar character.

The cellwall of the extragenicular portion consists essentially of
the continuation of the primary cellwall of the genicﬂular portion
proper. Its colouring reactions are always the same. And at the
same time we do not doubt that this primary cellwall is that from
which is constructed the whole framework of the articular cells. At
the inner part of the wall we have a thin layer, which it is difficult
to detect in some case, and which continues to the secondary lamella
of the genicular cells. The thickness of the secondary lamella
increases abruptly at the critical points between both the extragenicular
and the genicular portions. '

The extragenicular portions of the genicular cells, as has been
rormerly mentioned, coutain deposits of calcium carbonate, while
the genicular portions proper ‘are destitute thereof. We often meet
with preparations which have the genicular portions much shrunken and
the-extra,genicu]ar portions remaining in the original state. In those
preparations we find the primary cellwalls of the genicular portions
much fimbriated near the transitional points. This is probably due

to the difference in the properties of the primary cellwall and the
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secondary lamella : the walls of the genicular cells, the greater part of
which is built up with the secondary lamella, éontracting much more
than the articular cells during the process of the preparation.

’ The middle lamella at the genicular portion proper stains
intensely with rutheniom red, in the same degree as the apparent
space just mentioned above. There is no doubt that both parts are
continuous, although they are in some species entirely interrupted at
thé critical points. The space between the extragenicular portion of
the cells is continuous to the intercellular spaces at the articular
portion. ‘

- When a section of 4mp. tuberculosa is stained in hsematoxylin
for a long time, say 24 hours in BoEMER's, and treated with acetic
acid thoroughly, we have a preparation stained in a contrary manner.
The easily stained portions are easily washed away by the acid, and
the articular cells which are hard to stain in the usual method now
appear in a rather deep colour. The primary cellwall at the trans-
itional point remains almost unstained and the distal ends of the
extragenicuvlar portion stain in the same degree with the articular
cells. This fact shows something different in the properties of the
primary cellwall in the transitional part and in the distal end of the
extragenicular portion.

In this sort of preparation, the part of the primary cellwall in
contact with the space mentioned stains intensely. cf. fig. 4. When
treated with safranin the part now stained deep gains a yellowish
colour.

It would not be useless to give some brief account of the middle
lamella of the articular cells. The middle lamella of the extragenicular
* portion is practically eontinuous with that of the articular cells. When
stained with ruthenium red, the part in connection with the genicular

cells stains in the highest degree. The middle lamella of the articular
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cells also stains clearly. Its thickness, however, is far less than that of
the extragenicular portion. Cheil. anceps, Amp. tuberculosa and several
species of Corallina have the periclinal cells running longitudinally but
undulating ; and their zonal arrangement is much disturbed (fig. 4).
In these plants there are spaceous rooms between the cells whenever the
latter become parted. The middle lamella does not fill up these rooms

and intercellular spaces in an exact sense are met with.

The cellwall of the periclinal cells at the medulla stains in some
degree with ruthenium red, but those of the cortical cells in most -
cases remain unstained. In Amp. tuberculosa the genicular portion
proper stained in only a very slight degree. But in most others the
portion stains as deep as the cellwall of the medullary cells of the
articulus. The cells at the circumgenicular cortex with its epidermal
cells also have their cellwall stained in the deepest degree. -

The genicula of Amp. dilatata, Amp. ephedicea, Amp. Bowerbankii,
Amp. echigoensis, etc., probably all of the Eurytion, ave built up with
several zones of periclinal cells. I would call them wmultizonal
genicula to distinguish them from the unizonal ones. ‘They ure
wideiy different, in construction and formation', from the unizonal
genicula.

The number of zones which share the formation of ‘a geniculum
in this category, varies according to the species and the individual.
In Amp. dilatata the writer counted I5 zomes (fig. 5) and in Amp.
ephedraa only 4 (tig. 6). In every case there is more than one zone.
SorLys-Lausacn® remarked that the genicula of Corallina are built up
with single layer of periclinal cells but those of Amphiroa always two
layers. The present writer met with a number of instances which

disprove the latter part of his remark.

- 1). Corallina p. 29.
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These zones as a whole does not form the geniculum ; but some
of the zones, at both ends, shave only partly. The zones of the
periclinal cells,as has been already remarked, are concentric arcs, convex
toward the apex of the frond. The boundaries of the geniculum, on
the contrary, are very often convex toward the base. The consequence
is that some of the zones partly share.the geniculum (figg. 5-6).
This fact has been formerl >: noticed by the writer in his paper ¢ Cor.
veree Japon.”” (Pl 1. fig. 21). _

The genicula of Amp. steliigera and its allies are also constructed
with a number of zones.  Differing from the other multizonal genicula,
the critical part between the articular and the genicular portion is
much like the case of the unizonal genicula ; that is the ultimate ends
of the distal genicular cells are differentiated into peculiar parts,
corresponding, though not sharply, to the extragenicular portions of
the unizonal genicula.

‘The staining material act upon the genicular cells in a similar
manner as in the case of the unizonal geniculum. Hence we may
easily point out, the genicular portions with the naked eye when we
stain “the frond in toto after decalcification. In the apical portion of
the fronds where the genicula have not yet been completely built up,
we can tell exactly the future genicula by this method. cf. Cor. vers .
Japon. Exp]anution of PL. 1. fig. 21.

The cellwall of the genicular portion proper consists of the four
lamellze as in the case of unizonal genicular cells. The tertiary
lamella, however, is sometimes very hard to detect. Almost all the
members which belong to this category have the bordered pits in the
lateral sides of the cells, besides the connecting pits at the distal ends
of the periclinal cells. These bordered pits are not perforations
between the cells but are septed by thin membranes of the middle

lamella. They are, as a rule, in rows parallel to the zones and are.
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situated at the distance of about one-third of the length of the cells from
the upper ends of the cells (fig. 11). In Amyp. dilatata the tertiary
* lamella is remarkable in the part below the pits. This circumstance
causes the upper one-third of ‘the cells to stain in a less degree.
Hence the lbngitleial section of the geniculum, after staining, shows
alternate parallel _cgrves» of faint and deep coloured zones (fig. 5).

In some cases we find transverse disseptments in the perfclinal
cells (fig. 6). This character has never been hitherto found in the-
unizonal genicular cells, as far as the writer could observe. We shall
give some account of these dissepments in a later chapter. _

The difference of the property of the cellwall at the genicular and
the extragenicular portions is also remarkable in this case. As arule,
the cellwall at the genicular part.is thinner than the extragenicular
portion. The difference of the thickness occurs abruptly at the point
of transition from one to the other. The decrease of thickness is
essentially due to the primary cellwall. The middle lamella stains
deep with heematoxylin at the genicular part ; the primary- cellwall
in a less degree and the secondary (sometimes together with the
tertiary) lamella stains in intense violet. In the extragenicular
portion ‘the middle lamella stains much weaker, and the secondary
lamella is almost wanting here (fig. 11).

I have called it extragenicular portion here. DBut the area
mentioned under the name is somewhat different from the case of the
unizonal geniculum. As might be well understood from the structure .
of the genicala under treatment, there is no special portion which
corresponds to the extragenicular portion of the unizonal genicula.
The parts in contact with the articular portion, from the morphological
point of ‘view, have no special differentiation. A part, however, of
each cell just related to the genicular portion is destitute of starch

grains. The nourishment is probably consumed during the formation
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of the geniculum. 'This phenomenon, of course, undergoes much
fluctuation according to the condition of the genicula.

In Amp. aspergillum we find the lower half of the filamentous
cells stained much deepel with hamatoxylin than the surrounding
regions. The upper zones, that is, the layer of the elliptical cells at
the upper end of an articulus, stain in the same degree as the upper
half of the filamentous cells. The elliptical cells have cellular con-
nections at the distal ends and at the periclinal sides; and the
transverse communication between the filumentous cells is confined to

the uppermost part of the periclinal side.

Formation and development of the Geniculum.

The formation of the geniculum takes place at an early period of
the development of the frond. The first geniculum is already
perceivable when the process of the frond has reached 1 mm. above
the incrustation.”  As the frond grows higher, a geniculum is formed
just below the apex of the frond.

The apical growth of the Corallinee depends upon the division of
the cell layer which covers the apex of the frond.?

As far as the writer could observe, the genicular cells are not
directly formed from the layer of the growth. The search for the
youngest geniculum directly under that layer ended without success ;
but it was found always at a distance from the apical point.  Several
zones of the periclinal cells are generally found lying between the
new geniculum and the apex. In the case of multizonal genicula
this 1s especially the case,. and in hair-like Jania the genicula are close

to the apex. -

1). Hevoricu: 1 ec. p.79. Taf. IT. fig. 26.
Yexpo: Cor. vere Japon. Pl II. fig. 5.
2). Soums: 1l c. p.29.
Kny: Ueber echte u. falschedichotomie im Pflanzenreich.
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By careful study of the shape, position and: the length of the cells -
of the genicula, the writer arrived at the conclusion that the genicula
are transformed from the zone or' zones of the matured periclinal
cell.

In normal cases the cells sharing the formation of a geniculum
are limited to the medullary cells. An exception is the genicula of
Amp. stelligera and its allied species. In these species the long fila-
mentous genicula are formed of several zones of the medullary cells,
generally much disturbed in the cellular arrangement. ‘These genicula
are coated with corticalbla,yers from the beginning of their formation.
In these species the cortical layevs around the zonal cells play an
important part in giving rise to the primary genicula of the whorly
ramules.

Another example of a geniculum with cortical layers is found in
certain “species of the Eurytion. In this, the greater part of the
overlying cortical layer is dropped oft in the process of the genicular
formation, which is described below ; bat those cortical cells closely
adhering to the genicular cells remain as such. These cortical cells
have similar characters with the genicular cells in every way and last
as long as the genicula exist.

The primary geniculum of a ramule in Amp. aspergillum, Amp.
valonioides, etc. is apparently transformed out of the cortical ld’yers.
These are, as a matter of fuct, built up by a similar pfocess as that by
which the primary geniculum of the main stem started from the
incrustation. The primitive stage of the ramules.is a mamumilary
process on the surface of an articulus.. It is built up with a number
of layers of globular or rectangular cells not distinguishable from other
cortical cells., As the process elongates upwards by the intercalary
growth of the cells of one or more layers, the geniculum is transformed

from one of the elongated cell layers. The cortical layers, at least the
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innermost one, remain in the original state. cf. pl. 1. fig. 3. Cor. verz
Japon.

The unizonal and the multizonal genicula differ genetically. In
the following paragraphs we shall try to give some details of the
development of both. .

One of the -youngest geniculum formed from the single zone of
the periclinal cell is illustrated by the writer in “ Cor. verz Japon.
Pl. 1. fig. 2. The figure shows a longitudinal section of a branched
frond of Amp. valonioides. The geniculum of the branch is much
younger than that of the axial stem. The genicular cells are hardly
longer than the ordimary vegetative cells, ‘with the circumgenicular
cortex still remaining as such. 'The differentiation of the cellwall
has already taken place in the genicular cells, staining the genicular
portion proper in deep violet by Bormrr's hmmatoxylin. The
geniculum is already free from the deposit of calcium, while the
extragenicular portion is calcified as in the remaining part.

As a general rule, the sum of the extragenicular portions at both
ends of the genicular cells is nearly equal to the average length of the
periclinal cells of the articulus. In some species (Cheil. anceps and
Jania species) the zonal arrangement of the periclinal cells is much
disturbed. ~ As a consequence, the extragenicular portions of the cells
are very variable in their length. - Those cells which have a compara-
ti vely‘ short extragenicular portion at one end have in almost all cases
a much longer portion at the other :—the sum of both portions being
nearly equal in each cell. |

This circumstance teaches us that a certain zone of the periclinal
cells is divided into two parts along a plane perpendicular to'the long
axis of the cells. At the division plane the intercalary growth of the
cells takes place, stretching the zone lengthwise. The cells elongate,

without deposition of the calcareons substance, and with a new
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addition of the secondary lamella. The middle lamella follows the

growth, though it is much thinner than in the articular cells.

The growth of the cells seems to be of such great rapidity that
the cortical cells around the geniculum can no longer bear the strain.

The result is the cracking of the cortex.

Regeneration seems to take place at the overhanging margin
of the circumgenicular cortex after the splitting has occured. On the
freed ends of the cortex we actually observe the remnants of the decay-
ed cells which have broken during the formation of the fissure ; and
generally we find the cells in the circumgenicular cortex dividing in
the anticlinal and periclinal direction (figg. 4. 6 and 10). This
circumstance, no doubt, effects the “linear” genicula, exposing a
comparatively smaller portion outside, the larger part of the length
being hidden under the circumgenicular cortex.

The best developed example of the circumgenicular cortex is
found in Amp. stelligera. In this species we find ahighly thickened
portion at each distal end of an articulus. This thickening is due to
the unusual increase in the number of the cells of the circumgenicular
cortex. (fig. 8).

While the geniculum is yet very young or the development is
not comparatively rapid, the cortical layers remain around the
geniculum (fig. 5)..” ‘These ]nyers in most of the species are destined
to drop off sooner or later. Harvey? describes a plant with calcareous
granules upon the genicula. His plant had probably the circum-
genicular cortex split into several pieces, remaining attached uf)on

the surface of the genicula. Very often we find similar cases in

several other species. Fig. 9, shows one case in Cheil. frondescens,

I). Seealso Pl I. fig. 3. Cor, verae Japon.
2). Nereis Australis; Amp. Bowerbankii, Harv. p. 97. t XXXVII.
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'

having a few cortical cells, of course calcified, yet remaining un-
detached. )

In the unizonal genicula the cells undergo farther development
in only the slightest degree. The cells of the basal genicula of Amp.
aberrans, for instance, have their length nearl y equal to the upper ones
and the thickness of their walls seems to have received no addition.
SoLws-LauvBacH observed the formation of transverse septa in the
genicular cells of Corallina.  These transverse septa were quite
common in the genicular cells of the Fwrytion; but, as far as the
present writer could examine, there was no septum formation in the
cells of unizonal genicula, to which category all of Corallina belong.

The formation of the multizonal genicula is fundamentally dif-
erent from that of the unizonal. The first step is the decalcification
of a certain part of the frond, bounding several zones of the periclinal
cells.  This process seems to be carried on in a comparatively short
time. The boundary of the decalcified avea is very sharp, and can -be
easily traced by a staining reaction after the frond has been artificially
decalcified. The area seems not to extend further than the limit
formed at the first step of the formation.

While decalcification is taking place, the cortex around it remains
unaltered for some period.  But afterwards a part of the cortex, mostly -
on the flat surface of the frond, comes off in shape more or less corre-
sponding to the decalcified area. The result is the  fenestraform ”
geniculum.

As the geniculum develops further, the cortex around it con-
tinues to break off, until a complete ¢ bandform ” geniculum is visible
to the naked eye.

As soon as the fenestraform has appeared, the genicular cells

begin to undergo further modifications. It is the formation of the

1). Corallina: p. 29.
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[l

transverse septa in the periclinal cells. These septa _b.egin to appear
first in the cells at the peripheral region (fig. 6).

In the beginning each genicular cell has two or three septa at
nearly equal distances. As the process is carried on further, more
septa are continuously formed between the old ones. At last the long
fibrous cells are divided into a number of collenchymatous cells, with
a much thickened membrane and scanty room. The zonal arrange-
ment of the cells is much disturbed.

The peripheral cells which are now globular from the septation
begin to form a secondary cortex. The cells continue to divide
tangentially and the thickening of the wall increases further. The
consequence is a thick layer of cortex, over]app.ing the distal ends of
the articuli at both sides. = The length of the geniculum at the axial
portion does not ve;ry much excéed that of a young geniculum. We
“always find the latge bandform genicula at the basal portions of the
fronds in those species such as Amp. dilatata, Am,]}.' ephedrea, Amp.
Bowerbankii, etc. 'The width of the genicula is often larger than the
length of the neighbouring articuli. . This modification is due to the
peripheral part of the genicula extending to cover the distal ends of

“the articuli. The accompanying figures J and K show the ]ongitudinal
sections of the fronds of A,?ﬁp. dilatata through the gemicula. Fig.dJ
is a completed geniculum but without the secondary growth of the

peripheral cells; fig. K. is a rather old geniculum

K

with the peripheral part of the genicula overlapping
the articuli at both ends.

A\

In these old genicula, the medually and the
cortical portions are more or léss distinguishable.
The former has the cells some what elongated and an obscure zonal
arrangement of the cells is to be seen. The latter has cells with nar-

row rooms, thickened wall, and arranged in radial rows. The
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thickening of the wall is accompanied by the formation of canals therein.
The canals radiate from the center of the cells, some continuous to
the canals of the neighbouring cells and some ending at the middle
lamella. ef. Cor. verae Japon. PI. 1. fig. 20, which illustrate the cross
and the Jongitudinal sections of the medullary portion of an old
geniculum,
The bordered pits are also modified by the thickening of the wall.
At an early stage, only the canals which are modification of the pits
are to be seen. DBut in the further advanced stage, a new formation
of canals takes place by the thickening of the walls ; so that we can
not distinguish the canals of genetically separate origin. \
These remarks do not apply to the genicula of Amp. stelligera,
although they are built up with a number of zones. The cortical cells
in these genicula remain persistent from the beginning and the zonal
cells grow rapidly and increase in their number by transverse division.
The cortical cells also accompany the growth and the multip] ying of
the cells. It is not certain how the primiﬁive genicular are transform-
ed from the calcified articuli. The presence of the extragenicular
portions suggests the similarity of the mode of the genicular formation
with that of the unizonal genicula. But already in a pretty young
genicula, several zones of the periclinal cells have been clear] y observed
(fig. 8). I was not able to trace the origin of the genicula in the
species, as the apical portions of the dried material are always due to
. the destruction of the cellular arrangement while imbedding in the
paraffin.  This must be kept for future study, until we have preserved
material from fresh plants. A A
One thing which we must not omit mentioning here is that the
primary genicula of the ramuli of Amp. stelligera are not divectly
connected with the articular cells but with the cells of the axial

geniculum. Some of the zonal cells' of the axial geniculum travel
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obliguely-upward and outward and protrude into the medulla of the
primary. genicula in the mode of -emergence through cortical layers

(fig..8).

‘The Dlﬁ'erence in the Propertles of the Cell- Walls

.of Articular and Genicular Cells

It was not the aim - of the present, paper to givoe a discussion in_
detail concerning the chemical properties of the genicular cells. In
the course of study, however, some points which might interest the
reader in-some measure.ha‘ve been noticed about the differences in the
properties of the cellwall of the articular and the genicular cells. . .

The calcareous matter -1s' in the cellwalls of the articular cells.
This hasalready been remarkable by former observers.” : The middle
lamella seems especially rich in such matter. Although positive proof
is lacking, this view is held from a microchemical examination of the

- cellwall, as will be described below. The mineral is in the form of
fine ingredients mixed -with other substances.

The cellwall of the genicular portion proper and the epidermal
cells are entirely free from calcareous matter. The reproductive cells

~-:;1'e, of course, similary free. ‘
The " extragenicular portions -of  the genicular .cells, and the
~articular cells, éxcept the epidermis, have a calcified cellwall,

Briefly 'speukihg, “the cellwalls of ~ the cells of the Coralline
consist essentially of - a compound - of cellulose, gelose and lime.
The proportion of the components varies according to the parts of

the fronds. The energetic cells, such as epidermal cells of  the grow- .

1). Neuson and Duxcan. L. p. 199, and p. 205..



34 , ART. 14—K. YENDO: \

ing portions, the periphery, or the circumgenicular cortex, have a
larger percentage of the pectin compound than of the cellulose. = In
this respect the growing points of the land plants furnish us an illus-
tripus parallel.  The middle lamella, especially at the extragenicular
portion, and the connecting plates between the cells, are richer in the
Apectin compound. In phanerogamic cells we have calcium pectate in
the middle Jamella. In the present study the writer was not able to
determine whether the middle lamella contained the mineral in the
form of calcium pectate or calcium carbonate. Any how, the middle
Jamellze of the articalar cells, as in thecase of the phanerogemic cells,
are very rich in pectin compound. -

The cellwall of the genicular portion proper has several diverse
characters. By iodine it gains a deep bright yellow colour, almost
brownish.  So far as the ordinary cellulose reagents are concerned, the
cellwall of this portion gives no reaction of cellulose. It is not a
chitinous substance.. Probably the cellulose reaction might have
been retarded by some compound other than the pectin. The middle
lamella of this portion gives also a distinct reaction of a pectin com-
pound. This leaves us in doubt whether a trace of calcium compound
occurs there or not, although we can by no means detect it.

The pectin compound in the cellwall is in the form of gelose as
in the other algal members.

The cellulose reaction is not discernible before the gelose has
been dissolved. But the gelose reaction is clearly visible without any
treatment beforehand. .

When the preparations” aré treated with 502 hydrochloric acid
for 12-24 hours; both the cellulose and the gelose reactions begin to

appear. - In these ruthenium red stains the primary cellwall of all

1). The study has been made upon preparations cut by microtome in the thickness of 3—d e
The object is imbedded, after decalcifying in PErENY’s fluid, in 52° paraffin.
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parts in a greater or less degree; but the reaction is most vivid in the
epidermal layer and in the cellwall of the subepidermal cells. The
genicular portion proper retains a bright red colour.. Treated with
chloriodide of zine, the epidermal layer assumes a deep- yellow colour
and the subepidermal cells have their cellwall stained in faint violet.
The primary cellwall in every part becomes stained in violet. - The
middle lamella remains unchanged. The starch grains in the
medullary cells assume a chestnat brown colour, while the cellcontents
in the subepidermal cells change only to yellow. The genicular por-
tion proper stains in deep brownish yellow. The ‘gelose reaction by
ruthenium red is seen without treating with hydrochloric acid, but
chloriodide of zinc can never act-uponl the cellwall of the articular cells
before the treatment with the acid.

Before treatment with hydrochloric acid the cellwall. gives no
reaction either by.strong caustic potash or by potassium iodide iodine
and sulphuric acid. _

After boiling the sections in 2% hydrochloric acid for a few
minutes, washing thoroughly in water, and again- boiling in 2%
caustic potash, a few drops of chloriodide of zinc were poured in under
‘the coverglass; epidermal Jayer stained inlbright yellow and the cell-
wall of the subepidermal cells in a slight degreel. The cellwall of the
- articular cells gains a yellow tint, bnt the middle lJamella of these,
which was much swollen during the process, stains in pale violet.
The connecting plates between the cells become exceedingly clear: the
central portion of them staining in deep brown and the border in
bright yellow. - A preparation boiled in like manner was treated in
ruthenium red. The middle lamella, if not swollen too much, is
stained in some degree, the swollen portion remaining unstained : the
connecting plates assume a red colour and their central portfons in a

greater degree.
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When treated in 502 hydrochloric acid for 48 hours, the gelose
reaction becomes fainter, The epidermal layer stains no more with
ruthenium red ; “the middle lamella at the articular portion in some
measure ; and the cellwall of the genicular portion pretty stréng]y.
On the other hand the genicular cells are stained deep brown by
chloriodide of zinc and the middle lamelle of the articular cells and
of the éxtragenicular portions assume: the deepest brown colour. The
cellwalls of the articular >p01't-i0ns, inclusive of the extragenicular
portion, assume a deep violet. The epidermal layer gives no reaction
with chloriodide of zinc. ,

Keeping 5 days in 50% hydrochloric acid, I observed the reac-
tions. - None of the parts was stained by ruthenium red. By
chloriodide of zinc the middle lamella stained in deep. violet, especially
at the extragenicular portion. The cellwall of the genicular portion
proper stains in deep brown, but nothing of a violet tone. The pre-
paration thus kept was treated with copper ammonium oxide for 48
hours. The result was the entire dissolution of the sections except
some of the genicular portion proper. This remnant when treated
with chloriodide of zinc gives a brownish colour. Some of the pre-
parations had been kept in copper ammonium oxide for 20 hours
previous to-the treatment with hydrochloric acid, the cellwalls of the
articular portion were almost all dissolved, leaving the epidermal cells
behind. The middle lamella of the genicular cells remained unchang-
ed, but the cellwalls were almost gone. . .

T would point out some minor details which were met with-
during the treatments above mentioned, by the staining reactions of
anilin blue, haematoxylin, safranin, ete.

The intercellular space in the articular cells is” some times filled

by the middle lamella, the so called intercellular substance of DippEr;?

1). Die Neuere Theorie iiber d. feinere Struct. d. Pflanzenhiille.
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sometimes it is free from any packing. These differences depend -
upoﬁ the species. In some species which have no true spaces between
the cells,"the middle lamalla has a considerable thickness ; in those
which have the rooms, the middle lamella is found adherent to the
primary cellwall around the room. In either case the middle lamella
runs into the genicular portion propér, often much compressed at the
critical point and hard to detect. The middle lamella at the genicular
po‘rtiovn proper’is almost always much thinner than in the asticular
portion. “The:middle lamella is rich in pectin compound and stains
very well with haematoxylin; safranin, anilin blue and ruthenium
red. B ' ‘

The primary cellwall supplies the greater part.of the framework,
When the pectin compound had been dissolved by proper treatment,
the cellulose reaction was seen in this part. An exception is the cell-
\wall of the subepidermal Jayers : it makes no response to the cellulose
reagents, but gives us a vivid gelose reaction.

The primary cellwall of the articular portion is continued to that
of the genicular portion proper. It becomes much thinner when it
enters the latter portion and seems to assume a chemical character
different from the articular portion. This conclusion is reached from
its giving no cellulose reaction even after long treatment with the
gelose solvent, 1t is stained a pale blue by anilin blue and faint violet
by heematoxylin.  Ruthenium red stains it light red.

" The secondary lamella lines the inside of all the cells and has.a
character similar to the middle lamella against the chemical and the
staining ‘reagents. It runs into the genicular portion proper and a
secondary thickening takes place to form the tertiary lamella. These
two layers are essentially equal in their character and hard-ly ~dis-
tiljgtliéllab]e in ordinary reagents. DBut when stained with anilin

blue, the inner layer gains the deepést purple colour and is easily
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distinguishable from the other. The tertiary lamella is characteristic
of the genicular portion proper. 4 | ,

The lamellar arrangement of the cellwall in Amp. dilatata and its
allied species comes under a somewhat different category. The
tertiary lamella is only visible in the lower two thirds of the cells of
the genicular portion ; in other words the parts below the row of the
- pits (figg. 11-12). It is hard in these species to recognize the layer
which corresponds to, the secondary lamella of the other members. On
the other hand, a characteristic lamella is found at the meeting point
of the cells, which are always eight in number. The lamella develops
at the corner of the cell toward the center of the intercellular space to
fill it up. This lamella has some space between it and the mother
cellwall where some substance easily stained with haematoxylin is al-
ways found (fig. 12). '

The majority of the Coralline have connecting plates at the distal
ends of the cells both at the medulla and at the cortex. These plates
show the characteristic reaction of  the pectin compound, while the
cellulose reaction is hard to detect. The connecting plates at the
articular ends of the extragenicular cells are especially rich in the
pectin compound. '

Those species which have conspicuous canals or rather perfora-
tions between the cells have their plates in the form of thin septa.
But when the canals are narrow passages, the colouring materials fill
up the passages and prevent us from determining precise form of the
septa. ‘

In many species we often find large openings to allow the com-
munication between the cells. cf. Cor. veree Japon. PI. II. figg. 21
and 23. These large openings seem to lack any kind of connecting:

plates. ScumrTz? observed the protoplasma of the neighbouring cells

© 1). TUntersuch. ueber d. Zellkern d. Thall. p. 122,
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communicating with one another through the pores in Jania rubens.
WiLLED also mentions this character and seems to believe that pro-
bably all species of Amphiroa and Corallina have the same sort of pores.
As will be understood from the present study, the pores in the cell-
walls are limited to a certain group of the Coralline. Some of

Amphiron have the pits and most of the Ewrytion have the bordered
| pits. This will'be described more in detail.

Amp. dilatata, Amp. Bowerbankii, etc., are those which have the
bordered pits. These pits are found at the distal ends of the periclinal
cells in like manner as the connecting plates in the other species, and
also at the periclinal sides of the cells. They are exactly similar in
the structure to those found in the Conifers (fig. 12)., The large
openings just mentioned above are not met in these species.

The bordered pits in the periclinal sides are almost always at
points nearly one third of the length of the cells from the upper ends,
as has been formerly remarked. Hence the pits, in a meridional
section of a frond, are seen disposed in rows parallel to the zones of
the cell connection. - About the fate of the pits a brief account has
already been given (p. 32). |

There is an interesting parallelism in the pits of the land plants
and the Coralline. In the land plants the pits are normally found in
such groups as Coniferee, Drimys, Trochodendron, etc., which are pro-
vided with poor vessels or none at all.® It has not been hitherto
described, as far as the present writer’s knowledge extends, in the
lower-cryptogamic cells. The principal part of the translocation of
the nourishment is played through the thin membrane of the pits.
Alge asa whole have no kind of the vessels and all communication

must be furnished by the openings between the cells.” And these

1). Bidrag till Alg. Phys. nat. p. 40. .
2). STRAsBURGER: Ueber d. Bau u. d. Verrichtungen d. Leitungsbahnen. p. 161.
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openings septated or non-septated, are always metin the cells of the

| Drctyotale, the Floridew and many of the "Pheophycee and some of the
Chlorophycec. ’ I ‘

I have already mentioned - in connection with Amp. dilatata (p.

25) that the cell contents in the surrounding cells of the geniculum

are consumed. . This may possibly always be the case in the other

members. The cell contents are in- greater part Floridez starch.

There is little doubt that the starch is transforined into a soluble

hydrécarbon and carried on through the thin membrane of the border:

ed pits to be consumed during the formation of the geniculum.

s

vThe Value of the Geniculum as a
Systematic Character.

The presence of the genicula has been counted as the crucial
point in distinguishing the Coralline from the Melobesic. But little
heed has been given to the systematic value of the geniculum in the
study of the Coralline. The external shape of the articuli, which is
undoubtedly highly variable, has been the important specific charac-
ter ; and the position of the propagating organs played a weighty
role in the generic determination. The mere external appearance of
the genicula has sometimes been' mentioned by writers in describing-
the species. A ‘

The internal structure of the genicula, however, has some
coincidence with the external morphological characters.  Sorms
remarked the difference between the genicula of Corailina and Amphiroa
as noted before (p. 23). But we found many examples which disprove
his observation : some of the species reckoned under the genis

Amphiroa have unizonal genicula, and some multizonal, as has been
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related in the preceding chapters. Kizine” insisted upon the view
that the difference of the internal structure might serve to determine -
the genera of the Coralline.. This is not absolutely true. But some
of the members, probably almost all, of a section established by
DecasNE® have common characters in respect of the internal struc-
ture. For instance, as would -be already understood, most. of the
Eurytion. have the bordered pits in the cellwall,” and multizonal
genicula which undergo further development. Most of -Jania have
the zonal arran gement of the periclinal cells irregular, and the unizonal
genicula. ‘And Cheilosporum, especially the Eucheilosporum, has @
similar character to Jania in this respect. But we can not agree with
the opinion. .that . Amp.. stelligera. which .has the peculiarities in the
structure, as. well as in the funetion, .of genicula should .be classified
under the genus Amphiloa. ~So also Amp. aspergillum. :

It should be admitted that the morphological characters, .both of
inner .and . outer, of. genicula may- play some important: part in
systematic survey.. It may not.be a generic character ; but at least a
group .may be more sharply defined by the peculiarity, of any, of
genicula, rather than by mere external forms of articuli. The position
of the genicula in a frond has sometimes a anique character and may
well play a part of specific importance. .-

A These views, together with those of the former writers, are reserv-

ed for future discussion.

1). TUeber die Polyp. Calcif. :
© 2). Classif. des Alg. et des Polyp. -
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EXPLANATION OF PLATE.

All figures are Camera drawings, with the exception of fig. 12. _
Longitudinal section of a frond through a geniculam ; Corallina chilensis. The
extragenicular portions of the genicular cells are shown by the fine-lines. X60.
do.  Cheilosporum fromlasccn.s. % 60. _ }

Longitudinal section of a frond of Amphiroa aberrans. Observe that the genicula
of the axial articulus and of pinne originated from different zones. X40.
Longitudinal section of a frond through geniculum ; Cheilosporum anceps. The
shaded portions gain a deeper stain from the colouring reagents. X285.

A meridional section of a frond through the young geniculum ; Amphioa dilatata.
X 40.

do. Amphiroa epherea. X40, )

Longitudinal section of a frond of Amphiroa aspergillum. X 40.

do. Am))ln'roa stelligera. %X 60.

Longitudinal section of the circumgenicular cortex of Corallina chilensis. X165,
do.  Cheilosporum frondescens. X165,

A portion of fig. 5. x650.

The meeting points of the genicular cells of above : highly magnified.

Cross section of the genicular cells of Coralline yenoshimensis. X285,

do. of dmpliroa aberrans. X 285. o

External portion of a geniculum attacked by parasitic Diatom ; cut lengthwise :
Amphiroa aberrans. X285,

External portion of a geniculum of Corallina chilensis ; cut lengthwise. X285,
Cross section of a geniculum of Amphiroa aberrans; about the middle portion.
X 285.
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