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THE only species of Polysiphonia that has been worked out in detail both
as regards its developmental morphology and cytology is Polysiphonia violacea
(Yamanouchi, 1906, 1906 A). Since then the same species and a few other
species of the genus have been worked out by other authors as regards their
developmental morphology (Connolly, 1911; Kylin, 1923, 1937A; Grubb,
1925; Rosenberg, 1933), but the cytological details of these forms were not
followed by these workers.

Polysiphonia platycarpa (Boergesen, 1934, pp. 23-25, 1935, pp. 60-62 ;
1937, p. 349) occurs very commonly in brackish-water in the estuarine
region of the river Adyar at Madras and also in the back-waters at Ennur,
a place eleven miles north of Madras. Advantage was taken of its common occurrence for a detailed investigation of its developmental morphology and cytology.
The alga grows as an epiphyte on the leaves of Halpohila ovalis and
Cymodocea (Plate VII, Fig. 6). In later stages, it breaks away from its attachment, grows very much in size and floats as large reddish spherical masses
in the water. The alga begins to appear about the end of May or the beginning of June and reaches its maximum abundance in September and October,
when it is washed away into the sea during the North-East monsoon season.
The alga was fixed both in the field and later on in the laboratory during
the twenty-four hours of the day at intervals of one hour each. Most abundant nuclear division stages were found in material fixed between 9 p.m.
and 1 a.m. The material was fixed in Flemming's chrom-acetic-osmic
fluid (weaker formula) and was left in the fixing fluid for about 10-15 minutes.
If the material is left in the fixing fluid for a longer period, it led to the fragmentation of the material. The material after fixation was washed in a
few changes of water and passed upwards through the alcohol grades to
70% alcohol. The following procedure suggested by Yamanouchi (1906 A)
was also used and was found very suitable. The material was transferred
from the fixing fluid directly to 20% alcohol without washing in water. It
* From the University Botany Laboratory, Madras.
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was then passed slowly upwards through the alcohol grades being kept in
each grade for a longer time, so that the chromic acid was extracted by the
lower grades as completely as possible. Finally, the material was left in
70yo alcohol. This procedure was found very convenient as it minimised
fragmentation.
The material was also fixed in form-acetic-alcohol with the following
formula which is a slight modification of the one given by Westbrook (1928):
alcohol 70Yo in brackish-water--100 c.c., pure formalin--6.5 c.c. and glacial
acetic acid--6.5 c.c. The advantage in using this fluid is that the material
could be transferred directly to 70~ alcohol from the fixing fluid, thus saving
a lot of time and also avoiding the chances of fragmentation. Moreover,
the material could be left for a longer time in the fixing fluid ensuring a more
thorough fixation and hardening.
Material intended for later work was left in 70~o alcohol to which onetenths of its own volume of glycerine was added. The addition of glycerine
was found to be an advantage, since it prevented the material from becoming
too brittle and from getting easily fragmented on handling.
For imbedding the material in paraffin, the following procedure was
adopted. Single specimens from the material in 70~o alcohol were taken
out by their lower extremity and gently rinsed in 70yo alcohol till the filaments
were lying more or less parallel to one another and free from entanglements.
Then the material was carefully rolled up in a piece of lens-paper cut to the
required size. These rolled up pieces were passed upwards through the
alcohol and the alcohol-xylol grades. While imbedding, the paper was
carefully removed and the material oriented with a pair of hot needles.
Sections were cut 4-10 t~ thick with a Spencer rotary microtome, stained in
iron-alum h~ematoxylin and mounted in neutral canada balsam.
Whole mount preparations of the material also were made after staining
it in an I% solution of eosin or erythrosin in 50~o alcohol and mounting in
glycerine. These preparations were found to be of much help in confirming
and supplementing the observations made on the microtome sections.

Structure of the thallus
The thallus is constructed on the central axis plan as in the other radial
members of the Rhodomelace~e and its growth is by means of an apical cell.
The apical cell cuts off segments on its under side. These segments are cut
off by walls which are not perpendicular to the longitudinal axis but a little
oblique to it, so that one side of the cell that is cut off is broader than the
other. Each segment is capable of producing a lateral structure which may
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be either a branch or a trichoblast, but all the segments of the main axis do
not produce 'them. The branches or trichoblasts are produced from the
uppermost portion of the broader side of the cell from special cells called
" A s t Zellen" or branch cells. These branch cells are cut off in the third
or fourth segment from the apex.
In the radially constructed Rhodomelacem, two types of branch formation are met with. In the first type, the lateral polysiphonous branch is
produced by the basal segment of the trichoblast. In the second type, the
branches are produced in the place of the trichoblasts themselves. The alga
under investigation belongs to the latter type and the lateral appendages
are either trichoblasts or branches (cf. Boergesen, 1934, p. 24). The lateral
appendages are arranged on the main axis in a left-handed spiral with a divergence of one-fourth, the fourth lateral being placed directly above the first.

Perieentral cell formation
The thallus is polysiphonous and a cross-section shows a single central
cell surrounded by four pericentral cells. No cortical cells are formed in
this species. The apical portion of the thallus, however, is monosiphonous
up to the sixth or seventh segment from the apex. Pericentral cell formation
commences only below this level. As a rule, the first formed pericentral
cell is cut off immediately below the branch cell of that segment (Text-Fig. 6).
The second peficentral cell is cut off to the right of the first pericentral
cell and is closely abutting on it (Text-Figs. 3, 6). The third pericentral cell
is cut off to the left of the first (Text-Figs. 4, 6), and the fourth is cut off
directly opposite to the first (Text-Figs. 5, 6), so that finally we come to
have a central cell surrounded by four pericentral cells. The order of
formation of the pericentral cells thus follows the general scheme of the
structure of the thallus and is in strict conformity with the left-handed spiral
arrangement of the lateral appendages. This sequence in the pericentral
cell formation is also in agreement with what the previous workers have
recorded for other radial members of the Rhodomelacem with a left-handed
spiral arrangement (Falkenberg, 1901, p. 4; Kylin, 1914; 1923, p. 117; 1937,
pp. 136-46; 1937A, p.1; Rosenberg, 1933, pp. 10-22).
In the younger stages the central and peficentral cells are all of the same
size and uninucleate, but later on, as they grow older, they enlarge in size,
but not equally. The central cell does not increase in breadth, but gets
very much elongated, whereas the pericentral cells, while elongating to the
same extent as the central cell, increase very much in width as well. Again
the central cell remains uninucleate throughout, whereas the pericentral ones
soon become multinucleate. In the central cell, plastids are not evident,
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T~xT-Fms. 1-19. Polysiphonia platycarpa Boergs.--Figs. 1-2. Growing portions of cystocarpic plants, showing the apical cell and the arrangement of the trichoblasts and the branches.
Figs. 3-5. Serial sections of the main axis showing the sequence of pericentral cell formation ;
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numbers 1, 2, 3, etc., denotethe order of pericentral cell formation. Fig. 6. Schematic representation of a section of the main axis, showing the formation of the pericentral ceils ; numbers
es in Fig. 5. Figs. 7 and 10. Schematic representation of the sections of the procarpie segment,
showing the order of pericentral cell foimation ; numbers as in Fig. 5. Fig 8. Schematic representation of a section of a lateral branch, showing the order of formation of the pericentral cells ;
numbers as in Fig. 5. Fig. 9. A young tricl, oblast, showing its structure and position ; I and 3
represent the first and the third pericentral cells 9f the segment. Figs. 11-12. Sporelings, showing
the holdfast and the tmcorticated basal segments. Figs. 13-15, 17-19. Stages in the development of the proearp. Fig. 16. Procarp befole fertilizatio1", seen from the front, showing the two
lateral sterile cells, the basal sterile cell and the carpogonial brarch. A, first pericentral cell of
the procarpic seoJnent ; B, branch cell ; BC, bearing cell ; BS, basal sterile cell ; C, central cell;
CBR, carpogonial branch; CPG, carpogonium; LS, lateral sterile cells; Tr, trichoblast.
(Figs. 1, 2, 9 • 375 ; Figs. 3-5, 13-19 x 600 ; Figs. 11, 12 x 100).

but in the pericentral cells numerous disc-shaped plastids are prominently
seen (Text-Fig. 66). The plastids are distributed in the cytoplasm close to
the inner and lateral walls of the pericentral ceils.

Development of trichoblasts
As already mentioned, the first formed pericentral cell is cut off just
below a lateral branch or a trichoblast initial. But, during the later development of the trichoblast, it becomes slightly displaced to one side, so that the
trichoblast appears as though arising from between the first and the third
pericentral cells (Text-Fig. 9). The trichoblast is richly branched, every cell
producing a branch excepting the basal one which remains unelongated and
more or less gpherical. The branching of the trichoblast also follows the
same left-handed spiral arrangement found in the main axis.

Development of lateral branches
The branch cells of the main axis which give rise to the lateral branches
divide by walls more or less at right angles to the axis of the newly formed
branch. After the formation of a row of cells in this manner, the apical
cell of the branch divides by an oblique wall. Thereafter, the further growth
of the lateral branch is more" or less like that of the main axis. The formation of the pericentral cells in the lateral branch is also quite similar to that
of the main axis, and closely follows the left-handed spiral arrangement of
the main axis. The first pericentral cell is cut off on the side of the branch
farthest from the main axis (Text-Fig. 8). The second and the third pericentral cells are cut off to the right and to the left of the first pericentral cell,
respectively, as in the main axis (Text-Fig. 8), and finally the fourth pericentral cell is cut off directly opposite to the first, i.e., on the side nearest to
the main axis (Text-Fig. 8). The position of the first two pericentral cells
both in the main axis and in the polysiphonous lateral branch in the present
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form closely agrees with that of P. nigrescens (Kylin, 1923, p. 117; Rosenberg,
1933, pp. 10-11, 14, ]5).
Somatic nuclear division
The cells of the thallus in the youngest portions are uninucleate.
Later on all excepting the cells of the central siphon become multinucleate.
Nuclear division can be easily followed in the apical cells of the main axes
and of the branches and also in the cells of the trichoblasts. The resting
nucleus is about 3-4 tz in diameter, and shows a very fine reticulum and a
conspicuous nucleolus (Text-Fig. 88). During early prophase, the chromosomes are rod-shaped (Text-Fig. 88) and in late prophase, they become
shorter (Text-Fig. 89). During metaphase the chromosomes are arranged
in an equatorial plate and a distinct spindle could be observed (Text-Figs.
28, 29, 90). The spindle is intranuclear (Text-Fig. 28). Anaphase (TextFigs. 30, 9 1 ) a n d telophase follow and two daughter-nuclei are organised.
An exact count of the chromosomes could not be made on account of the
very small size of the nucleus. The chromosome number appears to be
about 26 in the male and the female plants and about twice that number
in the tetrasporic plants.
Development of the procarp up to the time of fertilization
The procarp arises on the young trichoblasts very close to the growing
apex of the main axis (Text-Figs. 1, 2). Only one procarp is formed on
each trichoblast. The pfocarp is always formed from the second segment
from the base of the trichoblast. The trichoblast is monosiphonous to
start with. Later on, however, its second segment becomes polysiphonous.
Unlike the segments of the main axis it has five pericentral cells instead of
four. Soon after, the lowermost segment of the trichoblast also becomes
polysiphonous. But this segment resembles the segments of the main axis
in having only four pericentral cells. Coming to the formation of the pericentral cells of the second segment (the procarpic segment), the first two
pericentral cells are cut off on the side of the trichoblast away from the main
axis to the right and to the left, respectively (Text-Figs. 7, 10). There is no
definite rule as to the position of the first formed pericentral cell. It is formed
either to the right (Text-Figs. 1A, 10) or to the left (Text-Figs. 2A, 7) as the
case may be. If the first pericentral cell is cut off to the left, the second
pericentral cell is cut off to the right of it and closely abuts on it (Text-Fig. 7).
If the first pericentral cell is formed to the right, the second is cut off to the
left of it (Text-Fig. 10). The third and the fourth pericentral cells are formed
one on each side, the third abutting on the first and the fourth on the second
pericentral cell, respectively (Text Figs. 7, 10). Finally the fifth pericentral
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cell is cut off on the side nearest to the main axis (Text-Figs. 7, 10). This
fifth and the last pericentral cell to be formed is the fertile pericentral cell
and gives rise to the procarp.
The fertile pericentral cell (Text-Figs. 15, 38 PC) then divides unequally
to form a large upper cell and a smaller lower cell (Text-Fig. 39). Of
these, the upper is the carpogonial-branch-initial, while the lower is the
bearing cell (Text-Fig. 39 CI, BC). The carpogonial-branch-initial then
divides to form a row of three cells (the carpogonial branch~ (Text-Figs.
18, 40, 41 CBR), the topmost cell of which becomes the carpogonium with
a long trichogyne (Text-Figs. 20, 42 CPG). Thus we have at this stage a
bearing cell on which is situated a carpogonial branch of three cells of which
the terminal one is the carpogonium with a triehogyne. The bearing cell
and the two carpogonial branch cells are rich in contents, but the carpogonium itself is comparatively poorer in contents. About the time when the
carpogonial branch is three-celled, the bearing cell first cuts off a cell towards
its base, the basal sterile cell (Text-Figs. 17, 19, 41, 42 BS) and later on
another towards the side (the lateral sterile cell). The lateral sterile cell
then divides into two to form two lateral sterile cells (Text-Figs. 16, 44 LS),
whereas the basal sterile cell remains undivided. With the division of the
lateral sterile cells into two, the divisions in the procarpic elements come
to an end and no further divisions take place until after fertilization, so that,
at the time of fertilization, the bearing cell supports (i) a three-celled carpogonial branch, (ii) a lateral sterile branch of two cells, and (iii) a basal sterile
branch consisting of a single cell (Text-Figs. 16, 20, 44, 45). The procarp
cells are primarily uninucleate, but the two carpogonial branch cells below
the carpogonium become binucleate (Text-Figs. 16, 20, 22). In the carpogonium of P. violacea, Yamanouchi (1906 A, p. 413, Fig. 104) found two
nuclei, one in the sac of the carpogonium, and the other in the trichogyne.
In the species under investigation, the writers were unable to find a trichogyne
nucleus though numerous carpogonia in all stages of development were very
carefully examined. In this respect the writers" observations are in agreement with those of Kylin (1923, p. 118) and Rosenbereg (1933, p. 20) who
were unable to find a trichogyne nucleus in Polysiphonia nigrescens and in
Polysiphonia Brodiaei, respectively. Kylin (1914), however, found a trichogyne nucleus in Rhodomela virgata.
Several cases of spermatia attached to the trichogyne were observed.
The passing of the spermatial nucleus down the trichogyne also was seen
in one case (Text-Fig. 22). But the actual fusion of the male and the female
nuclei in the carpogonium was not observed. The nucleus of the spermatium
when attached to the trichogyne appeared to be in late prophase (Text-Fig.

142

M . O . P . Iyengar and M. S. Balakrishnan

TEXT-FIts. 20-33. Paly.~iphoniaplao,carpa Boergs.--Fig. 20. Procarp just befole fertilization seen from the side, showing the bearing cell, the basal sterile cell and the three-ceUed carpogonial branch ; the lateral sterile cells are shown behind the carpogonial branch. Fig. 21. Pro=
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carp with carpogonium showing a forked trichogyne. Fig. 22. Procarp showing two male
nuclei passing down the trichogyne. Figs. 23, 25. Procarp after fertilization, showing the fusion
nucleus in metaphase ; note in Fig. 23 the open communication between the auxiliary cell and
the carpogonium. Fig. 24. Procarp after fertilization, showing the auxiliary cell, the connecting cell, the two basal and the four lateral sterile cells. Fig, 26. Tip of a tr,.'chogyne with two
spermatia attached to it ; note nuclei cf spermatia in late prophase, Fig. 27. Fusion of carpogonium with auxiliary cell ; note the fusion nucleus in late anaphase, and one of the groups of
daughter chromosomes inside the canal-like communication between the auxiliary celt and the
carpogonium. Fig~. 28-30. Metaphase and anaphase of the somatic mitosis in the cystocarpic
plant. Figs. 31, 33. Procarp after fertilization, showing the prophases of the first div,.'sion of
the fusion nucleus. Fig. 32. Formation of the gonimoblast ; note the four lateral sterile cells,
the two basal sterile cells and the degenerated remnant of the earpogonium above. .4 U, auxiliary
cell ; BC, bearing cell ; BS, basal sterile cells ; (7, central cell ; CBR, carpogonial branch ; CPG,
carpogonium ; CON, connecting cell ; LS, lateral sterile cells ; G, gonimoblast ; GMC, gonimoblast-mother-cell. (Figs. 20-27, 31, 33 • 600; Figs. 28-30 • 750; Fig. 32 x 535).

26) and the nucleus passing down the trichogyne also appeared to be in this
condition. This is quite in agreement with the observations of Yamanouchi
(1906 A, p. 415) in Polysiphonia violacea and of Kylin (1923, p. 122) in Poly-

siphonia nigrescens.
Development of the procarp after fertilization
After fertilization the carpogonium begins to enlarge considerably and
the trichogyne portion is soon cut off by a wall. The fusion nucleus inside
the earpogonium enlarges and begins to divide (Text-Figs. 25, 31, 33). While
the division of the fusion nucleus is taking place inside the carpogonium,
a series of cell-divisions takes place in the other procarpic elements also. The
lateral sterile cells which were two in number before fertilization now divide
into four cells; and the basal sterile cell now divides into two (Text-Figs.
24, 46, 47).
Side by side with these divisions, the bearing cell also enlarges and soon
cuts off the auxiliary cell at its upper side (Text-Figs. 31, 33 A U). The auxiliary
cell that is cut off is directly below the carpogonium and is in close proximity to it. The cutting off of the auxiliary cell always takes place only after
fertilization. With the formation of the auxiliary cell, and the division
of the group of sterile cells, the carpogonial branch cells begin to degenerate.
After the formation of the auxiliary cell, a small cell is cut off from the
base of the carpogonium (Text-Fig. 24 Con). This small ceU corresponds
to the connecting cell s6en in Ceramium and Antithamnion. Such a connecting cell has been recorded by Oltmanns (1898) in Dasya, by Connolly (1911)
in Polysiphonia decipiens and by Kylin (1923) in Laurencia pinnatifida. Kylin
(1914; 1923, p. 120), however, did not find any connecting cell either in
Rhodomela virgata or in Polysiphonia nigrescens. The connecting cell fuses
with the auxiliary cell and establishes an open canaMike communication
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TExT-FI6s. 34-47. Polysiphonia~latycarpa Boergs.--Fig. 34. An early stage in the formation of the cystocarpic wall. Fig. 35. A later stage of the same. Fig. 36. Young procarpic
segment showing the lateral pericentral cells (L) which give rise to the cystocarp wall (of. Fig. 37).
Fig. 37. Schematic representation of a transverse section of a fertile segment, showing the
lateral perieentral cells (L) which give rise to the cystocarp wall. Figs. 38-42. Schematic representations of the development of the three-celled carpogonial branch. Fig. 43. Schematic
representation of the four-celled carpogonial branch as known in other species of Polysiphonia.
Figs. 44, 45. Schematic representation of the proearp just before fertilization. Figs. 46, 47.
Schematic representation of the procarp just after fertilization. A U, auxiliary cell ; BC, bearing
cell ; BS, basal sterile ceils ; C, central cell 9 CBR, carpogonial branch ; C1, carpogonial branch
initial ; L, lateral pericentral cells which give rise to cystecarp wall ;LS, lateral sterile cells ; PC,
fertile pericentral cell. (Figs. 34, 36 • 600 ; Fig. 35 • 535).
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between the carpogonium and the auxiliary cell (Text-Fig. 23). At this
stage the fusion nucleus is usually at metaphase and the spindle lies within
the carpogonium. The fusion nucleus then enters into anaphase. At this
stage one of the daughter groups of chromosomes is seen in the canal-like
communication between the carpogonium and the auxiliary cell, as if about
to pass into the auxiliary cell, while the other group still remains inside the
carpogonium (Text-Fig. 27). This would appear to lend support to Kylin's
suggestion that only one group of daughter chromosomes probably passes
into the auxiliary cell, while the other remains inside the carpogonium and
degenerates. The carpogonium is then cut off by a wall and soon begins
to degenerate along with the cells of the carpogonial branch. By this time
the protoplasmic coanections between the auxiliary cell and the beating
cell and also those between the sterile cells and the bearing cell
enlarge so that there is more or less an open communication between all
these cells. Also it was observed that, though the sterile cells showed no
active cell-division or increase in number, still the nuclei of the sterile
cells showed division stages. Some o f these nuclei were even seen to migrate
through open communications into the bearing cell.
Kylin (1914; 1930, p. 83) has stated that the function of these sterile
cells is still not clear. He suggests that they probably prevent the cystocarp
wall from being developed too narrowly, and in addition also probably
serve as a store-house of reserve food for nourishing the developing gonimoblast. The behaviour of the sterile cells in the present alga would appear
to lend support to this suggestion, since we find that the contents of the
sterile cells are richer and show nuclear division without the cells themselves
increasing in number. Moreover, the slender protoplasmic connections
between the bearing cell and the auxiliary cell, as also those between the
sterile cells and the bearing cell, become very much broadened so as to
leave an open communication between these cells. Further, cytomyxis also
was observed between the sterile cells and the beating cell. All these points
would appear to suggest that the sterile cells are probably nutritive in
function and nourish the developing gonimoblast.
The fusion nucleus that has entered the auxiliary cell now divides and
the auxiliary cell then cuts off the gonimoblast-mother-cell towards its outer
side. The gonimoblast-mother-cell cuts off a number of gonimoblast-cells
(Text-Figs. 32, 48, 51, 54). These gonimoblast-cells in their turn produce
carpospores which are terminal in position and are produced at the end of
the gonimoblast-cells. The further development of the gonimoblast-cells takes
place laterally. Each of the newly formed gonimoblast-cell produces a

146

M . O . P . Iyengar and M. S. Balakrishnan

Te.xT-FIos. 48-56. Pol:,sfphoniaplatycarpa Boergs.--Figs. 48, 49, 51 and .e4. Stages in the
formation of the gonimoblast. Fig. 50. Young cystocarp, showing the two-layered cystocarp
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wall, and the dease proloplasmie contents of the cells of the inner layer. Figs. 52, 53. Development of the two-layered cystoearp wall. Fig. 55. Young eystocarp ; note the densely protoplasmic ceils of the inner layer in open commtmication with the fusion cell (F). Fig. 56. Ripe
cystoearp witb fully formed carpospores ; note the wall is one-la~,ered, with the remnants of the
dege,aerating inner layer still sticking to it here and there. BS, basal sterile cells ; C, central ceU ;
CPG, carpogonium ; F, fusion cell ; G, gonimoblast ; GMC, gonimoblast-mnther-cell ; LS,
lateral sterile cells. (Figs. 48, 49, 51-54 • 535 ; Figs. 50, 55 • 375 ; Fig. 56 • 165).

terminal carpospore and then divides laterally to form more gonimoblastceils. This process is repeated until we have a large number of gonimoblast-cells in the cystocarp. Due to the terminal position of the carpospores,
the further growth of the gonimoblast is altered from a monopodial type
of growth before carpospore formation (Text-Fig. 49) to a sympodial one
after the carpospore formation (Text-Fig. 50). The carpospores when fully
ripe are ovoid in shape, have very dense protoplasmic contents and are uninucleate (Text-Figs. 50, 56). The carpospores finally break away from the
gonimoblast and escape outside through the opening of the eystocarp. Along
with the development of the gonimoblast and the formation of carpospores
by it, extensive fusions take place, so that we find in the old cystocarp a very
large and irregular multinucleate fusion cell (Text-Figs. 50, 55 F) which is
the result of the fusion of the central cell, the bearing cell, the auxiliary cell,
the sterile cells, the gonimoblast-mother-cell and also a large number of
gonimoblast-cells themselves. This fusion cell contains a large number of
nuclei some of which are presumably haploid and some diploid, the diploid
ones being the products of the original fusion nucleus and the haploid ones
being derived from the nuclei of the central, the beating and the sterile cells.

Development of the cystocarp walI
The cystocarp wall takes its origin mainly from the two lateral pericentral cells of the fertile segments, i.e., the third and the fourth perieentral
eeUs (Text-Fig. 37 L). In the very young procarp these two cells are prominent because of their large size and large nuclei (Text-Fig. 36). Each of
these two peticentral cells begins to divide about the time when the carpogenial branch initial is cut off from the beating cell. By a series of further
divisions, they develop into two protective covering walls like the two shells
of an oyster, one on either side of the procarp. At the upper portion
there is a space between the two pieces through which the trichogyne projects outside. These two pieces, which together constitute the young eystocarp wall, are one layer of cells in thickness up to the time of fertilization.
After fertilization, each e l l of the cystocarp wall cuts off a cell to the outside by periclinal division, so that the cystocarp wall which is one layered at
first becomes finally two layered (Text-Figs. 52, 53), the outer layer being
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derived from the inner. The corresponding cells of the two layers are connected by primary protoplasmic connections. The cells of the outer layer
later on get connected laterally by secondary protoplasmic connections. The
cells of the outer layer are poor in contents and are ccenocytic, while those
of the inner layer are very rich in contents and uninucleate. The nuclei of
the cells of this inner layer are slightly larger than those of the outer. Such
of the cells of the inner layer as are in close proximity to the fusion cell enter
into open communication with it (Text-Fig. 55), sometimes even fusing with
it. Their nuclei also sometimes migrate into the fusion cell.
With the further growth of the cystocarp, an interesting change takes
place in the two-layered cystocarp wall. As carpospores are being formed
in the cystocarp, the cells of this inner layer become gradually shrivelled up
and finally disappear completely. In the oldest cystocarps, the wall consists
of only one layer of cells, the original outer layer. Remnants of the inner
layer may often be seen sticking to some portions of the outer layer (TextFig. 56).
The dense protoplasmic contents of the cells of the inner layer, the establishment of open communication between the cells of this layer and the
fusion-cell and the gradual shrivelling up and disintegration of this layer
synchronizing with the increased production of the carpospores, all Jvery
strongly suggest a nutritive function for the inner layer.

Development of the antheridial clusters
The antheddia are seen as translucent clusters near the apical portions
of the male filaments. Each antheridial cluster is borne on a trichoblast
on the top of the second cell from the base (Text-Fig. 65). Usually only
a single cluster is borne on a trichoblast, but occasionally two antheridial
clusters are seen on it (Text-Fig. 60). In such cases the second antheridial
cluster is borne on the top of the third cell from the base of the trichoblast.
The entire antheridial cluster is clothed by a gelatinous investment, the
"cuticle ".
The second segment of the trichoblast which bears the antheridial cluster
is somewhat elongated and bears a much branched sterile hair in addition
to the antheridial cluster. The antheridial cluster is borne on that side of
the trichoblast which is nearest to the main axis. It starts as a single row
of cells (Text-Fig. 58). As soon as this row of cells is about 4 or 5 cells long,
five pericentral cells are cut off in each segment and the structure soon
becomes polysiphonous (Text-Fig. 57). The sequence of events in the formation of the pericentral cells is more or less the same as that described for the
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fertile procarpic segment and follows a left-handed spiral scheme (TextFig. 59). As a consequence of these divisions, the antheridial cluster is
differentiated into a central axis of elongated cells and an outer layer of
numerous small pericentral cells. From each pericentral cell are cut off
several primary antheridial-mother-cells. From each primary antheridialmother-cell a number of secondary antheridial'-mother-cells are cut off.
Thus each pericentral cell bears a number of antheridial-mother-cells which
are connected with one another and with the pericentral cell by protoplasmic
connections (Text-Fig. 64). This structure is difficult to make out in the
young antheridial cluster since the pericentral cells and the antheridialmother-cells are very closely packed, but in the older clusters the cells become
larger and are placed slightly m o r e apart. The structural details of the
antheridial cluster of the present form fully agree with those of Polysiphonia
violacea and Polysiphoniafastigiata as recorded by Grubb (1925).
The cytoplasm of the antheridial-mother-cell has a fine granular appearance and is devoid of plastids. The resting nucleus of the antheridial-mothercell has a nucleolus and a very fine reticulam (Text-Fig. 71). It soon begins
to divide. Just about this stage, the antheridial-mother-cell forms a beaklike protuberance at its upper end. At late prophase of the division of the
antheridial-mother-cell nucleus, the chromosomes are seen distributed
throughout the nuclear cavity as small rods (Text-Fig. 72). The exact number
of these chromosomes could not be counted but they appeared to be about
26. During metaphase the chromosomes are arranged in an equatorial
plate and a definite spindle could be observed. This spindle is intranuclear
(Text-Fig. 69). The nuclear membrane disappears at about late metaphase.
The two sets of daughter chromosomes separate from each other at anaphase
and in some cases a vacuole is seen between the two daughter chromosome
groups as recorded by Yamanouchi (1906 A) in Polysiphonia violacea. The
spindle is not exactly in the longitudinal axis of the antheridial-mothercell, but a little oblique to it, so that one of the daughter chromosome groups
enters into the beak-like protuberance of the antheridial-mother-cell at late
anaphase (Text-Fig. 79). After telophase two daughter-nuclei are formed,
one remaining in the broad lower portion and the other in the beak-like
protuberance at the top (Text-Figs. 74, 83). This beak-like protuberance
with the single nucleus is then abstricted as a young antheridium which
remains connected with the parent cell by a delicate protoplasmic strand
(Text-Fig. 71). The young antheridium soon increases in size and becomes
more or less spherical. In this manner, four or sometimes even five antheridia are successively formed from a single antheridial-mother-cell (TextFigs. 83-85).
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T~xT-FIos. 57-68. Pol.vsiphonia platycarpa Boergs.--Fig, 57. Young antheridial cluster
showing pericentral cell formation. Fig. 58. Very young and still monosiphonic antheridial
cluster. Fig. 59. Section of a young antheridial cluster, showing the order of pericentral cell
formation ; nos. l, 2, 3 and 4 indicate the first, the second, the third and the fourth pericentral
cells, respectively. Fig. 60. An unusual case in which two antheridiai clusters arc borne on a
single trichoblast. Figs" 61-63. Schematic representation to show the division of the fertile
periccntral cell to form the cover cells (CC) and the tetrasporangium initial (TI). Fig. 64. Section of a fully devdoped antheridial cluster, showing the central cell, periccntral cells and the
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antheridial mother cells. Fig. 65. Antheridial cluster on a trichoblast. Fig. 66. Part of a
longitudinal section of a tetrasrorangial segment, showing stalk.ceil (S), tetrasForangium (T) and
cover-cell (CC). Fig. 67. Transverse section of a fertile segment showing the central cell (C),
tetrasporangium initial (TI) and cover-ceils (CC). Fig. 68. Mature tetraspolangium with the
cleavage furrows fairly well advanced, and the stalk-cell (S). C, central cell ; CC, co~er cells ;
S, stalk-cell ; T, tetrasporangium ; TI, tetrasporangium initial. (Figs. 57-59, 64, 66, 67 x 750 ;
Fig. 60 • 375; Fg. 65 x 165; Fig. 68 • 465).

The formation of the antheridia takes place in a very regular manner
and the succession of the antheridia could be clearly followed when seen
in surface view (Text-Figs. 84-86). The second antheridium is formed directly
opposite to the first and the third and the fourth are formed between the first
two (Text-Fig. 86). Thus space is allowed for the first formed anthefidia
to enlarge and ripen before the other two have attained their full development. This observation is in agreement with that of Grubb (1925) in Polysiphonia violacea and Polysiphoniafastigiata. The spermatia, when lil:erated,
are sub-spherical or ovoid and have a delicate wall. The nucleus of the
spermatium at the time of its liberation is in late prophase and shows a number
of large darkly staining granules. The number of these granules could not
be counted exactly but appeared to be about 26.

Development of tetrasporangia
The tetrasporangla are formed on distinct tetrasporic plants and are
borne on the younger portions of the filaments. Their position in the successive segments closely follows the general left-handed spiral scheme. The
segments that form tetrasporangla show five pericentral cells (Text-Fig. 61),
while the sterile segments show only four pericentral cells. The fertile
pericentral cell divides into two by a periclinal wall (Text-Fig. 62). The
outer of these two cells divides by an anticlinal wall into two cells, the covercells (Text-Figs. 63, 67 CC0. The inner cell which is the tetrasporangium
initial (Text-Figs. 63, 67 TI) then divides transversely in a plane at fight
angles to the longitudinal axis of the filament, into an upper larger and a
lower smaller cell (Text-Fig. 66). Of these the upper cell becomes the tetrasporanglum (T) while the lower forms the stalk-cell of the tetrasporangium (S).
The tetrasporangium soon increases very much in size. The nucleus
also becomes larger and shows a faintly staining reticulum (Text-Fig. 94).
The cytoplasm is dense and homogeneous and without any conspicuous
vacuole. In the slightly older tetrasporangium, the nucleus shows long
slender threads distributed in the nuclear cavity (Text-Figs. 66, 97). At
a slightly later stage (Text-Fig. 96) there can be seen a slight indication of
pairing of the threads here and there (zygotene). A little later (Text-Fig. 95)
the threads become slightly thicker and are massed together more or less
B2
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Trzc'r-Fias. 69-87. Polysiphoniaplatycarpa Boergs.--Figs. 69, 70. Stages in the division
of the antheridial mother-cell preceding the formation of the first antheridilma. Fig. 71.
Anthcridial mother.cells each with one anthcridittm formed already. Figs. 72-75. Stages in the
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formation of the second antheridium. Figs. 76-80. Stages in the formation of the third antheridium. Figs. 81-83. Stages in the formation of the fourth antheridium. F i ~ . 84, 83. Surface
view of antheridial mother-,ell, showing five fully formed antheridia. Fig. 86. Surface view of
antheridial mother-cell showing four fully formed antheridJa ; note the two younger antheridia
are formed between the two older ones. Fig. 87. Longitudinal section of an antheridial cluster,
showing the central cell. a pericentral cell and a number of antheridial mother-cells with ripe
antheridia. (All • 2250).

at one side of the nuclear cavity (synizesis). After synizesis, the threads
become redistributed throughout the nuclear cavity and at this stage (TextFig. 93) the paired nature is clearly seen (pachytene). After pachytene, a
very peculiar behaviour is seen in the nucleus. The nucleus passes into an
apparent resting stage (Text-Fig. 92). At this stage the nucleus shows only
a very faintly stained reticulum and the nucleolus often shows an irregular
shape and a tendency to fragment. The nucleus remains in this apparent
resting condition until the tetrasporangium enlarges considerably. With
the increase in size of the tetrasporangium, the nucleus also enlarges, though
still remaining in the apparent resting condition. At about this stage certain
deeply staining bodies make their appearance in the cytoplasm of the tetrasporangium (Text-Fig. 98). These darkly staining bodies disappear about
metaphase. Their exact nature is not very clear. The intervention of an
apparent resting condition between pachytene and diakenesis was first recorded
by Westbrook (1928, p. 160) in Rhodymeniapalmata and later on by her
in a number of other members of the Florideae (Westbrook, 1928; 1935).
This resting stage was compared by her with the "diffuse " or " c o n f u s e d "
stage of the nucleus seen during meiosis in developing animal oocytes, where
in the normal meiotic prophase, t h e chromosomes become invisible due to
the deconcentration of stainable substances, the chromatin becoming thereby difficult to detect. Westbrook comes to the conclusion that this condition of the nucleus is conneted with a synthetic phase and is correlated
with the attainment of a stage in the tetrasporangium in which a certain
size is reached and reserve food material begins to accumulate. The appearance of darkly staining bodies in the cytoplasm of the tetrasporangium during
the resting stage and their disappearance before metaphase, appear to suggest
that they probably represent the reserve food material referred to by Westbrook.
Diakinesis is seen only after the tetrasporangium attains a large size.
At this stage, the chromosomes are seen to be excessively shortened and
have the appearance of very short rods distributed in pairs in the nuclear
cavity near its periphery (Text-Fig. 99). The nucleolus could be seen as a
less deeply stained body than the chromosomes. At times only a single
nucleolus is present (Text-Fig. 100), but sometimes more than one nucleolus
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T~Cr-FIGs. 88-109. Pol.vsiphonia platycarga Boergs.wFigs. 88-91. Somatic mitos~s in the
tetrasporic plant. Fig. 92. Tetrasporangium with tlle nucleus in an apparent resting condition
between pachyt~ne and diakinesis. Figs. 93-97. Prophase stages of the reduction division.
Fig. 93. Pachytene; note the paired nature of the threads. Fig. 94. Young tctrasporangium,
showing the resting nucleus. Fig. 95. Synizesis. Fig. 96. Zygotene. Fig. 97. Leptotcne.
Fig. 98. Tetrasporangium with the nucleus in the apparent resting comlition, at a later stage than
in Fig. 92 ; note the darkly staining bodies in the cytoplasm. Fig. 99. Diakinesis ; only 20'pairs
of chromosomes shown in the figure. Fig. 100. Late diakinesis, showing all the 26 pairs of
chromosomes. Fig. 101. Late anaphase of the filst division ; note the axis of the spindle is
nearly at right angles to the longitudinal axis of the tetrasporangium. Fig. 102. Binucleate
tetrasporangium. Fig. 103. Metaphase of the second division. Fig. 104. Anaphase of the
second division ;nole the axes of the two spindles are not perpendicular to each other. Fig. 105.
Four-nucleate tetrasporangium. Text-Figs. 106-109. Stages in reduction division in Polyaiphonia ~iolacea (After Yamanouchi). (Figs. 88-105 • 75s
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could be seen (Text-Fig. 99). At this stage 26 pairs of chromosomes could
be easily counted. In the two other species of Polysiphonia previously investi.
gated cytologically, viz., P. violaeea (Yamanouchi, 1906 A) and P. nigrescens
(Kylin, 1923), the number of chromosomes reported was X =20.
The only other stage of the heterotypic division observed was late anaphase. The axis of the spindle was not parallel to the longitudinal axis
of the tetrasporangium as reported for Polysiphonia violaeea (Y'amanouchi,
1906 A) and Rhodomela virgata (Kylin, 1914), but was very nearly at right
angles to it (Text-Fig. 101). Finally, two daughter nuclei are organized
(Text-Fig. 102; Plate II, Fig. 5). The two newly formed daughter-nuclei
rest for a time before entering on the homeotypic division.
During the second division, the two nuclei divide simultaneously. The
axes of the two spindles are usually at right angles to each other (Text-Fig.
103; Plate II, Fig. 2), though this is not always the case (Text-Fig. 104).
The nuclear membrane and the nucleolus seem to disappear at late metaphase.
Anaphase and telophase soon follow and four daughter-nuclei are organized
in the tetrasporangium (Text-Fig. 105). These four nuclei are seen to occupy
more or less a central position in the tetrasporangium.
After the formation of the four daughter-nuclei, cleavage furrows start
from the periphery of the tetrasporangium and progress inwards and finally
four tetraspores are formed. The ripe tetraspore is naked and densely
protoplasmic. It is uninucleate and numerous discoid plastids are seen
scattered near the periphery. In a few cases the tetraspores appeared as
if escaping outside by squeezing themselves out through amceboid movement between the two cover cells of the fertile segment (PI. VII, Fig. 4).
Yamanouchi (1906 A, p. 423) has described the reduction division in
Polysiphonia violacea as follows:
" T h e spindle of the first mitosis is of very short duration. As soon
as the chromosomes at the equatorial plate separate into two groups, the
two spindles of the second mitosis suddenly appear and the first spindle can
no longer be recognized (Fig. 157). It is possible that the two poles of the
first spindle may move along the membrane and become poles of the second
spindle, but I have no evidence to support this suggestion. Whatever the
origin of the poles of the second mitosis, they are placed in an entirely different position from the poles of the first. The second mitosis in the tetraspore mother cell, therefore, follows so shortly after the first that there is
no period between for the organization of two resting nuclei.

156

M.O.P.

Iyengar and M. S. Balakrishnan

" T h e rapidity with which the second mitosis follows the first may prevent the organization of centrosphere-like structures at the poles. The axis
of the two spindles of the second mitosis lie perpendicular to each other
(Figs. 157, 158), and the two nuclear divisions take place simultaneously.
At anaphase four groups of chromosomes, 20 in number, pass to the poles,
still included in the membrane of the original tetraspore mother cell, which
persists from the beginning (Fig. 159)."*
The reduction division in Polysiphonia violacea as recorded by Yamanouchi shows some very extraordinary features. Firstly, the first division
proceeds as far as metaphase and the two groups of daughter chromosomes
are just beginning to separate, when suddenly the second division sets in.
And the second division starts at metaphase. In other words, both the
divisions of the reduction division are incomplete. In the first division,
the later stages (i.e., anaphase and telophase) are absent, and, in the second
division, the earlier stages (i.e., prophase stages) are absent. Secondly,
there is no interkinesis. Two resting nuclei are not organized before the
commencement of the second division. Thirdly, we have the extraordinary
condition of the two spindles of the second division lying enclosed within
the old nuclear membrane of the original tetrasporangium nucleus.
In the present species (Polysiphonia platycarpa) none of these extraordinary features is seen. The reduction division is quite normal throughout.
The nuclear membrane of the tetrasporangium nucleus disappears before
the late anaphase of the first division. The first division is completed and
two resting nuclei are organised each with its own nuclear membrane. The
second division is again quite normal. Two separate spindles are formed. The
nuclear membrane of each of these two dividing nuclei disappears at about
metaphase and the two spindles lie apart in the cytoplasm of the tetrasporangium. After the telophase of the second division, four separate nuclei,
each with its own nuclear membrane, are formed. Thus the reduction in
the present form is quite normal and not at all like that of Polysiphonia
violacea as recorded by Yamanouchi, but more like that of Rhodomela virgata
as described by Kylin (1914).
DISCUSSION

The carpogonial branch
In all the members of the Rhodomelacea: so far investigated, in fact,
in the entire order Ceramiales, only four-celled carpogonial branches have
* Yamanouchi's Figs. 156, 157, 158 and 159 are reproduced in the present paper as
Text-Figs. 106, 107, !08 and 109, respectively.

Morphology & Cytology of Polysipho.nia platycarpa Boerr

157

been recorded* (cf., Kylin, 1930, pp. 61-63; 1937, p. 261). It is very interesting, therefore, to find that the carpogonial branch is three-celled in the
present alga.

The origin and development of the cystocarp wall
Two views have been expressed regarding the origin of the different
layers of the cystocarp wall in the Rhodomelace~e. Phillips (1895, p. 301)
states that the cystocarp wall is composed of only one layer of cells and that
it is lined on the inside by a set of filaments--the "paranematal filaments"
He states that these paranematal filaments arise directly from the central
cell after fertilization and thinks that they probably serve the purpose of
supporting the cystocarp wall. This opinion has been restated by Yamanouchi (1906 A, p. 420) and later on by Schussnig and Jahoda (1927, p. 236).
The two latter authors state that the inner layer is a post-fertilization development arising out of the central cell and hence does not belong to the cystocarp wall proper. They consider the cystocarp wall as consisting of only
one layer of cells and to have been derived by the concrescent growth of
trichoblasts which have grown together congenitally.
Falkenberg (1901, p. 105) on the other hand expresses the view that the
eystocarp wall is formed out of the outgrowing polysiphonous lateral branches
which have grown together concrescently and congenitally. He considers
the inner layer as the central cells of these branches and the outer layer as
the pericentral ceils. If there are further outer layers as in some other
members of the Rhodomelace~e, he considers them to be the cortical layers
of the branches. In support of this view, he quotes instances of cystocarpic
proliferations where the cystocarp wall grows out into polysiphonous branches
(Falkenberg, 1901, p. 105, Fig. 14). Falkenberg's opinion has been confirmed by Connolly (1911, p. 135), Kylin (1914, p. 53; 1923, p. 121; 1930,
p. 81, 1937, p. 291) and Rosenberg (1933, p. 27). According to these authors,
the first formed layer is the inner layer and the outer layer is cut off from
this inner layer, so that the inner layer is really the older, whereas according
to Phillips and others, the outer layer is the older and the inner the younger.
Kylin (1930, pp. 81-83) does not agree with Schussnig and Jahoda's
statement that the inner layer of the cystocarp wall arises out of the central
* It may be mentioned here that a three-celled carpogonial branch was recorded by Schussnig
and Odle (I 927, pp. 237, 243) in Spermothamnion roseolum. But Kylin, who investigated this alga
again in 1930, showed that the interpretation of Schussnig and Odle was wrong and that the carpogonial branch in Spermothamnion roseolum was really four-celled (Kylin, 1923; 1930, p. 62). Drew
(1934) found that the carpogonial branch of another species of Spermothamnien, (S. Tumeri), was
a l s o four-celled.
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eeU. He says that the fertile central cell cuts off five pericentral cells around
it and remains connected with them right from the beginning and that it is
therefore impossible for it to cut off any more pericentral cells.
The writers' observations on the development of the cystocarp wall in
the present alga lend full support to the opinion expressed by Falkenberg,
Kylin and others. In the present alga the cystocarp wall always commences
as a single-layered one which becomes two layered later on by cutting off
a second layer to the outside. This outer layer is composed of merely the
pericentral ceils cut off by the cells of the inner layer.
Since all the cells of the outer layer are derived from cells of the inner
layer, the ceils of the outer layer at first have protoplasmic connections only
with their corresponding sister cells of the inner layer. It is only later on
that the cells of the outer layer form protoplasmic connections laterally among
themselves. And, when the inner layer gets disorganised and finally withers
away, almost all the primary connections of the cells of the outer layer with
those of the inner layer get lost and we have then the remarkable condition
of having a cystocarp wall which is composed only of the pericentral cells
of the concrescently outgrowing polysiphonous lateral branches, held together by their secondarily formed protoplasmic connections.
A few previous workers have noticed the densely protoplasmic nature
of the inner layer; and some of them have suggested a nutritive function
for this inner layer. But the gradual shrivelling up of the inner layer as
more and more carpospores are formed does not appear to have been recorded for any of the members of the Rhodomelace~e. In the present form
the dense protoplasmic contents of the cells of the inner layer, the establishment of open communication between the ceils of this layer and the fusion
cell and the fact that the gradual shrivelling up and disintegration of this
layer synchronizes with the increase in the production of the carpospores
lend full support to the suggestion of a nutritive function for this inner layer.
The figures of cystocarps of Brongniartella byssoides given by Schussnig
and Jahoda (1927, p. 236, Fig. 11 b) and ofPolysiphonia nigrescensgiven by
Phillips (1895, P1. X, Figs. 7 and 8), show a shrivelled up condition of the
inner layer. In these forms also a similar behaviour of the inner layer appears
probable. A detailed study of some other members of the Rhodomelacea~
also with reference to this point will prove interesting.

The reduction division
A peculiar and very extraordinary mode of ruduction division was
recorded in Polysiphonia violacea by Yamanouchi. In this reduction divi-
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sion, the two divisions of meiosis are very much abridged and follow each
other very rapidly without interkinesis at the end of the first division. Since
this is the only species of Polysiphonia investigated so far as regards reduction division, Kylin accepted this type of reduction division as a condition
obtaining in the genus Polysiphonia. He says, in his Anatomie der Rhodophyceen (1937, p. 9), "Bei Polysiphonia entwickeln sich dagegen die
beiden hom~3otypischen Spindeln innerhalb tier noch persistierenden Membran
des primaren Tetrasporangienkerns." The reduction division in the present
species (Polysiphonia platycarpa) is quite normal and not at all like that of
Polysiphonia violacea. Kylin's statement quoted above would therefore
have to be modified as applying to Polysiphonia violacea only and not to
all the species of the genus. It would be interesting to investigate the reduction division in other species of Polysiphonia also and find out how many
of them conform to the Polysiphonia violacea type of reduction division and
how many to the normal type of reduction division as seen in the present
species, Polysiphonia platycarpa.
SUMMARY

Polysiphonia platycarpa Boergs. occurs during certain parts of the year
in the estuarine portion of the river Adyar at Madras, and in the backwater
at Ennur eleven miles north of Madras.
The structure and development of the thallus was followed in detail.
The details of the development of the procarp before and after fertilization agree generally with those already recorded for the other members
of the Rhodomelace~e. The present alga, however, differs from all the
previously investigated members of the family in having a three-celled carpogonial branch instead of the usual four-celled one.
Fusion between the carpogonium and the auxiliary cell is effected by
means of a connecting cell which is cut off from the fertilised carpogonium.
A nutritive role is suggested for the lateral and the basal sterile cells.
The cystocarp wall is two-layered at the beginning, the outer layer being
derived from the inner. During further development, the cells of the inner
layer, which are rich in contents, gradually shrivel up and finally disappear
altogether, so that the wall of the mature cystocarp is composed of only a
single layer of cells, viz., the original outer layer. The original inner layer
is evidently nutritive in function.
The structure and development of the antheridial cluster and of the
antheridia are described in detail.

160

M. O. P. Iyengar and M. S. Balakrishnan

Reduction division was followed in detail in the tetrasporangium. The
peculiar mode of reduction division recorded by Yamanouchi in Polysiphonia violacea, where the metaphase of the second division follows immediately after early anaphase of the first division, the intervening stages being
completely dropped, is not seen in the present alga. The reduction division
in the present form is quite normal with a definite interkinesis between the
first and the second division.
An apparent resting stage intervenes between pachytene and diakinesis
similar to the one recorded by Westbrook in some members of the Floride~e.
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EXPLANATION OF PLATES
PLATE VI
Poly.~iphonia platycarpa Boergs.
Figs. 1, 2. Photomicrographs of a young procarp taken at two different loci, showing the threecelled earpogonial branch (CB) and the bearing cell (BC). x 950.
Fig. 3. Young procarp, showing central cell (C), bearing-cell (BC~, three-celled carpogonial
branch (CB) and basal sterile cell (BS) ; note forked trichogyne, x 950.
Fig. 4. Section of young eystocarp showing developing carpospores and the two-layered wall.
x 350.
Fig. 5. A sporeling. • 110.
Fig. 6. Part of a female plant with a young and an old cystocarp, x 160.
PLATE VII

Polysiphonia platycarpa Boergs.
Fig.
Fig.
Fig,
Fig.

1.
2.
3.
4.

Growing apex of a female plant showing apical cell and a young procarp initial. • 330.
Section of tetrasporangium showing the metaphase of the second division, x 1,450.
Apical portion of a male plant showing antheridial clusters, x 75.
Portions of a tetrasporic plant with tetrasporangia ; note the escape of tetraspores in one
of the sporangia, x 150.
Fig. 5. Tetrasporangium showing the two-nucleate stage ; note the two prominent vacuoles
above and below the two nuclei (cf. Text-Fig. 102). x 1,140.
Fig. 6. Habit of the alga, growing epiphytically on a leaf of Halophila oralis. About natural size

