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PREFACE

.m_.:mu._...

series by themselves, and finally come th
Cyanophycee.

The account of the Rhodophycee is based on the
seattered papers of Schmitz (p. 37), who by utilising

his own researches and the splendid inves tigations of

Thuret and Bornet has almost wholly altered the
classification of this sub-class. A mere outline of his
results has been published with the effect of destroy-
ing the earlier classification and of incompletely
establishing his own. The full justific wion of his
system will, however, be published soon, having been
left by him almost finished at his lamented early
death. 1 have thought it better to give here from

, and from

pessible to n

the fragments of his work

other sources, an account of the sub-class under his
system, rather than revert to the old classification.

I have to thank the Council of the Linnean
Society, the editors of the Aunals of Botany and
Journal of Botany, and Messrs. Dulau and Co,

w  their

_:__ur_m._:;_u._. of the Phycological Memoi
kindly granted permission to reproduce copies of my

y indebted to

own and other figures. I am a

yolms-Laubach,

M. Bornet, Prof Reinke, Graf zu
Dr. John Murray, Mr. Edward Trewendt of Breslau,

Dr. Hauptfleisch, Dr Kuckuck, Mr. Richards,
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SEAWEEDS

British Musenm, there is th

carliest authentic
evidence of the collecting of seaweeds, the beginning
of the study: and the foundation of its literature
was laid by later systematic writers, including
ms. It was only to be expected that many

. . i r - o
marine animals, such as Zoophytes, which resemble
seaweeds frequently in outw wd form, should have

Linn:

been indiscriminately classed with them by these

writers, and it was not unfil the present ecentury,
when our knowledge of minute structure had

advanced, that

v strict division became possible
+ coralline Alge and similarly
encrusted animals.  Gmelin's  Historda  Pucorum
(1768) and Esper's Abbildungen der Tange (1797T)
the firs ___._f. efforts to m._m:_:,_. within
a book devoted to the lﬂ;.«. of .>_.n_... all that was

between the stor

wel notew

then known, and as the result of the stimulus so
imparted to resc arch, the first years of the present
century witnessed greater activity and progress in
the accumulation of knowledge of the forms of sea-
weeds and their classification. Lamouroux pub-
lished his Disserfations sur plusicurs espéces de Fueus
in the vear “ XIII"(=1805) of the new era of the
French Revolution, and a few years later there
was begun the best of all the early books, Dawson
Turner's Fuei (1808-1819), which not only cleared
up many of the difficulties of preceding writers, but
__"_,_.f...:.._tn._

large body of new facts acquired from the
study of specimens brought home by Robert Brown
and other great botanists and travellers of that time.
Perhaps the last of those who may be called the
Lyngbye, whose Zentamen

_.:.::,.:.__..h of mu__._.....:__.._.r....?. Wi
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TAWEEDS

The first observation commonly made by a student
of seaweeds is of the variation of their eolours. he
green hue th t prevails throughout land vegetation,

except 11 .:__: colours of flowers and the bark of
i the case of seaweeds with olive

trees, is varied
brown, and red forms. An artificial classification of
them aceording to their colours leads to the i:_a:,_m
result that it nearly coincides with the natural classi-
fication of them according to their structure and
development. Such an artificial
came firmly established, and has left its mark on the
names of :_ :,:_:,: primary divisions or sub-classes
of Algm, viz. the b_:__:_éa__:_._:,_.:. or Red Seaweeds ; the
Phaophyeeer, or olive-brown ; the Chlovophycew or
o i
imple ex yeriment. proves that fundament: lly they
are all green, and that the red colouring matt
phyeoerythrine, the brown j iyeopheine, the yellowish-
brown _.“2_.__:::.:_2..:: nd the blue ._w__._..:_ﬁ..h_..ﬁ__:;__qt are
wch something added to the ﬂr_:..:___:.: or leaf-green
that characterises vegetation in general, and by
form the organic substances

-

assification b

Ly nd the Cyanophyeea: or blue-green. A

_,.___,__:. of which _;.S:..
v for their nutrition. These addit
ing :_”:r._.m can be extracted by fi sh wate
', olive, &e. plants gre
differ from the green colour in this resp
is insoluble in water. Though there occur excep-
o forms, numerous r_:e-ﬁ.:.,:. i

ThEs =y

leaving
and they
t, sinee it

the previously

tionally a few
(in the diatoms only) many brown forms in fresh-
still remains the broad fact that these
colouring matters are char \eteristic of seaweeds, and
it is in ::_ conditions of plant-life in the waters of

waters, there
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SEAWEEDS

rays that are most
ssimilation by plants that
we first intercepted, and only the blue and green
It may be taken, then,

that the red, brown, and yellow colouring matters,

has shown. It i1s precisely thos
efficient in the work of

rays travel to greater deptl

added to the fundamental green, are adaptations
to the supply of sunlight. Whether they act in
the direction of heightening the susceptibility of
chlorophyll fo a dim ished supply of the useful

rayvs, o

15 a protection against a relative excess
of the blue rays, has not been settled experiment-

ally, but the balanee of probability is in favour

of the latter theory, since has been discovered

that certain pigments in other plants act as a shield
ingt illumination of thi

s character. A microscopic
on Alga, Helosphere vividis, has been obtained from

reat depths beyond the reach sunlight, and

peculation has been hazarded that the lumin-

osity of animals inhabiting those regions might in it

ise be an efficient substitute for sunlight, but the

idea is wholly unsupported by experimental evidence.
The explanation that the plants in question we

T.,,.;__:. there by currents of J:“_.::.Hml..__..— wate

much more in accordance with oceanographical facts.
The fact that colour, which afford
notorious m:..,_:_.___;._,. in _r.:._.::_:..__:.-__. claims me Q....

a character of

to specific rank among land plants, should be found

w=ociated in the Alge with characters of more than

ordinal importance (though not constituting such
by itself)
that it plays here a #déle of vital _._:_mx: .
in the matter of nutrition.

n.T:

Tl s not =0 _.:x_._“_.:.—%ﬂ when 1t 1s

el e boere
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EAWEEDS

floras than of land floras, and when its operation is
tested by a survey of the pelagic vegetation,
. view is much enforced by the result. Pelagic
floating Algm

moved from the influence of o
and river waters, rise and fall of tides, nature
of bottom, &ec., and left to the :E:_m.,. exclusive
_.__:__,..m—__:‘_.- _._ﬁ. L __._.T..H.me._.._:... 1
acter, ar

stamping their char-
found to respond to this influence and to
vary with areas of temperaty

in the sea. As
extreme term in resistance to adverse conditions of

an

temperature and supply of light, it is interesting ”

to note Kjellman's observation of the normal growth r |
i and fruetifieation of Algm during the dark arctie . :
! night and at a mean temperature of—1°C. Obser- B

tures resisted in salimty
the sea arc of course of small physiological interest _
compared with the te

vations of any notably high tempe

\peratures resisted by fresh-
water Alge inhabiting hot springs.

In the culture of seaweeds in aquaria it has been {
found that forms from ;5,—_ water are _.,_,.:_.__,_._,.

susceptible to rise of temperature and undue 1llumin-

ation, so much so that merely for their t

nsport 1t 4 |

5 15 necessary to choose a n,_..:n_”.f.. ..mm_...... i f__._,...r-:.... if H__n &
summer, and the use of ice is almost always advis- '
able. A cool chamber from which direct sunlight is

excluded i1s a econdition of success in the culture of

most seaweeds. One way in which these plants may
be killed by too much ecare is in the attention paid to
aeration of the water. Very httle 1s 1 ry, since
he air so introduced has been found to carry off too
much CO, A sudden change of wate

CEsS

is also mis-

chievous: and added water (whether fresh-water to
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10 TAWEEDS

and sometimes

which conveys sometimes salt-wate
fresh.

[he ocean currents are of primary importance as
agents of distribution, not only as streams of stable

temperature, but as vehicles of transport. Currents

of air and of water are justly regarded as potent
of disper ul of land plants, and thet ,.3.4:.“:.,_,. n

this respect is the

eans:

sult of special adaptation on the
3y »ﬂ..‘.... ./.:
> of Algme

part of the plant, such as winged se

-

such adaptations are called for in the
towards oc

an currents, though the air-floats of
Fueacea and Laminariacea:, which secure a buoyaney
in the first place for vegetative purposes, probably
‘tain cases the end of distribution as well,

1

serve 1n

particularly in the gulf-wi

s examples of the

influence of eurrents there may be cited the differences

in the marine flora between the east and west coasts

of South Africa—the west under the influence of a
cold stream from the south, and the east affected by
the warm Mozambique eurrent from the north ; again,
the marine flora of Bermuda in the track of the Gulf
Stream—the most northern coral island in the world
is much more markedly West Indian than the
the same parallel,

N
outside tl

Gulf Stream further on its path, the
the contrast between the characteristically femperate
marine flora of the Shetland Islands and the Arctic
mne parallel, but sub-

rth American coast flora unde

influence of this eurrent ; and, to trace the

may be noted

il nl_.....___:. Farewell in the
wt to the cold East Greenland current. If tl

were less obvious the proof of it could be
od with

imerous other instances.
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EAWEEDS

water from large rivers alse mark dividing lines of
coast areas of distribution, and profoundly modify the
character of the flora in their vicinity. The ocean
forms a far less effectual barrier, however, to the
dispersal of land plants than eontinental areas do to
seaweeds, which have no means of bridging them,

though many species are of sufficient range to enable
them to double capes from one region to another
geographically remote. The continental barrier of
Africa interposed between the tropi il Atlantic and
the Indian Ocean offers a passage round the Cape
of Good Hope, warm enough to sustain a marine flora

with many subtropical types, but subject to the dis-
tracting influence of opposite hot and ecold currents.
The result of a comparison of the floras of these two
tropical regions discloses the fact, that while the

era. are largely in common, the species are 1 a

{
g
high proportion different, and th is naturally most

iphonew, which

trikingly true of orders like the

are only ;_.:_.__: represente | outside the .n._fﬁm..i.

Areas of differ L temperature in the ocean have
thu natural
barriers, since the ocean is never wholly foeneed about
s of different temperature,
Hective barriers of themselves, as a

to be added to continental areas :

with land. Such arc

Tn_ﬂ.ﬁj.—i_u

I

comparison of the north temperate marine flora with
the south temperate one shows. The heat barrier of
the tropical seas would be less effective if the cold
depths of the ocean were available for passage, but
such depths are dark, and moreover the colder waters
rise to the surface of warm seas, and thus disable
ld enrrents.

the transporting action of




orjorwjUy S} puw oljaIy oyl Jo ::.r.u.si:_g Y
‘BRAIE JO SDLIBPUNOG 91) Jiurtop Je} SRIOLLRG eI I

redourad eyy pue ‘worgnqusp jo suwall oty ‘SRIOH
gons jo .n...: IDATP 91} A0S 0] pres 1BV Y| __R.:::m—
ITpeasTuL ..::c 81 BJSRIJU0D JO .x.:m_?__: ay} SpIodad
[y jo SOUAEQY 21} Ul puw ‘uwad0 9y} jo s H..m.ﬁ...— Awwut
s 1__:...._._._272:_._ ons puncj o) YOTUM U0 [RLIa) Rl
Jo you| _."...t..,u B [[115 S1 Ao, DUL[-95800 [[wuls 831 09
pagnqLige aq v goty M jnsad g Auo sn _r._..,._u JSB0D
uBoLIy Yinog oY) ofifa
Moge Jo aseioAn ue SpleIA oNuE[IY oguradwog yaou

‘snuad oy o) gamads iy

2y, "ssa].Joyjel 85000 UBI[EI)sTy U0 _.:_.._..m._. ueyj aaout
JoYJRL ST 91 S9IpU] 1594\ 9Y] UL a[Im _.._.:: "...:._.z—x Z

weyg oaour Syyfips safeaoaw suuall oy) suoLdar a1joTy

Oy T JUY} SMOYS S[wjo) oy jo sisfjeus uy Aepin
os anaso o) uejrpodowsco fpjuongyms s[E07 afau]
esal} Jo Jno wads gz Luo inq ‘soddy orrouad gg
aW AIAY} AAIY} [[¥ 0 UOWWIOD SULIOY Y )e} 9M JT
-wownmos ur sawads gE puv wOULS GOI e a9y
BI[RIISNY PUE SOIPUT S0A\ 1) WOI} s]¥303 108 omg
B} JO JNO S[IYM “TIBIISNY YJIM TOULLIOD UL sotoods
1z pue wued Jo JoguINU Owes Ay} ‘SAIpUl 9sapN
Ay} YHM UOWMOD Ul soads (g puv wousd g§ sey
vog onjary oy, "eleuad Ggg ul sowads ge1'T svy
Py 2y pue ‘wreuad g Ul s91 Is gg} puooss ayy
‘mrousd 11 ut sotods Gog SeY Js1y OYJ, WIBHSNY
pue f;:f:H s 9l ‘rtad o1jaay o) uell ﬁ:—_m
-uoryepaa [eoryderSoal ssa] jo saoumgsul [} 109[es
0] YOI 9 PINOM J] OSED OWIAIIXD UR SOUSIUINY
z::i.._ﬁ IR[IUIISSIp pue 9j0uoL Jaly] Jo ud ._._.u&_.:su
v pue ‘usmouy [[aa st suoifal JueIAPIp jo swIOy

1SL00 OULIEUL O} UL AYISIBATD Wl s1 adey) ey,

NOTLOOTOWLNI




14 SEAWEEDS

marine floras brings out the interesting result that
_T.._.,, 1
mon betw

v much higher proportion of forms in com-

:n the two areas than might have been

._.z_:_..:.__. This 1s .....__._._r_r.__..,. the ease with the __.__M_T.._...
or free-floating plant organisms of the open sea, and
without eiting figures, since exact data are not avail-
able, this may be taken to be generally true. Such
forms are much less variable than littoral seaweeds.
If we compare the two littoral floras they will be
found to be of similar extent, viz. 259 species in the
Arctic and 269 in the Antarctic. The Arctic specie
are,

o

1s has been said, in 111 genera, an average of 2]

species to the genus. The Antarctic species are in
08 genera, very n arly an average of 2§ species to the

genus.  The genera common to both are

56, and the
species 41.  However, pushing the inquiry a little
farther, it will be found that while some Arvetie forn

oceur in the South Temperate zone and not in the

Antarctie, similarly some Antarctic forms are found
in the North Te __:.H.u.__,_
Adding these, we |

124

one and not in the Arctie.

92 ...“_:._J__.m in common to Arctie

nd Antarctic, ineluding adjoining regions, and it

would be much greater if we included the two Tem-
to compare the

floras as strictly as possible. Of these

perate zones fully; but the obje
R
92 species, 38 oceur in the intervening tropical belt,

two eold-w

eeies 1N eom-
mon to the two polar and adjoining waters which
have not-been found within the tropics. If we were

and if they are subtracted, we get 54

to take the great seaweeds Fucacer and Laminariaceee,
the sea-wracks and tangles, we should not find even
a single genus in common ; the common forms are
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16 SEAWEEDS

size of the sun in the early stages of the earth’s his-
wv—an idea first introduced into geological speen-
lations by Blandet (Bull. Soc. Géol. de France, sér. 2
t. 25, p. 777, 1867-68), who likewise discussed the
relations of Arctic and Antarctic faunas—together
with the greater amount of aqueous vapour in the
atmosphere and the greater mass of the atmosphere.”
(Murray, in Summary of Results, “ Challenger * Reports,
1895.)

Another interesting point in the distribution of
seaweeds bearing on this subject is that those
having an inerustation of carbonate of lime oceur
much more plentifully in the warmer oceans—a tact
equally true of the marine animals, though the pro-
of deposition is different. This very shght
ypument of carbonate of lime structures in the

devel
cold waters of the polar regions is inst ructive when
efs constructed
in the polar regions in Palzozoic and later geological

compared with the massive coral

times,

It is a commonplace of biological knowledge that
the nutrition of the animal kingdom is dependent
1 the action of green vegetation in performing

:u-
the primary office of
the organic, and thus producing fitting substances
At mass o

converting the inorganic into

for food. A casual observation of the g

terrestrial vegetation, and a comparison of it bulk fo
bulk with the animal life of the land, enables us to
recognise the adequacy of the one asa balance to the
other. On turning to the conditions that prevail in
mere fringe of

the ocean, it is at once apparent that
coast vegetation, extending to no great depth, can-
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: 18 CAWEEDS
them, but there appears to be little doubt of their ¥
plant nature. Mixed with these also in temperate
seas are the Coceospheres (Fig. 58b),and inhabiting the
of the __.:TT._:. the ;___._w__:__a__.__:....&_.._..:_,_ (
58a), organisms of highly probable plant nature, but
. less studied even than the Peridinicer. Their broken-

down parts—known to g Yoecoliths and
. Rhabdoliths—are, like the remains of Diatomacea,
known fron
part in laying down the deep-s
polar seas, associated in this (as also in life) with the reguins

| warm

X

_.:.—.._.hm.i.n

the chalk, and now play an important il

a ;..T:. its of non- 3

globigerina oozes. Min- mg

animal %ﬂ__.._:_:.m.._:..‘.._ ra of the

nisims

gled with these org: is a profusion of Dt

I pelagic Protophyta, which sometimes, as in the case of

. Trichodesminm  erythrewn, form great

colouring the ocean over large areas, and in
the fresh-water _L:.::::.:: known i

origin resemblin
as tl
described by de Candolle and others as occur ing in izl
i the Lake of Morat and othe
heets of water are tinged green or reddish owing to y 8
the colossal :.;:::r_..p.::: of minute fresh-water {
have been often noted

aking of the meres” in Shropshire, and :

places, by which large

! Algm.  Such oceurrene
. the ocean, and, though ordinarily inconspicuous, the .

Alg allied forms, are v
: always present in considerable numbe
. by the use of the tow-net. Othe
f abundant occurrence in blue water are Pyiocystis "

noctiluca (Fig. 57), a source of the brilliant lumi ._.._:....

5), of a i
wider range in warm and temperate seas ; and other
Protococeacee.  The investigation of this pelagic flora

v them, and othe

that caus

. as disclosed y

organisms of

of 1 .T_...L._ 80AS - ._u__ﬂ_:__:.f_mux:_‘.___:. piridis (. _‘Z.m
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20 SEAWEE

Though the pelagic flora is most imperfectly
known as re

wids its constituent elements, it 1s
manifest that its extent is enormously in excess
of the ¢ flora so0 much more ;r‘._u_.....
diversified in its forms, and that it consequently
plays a rdle of primary importance in the economy of

st marwr

marine life :

1 one of great geological interest.

The distribution of Alge in time, as made known
to us by their fossil remains, is a branch of study
which is somewhat starved by the lack of material.
A considerable number of so-called fossil Alg

have been d

ribed by Brongniart, Saporta, and
other paleophytologists, under such names as Fueiles,
Chonelirifes, ( __;:___..:q._q.‘:...._ ___...::_____.__.E__._____. . ST, with no better

evidence of their algal nature than what may be

suggested by the outlines of markings. On the
other hand, Nathorst has obtained very

eneral
support for his denial of the algal nature of such
markings, which he ascribes to trails of animals and

other easual m_:_:.,_.;.;___ After weed-

in mMany cas

ing out these forms, and frusting only to such cases

exhibit mieroscopic structure, or characteristic
in the round supported by evidence derived from
as to the nature of the bed, or at the least
very unequivocal impressions in beds of undoubted
little left to e
chronicled in the testimony of the rocks. The first
_._.*___.
Mr. Carruthers has described Nematophyeus, an Alga
of sipho and Sir .:!._L.. Hooker
‘wehaypthera, of more doubtful affimity as yet. With
__:,_.x__.__;.:.: of

marine orig there is

ance of Alge is in the Devonian, from which

oS structure

fozsil Clanlerpe from the Kimme-

i

A i S R
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SEAWEEDS

conditions of environment of

weeds are,
has been described, by no means so complex
those of land T_::__.r_‘ d their _:,.._:Z;.r_ :L..-—;:..

tion to their surroundings is expressed in a cor-

responding simplicity of structure. The aquatic
habit, fresh-water and marine, ccompanied in
flowering plants by a degradation of structure
in their vegetative orgar the buoyancy
»aided T.a. the _.H:,-..._z:,., of the T_m::.m.
dispenses with the need of the mechanical aid

]

S1nc

]

:m, walic

of vascular tissue, and partly of 1ts conducting
function. This tissue is accordingly much reduced
in aquatic flowering plants, and ther

mding reduction in the epidermal system, sinee

15 &

corTre-

there is no need of a special euticular or corky layer
to protect the plant from undue evaporation. A
favourite view of the evolution of _._M nt forms
represents their ascent as

v process of gradual
emancipation from an aquatic habit; and the
adoption of this habit by members of highly de-

....__..T;_ groups s of the 1

ture of a relapse or
ximation to their primitive state. The student
of seaweeds is not concerned with the point farther
than it is founded 1 the
ment has made no demand on these organisms of a
kind that eall of their
tissues to enable them to adapt themselves to it,
and thronghout the group there is a simplicity
of structure and a plasticity of form of express

A_u_u_:_

ct that environ-

for much

character. In the most highly organised seaweeds
the vegetative t

be elassified into
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AWEEDS

CTIES, OF
group in the multicellular forms, or by
the apical protoplasmic contents in siphoneous
plants; or (2) intercalary, at a definite growing-point
in the frond, as in ZLaminariaces, &ec., or in a
terminal hair or tuft of hairs with a basal growing-
point.  Sometimes all the cells of the body remair
meristematic and engaged in growth. Secondary
growth in thickness may take place, as in the stalk
of Laminariz, by the peripheral cells beneath th
rind being capable of division, and thus adding to

r.

by a single apical cell, or a marginal

meristemati

.._
the internal tissues, as well as _E.“_.:,ﬁ. towards the

outside a bark-like rind; or by an adventitious

Prod

in Desmarestie, where the branching
filaments grow together into a kind of pseudoparen-
chymatous tissue, and invest the original cellular

“—Zw!..

The ecohesion of the body is effected in various
ways; either by the union of the cell
parenchymatous tissue, or by the intertwining

mto a
f
filaments, aided in some cases by the development
of sucker-like holdfasts ca

led tenacula or haptera
( Udotea, Struvea, &c.), or by merustations of earbon-

f lime (Corallines, ._,.ne___z.qzu.u_:.‘.__.:_. and .._,_.H.m____‘.:z_:__:. %

Stability is obtained i Canlerpa by the formatior

» struts, traversing the interior of

of numerous trabecula: «

imching cellulose eross-

._._;.::r.. _:_.n:;:.._
the cell-eavity from one part of the wall to another,
and enabling this remarkable Alga to assume :
differentiation into leaf-like, stem-like and root-like
h
Ay :,,_.. [ntercel

”_._m:__r.. thou econsists of but one .m._,._h-_ ..F.:.

_:.:..__..:.._.. _n_.”..

-

ular spaces are m
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SEAWEEDS

forms—if anything, fresh-waters are richer in such
types, while on the other nd the sea is incompa
ably more favourable to diversity of vegetative
development and to luxuriance of habit as well.

It was at one time supposed that among the red
and green Algme there were forms in which the
chlorophyll was diffused throughout the protoplasmi
¢ll-contents, but r hown that in all
wases examined in these groups and in the

search has

Phaophyeeee  as well, true chromatophores occur,
while they are absent, so far as iz known, from the
Cyanophycere. These chromatophores (chlorophores,

erythrophores, phieophores or melanophores, as the
y be) sometimes contain pyrenocids—minute

(
badies f:;: i
ippears within a nueleus) confined to the chromato-
phores of Algw with the single known exception of

Se I

i within them much as a nueleolus

Anthoceros (Hepatice). The chromatophores oeccur
either singly in each cell or in numbers, and are
of definite and charact

istic shapes. These shape
are not only of constant character, but the same

istaney extends to the fact of their single or

Nnumerouns ocei

rence in each cell. The presence «

absence of pyrenoids, which may vary in size from
time to time, affords a mor

ince forms posse

capricious character,

ing them are found among
the FPhaophyeee, Rhodoplycew, and Chlorophycec.
ch special
significance to the oceurrence of _.._.._...q.:_.Lm. but so

e to at

Various ¢ ttempts have been w

o

1s not been much success in elucidating

_".:.:r.,._,
this point. There is, for example, no clear ground

for the view that their presence 15 connected with




£

—.:...I—..:.._.z_# bi ._..“,Hu..v. p
ULIO)s ¥ (anoy],

Apuanbaxy aae su g oy

v uvyy eagonpord orowr uqjo s
VSN 1O
£q peswoaour Aguaad §1 UOSIOUIML Surpuagge ysu oYy
uaym ‘sjood doap are adoyj oM qdooxa ‘afejusape
| L .U:._ are 89000 M__m_......fw _ ."._m:..__ ::: .ﬂi __..m—.;.:..ff_u
uaaq aAwy jeyl ,...:_::_..;;.;_ Aunuoy I_._m.::..;m 10§ wrj.
o3 puu _p,_:._._:x J0j [ngasn SI Ho1s 8y, ‘pud 19430
U3 0] paYoTIE 19U T Jo PUASUl Fuq U03j00 ¥ [IIM
papiacad Suur gou-Sutpuy| [lewls ¥ puw ‘susu road

Ho Sunderos Jof puz Quo ojur  pamadas 251y
v i ‘uegyed ypojsuadpe oyl jo Yous guois © A1
10999][00 By} JI popoaatt jou ST 41 puv ‘sooupd Lwaddips

_.— :_.m__ z__::.. .T_.—.v__.... _Tz: :.: ..._. ..::.v— .-“.__.—Cm.n._._
JUTULLS 104 - AIussa0auun pue .._._u.,_:.ﬂf_ JO aaamnos ¥ ol
Loy oouts ‘Jayd il a0 puEy oy} ul paLuw ag sa[310q
SSU[S PNOYS 958D OU U] SOSUjUBAPE 511 SRl pi| pood

(=

B YJIM UBD-[IUT U0l pauuly w ysnoqy ‘oeq-: Suods

jooadaajes Areuipio ayj sl ammads 10§ apeydosal
JUOTHAAUOD  JSOUl afT, WOTJIITP a3 peou 0 su
10TAGQO 08 ST quatudinba oyedordde oy jo aanyen
oY) SIEUI-Apl) UDAMIA( SpPIDMEIS Jungoopoo uj
‘progoad jo saszesal aiw Lay ey uoruido ayy uuy
-u0o pinos 91 ‘ajquqoad sieadde s @2 oy} jo oqugs
QATJLIJNIL AT} ([HIA PAJRIDOSSE 3 sprouaadd ayg jo azis
Jo agueyo ays JI .E..:_,_H.n__ oy Buysaaur Lpgeipatu
uoryaod quig 01 pajrurl] aq 03 s ylde ‘auo aarye[iuIsse
ST UI0dj T_:T__:ﬂ::z:_ ¥ _L,_::L.,._ﬁ::._,_ﬂ_,.. a1
jo uorouny onsejdojfms [eoads sy,  poysiqese
sUwaur  Ou L—,_. ..,_ _.::.:_L ._: .::_ 08 ..ﬁr .__..__;: ..:
WAty gossod yotga 1__:_.1_ oy} ul s[o2 m,__...__,_f.&:._.
pue ,._._.._..ﬁ..:—._u_,.r;_...,_ Jo uonvrjuaIagip ;._L__T.:ce.__.p_ ue

NOTLOOdOWLNI




SEAWEEDS

much lace _and should be collected at once to be
of any value, sinee exposure quickly spoils them.
The ordinary form of dredge used in securing
for seaweeds, but is

zoological J:;..::, 15
» choked. Reinke’s dredge, armed

with cutting teeth like spear-
surrounding the mouth,

liable to bec

_:um:—
has been found to he service-
able, and a simple contrivance
shaped like the letter A, with
strong fishhooks of the largest
r cords attached to

o

e on stre
the cro
legs weighted, has been recom-
quires skill and

ds of the

-bar, and the «

mended, but
judgment in its use. It is likely

to disappoint the experimenter

unless under very favourable con-
ditions. A light dredge can be
e casily worked from a rowing

boat, which is also sufficient for
tow-netting with fine silk nets
for the capture of the free-float-
ing minute Algre. The traveller who wishes to
xamine the minute pelagic Alge from the surface

layers of the ocean can do so by obtaining permission

to tap an inlet pipe of a steamship, an allowing the

water to run through a fine silk bag for a time, when

ed with results similar to the

he will be Wi

n tow-nettine. This method has been suecess-

fully practised by its inventor, Dr. John Murray, of

the Challenger expedition.
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30 SEAWEEDS

aleohol, to remove as much air as possible. It should
d to salt and water, and permitted
to remain in it. A drop or two of glycerine should

be added, and the process may be hastened by gently

then be transferr

heating, not boiling. The most suecesstul specimens
are those that have been kept at about 90° F. for
several hours. Material so treated may then be
preserved in spirit (at first weak, and gradually
strengthened).

Living specimens to be preserved in spirit should
be first treated with picric acid. A saturated solu-
tion of picric acid in sea-water should be made and

subsequently diluted with three or four times it

volume of s

1-water. The specimens should be im-

iersed in it from a guarter of an hour to two hours,
according to size and density; then washed in
and pla

sen-watd

«fl first into weak ...ﬁ_.:.:h and _..,‘.
degrees into stronger spirit. Specimens vary greatly
15 to the result of treatment by picrie acid. To ob-
tain thorough fixation of the contents of such Algm

as Valonia (Fig. 46) it is necessary to immerse them
for several hours in the saturated solution itself.

For u:__::_._:_._ :.T._.._.Z..._T.... .;.:__._.1 of 1...:.#._,...._1.. ._..T?

best medium is elear glycerine jelly, which has the
advantage of being easily manipulated. The examin-
ation of Algm encrusted with carbonate of lime, such

as the stony corallines, is facilitated by the use of
Perenyi's decaleifying fluid (4 vols. 10 per eent. nitric
acid, 3 ¥

ls. absolute aleohol, and 3 wols. 5 per cent.
ives better results than weak

chromic aci 1), which g

hydrochlorie acid or method in common

any othe
use. It is partic ilarly valuable in examining Alge




ag ..3 paotueyuas :_...rr., aueag v.z._._m p dwos
jo aanjompnuem oyg ut dppy jo onea oy, puviear
.T_:_ .—.: ::.:3_ ..:. SISE00 WLID]S0 AL ,__.: _.:.: _._:.":.:_!:. _ﬂ:
adou ay) ur paysunoy Aunsnpui diay ayy uoya ‘Aang
-ueo juasaxd oy} ur Ajawe seam 91 se qwedd os JaFuo]
ou st a@d[y jo aoueyrodwmr omuoucod 00IIp AYT,
-.:.._._._.u..— r..:.:__. _u_..a.... _-.: ,..n—._.H MO .rhu.!._: ..—_i.— rﬁ._.u b.__n_:_-;._m _:.u 3
souvaoudt oyy £q poqenbo fuo st ‘goodse peoruyosy
ur qoalgns oy 01 senuoyne LI10Ysy Jo SouaIaj
-JIPUT 21} pu SULOj asay] jo adpojaouy jo yireap ayj
pus ‘xade ayy st wew yorya jo prneidd ayy jo ssuq
at[} axe Aa1)) s1993em AIOTSY UI J¥1[]—]Poaj SaA[STIaN)
soysy jo pooj o) Surpnjrsucd swsusiio o) yorja
8 (] ..,...::1.:._ .:._ﬂ aae ..T._a. ‘._::“n __n,__.u._ T_.. [1e Joyjo
m:ﬁ ? ar ‘.?___.u._____.m.__ _____ﬂ .ﬁ.. 1_._:_;1 SNOTILION _:__ _3:_u f—_:.m. 0Onr
r_ _.___::\ .u.n.__:_m i ._.:,_ ._: ...J.f._:_.,.. i _:._: :_. :._.a_.x_ N F
peol ou siajjew __...,:::.4_.””1“ Uur ju se yauwm ‘Uajea
SINSIUESI0 9JRIPIUT 9] ULy} JI9ynj ou Yoo of
pauvsnaoe st Jaxmbur peonoead papeo-os a1y ‘soysy
jo pooj ayy SureSuseaur up  caq oy aeedde jySim
I WIDOUOD UIBUL DSOYM S0 puw Aroysy
£q uoaq sey Apeonovad 91 se ‘eaay qu Jo qno
.._L.._.— _:— 1011 8Nt ...;_a.ﬁ.._.;.!.: 1 :.u _—.—_:"._,T._.m._:_ *.._..——-_Jn _:mr:—_.‘w

1913 .m_:_u:.__:...__.__ ) puw "eos a1} Ul 9fI] [puitue jo uoij

-_:_:_.__w.?.._;.;__Hr,..___:;.m .e. __.ZT._._...__H.Z.:_::
Y] SPIAMEDS JO SIEN JTUWOT0ID B} u.___ [DpPIsuod uy
JUATIPNS I8 UOTJRUTTIEND
7,_.:;_.5 1t jo spotyjaul _L..__.:__:___.. a7 syoadsan J0130
up s[ea s1t 03 fmlur 1o sjuame(y s91 jo dn Suryeaiq
Aun INOYGIsa PIso[IsIp o[y 2} pUB ‘pPasomiad snyj
aq KLeur 20uwsqNns u::f_..,:_ I Jo ojoym oy, [12ys
JUBRYUL PUB OJUT 9I0¢ Y211 m ‘(ne ‘..,.r .—._ prjuowof) ofI|

NOLLDQAQOHILNL




SEAWEEDS

exclusion of barilla as an import from our markets g
during the long war. The price of kelp then rose so .
high that the income of the Outer Hebrides from )
hed .
£120,000 a year. The industry practically came to ¢
of ! i
barilla, while the removal of the salt duty struck a
Kelp

lone was n.__.__.f_:..n_ to have 1

this sou

@

ace and the reintroducti

end with the

further blow at the revenue of these districts
is now used only in the manufacture of iodine, and E
a8 a manure. The common _r.__:.,_r.u.._:._ﬁ ar T_m:___.._.u
wrack ( Fucus vestculosus) has been used :._._r___?.:m_.:..a... £ Y
fi ses, but its reputation in this
respect has been _.:__T:__.___ ___.w:_,..____::.... as a T.::.Lu.
for obesity. Bentley and Trimen (Medicinal Plants,
vol. iv. - 04) state t
ry before any definite

a variety of dise

vt © farther trials are neces-

melusions can be arrived at

v

N 1A :..,.:.,.._

on its action, and its value as a 1

It would appear that it 1s the essential constituent
1 now 50 exte r advertised under

Anti-Fat.” As

the species of Perphyra known as Laver are

in the nostr

or rather

a

the name «

not sufficiently appreciated. Laver is not only abun-
dant, but is easily preserved. Carragheen, sometin

called Irs ”.L;?L n_:_______..____.;___.:_... criamig), 15 1 d for m—u...
:_..__.”H.,. _

perties, which however appear to have
d. Dulse (Rhodymenia palmata) and
eaten by the hardy, but
mely indigestible. The Chinese and Japanese
engage in an extensive industry in seaweed pi duet

been over-valt

( Alarie esenlenta) a

are ext

and _.t:_____ :T..._..Tf. are H.:_:T.:__,;__ _h.,...r_:: u;_i.. or
Jafina
abounds in Eastern seas, is the source of Agar-Agar,

aweed which

as ( Gracilarie lich notdes ), &
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AWEEDS

The following selected books and papers will be
useful for reference, and will guide the student to
farther literature.

SYSTEMATIC.

General,

J. G. Bpecies, Genera et Ordines Algarum. 3 vols

18-80. Leipzig.

AGarpi, J. Till Algernes Systematik. 1872-99. Lund,

Kirzixg, F. Tabule Phycologice., 19 v 1845-6G9. Nord-
hausen.

De Toxi, J. B. Sylloge A

ram. Padua. (In progress.)

K. linbu
H. vols,
BatTE . A. L. of Berwick-on-Tweed.

Alnwick,
E. M., and Bas
h Marine Al

3. A. L. A Revised List of the
.. 1892, Oxford Univ. Press,

Die Meeresalgen Deutschlands und Oesterreichs (in
labenhorst’s Kryptogamen ). i

Reinkg, J.  Atlas dentscher Meeresalgen.

ZaNARDINI, (7. Iconographia Phycologica A
Venice.

N. America.
reis Boreali- Americ
(Including Atlantic
Marine Alge of New England.

Apetie Sed.
The Algm of the Arctic Sea. 1883, Stock-

also the author's Beringhafvets Algflora.  1889.

holm. (¢
Stockholm. )

West Indies.
Catalogne of the Marine Algwe of the West Indian
9, London.

A Y, (.

Region.
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SE.

MORFHOLOGY,

Gleneral,

Taun G tudes Phycologiques. 1878.
Pa

Borxer, Ep., and Tnurer, G. Notes Algologiques. 1876- 80,
Paris.

Derpes, A., and Soraem, J. J.  Mdm, de la Physiologie des
Algues. Paris.

WitLg, N., and Ksguiaax, F. R, Alge in Engler’s Naturlichen

Pllanzenfumilien. (In progress.)
FALKENBER Die Algen, in Schenk's Handbuch der Botani

val. 2.
ARESCH Observationes Ph logicse. .—__hm_m—_m-. 1866-T70.
MurgAY, (. Phyeological Memoirs. 1892-95. mdon : Dulau

and Co.
Segpirer, F.  Das Pllanzenleben der Hochsee, 1883.  Leipzig.
Soumire, Die Chromatophoren der Algen. 1882, Bonn,

Pheophyceoe,

soweR, F. 0. On the Development of the Conceptacle in the

Fueacemn { Quart. Jourin. Mier. Sei.,1880).
Ortaaxss, F. DBeitriige zur Kenntniss der Fucaceen. 1889,
Cassel.

iche Fortpllanzung der eig
Stat, Naples, vol. 2, 1881).
P'accroissement du thalle des
Cherbowrg, 1875).
ification and Geographical Distri-
bution of the Laminariacem ( Trans. Connecticnt A cad., 1893).
Kansakorr, N. Quelques Remarques sur le genus Myriotrichin
(Journ. de Bolanique, December, 1802).
del Golfo di Napcli (Zool. Stat.

BerTioLn, (.

BarTON, Systematic anid Structural Account of the
Genus Turbinaria ( Trans. Linn. Soc. Bol., new series, vol. 3,
1891).

E. 8.

Chiorophyces,

Scumrrz, F. Halos

Stat. Naples, 1879).

SCHOUG, J. K. Letterstedtia, ny Alg-form frin Port Natal

(Ofvers af. Vet, dkad. For wnedl. Stockholm, 1850).

BorxEr, Ep., and Framaver, Ci.  Sur quelques plantes vivant
dans le test caleaire des Mollusques (Bull. Soe. Bot. France,
xxxvi. ).

Wonoxsis, M. Beitrlige zur Kenntniss d

Zeit, 1869).

, eine neue Gattung, &e. { Mittheil. Zool.

A

Vauc

rien (Bot,
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Bertnonn, G, Die Bangiaceen des Golfes von Neapel (Zool.
Stat, Naples, 1882),

Cyanophyces,

Borxer, Ep., and Framavrr, Ca. Revision des Nostocacdes
hétérocystées (Ann. Sci. Nat., Boi. ser, vii. vols. 3, 4, 5, and T).

GomoxT, M. Monographie des Oscillariées (Nostocacdes homo-
yatées) (Ibid. vols. 15 and 16).

Zaciarias, K. Ueber die Zellen der Cyanophyceen (Bot. Zeit.
1802 and 1893).
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SEAWEEDS

great external differentiation of form and consider-
able internal differentiation of tissue, as well as
others consisting of a mere row or plate of similar
cells. The sub-class may he -__._T.e_.L._._.~ as a m.zm—,_.__,
natural of orders easily to be distin-
guished from the other sub-classes, though it includes
such diverse types as (1) the Fucaeew, of which the
uncihated oospheres, many thounsand times greater
than the antherozoids, are _:,:__:E,n_ like the latter
in definite conceptacles, from which they are
truded ; (2) the Cutlerizcew, possessing mnon-sexual
.__:.:._u.:_.,.. _.:w__

—

liated oospheres
many times larger tha

(or 9 gametes)
the antherozoids (or &
gametes)—the :.:.r.y._:._u.:_f._ however, _._m:ﬁ in _Hﬁ.m.._@.

of fertile union until they have come to rest—
neither borne in conceptacles; and (3) oth
_u_.__..

B1Z

orders

essing ciliated gametes of equal or nearly equal
in one ease (Splachnidiaceer) borne in econ-

n.,__u_.”x__..m. in the other:

within external mother-eells.
It would be doing violence to a natu

1 system
of classifieation to accept the propesed inelusion of
the Diatomacese among the Phaophyce on the sole
ground of eolour. This order is of a distinctly
aberrant character, and shows no morphological
point of contact with even the lowest groups of

Phaophyeea.

FucacEx

General Characters.—The distinetive characters of
woduetion of unciliated

ntherozoids in antheridia,

the .\Z__:.::;t ar

:_.u.._._.:._;i H.: L
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EAWEEDS

inite conceptacles more or less local-

both within de
ised on the thallus, the oospheres being enormonsly
ntherozoids. The
each anther-

eater in volume than the
antherozoids are at most sixty-four 1
idinm, while the oospheres are typically cight in
wh oogonium. In particular genera wch oogoninm
or two, or four .,.:I_V_JE.-....,. but 1n

develops only on
all the Fueacee that hav
respect the original nucleus of the oo ronium always
divides into eight daughter-nuclei, of which only
those remain effective that are destined to belong to
oospheres, while the ren inder, in genera possessing
one, two, or four oospheres, jected. Both an-
therozoids and oospheres are extruded from the con-
ceptacles, and ferfa ition takes place, as in the rest
of the Pheaophyeee, outside the plant. There are no
non-sexual spores _:,:;_:J._i,::& with the exception of
vegetative propagation by broken off fronds, there
is no other kind of reproduction known in Fueacew.
[t is probable that in the parasitic and much
reduced Nothein, of which research has failed to
the oospheres remain un-

been examined in this

o

disclose the antherid
fertilised, and if they reproduce the plant, as is ex-
tremely probable, do so parthenog metically.  Of all
Alge they show the highest degree of differentiation
«d attain the greatest dimensions, with the
single exception of the Laminarioceee. A consider
able variation, however, ocenurs among the different
genera in the matter of vegetative development,
the least of any being exhibited by Notheie.

The Thallus—The thallus of the Fucacee some-
and differentiation of

of parts, a1

times attains a developme

i

et

—

L
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petiole, as exhibited by Zwrbinaria, Sargassun, &e.,
the appearance of the whole plant (conf. Fig. Ta, b.)
; by no means suggests the familiar definition of a

thallus. (The strict justification of Prof. Bower's
mploy the terms phyllidium and
canlidinm when speaking of the cophyte generation
in contrast to phyllome and caulome of the sporophyte,
be admitted, but the advantage of
usage in morphological argument does not exclude
"employing the more familiar terms

prope wsal  to

ich a

mmn

| the propriety of
: when it is expedient.) Greater diversity of appearance

is imparted by the transformation of leaves into air-
. vesicles, formed by a rending apart of the central
. tissue in young leaves. In thisprocess the fragments

of broken-down cells are left behind in the growing
vity, and, at a later stage, the cells bordering the
interior form by division a secondary dermal layer.

In the mature vesicles a cuticle separates from the in
ternal surface, exposing a layer of large papillate cells.
Fig.7,9. The tissues of the higher forms of the Fucaceee
are composed of three distinct layers in stem, petiole,
nd leaf, viz., an epidermal layer of generally narrow,
radially elongated cells, and beneath it a band of thick-
! walled cortical parenchyma passing into a central
strand. The epidermal layer is assimilative in its

function, and varies in depth from one to several rows

of cells. The outermost cells are capable of division,

and by this means, dividing radially and tangentially,

: effect an increase in the thickness of the shoot. A
kind of periderm is formed in some Fucacewr by the

active division of the outermost parenchyma cells,

and

to t considerable
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B lorea,
ichot ptacl Reduced.

button-shaped thallus and long
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ordinarily vesicular species ar
uch Hoats. In some geners

in

since wvarieties
known to occur without

( Halidrys, Sargassum, and its allies) they oec
apriciously,

definite positions, but in other gener:
nd may be derived from parts of the stem as well
Rosanoff states that they econ-
tain nitrogen, while more recent research (Wille, lo.

n, and denies the presence of carbonic

as from the leave

eil.) adds oxyy

the Fueacee ocear

clictive OraEns  «
iches in the most highly dif-

0on ..-___ ol 4-—

forms, such as Turbinarie, Sergasswm,
in one of the least developed in :
vegetative sense, viz. Himanthaliz, which from an
insignificant button-shaped thallus sends forth fertile
branches several feet in length. They are sometimes
: __w_.:_.;.:___...__._:.:._.__q on the air-vesicles .:_:H

rentis

to be found (e
on them as well as elsewhere. Frequently they ax
" leaves or branches

confined to the thickened ends of
(e.q. Fucus, )y and more rarely (Durvillea, Sarco-
phiyeus) scattered indiscriminately over large portions
of the thallus. or as in Myriodesma over the whole

thallus, e
presented, from the highest, imparting to the shoot
the appearance of an inflorescence, to the simplest, in
which no part is differentiated for the bearing of

"L

pt the root-dise. All degrees are re-

_.__,:-_:..ﬁ?.__ Organs.

::..._;.“.:__t. _

It : v _ 1 i
1e reproductive organs are borne n ¢
» or less globular or ellipsoidal cavitie

which are me
situated beneath the surface of the tissue, and com

municating with the outside through a narrow oper
originate near a

.:__,.h. the ostiole. These caviti
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ani nd also others

oogonia developed in the nsual
borne laterally on branching filaments. As stated
above, the typical number of ocospheres is eight in

each ocogonium, but it is characteristic of different

:a:_: |
____.._E.: _.._‘.
HU

i

i
AV
*_.\..,\n.ﬁ_s:____:*..:__

o g MLy

eonceptacte ; b, fonnle

datorum, o,
Phye. Mem.)

(After F.

! genera to possess four, two, or only one, though 1n
tl clei are formed

s eight daughter-1
parent nueleus, the appropriate residuum
.T..; The ::_p.._._.:m.... are :m::.:.‘. more or

towards a m_:__:._u:. torm on
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or serve as a repellant towards intrusive organisms, or
do both things besides discharging other functions is
not clear. The liberation of both ocospheres and

antherozoids takes place ontheebb-tide in the case

of those ___..::.;.: t live between tide-marks, _:,:r._:__.f.

as a result of relief from pressure. The return of
the tide sets all aloat and enables fertilisation to be
effected.  The round cospheres are many thousand
times of greater volume than the antherozoids, and
so far as is known are capable of impregnation at any
point. Whether this cffected by one or more
antherozoi

has not been established, and there 18 a
conflict of both observation and analogy on the point.

[he fertilised zygote becomes :H:_.,a._..._._t; within a
ellulose membrane, but 1n the
capable of

ases observed is

germination without the intervention of a
period of rest. On germinating the zygote becomes
pear-shaj | the more pointed end is destined to
produce the root-portion of the future thallus, while
the upper by repeated cell-divisions gives rise to the

tissne-system of the thallus.  When the young plant
is about a millimetre in length a tuft of hai
at the apical dimp

_.:u.m._._:_:.u._.

e,  Observations of sufficient
exactness are wanting of the stages of development
that i age at
which the young plant hhs come to assume a more
definite or even character

tervene between this one and a later

form.

jesides the fertile conceptacles there ocenr in many
Fueaceee others that

main barre

They originate in

precisely the same manner as the fertile coneeptacles,
and various speculations as to their significance have
been hazarded.

Ihey s termed cryptostomata ;

i

L -3

=
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ment of the othe They contain paraphyses only,

which are generally of great length and protrude

through the ostiole. Observations are desirable on
the paraphyses of both fertile conceptacles and
cryptostomata, since it is probable that minute
parasitic Algee have sometimes been mistaken for

them. There is, moreover, a difference according to
descriptions in their mode of growth e.g.; it appears
to be acropetal in the cryptostomata of Cysfoseira
and basipetal in those of Turbinarie. Since similar
eryptostomata of varying shapes, dimensions, and
modes of origin oceur in the Laminariacee (o4
Succorhizn, Adenocystis) and in other Pheeopliyesce, such
as Chnoospora, Hydroclathrus, : nd Seyfothamnus, any

discussion of their nature must involve the con-
as the conceptacles
of peculiar origin in Splachnidiacec bearing non-

sideration of these forms as wel

exual

Thuret has made some interesting experiments on
hybridity among Fucacew and other Alge—such
experiments being much facilitated by the fact that
impregnation takes place outside the plant. Experi-
ments with different genera (Fucus, Himanthalia,

Ascophyllum) were unsuccessful, but he obtained
2 and Fueus
, although Fueus vesieulosus g could not

fertilise Fucus servaius 9. That natural hybrids

a hybrid between Fuecus vestculosus

serrolus

occur between these species seems highly probable

to those who have examined large series of specimens

u.:._ have :,_i,._,fi es] _lm_.:u_. Zr. _r.m,:.mﬂﬂ.?.: ,.m. ;-.
pesiculosus. It must not be forgotten, however,
1 of environment, such as growth in
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£ Cu NACEE

neral Characters—The reproduetive organs of
the Cutleriacee are not borne in coneeptacle:
Fucaceee, but ocenr in clus-

in the

ters

' sorl among para-
physes on the outer surface
of the plant. The oos-
pheres are ciliated like the
antherozoids, which they
greatly surp
Ferti
ed until the

s 1n

142,

isation 18 not effect-

osphere has
come to rest. The 1

also reproduction by non-

sxnal ZOOSPOTES, inter:

diate in size between oos-

pheres and antherozol

and produced in unilocular
AR
ficial in situation. The
growth of the thallus is
trichothallic, and in Zan-
ardinie the old fronds

sporangia, also super-

rise vegetatively to

new individuals by tricho-
thallic gemm:e. The order
a small one, consisting of the genera Cutleria
(ineluding Aglaozonie) and Zanardinia.

The Thailus in both genera (exclusive of the non-
of

} sexual generation of Cutleria = Aglaozonia)
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ereeping i

ventral thallus wholly unlike the
upright Cutleria form. The hairs of the sterle

portions of the thallus of the Cutleriacee grow by

transverse divisions of any of the cells and contain
chromatophores, while the root-hairs divide only at
their apical cell

The Reproductive Organs—These originate from
| cells and oceur in Cutleric on both
sides of the thallus, and in Zanardinie on the upper
surface only. The cogonia and antheridia are borne

single epidern

laterally on tufis or sori of hairs originating
t of densely compacted tiers of

5 —m...l

seribed, and consi

suj ._.m_._____.;.__ cells (four eells to a tier in the .E.m..::mu.
and two in the antheridia), those producing the
nia being considerably larger than the others.
Each cell opens by a lateral hole, and in the
oosphere, of the
Both kinds are bi-
ciliated, the oospheres much larger than the
antherozoid
come to rest that impregnation is effected.

(L4

case of the ..__P__:_ L _:..._—_:;,_n on
antheridia two antherozoid

and it is not until the former have

Sxper
in effecting hybridity between Cutloria
maultifide and €. adsperse were wholly ne

ment

rative, the

being unattracted by the oospheres;

antherozoid
while observations of fertilisation within the species
have determined a definite attraction _.._.. the res Hm:,ﬂ.
for some distance
around it. Parthenogenesis is said to oceur.

The n

duced in unilocular sporangia, elongated and slightly

oosphere towards antherozoid

1-sexual zoospores of Aunardinia are pro-

clavate as a rule, .r.r..:_;;.:ﬂ in dense rows side _..._.. side

and « ing at the apex. Four to si1x zoospores are
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but of equal size and susceptibihity to eonjugation
during motility.
This small order is of limited geographical range.

Zanardinie colleris, the only species of the genus,

oceurs in the warm Atlantic (Europe and America)
and in the Mediterranean, while the few species of
(futlerie have a wider range north and ....:_:._.__ C.
multifide being tive of the North Atlantic as

far north as Britain and Scandinavia.

I

DICTYOTACE .

General Characte

—The Dictyotacen resemble the
Cutleriacees in the :::-.,.:.__._.::.:r:. nature of the

oans, and in these being «

three
nd non-sexual. *araphyses

reproductive or

sorts—female, ma

LM
oceur on the thallus, though not directly in asso-
ciation with the reproductive organs. While all the

._:.._.__:_._.:.._ bodies of _._:. ___._.:_____.. _..w.___l___. arc _.m ._. _..L.
of the Dictyotacew are all unciliated. No ob-
tion of fertilisation has been made in the ecase

of the bodies presumed to be male and female, and
this character is ascribed to them on comparative

grounds, The growth of the thallus, which in
oneral habit resembles that of the Cutleriaces, is not

trichothallie, but by an apical cell (Dietyota) and by

tic cells in tha other

, althongh in their earlier stages Twonio |
Dictyopteris at least have, ke Dictyola, an apical
cell.

; The Thallus

groups .;..___:.._ lent meristen

gene

Dictyola,

Fomaria, Taonia,
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m sl

oosphere. The antheridia likewise occur
wh in Dietyota the adjacent epidermal cells
develop an envelope surrounding each sorus of

ditto ) e, sporangia ;

after _.,._.:.u..:;_
bipartitions into numerous cells, become transform

into a large number of colourless, motionless, un-
cilinted antherozoids, globular or slightly elongated,
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SEAWEEDS

a likeness to the tetraspores of the same group.
Many authors, in fact, describe unhesitatingly both

these bodies by the terms appropriate to Flovides.

The contention rests on no more than this slender

support and the suggestive influence of the employ-
ment o

such terms as tetraspores, &c., for the Dictyo-
hservation of ferfilisation

Lo, The absence of any

leaves the field open for such speculation. On the

other hand, no trichogyne has heen observed, and

e B

the presumptive female reproductive organs sug-

=
ery much

more than affinity with Floridew. The antheridia,
apart from the motionless character of the anthe-

gest degeneration from Phaophycer

rozoids, correspond better with similar bodies

wnong  the Phaophycers, and the envelope en-
closing the sorus in Diefyota, while morphologically

not directly comparable with conceptacle, yet

much as it does any corresponding

resembles it

cmblance to

T:;__._ in the __n_.__:__.‘.-m:___.. 1_4_.? z.:._...m,_._ I'e
tetraspores attributed to the non-sexual spores is
based merely on their number, though this is incon-
Floridew). But

the spores are extruded without a membrane and

stant (as it is, however, among th

their condition is, to say th
with loss of cilin as with loss of membrane—a purely

least, just as consigtent

m scarcely admissible in such
vegetative organs are over-

____......m logical conditi

an argument.
whelmingly in favour of their character as Phaophyce,

If we take the Cutleriacese, in which the mode of

thallus development is different, as has been de-

ribed, we see all three sorts of reproductive bodies
ciliated, while in Dietyatacee all thr

are motionless.
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SEAWEEDS

T ___...qc.::_:_.:._:.._:___. Dhistribution the Dictyolacer
is characteristic of temperate and I.‘._:_..__ Bl

reaches its maximum in the warmer waters of the

s, but

L __..:_..

TILOPTERIDACEE.

Ceneral Characters—This small o ler is of uncer
of the repro-

tain position, since the true characte
duetive organs has not yet been ascertained. : These
are of two sorts: (1) hodies ..::;.,:_‘.,:_r, with the
antheridia of the Cutleriacec ; (2) larger uniloc lar
bodies, _:.__u_.:_:__T.._ oospheres. No process of fer-
tilisation has been observed, and the thallus affords
from 1ts _;___._,_:_._::._?; character no other clue than
the indication of strong agreement with the Ecfo-

_._.__....___._._._.._ I
The Thallus in all three gener: —viz. Tilopteris,
._J—..._h_._____ SPOTL, and _.f_.:.__:__t_ ...::.......'ﬂ..r_._.,. the form of tufts

of more or less branching filaments attached to the
ibstratum by root-hairs. In Tilopteris the branches

are opposite, and the primary branches bear short

the branches are alternate but irregular. The uppe
portion of pach filament always consists of a single
row of cells, while the lower consists of tiers of
_f.__;..._...; ¢ :,.. of ._.___..L_ f..:.t_.l_ ﬁ:_ __.,_.__: m_._ __“.:.«.m__..r
takes place by intercalary division. The upper ends
of the branches are fine and hair-like, the cells
becoming longer, and containing little protoplast
and few chromatophores The cells contain each a
large central nucleus with nucleolus, surrounded by

condary ones ; while in Huplospora and Seaplospora
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68 SEAWEED!

regard these bodies as oogonia, th objection arises

that they are set free, in two of the genera, enve loped
in a wall; but 1t may be re smembered that the
oogonia of Pelvetin have a persistent inner .r_.:f.::_:__m

.._,:: which does not prevent fortilisation, The view
is also tenable and more probable that they are

18

o

said to occur o

ondition

TL_..".Z_._:_ﬁ,.:m._m.,.. i
sionally in the Cutleriace. The antheridia ave
known only in T'ilepteris and Seaphospora, and oceur

They
adial and transverse divisions, and are

usually as intercalary bodies on the branche
aris
€ __.:__ ;T_;.,
_r.__.:: n...._:.
itherozoid.

The difficulties of interpretation in the ecase of
idia are much

by

llow cylinder composed of tiers of

cach of which gives rise to a ciliated

these presumptive oogonia and anth
nee of aberrant species in

sedd by the oceur

.:.._._._

It must be remembered that
the closest pai 1el T, the
spect of the morphology of f the

the genus Eelocarpus

the Eelocarpacee suppll
m—m aj e ?.m_._._,_ @ 1n

:_n..::... Besides the unilocular and plurilocular

sporangia characteristic of Ertocarpus, there have
been u._.,,:u._.i by MM. Thuret and Bornet bodies to
which one can have no hesitation in applying the

waelus and

term ._.:1:._.“._:2. These occur in F. &
in K, Lebelit,
|__._._ﬂ.. m.‘_ﬁ._.

nd M. Bornet,! in recurring to this sub-
fo the grave difficulty it presents to the
t. The antherozoids completely

semble

.,..,...;,.:::.
those of Fucus, Cutleria and Tilopters, and we must
inevitably regard them as possessing the same pofen-
iality. ..H ,:: absence of a chromatophore d of

v Bull. de la Soc. Bot. de France, Tom,

88, 1801,
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70 EAWEEDS

______L.H_._..;. Mertensii and mﬁ‘___._r:.,.;:a_._: globose have been
e in the Clyde Sea

ound in British seas at Cumb
area.

SPLACHNIDIACEX.

General Characters.—The only reproductive organs

known in this monotypic onder are zoospores ci

tained 1n wangia borne within conceptacles

res

the »-..5.;2.?:, but

nbling in appearance those of

originating in a different mann

The ‘sporangia
are unilocular and resemble very closely those of the

: ¢ P
AT LT MECE . I'he =z WIS

5 presumably germinate
without conjugation, like the zoospores of other
unilocular

porangia in the Phaophyeee, but no

observations have as yet been made. The thallus,

which is of consitdlerable stature, is attached to the
substratum by a dise, and consist

cell:

ropy i

externally of
thread
us mass. It grows by means

nd internall

parenchymatou

traversing

f an apical meristem. Only one

pecies

known,

VIZ. ;f._:__.::_.__ pidiwm rugoswm (Grev.
The Thallis—Plants of Splachnidium rugosum vary
from about four inches to a foot in height, and spring

in five or si

separate fronds from a common ¢ isc. Each
frond is of eylindrical form, tapering downwards and
ending bluntly upwards, while giving off urregularly

sn

ller branches of similar form. Tt is marked by
numerous pits containing hairs, and at a later stage
sporaneia. The outer wall consists of two layers of
epidermal cells, small and approximately cubical in
shape, and three layers of cortical cells, at first poly-
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gonal, but becoming somewhat ovate by unequal
growth, Immediately withir these arve strands of
givi branches and
pheral portion of the mucilaginous

hyphal filam g off small

traversing the pe
mass which fills the interior of the elongated sac-like
the most part in the direction
;. The fronds are covered externally with

fronds, and running {
of the |
a mucilaginous coating. The young cells of the

X

outer ,_Tm__,.::,_._ layer give rise to septate hairs, the
upper cells of which frequently beeome almost
spherieal or bulge unilaterally, imparting a moniliform

appearance. These hairs bend towards the apical
cell. Growth takes ﬂ.r:.. as the result of the H_:E_—.‘..

of a group of meristematic cells surrounding an

apical cell unique in its character. This apical cell

differs entirely from its neighbours
bein; 1d pear-shaped, with a thick mueila-

1 :__T....—_ ATCe,

larger

ginous wall and a long filiform tail stretching towards

the interior of the thallus. The apical cell and its

surrounding meristem are sunk in a dimple of the
fissue. The two outer layers of the meristem by

i cells, which con-

saadial division form the epidern
tinue to divide until the part of the thallus in which
they lie attains maturity. The inner cells of the
form the cortical cells, which, when once
L ._: ji Ll 1

meriste

divide again, but increase in size,

form
and by this means, as well as by separation, keep
pace with the growing epidermal layers. The meri-
stematic cells lying internally and immediately round
the apical cell give rise to the filaments by tange ntial
division. These branch and anastomose repeatedly,
forming a plexus of filaments immediately beneath
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74 SEAWEEDS

acent cells. There
sdieel-cell
aches its full size the o

among the no division of
the «

When the sporangium

iginal. cell into

nd sporangium.

tents are simultaneously divided into zoospores, which
do not __...r::.,. fill the interior. These es ape ,ﬁ:. the
rupture of the wall at the apex, and their active
has been observed by Mr. R. M. Laing.
They are from 500 to 600 in number 1n

ot

ch spor-
aneinm, and are of the same size as the antherozoids
i ___.__"._:_:.:. and ::_ x:__.J:;.._; of n_:_ h::._:__.:_._.______::.‘.a..
which latter are formed in similar sporangia. The
.—:
with age, and they appear to crowd out, as it were, the

number of sporangia in each co le inereases

_.":.L.:HT.,:._..:. of which only a few are seen among the

sporangia af the base of a mature conceptacle. They

remain, however, in considerable numbers surround-

ing the mouth. The empty sporan

.m___.__....m?_: unlike
+ ooronia of the Fueaeee 1n a similar sitnation.
This ren

wkable plant was included among the

weacear until it was pls ed apart in

position on its frne nature being discli
+ Mitchell
and Miss Frances Whitting.! Its nearest known

admirable investigation of Miss Margar

:,.-..

undoubtedly the [Laminariaece, from

which it differs mainly in the sorus of sporangia
bein; nd thus definitely
limited, and by its remarkable apical cell.

Its geographical range is in the southern «

r onelosed within ﬁ:_:;.___::,_

an,
where it is found at the Cape of Good Hope,
Australia, New Zealand, Seal Island, &e.

1 Mur

y's Phycological Memoirs, part i, 1892,

(

—
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\re more or less localised, though
utline. The

the frond, these sori
usually of variabl
thallus is in nearly all cases of considerable size, in
some of gigantic proportions exceeding in length
all other plants ( Macrocystis) l attaining a girth
( Lessonin) compa able with that of trees.  The brown
typical representatives ot the

and irregular

tangles of our seas a1
order. In all cases except (horda there 1
differentiation of stalk and blade, and the growing-
point, which is an intercalary group of meristematic
colls, is situated at their junction. In point of
differentiation of the v getative organs the order
rivals the Fucacee, and generally exceeds it in

stature,  Cryptostomata with septate paraphyses
ocour in Saccorhize, Adenoeystis, and Ulopteryz, while

tufts of such paraphyses not within cryptostomata

are found on the fronds of Alarie.

The Thallus—The order has been divided by Mr.
Qetehell into three tribe thod
by which the commple xity of form of the adult plants
i« attained. The differences in question naturally
arise at the intercalary growing-point, and the thre

, according to the m

types of growth are the Laminaria type, the Lessonia

type, and the Alaric tvpe
The Laminaria type, to which the genera Chorda,

Saccorhiza, Agarum, Thala iophyllum, Costaru,
Chipmathore, and _Arthrothamnus conform, 15 charac-
terised by unbranched fronds (except Thalassio-
phyllum) and by a simple unmodified plane growing-
, the stalk expands
to the

point situated at the place wl
‘nto the blade, with nothing in 1ts appearanc
the fact that here the stalk is

naked eye indi atin
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8, __":,.:

in length, until at last there are two blac
with its own short branch and its own growing-
point. The primary blade thus has its place taken
by those split oft from
by othe
the long na

, and these again and again

[
E

v In ....._h._.__q.__.;?.___:..:___.__:__." which is unbranched,

w. veined fronds become divided into

two by the _/_H__:_:j at the
growing-point, and the fis-
extends almost to the
base of the stalk, so that
little of a common stalk 1s
left. This portion fre ently

becomes covered with root-

=1

lets, so that the ultimate

appearance is that of a group
ite  plants. I'he
Alaria type, to which the

of =se

genera P E.‘__‘m-:.___.m__:_._:.. Kek-
lonin a.___:.__;__;. ud

e, Kisenia,

Egregin conform, also posses-
s08 _,.__.:__:_:.; fronds: these,

however, do not arise by a

process of splitting, but by

outgrowths from the neri-

lsat the growing-point. In.dlerie there

| blade and a simple short stalk
1l place, but on the
of the stalk there are two rows of

with a growi t in the u

upper _.__E.__

leaflets or s ;

phyl

on which alone the sori of

sporangia are borne. These sporophylls arise ¢
outgrowths from the lower region of the meriste-

cells

matl

istituting  the rowing-point, and as
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, last-mentioned genus the stalk is long,

_r.mx,,. H:_
3 glender and solid at the base, but becoming hollow

and broader above; near the top 1t expands into a
globular or elongate pear-shaped 1 dder, bearing

two bunches of leaves. In Macrocystis, the most
attaining frequently a

rigantic of all the forn
length greater than that of any othe
ves are formed on

+ plants and

measuring hundreds of feet, the 1
one side only of a scimitar-shaped blade by pa rallel
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thick, pitted walls, which appears to discharge the
special function of a supporting tissue. In Muerocystis
it is the inner portion of this layer that develops into
giove-tubes, of which the sieve-plates become endued
with a callus-like coating. By the | sriodical addition
of such tissues the old stalks of Laminariaced
the stems of 5.::“_.....

>

acquire the appearance of
Dicotyledons Qccupying the central portion of
the stalk there is a dense plexus of branching

1g filaments, which probably acts as a

ANAStom
condueting tissue. It is gradually reduced in bulk
and enters the midrib of the leaf, when
2 a thin strand. In several Laaninarinee

:_:__,....,:;
sent,
there are formed definite mucus-passages, mostly in
. and these

the form of branching anastomosing tube
1 by other cells differentiated

are frequently borde:
from those of the adjoining tissues.

The Reproductive Organs are ZoOSpores produced in
longate, sac-like, unilocular sporangia of the
shape as those of the Splachnidiacer. They occur,as
has been mentioned, in m
mixed with paraphyses. On the one hand,in Chordie,
ocenr over the whole surface; on the

e

less loealised sorl,

the sporangit
other. in Alarie and its allies, they are restricte d to
1_,2..#_ por phylls, as described above. In Postelsia
and Macrocystis the sporangia are horne in the longi-
tudinal furrows in the fronds. The paraphyses, unlike
those of Splachnidiwm, are non-septate, and in all
cases, except Saceorhiza and Chorda, possess a peculia
hyaline appendage at the tip. Reinke has placed
(horda outside the Laminariccece on account of 1ts
eylindrical thallus and the distribution of its spor-
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angia over the whole surface. He assigns it a place
near Seytosiphon, which it resembles in habit. These

remember

te when we

reasons appear to be inadeq
the slightly differentiated thallus of Adenocystis,
for example, and the further fact that within the
rrees of localisatic

Lmmtnariace there are various
paraphyses, which are

md restriction of sori. Tt
aberrant. are nevertheless in agreement with those
of so typical a Laminarian as Saceorkize. On the
the Lami-

whole there appears to be room withi

aariaceee for Chorda, unless Mr. Buffham's discovery

f plurilocular sporangia in association with it should
prove to be well established, and not a case of an
epiphytic Alga. In that case Chorde would have to go.

The eryptostomata with septate pa iphyses which
joned above, in certain genera resemble

OCCur, s m
in appearance, though not in mode of development,
the conceptacles of Splachwidiwm. Onlyn Adenocystis,

ts not unlike Splachnidivmn,

which in other resp
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SPoOROCHNACE

s
Yeneral Character r

g are lateral
f hairs arising from the superficial
unilocular. The growth of the
trichothallie, the growing-point being

—The sporan

: branches
cells, and

s thallus 1

; situated in a group of cells at the base of the
terminal tuft of hairs. The cells are produced in rows

» from each other, but these become united below
into a parenchymatous tissue. A thallus of con-
siderab , diversity and beauty of form is
characteristic of the group.

=) A b

The Thallus, originating as described, is mostly
nehed on all sides and round or flat in seetion.
orowing branches
tuft of ha

are crowned cach with a

11z off on the cessation H;.,G__:...___._
in length. The parenchymatous cells composing the
thallus deecrcase 1

ze towards the margin, and
g the more superficial ones contain the bulk of
the cl _r.::_.r:_.tv..

_ The Reproductive Organs oceur in sori or on definite

_.
lateral branches of the sporangiophores. The spor-

fertile portions of the thallus, and the sporangia

:_:.!.:.a. obovate or _.,_.::._.":?_._ ate 1 form,

and spring in some cases from the base of the spor-
._.,,IJ.;;_:__.L.._ more *._._;__:_.:h.(. at intervals ::...:_.ﬁ.__.
out their length. In Nerein the sporangiophores
’ oceur in sori, and in the other genera—Sporochnus,
: ._..f;_._._.::.__._.? . Bellotia, h::_..__._q:?_____.._____w.:. and Perithalie-
a definite fertile branches of the thallus are duced,
of more or less characteristic forms, those of Spo-
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given off in i
nds the central axial strand. Ths .

the enveloping mantle of filaments is

14 whorls and sux
mantle, ultimately several cells thick, takes on a

i

T

T

4

parenchymatous form and gradually becomes detached
from the axial row, except at the insertions of the
and an intercellu space intervenes from
whorl to whorl between the axial row and the mantle.
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CHORDARIACER.

General Characters—The Chordariacee are a some-

what ill-defined assemblage of forms, agreeing in the
possession of a slimy thallus, varying considerably,
however, in its outward shape and mode of develop-

ment, most frequently strand-like, but in some cases
hion-shaped and clothed in all east with filament
of which the primary function is assimilative. Both
el the
¢ of origin. The unilocular

ocular sporangia occur

plurilocular and uni
in thei
sporangia arise either in the place of the assimilative

filaments or as lateral outgrowths of these, while the
plurilocular are produced either in similar

fashion or by the transformation of a portion of the

ssimilative filaments.
The Thallus—Though there are gaps in our

knowledge of the development of a number of the
those having a

1era, it is probable that most

=

strand-like growth more or less resemble Clhordaerion
this respect. It has an axial tissue of parenchymatous
character, clothed with nd
hairs. Growth in length is effected by the division
of the thallus, which con-
on the one

ssimilative filaments

of the subterminal cell

xial tissu

tribute to the growth of the
hand and to the production of terminal assimilative
filaments on the other. These eventually, by the
ve growth

production of new ones and the progress
-of the thallus, are pushed aside and take the position
. More simple modifications of this

of lateral filamen
mode of development oceur in the other genera of
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branching filaments ... Hi ___._:__.:?,_c____&. and this eushion-

like thallus grows by the division of the peripheral
cells. The assimilative filaments arise in centrifugal
order, and grow by the division of their :_:.....L cells

or their upper cell

The
angia occur mostly singly,
evenly distributed over the thallu
out-growths of assimilative

7 .
i \__:.__:_.._..__:

Organs—The unilocular spor-
t in sori, but fairly

and either as

»

ments or in

latera
lace of these. In Myrionemsa __:.a,. .;.._:_.:_,R q:_._;.:._.r_
ey are relatively large,

1 cushi

from t he b:

and vary in form from oval, obovate, clavate, to cylin-
drieal. with irregular lateral _;:__L...H.;:._.; ( Petro-

spongium). The plurilocular sporangia arve of diverse

as stated above, and have sometimes one
s several rows of loculi.
__:__....:E.. the Chordariecee have been

._.m:. T:__:_u.z._
placed in any different orders by recent auth
and though no great degree of natural affimty can be
claimed for the group as it stands, there are cerfain

merits of simpliaity n its favour, as a provisional
group at all events.
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vegetative mode of propagation. The thallus origin-
ates in a creeping filament which sends up at frequent
intervals perpendicular branches. These grow at first
by division of most of their cells, but eventually a
growing-point or meristematic region is localised,
above which the filaments assume the character of
the s simple
rows of n.r_.:_::.__;__::._.n mtaining cells, or, by cell-
h filament, be-
of cells),
or even attaining a parenchymatous character. The
the original filaments below the meni-
rive rise to the basal tissue, the cell-

similative filuments, either remaining :

divisions parallel to the axis of e

coming polysiphonous (¢ eonsisting of tie

portions «

stematic region
rows of which branch, and the whole ultimately in
some cases attains a compact character. This tissue,
which remains almost colourless, bears the assimi-
tive filaments, and among them the reproductiv
and paraphyses. The assimilative filament

ran
are frequently shed, exposing the reproductive organs,
and in one case at least this shedding of the filaments
precedes the development of the plurilocular spor-
angia. Kjellman thinks it possible that there may be
perennial forms which periodically shed the assimi-
lative filaments and renew them from persistent
growing-points. In the case of the more imple free
filamentous forms there is naturally no such sharp
distinction of tissue.

The Reproductive Organs.—The unilocular sporangia
are ovate or pyriform, and mostly arise laterally from
the base of the assimilative filaments. They are
generally sessile and relatively larg The plari-
locular sporangia of Elachista are the most simple
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on its characters as on those allied groups, wi l no
ewhere.

asure 1ts ?iml n here or e

doubt better
Tts species are epiphytic on other Alge and show

s regards the tl Nus. M.

small differentiation

3

1 b,
(After N.

Kar

clavecformis, which grows on Seytosiphon, 18 a 8 nall
filamentous Alga, densely clothed with branches and
hairs above, while remaining simple below. It con-
cists at first of a cell-row, growing in length by




x0 qurvdas snoraoxd J1eyy ejesTpul 09 UL

sjods quemfd omy oyy g Sumpou ‘sinoy omg
0] oUO Joye pur ‘ouo [ews Ay} qiosqu of sieadde
ouo ofie] oyy, -poadser sup) ur opnr [eousd ou s
ata) opmowt A(Ny UOHYM NG DJels I[IOU-TUINS B
ut aae Loy uaym qaed aurpedy a1y st owgu0d jo quiod
::p—. N | M_:.::: Jo juamouwt oy} Jv ospe _:H._w
Ayrprqour yo a3ws & ur aae Loy uaym ygoq Appuamedde
puv ‘ouo s v pue ojewed odie] v usamjaq
Auo  ooeyd ey uonednfuon  sopowed  (9yfe
Aluommoen) 2A[aM} 0] XIS SI9j0 A ‘sajom 3 ofay
oy 0 Aqeouad osur oat8 wifuwrods qpems oy,
'SUU0D oY) JO SINIEU Y} UL “ZIA—OU0 JIolaej
L 4 .r?.,_tm.u:.—:m ,—__..v.y.,._“.my:a f:_—. _uﬁ:_' n:__.u:# .“w__::ﬁ_._. H n.-ﬂm < .Hu
SODUMIDYIP odu 210, SIXe 01y Jo sossodoad ja0ys oy
uo syyng ur pue A 5Uls SUI0q e Pur ‘NS0 Jo M0I U0
Jo Lpensn puw eonpurdo axe vifuwiods aemaopuanyd
oy, -seyouwiq jo juajeambe oy Ajpesrfojoydiowm
Butaq ‘seyouriq puv sIxu oY) WO spoym ut Jo LFurs
maoo puv ‘xodw ayy 9w gaem JUWS v oYM 93eA0
ApySys a0 aemqopd ere wiSuvaods Jenoopiun oy,
‘urede sayoueiq A[adwr atout o suwdio aananpoidax
Jeaq wang ur yorga ‘paddn Lavpuns soyoueiq 10yjagy
q Apuenbory puw ‘snRy Ul MUNINIG  SOTOURIQ

asoy], eiduwiods J0 SMOI-[[P9 Ivaq yoIym sossoooxd

groys oonpoxd woryod aaddn oy jo sppo (ewgxa

oy, S[@0 jo moa opfurs v jo posoduon sureuiod

SIX® O} ‘SONUKUOD UOISTATD SSIDASURI} S[IM Jsed]

e H..J..“mx— a3 3y  s[[@0 adowl JI0 Janojy Jo 81913 Jo SIS1s
uoo Auowmos ey v ur spresdn sopeuuLDg Yot
Xu Oy} [IUn Ioquinu sso] g0 Jajeead ur suo

[EITLIBA MO[[0] USYJ, SUOTSIAIP SSI9ASUBI) {Ie[edIojul

La HIAHJdOF Hd




EED

SEAW

D1cTYOSIPHONACEE.

General Characters—This group is not well defined,
but will possibly gain in this respect from future
investigation. The thallus is of medium stature, of
two layers of parenchymatous tissue, and grows in
length by an apical cell. Only unilocular porangia
are known.

The Thallus is attached to its substratum by a
dense weft of root-hairs, and consists of a loosely eon-
nected internal tissue i_..f.E.m:.,i cells, attached to
each other, mostly by lateral process , and diminish-
ing in length towards the outside, where this tissue
merges into the cortical layer. It eventually becomes
hollow in nearly all cases. The outer cortical layer of
Dictyosiphon is _.":,,,E,E.:::.::m“m_:_ in Gobia consists
of a somewhat loosely compacted series of cell-rows
running outwards. In b:.:..‘k..i.t?i,m:,_...m_;. branch-
,in Gobie there is sometimes no

ing is fairly copious
branching at all, and if present it is always spare
and irregular.  Scyfothamnus, about the development
of which :S_;.E.;H_.__,.,._u. little is known, is repeatedly
yduced abundantly from the

branched. Hairs are |
cortical cells, espeeially on young plants.

The H.,..____:.:_._.: five Organs are ﬁ.__..;g_.r._m.é.__ﬁ.r,__—. so far a
is known, only by unilocular porangia, which arise
as the equivalents of cortical cells. The observafions
of Areschoug suggest that the zoospores produced in
+ occasionally, at least, play the part of
ition.  So

these ma
gametes, but the matter requires confil
far as our knowledge of the group goes, it is plain
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10 SEAWEED

divisions of the cells of the growing point beneath
the apex. The character: tic mantle which forms
the secondary growth in thickness originates from
ihe basal cells of the lateral branches arising directly
below the growing point; the cell-filaments so pro-
duced unite in parenchymatous fashion, and remain

osely adherent to the primary row and divide in

several directions. The mantle ultimately consists
of two layers of tissue—viz., & cortical layer consisting
' small cells engaged in assimilation, and an inne
layer of larger cells diminishing in gize towards the
outside. In some cases these larger cells have
smaller ones intermixed with them. In the forma-
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102 EAWEEDS

cases copiously branched and clothed with hairs
(including a terminal one), shows slight differentia-
tion of tissues. In the more simple forms an
articulated appearance is presented, the upper
portions, particularly of the branches, remai ing
rows of single cells, while the lower portions con-
s1st of _._m___._. tiers of cells T_.:L:CF.L Tu division
lengthwise of the original single row. In the
more highly differentiated forms this appearance of
articulation is lost, since the thallus consists of two
tissue a cortical layer of short rectangular
cells, and an interior tissue of elongated cells, also
rectangular in shape in most cases. In Striaria,
however, the cells of the interior tissue are roundish
in eross-section, and they line a hollow interior in
the fully developed plants. The growth in length is
by a subterminal intercalary growing point, buf in
Kjellmanin the cells of the whole thallus participate
in this process. In Phlwospora, portions of the shoot
are detached and lead to vegetative ?.:_."ﬁ:.:,
The Reproductive Organs—Both unilocular and
ilocular sporangia are, as a rule, the equivalent
superficial cells, and are generally partially

immersed in the tissue. They oceur in some case

singly, but more frequently in sori or patches cover-
ing wholly or in part zones of the thallus. In Striaria
paraphyses are produced among the sporangia.

LT .éa;..h__.:.:. presents somewhat aberrant type.

i
1
growth has been mentioned above,

[ts peculiarity of
and in point of reproduction it presents the furthe

singularity of possessing (like Firandic) two kinds of
plurilocular sporangia. The one kind arc simply
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104 SEAWEED

plurilocular sporangia leads to a certain amount of
hesitation in adopting the presumption that these 4
always contain gametes or even potential gametes.
recalls the difficulty presented by the case of
_n.:.m__:.:_":_ |

Eotocarpus secundus, which possessi

. sporangia and antheridia (sec p. 68). Zosterocarpus, I
. a genus recently founded by M. Bornet, appears to
be most nearly related to Kjellinania, especially in ‘ |

the mode of formation of the sori of sporangia. :

! i The graphical Distribution is mainly in the i
. North Atlantic and Arctic oceans. Stictyosiphon .”
oecurs in the Mediterranean and South Atlantie, =
Kjellmania in the Baltic, Striaria in the North .
~ Atlantic and Mediterranean, and Phleospora in the
Arctic and North Atlantic. Striaric and Phlwospera i

nme anthors regard species of g

British.
nare, ﬁ_.:.m,_:z._.. ) Zi.f., s belonging to Stiefy-
fo

floras,

osipLon (e.7. .‘Cb___::z.:a__.: u_;__..:._.,__.;..u" which aceount

the presence of that name in British marin
s restrict Stiefyosiphon to the single

while oth

des S adrialicus.

General Characters—Though none of the Encoli-
aeeee attain great size, the order is remarkable for the
great diversity of the forms assumed by the thallus,
including frond-like, filamentous, club-shaped, glob-
ular, hollow, retienlate, &c. shapes, though they
agree in none of them having a definite system of
branching. They are of parenchymatous structure and
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divides transversely, and

in fact a hair.

y
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W division as ocenrs

epidermal cells. The lower

of the two

this method of di

Simultant

in neighbonring

cells again

b | continues till a long row of cells has been formed,

sly with the
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108 SEAWEEDS

at most a

) form and division of one initial cell (¢
small group) derived from the epidermal layer.
i .‘___:.__._.__. w..%.....,am__:._:.._.. _.?..__,__:______./__ both ::::__. _"..ﬂ. u.:.m_. _L.a.:,m..
locular, are either differentinted superficial or epi-
: dermal cells or outgrowths of these They are
aecompanied or succeeded, as has been noted above,
gk | by the formation of paraphyses. While in such
gener: Desmotrichum, Punctaria, &ec., the epi- {
dermal cells in question undergo bub little differ- !
ntiation, in Seyfosiphon, Hydroclathrus, and other :
renera, the cells giving rise to plurilocular sporangia .
ro considerable elongation and division in the |

ss. The globular unilocular sporangia of Asper-
oroceus, standing free from the surface of the plant
among paraphyses, originate in outgrowths from the o
epidermal layer—as the paraphyses do.

The order is formed of three others recognised

formerly as Punctariacee, Scytosiphonacees, and \._.c o=
ococcacee, together with the genera Coilodesme and
Myelophyens—a grouping of them ju ified by Kjell-

wm (Engler and Prantl's Nef. Dflanzenfamalien,
part i, p. 197).

The __.a..q__..c:._._..__;_w__.__.:;. Distribution is _._..r.._“_._uuﬁ:..a.s ::.::f;._.
: out all seas, but more abundant in temperate waters.
?___.z._._:__.._.____.___.___H____::. Mv__.:;_..._:._:;._._._ -..T‘.___:.n__.wub:?. vr..__.._y.________ .w_.________._.«._:.
Phyllitis, | Asperococcus oceur in British

RALFSIACER.

Glencral Characters—This small order embraces
plants of a very undifferentiated veget wtive structure

and of a crust-like habit. The reproductive organs
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110 EAWEEDS

by the division their apical cells, and, at the
sortis, where they may be seen in an
opment, push off and cause to

margin of

carly stage of deve
exfoliate the original cut iculoid gelatinous layer of the
epidermis. In Lz hod e _r_.:_,‘.:_;_:_ of both kinc
ocenr in sori, but on different plants. The plurilo-

cular bodies, which may be presumed to give rise to
gametes, oceur as lateral off-shoots from special
furn from superficial cell

igle row of cells,

branches arising

either a

__.—._.:.u..___

i LU
less eylindrical in shape. The unilocular IH::_::M?
aminal bodies—in fact transformed superficial

o i w_:.“;_., several rows, a | are more or

are

___.__.,...::_:_.,.::_.f:,f.__T_:...:_.. The actual Z?...r._i.:_.u..
has not been followed, but the relationship with

annot be doubted. The general relation-
of the order are vague, but _._.:rm_r;. CTooi-
dariaeece of which Relfsiacece may be degenerate
allies, and Eefocarpaced ﬁr..:—:_cr___.w. .\ﬁ.v...%.,_v:.m_::,_ exhibit
the most distinet elaims.

The _J_.:..___.___._ﬁ.,._;___ s
eas to the tropies, and though the species

ribudion extends from the
vs few, the maximum is attained 1 the

h Atlantic. The distribution of the six or
=s0eVen ..._z_.,..
far i
both in fresh-water and in the sea. The marine
forms are found in the Arctic Sea, North Atlantic,
and Mediterranean, while the two fresh-water forms

...ﬁ. .___n.__._._.._..._._..‘ 1AL

f limited range so

present known. They oceur, however,

¢ in the south of France, Germany, and Sweden.
the

I .&:__-.,_.._.. has A.,_t...:.__w. been discovered ¢

British coasts.
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1 112 AWEEDS

host on which they may be epiphytic. Runners
) 5] Prpaye.
proce d from these, which sometimes give rise to

new plants. The erect shoots are mostly articulated

0
sen, showing unilogular sporangia ; e,

8. eirrl

ieima, tip

wwing plurilo

a, Sphacelnrin

_ filaments consisting of tiers of cells and terminating

upwards in an apical cell, by division of which growth
takes place. This apical cell 1s of relatively large
size and the shoot possesses the remarkable power

.
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114 SEAWEEDS

attack of parasitic entophytal Chytridiacee, and thus
present appearances which have been a source of
error in their interpretation.

The Reproductive Organs are both unilocular and
plurilocular sporangia, and the different kinds occur
as a rule on different plants. They are rarely
(as in Battersia) differentiated terminal cells of the
axis or ordinary branches, but generally the te yminal
cells of special branches (their stalks, in fact), which
times singly, sometimes in tufts, in a con-
rariety of relations 1o the axis and

arise some
siderable
branches in the different genera. The unilocular
are mostly round or oval in form, the

m_.:u.z:m...nm
plurilocular cylindrical or obovate. The latter in
some instances may be branched at the base.

The gemmsa, which, so far as is known, are char-
acteristic of this and the following order only among
Phevophycee, are shorb branches, which cease to grow
in length and send out two or three lateral short
processes at the top, while the apical cell which had
ceased to grow in length, emits a hair. The basal
cell remains undivided and the gemma breaks off
above it. On being set free, the terminal cells of
the short processes or of the stalk grow out into a
creeping filament, which bears new shoots as lateral

branches.
The Geographical Distribution is a general one, but

possesses most _.3.3..:__;9:5": in north and south
temperate seas, especially on the coasts of the North
Atlantic and the Australian region. Battersia
(peculiar to Britain), Sphacelaria, Cheetopteris, Clado-
stephus, Halopteris, and Stypocaulon are represented
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stalk-cell may proceed to form another, as in Sphace-
lariacer. In vegetative propagation and in the
growth of the thallus—viz, the ibsence of intercalary
growth in ___:.ﬂ_rl..:_.. ('horistocarpacee appear to be
related to the L_..___:__:.._._~_.:4._..:4..ﬁ.,, while the type of

productive organs points more o the Eclocarpacec.
The Geographieal Distribution of this small order,
consisting of the three genera named (Pleurocladia,
with two species, the others with one each) 1s very
limited. Pleurocladia is purely fresh-water, one
species occurring near Berlin, the other Kerguelen

Land, while the other genera are both marine and

confined to the Mediterran

LCTOCARPACEA

s.—The thallus of the Ecfocar-
pacee 18 always of simple character and commonly

i
ing from a creeping filament or flat layer, or it may

General Character

O

s of erect, simple or br anched filaments spring-

be reduced to a creeping filament or layer, from
which the reproductive organs spring. These are
both uniloeular and plurilocular sporangia.

The Thallus—The primary creeping filament
grows by division of the terminal cell or cells and

bears in the most ...m.::ur, ases (e.g., Streblonema) only
reproductive organs and hyaline hairs with basal
growth, or tufts of erect filaments (e.g., Ecloearpus),
which grow by intercalary divisions without a
definitely localised growing-point. These divisions
ave at first fairly general throughout the filament ;
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Fetoearpus secundus and E. Lebelii, besides ordin-
ary plurilocular sporangia, has already been men-
tioned, and their full significance can be little

more than guessed until much more is known of

with unilocular sporangia, and

the reproductive processes in Pheaophyceer.  Mean-

time, observation of the possible relation of thei
antherozoids, which fully resemble those of Fucaeco,

Cutleriacer: and Tilopteridacer, with the gametes of

the plurilocular sporangia, may help the mat
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SUB-CLASS II

CHLOROPHYCEZE

TuE Chlorophyeee attain their finest development
in fresh waters, but _.F_T_._.,I_:_.:T..c..n of most of the
orders occur in the sea. The multicellular forms

never attain a higher s » of development than

branched or simple cell-rows « flat expanses of
indefinite form. The unicellular forms, however, in
addition to the simple Algm usually so called, are
represented by the 1 altinucleate orders in which the
highly ,_.;.___:w:.m._ thallus is a conspicuous feature.
QOogamous rep wuction oceurs here, as in the
__..u__._:.:.__:_.-.e_.: o, T:.n .__:_L.__u‘ mn _.__...;—Tﬂ.._._ * forms. .:. _..m |
w.:_.__,.m,..ﬁ:._._ in the sea in the marine species of
Vaucheria only, ind this type of cogamous Z.w.:.:p___ -
tion differs from that of Pheweplyeceer (Fueacea) n
respect of the fact that the fertilised cosphere is not
extruded but remains in sifd in the parent plant.
The fact of the occurrence of this high type of
:production almost exclusively in fresh-water forms,
and in those Alge with chromatophores most nearly
1 vegetation, points to this group

resembling terrest







CopiuM TOMENTOSUM.

HALICYSTIS OVALIS,

RYOPSIE FLUM
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SEAWEEDS

“ 1 ipects Caulerpa is the most si rular type in the
ey | vegetable kingdom, since it attains a variety of habit

i rarely to be found within the limits of a very large
order, though the plants are invariably composed of
the branchings of a single cell. This cell obtains

al size.  (Ex. Phye. Mem.)

e the mechanical support, elsewhere given by cross-
A walls, from a system of trabecul or narrow beams,

branching and traversing the cell from wall to wall
| in all directions. No reproductive organsare known,
. and the only method of propagation that has been
i discovered is by the separation of proliferous shoots.
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The

1 been indicated, very variously branched, and the

re, as has

rect, green, assimilating shoots

pecies are classified wainly on the characters so
i displayed. They root in fine sand or mud, and
£t commonly possess a creeping swrewlus or rhizome
471 which gives off roots below and erect foliar shoots
The

or cross-beams is very dense

ibh g ab intervals after the fashion of higher plant
network of trabecul

nd traverses the cell-contents in all

I in most ?_F_ir. y
| directions, They spring from the substance of the
outer wall-membrane (Fig. 32, ¢ and d), and their
ppears to be that of imparting

principal function
[ support to the wall
been speculatively aseribed to them

though other functions have
ithout much

how of reason.
_ Dr. Correns has recently made a minute study? of

the membrane, and has found that after treatment

; with sulphuric acid it has exhibited the formation of

numerous spherocrystals, showing differences from

those of cellulose demonstrated by Gilson and

Biitschli., From the tests he has imposed, he h
come to the econelusion that the membrane of Crulerpe
of celluloge in the narrow sense, but

does not consi

of a substance not yet fully known, and different

¢ from callus, fungus-cellulo reserve-cellulose, ete.

He has ob

' . ?..n_.:u___;. i ..__"__ 18 m:.__.::_; from —“.L.L

_
ined similar results from two species of
y regard with

: favour the view, otherwise vaguely indicated, of a
' relationship of this singular genus with Bryepsis.

-, of relation-
ship with other Algw, that we have but the one fact
V Ber. Dentsch. Bot. Gesellsch., 1804, bd. xii., p. 335.

So hittle indication is there, howev
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b, Caulerpe Carruthersii. e, sectio
(Kx. Phye. Wem.)
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128 SEAWEED

multinucleate plants. The gpecies occur nob only in
the sea, but even more plentifully in fre h water and
in places that are merely damp. The des iption of
the natural order below is based on its MH.H_Q,D_
characters, and is inclusive of those derived from
fresh-water specles.

The Thallus is simply a multinucleat
irregularly or dichotomou sly branched, and without
differentiation. Tt forms much-branched,
s holdfaste. The cell-wall is thin and the
nuelei abundant in the protoplasm lining the walls.
ymetimes erystals of oxalate of lime occur in the
cell-sap. The chromatophores are oval and without
a pyrenoid.  Cross-walls occur only in connectior

filament,

farthe
_"..—T._S.._

with E.m:.:_r_..ﬂm:. H:.:_..__....f..hcv._
The L__.__m.__.:_._...:ﬂ.___.._.ﬂ._._.._ x__;.,a_:_z_.|
ridia are usnally lateral ontg owths from a filament
and occur side by side, though dicecious forms are
arise as round protuberances

"he oogonia and anthe-

known. The oogon
with a broad base, and gradually become more or less
ovate and eventually cut off by a cross- vall at the
base. The apex is generally papillate and the
protoplasm becomes colourless here, and in this
respect unlike the rest of the contents, which are
coarsely granular and green, especially in the centre.
The wall opens at the apax, and while the content
show a slicht contraction, there is protruded a drop-
like portion of a mucilaginous appearance. While
dinm

this development is in progress the anth
ises from the same filament as the oogonium and
very near it. It is tubular in shape, and though

s straight is generally curved, and its cross-

sometime
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ghrough the bursting of the apex. They gain access
to the oosphere by its ipical opening and impregnate
it. The oospore thus formed invests itself with a
wall. assumes a brownish colour, and ﬁ::t_ﬁ:u. under-
iod of rest before germination. The plants
that result from this germination are commonly
reproduced by non-sexual means for several genera-
antheridia and oogonia

ooes a H:J.

tions of individuals before

are formed again.

Zoosporangia, usu lly slightly
produced by the formation of a cross-wall near the
end of a filament. The contents of the cell so formed,
which are rich in green colouring matter, gradually
contract into an oval shape, and escape by the
f the wall at the apex. There is thus

club-shaped, are

bursting
normally but one zoospore in each E:E_H_.:E_m:::.
at all points, except in
These cilia are in
e 18 a

and it iz large and ciliated
some cases the posterior port 101,
pairs, and immediately heneath each pair tl
as if the whole body

of zoospores which have

nucleus near the surface
ggregat

In the formation of zoospores in
other Chlorophycee, there 1 usually one formed for
each nucleus in the parent cell and it is only natural
"wucheria in the light indicated,
tz, who first observed it. It
case of preserving the multa-
there is

._:.._.;_;:I_ an
failed to

_r_:n.:..

to rd the case of T

1s pointed out by Sch
is more than a mere
nucleate character of the parent cell, sir
this definite relation of nuclei to pairs of cilia. Tt
'« of interest in this connection to note that during
rreat zoospore 1t sometimes gets

the escap of this g
nipped in two by the wall in passing the opening, and
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132 SEAWEEDS

The Geographical Distribution is general, and the
“known British marine forms are V. dichotomne,
synandra, V. Thuveti, V. sphavospora, and V.

litorea.

CODIACTE

General Characters.—The order 1s represented by
i & the genera Codiim and Bryopsis, differing in habit and
node of branching, but agreeing in the production

. of gametes of two sorts, between which

< | though it has not been observed, may yet be pre-
\ sumed with much probability to oceur. Derbesia, also
included here, is of more simy vegetativ develop-

so far as is known, but one kind

ment, and possesses,
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, rtana. branched, and are rarely, but

SEAWEEDS

interwoven like so many other
multinucleate Algae.

In the thallus of Codinn t
layers may be distinguished,

0

though their component elements
re all branches of the same cell.
In the middle there is a .r.:_f:.._u..
of filaments

which end outwards in elub-

interwoven n

shaped apices arranged perpen-
dicularly to the surface. These
club-shaped ends lie parallel to
each other, and form a kind of
__:_.:.ﬁ:_.. tissue (Fig. 35). I'he
spongy thallus so formed of
varying habit, either elongate
and dichotomously branched (C.
tomentosum), or in globular cush-

ions, or flat and encrusting, with-
out definite stalk and with very
glightly developed rhizoids. The
lumen of the cell 1s wetimes
interrupted  (apart from the

formation of repr wuetive bodies)
by plug-like thickenings of the
membrane.

In Derbesia, the .t.._.:.ﬁ.—: fila-
ments of the thallus how mno
differentiation of frond. They
are dichotomously but sparingly
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136 SEAWEEDS

:,_51.:.._.:.:_ however, the parts are reversed, since
none is known in Bryopsis and Codiumi.

Went.! however, in studying Codium tomentosun,
found both kinc
individual plants. Sometimes the sm 1l gar
ar until after the dispersal of the larger
basal

of zoosporangia on the same
tes do

not appe
nes—and they may be form « from the sam
cell. He never observed any union of the two sorts,
nd successfully cultivated the contents of the larger
wangia.  But it im-

there had been

kind of .u.m.._.::,_::,ﬁ 1 or
possible to say in this case whethe

conjugation or not.

In Derbesia we have only non-sexual reproduction
d, if the genus be ightly pl wed here, this fact
since Derbesia in other

also may have its significanc
trongly resembles Vaucheriacew. The

—‘_-.Lw:_ﬁ._..-_-
zoosporangia arise as lateral outgrowths from tl
filaments, and contain 8—20 zoospores with a fringe
of cilia on the anterior end. As mentioned unde
Vawcheriaceww the nuclei in the parent cell become
reduced by union to the number of zoospores formed.
nt type, and needs

However, 1t 18 Tm:.:_ﬁ.. wn abe
further investigation.

The Geographical Distribution — Bryopsis oceurs in
all seas. but more abundantly in warmer waters.
Clodiwm also has an extensive range in the warm and
temperate seas f the world. Perbesia belongs to the
north temperate and tropical Atlantic (both Euro-
pean and American), and oceurs also on the Australian
coasts. All three genera are British, and (with
Vaucheric and Halicystis) constitute our represent-
1 Vergrad. d. Ned. Botan. Vereentging, 1888,
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138 SEAWEEDS

ab short intervals, so as to resemble a chain of beads,
though the constriction is not so deep as that would

imply. This basal constriction is found also in
Penicillus, and some species of Udotea. At the basal

]

constriction in . eomosa there are sometimes formed

Fi. . pillea longicanlis hal
Mazri ; nlis ; o, ditto,
p of
¢, S, @ highly

stoppers like those of Bryopsis and Codium. In A.
comosa the filaments of the frond are free, and 1n

young m—:.,.?:._:.r. of 4. m___:EE__..:.q.. n_:.u_ are very little
interwoven. The cell-wall is unifortly thin except
in A. longicaulis, where it becomes (in the rhizoids)
so much thickened in places as to obstruet the lumen
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! free or almost free from inerustation, while in othe
each filament is thickly incrusted. In the latter case
they are constricted at short intervals like a string
of heads. Penicillus medilerraneus has a growth-
form formerly known as Hspera mediterraned, i
which there is no stalk, but all the filaments ar
freo. u....._::i..z._.f. the J:.AL....;.. of Avrain villea with f

badus natural &

filaments and mno stalk (A. comosa) were _,__;..::i....

placed in a separate genus Chlorodesmis. A fossil
nus Ovulites from the Focene (Paris basin) has
been placed here by Munier Chalmas, but though
there is no doubt it is a caleified siphoneous Alga I
it belong to the Foraminifera as formerly

thought, its position near Penicillus is not so certain.

and does
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142 SEAWEEDS

form of its fronds. These are chains of incrusted
segments jointed together sactus-fashion, and the
ape of the segments varies with the different
species, but is usually more or less heart- or
kidney-ghaped irregularly round. These chains
usually arise from eylindrical incrusted stalks, and,

nilinal

| size : b, the same in

Pavonia hall nata
.

like the other genera, are firmly rooted by a mass of
rhizoids. The filaments composing the fronds are
dichotomously branched, but of irregular  form.
The central ones are large and elongated in the
direction of the axis, while from them spring
shorter ones passing outwards towards the margin,
forming a kind of cortical zone (F ig. 41b).
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been placed in this group by Mr. Ca ruthers. 1t
possesses stalks more than a foot in circumference,
of the group.
and

and must have been a colossal mem be
Its filaments are entirely free from eross-wall
bound together by very fine lateral branches,
st appear to terminate in haptera,

ar
.__.___:,c._u these do 1
but rather wind round the larger main filaments.
The Reproductive Organs are known only in the
venus Halimede, and are zoosporangia producing
biciliated zoospores. The zoo porangia arise from
ids, and are round or
on ‘,:.m:::m:,ﬂ filaments.

the margins of the flat fi
pear-shaped bodi born
They are green in colour and not sej wrated by

ss-walls from the filaments of the thallus. The
ospores are very small and green in the posterior
part, hyaline at the ciliated end. They are pro-
No observation has been

duced in great numbers.
made of their possible conjugation or germination,
‘he oenus _1_._,_._,___.?.__:_.._.&____&___._..___, T- wed here doubt __:_:.

by Wille, 18 identical with

FRLERETIE,

red seaweed Tham-

I
TLONCE

Th _?c_:__.?._:.__i._ ical  Distribution—The order 1s
l, though Penieillus, Udoten, and

almost wholly tropa
Fulimeda have each one representative in the
Mediterranean. All the genera except Callipsygme
(of somewhat doubtful .,m.:-__._.»_w are ___n._:._,.r.._::i n
the West Indies, while Avrainvillea, Halimeda, and
[Tdoten are abundant also in the warm Indian Ocean,
Malay Archipelago, and Pacific islands.  Penieillus
quite such a wide range, but occurs in the
_Australia, and Moluccas. Callipsygma

has no
West Indie

is known only from 2 ustralia,
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% 146 SEAWEEDS

_ joined to Acetabularia, and these are characterised

il by the radiating chambers being free from each
1414 other, and by other differences.

is A. mediterranen, and a

The best studied spe

felewlaria NobH,
laria Calyeoulus,
d, A. exigua, spores

leseription of it will enable us to understand the
variations displayed by the others. It has an erect
stalk six to nine centimeters high, with a cap about
a centimeter across, strongly ecaleified and parti-
tioned into a number of regular radial chambers,
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148 SEAWEEDS

ally irregular protuberances at the tip. The plant
4l dies down, and the lower part of the stalk, closed
i with a membrane at the base, remains alive during

the winter, and may be des ribed as consisting of
' two portions, viz. the foot, aleified and irregularly
ﬂ__ ?._Lu., ﬂ.—d_.; —V:.u..,u._
acts as a storehouse

' branch

|, and :
: body increases with
i of reserve-material for further growth. In the
| follewing year a cap without spores is H:.:__:G.L.
: while the stalk, before this happens, gives ri

or more whorls of branched hairs. These hairs are
. not caleified, and are soon thrown off, leaving only
1 rings of scars on the stalk of the cap-bearing plant.
i | £ After giving rise to several sterile plants in succes-

to one

1, eventually a fertile cap 1s borne.

This production of whorls of hairs is interesting,

: 1ot only in throwing light on the homology of the
sporangial rays, but in relation to the neighbouring
gonus Halicoryne, which possesses alternate whorls
of fertile and sterile branches. The sterile whorl
consist of repeatedly multisect hair-tufts developed

ght ; but they soon fall off, and leave

these on the full-

in groups of e
round scars on the stalk. Betwe
grown plant there are sixteen-branched whorls of a
. different, kind—the sporangial rays, which are com-
pletely free. Each ray is furnished on its npper sur-
_ face near the base with a small protuberance bearing
airs, recalling

1 one or two diminutive rudimentary
: the eorona superior. Interesting also in this con-
neetion is the fact that Aectabularia erenulata, in the
development, and not as a
aps in succes S10T

normal course of its
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150 SEAWEED

bran:
larin, which has both corona superior and inferior, is
distinguished from Acetabularia by the fact that its
Acetabulara

are strongly caleified and stratified. Acicu-

aleified (those of
are free from incrustation), and adhere in clusters.
Aeieulmiia contains both living and fossil forms., The

spores are strongly

latter are A. Andrussowi and A. miocenica from the
Miocene and A. pavanting from the Eocene.

The Reproductive Organs—The life-history has
been followed in great det:
Within the marginal chambers the
tangia) are produced 1n considerable numbers. They

il 1 A, mediterranea,

pores (game-

st from one to three months after extrusion, and

then opening by a lid at one end emit the gam-

etes. The gametes are biciliated, of equal size and
red spot. They conjugate

usually in pairs, and not enly so, but in fours or fives,

same sl pe, and with

sometimes laterally sometimes in reversed position ;
but conjugation takes place only between gametes

derived from different gametang
tion they do mot immediately settle down, but
remain in a state of movement with the eilia mn pairs

. After conjuga-

F

o formed, eventually

still vibrating

I'he zygote,
to a nmew cap-beari

generation, after a

rest of about five months.
If we apply the theory of alternation of gen
tions to the life-history of Aecetabularic, we must

regard the product of the zygote, viz. the cap-bearing
plant, as the non-sexual one, terminating the pro-
adial chambers. The

duction of spores within its

sexual generation is represented by the spores which
without any vegetative manifestation become them.




umiSuriods 1emqo(S a[Surs ® paonpoad st ezt [Loym
ajemin a1l jo x vl ) 1y sayouslq Jo JI8qUINU
_;3 :__ _.: :...w O] Ul spdesjno ..n.h.:_ﬁ_._:m:.:_ _;c:....
DAISEDOONE oo ‘gat 11} [BIDADE S[IOYM UL PIYIUIng
ureiv asAY, Hoym 4o 0} 2A[PM} jnogq
TSOYIURI JO SHMOUM Il peyjo[d pue “jsejpoy e ..r.p_
UIMJRIJSAIS 917 0 Payoe3ie S[[eM-ss00d 10 SUoIjanTg
-U02 JNOYIM [[20 [BIXE 0203 JI0US ® JO SISISU0D
pus *pajsnaoul aIayMoL 81 1004s ay) .,;,._.__:.:_?v._ﬁ_._.m:Q uy

SOI[ITRI
osa) uo urSuo [wIaje| jo aae Aoy) axoym woydofiog
ut ydaoxe ‘seyonwiq [wIede[ 9y JO SIOQUIDUL [RUTULIN
duroq viduwjowed ayy Aq puv—inpodowsiy jo syurol

o} ul ...,.:r._u:_ ydeaxa IR e aae .a,_.__ —S[107M
(LAY pur B[S} UMGAID( UOTIOUIISIP ou Furaq
o) _:_ Td i .._m...:r. wc _.,.n__:__..: L_: Jo ..L:_v.d_xmw.,?:_ ,._,_.u
.;.; PaSURIDBRIBID SI JopIO-qns S —"sijjo ] [

"pujhso(y

(eortomy
YInog pue SITpul Jsap\) ONURY WM Ay} ul
f[uo aare poguosaadad ST wrnar PUv ‘BeB)R )
‘sooads ouo Luo sey wsvuguy)  CRIUOPI[ED) MAN]
Jo sazoys oy} uo (wgwands “Fr) 190 oY) puw wos VUL
aqy ut (wpylney Fr) auo ‘sarvads omg sey sufion vy
HEos #.—wvmﬁmau.ﬁ.ﬁ :.ﬁ A: AT ..p.._—* ER0D _:“m_.._.ﬂ.ﬁ.r_.ﬂ._,.ew
1S0A\ OY1 U0 SWyRoNiag ‘)T PUB UBDURLIGPSIY &Yy
:_ ST ._....5.5:_: <o ..:_m.m.:.:_:__._.._m_t._.__.‘ Jo z.u.__u__._nmm :_.:,._._._:
.:_.- hﬁu .H...H.?._C _.—WU._T..m....H\._.L.H:... ._.::w ._.—WQ._HW:.H.H % oam
WG DY — uernqrysyy juovydobioss ayf
0j084Z ¥ ULI0} 08 puw
‘aeinlues yorym sajomed Surreaq ‘eifuwownd soajas

€1 HHIAHJOHOTHO




152 SEAWEEI

(gametangium) on a short stalk surrounded by the
end branches. In Botryophora there is also mo
inerustation, and the habit is similar but more lax,
the plants being larger and the branches not so

densely packed together. The sporangia are lateral

5™

and occur several together on the base of the
branches. They contain a large numbe of spores with
membranes, which may be gametangia, but no
observation of their germination has been made.
There is only one speci¢ which was originally
deseribed under Dasycladus, and very probably that
will prove to be its true position Neomeris has an
inerusted shoot of otherwise similar character ti
Dasyeladus. The lateral branches bifurcate and end
wch in a swollen tip. These fips are arranged in
rows of facets externally, forming a sort of outer

cortex to the shoot.

At the bifurcation of the lateral branches and
n  them, occupying morphologically the
nch, there 1s a
as to th

betwe
ummit of the original lateral I
ingle oval sporangium, with one spor
development of which nothing is known. Boraetella

differs from Neomeris in the branches being in two

or three successive whorls and in the sporangi
being of lateral origin, and containing several spores.
Cymopolin is of very different habit since the ma

hoot, the axial cell, is repeatedly branche 1 dichoto-
mously. It consists of ch ins of eylindrical, incrusted
portions, separated fron each other by short, not
incrusted, joints in which the branching has its
i wch branch has a terminal tuft
At the incrusted portions

orl The apex of ¢

like a brush.
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here are borne the fertile whorls, each with a
secondary whorl and a .rminal sporangium in the
middle. The ultimate whorl of these lateral
branches, overtopping the sporangia, form a kind of
cortex (as in the last genera), but without definite
facets externally. The space between them and the
axial cell is originally of slimy consistence, bu
becomes the seat of incrustation. At the joints
there are no fertile whorls and the lateral branches
are here simple and decrease in length from
below upwards. It is a similar formation which
bears the terminal tuft of I observation of
germination has been made.

A number of fossil genera, such as Decaisnello,
___.‘___.__.__:__.4::_..___.____:‘, ;__;__::..___.___:__ WAL, M\.\.:._______:__rmr_.w__.,._______b_. Uteria,
and Polytrypa from the FEocene, and Munieria,
Gyroporelln and Triploporella of Cretaceous age are

ainly nearly related to the forms just described.

The Reproductive ?:..____:.:_.|b:_.m__m_..~_.::.u:m is the only
genus in which the gametes have been observed.
We have seen that in Acetebularie the gametes
unite only with those from other gametangia, but in
Dasycladus the matter is carried a step farther, since
the gametes are here in ipable of conjugation with
others from the same plant, and indeed they conju-
gate only with those of particular plants, not with
other indiscriminately. It appears from thi: obser-
vation that though these gametes are apj rently
all alike, there yet resides within them a defini
character indicating a difference of sex, though
is not determinable by us from their structure.

Judged by itself alone, Dasyeledus appears to pre-
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VALONIAC

General Characters—There is scarcely any Order
to which it is more diffieult to assign distinetive
general characters, owing to the much varied
structure of the vegetative organs ar d our ignorance
of the reproductive processes in most of the genera.
The thallus ranges in variety from a ingle large cell
with rhizeids up to forms of complex structure with
italk and frond. The cells of the thallus are fre-
;:. ntly linked together by haptera or holdfasts. The

production by zoospores described for Microdietiyon
‘..:___ Anadyomene cert inly needs minute re-investi-

tion. but that of _.fq.a__:.w_:_.,__:_ﬁ_:_.., and Valonia stand
on a firmer basis of observation. In Valonie spores
with cell-membranes arise by free-cell-formation
within the great lumen of the cell, but their ger-
mination has not been observed. The following
types indicate the character of the thallus, and ex-
hibit a series connecting tl multinucleate Alge
with the other Chlorophyceee, or at all ever pointing
to such a connection.

PThe Thallus—The most simple type that of
Virlonia ventricosa ._ ig. 46a), which consists of a single
cell, generally varying in size from that of a goose-
berry to a hen's egg. T his enormous cell, much the
largest cell of isodiametric shape known to us, is
attached to its substr: atum by rhizoidsat the base, and

presents a uniform green appearance, €xc ept on the
cessation of its vegetative life, when the protoplasm
with the A._:,_::.;.é_::.__,.. which had lined the wall,
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which leads on to forms with a higher
' thallus. In Apjohmia there is a
in stalk with numerous rugose constrictions and

branched type,
differentiation of
i
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Rirurea macraphilla slightly redn
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t in special zoosporangia but in

: and Anadyomene,

" any of the ordinary thallus cells,. The zoospores are
bi-ciliated, with a hyaline anterior end and a red spot.
Nothing is known of their further history.

| In Valonia ventricose (Fig. 46) there arise by free
cell-formation a large number of spores with cell-

pters. highly

They do mnot all arise simultaneously,
few spores

mbranes.
since in some specimens _.::;::,;_.__.._,_,...
are to be found, while a ble amount of
ins: in others

nside

graln the spores
of unused

free T_.:_:_._M.r:_ Tel
are very numerous and the amount
ymewhat sunilar spores

protoplasm is a mere trace.
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SEAWEEDS

each with four cilia. Vegetative propaga-
tion also takes plac

The Thallus.—In Chetomorpha the thallus remal
unbranched, in Rhizecloniun there are very short
branches. while in Urospora there are mere lateral
ontgrowths from the cells, not cut off by cross-wall
in Cladophora t thallus. is densely branched, the
branches being given off at the upper part of the cell,
ss-wall 1:_.“:.33:,ﬂ it from the one
which is attached to the substratum

ZOOSPOTE

y

.Tu..._. below the e
above. The base

by a holdfast, is in some cases, e.g Cladophora

ris, much strengthened by the growing to-
a number of rhizoid filaments. The
(omontiz. which inhabits the shells of

___:_._____.

gether «
ts of
5, penet ating their substance very densely,
nd the cells become
more or less beaded.

filams
molluse
are less regularly branched,

irregularly swollen, sometime
The whole thallus may be easily isolated by placing
tained shell in Perenyi's

a fragment of the gree
fluid (see p. 30).

The number of nuclei in each cell varies consid
ably, and the chromatophores also vary in shape,
but are mostly perforated and flat, or net-like, with

abundant pyrenoids

The Reproductive Organs—Gametes are produced
by both Cladophora and Urospora. They arise within
in large numbers, and escape by
red

the vegets tive cells
ound hole; they are bi-ciliated and have

ppearance, and

spot. They are all exactly alike 1n
conjugate in pairs. The zygot » germinates at once
in Cladophora, and after a period of rest in Urospora.
es are known in all the genera except Rhizo-

-\M— 1| -l.— M
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168 SEAWE

eloniwm. They are of similar origin to the

but have four cilia. In Urospera they have a long
tail, and looked at endways, they are sur-sided with

gharp angles, but they appear to possess the power

i :._.__.1_.___.1‘.._—: 1 ,.:T_.;:...;__.,;__...__:_.L__ that the sides are
Now coneave, Now convex.

In Gomontin the sporangia are lar than the
:.__:::__,;. vegs tative cells, a :_ H wres have ::_.,
two cilia. There are also produced in this genus
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SEAWEEDS

established on insufficient grounds. Urospora and
Gomontia have as yet been recorded only in Europe,
but the latter has probably a much wider area. All

the genera are repre ented in British seas.

ULOTRICHACE

General Characters—The genera here brought
together are usually classified a follows : Ulothrix
under Ulotrichaceee, and Chatophora, Bolbacoleon,
Entoderma, Epicladiz, Phaeophila, Aerochete, and
Aeroblaste under Chatophoracee. 'The limits between
orders are, however, hard to define, a1 d

these tw
they do not appear to rest on very weighty characters.
Both are much more largely represented in fre h-
waters with numerous generic types not oceurring in
the sea, and a discussion of the propriety of treating
1e or separately is out of place here.
There is certainly no strong reason for separating by
ordinal division the genera dealt with here. The
thallus is a simple branched or unbranched cell-row,
with one nucleus in each cell, and the H...H:.:__:n:::
is by the conjugation of equal game with two
cilia. and non-sexually by zoospores with two or four
cilia. Vegetative forms of propagation are also

these orders as «

10WT.

The Thallus—In Ulethriz the thallus consists
ordinarily of a single cell-row, attached at the base
by a holdfast. The cells are all eq lly capable of
division, except the basal one, which is ge rally

more elongate than the others. Cheetophora 1s very
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_.,.1_.__.?_.:.. %.._::..__:.___.__._:___L_ _.._L 1 _.:::..L __u.:_. _.,.:;.... _._.,_.._:_r__.__.
and the branches eventually grow together and form

.____m_:..‘_z__: a and _derochaife are

a continuous p
ic forms on other Alge, allied to Bolbo-

small epiphy
on. as also is Aeroblaste, which grows on stones

r and crect

and she The latter has both ..._.__,.H..:_
filaments
The R

is known n

rodwetive Ovgans. —Conjugation of gametes

(as well in Bumillerin, a

ymetes are formed in the

sh-wi

ordinary vegetative s, and escape by a side open-
» s g " =
[hey are ovate in shape, have two cilia and a

red spot. They conjugate In pairs, and o asionally

7
14

cametes have

in th
b
after comin
slender than those emitted by the zoospores.) The

s,

nd form a zygote.
inate without o _.Trr:_:::

1 ohserve ._ L0 gFer
to rest. but the filaments are more

zygole increases i size nd its membrane bec
thicker ; after a j {
up into a number of zoospores which germinate

1=

ivide

of rest its «

after swarmi Phaophile has gametes with four

ia. which conjugate with their posterior end

1
Ulothyiz is rep wlueed non-sexually by zoospores, one
to four in number, produced in the vegetative cel
They are larger than these and
i, In Ulothriz tmpleen zoospores

as the gametes a

have each four ei

«l which do not escape, but sur-
ane, and eventually

times forn

round themselves with a men
germinate after the decay of the wall of the mother-
cell. Chertophora also possesses Zoospores Wi h two
sape and behave

cilia. and these sometimes fail to
like those of Ulathriz implera. Entoderma, which, like
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SEAWEEDS

3 ULVACERE.

General Characters—The Ulvacer are among the

¢ } first seaweeds that meet the collector’s eye on rea h-

R | h ing the shore, since they grow for the most part at

i high-water mark. The thallus is either a flat green

il expanse of tissue, lobed irregularly, or hollow,
green, tubular and unequal. There are no special

i sporangia, but the ordinary vegetative cells of the

thallus act as the parent cells of gametes, which
conjugate, and of zoospores with four cilia.

i The Thallus—In its most simple form, that of
Monostroma, the thallus consists of flat layer of
cells. one cell thick, at least in the upper portion ; in

_ [Tlva and Lettersiedtia uniformly two cells thick, and
| in Enteromorpha also two cells thick; but these
layers soon separate, and produce a hollow space
between them, giving rise to the tubular forms that
are characteristic of the genus. The greater part of
the basal cells of the Ulvaceew grow out into fila-
mentous processes which beeom irregularly inter-

=

woven, and, while serving as a fixing organ to the

t substratum, add to the thickness of that part of the
thallus

While a certain degree of branching of the thallu

| oeeurs in Enferomorpha, it is only in Letlerstedtia
A that lateral foliar appendages—if they may be so
) called—of definite growth ocecur. These subse-

: quently fall off from the older parts of the main
. shoot, leaving it bare and irregularly toothed at the
margin.  Pringshetmia is a very minute epiphyte

i
.
1
[
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one nucleus, and the disc-shaped chromatopho
one pyrenoid.

The Reproductive Organs —QGametes with two cil
are produced by the ordinary vegetative cells in
Ulva, Enteromorplet, Monostrome, and Pringsheimic,
ion in pairs has been obst rved.

1

and their conjug
There is no apparent difference to be seen among
them. The zygotes so formed germinate by the pro-
duetion of a short cell-row in Ulve,and the formation
of a globular body in Monostroma bullosum by cell-
divisions in all directions. This globular body after
enlargement forms a hollow bag, and eventually
bursts, when the thallus re sembles the other iz.n..:,.
of Monostrome. The zoospores are of similar origin
to the gametes, are larger, and have each four cilia.
In Monostrome Witiroekii the zoospores ( ") have only
two cilia ; but it is possible that they may be in reality
gametes  which germinate  without conjugation.
which the gametes are

::5..;.:_.. ,__..__._______.‘.__‘.____;._.::.:. [
Spores with two cilia.

known, has definite zoo
The Geographical Distribution is world-wide, and
i u—__‘.?..z_;.m_:._c___:___

extends to fresh-waters in the «
and Enferomorpha. [Tlva enters brackish waters 1

all parts of the world, but Letterstedtia, which is
purely marine, has a very restricted range, occurring
only on the coast of Natal (and Australia ¥). lea s
an inhabitant of brackish water in Europe and
North Ameriea, and is often known by the name of
the genera except Letterstedtin

1_.:____.;..,.__7.._.___:_,__:;__. All

oceur in British seas. Species « Enteromorpha
form the *grass” which causes to a Very large

extent the fouling of the bottoms of hips.
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Atlantic and Medi-

haracium, & genus of about thirty spe-

flora of the warm and temperate

terranean. O
cies. of which only two are marine,

with ovate cells, and Codiolum and Sykidion more or
less resemble 1t vegeta vely.

The Reproductive Organs.

is o stalked form

Chlorochytrinm Ppos-

sesses pametes which esecape from the mother-cell

embedded in a mucilaginous mass, and econjugate

leaving it. The zygote remains motile by
v (of the two hi-ciliated
to rest

ﬁ__
means of the four
gametes), and eventually on comi
surrounds itself with a membrane, and pene-
trates the tissue of the host-plant by means of
a short germ-tube. C. dermatocoluz, which inhabits

and Sphacelarie, and C. inelusum, which

P _____._.__..f.__..__ Wuoni
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SEAWEEDS

il
3

the thallus are motionle

and may oceur singly or in eolonies. There are no
ores, and reproduction is exclusively

gamet
matter of cell-division in the ordinary vegetative

manner. A number of Plenrococeacea are generally
garded as reduced forms allied to other orders
The Thallus of Prasiole is a membrane consisting
of a single layer of which the cells are rectang lar,
while in Palmophylluin a rounded, lobed, and zomed
yundish eells embedded in a
he Plewrccoceaceee of which the

frond is formed of

f

oelatinous u
olls are not associated in definite ¢ lonies, but
separate on division, are represented in the sea by
the genus Zoochlorella. This remarkable genus
inhabits the bodies of various invertebrate animals
ich Radiolaria, &ec., in which they have long
been known as the “ .a.::._ﬁ.. cells.” It has been con-
tended by Brandt, Geddes, and others that there is
here a true symbiosis or mutual partnership between
hosts, and that the animals are
f assimilation by the

the plants and the
nourished on the products
plants, as in the case of the lichens, where the fungal
portion subsists on the algal gonidia. It appears,

however. from recent research, that while this 18 no
not the whole matter, and

doubt true enough, it
that the symbiotic relation is more partial or even
oceasional than was at first supposed. It has been
demonstrated by Beyerinck that Zoochlorelle ma
live (in his experiments for several weeks) outsid
:TI—&._.;_;

and Famintzin h

the bodies of animals,
their multiplication in a nutritive solution. An e
tensive literature has arisen on this subject generally.
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SEAWEEDS

stage, and their reproduction is always by mere cell-
ugation may be regarded

division. The repi .__,.___p.::_
as extremely doubtful.

The Thallus—The membrane consists oft a sub-

ance nearly related to cellulose, sometimes impreg-
wted with earbonate of lime (though this is not th
nd its orowth has been described

1
case in Ceratinm),
as peculiar, and not to be adequately exp ined by

apposition or intussusception. In the marine forms,
at all events, the protoplasm consists of two zones,
the outer one being hyaline towards the outside and
granular towards the inside. In this granular por-
tion are embedde nd fatty
drops and plates. The interior body of protoplasm
is very finely granular, and contains the nucleus and

the chromatophores

5 support three dif-

vacuoles. The chromatophores
peridinine, and

rent, substances, viz. phycopyrin
h._._.;_.:_L.....:.

In some of the fresh-water forms an animal-like
Dutrition has been described, and green Algwm
(Chlamapdomonas and others) are stated to have bee
ingested and partly digested. In such forms no
chromatophores oc wr, and the starch present mus be
the fruit of such captures. It is apparent from such

observations, and from others, that very diverse organ-

isms have been gathered together under this order.
lways by division, and since it

Reproduction 1s
ppears to occur in the most varied way among the

fresh-water forms—in some cases during the mot 1le
phase, in others during the resting stage and after
ends support to the view that

stment—this fact

the order is not very coherent.
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1534 SEAWEEDS
" has been observed only in the open ocean, far from
L L0 land. In coastal waters they

The genus Pyrocystis (P. noctiluea and P. fusiforns),
observed by Dr. John Murray during the Challenger

cur separately.
1

i Expedition, and subsequently by other naturalists, is

' a very puzzling one, and, owing to our insufficient
e of its life-history, very hard to place in a

know
: ic position. It is a tropical

sal
form. and to it was attributed the most brilliant dis-
v of the sea during the Challenger

Expedition. It bears a ce

plays of Inminosi
tain degree of resem-
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186 SEAWEEDS

Their broken-down parts, ealled Rhabdoliths and
Coecoliths, oceur in the el
form a not inconsiderable part of ._...:_Tm_.: L.._...m.:m,

igerina oozes, and they

except those laid down in polar and subpolar seas.
The Rhabdoliths and Coecoliths are known from the
heir minute

.;__T_.Ln.... of the ancient eretaceous seas.
1 gation in the living state is one of the most

{After J.

:__._.__;_?.:: researches ._.._;. to be undertaken in marine
otany. (See p. 28) * There iz considerable

variety both in the form and size of Coccospheres
:.__L :_:Z:r._.r.m__:__...:.. SOme _r.:_.:.:__m f:l:.ﬂ. _”_:. COIn-
ponent parts (Coecoliths and Rhabdoliths) much
_.:_:_.":.L_ﬂ united into a .r.___:.w,.. than others.
etly clear when

T

The interion the _rT_..._,,..;. 15 e
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SUB-CLASS III

{
| DIATOMACE.E
i THis great group, consisting of, it is estimated,

some 10,000 species, and universally distributed in
the waters of the globe, has been treated sometimes

! as a Natural Order allied to the Desmidiee (confined

i to frosh-waters), and sometimes as a sub-class, with
the view of marking its peculiar characters, within
the range of which there exists astonishing vari-
ability of form without losing any of the essential
points of character that distinguishes the group
They are given here the value of a sub-class, in
recognition of the weight of this argument, while
the familiar name of Diatomacer (which implies a
atural Order) is retained for overwhelming reasons
of convenience; and their description is framed for

: similar reasons on the plan adopted for Natural
At Orders, since a subdivision of them would lead to
i an extended systematic treatment quite beyond the
sCOpe of this bool While their A._._.:_:.m:.ﬁu_:....:._..ﬂ.
esembles that of the Pheophyeer, they are other-
wise much more nearly related to orders placed
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, the former rarely
wttaining one third of a miero-millimetre in length,

._..._,_ S0 L

o

while some marine forms z_u___.:_”e_.f_r three miecro-
millimetres. They may be distinguished in the
The infinitely v

on the siliceous valves afford systematic

mass by their brownish colour

markings

clers

s, and are fully displayed after cleaning—i.c.
the removal of the organic matter by caleination, or
by treatment with nitrie acid. Owing to the silicified

ineap-

membranes, the plants when onee formed ax
able of further growth, though alterations of volmne
oeeur _H._.. the __.n__:.; of one valve over the other to the
extent of the breadth of the girdle. 1t is impossible
description

g
i

by mere verb o convey an adequate

ssumed

Wb

idea of the variety and beauty of the fi
by Diatoms, or of the fine seulpturing of their valves.
In describing them it is the practice to denote the
; the

aspect in which the girdle side is presented
girdle or zonal view, and the aspect which displays
the surface of the valve as the valve view. When
the latter is presented the central portion is fre-
quently free from fine markings, and may be fra-
versed longitudinally by a line called the sufure or

vaphe, while nodes or nodules repre senting thickenings

weh end, or in the centre as well.

oceur at

Each Diatom contains a nuclens, and the eolouring-
matter occurs n 1 Vvies o1 u..._.:_T of more or _. 55
regular form; drops of oil are frequently also pre-

sent. A resting ¢ mdition metimes oceurs, 1n

of mew valves are formed within the

which T;I.

original ones. Such states are calle eraticulor

atotle

nd they appear to c:_,_.a....__:_.m to those con-
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SEAWEEDS

ever. been established by direct observation, i1s the
fact that most of the Diatoms possessing such a
power of movement possess also longitudinal sutures,
it is supported by the observation that fine
of matter (not motile by themselves) sus-

pended in the water, on coming in contact with the
t in motion along the suture.
However, no one has so far demonstrated the pro-
grusion of any protoplasm at this place. That these
movements take place with considerable relative
for by the observation of Donkin, who
saw one species push away an ther at least six times
rvers state that they have

seen this greatly exceeded. The speed of the move-
d with the rapid dartings of
iated organisms is slow The Rev. William Smith
rate at about four hundred times a

and
T:lr.r

membrane, are

» 18 shown

ite size, while other obs

ment when compare

ci
estimated the
Diatom’s length in thr

Reproduction.—Diatoms multipl:
it The actively vegetating cell increases
._::___.v.

minutes.

by successive bi-

lightly in volume, and the two valves are
pushed out until the overlapping girdle remains in

e, The _:...ﬁ.:f_..r.,: then

that _,:.5::. but no n
divides into two, and two d wghter- wlls are formed,
,mbrane in the ordinary way,

not separated by a me
but each new cell forms a new valve on the plane of
The edges of the new valves fit into the
e old valves of the parent cell, and these
old valves overlap the new ones. Each daughter-
s two valves, one newly formed ¢ ul
The cells either separate
in contact, and

division.
girdle of tl

cell thus possesse
.:.._.,_;_____i by the old one.
and become free, or they remain

e e T T e
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SEAWEEDS

, it necessarily follows that every su
ceeding generation becomes smaller by just as much
as the thickness of the membrane at the girdle, s ince,
once formed, the Diatoms do not subsequently in-
I'he character of size frequently used
by certain students of Diatoms must therefore be
fallacious, and no doubt the inordinate multipli-
this group is partly due to

rease in size.

cation of __:._,..:i n
1ts use.
When by this process, repeatedly carried out,

diminution of size is reached, the

certain minimum
‘nal stature is regained by the formation of an

. Thi

Org

may be ormed in one of five
different ways. (1) 1 the most simple form the
valves open and the contents (gen¢ lly, but not
gelatinous envelope) emerge

ANXOSTHY

alwayvs, __._.::;_.:_n. by a
andl increase in volume. The auxospore so formed
. a thin membrane which is not silicified

SOOI :Em:.__..
Two siliceous valves are then

(the perizonum).
first one and then the sther, within this

formed,
nd it is note

membrane, enclosing all the contents
ves, while possessing all

worthy that these first va
; of the species, exhibit slight

the ordinary characters
differences in the m mbrane from that of the
| by division

daughter-cells, thsequently product
from this parent form in the manner described.  (2)
Instead
division of the contents of the cell, and these tw
naked cells and
develop each into a
may be formed after _.:_:,w:_.ru.m:“m:
.ccrete a common gelatinous enve

one auxospore, two may be formed by the

nerge from the separated valv

AUXOSPOTE. (3) An auxospore
Two Ihatoms
lope; the contents
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auxospores varies within one genus at least,
{ Torcoie __..,...
i T __‘_.q_..:._‘____._:_h:,ﬂ_._._.:..__ Distribution.—Diatoms are dis-

Fild AF Plankioniclla Sol ;

(.

teriaatiui

tributed in extraordinary profusion in the sea, in
:_ <h and in brackish waters. and the species found

The

any of these situations are peculiar to it.
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198 SEAWEED

They are not only engaged in forming oc anic
deposits at the present day, but the fossil diatom-
aceous earths of Tertiary and Quaternary age are
witnesses to their activity in past ages. The first
acenrrence of fossil Diatoms is in the chalk, and here,

illustrating the persistence of the type, there are
T..‘...:._._r.,.,_ species still existing in the waters. The
extensive fossil deposits which are used as polishing
powders (tripoli), in the manufacture of dynamite

(Kieselguhr, &e.), and for other purposes, are in-

esting from the fact that though many species
occur in them, one is always predominant, and it, or
at most a few, form the mass of the particular
deposit.  All these fossil forms belong to genera and

a large number of them to species now living. Some

posits have been laid down in fresh-water, others in
salt-water, and the latter contain species that are
still marine. The so-called edible earths of China
Siberia, Lapland, &ec., which a

are of diatomaceous

nd  Japan, «

mixed with meal and so eate

:1 1.
The earlier rocks have been very carefully searched,
notably the Silurian, for fossil Diatoms, but without

rd. Castracane has stated that

any _:.:..,:..._:.___.«_ re
he found several species in the ash of English coal,
but though he elaims to have used precautions, the
n exhaustive and

record is open to doubt, since
fruitless search has been made in many coals by very
careful observers, The fact that Castracane’s Diatoms
are fi
from the possibility of a mistake in m: nipulation thus
suggested, in spite of what we know of the persist-

esh-water forms now living adds to the doubt,
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SUB-CLASS IV

HODOPHYCE.E, OR FLORIDE.E

st all

d Alge are,in alr

w genera (Batrachospermun,

Tue Rhodophyeew or

CASES, S0awWt . ._P

Lemanes, Tuomeye, and Balbianic) belong to fresh-
waters exclusively, where they occur for the most

part in running streams, while a few other genera

( Chantransia, Hildbrandiu, Culoglosse, and Bostryehia
» {i .

have representatives in both fresh-waters and the sea.

The thallus is always multicellular, of very diverse

iposed of branching cell-filament

orms, and 1s
cither separate and free or congenitally united in
their development. This union is effected in some
ases by a merely gelatinous envelope, but 12 gener-
ally brought about by a very tenacious intercellular
substance which binds the filaments so closely that
the whole body becomes parenchymatous in appear-
ance. The filaments increase in length by apical
growth, only the terminal cell dividing. This eell is
metimes larger than the others, and sometimes
»,  Interealary

them In s

indistinguishable fro
growth takes place only by the extension of the
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202 SEAWEEL

layer of protoplasm covers them in turn. The cords

which thus perforate the closing membrane establish

a connection between adjoining cells, and though they
do not admit of migrations of eell-contents in bulk,
they may be used for the transference of dissolved

snbstance

However, it is supposed that their main

function is to transmit dynamie influences, while the

plates are- the receivers ¢ uch stimuli.
While the composition of the thallus of the Rhedo-
phyeea is effected typically by the

1genital nnion
in which x:._;.;:__:_,;:. int ..”Ln,._..w.

of cell-filamen

divisions do not occur, it happens in isolated casi

that such divisions occur in an exceptional manner.
They oceur with regularity in cerfain Corallines, and

in the genus Nitophyllum and its immediate allies, so

far as the latter have been studied in this respeet.

As has been said, very diverse forms of thalh

among the Rhodephyeew, and these forms give
us no definite clue to the systematic position of any
|

diverse formations of thallus with one common plan

icular form, since there may be associated very

of formation of fruits, and a similar formation of

thallus with diverse fruit character

The Rhodephyceee ave sexually reproduced by male
f?..T.:....L _: antheridia 5._: h fertihse .T.:_.._._

alled earpogonia. The antheridia are of very
various forms, always giving rise superficially to the

pecial male eells which contain each a single non-

wiile pollinoid. These male cells are formed in
great numbers together, and they originate from the
terminal cells of longer or shorter branches of the
thallus-filaments (Fig. 62, ¢). The clusters of such
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204 SEAWEEDS

may be straight (Fig. 62,0) or have a spiral twist or
two. The carpogonium is situated at the end of a row
of usually three or four cells, the carpogonial branch,
and the cells of this row immediately adjoining it
acquire as a rule special characters. This carpo-

gonial branch may be either superficial or within the
body of the thallus. Fertilisation takes place by a
pollinoid becoming attached to the apex of the pro-
jecting trichogyne (Fig. 62, ¢), and the cell-wall having
been resorbed at the point of contact, the contents of
pollinoid and trichogyne becon united. The nucleus
of the pollinoid disappears,and though its fusion with
that of the carpogonium has not been observed, it
logous cases that it travels

may be inferred from an:
down the trichogyne to the carpogonial nucleus, and
unites with it. The cell-wall then thickens ab the
base of the trichogyne and closes the communiecation ;

and the trichogyne slowly withers.
The farther development of the fertilised carpo-
ﬁ::::: 18 very various, but it is to be noted that,

unlike the homologous bodies in other Algm, it does _

not separate itself from its tissue connections, and _
:

its original cell-wall remains as 1ts own Proper .

membrane. Its farther development follows certain
typical plans characteristic of the groups of Rhodo-
phyeece, and, while these are desc ibed in detail in the
proper place, they may be briefly stated as follows.
The earpogonium itself may in the simplest case give
rise to a tuft of carpospore-bearing filaments; or
there grow forth from it several simple or branched
ooblastema filaments which conjugate with other cells,
auziliary cells, and as a result of this eonjugation
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branches called stichidia. This is the most common
form of reproduction, and ust lly occurs in a sueces-
sion of generations, while the plants bearing the
sexual or s occur for th

SOT1S,

ost part only at
__:_.:__:_:_. 56

The Rhodoplyeer are classified under four orders,
viz., the Nemaliono 3, the ___.n._o___.___m..___m::__.u__.__\-. the M..c__...:......__\_?
menteceer, and the Cryploneniacen, s ceording to the

o (Gracilaria);

our main types of development of the carpogoninm,

and these orders are subdivided into families based

on characters derived from the gonimoblasts and the
whole cystocarp fruits. Since, as has been said,
there i1s no constant ,..:.__.iT._:,_,_:__.t of .__.._.x..,._.._:.m_.._.
charact

r

with reproductive characters, it is not
possible to deseribe the former as distinctive of orders
or families, but the prevailing kind of thallus will
be indicated under cach family,
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ously termed the

emanea, and these have been el
* of these genera ; but this means

K “ (Mhantransia forms
i no more than if the protonema of a moss were to be

slhiow-
develop-

called its © Conferva form,” or the ___.._:_:::.p._. of a
Liverwort form.” These growths of Lemanea

fern 1ts ¢
and Batrachospermum have nothing to do with the
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the family is :
. Chantransia, Nemalion, Helminthora, friar

and Helminthocladia heing u.c_._.....:fi in British

The Geographical Distribution of
widespr

sons, while Fiagora is confined to tropical nd warm .

regions of the sea, occurring however as far north [

e,

Clhertangiec.

The conimoblast is a convex, or concave, or Spre adl-
ing tuft of branched filuments, of which the terminal
cells produce carpospores. The main difference
between this family and the last is in the fact that
the gonimoblast is immersed in the thallus and
always ._.:f.r___;___; in a ._.._1_";. thick, cellular fruit
y side

wall. The gonimoblast originates from on
_.:_._,... of the ...:._ﬁ_,ﬂ..:._:__.: as in Chantransia ; at all
events this is the case with Seinaia, in which it has
been carefully observed.

dichotomously branching thallus,
a central axial tissue, from which there

jsane at _____: ::.ﬂ_mi ~...:._..:.—:_u.ﬁ, loose dichotomous

Py 1 q_:..?_.:_ __.....:.,

GOn

__.___v__. of

filaments, constituting an intermediate tissue between
the axial and peripheral tissues, the latter being com-
posed of large colourless cells with small ones filling
up the them. Externally it i
gelatinous. The eystocarps oeccur immediately be-

L0 betwe 15

neath this peripheral tissue. Chatangiuvin has a

strong, vigorous, irregularly branched thallus with

foliar expansions, often t unsformed into air-Hoats.
wmd  Aetinotrichie have more or less
s with slight annulate

(Falarawra

encrusted peripheral tissu
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ax Polysiph
s : b, eystoearp of & )
18} ; d, Choreocolaz albus with tetraspores ;
those of the host. Highly magi
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Gelidiem,

The gonimoblast consists of much-extended, diffuse

ments which frequently unite with the thallus
cells, these being in some cases specially developed 8

as auxiliary cells. The terminal, earpospore-bearing
:T.;:::, the f....::__::_
ayers of fungi), and bear the spores singly as a rule,

cells oceur in fertile sori or gre

rarely in short chains. The main difference between sl
this type and the preceding families lies in the fact :

that this ,r::_.:._::_u_:m_ is not nourished ¢ _rA,_:m?.A,_.... Tu. |
the fertilised carpogonium, but attaches itself in this
erowth to other cells, viz., cells of the thallus-tissue.
A si

ramifies abundantly, and lays under contribution

gle gonimoblast is produced as a rule, but it

cither eells of the central axial row or the small-
1

the branches of the gonimoblast the carpospores are

the ends of i}

1 tissue that envelops it. Fror

produced, as
the
oceurs, and within thi
di and
hounded ::_,,. _._._. the sterile thallus-tissue. An

deseribed. ._.__:‘m:.m.. the Tu.::.._i.:n of

nimaobl:

1 enlargement of the thallus

the cystocarpic fruit is

dal wall of its ow

v“.__;. with no

opening is formed by the separation of the peripheral

cells, throngh which the carpospores eseape. In
Nacearia the carpogonial branch exhibits a difference
from the ordinary type. From the cells composing

is branch short lateral branches arise, and the whole
constitutes a definite system of cells. The carpo-

gonium 1tself 1s _,.r;_:.__w,ﬁ a small one, but before
emitting the gonimoblast it unites with one of the
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I
(GIGARTINACEE.

Feneral  Chay teters, -|.H__._.

arpogonial  branches
and auxiliary cells oceur in pairs, and the fertilised
carpogonium conjugates by means of a short ooblas-
tema filament with its auxiliary cell, which then gives
rise to the gonimoblasts. The carpogonial branches
nd auxiliary cells rarely oceur singly, but for the
most part in groups of procarpia. The auxiliary
cell therefore, not the fertilised carpogonium, is t}
central cell of the fruit, and the gonimoblasts, pro-
ceeding from it, branch copious
tissue of the thallu

ly in the surrounding
The order is divided into three
families, founded on characte

s derived from the
gonimoblast and the cystocarpic fruit in general.
The first of these, Aerotylece, c msisting of the two
otic genera, Aerofylus and Hennedya, is dis-
tinguished by the development of a central cavity in
the interwaoy gonimoblast and sterile thallu
filaments, and this cavity is then lined with tl
terminal cells of the gonimoblast which here produce
the carpospores. Both genera

‘e further character-
ised by the possession of zonate tetraspores. The
family Gigartinee, which includes the following
British genera, Chondrus, Gigurtina, Phyllophora,
;r._._s.._____..., POLTRLE, __.‘.._.___._.: ROGOTLTIIS, .______;._‘_h\....___.____..:. ...n._._:.;.?c_.__:..__.;:zu
Callophyllis, and Callymenin, most of them common

on ir shores, «

es not possess th

cavity which
characterises ___;.:ﬁ_.\_.,_ 0, but in its _.L

ace there arises
v dense, ___.H_,;J_.___..:., cellular ...:::.T_.A of .ﬁ:::::_._:.r
and sterile tissue, in the interior of which groups of
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The latter cells 1
_ and when these are fully formed, the contents become

mrish the growing cystoecarp fruits,

H_,f. _..,_::..r.:..

In describing the development of the eystocarps

CATPOE

of Calloplyllis, Mr. John Carruthers says: “ About
the
fin ._T.f_

ne time as the spore-clusters are beginning
a further thickening of the cortex on
wences. At one side of

both sides of the fruit con
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220 SEAWEEDS

closely allied genus Colucolepis is epiphytic on Phyl-
lophore nervose and Ph. rubens. It forms a small
crust-like growth on the surface of its host, and is :
closely attached to its epidermal layer. It also is

tot

reproduced only by i spores, so far as
known.

The family of Bhadophyllider s distinguished by

i, B, —Euchenma spin

wblast being divided into a number of

the goni
gonimolobes which radiate from the auxibary cell in

all directions. These gonimolobes stretch out separ-
ately into the surrounding tissue of the thallus and !

their terminal cells, or in other cases the upper cells &
as well, form the CArPOSpOres, The auxiliary cell is
frequently very large, and it forms the central cell of
the whole fruit body.

There are only four British genera of this family,
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SEAWEEDS

The Geographical Distribution of the order is
throughout all seas. The British genera have already
been indicated, and the others, too numerous to

particularise here as regards distribution, are some of
them local, but most with a _.u.m_.”_v. wide range. The
sritish forms have mostly a wide distribution else-
where in the ocean.

RHODYMENIACERE.

treneral Chavacters—Morve Bhodophyeeee _;_:r:_v:.
conform to this type than to any other, and 1t 1s sub-
divided into a number of important families. The
carpogonial branches and the parent cells of the
uxiliary cells developed in close proximity and
finite procarpia. After fertilisation has been
effected the auxihary cell is developed, and with it

OrTn

the fertilised carpogonium enters into conjugation
by means of a very short coblastema filament, the
uxiliary cell sometimes sending forth a short
process to meet it.  Usually, and this is true of most
Rhodophyeere, the carpogonial branch is so eurved
that the ¢ iy il coniun i ___..:__....._,.___. into close vieinity

with the auxiliary cell, and the ooblastema filament

therefore either very short or may be suppressed
owir r Lo the actual contact of these bodies. "he
auxiliary cell after this conjugation sends out the
gonimaoblasts towards the outside of the thallus, and
the following families ax

established mainly on
variations in this process, and its results in the form
of eystocarpie fruits,







VII.

CERAMIUM DIAPHANUM.

RHODYMENIA PALMATA.

DELESSERIA BANGUIN

LYSIPHONIA BRODIAEL

LOMENTARIA ARTICULATA,
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wall. The gonimoblast itself is a much branched
tuft of closely packed filaments forming this convex
placenta, and the carpospores are produced singly
or in series on the points of the filaments at the
free surface of the placenta within the cystocarp.

The Geographical Distribution is a very wide one

are more abundant in the warmer

and the form
scas, especially the two large gend
Hypnea. The oth notable genera (Spheerococeus,
Covallopsis, Phac locarpus, and Calliblepharis) of the
family have for the most part a similar distribution

v Gracilorie and

but are much more local. 5 Jeerocoecus, Gracilaria,

and Calliblepharis are __._:_.._.;.H._::_; m:;.:urtz_m.
(Iraciloria lichenoides furnishes the substance called
Ceylon moss” » kind of
Agar-Agar is prepared, a substance of much use in

tivation of Bactera.

]

from which at le

the

Rhodymentec.

As in other families, so in this one, there is eon-
siderable diversity in the vegetative characters.
Rhodynenia, of which R. palmata yields the edible
« qulse” of our coasts, and Plocamiumn have fronds of
conspicuous  size, beauty, and firmness of - textu
venera as Chylocladia, Champia, and
yular, and jointed

while such
..-‘__:..__._..__:._._m._; _:.ml._ __.—-m_..__, .Tn..__.:‘.. 1
Is represent a simpler type. Chylocladia is well

fro
adapted to exhibit the typical constitution of the
thallus of Rhodophycer built up of separate filaments,
as Schmitz has establishetl. By beiling a pecimen

pressing it under

in distilled water and afterwar
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ind 18
formed, near the apex of a growing shoot, from one
of the ordinary thallus cells. It curves backward
towards its point of origin and adjoins the basal cell
from which the branch takes its rise. The tricho-

gyne is also bent outward

of four ecells,

carpogonial branch consist

and penetrating the
outer gelatinous coat of the thallus emerges into
the open. Simultaneously with the formation of
the carpogonial branch, the auxiliary cells are

formed in the following manner. Two cells adjoin-
ing the one which bears the carpogonial branch
each s

woment off externally one cell in such fashion

that the carpogonial branch lies between them.

The parent cells of these two auxiliary ells are

usually large thallus cells, but in no way distinet

Sometimes both,
connected by a pore with the
arpogonial branch. Though
H_F_—_.L a

from the ordinary thallus cell

somebimes one only 1

cell which bears the

both of the auxiliary

apparently equally

adapted for its function, only one of them is utilised,

nd it happens exceptionally that only

ne 1is
the f .:..._u_.t._..n.m
s directed towards the auxiliary cell
r is then rich
fertilisation the

actually produced. In most cases

arpogonium 1

stined to be used, and the lat

in contents. Immediately
carpogonium fuses first with the cell of its branch

next it, and eventually with all four ecells of the
_,,.“:.:.ﬁ.::,.::

I while at th

pogonial brancl

increase in size, as well as the cell which bears the
branch. The great cell arising by this fusion is
cell that

bears it, and only one large nucleus is discernible for

then farther increased by union with tl
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CAWEEDS

with the auxiliary cell and the nueclei of both

The formation of the wall of the eystocarp begins
when the carpogonium has been fertihised and the
auxiliary cell is recognisable. Branched filaments
arise from the thallus-cells in the immediate vicinity
of the one which bears the earpogonial branch, and
their apices meet over the auxiliary cell and the
whole body assumes a globular form. It is note-
worthy that these filaments have no pore connections
with the carpogonial or the auxiliary cell. They
develop into the cystocarp wall, which at first
confines and presses against the swelling carpogonial
and auxiliary cell that the contents of the wall-cell:
next adjoining die off and their membranes swell
up. At about this stage the auxiliary cell, after
union with the carpogonial cell, fuses with its parent
cell, and the whole united cylindrieal body extends
a kind of foot into the thallus beneath it. It may
now for convenience sake be called the central cell.
From its apical region there are now produced :
number of marginal (gonimoblast) cells which have
pore-connections with the central cell, and each of
these gives rise to a carpospore. The central cell pro-
ceeds to unite below with cells of the thallus
adjoining it, while it bears more gonimoblast cells
on its upper and middle portions, In the ripe fruit
only the outermost layer of cells of the wall remains,
and these swell up and yield at the apex, permitting
the egress of the carpospores.

Minor differences occur in the allied genera Clam-
pia and Lomentarie. Among these it may be noted
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i the carpospore, the early stages of which may be

SCCN Peprescn ed in Fig. 73.

< i The _...‘._c._______.l.._.c:n..__;___. Distribietion of the family i1s

wide one throughout both the north and south

temperate zone and the tropical belt. Representa-

tives penetrate also into the colder waters.

uM__..?—._.-_.H._._-
menie, Cordylecladio, Lomentaria, Champria, Chyloeli-
dice and Plocaméwm are all British and for the mos
part abundant on our shores.

Delesserieer.

This family includes number cof the most
beautiful red seaweeds, if indeed :,:_._,_ are not the

" most beautiful of all Alge. They possess leaf-like
} fronds, some of them with midribs ( Delesseria) others
with delicate lace-like or net-lik

Muarten . Vanvoorstia, oenera for _Z."._.... reckoned

among the Rhodonelew) and are all notable for their

conspicuous and graceful forms. Nifophyllum and it

immediate allies (see p. 202) differ from most other

.j.;.:.f.._: ns ( Clawdea

thodophyece in the occurrence of subsequent interea-
lary divisions of the thallus filaments. The 1_.:..":__::
- of the fronds, and the
gonimoblast produces the carpospor within a fruit
the thickened cortical layer of the

thallus, perforated in the centre fi

are sitnated in the middle laye

cavity formed of

the escape of the
The gonimoblast is somewhat indistinetly

m._:._

divided into several lobes, formed simultaneously or
in s

ession, which bear the CATPOSPOTES singly or in
most all the cells

s0res L

iinally, or more rarely a
form spores.
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The Geographical Distribution is well marked.
Nitophyllum, Delesseria, and  Hydrolapathum, the
British genera, are widely represented, the two former
in southern warm temperate seas as well as in the
north.  Clawdea elegans ocemrs in Tasmania, and one

small inconspicuous species, €. multifida, in Ceylon.
Martensia oceurs in South Afriea, and Grinnellin is

— Martensia elegans redy

confined to the Atlantic shores of North America.
Delesseria Amboinensis is a singular freshwater form

occurring in running streams at a considerable

elevation above sea-level in Amboyna.

Bonnemaisoniee.

This small family includes for the most part form
with long slender main shoots clothed with fine
mentous branches. The procarpia are situated in
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repeatedly, and so produce a
cells enclosing the carpogonial branch.

divide and brane
T.:—.a. of
_“._._ division and ,...ﬂ.:._,_;.__ of the cells that e :._:—_
this procarpium there is formed the wall of the

more or less globular fruit, perforated at the apex

f procarp in
(s a I8 the

and enclosing the gonimoblast. The gonimoblast
15 commonly a much suppr sed tuft of cells on the
¢ of which the carpospores are
F._.u._._..h.. ovate or club-s _:w—:.n_..

upper, arched surf:

#::.:,_. .H_u__...,.,.ﬁ._ are g
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SEAWEEDS

crown of eells covering the place where the parent
cell 15 ,_:m:.L with the one above it. In some cases
these filaments completely clothe the main cell row,
in others they fail to meet and leave intervening
parts bare. The procarpia are therefore external,
and the gonimoblast is usually destitute of any
envelope, but such does oceur. The gonimoblast (of
which there are usually two in each cystocarp) forms
sucecessively several lobes, of which nearly all the

cells give rise to spores, ‘wllithamnion, one of the

A\ be taken as :..__:_..m_ of the
matter of its i.._.TH.:.r_.,.S::_ From
one of the joint cells of the
thallu:
the vegetative lateral shoot
from its upper end) two small
unicellular ontgrowths from
about the middle of the cell.
From one of these a three
or four-celled carpogonial
branch proceeds (not from
the thallus-cell itself,
usually stated). On the
tilisation of the carpogon-
inm, the basal eells (or more
rarely one of them) of the two original lateral
outgrowths segment off each a daughter-cell, and
auxiliary cells. The fertilised

commonest genera, mi
others in the

there issue (besides

these become tl

carpogonium then extends a little sideways towards

and it also segments off' 1ts pr
truding parts as separate cells. These then conjugate
with the auxiliary eells by means of an exceedingly

the auxiliary cell
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' Plumaria® Ballie, Antdthamnion,*  Crovania,*
! .r._m_.__._:._.._;__..:.a [ q:;.__::.;__._‘__.L_:__._:._;..p., Ceraminin,* Microcladia ®

1 Rhodochorton.®* and  Thamaocarpus, those with an

il 1 asterisk occurring in British seas, The famly is of
universal distribution in the sea, especially the

bt genera Collithamnion and Ceramium,

CRYPTONEMIACE

__;__ H__.:_.m..._.. 5 ::_

rpogonium emits a relatively long

General Characters. As in the
i :__._.L_.r._._.—
yblastema filament, which branch
the thallus tissue. Its terminal
ch
with single auxiliary cells, and
from these the ._h:_i._ sblasts
spring. In Gelidiewr the fila-
merges from the

copiously 1n

cells or joint-cells conjugate

ment which
carpogonium is itself the goni-
nd its conjugations

:_:T._n...f

with thallus cells appear to be of
nutritive importance only, while
in the Cryplonemuaces the fused
..._:_,_,ﬁ_._,._,._,E,._:::.m..:_:::r_: :

=l ..._.:..,..ﬂ..__:_ honica, Grale _-:__.____;_....___.
Duwmnantieee, and Nemastomed.

These four families, Figs. 79,
80, 81, are all characterised by
the auxiliary cells being joint cells of secondary or
primary filaments, and the ecarpogonial filaments
igin. The ooblastema filament

(After Be

-

usually of similar
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2410 SEAWEEDS

the same in this genus as in Dudresnaya
(Fig. 81). The carpogonial branches and the cor-
responding but more numerous branches that bear
the auxiliary cells, are found together in special
fertile portions of the cortex of the thallus. After
fertilisation, this cortical tissue, having undergone

sation

(X
iy,

considerable development, contains close together
numerous gonimoblasts, nearly all the cells of which
eventually give rise to carpospores.

! .

Squaanarice,

The thallus of the Squamariea is commonly minute

and enen sting or consists of flat foliar e _.:.:mms_um of

tissue, in most cases encrusted with carbonate of lime.
In this case, as in Polyides, the carpogonial branches
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242 SEAWEEDS

branched forms of a brittle character. The geological
history of the family goes back to the Cretaceous

§3, —Lithothamnion polymorphum reduced.

times, and forms have been deseribed, but with less
certainty, from the early secondary rocks { Muschel-
They first appear, however, beyond

¥
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seas, the Clorallines have a much wider range than the
nd oceur in considerable numbers in

____._z:.._ (M) | __.;.,

$4.00 the colder regions of the ocean. On British shores,
hit Coralling, Jewia, Lithothamnion, Lithophyllwn, Melo- !

besie, and a very minute form, Sehinitzielle (inerusting
At Cladophora pellucide), represent the family with a fair
number of species.

The stony inerustation extends to all parts

xeept
the reproductive organs. Tetraspores, anth -ridia, and

CATPOSPOLES, are all formed in special conceptacular
bodies (Figs. 84 and 85). In the flat encrusting
thi wr as minute, wart-like
outgrowths from the sterile part of the thallus; in
‘srallina they occupy the summits of the branches ;

form s ..::...ﬁ__:..._...... appt

: and in Amphiroe they are lateral. In Lithothamnion
these conceptacles are eventually overgrown by the
5 of the thallus, and in
breaking down the stony substance they may be met

INCreas

ng m_.,_._.___.f.:. in thickn

with as small cavities representing the conceptacles
of earlic
The carpogonial branches oceur, together with

periods of growth.

i numerous auxiliary cells, in special fertile portions of
the cortex. The auxiliary cells are joint cells of
peculiarly differentiated thallus filaments. On the

fertilisation of the carpogonium all, or nearly all, the

auxiliary cells near it become fused with it by means

f the voblastema filament, forming a large
fion ¢ __
wrise, bearing chains of
h

vom the combination of numerous auxiliary cells J

7 H_::Lm:x_:.

From its periphery minute gonimoblasts

3
wpospores.  The eystocarp
s, therefore, a kind of synearp, since it results

and their produets into one common definite fruit,
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SEAWEEDS

enclosed within a common eystocarp wall,with a single
apical opening has been said, the antheridia and
tetraspores are produced within similar conceptacles.
The tetrasporangia arise at the base of the cavity, and
either surround a central sterile bundle of filaments,
or they oceur in groups, separated by a wall of
tissue from each other, and each with a separate
apical pore (Melobesia).

BAaxGiac

General Characlers—The thallus consists of cell-
filaments (Bangia), or flat
nd of ir

ates of one layer of cells
gular outline. Male reproductive bodies
without cilia are produced within cells of the
thallus, and they fertilise female cells specially
distinguished from the thallus cells only by a short
lateral stuberance. Non-sexual reproduction is
effected by spores produced by the thallus ce
sometim

singly, sometimes after division of the

L

has been so much discussion as tc

parent, ce
Ther the
systematic position of the Bangiacee, and with so
uncertain a result, that the terminology of the repro-
ductive bodies is difficult of application. The claim
put forward for their inclusion among the Rhodo-
phyeeee does not appear to be _.::._._ established, while
at the same time there is no little difficulty i
issigning them a place among the Chlorophyeec.
The Thallws.—The main argument for the ineh
of the Bangiacew among the Rhodophycea is derived
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pollinoid pass into and unite with those of the female
cell. There is no development of gonimoblast, but
m_:. J_...__.:_ _ _L. :__..m r.lm:.}n_._ A;.: ._r.q_:.::__.. E: .J.w..H_._ "_.:L
emerges from its membrane, or it first divides onece or
twice and forms several spor

The whole of this pro-
cess may represent a very much reduced or an ancestral
Rhodophycean type, but there is a great gulf between
it and the simplest form of indubitable Red Seaweed.
The non-sexual 1 the so-called _._.,:d.mu_.:_._., of
Bangiaceee leave us also in doubt. The whole of the
contents of a singl

thallus eell go to the formation
t first
without a membrane, but afterwards with one. In

of one of the spores which are uneiliated,

me cases there 1s

_:_,__:_L:..:..,... division (once or
) of the thallus cell. It may be recalled that
(the undivided tet sporanginm) oceur
i _._._._..:.: L._...._":E___:.____....,__._?:.., but cven L:,: there 1s no
i .:_____

INONOSPOT

151V

here for or against, thoug

leans towards inelus

m.  On the whole, and eon-
iculty of placing them elsewhere, the
damgincer may be left beside the Rhodophyecer, though
not within the group.

sid ring the dif

The Geographical Distribution is world wide. Tt i

howewv

small order with _.:_:_.m:_‘iT._T_._. fow J:.;..T.
though these are of very variable character. Bangia,
(Foniotrichum, ____r.._._._._q.,,q_. abrichin, T :.__c__f_________:. and _Qn..h_:___._.._.
derme, are all British, and most of them abundant on
ur shores. The
edible Laver.

pecies of Porphyra furnish the
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A Other colours, such as purple, reddish purple, violet,
i yellow, and brown, are imparted to the plants by the .
I coloration of their gelatinous

envelope This
§ colouring matter of the envelope has been called by

/._____:“_ li seyptonemine, a 1 is sometimes to be seen in the
whole length of the sheath, sometimes only in part B
more strongly
tinged than the internal part, and it is displayed 5

of it, but the peripheral part 1

most vividly on the parts most exposed to light. . I

The blue and red eolours found in Homocystew and |

. Chroococeaces are absent from the Heterocystea. _
The colouring matter of the cells is not associated the

with definite chromatophores, as has been reported
i by several observers, the error having arisen from i1
‘ the presence of erystalloid bodies, or from the fact i
i of the plant studied not being a member of the
Cyanophyeew.  The protoplasmic contents of the :

cells are almost uniformly tinged with the colouring v
matter. This colour differs somewhat with the age :
of the plant and the degree of its exposure to light. {
[t is ordinarily more greenish in young fila-
ments with uncoloured envelopes, but with age
has been
pointed out by Bornet and Flahault, the other
colours, seen in the protoplasm of herbarium speci-

it bocomes more :_._:.C Or even u._,:::._r.

No true nucleus 1

mens, are due to decompositio
has been observed, though its discovery has been
reported by several observers. Zacharias and others
have shown that the error is due to the presence in
the centre of the cells of a colourless portion of
protoplasm, which may be stained with haematoxy-
! lene. Its form,

wwever, is not definitely limited
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SEAWEEDS

convenient to consider the Nostocacea
under two families, viz. the Heferocystew and the

Homocystoer,
Hete H._:_..._.h_..f.m_. W,

General Characters.—The eells of the trichome are
differentiated into vegetative cells and into heterocysts,
or cells _:E:u:___ of farther development. The
elongation of the trichome is by transverse division

of all the eells (tribe Nostocear), or of a meristematic
group of eell

.“:.::. Rivularien). There 1s true
branching only in the tribe of Stresiphoniece, effected
by the division of cells parallel to the axis. Hormo-
gonia, and spores endowed with the power of resting
and of thus pre

rving the plant during unfavourable
sons and periods of dryness i

particular, are the
characteristic modes of reproduction.

The Thallus—The vegetative cells of the trichm
vary least in the tribe Nostorea, where they all appear

to be very much alike ; differences appear in those
forms classified under

cifonemenr, and are most
marked of all in the tribe of Rivularieee. The cells at
the tip of a filament are generally shorter than at the
base, where they attain an elongate eylindrical form.
Cell-division takes place ordinarily when the cell
attains its maximum length, but when growth is
active the divisions suceeed each other before that
is reached and while the cells are still short. The
n_q:.._f.m_ of the trichome (ealled the sheath in all the
Nostocarer) may be mucilaginous, gelatinons, or car-
sistence, and  ther

iderable

variety in its form and other characters, of serviee in

tilaginous in 15 col

i
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SEAWEEDS

be farther distinguished by their greater refraction,
They adhere to the sheath, and at the point of their
attachment to the neighbouring cells there is a little
button-like _:.:.._n_...m_._.__.__ of cell-wall. Besides the true
branching in the tribe of Siresiphoniea there are
false branching

the ordinary vegetative cells, from which they may

s in other forms, oce

ioned by mode
of growth, by the sticking of the heterocysts to the
ath, and by the development o

hormogonia
which have not escaped from the sheath, or have
become fixed on the filaments. In the last case, of
course, there is no sort of ..._L":__._._...

Feproduction 18 most frequently—is ordinarily—
effected -by the production of hormogonia. These
are mere segiments of the trichome, to be distingnished
from with diffieulty in s

ne genera (e.g. Nostoe.
Analeina), but in others more specialised. In some
lia terminates the
existence of the __::___..f._ and in fact involves its de-

cases the production of hormog

struction ; in others it begins at an early stage of
._._:.m___;.__._

while the filaments are sti
_;._z;_._;i More or

1, and
0SS ..:.:_,_.1_.,. during the life of the
The hormogonia esc

| sm

plas

ape by sliding towards the
opening at the end of the sheath.

e fix them-
Ives on the parent plant, but most descend to the
substratum. On coming to rest they either develop
at onee into a new filar
horts

nt, or rest for a longer or
time while their cells inerease in s nil
their sheath ETOWS in thickness, sometimes _:_.;.::m:ﬁ
larger than the ordinary filaments. In other cases
the _r:._:,ﬁ..:_: divide and subdivide, while they
elongate ul 1 ::__—._u. for a time befor

e

assuming
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TAWEEDS

several trichomes, or bundles of trichomes, ____f.ﬁ.__..ﬂm. at
the extremity of their common sheath, in which
H._:_.a. TeImaAln ._::,:.._w:.;. t_:_:_._;,;_. while the {ree T..:._.;.
become elothed each with a separate sheath. Where
two trichomes thus e

, 1t sometimes oceurs that
a fairly regular dichotomous false branching is pro-
duced. In the Lyngbiyew f: wching (in spite of
the abs ), arises from a breaking
of the trichome, sometimes Tu.. its mere __,:u_HZ.. some-
times by a eurvature of the filament, and the new
ends breaking through the s

e of _:_?.ﬁ.:ﬁ.u...r

ith grow out, or
sometimes :Zm,f. one does this. The tribes __qtb:.:_.
arier and Lynglbyece have thus the first a te

ninal,
the second a lats

| branching.

The trichomes grow at all points, but generally

towa the apex there are indications of apical
growth in a greater number of short cells. At the
apex itself the terminal cell, more or I 1eal

or like a eupola in shape, has a thick protective
- membrane, and its
its precise for

iresence or m_.__.....m T

u-:H,_
1 afford a systematic character in

classification.

The structure of the sheath has been very care-
fully studied in this group by M. Gomont, and his
observations are probably generally applicable to all
IJ—:.._.._m_m..ch...m._.- q—‘mu._

£ ith and cell-wall proper exhibat
different chemiecal reactions, and while the latter
appe » resemble eutine, the of
a substance nearly allied to cellulose. At the
Ppesars to become cutini .,____
coloured under the influence of

Is

same time the sheath :
when it becon
light.
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SEAWEEDS

CHROOCOCCACERE

¥

Yeneral Characters—The Chroococear are dis-
tinguished from the Nostocace not only by their
unicellular character, but more particularly by the
et that they do not produee hormogonia, but uni-
cellular reproductive cells. Typically cell-division
does not oceur in one direction only leading to the
formation of trichomes, but the direction varies with
more or less H_._R:_.«Hwﬁ.,«.. and sinc the daughter cells
remain together in colonies within the original
of generations ((rlwocapsi)
irregular gelatinous masses are thus formed. The
order 1s divided into two families
and Chamesiphone, which may for convenience be
treated separately.

The Chroococeece are best known _.u.‘ the Zenus
(lwocapsa. After each division of the mother-cell
the daughter-cells may b
dently, but usually they are held together by the

envelope for a numbe

Chioococee

free to develop ::r._:..:-

common gelatinous envelope for a succession of

generations.  Spores are formed after the simul-

whole n:“::u.. of ecells,

taneons ..T...:.k._ in habit of t}
and in place of the gelatinous membrane a thick
membrane, rough on the outside, 1s developed, The
spore repeatedly divides, and soon forms in this way
a new normal colony of vegetative cells.

The Chamesiphonee possess in Hyelle a genus of
perforating Algm, which at first sight appears to be
an appro: ch to the Nostoencew, since the cells ocour in
y are, however, so many individual

filaments., TI
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AWEEDS

plants, thus juxtaposed, each

dependent of the of
others, though inclosed within a comm
and not trichome-formations as
The

shells often in company with Gementia and Mastigo-

envelope,
in the Nostoracee. 4

aments so formed by the H_:_::.a. ramify within

1, B8 —Hyella coapitoa.

b

coleus, and effect the disintegration of the shell sub-

_.._,___.:.,.“._.::: s effected ﬁ_.a. the liberation of

shal

f.._r__...:_._._._.._. cells from the enve ope (not 1n _u.;,::ﬁf.

nia), and by spores formed in sporangia by successive
divisions of the protoplasm.  Dermocarpa oceurs as

an epiphyte on other Algm, and consists of clusters
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218, 219

Callophyliis (Fig. 67), 21
Callymenia, 216, 219
Cedoglossea, 200
m.:.m._:.._..____h._.:._._._c. 239
Capsosiphon, 176
Carpolbleplaris, 238

i _..___zc.:______:....:._:. i3]
Carpogoninm, 202
Carpomitra, 86, 87
m..._—_..___._c.__.:___. them, 55
Clasfagnea, 93

Catenella (Plate VL) (Fig. 09)

5
30, 31, 32,
27, 133

o

Canle I'JHLCER, 121
Caulerpites, 127
Ceramier, 235
Ceramivm (Plate VIL
235, 238
Ceratinm (Fig. 56), 181
18!
Themeedloria, 161, 165
vt angiee, 210
Thevtangivm (Fig, 63), 210, 213
hertoceras (F
hertomorpho (Fig
heetophora, 170
hurtapteris, 113,
el masa, 149, 151
hranie _;.b______t WEE,
hampia (Fig.
), 230
Theantransia (Fig.
208, 209, 210
Thevraeinm, 178, 179
eilosporum, 241
“hlorochytviem, 177, 178
il _..______..;___”A_._.ﬁ_ 77, 179
Chlorodesmiz, 137, 140
Chlovodictyo
Chiorophycee,
Chi _..c___.._.a (e,
Chuoospora, 54
Chondria, 235
Chondrus (Plate VI.), 216, 219
Chorda (Plate I1.), 75, 76, 79, 81,
84, 85

—

-~

o
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Chordaria (Fig. 22), 90, 03
Chardariaces, 90
Choreocoluxe (Fig. 6
219
__..._.___:t.__.._}_:.:J__A.__ Tt o |
_._‘w___.:.‘._.k_____.:..._.h__.m____.._.l.. 115
Chromatophores, 26
Chroococearen, 258
Chroceoceenr, 25

211, 213, &

i ————

it

Chylocladia (Fig. 70), 224, 225,
229, 230

Cladaophora (Plate TV.), 166, 169

Cladophoracee, 165

MMadostephus, 113, 114

Clandea (Fig. 74), 280,

Cliftonea (Fig. T76)

Coceoliths, 1896, 187

Covcophora (Fig. 3), 43, 48, 55

Coccospheres (Fig. 58n), 185, 18(
1¢

Coddieee, 132

Codiolum, 178, 179

Codiophyllom, 144

Condinm (Plate IIL ) (Fig. 3
134, 135, 136, 137, 138

Coilodesme, 108

y BN

Collecting, 27

Colours, 4

Compsothamnion, 237

Conceptacle, 48, 73

Coralling (Plate VIIL) (Figs. 84
and 85), 241, 244

Corallines, 241

._:_.:.z____b.\m:.,... g

[ ._.__.:__,____.___1 Jadia, 230

Costaria, 76, 79

Craticular state, 190

Crowania, 237

Critoria, 241

Cryptes piliféres, 53

Cryptonemiacen, 338

Cryptostoma,

Ctenocladus, 173

Culture of senweeds, 8

Currents as agents of distribution, =
1ik

Cutlevia (Plate 1.) (Fig. 8), 56, 57,

58, 59, 60, 65, 68, 69, 117

132,
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Gomontin (Fig. 50), 165, 166, 168
170, 260

Glonimoblast, 205

fomiotrichnm, 248

Erracilaria (Fi

3

trateloupien

Grifiithae, 237
rinmellio, 232
Growth, 23
(Fymnngongres, 216, 219
‘....__.._____.._:?__. ', 154

Hematorelis, 241
Healicoryne, 148, 149, 151
Halicystiz (Plate IIL) |
136, 157, 165
Helicdrys (Plate 1.), 48,
Hedimeda (Fig, 41), 1
Halopithys, 235
m____.q_q:_._.._.a“._—.__.____., 7
Healopteris, 113, 114

Heuly
Halothriz, 95
Holurus, 237
Halymenia, 239
Huaploporella, 1

Haplospora (Fi
Harveyella, 211
Helminthoclodin,
Hefmintl
Helminthorea, 207, 210
Hennedye,
H rponeman, 92
Heterocyster, 252
Hidldlandtie, 200
:.\.h___.._:::___:.__._.: (Fig.
M, 39

___.L_..__._..__._.._____.z._.q , 250

Hyelln (Fig. 88 ..1
Hypmen, 224

Hydrolapethum, 232

3

Ilea, 175, 176

SEAWEEDS

Tsthmoplea, 119

Jonie, 241, 244

Kjellmenia (Fig, 25), 102, 104
Laminaria (Fig. 13), 70, 85
Laminariacer, 75
_.._._.___:___...___._:.____.m. i, HO

Loevwrencion, 235

Leathesia (Fi
___..C_.L:.__...:.m_—_ =] ﬂ
Lemanea, 200, 208

Leptonema, 05

Loésnonia, TG, 77, ﬂ‘_-_, _r:. 85
Letterstediin (Fig. 54), 174, 176
Li 209, 210

4
Lithoderma, 109, 110, 111
Lithaphyllum, 241, 244
Lithothamnion (Fig. 83), 241
244
Litosiphon, 108

Lomentarin (Plate VIL), 224,
2485, 228,

Lyngliyee, 255

Muerocystis (Figs. 16 and
77, 79, 81, 85
Muarginaria, 55
Murtensia (Fig,
Mastine 2,
Melobesia (Plate VIIL), 241, 244,
246
Mesoglwea, O
Microcladin, 238
Microdictyon, 156, 163, 165
Microsponginm, 91
Monospore, 237
Monostroma, 174, 176G
Mounting-fluid, 30
Maunieria, 154
My .__:_w e
Myriactis, 93
Myriocladion, 93
Myriodesma, 48, 55
Myrioneme, 91,92, 93

108
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| Reproduction, 25
g\ | Rhabdoliths, 186, 187
Rhaldonema, 105
! Rhabdonia, 22
Tl Rhabdoesphe
byt 186, 189
H.____.__..._..:._____.x_ 137
Rhipocephalus (Fig.
i Rhizocloniwm, 1606,
Rhizophylide
Rhodochorton
Rhododermis, 241
Rhodomela, 235
Rhodomelew, X
i Ithodaphyeer, 200
Rhodophylliden
Rhodophyllis, 221
Rhodymenia (Plate VIL), 224,

{Fig.

Saccorhiza |

mity, influence of, 9
yens (Fig. 6), 48, 49, 51,

55, 5
Soargassum, 43, 48, 55
Seaphospora (Fi
Sehizymenia,
Schmitziella, 244
Seinaies (Plate V.)
213
Soytonen
!..._.___..c._._._...w__.._ t, B4, 108
Seytolhalic, 55

ne, =

ey

i, 165

Solieria, 22
: Sorocarpus, 117, 119
Spatoglossum, 61
Spermatochins (F
Npernod hamnio
Sphacelaria g
: 115

EAW

EED

Syhacelariae

Sphacella, 115

Sphorocorees, 2

__./.___._._ﬂ:...____.:..:_.. s, 224

Spshand ylothanmimnion,

Splachnidincesr, 70

Splachnidinm (Fig. 11), 70, 81, 84,
10

.f._&_.._z.:__.u‘..m_::—q.:. 161, 1G3

Sporochnacer, 86

Sporochis (Plate IL), 86, 8
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