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This paper deals with the morphology of three s~ecies of marine 

algae :hich were collectod in Australia . "ihile tho algal flora of 

most portions of Australia is fairly 1ell known to students of the 

algae , yet ver~r little definite information is t hand concerning 

tho orpholoeY of these algae . The small ar:'.101.1nt of morphological 

work that ha. been done is unsatisfactory because of the lack of 

illustrations . 

OBSERVATIONS 0 i A SPECIES OF CALOTHRIX 

Historical resune . l'orphologioal investigation has been z:nde 

on several species of Co.lothrix. Zukal (1894) claimed that in the 

thicker portions of the trichomes of Calothrix parietina there as a 

so-called "central substance 1' hioh he regarded as being a soluable 

modification of the granules . In a short article Gomont (1895) de -
. 

scribed the evelopment and morphology of a spore-pro ucing C lothr Y 

(C . stagnalis sp .n . ) and pointed out ho: it differs from C.sterilis 

to 1hlch it bears gre t resemblance. Schmidle (1 97) gave an ex

cellent description o C. sandvicense i_cl ing ensure onts for the 

various portions of the plant . 

H bitat . Th terial s collected by tl.ss Josephine ~ · ilden 

at ~st ~ea , Flinders, Victoria, k stralia. ~eb ary 13 1913 . It 

rew s n epip e on the bro n alga Horrnosira billar ieri, for -

zonal ban s at the oints, nd very intricately interVTOV n ;it_ 

as e species of Lyngbya . There lants re f o nd in pools at 

The Cell . 
As in all t e .:.yxophyce e, the individual cell in 

this species of C lothrix is compo ed of a mas 
of protopl sm sur-

(1) 



rounded by a thin wall . The wall is always quite apparent even 

in the natural condition. Although the wall is plainly visible 

in all cases, it appears to be somewhat more distinct and sharply 

defined in the cells that compose the basal portion of the trichome. 

The cell walls of the apical portion, while apparently just as thick 

as those occurring in the basal region, do, however, lose to a certa n 

extent their power of definition. The wall is never lacking. even 

in the hormogones. It always appears us a homogeneous structure, 

there never being anything resembling the superimposition of layers 

pon one another . 

Protoplasm and granules. The protorlasm of a normal vegetative 

cell presents the appearance of a mass uniformly colored, in which 

are distributed granulations of variable size, but for the most part 

rather small. In no case is there any differentiation of the proto 

plast into a colorless central portion and a colored peripheral re

gion. While an individual cell al ays ,resents a uniform color, the 

different portions of the trichome vary considerably in this respect 

In general it may be said that the typical color is a light blue

green , although it could hardly be scid that this color is always 

the predominating one. It is interesting to note some of the vari

ations in color that do occur. Small individuals as a rule possess 

a yellowish-green color of varying intensity. In the larger speci

mens are found various shades of yellowish-green or yellowish-brown. 

These colors are almost wholly confined to the basal portion of the 

trichome , and, furthermore, the intensity of the color Benerally in-

creases with each cell in the direction of the heterocyst. The mid

dle port on o the trichome possesses typically a blue .... green color, 

although not infrequently various tints or yellow-glean and yellow
brown are to be found. The cells cooposing the extremo apical regio 

( 2) 
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of the trichome are naturally devoid of all color since they possess 

but little or no protoplasm. Just as there is an increase in color 

intensity in the direction of the heterooyst, so, also there is a 

decrease in color intensity in the direction of the apical cell. 

There are to be observed in this species of Calothrix two dis

tinct kinds of protoplasmic granulations. The first kind, appearing 

as numerous minute dots in the cytoplasm, are irregular in their out 

line and are uniformly distributed throughout the protoplasmic con-

tents. The other granules are mu.oh larger, refractive bodies, and 

always possess a definite outline. These larger granules are never 

found united at the extremities of the cell in the form of an elon-

gated mass and only very rarely are they found in the form of nearl 

regular lines. They are usually arranged in an irregular manner in 

the centra l portion of the cell, although they may occur in any part 

of the cell . While many of the members of the My:x:ophyceae are char

acterised by having these granules at the cross walls, the same 

can not be said of this species of Calothrix, for here the occurrenc 

of the granules in such locations seems to be the exception rather 

than the rule. However, the above statement I!IU.St be qualified by 

the assertion that the granules do occur with considerable regular

ity in the immediate vicinity of newly formed cross walls(Plate I. 

fig. 7 a) . Closely correlated with the above statement is the fact 

that these granules occur somewhat more abundantly in that region 

of the trichome where cell division is going on most rapidly. Also, 

they are more numerous in the basal portion of the trichome where 

the cells are largest. In these cells as many as five granules hav 

been observed to occur, though oocasionallY only a single granule 

is present (Plate I. fig.4 a; fig. 10 a). The great majority of th 
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cells composing the middle region of the trichome contain on an 

average two or three granules. Habitually, the two sorts of gran

ules occur together in the sa~e cell, but usually the large gran

ules are lacking in the three or four cells that form the transiti 

zone between the triohome proper and the heir, when the latter is 

present; if the hair is lacking, the last three or four cells of ti 

triohome contain only the small granules. The large granules are 

never found occurring alone in the midst of a hyaline protoplasm. 

Vacuoles. In the normal state nothing was found in the vege

tative cells that could possibly be regarded as being a vacuole. 

is claimed by Palla (1893) that the cells composing the hair do po 

sess a distinct vacuolate ctructure. 

Cell division. Cell division begins by the formation, on e~c 

laterel all of the mother cell, of a thin cushion. Each cushion 

gradually extends itself into the center of the cell, crowding thE 

protoplasmic contents more and more until the tTio meet. There is 

nothing to indicate that division takes place in an exceedingly 

rapid nner, ~or no cases ere found 1here the two daughter-cells 

were commencing to divide before their separation had been accom-

pliehed. . 

Cell division, in general, seems to be pretty well confined · 

the basal portion of the trichome (Plate I, fig. 8). However, in 

some indiv uals division appears to be almost entirely confined · 

the middle region; in other individuuls it is equally confined tc 

the miadle and basal regions(Plate I,fig.4). So, from the f orego · 

it can be readily seen that the more general occurrence of cell 

n in the basal portion of the txichome can, by no means, b1 
di visiO 

d as a constant character. One never finds more than abou 
regardt:l' 
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one~fourth of the cells in the active process of cell division; 

usually , however , the proportion is less than one-fourth. An in

teresting feature is the fact that in the small individuals a greate 

proportion of the cells is in active process of division than is the 

case in the larger individuals . 

The trichome . Each trichome displays a distinct differentia-

tion of the two apices , the distal portion gradually tapering and 

finally , as a rule , terminating in a hyaline·hair; while the ex

treme basal portion presents a somewhatb swollen appearance . This 

differentiation is not well II13.rked in the very small individuals for 

o~en the width of the basal portion of the trichome is but 8lightly 

more than that of the apical region. The best differentiation of 

the two apices is seen, not in the longest trichomes , but in those 

of only moderate length . iVhile the very ~hart trichomes tend to be 

almost perfectly straight , all the others appear to be more or less 

undulate (Plate I, fig . 3 , 4, 7) . Eere , again, the undulated char

acter of the trichome is best exemplified neither in the very long 

nor in the very short individuals, but in those· of moderate length . 

There is a very great variation as regards the length of the 

trichome . ~he shortest trichome observed was 40· mic . in length , 

while the longest one seen had a length of 238 mic ., being nearly 

five times as long as the shortest trichome . The average length of 

t the trichome is 1 36 - 1 53 mic . 

0 
As far as articulation of the trichome is concerned, this may b 

regarded as a negligible feature of this species, since only in some 

Of the Sl aller indi Vid11als does it occur to any extent and there it 

is not at all pronounced. Articulation is practically never met 

with in any of the large individuals. 



The more distant the vegetative cells of tho trichome lie ro 

the heterocyst , as a rule the s. · 11er they beco e , but at the ea e 

time they also become ~ore elongated until finall y the trioho e i 

extended into a point. The cells in the ma.in portion of the tricho 

are invariably ider than long . The average \idth of the ddle 

portion of the trichome is · 5 mic , while the average length is 3 . 5 mi . 

The length of the cells is reasonably constant except in the o se 

of recently formed daughter cells . In such oases the length of 

each d~ughter cell is approKimately one- half that of the normal 

length of the cell ('.Pl.ate I, fig . 5 a) . The length of the cell 

can not be considered as an absolutel y fixed character of the spe

cies. However , there often appears to be a tendency in the larger 

individuals for the cells to be a little longer than in the smaller 

ones ( ~late I, fig . 3) ; and like~ise there is a tendency for the 

cells to be somewhat kwider in the short trichomes th n in the long 

ones (Plate I,fig.2}. Thus, to a certain degree, the length and 

width of each cell corresponds to the length of the trichome. Ver 

frequently the last tuom or three basal cells of the tricho e are 

considerably ider and more bulging than the other cells in the 

illl!:Ilediate vicinity, thus giving the basal portion of the trichome 

a some~hat swollen appearance (Plate I, fig.t). e ve etative 

cells in this part of the trichome are frequentl as ide as 8.5 

mic. 
The hair, in most c ses, is not so ·1ell differentiated e.s in 

some species of Calothrix , but typicall .. T it is char cterised 

ter nating in a very fine point, by having fe1er tr ver e ee t 

by the absence of granules , and by tho absence of rotopla m (Plate 

The presence of fewer septa of course accounts for t e 
I, :f e . 3). 

to be much ab-In many cases the hair see more elongated cells . (6) 



reviated, consisting of· only two or three cells, and.the apical 

ell instead of being sharply conical appears to be rounded (Plate I, 

ig.5). Since the hair is, in most cases, of only temporary durutio , 

t· is· quite likely that· in the cases mentioned above, the hair has 

isappeared. 

Hormogones. Hormogones seem to be fairly abundant. The forrna-

of hormogones is entirely limited to the lower and central por

ions of the trichome and commences only Rfter the disa~pearance of 

he terminal hyaline hair. They are formed only when the plant has 

its fullest development. They vary greatly in leneth being 

of from three to twenty-five cells. The average length of 

he hormogones is about 34 mic. Situated in between many of the 

ormogones are found one or more cells that are usually more or less 

distorted (Plate I, fig. 16 c}. These are probably degenerate cells 

that aid in the formation of hormogones. Aleo, in similar locations 

one finds occasionally cells that have their flat surfaces directed 

upward (Plate I, fig . 16 a). Evidently these cells escaped from the 

sheath, for several of them were found in close proximity to tri

chomes that were forming hormogones. In both size and color they 

agreed perfectly with the cells which were intact in the trichomes. 

It seems likely that these cells act as hormogones, although no dire t 

evidence was discovered in support of this statement. If the latter 

is true, then the production of hormogones may take place outside 

of the sheath as well as inside. In some instunoes more than one 

hormogone may escape from the same opening in the sheath {Plate I, 

fig. 16 d}. As far as could be observed the hormogones make their 

way out of the sheath separately, they being never attached to one 

another. Cell division seems to be most active at t)e apioes of the 



hormogones (Plate I, fig. 16 b}. No hormogones were observed that 

possessed visible sheaths, so evidently the latter are formed rather 

late. 

Sheath. A well developed sheath is always present. Normally 

it is quite firm in texture, but never, however, does it approach 

a cartilaginous condition. It always presents a homogeneous appear

ance in mature individuals. In a measure there is some relation be-

tween the thickness of the sheath and the length of the trichome, 

for in short individuals the sheath is somewhat wider than it is in 

the long individuals(Plate I, fig. 2, 3). Usually the sheath does 

not extend to the end of the trichome, but d~sappears in the region 

where differentiation of the hair begins(Plate I, fig. 3}. In very 

short individuals the sheath is frequently continued to the very 

apex of the trichome, surrounding the apical cell. In filaments 

that are producing hormogones, the sheath always appears to be a 

little thicker than that in other cases(Plate I, fig. 15, 16). The 

sheath a l ways beco~es thicker towards the base of the filament unti 

finally, in the i riediate vicinity of the heterocyst, i ecomes co1 

siderably t ~ickener, attaining in some filaments a diameter of 6.8 

mic. This enlargement of the sheath, together 7ith the increase in 

width of the basal cells of the trichome , produces a characteristic 

bulge at the base of the fila.rnent. This bulging at the base of the 

plantis the only character of any importance which always holds for 

every individual. While a very slight lamellose structure is visi

ble in the sheath of young individuals, no sign of it is to be seen 

in older ones. At the base of some of the older plants the sheath 

tends to separate slishtly from the trichome ( Plate I, fig.10). 

For the most part the sheath is nor.rnally hyaline, but very commonly 

et the base of old fi1aments, in l~) bulging portion, the sheath is 



colored a yellowish or orange brown. The coloration is uniform 

throughout the entire thickness of the sheath, never, apparently, 

being localized in any portion of it. The separation of the sheath 

from the basal portion of the trichome is always accompanied by col

oration; but the coloration is by no means confined to such cases.· 

As to the actual cause of this coloration, nothing in the way of 

definite information is known. However, since the coloration is en 

tirely confined to the sheaths of old filaments, the question of 

age is doubtless a factor in its produotion. 

Heterocyst. Heterocysts are always present and are habitually 

basal in their position in the trichome. Intercalary heterocysts 

are unknown. The heterocyst presents some very interesting and 

unique variations as regards number, form and size. In fact, the 

heterocyst ie by far the most variable part of the plant. The most 

common number of heterocysts is two, but a single heterocyst is ale 

very common(Plate I, fig. 2, 5). Three heterocysts are often to 

be observed, but the occurrence of four is very rare indeed, for 

only a single individual was found which possessed that number 

(?late I, fig. 11). In general it may be said that the small fila-

ments usually possess but a single heterocyst, while the larger 

plants have two or three heterocysts. However, there are numerous 

exceptions to the above statement. Ls regards form, the heterocysts 

very so greatly that one might almost say that there are as many 

variations as there are individuals. 

The heterooysts also are very variable in size. The heterooyst 

may be larger or smaller than the adjacent vegetative oells(Plate 

I, fig. 4, 9}. Frequently all the heterooysts are surrounded by 

the bulging sheath (Plate r, fig. 12, 14); sometimes only two are 

t (n1ate I, fig. 13),· and sooetioes only on 
surrounded by the shea h ~ 



is surroundad (Plate I, fig. 11) . In cases where oril~r one heteroc~rs 

is present, the latter may or may not be surrounded by the sheath 

(Plate I, fig . 4, 8) . 

The wall of the heterocyst is usually of a pale yellowish-brown 

color. There is very little variation in the thickness of the wall. 

The average thickness of the wall is 1.7 mic. There is no relation 

between the thickness of the wall and the size ofnthe heterocyst, 

for not infrequently large heterocysts have thinner walls than 

small ones( Plate I, fig. 5). There is no indication of the preseno 

of cellulose "buttons". The contents of the heterocyst are colorles 

and watery . No granules are ev~r to be seen, but now and then a few 

oil globules may be observed(Plate I, fig. 9). 

Sumrnarl . 
1. The cell wall is always quite visible but appears to 

be better defined in the basal portion of the trichome. 

2 . Typically the protoplasm of each cell is colored a 
light bluish-green . r.'hile an individual cell invariably presents a 

iform color, the different portions of the trichome usually vary 
reatly in this respect. 

3. rwo distinct kinds of granules are to be found:(li 
umerous small granules of irregular outline, scattered i.niformly 

throughout the cytoplasm; (2l rather large refractive granules 
of iefinite outline varying in number from one to five in a cell. 

4 . No vacuoles were observed. 

5 . Cell division is almost totally confined to the basal 
ortion of the trichome. 

6. The trichomes are more or less undulate in form and 
exhibit great variation in length. Each trichome is differentiated 
into a huir-like upper portion and a somewhat swollen region t 
the base. To a certain degree the length and width of each cell 
corresponds to the length of the trichome. 

7. Hormogones are produced only in fully ture individ
uals. It seems likely that a single vegetative cell may function 
as a hormogone outside of the sheath. 

·a. Tho sheath shows a rn£.rked thickening at the base of 
the filament , producing the characteristic bulge - a featu e which 
holds for every individual. 



9. The heterocysts are always basal and vary in number 
from one to four. The heterocyst is by far the most variable por
tion of the plant , both as regards form and size. 

Bibliography 

1. Gomont,H . Note sur un Calothrix sporifere (C.stagnalis sp.n.} 
Jour. de Bot . 9:197-202. 1895. 

2. Hegler ,R. 
maceenzelle . 

Untersuchungen uber die Organisation der Phycochrom
Jahrb. wiss . Bot . 36:229-354. 1901. 

3. Palla, E . 
toplasts. 

Beitrag zur Kenntnis des Baues des Oyanophyceen-Pro
Jahrb. wiss . Bot. 25:511-562. 1893. 

4. Schmidle , ·r . !3ur :Cntwickelung einer Zygnema und Calothrix. 
Flora. 84 :167-173 . 1897. 

5. Schmidle, i! . Ueber einige von Professor Hansgirg in Ostindien
ges~~;Elelte Susswusseralgen . Hedwigia . 39;160-190. 1900. 

6 • Teodoresco , E .C. 1'.:C..teriaux pour le. fl ore algologique de la Rou-
1-:u;.nie . neihefte Bot .Centralbl . 21 (2): 103-219. 1907. 

7. Zukal,H. Neue Beobachtungen uber einige Cyanophyceen. Ber . 
deutsch.Bot.Gesellsch. 12:256-266. 1894. 

Explanation of Plates 

Plate I 

.I!1ig . 1. Calothrix. liabi t sketch showing formation of zonal 
ands at joints of Hormosira billardieri. 

Fig . 2 . .A typical young plant or short individual . 

Jfig . 3. .A typical mature plant or long individual. 

Fig. 4 . A plant with sheath nmch thickened at base. 

1Pig . 5 . 4 plant possessing two very large heterocysts. 

Fig . 6. An example of a t:richorne having a blunt apex . 

Fig. 7. filament containing one large and one small hetero-
yst . 

Fig . 8 ~ 14. Basal porti ons of filaments showing variations 
n number, size and form of heterocysts. 

Fig . 15. 
ormogones. 

Fig. 16. 
genes, 

Portion of a filament in process of formation of 

Portion of a filament showing escape of two hormo-

(11) 



OBSERVATIONS on A SPVCIES OF DICTYOTA 

Hist orical resume . Reinke (1877) claimed that in several 

genera belonging to the Dictyotaceae , including the genus Dictyota, 

the original apical cell was later replaced by a group of apical 

cells. About two months later , Rostafinski (1877) asserted that 

many of Reinke ' s statements were untrue . Ho mainteined that the 

apical cell , in Dictyotu and several other genera of the Dictyotacea , 

always persisted and that in no case was there even a tendency for 

it to be replaced by several cells . ~estermaier (1879- 81) also 

~aintained the presence of a persistent apical cell in the genus 

Dictyota. mo Reinke (1889) must be given the credit . of being the 

first observer to furnish a complete description of the anthcridia 

of Dictyotu from their origin to maturity . ''ent (1890} described 

tee origin and development of the vacuoles of D. dichotoma in the 

tetragonidangia and the ordinary vegetative cells . Johnson (1891) 

has given an account of the morpholom .. and reproduction of Dictyota. 

together with the other more important genera belonging to the 

ictyotaceae . Crato (1894) in a very short treatment of the mor-

hologiJ and reproduction of Dictyota , pointed out the various re

emblances which the latter genus and its allies bear to various 

embers of the Rhodophyceae . Ho ever , he contributed nothing nei 

concerning the morphology and reproduction of the genus Dictyota . 

Hunger (1903} has contributed a valuable article concerning 

the nature, formation and occurrence of cell inclusions as found 

especially in Dictyota dichotoma . lillaims (1904) has set forth a 

very complete account of the reproduction of D. dichotoma, dealing 

chiefly with the development of the tetraeonidangia . antheridia and 
C) 
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oogonia and the cytological phenomena connected therewith. In a 

short article on the thallus of D. dichotoma.t 1licheels (1911) has 

given an excellent description of its internal moTphology. Pilger 

(1911) collected algae along the coast of Kamerun and in a publica

tion of the results of his work has included a. good taxonomic de .... 

scription of D. Baytayresiana . Howe (1911) has described both the 

morphology and histology of D.viveoii,which occurs along the coast 

of Lower California , and has pointed out in a concise manner how 

the above mentioned species may be readily distinguished from the 

other three species of Dictyota occurring along the Pacific coast 

of ~o:rth " .. Merica . 

Ha bi te.t . The plant was found attached in sand in tide pools. 

In the natural state the fronds presented a crinkled appearance . 

The collection was made by .liss Josephine ~ . Tilden and the exact 

locality was the extreme end of the point ne:-di to Gull Point , 

Flinders , Victoria , Australia, February 4 1913 . 

lethods . In order to study the structure of the thallus, 

transverse and longitudinal sections were ma.de by means of the 

freezing microtome . Sections 30 mic . in thickness were found to be, 

on the whole, the most satisfactory. If the sections were cut much 

thinner than 30 mic ., it was found that the large medullary cells 

collapsed more or less completely, thus making them valueless for 

study . Especially was this found to be the case with regard to the 

apical regions where the tissues are exceedingly fragile. Because 

of this fact great difficulty was encountered in getting sections 

of the apical region; in fact , only one section out of the many 

that were cut, proved to have all its cells intact. If the sections 

were more than 30 mic . in thickness, it was almost impossible to 

make out clearly the arrangement of the cells. The same difficulty 



was also ex:perienoed, only to a lesser extent, in obtaining hori

zontal longitudinal sections, i.e., sections cut the broad way of 

the thallus; for the large medullary cells totally collapsed when 

the sections were less than 30 mic. in thickness and when the latter 

were more than 30 ~ic. in thickness the structure and arrangement 

of the cells remained obscure. 

External morphology. The plant body presents the form of a 

thin membrane which has been cut into ribbons, the latter being di

vided dichotomously at their free extremities, which, in their turn, 

are again divided dichotomously at the tips . There is practically 

no variation of the plant body as regards external form. In general 

the Tiidth of each frond is about four or five times es great as its 

thickness, although in the extreme basal portion the width may be

come, in certain cases, six to eight times es great as the thickness 

The thallus does not possess a distinct holdfast or stipe; but 

in most of the individuals, however, there is a decided tendency 

for the extreme basal portion to become rather tough and leathery, 

forffiing what me.y be regarded as a stipe like region. This region 

is further characterised by being somewhat wider and thicker than 

the upper portions. The apices of the branches are somewhat blunt

ly pointed as a rule, but never are sharply pointed. A slight 

tapering of each frond occurs a short distance before the apex is 

reached. 

The diohotomous branching seems to be rather irregular in its 

occurrence, for not at all infrequently one finds branches of con~ 

Siderable length in which no forking has occurred, while in other 

cases repeated dichotomy has taken place. In most of the individ

uals there occurs, a short distance below each fork, a complete 

twist of the frond . 



The color of the major portion of the thallus is a ver y l ight 

brown . The extreme basal portion • the stipe-like portion, i s usu

ally of a reddish-brown color . 

Internal morphology . 

Hairs (paraphyses , trichomes) . Hairs are found uniformly 

distributed on both sides of the thallus . They accur rather abundan _ 

ly on all portions of the plant body , except in the vici nity of 

the apices and the stipe-like portion, where they are rather sp rse . 

As far as could be discovered they never form distinct tufts as 

descri1ed for D. dichotoma . The mature hairs are colorless or near

l y so , but the young hairs usuall y contain yellowish~brown color-

ing matter • 

Each hair takes its origin as a small protuberance from a cor

tical cell . This protuberance is finally cut off by a wall and cell 

divisions follow until a short filament is produced . The hairs are 

always unbranched and when mature are composed of long cylindrical 

cells placed end to end . As regards the length of tho mature 

hairs there appears to be considerable variation for the longest 

hair observed was approximately twice as long as the shortest one 

(Plate III . fig . 8 and 9) . J...s regards the 7idth, there seems to 

be but little or no variation. rt was found that the length of the 

individual cells corresponds as a rule with the length of the hair . 

In a mature hair each cell is appro~imately six to eight times as 

long as it is wide . The basal cell of the short hairs is oblong in 

shape; ric _ in ~rotoplasm . It tends to become somewh~t broadened 

at its base(Plate III . fig . 8 a} , while the buscl cell of the lone 

hairs is much more elongated; it . is prcctically devoid of protoplas-

mic contents; and is but slightly broadened at the base (Plate I I . 

fig . 9 c). The apical cell of e~ch hair is al1ays rounded . 



The young hairs alwe.ys contain an abundant supply of protoplasm 

as vrell P.S the coloring matters mentioned e.bove ( late III . fig. 7) . 

As the hairs mature the protoplasm becomes less apparent until final 

ly, i n the mature structures , extremely large vacuoles are formed . 

In the older hairs , a spherical cluster of granules is to be seen 

in most of the cells (Plate III, fig. 9 a} . These clusters of gran

ules may be interpreted in two different ways. In the first place, 

they may be regarded as nuclei that have broken down; and secondly, 

they may represent granules that have gathered around the nucleus . 

Of these two views, the· latter one seems to be the more plausible , 

since each cluster of granules occuplies a rather.definite J~ 

position in each cell and the isolated granules which are variously 

distributed in aifferent portions of the cell (?late III . fig. 9 b) 

are exactly of the same size and appearance as those cor:iposing the 

clusters. 

Growing Point . As is characteristic of the genus, this 

species of Dictyota increases in length by means of a single, ellip

tical , apical cell (Plate II . fig . 2 a) hich persists throughout the 

life of the plant . The precise manner in which apical growth takes 

Placein the type species , D . diohoto~ia, has been known for some time . 

Although all the stages of the process were not observed it seerns 

quite likely that the mechanics of apical growth in this species of 

Dictyota is identical with that described for D. dichotoma . From the 

elliptical cell a saucer-shaped cell (Plate II . fig . 2 b) is cut off 

by the formation of a transverse wall . The latter cell divides into 

several by the formation of vertical walls and later each one of 

the new cells is cut into three parts by walls parellel to the sur

face of the frond . Thus , the three-layered condition of the adult 

~------.............................. .. 



frond is attained . The subsequent chances consist chiefly of the 

division of the outer cells into many parts to form a cortex. Ac

cording to r.e ·1 e (1877} the cells that are locqt, at the edge of 

the frond remain i n u meristematic conditi on for a reletively lone 

ti~e . T~o branching of tho frond is the. result of dichotomy of the 

apical cell. 

The Plant Hody. The thallus or plant body is remarkably uni

form as regards its structure, showing but a mininn.un amount of vari

ation. In this point it corresponds closely with the external or 

gross morphology. Each frond displays a distinctly parenchymatous 

structure. The structure of the stipe~like portion is in all re

spects identical with that of the distal portion of the thallus. 

Each frond of the t hallus is composed of an axial row of large 

medullary cells which in turn are entirely surrounded by a layer of 

very much smaller cortical cells (Plate II. fig. 4). Thus, the 

frond is three cell layers in thickness . Each frond is slightly 

thicker in the middle portion than it is on either side of the cen

tral regiono This greater thickness is apparently always due , not 

to the formation of any structure which might bear even the slight-

est resemblance to a midrib, but merely to the greater size of the 

cortical cells in the region. From the physiological point of view 

there are two kinds of tissue systems in the plant : the cortical 

cells compose the. assimilative tissue, while the medullary cells 

form the storage system. 

The cortex is composed of irregularly arranged oells (Plate 

II. fig . 3) hose shape is more or less rectangu.l~r. The cortical 

cells f ormed in close proximity to the growing point tend to be 

nearly square (Plate II. fig . 2) and are arrange~ in a very definite 

and regular manner. But as the cells mature they gradually become 



more elongated and at the same time lose their regular arrangement, 

until finally they assume their more or less rectangular form and 

also become rather irregularly arranged(~late II,fig.3). When ma

ture they are about twice as long as wide (Plate II,fig.5}. The 

walls are moderately thick. The upper and lower walls are somewhat 

thicker than the lateral walls. The upper walls when viewed in 

transverse section, appear more or less crenate. Especially is 

this true along the edges of the frond where the cells are slightly 

crowded together(Plate II.fig.4). When observed in either horizon

tal or vertical-loggitudinal view, they appear somewhat undulate 

(Plate II.fig .5; Plate III. fig.6) . The lower walls show, in both 

cross and longitudinal sections, a slight constriction at the cross 

walls . By far the most interesting feature exhibited bybthe cor

tical cells, or in fact by any portion of the thallus, is the cur-
. 

ious bulge (Plate II.fig. 4 a) formed by each c~oss wall . The 

cause of these bulges could not be determined and there seems to be 

no reference in literature covering this point. However , it is not 

at all unlikely that they are due to a splitting of the middle 

lamella. The interior of these bulges is totally lacking in proto-

plasm, plastids or inclusions. It will be noted that, in the lon

gitudinal sections, the bulges are much less pronouncea than they 

are in the transverse section. 

Nearly all the cortical cells are gorged with lens-shaped 

phaeoplasts . They are especially abundant in the upper half of each 

great abundance of the phaeoplasts , the corticell. Because of the 

cal cells are sharply set off from the medullary cellsand are thus 

made to appear as a brownish-colored border surrounding an almost 

If n,·iclei are present in these cells, colorless central area. .~ 

t t . 1 obscured by the phaeoplasts. In addition to the 
hey are en ire Y 7iR\ 



haeopl sts , a considerable number o 1 r r or 11 r r nul 

ed 'Inhaltektlrper 1 , re present . l Be gr r lmo t 

confined to the e~ reme l o er ortion o th c 11 • r 
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part o.: wach cell and is surrounded by protoplo.sm vrhich radiates in 

all directions , producing a star .... like appea.:relnce . Only in one or 

of pro oplasm be traced to tvvo cases could these radiati·ng strands t 

their ultimate end . Each cell contains one large vacuole in which 

lies the nucleus imbedded in a mass of protoplasm. In the immediate 

vicinity of each nucleus , usually between the radiating strands of 

protoplasm, occur several large , strongly refractive globul es . Thes 

according to Hunger (1903), are the accumulations of reserve mater

ials and owe their origin to the coalescence of the 11 Inhaltskorper" . 

The Reproductive Organs. As seems to be characteristic of 

the genus , the species of Dictyots. under investigation possesses 

three sorts of reproductive organs : tetragonidangia , antheridia 

and oogonia . The plant is strictly dioecious . Hot only do the 

antheridia and oogonia occur on diffe ent individuals , but they are 

also found on different fronds of the same plant . The tetragonidan

gia are as abundant on the male plants as otm: the female ones and 

vice versa . There is no obvious difference in form between the 

male and female plants. The reproductive organs seemK to be in the 

main, equelly distributed over the two surfaces of the thallus, al

though there is a tendency in some of the fronds for the sexual or

gans to be somewhat more numerous near the edges of each frond . No 

reproductive organs occur on the extreme basal portion of the thall ~ 
or at the apices ; yet the sexual organs we~e found to be especially 

numerous only a very short distance from t~e apical growing region . 

The Sexual Organs . The antheridia and oogonia differ fron tho 

heretofore described for any specieB of D~otyota in the fact that 

they possess stnllrs consisting of two ce11s instead of one • as deM 

scribed for the other species . They differ • fUrthermore, in the 







f the species here studied show any essential difference in this 

They always arise from the cells of the cortex . The gon-

. dangiurn initial for:ns e. papillatc protrusion which by means of a 

ransverse wall becomes transformed into two cells , c. large upper 

a smell lower or basal cell. The upper cell enlarges rapidly 

when it has attained its full size , its contents divide into 

our tetragonidia . No tetragonidia were observed. The lower cell 

vhich is always poor in protoplasmic contents, remains in direct 

ontinuity with the cortex; no transverse division occurs . The 

etragonidania are , therefore, always sessile. They are spherical 

and in ~est cases are lerger than the oogonia which they greatly 

esemble (Plate III. fig .18) • In :fact, the only v1ay to distinguish 

tetragonidangiurn from an oogoni1Ul is by the presence of a dis-

inctly two-celled stalk in the case of the lat·er . Eowever , in 

he great majority of instances the~r may be readily distinguished 

Y the following points~ 1 . tle presence in the tetr""'gonidangium 

oi a much thicker wall , especially in the upper portion(Plate III . 

ig.17, 18) . 2. the brownish colored contents of the tetragoni-

dangium instead of the yello1~ish-green contents of the oogonium. 

sm.nu RY. 
1. The plant body or thallus is a thin- ribbon-like 

structure characterised by a rather irregular diohotoCTous branching 
system. 

2. nifor. y distributed over both urfaces of the thallu 
are numerous unbranched multicellular hairs that take their origin 
from the cortical cells. ~hey never for~ definite tufts. 

3 . The thallus increases in length by means of a single, 

elliptical, apical ce+l. 

4 . The structure of the thallus is :parenoh1Y1 iatthou~ • _.,(..Ch 
frond consists of an axial o·.1 of large edullary cc s 0.1.i re 
sur1·ounded y a laSer of very rJUch smaller coi·tical cells• The 
latter are rather irregularly c.rranged and contain a. superabundance 



of phaeopl sts . The most striking feature concerning the structure 
of the cortical cells is found in the formation of the curious 
"]ulge 11 by eqch cross wall . The medulla is composed of very large 
rectangul:;.r cells , characterised b~T a paucity of p <01eoplasts nd by 
the ~resence of several large refractive globules in close proximit~ 
to the nuclei. 

5 . ~he anthericio and oogonia occur , not only on differ
ent individuals , but on different ~ronds of the sa e inQiVidual. 
The sexual organs are characterised by having st lks consisting of 
tTio cells and also by not being arranged in sori . heir development 
seems to be essentially that described for D. dichotorna . 

6 . The tetragonidangia are scattered singly over both sur
faces of the thallus . ~here is no· tendency tmmrds formation . The 
are a~1ays sessile . 

1 . Crate,.:~ . 
orga.nismus . 
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Explanation of Plates 

Plate II 

Fig . 1 . Dictyota. Portion of frond showing distribution of 
hairs and tetragonidangia. 

Fig. 2 . 

Fig . 3 . 

Fig . 4 . 

Fig . 5 . 

Apical cells of a branch as seen in surface view. 

Cortical celis in surface view. 

Transverse section of thallus. 

Horizontal longitudinal section of thallus. 

Plate III. 

Fig . 6 . Vertical longitudinal section of tha.llus. 

Fig. 7. A young hair . 

Fig . 8. A short hair. 

Fig. 9. A long hair . 

Fig . 10. Apparently an early stage in the development of an 
antheridium. 

Fig . 11 and 12. Stages in the development of antheridium. 

Fig . 13. Mature antheridium. 

Fig . 14 . and 15. Stages in the development of oogonium. 

Fig . 16. !.:Sture oogonium. 

Fig . 17. Surface view of tetragonidangium. 

Fie . 18. Longitudinal view of tetragonidangium. 



0:!3SERV_ TIC JS on A SPECI3S OF D.ASYOPSIS 

Historical Resume. .A considere.ble amount of work has been 

done on various species of Dasya which is a very close relative of 

Dasyopsis, but apparently no morphological woi'k has been done on any 

of the species of the genus, Dasyopsis. The only essential differ-

ence between Dasya and Dasyopsis is that relating to the histology 

of the main stem. In Dasya we have a single central cell surrounded 

by usually five pericentral cells; while in Dasyopsis , as will be 

seen, the structure is quite different. 

Habitat . The plant was collected by l!iss Tilden on a reef, 

north of V. est Head, Flinders, Victori~, Australia, Feb. 4. 1913. 

~/hen collected the frond was of a pale yellow color while the 

branchlets were pink . 

Methods. For the study of the 11 ramelli" and stichidia, tecpo-

rary mounts of small portions of the pinnules proved to be ehtirely 

adequate. Roweverp since practically no coloring matter was retaine 

in the cells, the material was mounted in iodine, which caused the 

cell contents to appear ImlCh more sharply defined. Especially was 

this true of the protoplasmic threads connecting the cells of the 

ramelli . For the study of the histology of the main stem, trans

verse and longitudinal sections were ma.de by means of the freezing 

microtome . On the whole , sections cut 20 mio. in thickness ere the 

most satisfactory, but those cut at 30 mio. were better for showing 

the structure and arrangement of the cells loca·ted near the periph-. 
ery. In sections cut at the latter thickness it was almost impossi-

ble to see the small cells that surround more or less completely 

the large ones. In the sections f~t at 20 mic _there was a tenden-
6) 



dency for some of the peripheral cells to become sliehtly disar
ranged. It was noted that in sections cut at a thickness of 10 mio. 

the cells situated in the central area of the stem would remain en

tirely intem:t, but that those lying in the peripheral regions would 

almost invariably collapse. 

The Secondary Branches .2!_ "Ramellin. Each pinnule is densely 

clothed on all sides with dichotomously branched ramelli. :o~crds 

t he apex of the pinnule the ramelli are not so densely ~tigregcted 

as t __ cy ere in the ~~adle and lower portions. As fur as could be 

determined the ramelli are always monos iphonous. Oltmanns (1898) 

clains that in Dasya, the monosipnonous ramelli may, under certain 

conditions, become polysiphonous for the purpose of tetracpore for-

mation. The dichotomous branching of the ramelli is rather irregu

lar in its occurrence for frequently one finds portions of the ra

melli consisting of five or six cells before a dichotomy occurs. 

There are , however, as a rule, two oello between each forking, 

though occasimna.lly there may be but one cell. Only rarely are the 

two branches pomposing the fork of equal length. Almost invariably 

one of the branches is more vigorous than the other one and carries 

on the growth of the ramellus. The shorter and leas vigorous 

branch may consist of one or several cells. Each fork at its base 

presents a somewhat "»owed out" appearance oaused by the extreme 

basal portion of each branch curving slightly outwards (Plate IV. 

fig.6). New branches may arise laterally from.the basal portion of 

almost any cell(Plate IV.fig.5). Their method of origin seems to b 

essentially similar to that found in some species of Cladophora. 

The shape of the individual cells appears to be fairly constan 

th · 1 th The cell although there iu some variation as regards eir eng • 

much longer than those of older ramelli. of young ramelli are always 

( 2'7 l 



In all cases the apical cells are much longer than any of the other 

cells, sometines being over three times as long as wide . They are 

occasionally slightly swollen . The tips of the apical cells are 

bluntly rounded . In older ramelli where three cells come together 

there is apparent at the base of each cell a slight swelling. This 

feature is also to be noted in those cells arising as lateral out

growths, that are to form new branches. 

The cell wall shows so~e interesting variations, especially as 

regards thickness. Both the lateral and cross walls of young ramell 

present a uniform thickness throughout their entire extent , but the 

lateral walls of older ran~lli show an excessive thickening midway 

between the two extremities of each cell (Plate 4.fig . 5 and 6). 

The walls are always colorless . The cross walls always possess u 
uniform thickness . Some of the older cells are further characterize 

by the resence of slight constrictions which seem to be totally 

lacking in the immature ones . This character, ho~ever, is a very 

inconstant one. In the mature cells protoplasmic c~nnections ers 

plainly evident . They stand out with remarkable clearness when the 

ramelli are st~ined with ionine . In young ramelli they are scarcely 

visible even under high power magnification. In cases where three 

cells come together only two of the cells are connected by means of 

the delicate protoplasmic threads . 

All the cells, with the exception of the apical ones, are com-

pletely filled with a very granular protoplasm. Io vacuoles are 

Thl.·s granular nature of the protoplasm is especially ever present. 

well exemplified by the very young ramelli . Some of the older cells 

t d nrance (Plane IV . fig . 6) . The striati~ns show a peculiar stria e appe~ 

are in the direction of the long axis of the cell . They usually ex-

tend the entire length of the cell but occasionall~ they extend 
(28} 
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ste;:-ile and the \.!alls of those lying at the extreme apex are r.iore or 

less co~~letel~ djso~ecnized . In all cases, each stichidium is pro-

vided with u stalk, consistine of a single cell which is slightly 

curved. This characteristic twist of the stalk accounts in part 

for the inclination of the stichidium. As regards its general form 

and contents, the stalk cell is essentially siLilar to hat of the 

cells of the ramelli, although , as a rule, it tends to be shorter 

and to possess somewhat thicker lateral walls than the latter . 

The order of development of the tetragonidangia is acropetal. 

ILany of those occurring in the basal portion of the stidhidium were 

found to be in process of wall formation previous to the seperation 

of the tetragonidia . No tetragonidia were· seen, however. Other 

tetragonidangia are. to be seen, in various formative stagee along 

the course of the branch, from the middle region on towards the 

apex . For the purpose of tetragonidia production the tetragonidangi 

become divided by the for!!lation of walls which intersect one another 

in triangular fashion. 

Histology of the I.Iain ~· The structure of the T.'.lain stem 

may be regarded as consisting of three fairly well definded regions 

1. epidermal, 2. cortical and 3. medullary . However , it is to be 

remarked that in no case is there a hard and fast line of demarcatio 

between the three regions . It r.ia.y be stated at this point, that 

the histologyn of the stalks of the pim1ae andn pinnules is essenti

ally identical in every respect with that of the mn.in stem. A 

feature which holds for all three regions is the pronounced thicknes 

of the cell walls , although, of course, there is some variation in 

this respect . 

Of the three regions the epiderMis seems to be the least well 

defined , since the adjacent cortical cells differ from them but 
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VGry little as regards form and size (?late IV. fig. 1 and 4J. 

The epidermal cells vary considerably in size and as a result, a 

rather irregular and often somewhat jagged contour is given to the 

stem. No protoplasmic contents were to be observed. The most in

teresting feature in coIUlection with the epidermal cei1s is the 

apparently total absence of protoplasmic cozmections. The presence 

of the latter seems to be universal in the cortical and medullary 

cells; the protoplasmic connections are, however. entirely con

fined to the cross walls . 

The cortex is composed of rather large, variously she.~ed cells 

which nre arranged in an irregular fashion. ~he cell walls are con

siderably thicker than those of the epidermal cells. Although the 

pits in the cross walls were quite evident, no trace of protoplasm 

extending through them was seen. Probably the most marked charac

teristic of the cortex is the tendency of not a few of the cells 

to dovetail . This tendency to dovetail occurs chiefly in the cen

tral area of the cortex (Plate IV. fig . 1). 

The medullary portion ?f the stem is composed of tvro main 

types of cells: l.very large hyaline cells with thick walls and 2 . 

much smaller cells, rich in protoplaacio contents, with comparativo

ly thin walls(Plate IV. fig . 1 and 2). It should be borne in mind , 

however . that there are uny number of cells hich are intermediate 

in size between the very large cells and the ver~ sme.11 ones. Both 

kinds of cells form vertical rows. In the ouse of the large oells 

each row consists of from t o to five cells, while in the case of 

the small cells, ench ro1 may consist of from three to eight cells. 

Jhile both types of cells e7 i11it co. oerable elongation, the 

latter is som what more pronounced in the s aller cells. .s . ~s 

(31) 



the case in regard to the cortical cel ls , no p r otoplasm was seen 

extending through the p~ts in the walls of the larger cells . The 

pits. particularly of the large cells , are well developed and stand 

out \7ith remarkable clearness (Plate IV . fig . l) . The S!:lall er cells 

are provided with an abundance of coarsely granular protoplasm; 

this is especially true of the very small cells . In other words, 

the smaller the cell the greater is the proportionate amount of 

protoplasm. c viewed in cross section the medually cells present 

a great variety of shapes; however , the spherical shape seems to 

be the More common (Plate IV . fig .1} . 

Summary . 
1 . :Gach pinnule is thickly invested. on all sides with 

monosiphonous , dichotomously branched ramelli . One branch of the 
fork seems to be aluays more vigorous than the other . The base of 
each fo1'k presents a so1:newhat "bowed out" appearance . ~iatind 
New branches arise laterally from the basal portion of any cell . 
the lateral walls of the older ramelli are considerably thickened 
midv1ay betv1een the tHo extremities of each cell ; the cross walls 
are al\1uys uniformly thickened . In the mature cells protoplasmic 
connections are always plainly evident . 11 the cells , exclusive 
of the apical cells , are completely filled with a very granular 
pr ot Oplasrn .• 

2 . The stichidia or tetragonidial branches are most abunaant 
in the basal portion of the pinnule . They are confined to tho 
older ramelli . Euc~ stichidiu.~ is co_po~e~ of a series of co -
partments each of. which , 'l.''i th the exception of some at the apex, 
which are sterile and partially disorg~nised , forrfilJ c tetra~oni
dangiu • The stichioia are al mys stalked . fhe order of develop-
ment of the tetragonidangia is acropetal . 

3 . The structure of the nain stem or Y.iS rosy be regerded 
ss ' beinc composed of three somewhat 1ell defined regions: (1) 
e~idermal , (2) cortical and (3) medul lary . Protoplasmic con
nections occur on the cross ~alls of all the cells except those 
of the eI>idermis . Of the three regions the epide~ · s is the most 
poorly defined . ~ny of the cortical cells dovetail . The nedullar 
portion of the stern consists of tv10 main types of cells~ (1) 
very large hyaline cells with thick mills an ( 2) much srnaller 
cells , rich in prot oplas • .tlc contents , 7i th comparatively thin 
wa.lls . 



In conclusion. I wish to extend to Erofess or Josephine E . 

Tilden . under whom this investigation WijS carri ed on, I!lY' s i ncere 

thanks for much helpful advice and critio~sm . 
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Explanation o_ - e.tes 

Plate IV 

1 ig . 1 . Transverse sec Lion o:f portion of main a.xis . 

2 .Long:tudinal section of portion o. medullary area . 

~1g . 3 . Longitucinal section of portioL of cortex. 

ig. 4 . Longitudinal sec ion of portion of epider s . 

ig . 5 . You g ramelli shoring formation of nev7 branches. 

·ig . 6 . l. ture re.melli sho ring dichotomouo brc..-nching . 

ie . 7 . Stichidit rith tetr~gonid ngia . 
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