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I.  IHIRODUCTION.

Southern Australia has long been recognised as a
region characterized by numerous genera of Fucales, most
of them endemic or largely so. These coasts are richer
than any other comparable part of the world in number of
genera and number of species of the Fucales. It is not
surprising then that many of these genera have been
studied from morphological and anatomical view points.

But most previous studies have done little more than give
some of the main characteristiecs of different genera,
although recent studies (e.g. Naylor, 19%9a; 194%9b; 1953a)
1954y Osborn,19%48) have been more comprehensive. There
is thus a need for detailed and thorough studies of all
the distinetive Southern Australian genera of Fucales, and
of as many species as possible in the larger genera.

While the monotypic or smaller genera are fairly well
known taxonomically, the species of larger genera such as
Cystophora, Myriodesma and Saxrgassum are poorly known, and
no adequate account of them is available.

This study was undertaken to obtain detailed
morphological,, anatomical (and where possible cytological)
information on the Southern Australian Fucales, and to
clarify and revise their taxonomy. The following table T
sets out the acecepted classification (e.g. Fritsch, 19%5bs



1952) of the Southern Australian genera of Fucales, and
references to previous anatomical work are given for each
genus in order to indicate the previous state of knowledge.
All the known southern Australian genera and speciles

have been investigated -= although some from only a
taxonomic viewpoint due to lack of material - except
Sargassum. This genus has been deliberately omitted
since the southern Australian species are probably typical
of the genus from an anatomical viewpoint yet are very much
confused taxonomically. The recent paper of Womersley
(195%) on the Subgenus Phyllotrichia shows the need for
thorough developmental and seasonal studies in this genus.
The following genera have not been investigated in view

of recent thorough anatomical studies on themd— Hormosira
(Osborn, 1948), Durvillea (Waylor, 194%9b; 1953a).



IABLE 1.
CLASSIFICATION OF THE SOUTHERN AUSTRALIAN GENERA

Family.

1s Pucaceae!

Previous anatomical studies.

Gruber, 1896.

Gruber, 1896; Williams, 1923,

Gruber, 1896.

Gruber, 1896; Naylor, 19%9a)

umh@r’ 1&96; smit'h, 18930

Barton, 1893; Gruber, 1896; Heine
19323 Mit , 1941, Nayla
195%a

2. Cystoseiraceaet Gruber, 1896,

Gruber, 1896; Reinke, 1876.
Srubes: i@ggé
Gruber, 1896.

Gruber, 18963 Mollet, 2889, Osborn,
Barton, 18993 Gruber, 1896, Mitchd
18933 Williams, 1933,

Gruber, 18963 Naylor, 1949b
* 19538; Whitting, 1893.

3. Hormosiraceae:

%. Durvilleaceae:



Material used in this study includes:

(1) Liquid preserved and fixed material, mainly from
the coasts of South Australia (Kangaroo Island,
Eyre Peninsula and near Robe), but also from
other loecalities in Victoria and Tasmania.

(2) Herbarium material in the algal collection of the
Department of Botany, University of Adelaide. This
comprehensive herbarium contalns a large range of
specimens from all Australian States, and it was
considered adequate to give a good concept of
the variation within species and (together with
the literature records) of their distribution.
Other herbaria will, of course, have to be con-
sulted before a taxonomic monograph of the Southern
Australian Fucales is finalised.

The genus Jlothela previously placed with Hormosira
in a separate family of the Fucales, has proved not to
belong to the Fuecales but probably to the Heterogeneratae.
Hothela is described and discussed at the end of this

account.



II.

In the present century the knowledge of no other great

plant group has broadened more rapidly and with more startling
changes than has that of the algae. Algal nomenclature begins

with the year 1753, when Linnaeus recognised 11 genera, but

only four of his genera (Chara, Fucus, Ulva, anann:a:zlJ are
now accepted as genera of algae, and Conferva has been reduced

to a synonym through the proposed conservation of Iribonema
against Conferva L. (Briequet, 1935. Papenfuss, 1950. 8Silva,
1952). Botanists, in general, were content to arrange the
species ﬁnder the classieal genera Fucus, Ulva and Conferva
until Stackhouse (1795-1801) broke away from the classical sys~
tem by introducing the use of colour. Esper (1800) published
coloured plates of algae without any spacial arrangement and

his works were largely based on fragmentary specimens. This gave
impetus to Dawson Turner (1808-1819) whose "Historia

Fucorum" marked the culmination of an epoch in which a great
variety of forms were called Fucus, without any further

classification. Turner's work is still a greasure of general

N.B. Chureh (1919), Taylor (1922, 1936) and Papenfuss (1955)
have traced the development of the Classification of the

Phaeophyta.
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information and is indispensible. Up to this period, all the
changes that had been proposed were made elbler upon vague,
uncertain or artifiecial principles or upon local and imperfect
material.

New ideas and thoughts followed the increasing
acceptance of the Natural System of Claasificétion of flowering
plants, which was to finally supersede the Linnaen System.

Plants for the first time were grouped in subdivisions and orders
which clarified their natural affinities. These concepts were
applied to marine algae by Lamouroux (1813) who formulated a

new scheme which not only segregated numerous genera, but arranged
them in distinet Natural Orders. In fact he laid the foundation
stone as well as making a considerable advance in the new
classification of the algae. He also used a biochemical character
(colour) in part in the classification of algae. He separated
the order Floridées from the Fucacées and the Dictyotées. Some
imperfections in his new system were the inclusion of Furcellaria
under the Fucacces and Amansia with Dictyotées, while Asperococcus
was placed with the Ulvaceées.

C. Agardh (1817) also did not reach perfection in
classifying algae on a colour basis like Lamouroux, and the former
changed the latter's designation of Fucacées to Fucoideae to
include all the brown algae, but he still placed the Dictyotées
of Lamouroux with the Ulvoideae. In 1821 C. Agardh included most
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of the brown algae under the Fucoldeae, retaining L;ghing,
Lemanesg and Bﬁiﬁllﬁ;ﬁg, C. Agardh differed from Lamouroux in
the constitution of genera. Lyngbye (1819) following Stackhouse,
Lamouroux and C. Agardh, drew up his own system of classification
which was purely artificial and based only on local and scanty
material. Brown and red algae still were confised, Delesseria
placed next to Fucus and Ulvg associated with Laminaria. Bory
(1828) contributed much to the knowledge of the algae but res-
tricted himself to the deseription of genera and species.
Greville (1830) made a slight advance over his contemporaries and
predecessors in algal classification but still retained Lichina
and Pglyphacum in the Fucoideae which he used for the first

time as an order. Previous authibrs always used Fucoideae in a
broad sense as Brown algae. Five out of his eight orders
(Fucoideae, Laminarieae, Sporochnoideae, Chordarieae, and
Dictyoteae) are retaiged still in tne?3§§K£2%‘3r today.

Bartling (1830) in classifying the plant kingdom used
Fucaceae as an order and placed most of the brown algae under it.
Decaisne (1840, 1842) and Harvey (1836, 1841, 1849) stressed
more the natural relationships and they rectified most of the
obvious erragFf the past. Harvey (1849) referred to the brown
algae as the sub elass Melanospermeae or Fucales and recognised
six orders — Fucaceae, Sporochnaceae, Laminariaceae, Dictyotaceae

Chordariaceae and Ectocarpaceae —. These were rétained by
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J. Agardh (1848) and by more recent algologists. Bromhead
(1836) used Fucoideae as one of the races of Algae, which
included the brown algae. Decaisne (1842) divided the brown
algae into two families (i) Fucaceae and (ii) Sargasseae.
Montagne (1842; 1845) like Bory restricted himself to the
deseription of species and genera and placed them under the tribe
Fucaceae, He transferred the genus Lichinas to the lichens.
Endlicher (18363 1843) stressed more the natural relationships
but still retained Lemaneae under the sub order Fucaceae before
the families Fucoideae and Cystoseimme.

Kuetzing (1843; 1849; 1860) made a remarkable advance
in systematic, anatomical and physiological work in
algae, but he had peculiar ideas with regard to their classif-
ication and established many new genera out of the old ones.
His works gave a considerable impetus to future algologists. In
1843 he established four families (i) Fuceae (ii) Cystoseireae,
(1ii) sargasseae (iv) Halochloae, but in 1849 he absorbed
Haochloae 1£T§argasseae. Though he made mistakes he corrected
previous authors by excluding Lemaneae from the brown algae.
Modern phycologists are highly indebted to his contribution to
the classification of the algae as a whole.

Haegeli (1847) made a very remarkable contribution to
the classification of algae by introducing biochemical and
anatomical characters. His system was larpgely based on apical



9.

cells and apical growth, especially in the families Chantransieae,
Padineae and Fuceae. In the Fuceae Naegeli established the
presence of a single aplcal cell. His system was incomplete
because he elkminated the important group Laminarieae from the
brown algae, but on the other hand he introduced the conception
of phylogeny in algae. J. Agardh (1848) drew up a complete
system of all known algae. He extended the Phaeophyceae to
include 7 orders (also referred to by him as families in certain
places)and the genera were arranged in series from Ectocarous
to Sargassum., His orders of brown algae are still retained with
altered eircumseription. This arrangement of J.G. Agardh's
constitutes the basis of modern classification.

The discoveries of sexunality and alternation of generations
was the start of our understanding of life histories among
algae. Fertilization in Fucus was first obgserved by Thuret
(1854) though the significance of sexuallty was first considered
by Decaisne and Thuret (1845), Thuret (18513 1855a; 1855b), and
the theory of sexuality was elarified by Thuret and Bornet
(1878) for theébrown and red algae. Strasburger (1897) observed
the fusion of egg and sperm nuclei of Fucus and established that
Fucus was diploid; this was later confirmed by Farmer and
Williams (18963 1898), and by Yamanouchi (1909). Yamanouchi also
established that meiosls occurs during the first two divisions
of the nuclei in the oogonia and antheridia.
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In 1891 and 1897 Kjellman reviewed in detail the
Phacophyceae, and De Toni (1895) published the most complete
systematic acecount of the brown algae. The most complete work
of the early 1900's is that of Oltmanns (190%; 1922). Oltmanns
(1899) was very much influenced by Naegeli and did considerable
research on the anatomy and development of several generak
of "Fucaceen". He laid more emphasis on the number and the
shape of the apical cells as well as the number of eggs
produced in each oogonium. Oltmanns modified and enlarged on

Naegeli's system of classification. Gruber (1896) was in-
fluenced by Oltmannshnd placed Xipbophora in the Fucaceae,
Myriodesma and Sgaberis in the Cystoseiraceae and excluded
Ecklonia from the Fucaceen. Le Touze (1912) suggested that
a uhinncleolate type of nucleus was characteristig of
Fucaceae and a granular type of nucleus of the Cystoseiraceae.
Kylin (1917) revised the clissification of Phacophyceae,
based largely on the development and the nuclear cycles. He
established five orders, Phaeosporae, (Thuret, 1850) »
Tilopteridales, Dietyotales, Laminariales and Fucales. Oltmanns
(1922) placed the Durvilleae and Fucaceae under the Fucales,
and further established 4 groups in the Fucaceae (Anomalae,
Fuco=Ascophylleae, Loriformes and Cystoseiro-Sargasseae). In
the Anomalae he included Hormosira and fiotheia. Schaffner
(1922) recognised % orders in the class Phaeosporeae,
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Ectocarpales (isogamous), Laminariales (Zoospores only),
Cutleriales (angisogamous) and Tilopteridales (oogamous). In -
the class Cyclosporeae he included the Fucales and thsf’
Dictyotales. He based his system on the development of zoospores,
sperms and the number of flagella. Taylor (1922) in reviewing
the brown algae, stated that "in all classes parthenogenesis

and other kinds of short cuts in the life cycle may be present,
and may be so characteristic of the ordinary propagation of the
plant that the fundamental type of alternation upon which the
classification is based may be obscured". He recognized two
ordersi- Phaeosporales and Cyclosporales. The former included
iso- and aniso-gamous forms. The Cyclosporales included all
oogamous groups and showed a reduction from a morphological to a
mere cytological alternation of generations. He recognized thgee
families (the Dictyotaceae, Laminariaceae and Fucaceae) inthe
Cyclosporales.

Kylin (1933) established a new system of classification
of the broﬁn algae dividing them into three classes -
Isogeneratae, Heterogeneratae, and Cyclosporeae = and 12
orders. In the Class Heterogeneratae Kylin established two
subclasses Haplostichineae and Polystichineae. Kglin's
classification of the Phaeophyta is as follows:=-
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I. Class Isogeneratae. =-- Ectocarpales, Sphacelariales,
Cutleriales, Tilopteridales,
Dictyotales.

II. Class Heterogeneratae.e

(a) ©Sub Class: Haplostichineae - -~ Chordariales, Sporochnalis,
and Desmarestiales.

(b) Sub Class: Polystichineae -~ Punctariales, Dictyo~
siphonales, and Laminariales.

III. Class Cyclosporeae -+ == Fucales.

Kylin also considered three main types of development -
Dictvota type, Laminaria type and Fugus type and placed the
three classes under these types respectively. Eis system of
elassification has been accepted by most of the present day
algologists except Fritsch (19%3; 1944; 1945b; 1952).
Papenfuss (1955) recognized all the orders of Kylin but without
grouping them into the classes and subclasses.

Roy (1938) suzgested separation of the Fucaceae and the
Cystoseiraceae of the Fucales on the basis of reticulate
nucleus and granular nucleus respectively. The classification
of the Fucales adopted by Fritsch (19%5b; 1952) is based on
Oltmanns (1922) and Kjellman and Svedelius (1909). Fritsch
established the family Hormosiraceae which included Hormosira
and Notheia. Schmidt's (1938) classification of the Fucales is
based on the position, number of oogonia and form and number of
apical cells. It appears that Schmidt followed Oltmanns and
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Gruber. Schmidt established the family Notheiaceae and absorbed
the family Cystoseiraceae within the Sargassaceae. Papenfuss
(195la; 1953a) followed Kylin's (1933) system of classification
of the Phaeophyta with the exception of the Punctariales which
were merged with the Dictyosiphonales (Papenfuss, 1947).
According to Fritseh (19%5b, 1952) and Papenfuss (195la; 1955),
the Fucales is composed of 7 families; Papenfuss recognises
Notheiaceae, instead of Hormosiraceae. |
Recent authors have regarded the major groups of algae
as being of divisional rank, and the brown algae are aceordingly
known as the Phacophyta. Papenfuss (19463 1951b; 1953b) has
proposed the andings "phycophyta" for the algal divisions, but
in this account the name Phaeophyta will be used.

The Fucales are probably the most advanced group of the
Phacophyta and also the most widely distributed. The species
of Fucales have reached the highest level of morbhological and
anatomical differentiation but the origin of the group is still
very uncertain. This large order is particularly well
represented in Pacific and Australian wvaters. Most genera
are restricted to a particular elimatic zone = i.e. tropical,
warm temperate, cold temperate, and subantarctic (or subarctic)
though Sargassum occurs from the tropies into cold temperate
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waters. Fucus and Cystoselrg are common in northern latitudes
while Sargassum is conspicuous in the tropies and the sub-
tropical regions. Cystophora is the largest genus of the
Australian Fucales while Durvillea 132’characteristic a;-;-c
subantarctic and cold temperate genus. Hormosirs is the chief
emergent form in Australasian waters.

Cystoseira, a large gemus of Fucales is largely res-

trieted to the Northern Hemisphere; species of Cystosells

are also known from the Arabian sea, a few from Australia,
and one species (L, myrica) from South Africa (Isaac, 1957).
Turbinaria is distributed through tropical and temperate
seas, never reaching further south than the Cape of Good Hope
and Premantle, Western Australia (T, gracllls, Harvey, 1854%),
or further north than the China Seaj otherwise it is confined
to the tropiecs (Barton, 1891). Two species occur in the West
Indies. A few species occur in the Indian Ocean. Coccpphora
and Hizikia, monotypic genera, are so far known only from the
Japan Sea (Okamura, 1927), where most species of Cystophvilum
oceur. In Australia this latter gemus is represented by
C, muricatum throughout the coast of Australia. Himanthalia, 2
distinetive genus of the northern hemisphere, is a widely
distributed member of the Fucales on the Atlantic shores of
Zmerica, Iceland, the Faroes and Europe from Nowway to Spain
(Harvey, 1851; De Toni, 1895; Naylor, 1951).
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Pelvetia canaliculats is a common European fomm while
P. fastigiata occurs along the North Pacific Coast of America
from Coos Bay, Oregon, to Lower Celifornia (Tilden, 1937).

Pelvetiopnsis and Hesperophvcus are distributed on the
North Pacific Coast of America.

Ascophvllum is commonly distributed along the North
Atlantic coast of Europe and America (Tilden, 1937). Rifurcaria
is frequent on the Atlantic shores of Europe and also on the
wouth west corner of Cape Province (Stephenson, 1947; Isaacs
1951). This genus is one of the exceptions among the Fucales
in possessing a perennial creeping rhizome which adheres to the
rock by means of small disks (Isaac, 1956). The genus
Bifurcaripsis is endemic in South Afrieca, on the coast of the
South Western corner of the Cape Province (Isage, 1942; Laing,
1941; Stephenson, 19%7). Hormophvsa occurs in the Meditteranean
Sea, along the east coast of Africa, (Isaac, 19563 1957) and
also on the west coast of Western Australia.

Axillariella (= Axillaria Grub.) Silva (1959) is mono-
typical from the South West of Cape Province, South Africa,
(Stephenson, 1947).

Acystis, a Red Sea genus, possesses a prostrate
flattened rhizome, and lacks airbladders (Schiffner, 1934).

In the Southern Hemisphere the Fucales reach an extensive
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development and diverse distinetive genera occur especially in

Australia and New Zealand. gelrococcus, Scyfothalia,
Bhvllospora, Scaberia, Carposlossum and Myriodesma are endémic
to Australian waters while Carpophvllum, Landsburgia and
Margipnariella are endemic to New Zealand. Hormosira, Cystophpra,

and Xiphophora inhabit Australasian waters. Durvillea potatorum
is endemic in Australian waters and is distribu.tod from Robe

South Australia to Pambula, New South Wales and':Tasmania. R.
willana is endemic to New Zealand. D, antarctica is distributed
from Chile to Cape Horn, Falkland I&lands, Kerguelen Islands,
Chatham Islands, Auckland and Campbell Islands and New Zealand,
(Skottsberg, 1907; 19%1). This marine gpecieshas also been re=-
corded in drift in Tasmania and South Wesﬁwesgrxustralia (Moore
and Cribb, 1952), and fragments recorded from Kangaroo Island
(Womersley, 1959).

The Australasian region is also the chief centre of
certain groups of Sargassum. Subgenus Phyllotrichia is mostly
confined to Australia and Tasmania although two species are
known from outside Australia, one from the Canary Islands and
one from Japan (Womersley, 1954). One species only, 8.
yerruculosum is recorded from New Zealand (Lindauer, 19%7). The
subgenus Arthrophveus is largely confined to the southern part
of Australia and Tasmaniaj; two species (S, heterophvllum and
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S, longifolium) are found in South Africa and S, undulatum

and S, lacerifolium in New Zealand. The most typicals':%enua,
Eusargassum is of world wide distributioﬁ in warm vaters. The
floating Sargassum (8. natans and 8, hystrix) of the Sargasso
Seas of the Atlantic belongs to this subgenus. Some species

are known from Southern Australia and one specles, S, splnuliger
is recorded from lew Zealand.

Ascoseirg and W are characteristic of the
Antaretic and the Subantarctic region (Skottsberg, 1907).

The Fucales mostly grow attached to rocks of the inter-
tidal zone or just below, but some inhabit the deeper levels or
in a very few cases are free floating (Sargassum nataps L. and
8, hytrix J. Ag. in the Sargasso Sea.). Intertidal specles are
rarely up to 1 metre in length but some species growing below
low water level reach up to 5 metres or more in length (e.g.
Rurvillea).

Womersley and Edmonds (1958) and Womersley (1959) have
used various species of Cystophora in Southern Australia and
Durvilles potatorum in Tasmania in defining the upper limit of
the sublittoral zone. The Fucales are a group which is variously
adapted to air exposure. In the cold northern hemisphere they
are largely an intertidal group, but in South Aﬁstralia only
one species is essentially intertidal - Hormosira banksil
(Womersley, 1959). Several Fucales in Few Zealand are lower
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1ittoral e.g. Durvillea sntarctica, R. willapa, Ziphophora

chondrophvlla var. paxima, Cystophora ftorulosa, C. scalaris and
(Womersley, 1959). In the north-

ern hemisphere Fucus and Pelvetia are important ldttoral species
but these genera are unknown in the southern hemisphere.

Hesperophveus and Pelvetiopsis are littoral species of
the North Pacific Coasts. I the tropical and subtropical
regions of the world Sargassum is the most important alga in
the upper sublittoral (Womersley, 1959) but it is also con=
spicuous at and below the top of the sublittoral region of the
warm-temperate coasts of the southern hemisphere.

Phyllospora is an upper sublittoral alga and is dominant
on rough coasts in New South Wales (Womersley, 1959). Cysto-
phora retroflexa, Marginariella and Landsburgla are common in
the upper sublittoral but generally not dominant in this zone
in New Zealand. Scytothalia and SgiIrQcOCCus are sublittoral,
and may oceur in rock poolsj; Fucales are not conspicuous in
the South African lower littoral, except Bifurcaria and
Bifurcarfpsis.

Himanthalia grows on the rough shores near the lower limit
of the littoral zone, often exposed only at the lowest spring
tides (Gibb, 1937, Naylor, 1951).

Axillariella suvaﬁwsga, inhabits the sublictoral zone
of the sough west of Africa. The Fucales are thus a widespread

group, common to most shores of the world.
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The thalli of the Fucales are differentiated into
holdfast, stipe, axis and branches or segments. The axes or
branches grow by means of an apieal cell, with the exception of
Durvillea, where growth is diffuse. In Fucus, Hesperophveus,
Pelvetia, Pelvetiopsls, Xiphophora, Carpoglossum, Durvillea,

EBhyllospora and lyriodesma, the receptacles are metamorphosed
vegetative segments or laterals. In Hormosira, the vesicles

bear the conceptacles in the surface. In the Sargassaceae the
receptacles are specialized organs. In Scaberis the vegetative
warty leaves become fertile and the conceptacles are borne on

the under surface of the leaves.

(1) ZIhe apical growth:

- Apical growth in the Fucales was first recognised by
Naegeli (1847) who separated the Chantransiae (red algae)
Padineae and Fuceae by the presence of an apical cell. Later
Kny (1872) and Rostafinski (1876; 1878) investigated apical
growth in Fucus and Hipanthalia respectively. Oltmanns (1889)
made use of their work in his classification of the Fucales
(z Fucaceen) and also contrib_uted to the histology and the
cytology of the Fucales. Gruber (1896) and Schmidt (1938),
influenced by the previous workers, classified the Fucales on

the presence or absence of the apical cell.



The apical cells are situated at the base of the funnel=~
shaped or flask-shaped apical depression, prbtected by mucilage.
The genera of the Fucaceae possess Y-sided apical cellg in
which segmentation occurs longitudinally at the lateral faces
and transversely at the base. The lateral segments divide
transversely to form rows of cells, the uppermost of which
elongate and form the meristoderm. The lower cells contribute
to the cortex. The basal segment, cut off from the apical
cell, divides transversely and longitudinally to build up the
medulla.

Barly differentiation of the meristoderm, the cortex and
the medulla occurs near the apical region. At the embryoc stage,
in the Fucaceae, the apical cell is 3-sided (Niemburg, 1931,
Fritsch, 1945b; 1952, Woodworth, 1888; Oltmanns, 1889,
Rostafinski, 1876; Subrahmanyan, 1955) and is replaced by a
hesided apical cell at the adult stage. Baker (1950) and Moss
(1956) deseribe a 3-sided apical cell at the adult stage of Fucus
¥esiculosus L. var. puscoides Cotton which grows in salt marshes.
Baker and Bohling (1916) suggest the possibility that the fer-
tilized eggs are cast up onto the shore into a zone unfavourable
for normal growth and development. Under these conditions plants
grow slowly, retaining juvenile structures (such as 3 sided apiecal
cells) and never reach maturity nor do they form reproductive ‘



cells. The distinctive 4-sided apical cell has been
investigated in Pelvetia (Kny, 1875, Oltmanns, 1889; Holtz,
1903, Moore, 1928, Subraﬁmanyan, 1956), Ascophvllum (Fritsech,
19455; 1952), Xiphophora, (Gruber, 1896. Heine, 1932),
Seirococcus, Sgytothalia and thllggnﬁnl (Gruber, 1896). This
d@finite 4-sided apical celyarisas from the B-Sided apical cell
of the embryo by longitudinal division (Fritsch,19%5b; 19523
Nienburg, 1927; Oltmanns, 1889). The 4=sided apical cell may
differ in shape or in segmentation in longitudinal sections but
it is always rectangular in transverse sections. 1In

Belvetia capnaliculata (Subrahmanyan, 1956) and in Xiphophora
(Mitehell, 1941, Naylor, 1954%a), the apical cells appear to be
3-sided in longitudinal sections. Fritsch (1945b; 1952)
describes the segmentatfon in Pelvetis and in Ascophyllum as being
less regular.

In Hormosira, the only genus of the Hormosiraceae, the
apical growth is initiated by a group of 4% (rarely 3) apical
cells (Gruber, 189€; Osborn, 1948; Schmidt, 1938).

In Burvilles growth is diffuse (Grabendoerfer, 1885;
Gryber, 1896. Fritsch, 1945b; 1952, HNaylor, 1949be Schmidt,
1938).

The genera of the Himanthaliaceae, Cystoseiraceae and

Sargassaceae possess 3-sided apical cells =~ biconvex in
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longitudinal sections and triangular in transverse sections.
These apical cells remain 3-sided throughout the life of the
plant. The segments of the apical cell are cut off from the
three faces by anticlinal divisions, giving rise to curved rows
of a few cells each. The uppermost cell of each segment lengthens
rapidly and divides anticlinallYto form the meristoderm. The
lowermost cell of each segment broadens and divides periclinally
and anticlinakly to form the medﬁllary tissues. The middle

cells of the primary segments, cut off from the apieal cell,
éivide anticlinally as well as periclinally, contributing to the
cortex. The presence of a 3-sided apical cell, apical growth and
the segmentation of the apical cell has been investigated in
Sargassum (Hansteen, 1892, Kuntze, 1881 Oltmanns, 1889. Reinke
1876, Simons, 1806), Halidryvs (Fritsch, 19%5a; 1952

Gruber, 18964 Hansteen, 1892 Oltmanns, 1889+ Reinke, 1876),
Himanthalia ( Naylor, 1951s Oltmanns, 1889s Rostafinski,

18764 Thuret and Bornet, 1878y Wille, 1910), Cystoseira
(Dawson, 194l¢ Valiante, 1883), Carpophylium (Oltmanns, 1889
Gruber, 1896s Delf, 1939ae Dawson, 19%0), Marginariella
(Waylor, 1953b), Turbiparia (Barton, 1891), Bifurcaria tuberculata
(Rees, 1933), and Bifurcaripsis cavensis (= Bifurcaria lacvigata
Laing, 1941).
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(2) Ihe mature structure of the thallus.

The mature structure of the thallus of the Fucales is

" derived from the apical cells. Three distinctive tissues =

the meristoderm, the cortex and the medulla —- occur in all

parts of the thallus. These tissues have been studied in
W (Barton,1891), Xiphophor, (Barton, 1893+ Reinkey

1876s Heine, 19323 HMitchell, 19%ls Naylor, 195%), Cuystosetta
(Dodel-port, 1885« Reinke, 1875s 1876), Fucug (Hick, 1885
Woodworthy 1888¢ Oltmanns, 1889s Nienburg, 18855 19238 Reinke,
1876s Hansteen, 1892s Thuret =nd Bornet, 1878, Le Touze, 19124
Moss, 19483 1950), Himanthalia (Rostafinski, 1876¢ Oltmanns,

' 1889e Wille, 1910¢ Naylor, 1951), Bifurcaria (Le Touze, 1912
Keinke, 1876» Rees, 1933), Bifurcariopsis (Laing, 19%1),
Pelvetia (Thuret and Bornet, 1878¢ Hansteen, 1892s Henckel, 1912
Holtz, 1903s Le Touze, 1912, MoPre, 1928s Oltmanns, 1889
Subrahmanyan, 1956), Marginariella (Naylor, 1953b), Sargassum
Hansteen, 1892; Oltznanns,‘1889, Reinke, 1876y Simons, 1906),
Halidrvs (Doubt, 1928e Fritsch, 19%5as Gibb, 1937¢ Le Touze,
1912, Reinke, 1876), Homrmosira (Hoilet, 1880+ Osborn, 1948),
Durvillea (Naylor, 19%9b; 1953as Whitting, 1893), Phvllospora
(Williams, 1923), Ascophvllum (Le Touze, 1912, Oltmanns, 18893
Reinke, 1876), Coccophora (Smith, 1893), Seirococcus (Smith, 1893)
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In descriptions of the structure of the thallus different
terminology has been used by different authors.

Reinke (1876) states that the thallus of the Fucales is
composed of epidermis, cortex and medulla and describes the
oceurrence of hyphae (sometimes mistken for intercellular spaces)
in the older parts of the thallus of Sargassum boryanume. A
middle lamella is present in the cell wall of all the specles -
studied by Reinke except Fucus vesiculosus which also lacks
pores. Rostafinski (1876) uses the terms “aussaﬁinde“ and
"innérinde" for the cortical tissue, instead of epidernis of
previous authors. Bower (1880) uses "limiting tissue" (ausser
rinde of Rostafinski) and cortical tissue (inner rinde of
Rostafinski) in describing the development of the conceptacle
of the Fucales. In describing Hormosira, Mollet (1880) and
Osborn (1948) follow the terms used by Bower excépt that Osborn
refers to the mediilla instead of the "ecentral part" of the
thallus. Pit connections and lamellae are described in the
cortical and the medullary cells of Hormosira (Osborm, 1948).
She also describes the presence of hyphae among the inner
cortical cells and the medullary cells. Lateral connections in
the medullary cells have been observed (Moll-t, 1880; Osborn,
1948). The tissues in Sargassum (Hansteen, 1892; Simons, 1906),
Fucus (Hansteen, 1892), Himantbalia (wille, 1910), Bifurcaria,
(Rees, 1923), and Xiphophora (Mitchell, 1941) are termed
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the assmilatory system, the storage system and the conducting
system according to their function. The outermost layer is the
assimilatory system which possesses dense chromatophores and the
cells are meristematic. In the peripheral cells radial
division is followed by tangential division, towards their
bases. The storage system comprises many cells between the
assimilatory system and the conducting system. The conducting
system consists of long cells of small diameter and with oblique
end walls. Hansteen belleves that these cells funetion as sieve
tubes and the cclls of the three systems communicate by pores,
but he is not certain whether protoplasmic strands continue
through the pores in Fucus, Pelvetia and w.' He observed
fucosan for the first time in 1892 and considered it as a
product of photosynthesis (1900). In Sargassum scalariform
thickenings occur on the walls of medullary cells (Hansteen, 1892)

Barton (1893) and Heine (1932) referred to the peripheral
cells, the parenchyma and the central strand in the structure of
Xiphophora, but Faylor (1954%a) prefers to use the terms meristoder
cortex and medulla respectively. Mitchell (19%1) deseribes the
hyphae which are abundant in the medulla (= the conducting
system) of the lower thallus. They are branched or unbranched,
ramifying amongst the primary cells of the medulla.
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In Eglggjig_:;ggigigjiFhree tissues — the epidermis,

cortet and pith or central cylinder = occur (Holtz, 1903.
Moore, 1928). In this species the epidermis is considered as
assimilative, protective and meristematic, containing dense
chromatophores. Anastomoses and pit formations occur in the
cortex and the pith (Holtz, 1903). Lamellae also oceur in
this species (Moore, 1928). Lateral connections, and the
cytoplasmic connections pass through the pores. Hyphae are
confined to the holdfast ¥n P. fastigiata (Moore, 1928).
Mucilage occurs throughout the thallus of Pelvetia fastisiata.
In Sargassum filipendula the three tissues are meristem~
atic near the apical region and the epidermal cells retain
their activity indefinitely (Simons, 1906). In the conduding
system inner thin-walled and outer thick~walled cells ocecur
where the latter are supporting as well as conducting in
function and the middle lamella is present between the cells.
in the tissues of S. filipendula (Simons, 1906) Reinke
(1876) deseribes rhizoids in the holdfast and intracellular
filaments (= hyphae) in the older parts of §. borvapum.
s the assimilating system is composed

of an outer zone of assimilating cells and inner zone of
mechanical cells occur; the latter also funetioning as
storage cells (Wille, 1910). Naylor (1951) describes I
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regions === the meristoderm, the inner cortex of thin
walled cells, the large thick walled cells and the med-
ullary cells. Both Wille and HNaylor describe the occurrence
of pit formation, lamella and the presence of hyphae in the
cortical and the medullary cells.
Rees (1933) deseribes radial communication by pores in
the conducting system and suggests the occurrence of protoé
plasmic connections due to the lateral contractions of the proto-

plasm. She also describes septate,hyphae, which become more
branched, with 288€, in the attaching disc.

(p.t.o.)
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; Chureh (I920) suggests as deseriptive terms for the
thallus structure, the peripheral layer, the cortex and
the medulla. His terminolgy agrees with that of Hansteen
andWille. Church states that (i) cells of the peripheral
layer contain dense chloroplasts and ere meristematie,
(ii)the cortical cells contain fewre chloroplasts, the
meristematic sctivities of the cortical cells are reduced

and these cells expand more affording more room for the
storage of photosynthetiec products (1ii) the medulla '

contains no chloroplasts and the medllary cells do not

divide but increase to large dimensions.They funetion as
conduction, or storage cells, or break down to be filled
with mueilege fluid,or act as mechanical support for the

plant. They elongate more in lengih.
Doubt (I928) deseribes the occurrence of protoplas—

mic connectlons, lamellae and sieve plates in Halidrys
dioica.She also obsreved hyphae in the midrib and vesicles.

Fritsch (I945a) deseribes the meristderm, the cortex,
the outer medulla and inner medulla in I, siliguosa, where

cell walls are thiek, lamellate and pitted. Hyphae occur in
in the basal parts of the plant.
The firm adherence of the protoplast to the transverse

walls in Bifurcarie (Rees,1933), Ascophyllum (Hick, 1885)

and Fucus ( Hick,I385 ),suggests an approach to the sieve

tube.
( p-toO)



29.

Marginariella (Delf, 1939b) the sieve tube appesrance is greatly
strengthened by the presence of large callus pads on the
transverse and lateral walls.

In Bifurcariopsis capensis, Laing (1941) describes the
medullary tissues as compact without secondary filaments but
having interweaving fi}aments which develop from the cortical as
well as from the medullary cells. She also reports the presence
of beaded structures across the transverse walls of the medullady
filaments, resembling a young callus. Whitting (1893) deseribes
a cortical and a medullary portion in Durvillea (= Sarcophvcus)
potatorum where the former is a compact mass of parallel rows of
cells becoming broader and looser towards the medullary portion
which is made up of filaments anastomosing and branching in
every direction. Faylor (1949b; 1953a) deseribes the meristoderm
the cortex and the medulla in D, antarctica and B. ¥illana.
Numerous longitudinal and some horizontal hyphae are produced as
outgrowths from the cortical and medullary cells in Durvillea.
Cellulose is present throughout the walls of the hyphae and in
the walls of some of the medullary and cortical cells (Naylor
1949b).

Three layers of tissues - the epldermis, the cortex and

central portion = occur in Seirococcus (Smith, 1893).




(3) Ihe receptacles.

Like vegetative apices the receptacles also grow by
means of a single 4-sided or 3-sided apical cell. The develop-
ment and segmentation of the apical cell of the receptacle has
been studied in Fucus vesiculosus (Bower, 1880), Carpophyllum
flexnosum (Dawson, 1940), Turbinaria (Barton, 1891s Blomquist,
19%5), Himanthalia lorea (Naylor, 1951), Carpophvllum maschalo-
carpup (Delf, 19%9a), Seytothalia dorycarpa (Naylor, 19%9a).

In Fucus, Pelvetia, Xiphophora, Mvriodesma and Hormosira the
fertile segments comprise the receptacles. The apical cells and
segmentation of the fertile segments of these genera are similar
to those of the vegetative segments of the genus concerned.

The three tissues, the meristoderm, the cortex and the medulla -
oceur in the receptacles.

Conceptacles oeccur scattered or in rows on the recept-
acles. At an ' early stage the conceptacles bear sterile hairs.
Later on antheridia and ocogonia are biarne on the wall of the
conceptacles or on paraphyses. The receptacles may be unisexual
or bisexual. The conceptacles also may be uni- or bi-sexual.

In Cystoseira foeniculacea the oogonia are deeper in the concept=
acle and the antheridia are in a ring below the ostidole (Dawson,
19%1). There is a trend of segregation of sexes and %he of

reduction of antheridia in G, fdeniculacea, C. discors, C. ab-
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rotankfolia, C. myriophylloides and C. canariensis (Sauvageau,

1911). 1In Scytothalia dorvcarpa near the base of the marginal
groove there is a single large cell, probably the initial of a

fgture receptacle (Naylor, 1949a). Naylor desceibes the
receptacle as bisexual bearing male and female conceptacles but
occasionally bisexual conceptacles may occur. There may be
segregation of sexes in the bisexual conceptacles where antheridia
are few.

The fertile segments of Xiphophora (Heine, 1932; Mitchell
1941) grow by means of a 4-sided apical cell. The segments are
bisexual and the conceptacles are either uni- or bi-sexual.

The segment of Hormosira grows by means of a group of &
(rarely 3) apical cells (Gruber, 1896; Osborn, 1948; HMollet,
1880). The plant is dioecious. Medullary cells are loosely
arranged and the intercellular spaces are filled with mucilage.
The medullary eeiis-are region is traversed by hyphae.

In the fertile segments of Xiphophora as well as those of
Hewgosira pit connections, lateral connections and hyphae are
strongly developed.

Durvillea is a dioecious plant so the conceptacles are
always unisexual, borne scattered over the thallus. The apices
of the segments are dome-shaped and growth is diffuse (Naylor,
1949b).
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In Seirococcug, Smith (1893) deseribes erect, torulose
erowded receptacles in the axils of segments with the male
conceptacles borne near the base and the female ones near the
top but both oceurring on the same branch.

The conceptacles are scattered or in vertical rows
along the edga:"g:re spirally arranged in Carpophvlilum f{lexuosum
(Dawson, 19%0) and Turbinaria turbinata (Blomquist, 194%5).

(&) Conceptacles.

Initiation of the conceptacles occurs near the apical
cell of a receptacle or a segment. Kuetzing (1843) describes
the conceptacle as a roofed - in sbrus ("eingestiilpter" sorus)
lined by a slightly modified continuation of the meristoderm
(= ecortical schicht). Further he speaks of cryptostomata
(Fasergrubchen), which are related to conceptacles (Hullen-
frucht). J. Agardh (1848) suggests that the 'Fasergrubchen" may
become the conceptacles (= scaphidia) in the fertile part of
the plant. Reinke (18753 1876) contributes to an accurate
description of the development of the conceptacle or
Fasergrubchen. In Fucus vesiculosus the "Fasérgrubchen"
originates by separation of 4 or 5 neighbouring meristoderm
cells aswell as of the cortical cells and the intercellular
space is filled with mueilage (Reinke, 18753 1876). The cavity
thus formed becomes flask-shaped, and the }ining cells put out
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papillae which develop into hairs. Reinke concludes that
the Fasergrubechen is homologaus with the conceptacles but his
investigation is not supported by any illustrations.

The development of the conceptacle is initiated by a

single initisl eell in Eucus serratus, F. spiralis (= F.
Rlatvearpus), F. vesiculosus, Ascophyllum (= Ozathalia) nodosum,
Halidrys siliquosa, and Himanthalia Jorea (Bower, 1880). Further

details of the development of a conceptacle are given by Oltmanns
(1889), Sigons (1906) and Nienburg (19823). Simons describes
the early development of the sterile and fertile conceptacles
as similar in Sargassum filipendula. Fritsch (19%5p; 1952),
describes the development of the conceptacle in the members of
the Fucales as commencing from a superficial cell. In
Cystoseira (Valiante, 1883 Nienburg, 1913, Fensholt, 1955;
Delf, 1939b), Sargassum (Simons, 1906; Tahara 1940aj 1940b;
19%l; Pensholt,1955), Carpophyllum (Delf, 1939a; Dawson,
19%0; Naylor, 1953), Halidrvs (Doubt, 1928; Nienburg, 1913;
Oltmanns, 1889), Bifurcaria (Rees, 1933), Bifurcariopsis
capensls (Laing, 19%1) and Turbinaria (Blomquist, 1945), the
conceptacles initial is flask-shaped and divides by a curved
transverse wall forming an upper tongue cell and égb lower
basal cell. The latter has been variously called the "lower
cell" (Simons, 1906), the basal cell (Fienburg, 1913), the

lower segment (Delf,1939a; 1939b) or the true conceptacle
initial (Dawson, 19%0). The basal cell divides longitudinally
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to form a serkes of cells which form the lining cells of the
conceptacle. While these divisions are taking place the ad-
jacent cells divide leading to the sinking of the derivatives of
the basal cell and to the separation of the tongue cell from the
adjacent cells. In Sargassum, Carpophyllum, female Iurbinaris
Bifurcaria and Bifurcariopsis the gongue cell elongates and
sometimes divides to form a row of a few cells, but in Cvsio-
seira, male Iurbinaria and Halidrys the tongue cell develops
into a many=-celled hair with a basal meristem. Meanwhile the
cells formed by the longitudinal division of the basal cell
develop the gradual widening of the cavity. In Hormosira tlie
initial is flask-shaped and divides by an oblique septum (Osbornm,
1948). The basal cell divides radially forming a single layer
of lining cells to the conceptacle; the fate of the tongue cell
is not described by Osborn.

In Himanthalia (Bower, 1880; Nienburg, 1913; Oltmanns,
1889) the basal cells of the hairs within the depression at the
summit of the receptacle persist and funetion as conceptacle
initials. These initials divide vertieally, then transversely.
The central cells thus formed do not divide as actively as the
marginal @nes which form the cavity of the conceptacle. According
to Niemburg (1913) the tongue cell forms a long multicellular hair

with basal growth.
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Naylor (19%9a) deseribes the presence of a single
hair wvith a basal meristem in a narrow slit in the young
developing conceptacle of Seytothalia. In Marginariella
- (Naylor, 1953b) the conceptacle initial divides by a straight
transverse Septum forming a tongue cell and a basal cell.

The basal cell divides repeatedly by anticlinal walls forming

a single layer of small cells constituting the wvall of the
conceptacle. The tongue eell divides by a series of transverse
walls forming a uniseriate filament.

In Seirococeus, the adjoining cells of the initial form
the conceptacle (Gruber, 1896).

In Fucus (Bower, 1880; Nienburg, 1913; Fritsehy 1952)
the initial is situated at the base of a deep and narrow cavity
@ue to the outgrowth of ad Jacent cells. A straight transverse
septum divides we®% the initial into a tongue cell and a basal
cell. The basal cell divides vertically then transversely to
form 2 1a§ers and by this time the tongue cell is deeply sunk.,
Further division of the derivatives of the basal eell forms the
floor of the conceptacle. The tongue cell sooner or later dis-

)(’1ntegrates. Similar development oceurs in ZLiphophora (Heine, 1932).

In Eﬁl!ﬂii&.fﬂi&lﬂiﬂhﬁ.(Hoore, 1928; NWienburg, 1910) and

in E._ganalisnlgng,(Subrahmanyan, 1957a) the conceptacle initial
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divides léngitudinally into two. This is somewhat different
from what has been observed in other genera. Each derivative
so formed divides transversely a number of times to form

basal cells which form the wall of the conceptacle. The wall
of the conceptacle of P, canaliculata is 3 to 4 cells thichk
but in P, fagtigiata it is only one cell thick. The development
of the conceptacle in P, fastigiata (Holtz, 1903) is initiated
by cuttinpoff the basal mells from the meristoderm cells.

These basal cells divide periclinally and radially to form a
small pad of meristematic cells while the meristoderm cells
immediately above them collapse and so form the cavity. In

P, fastiziata (Moore, 19283 Nienburg, 1910) the upper cells
form many celled hairs but no hairs develop in P, canaliculata.
Further Nienburg (1913) states that the first division of the
conceptacle initial in P, fastigiats is no® always vertical.

In Ascophyllum irregular segmentation occurs (Nienburg, 1913.
Oltmanns, 1889; Bower, 1880) forming a mound of cells on the
wall of the conceptacle.

(5) Structure of the fertile receptacle.
Reproductive bodies of thé Fucales are borne in the

tonceptacles. Sterile conceptacles also oceur in Fucus, Sar-

gassum, Iurbinaria, Xiphophora, Mvriodesma, Cvstopbvilum and
Cvstoseira. In these conceptacles the hairs ate sterile, simple

and develop at the middle of the conceptacle floor by basal
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growth. Thase.hairs projeet through the osteole. Shorter
pigmented hairs with diffuse growth also occur. First they
are one celled, then becoéing multi-cellular producing
unicellular branches (Fritsch, 1952). These hairs produce a
mucilaginous fluid which fills the eryptostomata (Pritsch,
1952). According to Fritsch the cryptostomata are to some
extent, influenced by habitat conditions. They are prominent
in the saltmarsh forms of Fucus vesiculosus (Baker and
Bokling, 1916). In some genera (Sargassun Cystoseira, ete.)
the leaves contain sterile cavities or cryptostomata within
which sterile hairs are produced.

(i)  Reproductive organs.
In the Fucales reproductive organs are borne in

the conceptacles and the distribution of the reproductive
organs varies in different genera and even in one and the
same species (Kniep, 1925y Fritseh, 19%5b; 1952). Several
genera are dioecious but the monoecious condition is more
usual in the Pucales (Fritsch,19%5b; 1952). In Cystoselra
the conceptacles may be unisexual or bisexual (Dawson,

1941y Sauvageau, 1912). Sargassum also exhibits a condition
similar to that of Cystoseira (CGrunow, 19153 Setchell,

1931), but many species of Sargassum are dioecious. In

dicecious species of Sargassum the male receptacles may be
smooth and the female ones spinous (Fritsch,1945b; 1952).
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In S, hornmeri (Kunieda 1924%; 1928), the male receptacles
are longer ané more slender. Doubt (1928) states that the
receptacles are tufted in male plants of Halldrvs dioica.
The genus Turbinaria is generally considered to be strictly
dioecious. This may be true of Hizikia fusiformis (= b 8
fusiformis Tshara 1929a), I. ornata, and I, filiformis (Inoh,
1937b), but I, turbinata (Blomqﬁist, 19%5) on rare ocecasions
possesses bisexual conceptacles or ocelasionally antheridial
and oogonial coneeptacles occur in one receptacle. Barton
(1891) observed bisexual conceptacles also in I, conoides.
The conceptacles in Bifurcaria brassicaeformis are unisexual
and the plant is more or less dioecious; when monoecious, one
branch may be male and another branch female (Delf, 1935; Isaac,
1951). Fucus ceranoides is mostly dioecious but occasionally
monoecious (Naylor, 1936).

Generally oogonia and antheridia are intermingled
in the bisexual conceptacles but in a few species of @ystoseirs
(Sauvageau, 1912), in Bifurcaria tuberculata (Rees, 1933) and
Sargassum (Setchell, 1931), ocogonia oceur at the base and
antheridia on the sides of the conceptacle. This condition
in Sargassum has been termed ‘androgynous (Setchell, 193}).

The oogonia are spirally arranged in the genus Carpo-
phyllum (Dawson, 19%03 Delf, 1939a). The cogonia mature
successively or simultaneously in the Fucales.
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(a) Qogonia.
The oogonia (Thuret and Bornet, 1878; Oltmanns,

1889; Nienburg, 19103 Delf, 193%a; Dawson, 1940;

Blomquist, 1945; Mitchell, 1941; Moore, 1928; Naylor,

1949a; 1953b; Laing, 19%l; Osborn, 1948; Rees, 1933;

Simons, 1906) always develop dircetly on the wall of the

—77 conceptacle and possess a definite basal ecell which is either
embedded in the wall ot Cystoseirag (Nienburg, 19103 Dawson,
194%1), Sargassum (Kunieda, 1928y Nienburg, 1910, Simons,
1906), Cystophvilum (Fensholt, 1955), Carpophvllum (Dawson,
1940y Delf, 1939ay HNaylor, 1953¢), Marginariella (Waylor,
1953b), Sevtothalia, (Waylor, 1949a), Bifurcaria (Rees, 1933),
Bifureariopsis (Laing, 19%1), Hormosira (Osborn, 1948) and
Turbinaria (Blomquist, 1945), or ss—thebasal eell whish
develops as a stalk in Fucusg (Oltmann, 1889), Xiphophora
(Heine, 1932) and Pelvetia fastigiata (Holtz, 1903y Moore,
1928); the stalk cell is lacking in Pelvetia €analiculata
(Fritsch,1945b; 19524 Subrahmanyan, 1957a). In Durvillea

S the oogonia are borne mostly on branched hairs (Whitting,
1893; Naylor, 1949b; 1953a), but they are also borne directly
on the wall of the conceptacle (Berriot, 1923, Naylor, 1949b,
1953a). The occurrence of oogonia on branched hairs is com=-
parable to the usual oceurrence of antheridia in the Fucales
(Fritseh, 1945b; 1952).
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The young oogonium is uninucleate containing dense
chromatophores and food reserves. There are three nuclear
divisions in the developing oogonia. On maturation 1,54«38
eggs may be produced.

A great contribution to the development and the sub-
sequent fate of the nuclei in the developing oogonia of
Ascophyllum, Belvetia, Himanthalia and Eucus was made by
Oltmanns (1889). Three nuelear divisions occur in an oogonium
forming 8 nuelei. In the oogonia of Ascophyllum, Pelvetia

and
capalicnlata: Himanthalla % or 6 or 7 nuclei respectively

disintegrate in situ or at the periphery to leave 4 or 2 or
1 eggs in each oogonium of the respective genera. There is
no disintegration of nuclei in Fugus, which produces 8 eggs.
Since that time Oltmanns findings have been confirmed
in Ascophvllum and Fucus (Farmer and Williams, 18963 Stras-
burger, 18973 Yamanouchi, 1909), Pelvetia fastigiata
(Holtz, 1903y Moore, 1928), Pelvetia wrightii, Fucus evanes-
gens (Inoh, 1935), Sargassum horneri (Kunieda,1926» Okabe,
1929b), Gystoseira and Sargassun (Vienburg, 1910), Coscophora\
(Tahara, 1929b), Sargassum (Tahara and Shimotomai, 1926).
Cystoseira montagmei and C. opuntioldes (Sauvageau,1911),
P. canaliculata (Subrahmanyan, 1957a), Eucns-e%anescens f.
typicus, Hesperophveus harvevanus, Pelvetiopsis limitata,
and Cvstoseira osmundacea (Gardner, 1910), Bifurcaria
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(Rees, 1933), Bifurcariopsis (Laing, 19%1), Carpophvllum
(Delf, 1939as Dawson, 1940s Naylor, 1953e¢), Marginariella
(Naylor 1953b), Xiphophora (Naylor, 1954a) and Turbinaria
(Blomquist, 1945). )

Only in Fugus (Thuret and Bornet,1878: Fritsch,
1945b; 1952) does the cytoplasm undergo cleavage forming 8
eggs. Ascophvllum (Oltmanns,18893 Gruber,1896« Fritsch,
19‘*55; 1952), Xiphophora (Gruber, 1896« Barton, 1893s
Heine, 19323 Mitchell, 1941s Naylor, 1954%a), Bifurcariopsis
(Laing, 19%1), Hormosira, (Gruber, 1896s Mollet, 18803
Osborn,1948) and Durvillea (Whitting,1893¢ Gruber, 1896:
Naylor,19%9b; 1953a) produce 4 eggs. Pelvetia produces 2
eggs and the other genera of the Fucales produce one egge.
There are delicate septa separating the eggs in the mature
oogonia of Fucus (Farmer and Williams, 1898 Thuret and Bornet,
1878), Hommosira (Getman, 1914y Osborn,1948) and Durvillea
(Naylor, 1949b; 1953a). In Pelvetia cahaliculata the eggs
are separated by a mucilaginous septum (Fr:ltsch)19'+5'b; 1952,
Oltmanns, 1889) and in P, fastigiata (Gardner, 1910s Moore,
1928) the eggs show a collateral or oblique arrangement and
this is also observed in P, wrightii (Inoh, 1935). According
to Moore (1928) production of 4 eggs is common in P, fasticiata
but this condition rarely occurs in P, canaliculata (Subrahman-
yan, 1957a). In Xiphophora the 4 eggs are formed 1nicompartment$
and not attached to the inner wall of the oogonium
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(Naylor,195%a). According to Fritsch (1945p; 1952) and
Papenfuss (195la) the production of 4 or 8 eggs is the
primitive condition.

The nuclei which are not used in the production of eggs
take up diverse positions. 1In Pelvetia canaliculata they lie
in the equatorial region between the two eggs (Thuret and
Bornet, 18784 Fritsch, 194%5b; 1952). Similar conditions
occur in B, fastigiata (Moore, 1928). Subrahmanyan (1957a)
describes the degeneration of scattered nuclei inside the
protoplast of the oogonium of P, canaliculata. The four
degenerating nuclei in Ascophyllum form a ecentral group
(Oltmanns, 18893 1922) and much the same is true of Bifurcaria
fuberculata (Rees, 1933). In Xiphophora (Mitchell, 1941), the
degenerating nucleli are peripheral but Naylor (1954a) describes
one degenerating nucleus in each compartment of the cogonium.
In Hesperophvcus and Pelvetiopsis the 7 degenerating nucleil
are cut off from the base of the oogonium together with a small
amount of cytoplasm; the fate of this cytoplasmic mass is not
known (Gardner, 1910). 1In Sargassum (Abe, 19384 Hiroe and
Inoh, 1955 Kunieda, 1928; Kunieda and Suto, 19%0os Tahara,
1913; 1927+ Tahara and Shimotomai, 1926), Carpophvlilum
(Dawson, 1940y Delf, 19%9a, Naylor, 1953¢), Coccophora
(Tahara,1929b) ﬁnd Turbinaria (Blomquist, 1945y Inch, 1937b)
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the eggs possess 8 nuclei at the time of discharge but seven
nuclei undergo disintegration before or after fertilisation.
In Marginariella (Naylor, 1953b) and in Cygtoseirs (Sauvageau,
1912), 7 nuclei lie between the egg and the mueilaginous
layer of the wall. In Himanthalia, 7 nuclei disintegrate at
the periphery (0Oltmanns, 1839).

The wall of the oogonium is generally composed of 3
layers (Parmer and Williams, 1898) - exochite, mesochite and
endochite; the mesochite is thick and separated from the
exochite by a space (Fritsch, 1945b; 1952). Mitchell (1941)
distinguishes 5 layers in Xiphophora. In Pelvetis fastigista
{Holtz, 1903) only two layers ocecur. Subrahmanyan (1957a)
describes a thick mucilaginous wall but without differentiation
of layers. The occurrence of three layers of the oogonial wall
has been ascertained in almost all the genera so far inves-
tigated. The eggs are 1tberntéd in part of the oogonial wall.
The exochite remains attached in the conceptacle or occasionally
the entire oogonium is liberated. Gibb (1937) describes the
liberation of eggs through a small lateral aperture in the
exochite of the oogonium of Himanthalia but generally in ogher
genera the eggs are liberated through an apical pore.

Fritsch (1945b; 1952) states that among the more
specialised Fucales the liberated eggs are mnclosed in mucil-
aginous membranes; which form a kind of stalk and which remain
attached to the receptacle.



The first record of attachment of eggs of Cysfoseira
DSpata was deseribed by Dodel-Port (1885). Since that time
incomplete deseriptions of stalks or attachments in the species
of Sargassum (Delf, 1935y Kunieda, 1928; Nienburg, 1910:
Simons, 19063 Tahara, 1909) and Cvstophvllum (Delf, 1935)
have been given. The liberated eggs may remain attached on
the receptacle by means of mucilaginous stalks (mesochiton
stalks) in Cystoseira (Sauvageau, 1909; 1912s Dawson, 19%l),
Carpophvllum (Dawson, 1940« Naylor, 1953c¢) Bifumaria
(Delf, 1935), Bifurcariopsis (Laing, 19%1), Marginariella
(Delf and Hyde, 1936, Delf, 1937: Naylor, 1953b), Cystophyllum
(Inoh, 1937¢) and Turbinaria (Blomquist, 19453 Inoh, 1937b;
Tahara, 1929a). Dawson (1941) states that a uniform type of
specialisation of the mesochiton is widespread in the
Sargassaceae. In Marginariella the mesochiton stalk is
hollow and tubular whereas it is solid in the Cystoseiraceae
and Sargassaceae. Dawson (1941) suggests that the mesochiton
stalk is one of the characters of the Fucaceae and Cysto-

- seiraceae = Sargassaceae.

(b) Antheridia.

The antheridia are borne in large numbers on the
btanched paraphyses of the male conceptacles or directly on
the wall of the male conceptacle. The antheridium develops
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as an outgrowth from the lining cells of the conceﬁfacle and
is cut off by a transverse wall to form a stalk cell and
antheridium proper (Simons, 1906; Bower, 1880; Blomquist,
19#5; Moore, 1928;. Moss and Elliot, 1957; Subrahmanyan,
1957a, Yamanouchi, 1909). The former produceé a branch which
pushes the antberidium to one side and itself gives rise to

a second antheridium. These events are repeated indefinitely
to form branched paraphyses.

Antheridia are borne directly on the wall of the con=-
ceptacle in Pelvetia fastigiata (Holtz, 1903; Moore, 1928)
and this conditioh also ocecurs in Qlajnagiz;,(lnawsan, 1941+
Fensholt, 1955), Phvllospora (Williams, 1923), Durvillea
(Herriot, 1923), Pelvetia canaliculata (Subrahmanyan, 195%a),
Iurbinaria (Blomquist, 19%5) and Sargassum (Simons, 1906,
Fensholt, 1955). The antheridial wall is composed of exochite
and endochite.

In an antheridium six nuclear divisions occur forming a
6% - nucleate stage and producing 64 sperms. The sperms are
pear-shaped and biflagellate. The flagella are laterally
attached with the anterior one short and the posterior one
long (Strasburger, 1897; Kylin, 1920, Retzius, 1906). A
long posterior flagellum is the characteristic feature of the
Fucales as diséinet from other Phaeophyta (Fritsch, 19%5b;
1952) in which the posterior flagellum is very short compared

L
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with the anterior one. The proportions of the flagella are
3:1 in Fucus serratus and 2:1 in Ascophvllum nodosum (Mahton,
Clark and Greenwood, 1953). Mantdn and Clark (1951) describe
the probosecis of:spemf as a highly mobile, funnel shaped
membrane partially surrounding the anterior flagellum and
attached to the body at its base. The proboscis in Ascophvilum
podosum is composed of J4-15 concentric bands dnd in E. serratus
of 13 bands. These bands are structureless in E, serratus
(Manton and Clark, 1951) and fibrillar in Ascophyllum nodosum.
Pelvetia ecanaliculata possesses a smaller proboscis than Fucus
and contains 11 bands. In Himanthalia the sperm possesses a
shorter posterior flagellum with a whiplash point as in the
zoospores of other Phaebphyta (Fritsch, 1952). There is no
proboscis but the anterior flagellum is "Flimmergeissel”,
(ﬂmbriated flagella) with a large spine situated laterally
on the flagellum near %l;o distal end,and there is no whiplash
at the end of the anterior flagellum (Manton, Clark and Green-
wood, 1953). These authors are of the opinion that the
presence of a spine facilitates contact with the surface of the
egg and suggest it is perhaps an organ of copulation rather
than & swimming or a sense organ.
(6) Embrvology.

Fertilisation in the Fucales occurs after the liberation
of the eggs. A large number of sperms surround an eggi?uhich
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they bectme attached %e by the anterior flagellum while
the posterior one continues to move vigorously causing the
eggs to rotate (Fritsch, 19%5b; 1952). As soon as the
sperm penetrates the attraction ceases.

Efter fertilisation the zygoles attach themselves
on the substratum by a mueilaginous secretion. Thuret and
Bornet (1878) were the first to study the embryology of Fucus
yesiculosug. The first transverse segmentation of the zygote
is followed by longitudinal segmentation of the upper cell.
The lower cell of the zygote produces a single rhizoid.
In Cystoseira the first transverse division of the zygote
is followed by 2 longitudinal divisions of the upper eel?tzzé
the lower cell divides by 2 suceessive longitudinal divisions
forming Y4 primary rhizoids. Two or four apical hairs are
formed in the apical groove (Valiante, 1883). In Sargassum
£ilipendula a many-celled ellipsoidal embryo develops several
rhizoids at one end of the embryo (Simons, 1906). In
Se lipnifolium the third transverse division of the zygote
1eads to the frmation of a lenticular rhizoid cell (Nienburg,
1910). The second transverse segmentation of the zygoteg of
Hizikia fusiformk and Sargassum thumberglii leads to the
formation of a lens-shaped rhizoild initial; two divisions

perpendicular to each other follow, tbus forming a quadrant
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(Tahara,1929a). In H. fusiformis each cell of the quddrant
divides by walls which are parallel, oblique or radial

to the first two segmentation walls so that each cell
produces 8 rhizoids; the division of each cell of the
quadrant of the embryo of S, thumbergii is usually oblique
and not radial (Tahara,1929a). Abnormalities occur in the
development of the embryos of S, enerve and £, horneri

such as a half embryo which 1s partly segmented and partly
unsegmented (Tahara, 1927). Inoh (1930) deseribes the

first two divisions in the embryo of Sargassum as transverse
forming a small lens-shaped rhizoid cell at one extremity

of the embryo. This rhizoid cell divides twice pemendicular
to each division and is followed by irregular segmentation
forming 8 or 16 rhhzoids. He concludes that the rhizold
number in Sargassum and Cystophyllum has a definite relation
with the size of the primary rhizoid cell, and the species
with larger eggs are in a higher systematic position,

Inoh (1937 ) states that in most of the Fucaceous plants of
Japan the division of a lens shaped rhizoid initial leads to
the formation of several rhizoids and the number of rhizoids
is proportional to the size of the egg. The ege of Fucus
gvanescens measures 60 u in diameter and produces a single
rhizoid whereas in Cystophvilum sisvmbrioides the egg
averages 321 p x 229 p and produces 32 rhizoids. The number
of rhizoidal cells varies in various species in geometrical
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progression 2:%: 8:16 : 32, Inoh's conclusion is based
on Fucus, Pelvetla, Cystoseira, Iurbinaris, Hizikia,
Coccophora, and Sargassull.

In T, ornata and H, fusiformis 8 rhizoids are

formed due to the three successive divisions of the rhizoid
initial (Inoh, 1937b). The lower cell of the zygote of
Cystophyllum crassipes undergoes two successive divisions
forming % cells, then each cell produces one rhizoid, but

8 rhizoids may develop due to the bifurcation of the
rhizoid (Inoh, 1937e¢). In C, sisymbrioides the lower cell
of the zygote, formed after two transverse divisions, is a
lens-shaped rhizoid cell which undergoes longitudinal
divisions forming 32 rhizoids (Okabe, 1929a).

The second division of the zygote of Xiphophora is
vertical to the first transverse division in the upper cell
and the third division is transverse in the lower cell of
the zygote forming a'primary rhizoid cell which divides
longitudinally to form many branched or unbranched rhizoids.
(Heine, 1932y Naylor, 1954%a). On the embryos of
Xiphophora % or 5 apical hairs occur (Heine, 1932). The
multicellular embryo of Sargassum or Cystophvllum possesses
a tuft of short rhizoids (Delf, 1935). A tuft of 4 or 16
rhizoids occurs at one end of the embryo of Carpophvllum
flexuosum (Dawson, 1940), and Cvstoseira foeniculacea
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(Dawson, 1941) respectively.

The lenticudar rhizoid cell of the embryo of
Turbipnaria turbinata dividés by two perpendicular walls
forming % equal cells each of which divides by an oblique
wall to give 8 rhizoids, further forking and branching also
occurs (Blomquist, 1945).
| In Hormosira the second transverse division of the
zygote forms the rhizoid cell and the third division is
vertical in the upper cell of the embryoc. The primary
rhizoid of the embryo of Hormosira first elongates, becomes
2 or 3 celled, and then branches by means of protuberances.
Thus 3-6 rhizoids are formed and up to 4 apical hairs ocecur
in the apical groove (Osborn, 1948).

In Marginariella urvilliana, the first three
divisions are transverse, and the second transverse wall
forms a rhizoid initial. The fourth division is vertical
to the uppermost cell of the embryo, and the rhizoid initial
divides into a quadrant each cell of which develops a
rhizoid which further bifurcates and branches to form a
number of rhizoids (Naylor, 1953b).

The first transverse division of the zygote of
Carpophyllud plumosum forms two multinucleate cells and
the rhizoid initial of the zygote of (. plumosum, C.
maschalocarpum and C, flexuosum is relatively large and
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multinueleate, and divides to form a tuft of 16 rhizoids

(Naylor, 1953e).

In Durvillea a primary rhigoid is formed by the second
transverse wall and the large upper cell divides by vertical
walls into quadrants after which horigontal and vertical
divisions occur in quick succession (Naylor, 1953a). No

apical hair or apical groove was observed in Durvillea.

In Pelvetia capnaliculats the firmt segmentation is
perpendicular to the direction of light; and the rhizoids are
first formed in fours at one end of the embryo. These rhizoids
increase in number be#nming septate and branched (Subrahman-
yan, 1957b). Subrahmanyan also observes abnormalities in
This specles due to the development of rhizoids at both podes
in which case there is no development of an apical groove or of

apical hairs. There occurs a single 3-sided apical cell in

the embryo of P, canaliculata.
In Fuens spiralis (Giraud, 1956)3 the first transverse

division of the zygote occurs after the establishment of
polarity and thus forms a rhizoid initial. The second seg=-
mentation occurs in the upper cell and this segmentation is
followed by longitudinal division of the uppermost cell.
(7)  gxztology.

The cytological studies in the Fucales were first made

by Oltmanns (1889) to investigate the fate of the supernumery
nuclei of an oogonium. Strasburger (1897) and Farmer and
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Williams (1898) describe the reduction in chromosome number
during the first nuclear division in the oogonium of Firus
and Ascophyllum. Strasburger gives 30 as the probable
number of chromosomes in the oogonium of F, spiralis. In
Ascophvllum nodosum counts of 26 - 30 chromosomes were made
in the oogonium mother cell and 1% = 15 in the third division
of the oogonium (Parmer and Williams, 1898).

According to Simons (1906) mitosis in the oogonium of
Sargassum filipendula is suppressed and occurs only within the
wall cell of a conceptacle the division of which produces the
oogonium. She also described one nucleus of the oogonium as
remaining in a resting stage throughout its development == and
becoming the nucleus of the egg. According to Niemburg (1910),
Simons statement for S, filipenduls is erroneous.

Spindles and asters occur in S, filipendula but thelr
origin and relationship to the process of mitosis were not
traced by Simons (1906).

Yamanouchi (1909) made a great contribution to the
eytology of Fucus vesiculosus. The nuclei of the thallus in
this species are smaller than those of the apical region, and
the cytoplasm_is granular towards the nuclear membrane. A
centrosome and spindles oceur in F. vesiculosus and 6%
chromosomes were counted in the vegetative cells and the

zygote. The first two divisions in the antheridium and
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cogonium are meiotic. There are 32 chromosomes in the
antheridium and oogonium. This shows that the thallus of
Fucus vesiculosus is diploid and the reproductive bodies are
haploid. Polyspermy occurs in [, vesiculosus and the con-
stancy of the number of chromosomes is maintained by producing
multipolar spindles (Yamanouchi, 1909).

Since then mitotic and meiotiec divisions have been
studied in Pelvetia wrightii (Inoh, 1935), Sargassum enerve
(Tahara and Shimotomai, 1926), Coccophora langsdorfii (Tahara,
1929b), Cystophvllum sisymbrioides (Shimotomai, 1928),
Sargassum and Cystoseirs barsbeta (Nienburg, 1910) and §.
horneri (Kunieda, 19263 Okabe, 1929b).

In Fucus evanescens (Inoh, 1935), Pelvetias Wrightid
(Inoh, 1935), Hizikia fusiformis (Inoh and Hiroe, 1954b),
Coccophora langsdorfil (Tahara,1929b; Tomita, 1932), Cvsto-
phvllum crasdpes, (Inoh, 19%4), C. sisymbrioides (Shimotomai,
1928), S. piluliferum (Inoh and Hiroe, 195%a), S, confusum
(Abe, 1933), 8. enerve (Tahara and Shimotomai, 1926), S. hornerd
(Okabe, 1929b; 1930s Hiroe and Inoh, 1954a), S, patens,
(Hiroe and Inoh, 1954b), and S, tortile (Hiroe and Inoh,1956),
there are 64 diploid and 32 hapleoid chromosomes. In English
genera of the Fucales, Pelvetls canaliculata (Subrahmanyan,
1956; 1957a; 1957b), Halldrys siliguosa (Naylor, 1958a; 1958Db)
and Himanthalia elongata (Waylor, 1957) only approximate
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numbers of chromosomes have been reported (Table II). Lower
chromosome numbers are given for Sargassum hormerd (Kunieda,
1928), and Hormosira banksil (Osborn, 1948). The presence of
centmsomes has been ascertained in §, patens, S. ecnerve,

8, hornmeri, Cvstophyllum crassipes, C. sisymbrioides, Hizikia
fusiformis, Pelvetla Wrightil, P. canaliculata and Fucus
gvanescens.

In Halidrys dioica (Doubt, 1928) the nuclei of the
vegetative cells are smaller than those of the apical cells.
The nuclei occupy a central position in the older cells but
they lie near the base in the meristoderm cells of the apical
region.

The fine granular cytoplasm in thqoogonium of Carpo-
phyllum flexuosum possesses a large central granular nucleus
with a faintly staining nucleolus and scattered granules in
the mucleoplasm. According to Dawson (194%0) the melotic phase
in the oogonium of C. flexuosum is indicated by the appearance
of a darkly staining spherule in connection with the nucleolus.

The large central nucleus in the oogonium of
Carpophvllum divides to give an 8-nucleate stage. These nuclel
lie first in the centre, then migrate to the periphery and
subsequently 7 nuclel disintegrate. Occasionally two
nucleoli are reported in the oogonium of Carpophyllum (Naylor,

1953¢).
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The nucleus in the oogonium of Marginarliella is
characterised by a large nucleolus and uniform granular
structure (Naylor, 1953b). Naylor observed a 4-nucleate stage
after the uninucleate stage and su gests that this involves
meiotic division. These 4 nuclel migrate to the periphery,
enlarge and then divide again to form 4 pairs of small
nuclei. These nucleli remain scattered throughout the
periphery and enlarge further. One becomes the egg nucleus
and occupies a central position. The seven nuclel disintegrate
before or after the liberation of the egg or during this
process.

In the oogonium of Cgstoseira barbata, at the third
nuclear division 18 to 20 chromosomes were counted by Nienburg
(1910) who believed this to be half the number of those in
the vegetative divisions. The spindle formation is intra=-

nuclear in G, barbata.
In Hegperophvcus and Pelvetiopsis the nucleus of the

oogonium undergoes 3 divisions forming 8 nuclei. One of the
nuclei enlarges to several times the size of the other seven,
and lies at the centre while the seven nuclei collect at the
base but do not disintegrate (Gardner, 1910). The oogonium
produces 2 eggs of unequal size; the larger is the functional
egg with a centrally placed nucleus, and the smaller has seven
small nuecleil which disintegrate after extrusion (Gardner,
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1910, Walker, 1931). In Hesperophycus asters have been
described and the centr;g?ﬁrom which aster rays extend are
uniformly granular, but no definite centrosomes have been
observed (Walker, 1931). The spindle is intranuclear in
origin in Hesperophveus (Walker, 1931). Walker also describes
the difficulty in counting the exact number of chromosomes but
gave from 1% to 18 as the diploid number.

The nuelei of Fugus serratus, F. vesiculosus, E. spiralls
F. ceranoides, Pelvetia capaliculata, Ascophyllum nodosum,
Bifurcaria tuberculata, and Halldrys siliquosa are uninuclealate
or granular and there are no centrosomes in the resting cells
(Le Touze, 1912). In Cystoseira foeniculacea, Co myriophvll-
oides, C. granulata, C. ericoides, Fucus lutarius, E. spiralis,
F. vesiculosus, F. serratus, Pelvetia capaliculata, Ascophvllum

nodosum, Bifurcaria tuberculata and Helidrys siliguosa the
apical nuclei are larger than those of the other tissues and

these nuclei are granular or reticulate containing one or two
nucleoli and have also a finer granular structure (Roy, 1938).
Spindle formation, centrosomes and asters occur in the above
species and Roy suggests the granules are prochromosomes.

The nucleus of the zygote of Bifuearia rotunda measures
25 u x 15 u with one or two nucleoli (Giraud, 1956). Giraud
also observed spindle formation and asters but only approximate
chromosome counts (100 = 130) were made. In Fucus spiralls
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aster formation was observed and in certain cases multiple
asters were present between which globular chromosomes were
disposed. The existence of numerous asters 1s a consequence
of frequent polyspermy in Fucus (Giraud, 1956).

In Halidrvs siliquosa densely staining particles
scattered over the surface of the nucleus were observed by
Moss and Elliot (1957). Counts of 8 chromosomes were made 1n
the vegetative apices, paraphyses, antheridia and oogonia by
these authors. Presence of asters and centricles were also
reported in the zygotic nucleus where reduction division
occurred. These authors suggested the thallus of H, siliguosa
was haploid and the zygotes were diploid. These observations
of Moss and Eliiot have been refuted by Naylor (195&)

Counts of 56 - 62 chromoscmes were made by Naylor
(1958a; 1958 b) in [, siliguosa. The nucleus contained 2-9
granules and these were termed chromocentres (Nayler, 1958a).
There were 30, 28 and 55 chromosomes in the antheridium,
oogonium and vegetative apices respectively (Naylor, 1958b).
Commenting on the observations of Moss and Elliot (1957),
Naylor (1958b) stated that counts of & chromosomes by these
authors were in reality the chromocentres and that the thallus
was

$s diploid and reduction division occurred in the developing
antheridia and oogonia.



In the vegetative parts of Himanthalia elongata,
counts of 56 = 62 chromosomes were made by Naylor (1957).

As a rule there are no centrosomes in the cells of
higher plants in contrast to animal cells. Some of the
primitive forms, such as mosses, ferns, cycads, and ginkgo
reveal the presence of centrosomes during the differentiation
of the motile cells (Swanson, 1958). The centrosome appears
to be a determining factor in the formation of the flagellar
structures, where the centriole is the basal granule.

Centrosomes have also been recorded in the cells of
some Chlorophyta, Phaeophyta, and Rhodophyta (Fritsch,
1945b; 1952). In algae they are distinguishable only at times
of nuclear division. Centrosomes are more readily demonstrated
in the Phaeophyta than any other class of algae. According to
Frissch (194%5b; 1952), they are very conspicuous in the
apical cells of Sphacelariales, in Diciogales and in Fucales.
Asters have been described in many Phaeophyta. Centrosomes
and asters are characteristic of animal cells but also occur
in most of the species of Phaeophyta studied: The order
Fheales in particular show a resemblance to animal cells in
this respect.
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embryo.
Sargassaceae -
Hizikia fugiformis 32 - - Inoh & Hiroe (1954%b)
Sargassum confusum 32 - - Abe (1933)
Sa_cnerva - 3@ a pprox - Tahafgggé E}ihimetomai
8. horneri 16 16 32 Kunieda (1928)
8. horneri - 32 B Okabe, (1929b)
8. patens - - 64 Hiroe & Inoh (1954b)
Ss piluliferum 32 - - Hiroe & Inoh (195%¢)
8, piluliferum - - 64 /Hiroe & Inoh (195Ha)
8. tortile 32 - - Hiroe & Inoh (1956)
S. tortile - 16 or 32 - Abve (1938)
Cystoseiracecae =~
Cystophyllum crassipes - 6% Inoh (19'%4)
C. sisvmbrioides = 32 - f‘;hi’{‘"“?ﬁ 5% 28)
Halidrys siliquogsa 2 or
Bifurcaria rotunda .!. - 6& H?gne in Giraud (1956)
Bifurcaria rotunda -~ - 100-130 Giraud (1956)
Cvstoseira barbata =~ 18 -« 20 - Nienburg (1810)
Cocoophora langsdorfil . 6k Tomita {1932)
Coccophora langsdorfil 32 - Tahara (1929b)
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Material was fixed either in Karpechenko solution
(Papenfuss modification) or in equal parts of 10% commercial
formalin and 1% chromic acid . After 2% hours in fixative
it was then washed in five or more changes of seawater to
eliminate chromic acid. After gradual dehydration in sea
water = distilled water - alcohol mixtures, the material was
stored in 60% or 70% alcohol. Dehydration of material for
embedding was carried out as recommended by Johansen (1951).
Microtome sections were cut at various thickness between
% and 12 m and stained in 0.5% iron alum haematoxylin and
0.5% orange G, or 1% acid fuchsin and 0.5% Fast green, or
Bismark brown and0.5% Fast green. Haematoxylin gave better
results as a nuclear stain than 2% orcein in 60% acetic
acid. Acid fuchsin and fast green proved best for conceptacles
and reproductive structures while the axis and other
vegetative parts were usually stained in Bismark Brown and

Fast Green.
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2. PHYLLOSPORA COMOSA C. Agardh 1839.

(Plates I - III)

Phyllospora comosa C. Ag. is characterised by
apical growth. In longitudinal sections, at right angles

to the flat surface (Plate I, fig. B), and parallel to the
flat surface (Plate II, fig. B) the apical cells are
situated at the base of the apical depression vhich is filled
with mucilage protecting the apical cells. In other members
of the Fucales except Hormosira where a group of % apical
cells oceurs, a single apical cell is placed at the base of
the apieal depression; in Phyllospora several apical cells
oceur (Plate II, figs. A and B). In transverse section the
apical cells are rectangular with more or less rounded
corners and undulating sides (Plate II, fig. A). The apical
cells ocecur in a row, separated from each other by a very
few of their derivatives.

In median longitudinal sections parallel to the flat
surface of the axis, the bases of the apical cells are
broader than the apices. Apical cell measures 80 - 100 m
x 25 = 30 m at its longest and broadest parts respectively
and the nucleus 6 - 8p. They segment longitudinally on the

longer sides and transversely at the base.
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Median longitudinal sections, at right angles to the
flat surface of the axis, show one apical eellionly, which
is more or less biconvex (Plate I,fig. B). In this case
the apex of the apical cell is broader or in some cases
rounded and its psterior end is more or less narrow.

The basal segments divide anticlinally and then
periclinally to form a small group of cells immediately below
the apical cell (Plate II,fig. B)e These cells gradually
enlarge =nd contribute to the medulla. The segments of the
apical cell divide transversely to form a curved row of 3
or 4 cells (Plate I fig. B); the uppermost cell of which
always remains elongate. It divides transversely near its
base forming a basal cell whizh contributes to the cortex.
The upper meristoderm celqdivides longitudinally, increasing
the surface of the thallus. The meristoderm cells contain
dense chromatophores and cytoplasmic contents with a basally
or centrally located granular nucleus. The meristematic
activity of the meristoderm cells extend to a great distance
from the apex of the axis and branches. The meristoderm,
which is a single layer, has a fairly thick mucilaginous
covering known as the cuticle.

The cells, which are cut off towards the base of the
meristoderm cell and the innermost derivatives of the basal
segments of the apical eells, broaden and then divide
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transversely and their lowermost derivatives lengthen to
form medullary cells while the upper derivatives divide
transversely and longitudinally to form the cortex. Near

the apex the cortical cells function as assimilatory cells

as they possess a considerable number of chromatophores. The
walls of the cortical cells become thickened very early

but divisions still continue. The cells of the medulla show
progressive elongation from the apex downwards and occur in
longitudinal files as a result of early thickening of their
lateral walls and continued transverse divisions. The cross-
walls always remain thin. TFucosan vesicles have been
observed aggregated round the nucleus of the apical cell
(Plate I, fig. A. and B).

Thus there is early differentiation of meristoderm,
cortex and medulla near the apex. Mucilage formation occurs
very early near the apex (Plate I, fig. B, Plate II, Fig. B),
at the corners of the cell walls; Hyphal development was

not observed near the apex.

Minute eiliary promwsses occur along the margin
of the branches and the axis. These are initiated by a
single four sided apical cell (Bkate I figs. A, D and E), and
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they develop into the lateral blades which characteristically
fringe the branches and the axis. The segmentation of

the apical cell and the development offtissues in the leafy
laterals are similar to that in the vegetative apices.
Mature laterals, however, do not show apical cells and

have ceased apieal growth. Internal structures in the
mature leafy laterals are similar to the struetures of the
axis (Plate I, fig. F.and Plate III, figs A and B). Hyphae
do not oceur in the leafy laterals but the mucilage
accumulation is more abundant in the medulla than in any
other parts. Scalariform thickening of the eell walls has
been observed only in the medulla of fertile leafy laterals
possessing female conceptacles (Plate III, figs. B and C).
Structure of the vesicle.

The vesicles develop close to the apex of the branches
and the axis. The minute ciliary processes which fringe
the axis and the branches develop into the vesicles.
Development of the tissues is similar to that in the axis
and the branches. Surface growth and the inerease in
thickness of the cortex lead to rupture of the medulla,
remnants of which are commonly found around the edge of the
cavity. Ihternal structure of the stalk of the vesicles
also shows similarity to that of the axis and branches.
Hyphae develop infthe medullary region of the vesicle stalk.
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Protoplasm aggregates in the form of yellow=brown round
masses between the cell-walls of adjacent cells and from
these masses [phae develop (Plate I, figs K to N). Sooner
or later these hyphae become septate but do not branch.

In the vesicle stalk hyphae arqalways small in size.
Structure of the mature thallus.

Mature parts of the axis and the branches show that
several changes take place in the tissues. The meristoderm
in the mature thallus always remains a single layer of
radially elongate cells containing dense chromatophores and
cytoplasmic contents with centrally located granular nuclei.
They divide more often anticlinally than periclinally (Plate
I,fig. G). The former divisions inerease the surface of the
thallus while the latter divisions add to the cortex. Soon
the lateral walls of the meristoderm cells become thick and
lamellate and pit conneetions occur on the inmer cross-walls.
Hyphae do not occur in the meristoderm. The meristoderm is |
covered by a mucilaginous layer which is very thick and
lamellate. The number of layers of meristoderm cells increases
in the region of stipe and these cells also contain dense
chromatophores.

The corted comprises about six layers of isodiametrie

cells and is differentiated into inner cortex and outer cortex
(Plate I, fig. C). The outer cortex is generally composed
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of 3 or % layers of small cells which contain dense
chromatophores. No hyphae develop from the outer cortex

but pit connections and mucilage formation occur. The cell
walls are thick and lamellate. The inner cortex comprises

2=3 layers of large and elongate cellaPnd these cells contain
dense granular cytoplasm and chromatophores. Some inner
cortical cells contain dense, compact, light brown contents
(storage material) in rounded or elongate masses with extensions
towards thepits (Plate I, fig H). These cells give rise to
hyphae. The cell walls are strongly thickened and lamellate
and pit-formation is very common. Mueilage occurs at the
corners of the inner cortical cells. Divisions of the cortical
cells have been observed in a few cases only.

The medulla is composed of many layers of elongate
cells tapering at both ends (Plate I, fig. C). Medullary cells
contain granular cytoplasmic contents and a few cells contain
very sparse chromatophores. The lateral walls are thick,
pitted and strongly lamellate. Mueilage is formed at the
corners of the cells, possibly due to the separation of the
corners of the cells. The cross walls always remain thin.

Hyphae develop betweenlthe walls of the medullary cells
and they contain chromatophores and storage materials. The
hyphae are septate and unbranched, descending longitudinally
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(P“ate I,figs. K to N). In the region of the stipe the
inner cortex is mostly traversed by hyphae and the cell
walls of hyphae are very much thickened and lamellate. The
medulla occupies the largest area of the stipe and it is
difficult to locate the original medullary cells because of
the tortuous development of hyphae which resemble the parent
cells. The lateral walls of the medullary cells are
strongly thickened and pitted, but the cross walls remain
thin.

Seproductive organs.

Ehvllospora is dioecious. Fertile leafy laterals are
smaller than the vegetative ones. The intermal structure of
the fertile laterals is similar to that of the vegetative
branches except in the secalariform thickening of the cell
walls in the medulla of the female fertile leafy laterals
(Plate III figs. B and C). The conceptacles are scattered
over the fertile leafy laterals. The fmele conceptacles are
larger and darker in colour than the male ones. Mucilage
occurs in abundanse in the female leafy latersls.
Revelopment of antheridia.

The antheridium arises as a small papilla (Plate III,
fig. Da) from a wall-cell of the coneeptacle. The papilla

divides transversely forming the antheridium proper and a
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stalk cell (Pjate III, fig. Db). The latter divides
further and may produce an antheridium direetly (Plate III,
fig. De) or a papilla which in turn produces an antheridium
and its stalk. A complex branching system results bearing
antheridia which are either lateral or terminal in position
(Plate III)rig.E). The nucleus of the young antheridium
undergoes six nuclear divisions (Plate III,figs. Dd to Dh)
so that 6% nuclei are formed within it. The antheridium
is stalked and mature one measures 26 - 47 u x 8 - 13 u.
Antheridia mature successively.

Development of oogonia.

The conceptacles bearing oogonia poesess unbranched
paraphyses and only one egg is produced in each oogonium.

An oogonium develops directly from the wall-cells of
the conceptacle (Plate III, figs. F and G). The oogonial
initial divides transversely into two cells, the oogonium
and its stalk cell. The stalk cell does not divide further.
The young oogonium possesses one large grenular nucleus and
an extremely large nucleoclus (occasionally 2 nucletli). The
nucleus undergoes three divisions (Plate III, figs. H to K).
At 2 and Y4-nucleate stages the oogonium inecreases in size
very rapidly with differentiation of three oogonial walls =
exochite, mesochite and endochite (Plate III figs. H and J).
Degeneration of seven nuclei occurs in situ and only one

nucleus becomes functional.
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The mature egg gontains a large nucleus about 10 u
across with a large nucleolus. The mature oogonium is
ovoid and measures 132 - Z5m x 78 ~180 m. Maturation of
oogonia occurs successively.

In the apical region of the oogonium there oceur
thickened rings of mueilage laterally near the apex. These
rings further increase in size and cause the constriction
of the cytoplasmic contents in this region (Plate III figs.

J to L). As the ring becomes more and more differentiated

the wall inereases in thickness due to the development of a
ﬁucilaginous region which invests the cytoplasmic contents.

At first this is a thin layer but increases progressively in
thickness. The swelling of the mucilage forces the thickened
apical collar away from the cytoplasmic contents. The swelling
also causes the separation of cytoplasmic contents from the
basal region of the oogonial wall, causing it to become drawn
out into several projections (Plate III, fig.K). This thick-
ening and swelling oceur in the mesochite and is referred to as

a"mesochiton collar" by Naylor (1949a) in her description and
discussion of the oogonium of Scytothallag JOrVCAIDA.



3. SEIROCOCCUS AXILLARIS Greville 1830
(Plate IV).

8 0 che aplces and subapics egions.
Growth in Seirococcus axillaris occurs by means of
two apical cells which are four-sided in transverse
section (Plate IV, £ig. D). These cells lie at the base
of the two aplcal depressions one on either side of the
apical round disc (Plate IV, fig. B). The apical round dise
is a peréistent prolongation of the main axis which separates
the two apieal cells. Gruber (1896) described a round
apex and a single Y-sided apical cell in the axil of the
curved leafy laterals near the apex. Gruber in his diagrammatic
figure describes the other apical cell as the lateral
initial. BEach apical depression is filled with mucilage
vhich proteets the apical cells (Plate IV, fig. A). The
apical cells occur at different levels so it 15 only possible
to observe both apical cells together in a longitudinal
section parallel to the flat surface of the thallus (Plate
IV, fig. B). The apicak cell possassas.a conspicuous granular
nucleus and less dense cytoplasmic contents than the adjacent
eclls. These apical cells are rectangular with rounded
ends, in transverse sections (Plate IV, fig. D).

The apical cells segment longitudinally on the longer

sides and transversely near the base. The basal segment
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divides anticlinally and then periclinally to form a group
of cells which enlarge gradually to form the medulla
(Plate IV, figs. A and B). The longer segments divide
periclinally to form curved rows of 2 or more cells (Plate
IV, fige C). The uppermost cell on either side of the apieal
cell elongates. It divides periclinally near the base forming
a basal cell and an upper meristoderm cell. The basal cell
contributes to the cortex, and the ceclls formed by the
longitudinal division of the meristoderm cells increcase the
surface of the thallus. The meristematic activity of the
meristoderm extends well down from the apex of the axis.
The lowvermost derivatives of the longer segments divide and
redivide to contribute to the medulla. The middle derivatives
of the longer segments divide periclinally and anticlinally to
form the cortex. Fucosan vesicles occur aggregated round the
nucleus of the apical cell (Plate IV, fig. C).

In the apical and subapical region the meristoderm is
a single layer of elongate cells containing dense chromatophores
and a conspicuous granular nucleus. This layer is covered
by a thick mucilaginous " cuticle". The cortex is composed of
small isodiametric cells containing chromatophores, and thus
it functions as assimilatory tissue. Cells of the medulla
show gradual elongation from the apex downwards and because of
the early thickening of their lateral walls and subsequent
transverse divisions, they form longitudinal files (Plate IV,
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fig. B). The crosswalls remain thin. Mucilage formation
occurs near the apical cells as well as in the subapical
regions (Plate IV, figs. A to D). Hyphae do not occur in

this region. Pit connections occur in the cortical and

medullary cells.

Mature laterals do not show any apical cell. The
growth of the laterals is initiated by the development of
lateral initials from one of the segments cut off from the
vegetative apical cells (Plate IV, figs. A and B). These
initials are four-sided and are lighter in colour than the
adjacent cells. Divisions of these initials are similar to
those in the apical cells of the axis. These initials become
inactive at an earlﬂﬁage, after which the lateral branch
enlarges only by means of cell division within the tissues and
by ecell expansion. Lateral initials have also been reported
by Gruber (1896). Fritsech (1945b; 1952) states that the
leafy laterals do not grow by means of an apical cell but by
the division of groups of surface cells. In laterals the
cortex consists of up to four layers of elongate cells,
loosely arranged and with more mucilage than in the axis,
(Plate IV figs. I and J)e They also contain large and dense
chromatophores than in the cortical cells of the axis. 1In
leafy laterals, the medulla is composed of about 4 layers of
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cells in depth and these are narrowly elongate. The walls
of the cortical cells and medullary cells are more strongly
thickened than those of the axis. Other characters of the
tissues of the leafy laterals are similar to those of the axis
and the branches.
Structure of the mature thallus.

In the mature thallus particularly in the stipe the
meristoderm becomes 2-4 layered. The cells are radially
elongate with dense chromatophores and these cells function as
assimilatory tissue. The lateral walls are thick and the
inner cross walls are pitted. The meristoderm is covered by a
thick mucilaginous cuticle. In the mature thallus meristematic
activity of the meristoderm cells does not occur. No hyphae
oceur in the meristoderm.

The cortex is composed of 5 or more layers of cells
which are isodiametrie (Plate IV figs. E and F). The cortical
éells ame densely cytoplasmic with few chromatophores. The
cells also contain masses of light brown coloured material
(storage material). This storage material increases in the
cells at the base of the axis and in the stipe. These cortical
cells may also function as assimilatory tissue. The cortical
cells containing storage material develop hyphae (Plate IV,
fig G). Hyphal development inereases in the region of the stipe,
where the hyphae are septate and unbranched, running transversel)
towards the medulla. The walls of the cortical cells are



thick, lamellate and pitted. Muecilage accumulation is in
abundance.

The medulla is made up of many layers of elongate
cells in longitudinal section (Plate IV, fig. E) and these
cells are so similar to the cortical cells in transverse
section that it isdifficult to distinguish between the two
tissues in the upper part of the axis. They contain sparse
eytoplasmic contents and occasionally a few chromatophores.
The lateral walls are thick, lamellate and pitted and the
erosswalls are thin. Mueilage occurs abundantly in this
region. Hyphae develop profusely near the base of the axis
and the stipe, originating from the lateral walls and the
end walls. These hyphae are septate and unbranched, running
longitudinally downwards (Plate IV, fig. G), following a -
tortuous course so that they appear as small cells in
transverse section (Plate IV, fig. H). In the basal part
of the axis and the stipe, few large medullary cells were
observed as most of the medullary region is full of hyphae.
Smith (1893) deseribed briefly the occurrence ofa central

portion, the cortex, and an epidermis in Seirococcus axillaris

Structure of the remeptacles.
Receptacles are either bisexual or unisexuail but

generally they are bisexual. Smkth (1893) and Gruber (1896)
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described the receptacles as bisexual with the male con-
céptacles at the base of the receptacle and the female ones
near its top. In bisexual coneceptacles the oogonia and
antheridia are borne on opposite sides.

Internal structure of the receptacles is similar to
the vegetative parts of the thallus but with greater mucilage
formation and looser cell arrangement. The cortex and
medulla are interrupted due to the development of the con-
ceptacles. The walls of the cortical cells and medullary
cells are considerably thicker than those of the vegetative
parts (Plate IV, fig. R). Hyphae do not occur in any part of
" $¥he receptacle.

Development of antheridia.

Antheridia develop from an outgrowth which arises
direetly from the wall-cells of the conceptacle (Plate IV, fig.
Ka). The outgrowth contsts dense eytoplasmic contents and a
large nucleus. This papilla divides transversdy to form the
antheridium proper and the stalk cell (Plate IV, fig Kb). The
latter also produces papillae which form antheridia, thus de-
veloping a branched antheridial cluster (Plate IV, fig. Kgle
Antheridia are also borne singly on the wall of the con-
ceptacle. In some cases thé stalk of the antheridium is
poorly developed. Young antheridia have been observed
developing from the base of an empty antheridium (Plate IV,
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fig. Ke). Antheridia are club-shaped and the antheridial
wall is composed of exochite and endochite. Sperms are
liberated through an apical pore (Plate IV, figs. Ke and Kg).
Nuclear divisions have not been observed but it is certain
that six nuclear divisions oceur in an antheridium of
Seirococcus as in the other members of the Fucales since 2

to 6% division stages have heen observed (Plate IV, figs. Ke
to Kg). Successive maturation of antheridia occurs. There
is gradual development of antheridia up to the 2-nucleate
stage but after this there 1s appreciable increase in size of
antheridia. A mature antheridium measures 2% - 49 n x 8 « 1un.
Revelopment of oogonia.

Conceptacles, bearing oogonia, generally possess
unbranched paraphyses made up of irregular cells and con-
taining dense cytoplasm. Smith (1893) reported the branching
tendency of the paraphyses. The lower cclls of paraphyses are
oblong and the upper ones are more or less round. Bisexual
conceptacles bear both branched and unbranched paraphyses.

An oogonium develops directly from the wall-cell of
the conceptacle as an outgrowth (Plate IV, fig. L). The
oogonial initial contains dense contents and a large grandar
nucleus and the initial divides transversely to form the
oogonium proper and a stalk cell (Plate IV, fig. M). The
latter never elongates. There is gradual increase in the size
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of the oogonium up to the hk-nucleate stage, and it becomes
much larger by the S-nucleate stage (Plate IV, fig. P). Three
nuclear divisions occuf in an oogonigm (Plate IV, figs. N,

R znd P). Degeneration of 7 nueclei has not been observed,
but one nucleus remains functional in the single egg. Oogonia
are ovoid and measure 90-275 m X 6==150 u. The maturation
of oogonia is successive. The nucleus of the oogonium is
surrounded by Fucosan vesicles (Plate IV fig.$ O.). The

egg nucleus is large and measures up to 10 u across with a
large nucleolus up to 8 u across. The oogonial walls are
composed of exochite, mesochite and endochite (Plate IV, fig.
Q). The mesochite is strongly thickened to form a ring or

S
mesochiton collariin Scytothalia dorvearpa.

%. SCYTOTHALIA DORYCARPA Greville 1830
(Plate V)

In Scytothalla doryearpa growth is initiated by two
apical cells. Two apical depressions occur one on either
side of the round apical disc and one apical cell lies at the

base of each depression (Plate V, fig. A). Apiecal cells are
leafyIeberalsy four sided and occur in an elongated groove
overgrown by leafy laterals.
at the apex of the thallus (PFlate V fig. A).
The apical depressions are filled with mucilage which

protects the apical ecells. The two apkecal cells occur at
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slightly different levels so that both can be observed
only in the longitudinal sections parallel to the flat
surface of the axis (Plate V, fig. A). In transverse
sections, these apical cells are more or less rectangular
with rounded ends (Plate V, fig. D).

Ldngitudinal sections parallel to the flat surface
exhibit 4-sided apical cells (Plate V, fig.B). In long-
itudinal sections perpendicular to the flat surface, the
apical cell is biconvex with rounded ends (Plate V, fig. C)e
The apical cells segment longitudinally on the longer sides
and transversely near the base (Plate V, figs. B and C). The
basal segment divides anticlinally to form a group of cells
which contribwte to the medulla. The longer segments divide
periclinally to form curved rows of cells, the uppermost
derivatives of which always remain longer than broad and in
turn divide periclinally forming basal cells and upper cells.
The upper cells divide anticlinallyfto form radially elongate
meristoderm cells with dense chromatophores and cytoplasmic
ocontents. The meristoderm cells remain meristematic. The
lowermost cells, cut off from the longer segments, divide
periclinally and anticlinally to form the medulla, whilte
the middle cells, cut off from the longer segments, divide
irregularly to contribute to the cortex. These cells contain
chromatophores and function as assimilatory tissue. Mucilage



80.

formation occurs near the apical cells. The basal cells
ecut off from the meristoderm cells also contribute to the
formatidn of the cortex. The thickening of cell walls in
the cortex occurs very early but divisions still continue.
The medullary cells gradually elongate to form longitudinal
files of cclls. Hyphae do not occur in the apical and sub=-
apieal regions. In the subapical region the cell walls of
the cortex and the medulla are strongly thickened, lamellate
and pitted. Muecilage formation inereases in the subapical
region. Fucosan vesicles oecur round the nucleus of the
apical cell and its segments (Plate V,figs. B and cl.

4=y
1

Sections through the apices of the mature leafy
laterals do not show the presence of apieal cell but the
longitudinal sections cut parallel to the flat surface of the
axis and passing through the apex show large and radially
elongate cells, differing from the meristoderm cells, on the
side of the apical depression (Plate V, figs. A and E). These
are lateral initials, which are longer than the meristoderm
cells. The initial is formed from & meristoderm cell which
does not divide transversely. The initial cell (Plate ¥,
fig. E) is broad anteriorly and narrow posteriorly amnd it
contains a large granular nucleus with light cytoplasmic
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contents. In transverse section the lateral initial cell

is rectangular (Plate V, fig. F). The growth and division

of the initial cell are similar to those of the vegetative
apical cell.

Gruber (1896), Naylor, (39%9a) and Fritsch (1945b3
1952) stated that the initial ecell did not exist in the
laterals.

Structure of the mature thallus.

Internally the axis, branches and the leafy laterals
are composed of the meristoderm, the cortex and the medulla.
Meristoderm in the upper part of the axis is a single layer
of radially elon:gate cells containing dense chromatophores
and cytoplasmic contents (Plate V, fig. G). In the basal
part of the axis and the stipe, the meristoderm becomes about
L layers of eells. The lateral walls are thick and lamellate
and the inner crosswalls are pitted. Meristematic activity
of the meristoderm cells extends some distanze down the axis
and the branches. Mucilage occurs at the inner corners of
cell walls, and the meristoderm is covered by a thick
mucilaginous "cuticle".

The cortex is composed of 4=10 layers of isodiametric
large cells which are loosely arranged in old parts due to
the abundance of mucilage. These cells contain dense

chromatophores and storage material occupying the entire <ll.
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In the laterals and in the branches the contents of the
cortical cells are lighter than those of the axis. The
cell walls are strongly thickened, lamellate and pitted. In
the stipe and the basal parts of the axis, the contents of
the cortical cells are very dark brown and these cortical
cells produce hyphae.

The medulla comprises 4=6 layers of cells in the
leafy laterals and in the upper parts of the axis, but it
becomes many layers thick of elongate cells near the base of
the axis and the stipe. The cross walls of the medullary
cells are thin and the cells contain sparse contents. The
cell walls are strongly thickened, lamellate and pktted,
sometimes with scalariform thickenings. The medullary cells
are separated by the abundant mucilage accumulation.

Very few hyphae develop in the upper part of the axis
but they inerease greatly in the basal part of the axis and
in the stipe. They develop from thé ends and sides of the
medullary cells and run longitudinally downwards following a
tortuous course (Plate V, fig. G). In transverse section the
hyphae are made up of small cells which contain chromato-
phores, and they are septate and branched. Naylor (1949) also
describ’ed the increase of hyphal production in the basal part
of the axis and the stipe. In the stipe and in the extreme
basal part of the axis, the medullary cells and the hyphae may
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function as mech:znical tissue d¥e to strongly thickened walls
and frequent transverse division of the cells.
Development of the receptacles.

The receptacles develop in the marginal groove of
the axis. The receptacle protrudes beyond the groove and
possesses a deeply indented apex covered by a large and a
small incurved lobe. This assymetry is lost as the receptacle
develops but the indented apex remains until the conceptacles
are developed. The sterile tip develops after the disappearance
of the indented apex as described by Naylor (19%9a). The
marginal groove is confined to one margin of the axis which is
slightly more flattened than the sterile one. The marginal
groove is filled with mucilage (Plate V, figs. J and K).

Longitudinal sections cut parallel to the flat surface
of the thallus through the marginal grooves show flask shaped
cells along the base of the groove (Plate V, fig. K). These are
initial cells of the future receptacles. Sections cut through
the apex of the young developing receptacles also show similar
cells at the base of the aplcal depressions (Plate V, fig. I
Apical cells are always present in the receptacles as long as
their apices are indented. No apical cell vas observed in a
mature receptacle.

The apex of the developing receptacle is extraordinary

because it shows in transverse section, a regular 3=-sided
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apical cell (Plate V,fig. L). Longitudinal segmentation

of the apical mell occurs near the base. The basal segment
divides periclinally to contribute to the medulla. The
lateral segments also divide periclinally to form curved rows
of cells. The lowermost cells cut off from the lateral
segments continue periclinal¥y dividiap and add to the
medulla. The middle cells of the lateral segments divide
longitudinally and transversely to build up the cortex. The
uppermost cell of the ecurved rows always remains longer than
broad and forms the meristoderm where the cells are radially
elongate with dense chromatophores and cytoplasmic contents.
The basal cells, cut off from the meristoderm cells, also add
to the cortex. The meristoderm remains meristematic for some
time.

Early thickening of cell walls and mucilage formation
occur in the cortex and the medulla (Plate V, fig. J). The
cortical cells remain isodiametric and the medullary cells
gradually elongate to form longitudinal files of oblong cells
(Plate V, fig. J). Pit-connections occur near the apex of the
receptacle but no hyphae occur near the apex.
Structure of the mature receptacles.

Receptacles may be either bisexual or unisexual.

Internally the receptacle is composed of geristoderm, cortex
and medulla; the meristoderm in the receptacle always remains
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as a sihgle layer of cells extending from the tip to the
stalk (Plate V, figs. M to P). Meristematic activity of the
meristoderm cells does not occur in the mature receptacles.
The cortical cells in the receptacle become larger and more
loosely arranged, with dense mucilage accumulation (Plate

V, fig. Q). In the cortical region of the female receptacles
the cells contain dense light brown contents (storage
material). In receptacles the medulla is only a few layers

of cells deep and the cells are very long so that ih trans-
verse section (Plate V, fig. P) they are smaller than the
cortical cells. In fertile parts of the receptacle the cortex
and thé medulla are frequently interrupted by the formation
of conceptacles and the cells are very much stretched. The
structure of the sterile tip and stalk of the receptacle are
similar to that of the main axis. According to Naylor (1949a)
hyphae occur in great numbers in the basal part of the
receptacle but these were not observed.

Ihe conceptacles.

The conceptacles are borne on both surfaces of the
receptacles. They oceur as light eireular patches but
sometimes they are elongated in the direction of the
longitudinal axis. The ostiole is elther eircular or elon=-
gated as also described by Naylor (19%9a). Male and female
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conceptacles occur on the same receptacle. Bisexual con=-
ceptacles also occur. In some conceptacles the dogonia are
separated by tufts of antheridial hairs and in others one
side of the conceptacle is entirely male and the other
entirely female.

The conceptacles are lined with a lyer of cells.
Paraphyses do not occur near the ostiole either in male or
female chnceptacles, but in both cases the ostiole is lined
with meristoderm cells.

Ihe male cénceptacle.

The male conceptacles bear antheridial hairs which
are borne in tufts on the wall of the conceptacles. The
hairs are many=-celled and branched and bear numerous
antheridia. There are no sterile hairs in the male con~
ceptacles.

Antheridia develop as outgrowths from the wall~-cells
of the conceptacle. The papilla divides transversely To form I
the antheridium proper and a stalk cell (Plate,V fig. Ra).
The stalk cell inereases in size and deveclops more papillae
which further form antheridia. So there is complex branching
system bearing clusters of antheridia, which may be terminal
or lateral in position. The antheridium initial differs
from paraphyses in young stages by possessing dense cyt0plasm}c
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contents and a large nucleus. The antheridium develops
gradually and six nuclear divisions occur thus forming 64
sperms. Two to sixty four division stages have been ob-
served (Plate V, figs. Rb - Rg). Sperms are extruded through
the apical pore (Plate V, fig. Rd) and they measure about 3 m
X 8.6 p. The antheridial wall is composed of exochite and
endochite. The antheridial maturation is successive. A
mature antheridium messures 24% - 42 p x 6 = 1% n.
mmmmna-

The female conceptacles bear oogonia at all stages
of development indicating the successive development of oogonia
as described by Naylor (1949a); the oogonia arise from the
wall cell of the conceptacle. The paraphyses are unbranched
and composed of barrel shaped cells with dense contents
(Plate V) fig. Sa); in rare cases only has branching heen
observed (Plate V, fig.Sb).

Development of oogonia.

An oogonium develops direetly from the lining cells
of the conceptacles. Some of the wall-cells enlarge
containing dense cytoplasmic contents and a large granular
nucleus (Plate V, fig. T). These cells function as oogonium
initials (Plate V, fig. T). The ocogonium divides trans-
versely near the base forming the oogonium proper and the
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stalk cell (Plate V, figs. U and V). The latter never
develops intd a stalk but remains embedded in the tissue.
The oogonium increases gradually in size (Plate V,Figs. V
to Z). The oogonial wall thickens early and forms exochite,
mesochite and endochite)

Three nuclear divisions occur and the oogonium is
appreciably clongate at the 2-nucleate stage (Plate V, figs.
W and X). The oogonium increases in diemeter at the U=
nucleate stage (plate V, fig. Y) and the wall develops a
ring-like thickening near the apex. The oogonium increases
in diameter and size along with the development of the
mesochite at the 8-nucleate stage (Plate V,fig. Z). At this
stage the thickened mesochiton collar is prominent and
increases greatly causing contraction of the oogonial
contents near the apex.

Degeneration of seven nuclei has not been observed
but only one nucleus remaiis functional in the single egge
A mature oogonium measures 162 - 276 u x 60 - 150 n.



s of he apical and subapical regions.
The apices of X, chondrophvlla and X, gladiatg are
blunt and the apical groove is a narrow slit in the plane
perpendicular to the flat surface (Plate VI, fig. B and
Plate VII, fig. B). The apical groove widens basally to form
a flat-bottom flask-like structure with a narrow neck, filled
with mucilage. At the base of the apical depression lies
the apical cellfvhich initiates the growth of the plant in
both species. The apical cell is four-sided in longitudinal
sections cut parallel to the flat surface in both species
as deseribed by Gruber (1896), and Heine (1932) and is slightl)
broader at the base than at the apex (Plate VI fig.,A and
Plate VII, fig. A). In longitudiral section perpendicular to
the flat surface, the apical cell of X, chondrophylla is more
or less triangular in form with a broad basé at the anterior
end (Plate VI, fig. B), but is more or less circular in
Xo gladiata (Plate VII fig. B). Mitchell (19%1) and Naylor
(1954a) deseribe a triangular form of apical cell in
Xe chondrophylla in both longitudinal planes. In transverse
section the apical cell in both species is rectangular
(Plate VI, fig. C and Plate VII fig C) , similar to that of
Xa_chondrophylla described by Heine (1932), Mitchell (19%1)
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and Naylor (1954%a). The apical cell of X, chondroohylla
figured by Heine is the basal dilation of the apical groove
and does not sho’w its segmentation. Mitchell (19%1)

and FNaylor (1954a) deseribed and figured the correct form
of apical cell in the longitudinal section perpendicular to
the flat surface only. M

Segmentation of the apical cell occurs first trans-
versely towards the base and then lengitudinally on each of
the four sides. The basal segment, cut off from the
apical cell, divides first parallel to the ordginal division
in X, gladiata and perpendicularly to the first division in
X. chondrophylla. This division in X, gladiatas is followed
by a perpendicular division whereas in X, chondrophvlla the
second division is parallel to the first one (Plate VI, fig.
A.and Plate VII, fig. A). Later these cells undergo anti-
elinal and periclinal divisions to form a small group of
cells. The lowermost cells gradually broaden and lengthen
to form medullary cells. The outermost cells of this group
of cells add to the cortex.

The lateral segments of the apical cell divide
transversely near the base. The uppermost cells are radially
elongate and divide longitudinally, and always remain longer
then broad. These cells form the meristoderm which lines
the sides of the apical fullow and extends further outwatds.
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The surface layer is covered by a thick mucilaginous
"outicle". EBach cell of the meristoderm possesses a granular
nucleus at its base or centre and dense chromatophores.
Meristoderm cells undergo longitudinal divisions inereasing
the surface of the thallus and also cut off basal cells
which add to the cortex. The activity of the meristoderm
ecells continues indefinitely.

The cell}s, cut off towards the base of the lateral
segments of the apical cell, undergo periclinal divisions
and the lowermost cells gradually lengthen to form medullary
ecells. The middle cells of the jateral scgments contribute
to the cortex. Fucosan vesicles occur round the nucleus of
the apical cells.

Early thickening of lateral walls and mucllage
acéumulation occur in the cortical as well as in the
medullary cells (Plate VI figs.A and B,and Plate VII figs.
A and B). Dense chromatophores occur in the cells of the
three tissues.

one of the lateral segments cut off from the apical
cell is more or less equal to the apical cell (Plate VI, fig.
A, Plate VII fig. A), and this segment may function as an

ive

apical cell. These 2 apical cellshrisé;po the more or less
dichotomous branching, as occurs in Fucus vesiculosus
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(Oltmenns, 1889y Fritsch, 19%5b; 1952), Belvetia
ganaliculata (Oltmanns, 1889, Fritsch, 1945b; 19523
Subrahmanyan, 1956), and in Ascophyvllum nodosum (Fritsch,
1945b3 1952).

Structure of the mature thallus.

Mature thalli of X. chondrophvlla and X, gladiata
also possess the usual three tissues = the meristoderm,
the cortex and the medulla (Plate VI, figs. D to G and
Plate VII,figs. D to G).

The meristoderm is composed of a single layer of
radially elongate cells containing dense chromatophores.

In the stipe the meristoderm becomes many layered. The
meristoderm cells divide more anticlinally than periclinally.
The cells formed by the former divisions inecrease the

surface of the thallus considerably while the latter add to
the cortex. The meristoderm continuds its activity
indefinitely. The lateral walls become thickened as do also
the outer transverse walls. Pit connections occur in the
inner transverse walls.

The cortex is composed of many layers of oblong =~
polygonal cells in both species. The cortical cells are
small towards the meristoderm but gradually broaden and
enlarge towards the medulla. They are compact and contain
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dense chromatophores. The cell walls are thickened,
lamellate and pitted. Compact dichotomous branching of
cortical cells also occur (Plate ¥VII, fig. H). Mucilage
accumuldion ocecurs. Few hyphae develop in the cortical
region. In the basal parts of the plant the cortical cells
inerease in depth and also i n the number of chromatophores.
Hyphae develop in the cortical region especially in the basal
parts of the thallus and in the fertile branches.

The medulla is also composed of many layaré of elongate
cells containing dense chromatophores. The cell walls are
thickened, lamellate and pitted. In both species cytoplasmic
connections occur through the pores (Plate VI, figs. I -~ L,
Plate VII, figs. I and J). Lateral connections also oceur in
the medullary cells of X. chondrophvlla and X, gladiata.
(Plate VI, figs. H, M. Plate VII, fig. J). Medullary cells are
more eaily distinguished in longitudinal sections than in
transverse sections. Hyphae are very well developed in the med-
ullary‘region of the basal part of the thallus in both
species. Medullary cells are distinguished frem hyphad cells
in the basal part of the thallus, due to their large size. In
transverse section, the medullary cells are surrounded by a
number of small hyphal cells containing dense chromatophores.
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Hyphae develop laterally or from the lower end of the

medullary cells as protuberances. These septate hyphae are
branched and abunfant in the lower thallus, ramifying amongst

(p.te0.)
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the medullary cells, and grow longitudinally downwards.
They contain dense chromatophores. Cytoplasmic and lateral
connections are common in the hyphae (Plate VI, figs. I snd
J.and Plate VII, fig. I).

Refroductive organs.

Antheridial development in both species is successive
and antheridia are borne on branched septate hairs.
Antheridia are club-shaped and pedicilate (Plate Vi fig N,
and Plate,VII fige K)s The wall is composed of exochite and
endochite.

%. chondrophvlla and X, gladlata are monoecious and
produce 4 eggs in each oogonium. The development of oogonia
is successive in both species. Paraphyses and reproductive
organs develop inlthat order from the wall-cells of the
conceptacleg. The paraphyses are slender and simple (rarely
branched) in the female conceptacles. In male conceptacles
paraphyses are simple and slender and branched hairs bearing
antheridia also occura. Unisexual conceptacles occur in
both species. In Xe gladiata male conceptacles are near the
edge of the segment, wvhereas male and female conceptacles are
seattered in X, chondrophyllas Qogonial stalks occur in
both species (Plate VI, fig. P, Plate VII, fig. 1d), as
reported by Heine (1932). The contents of the oogonia divide
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Pd
tetrahedrally (Plate VI, fig. Pc,and Plate VII, figs. Le to

Lf), produeing 4 eggs in each case. The oogonial wall is
cémposed of exochite, mesochite and endochite.

The oogonia of X, chondrophvlla and X, gladiata
measure 228 - 270 p x 108 = 228 p and 200 - 276 m x 108 -
162 n respectively. The antheridia measure 26 - 34 m x

13 - 16 p and 20 = 31 p ¥ 10 - 14 p respectively'® 2B
pecies.

6. CYSIOPHORA J. Agardh 1841

(Plates VIII - XVIII)

Sections through the apices of Cysitophora uvifera,
C. cephalornithos, C. paniculata, C. intermedia, C. platvlobium
C. moniliformis, C. xiphocarpa, C. racemosa, C. cuspldata,
C. siliquosa, C. retorta, C. botrvocystis, C. subfarcinata,
Ce. polyveystidea, reveal the presence of a funnel~-shaped
apical depression filled with mucilage similar to the apical
depression in other Cystoseiraceae and Sargassaceae (Fritsch,
19%5a). The apical cell is lenticular in longitudinal
section (Plate VIII, figs. A, C, F, G, J,K, Plate IX figs.
A, D, F, Plate X,figs. A, and C, Plate XII, fig. A, Plate
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Plate XVIII, fig. A.
XVII, fig. Ad and triangular in transverse section (Plate

VIII figs. B, D, E. H, J, L, Plate IX, Figs. B, C, E, Plate
X,figs. B, D, E, Plate XII,fig. B, Plate XVII,fig B.and

Plate XVIII, fig. B), each side being slightly convex and

more or less equal in length. The apical cell is distinguished
from adjacent cells by its large size, distknetive shape,
denser cytoplasmic contents, few chromatophores, lighter

colour and a large granular nucleus. The nuclei in

Cystophora species range from 7 = 16 n in diameter (Table

III).

The apical cell segments longitudinally at the three
faces and thk resultant segments divide transversely. The
lowermost cells of the segment again divide transversely
forming a compact group of small cells. These cells gradually
increase in size to form the medulla, where the cells become
elongate and narrow. The longitudinal walls undergo thickening
but the cross walls remain thin.

The uppermos$y cells of each segment divide lengthwise
to form a single meristoderm layer of elongate cells with
dense cytoplasmic contents and numerous chromatophores which
obscure the nucleus. These cells remain meristematic for a
considerable distance from the apex. The meristoderm is

covered by a continuous thick mucilage layer. The meristoderm
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Length. Breadth

Ce uvifera abotit 120 p abotb 60 n 9 ~-11n
Co cophalornithos " 107 n " Pn 7=11nm
C. paniculata " 47 n " 20m 8-11p
C. intermedia " 119 " 4oy 8=12u
Ce platylobium "9 n " O 9=-16n
Cemoniliformis ™ 6l n " 20n 8-11ln
Ce xiphocarpa " 108 n " ¥ 7-1n
C. racemosa " 68 W N 1% - 15m
€. cuspidata " 95 m " Wnp 7=-10n
€. silicuosa " 8ln " 34 n 10 -11 g
C._retorta = Sen " aAn 7-1nm
C. botryocystis " 108 m " fon 11 ~1%n
Co subfarcinata " 90np " 0 n 7=9 n

eystid " 108 m " 5% n 10-11nm
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cells divide transversely near the base préducing cells
which contribute to the cortex. The upper cells of the
meristoderm divide lengthwise to increase the surface area.
The middle cells, produced by the transverse division
of the first segment cut off from the apical cell, undergo
slight enlargement but remain isodiametric. Their walls
thicken early but diviksions still continue. These cells.
form the cortical tissue. At the same time, however, the
inner daughter cells of the meristoderm and outer derivatives
of medullary cells also contribute to the cortical tissue.
Meristoderm, cortex and medulla are clearly differentiated
shortly below the apiecal cell., In the subapical region
intereellular speces containing mudilage do not occur, whereas
in Pucaceae this is one of the chief characteristies
(Fritsch, 1945bs 1952). The formation of pits and cyto-
plasmic connections does not oceur either. In Cystophora
uvifera a few medullary cells cease active division and
inerease in size, these cells contain dense cytoplasm and
numerous chromatophores (Plate X, fig. A). Such cells have
not been observed in other species, of Cystophora. Fucosan
vesicles have been observed round the nucleus of apical
cells and oogonia in most of the species of Cystophora.
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Structure of the mature thallds.

Like other Fucales there occur three tissues =
meristoderm, cortex and medulla. The meristoderm ks covered
by a mucilaginous layer which has been referred to as a
cuticle. In branches of the meristoderm is a single layer
‘* of radially elongate cells containing dense chromatophores
which often obscure the nucleus. The nuclei in all the
species of Cystophora investigated are located basally or
centrally and are granular (Plate X, fig. G, Plate XII, fig.
I). Each nucleus shows 4-8 chromocentres which stain deeply
with iron-alum-haematoxylin. Meristoderm cells away from
the apex are shorter than those of the apical and subapical
regions. They are palisade=like cells which form the main
assimilatory tissue (Plate X,fig. G). In young parts these
cells remain compact, retaining their shape, whereas in old
parts of the axis or near the stipe they become irregular,
or may be host. In the latter case the cortical cells functio
as the outer assimilatory tissue of the axis. In the region
of the stipe the meristoderm becomes 2-4 layers of cells.

In young parts the single layer of meristoderm cells divides
periclinally near the base, followed by an anticlinal

division of the upper cell forming a characteristic arrangemen
of paired palisade like cells over a basal cell (Plate XII,
fig. E). The basal cell does notl divide but subsequent



periclinal and anticlinal divisions follow in the meristoderm
cells to form regular columns of cells. This results in
considerable increase in thickness of the thallus.

The radial walls df meristoderm cells are thickened
and lamellate. A maximum thickening of % m in lateral walls

" oceurs in C, subfarcinata, C. botrvocystis, C. cuspidata,
Ce platylobium, C, retorta, C. racemosa, and C. paniculata.

The inner tangential wall remains thin. Pit formation has
only been observed ih C, intermedia.

The thickening of cuticle varies in different species
(Table IV). A maximum thickening of 18 m oceurs in C.
Xiphocarpa. In most of the species of Cystophora investigated
the cuticle is from 2-9 (-13) p thick.

Beneath the meristoderm lie a few layers of cells which
are polygonal in transverse section and elongate in longit-
udinal section (Plate XI figs. S,T, Plate XII, figs. C, D,

Plate XVII,Fig. C, H, Plate XVIII figs. C and G). These
cortical cells undergo anticlinal or periclinal divisions and
are larger gowards the medulla. The larger inner cells of the
cortex contribute to the central strand of medullary tissue.

In young parts of the plant &he cortex is differentiated
into inner small cells and outer large cells but this dis-
tinetive feature disappears in older parts of the plant. The
cortical cells contain very few chromatophores and little
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cytoplasmic contents. The cell walls are thick and lam~
ellate (Plate XI, fig. V. Plate XII,fig. E). Pit formation
is common in all species investigated. Cytoplasmie
connections have not heen observed.

0ld parts of axis and stipe possess dense chromato-
phores in cortical cells, thus obscuring the nucleus. In
old cortical cells thin eross walls occur which show cell
division is still #ontinuing. Division of cortical cells is
very pronounced in Cystophora platvlobjium. The cell walls
of the cortical cells greatly increase in thickness reaching
a maximum of 7 - 24 u in G, botrvoevstis and minimum of 1 - 3
p in Ce cephalornithos.

The medulla forms an axisl core of many layers of
cells. The cells are compact and isodiametric in transverse
section, buﬁpnny times longer than broad in longitudinal
section. The lateral cell-walls are thick and lamellate
but the cross walls remain thin. The corners of the cells
become separated and the intervening space is filled with
mucilage. Pit formation is very common in the species of
Cystophora investigated (Plate XI, fig. U, Plate XII fig. F).
Cytoplasmic and lateral connections have been observed in
C. uvifera (®late XI, fig. U, Plate X, fig J).

Medullary cells contain few chromatophores in young
parts of the plant but are rich in chromatophores in mature
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parts. Meristematic activity has not been observed in the
stipe. The nucleus is very distinetive in young parts of
the plant, cdntaining 4=-8 chromoecentres and apncleolus.

The nucleus is located near the septum (Plate XI, fig. U).
Secondary changes occur in the medulla with the
production of hyphae in the stipe and the basal parts of the

axis but this has not been observed in young parts of the
plant.
Eroduction of the hvphae.

Hyphae are common mainly near the base of the axis and
the stipe in both the cortex and the medulla. They occur
as small elongate cells with dense contents, intercalated
between the individual cells of the cortex and the medulla.
In transverse section hyphae appear as round or oval in
outline and some appear embedded amongst the large medullary
cells. Developing as outgrowths from the medullary cells and
inner cortical cells, they grow downwards and become septate
as they increase in length (Plate X figs. I and J, Plate
XVII, fig. I, Plate XVIII,Fig. F). In transverse sections
of the axis most of them are seen cut transversely (Plate
XVIIT, fig. D and G). Hyphae follow a tortuous course and their
cell-walls are more or less of the same thickness as those of
the medullary cells, with the contents of the cells also
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appearing almost identical. The only difference noticeable
is that the hyphae are narrower.

In the stipe the hyphae make up the bulk of the
medulla; the medullary cells proper being scarcely rec=-
ognisable (Plate XVIII fig. D). Near the base of the stipe,
the hyphae are cut obliquely and longitudinally in longitudinal
and transverse sections respectively indicating their zigzag
and transverse course, The ramification of hyphae and the
thickened nature of their walls indicate a mechanical function
for these elements. The dense contents of the hyphae and
medullary cells suggest that they function as storage tissue
as well.

Structure of the receptacle.

Growth of the receptacle, in the species of Cystophora
investigated, is initiated by a single apical celysimilar to
that in the vegetative apex (Plate XI figs. A and B, Plate
XII figs. G and H, Plate XVII,figs. D and E). Division of
the apical cell of the receptacle occurs as in the vegetative
apical cells. No apical cell has been observed in mature
receptacles, indicating cessation of growth. In the receptacle
there is very little diffeence internally from the rest of the
thallus and it consists of the same three tissues, mebistoderm,
cortex ang medulla (Plate X figs. E, F and G, Plate XVII fig.

J and X, Plate XVIII fig. G). The structure of the sterile
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tip (Plate XII, fig. I, Plate XVII,fig. H) and stalk (Plate
XII, figs. J, and K, Plate BVII,figs. F and G), of the
receptacle are similar to those of the main axis and the
branches but the fertile regions differ from the thallus in
the frequent interruption of the tissues by the development
of the conceptacles (Plate XIII, fig. A). Cortex and medulla
are considerably reduced by the development of the concept~-
acles. Hyphal growth has not been observed in the receptacle.
Pit connections and lamella®e are common in the cortical and
medullary cells (Plate XIII, fig. B). The maximum thickeningof
cell wall of the cortex is reached in C, cuspidata (Table IV).

Differentiation of conceptacles begins close to the
apical cell of the receptacle. The conceptacle initial
develops from one of the successive segments cut off from the
apical cell. The initial cell becomes flask shaped or tongue
shaped (Plate XI,fig. C, Plate XIII fig. Ca), and is
distinguished from the adjacent cells by its large size and
slightly depressed position due to a delay in the first
transverse division. A transverse section passing through
the base of the conceptacle initial shows a three sided cell.
The adjacent cells continue to divide, overarching the initial
cell to form a conceptacle cavity. The initial cell in
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Cystophora does not eak down, but initiates the development
of the conceptacle whereas in Fucus (Bower, 1880) this cell
does break down. In Cystophoxa it divides by a transverse
wall into an upper narrow "tongue cell" and lower broader
"basal cell"™ (Plate XI, fig. D, Plate XIII, fig. Cec). The
basal cell divides longitudinally and its derivatives possess
deeply staining contents and prominent nuclei. The tongue
celllthen divides transversely, forming a uniseriate hair
(Plate XI,figs. G and H, Plate XIII,fig. Cf), fbe uppermost
cell of which is covered with mucilage. As the tongue cell
divides, the basal cell and its derivatives divide rapidly
.until the wall of the conceptacle is complete. In transverse
sections the young developing conceptacles show lining cells
with the tongue cell in the centre of the cavity (Plate

XIIL figs.Cg - Ci). Lining cells are larger and thinner walled
than the cortical cells. These lining cells produce papillae
which develop into paraphyses, antheridia or oogonia. The
cbneeptacles are flask-shaped only in young stages (Plate
XIII fig. €j) and later become spherical or more irregular and
often elongate. Conceptacles are either bisexual or unisexual,
and if unisexual then male and female conceptacles occur in
the same receptacle. Sterile conceptacles occur near the base

of the receptacle.
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Antheridia occur in large numbers borne direetly on
the wall of the conceptacle or more often on branched
hairs in the species of Cystophora investigated. The
development of antheridia has been studied in C, subfarcinata,
C. rotorta, C. cephalornithos, C. moniliformis, C. intermedia,

and C, uvifera. All these species of Cystophora show
similar development of antheridia. Smadd papillae develop

from the wall cells of the conceptacle into the cavity
(Plate XI fig. Ka, Plate XVI fig. Ca). Each papillae is cut
off by a cross wall (Plate XI,figs. Kbje, Plate XVI,fig.
Cbye.). The lower cell forms the stalk cell and the upper
one develops into an antheridium which when mature is club-
shaped. Secondary antheridia also develop laterally on

the stalk. Antheridia are stalked and also borne on branched
hgirs (Plate X,fig. H, Plate XI, fig. K, Plate XIIL fig. F,
Plate XVI fig. C. Plate XVII,figs. L, M, and N, Plate

XVIII fig. H). The size of antheridia differs from species
to species (Table V). The antheridial wall in all the
species is composed of exochite and endochite (Plate XI, fig.
Ki, Plate XIII fi:. F, Plate XVI,figs. A, Ci, Db, Ed,).

The exochite ruﬁtures at the apical end and the antheridium
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still within the endochite extrudes through the ostiole of
the conceptacle. The sperms are liberated by the gelatin-
isation of the endochite. The sperms are pyriform, and
biflagellate with a long posterior flagellum directed
backward and short anterior one directed forward. Sperms
have a short life in suspension —— some have been observed
to live for 30 minutes or slightly more. Development of
antheridia in all the species of Cygtophora investigated is
successive, and 2 - 6% nucleate stages have been observed
(Plate XI, fig. K, Plate XVI fig. C). Each antheridium
produces 64 sperms.

Papillar growth from the wall of the conceptacle also
forms paraphyses which arise similar to antheridia. Young,
antheridia are distinguished from the paraphyses by their
dense contents and centrally located nucleus. The papilla
elongates and forms & unicellular paraphysis with nuecleus
near the apex (Plate XIII figs E and F, Plate XVI figs. C and
D).

Development of oogzonia.

Oogonia develop from the lining cells of the con-
ceptacle and are distinguished from the surrounding cells
by their large size and large nuclei (Plate XI fig. L,
Plate XIII,figs.Da,Db). Different stages of oogonia have
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been observed in most of the species of Cystophora indicating
that the development of oogonia in the same conceptacles is
successive but in C, intermedia, C. platviobium, C. xipho=
garpa and C, racemosa oogonial maturation is simultaneous.
The oogonial initial divides periclinally into two
cells, the outer of which is the oogonium mother cell (Plate
XI, fig. M, Plate XIII,fig. Dc), the inner or "stalk" cell
does not function as a stalk but remains embedded in the wall
of the conceptacle. The oogonium enlarges gradually and
expands into the cavity of the conceptacle. The upper part
of the oogonium inereases in diameter whereas the basal part
remains narrowe.
| The first differentiation in the oogonium is the
appearance of numerous smal#cbrumatophores around the nucleus.
As the oogonium enlarges, chromatophores, plastids and food
reserves increase in size and number. Mature oogonia contain
dense chromatophores and food reserves. No halrs develop
from the outer wall of the oogonium as oceurs in Carpophvllum
flexuosum (Dawson, 1940), but as the oogonium matures the
paraphyses near the oogonium come to lie on its outer
surface. Mature oogonia vary from oval to spgeriical. In a
few cases the basal part of the oogonium is so narrow that it

resembles a stalk. The number of oogonia per conceptacle
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varies but generally lies between % and 16, The oogonial
wall is composed of exochite, mesochite and endochite (Fig.
). In each mature oogonium there is a large granular

nucleus with a big nucleolus (occasionally two), (Plate XI,
fig. R, Plate XIII, figs. Dd,De, Plate XVI, figs. A, D, and E,
Plate XVII, fig. V, Plate XVIII fig. J). There is a great

rage of variation in the size of oogonia in the species of
Cystophora investigated (Table V). Nuclear stages have been
observed in C, uvifera and C moniliformks, and C, intermedia
(Plate XI,figs. P and Q, Plate XVI, figs. B, F, Plate XVII,

figs. Q@ = U). The nueclei are arranged in a linear series in

C. moniliformis (Plate XVI, fig. F).

Paraphyses in C, intcrmedia and (. platvioblum contain
dense chromatophores and are clavate in form (Pkate XVII,fig.

P). In other species they are slender and the end cell is
club=-shaped. Fucosan wesicles have been observed round the
nucleus of the oogonium (Plate XI,figs, P to R, Plate
XIII,figs. Ddavd De, Plate XVI, fig. F).
Enbryology.

Fertilisation in C, subfarcinata, C. retorta, C.

gcephalornithos, C. intermedia, C. uviferas C. polvcystidea,
and C, platvlobjum has been observed by immersing fertile
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receptacles in sea-water or culture solution in dishes at
room temperature (18 « 20°C). Mature and immature eggs
are extruded successively within an hour. The mature eggs
(Plate XIV, fig. A, Plate XVII, fig, W, Plate XVIII, fig. K),
contain dense brown contents with thick walls whereas the
immature ones are thin-walled and light in colour. Bxtrusion
of eggs is followed by the liberation of antheridia and
sperms. Within an Jour the eggs have been fertilised and
have attached themselves to the bottom of the dish by a
secretion of mucilage which forms a layer round the fertilised
egge. Zygotes becoge very dark brown with dense contents
whereas unfertilized eggs remain light in colour. The
pellicle first remains thin and then gradually thickens.
Zypgotes in the species investigated are spherical measuring
75 = 100 p in diameter (Plate XIV,figs. B, H, Plate XV, figs.
Aa, Ba, C3, Da). The zygotes of C, cephalornithos become
slightly flattened and the surface appears rough due to an
aggregation of dead sperms. This is not noticeable in the
other species of Cystobbora investigated.

The segmentation of zygotes normally begins within
16 to 18 hours after fertilisation at room temperature
(18 = 20°C). Polarity is revealed by the first transverse
segmentation,orphe zygote into two unequal cells (Plate XIV,
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figs. C I, Plate XV, figs. Bb, C2, Db). The lower cell
divides transversely forming a rhizoid initial (Plate XIV,
figs. D, J, Plate XV, figs. Be, C4, De), within two hours
after the first segmentatién. The third division in the em~
bryo occurs vertically in the upper cell (Plate XIV, fig. E,
Plate XV, figs Bd, Dd). The fourth division occurs vertically
in the middle eell which is formed by the second division
(Plate XIV, fig. F, Plate XV, figs. Bf, C5, De). The fourth
division is followed by a longitudinal divksion of the rhizoid
eell into halves, and this is complete within 24 hours after
fertilisation. Further segmentations of the body of the
embryo oceur longitudinally and transversely with the elon~-
gation of the rhizoid cell into 2 rhizoids (Plate XIV, fig.
G, Plate XV, figs. Bg, C6, Dg). The embryo elongates and
within two days the embryos possess two more rhizoids
which develop from the adjacent cells lyihg above the
primary rhizoids. Within two more days the embryos become
many celled and further segmentations are obscurel by the
heavy pigmentation of cells.

Abnormal development of zygotes has been observed in
Ca subfarcinata and C, retorta (Plate XIV firs. H - J,
Plate XV, figs. DkPx). In this case occasional zygotes are
ellipsoidal and divide along the short axis in two cells.
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The second division occurs transversely in each cell near
the narrow end, forming a single rhizoid cell at each

end. Further divisions ofthis embryo have not been ob=-
served but rhizoids occur at both ends (Plate IX ,figs. G

and H)e This type of embryo has been termed a double embryo=-
spore (Hiroe and Inoh, 1955))

Within a week the body of the embryo is raised from
the surface, with the loss of the mucilage membrane which
remains attached to the embryo on one side (Plate XIV fig.
N). In C, polvcvstidea the membrane is cast off after a
week. Embryos of each species of Cystophora studied develop
an apieal groove or depression within a week (Plate XIV,
fig. L, Plate XV, fig. €10, Dh). One or more papillar
protrusions develop from the base of the depression and push
the mucilage membrane to one sidee. These protrusions
become apical hairs (Plate XIV, figs. M, N and P, Plate XV
figs. Bj X, K, C11, Di®§). The rhizoids bedome septate
within a week and the branching of rhizoids has been
observed in a few cases. The embryos of Cystophora uvifera
differ from the other species by producing a single rhizoid
only, but after two weeks they develop many rhizoids

(Plate X, fig. K). In C. intermedis and C. uvifera apical
hairs have not been observed because of the death of the
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embrybs in 18 days (Plate X,fig. K, Plate XV, fig. A). Most
of the other species of @vstophora studied possess 4 to 8
apieal hairs but in a few cases up to 16 hairs have been
observed. The apical hairs grow by basipetal segmentation
from a flask-shaped basal cell (Plate XIV, fig. R), they

are small and rectangular at first but gradually increase in
length. These delicate and unbranched hairs measure up to

3 mm. in length and up to 13 m in breadth. In the embryos
of C. subfarcinata and G, Ietoxta there is a swelling of one
eell of the apical hair (Plate XIV, fig. Q) which has not
been reported in other Fucales. After a weck or so the apical
hairs begin in most cases to break off into pieces, but some-
times they may last formnths. In some cases the hairs may
develop from any part of the body of the embryo. In C.
platylobium two tufts of apical hairs develop on the body of
the embryo (Plate XVII, fige. L). In C. subfarcipnata and

Ca retorta there is development of an apical cell wich is
trianguler in transverse section. Sections (Plate XIV, figs.
S and T) through the embryo show differentiation into three
regions of cclls. In the centre there are large cells which
form the medulla and from which secondary rhizoids develop.
The peripheral layer develops into meristoderm cells which
are radially elongate containing chromatophores and a single
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nucleus. Chromatophores are aggregated towards the inner
margin of the cells. Beneath the meristoderm lie small
cortical cells. A large number of small cells occurs in the
lower part of older embryos (4 months). These are rhizoidal

cells which extend within the base of the embryo (Plate
X1V, fig. S).

Sections through the growing points of Scaberia
agardhii reveal the presence of a single apical cell at
the base of an apical depression. It is covered by mucilage
which protects the apical cell. The terminal end of the
axis and the branches are covered by slender young laterals
which make the apical depression obscure.

The apical cell is biconvex in longitudinal section
(Plate XIX,fig. A) and triangular in transverse section
(Plate XIX fig. B). The apical cell segments on three
faces. These segments divide anticlinally and periclinally
forming a curved row of elongated#eils which form the lining
of the apical depression. Frequently one segment of the

apical cell is more developed than the other two segments,
indicating the successive segmentation of the apleal cell.
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The upper cells of the primary segments, cut off
from the apical ecll, elongate, and develop into the
meristoderm. The meristoderm cells contain dense chromato-
phores and basally located nuclei. These cells are
meristematic as well as assimilatory. Meristoderm cells
firstdivide periclinally near the base, the lower cells
contributing towards the cortex. Later the upper elongated
ecclls divide anticlinelly to inerease the surface of the
thallus.

The middle cells, produced by anticlinal division
of the segments of the apical cell, undergo some enlarge-
ment and some further divisions, but remain oblong or
polygonal. Their walls are thickened early but subseguent
divisions are indicated by the occurrence of thin septa in
some cclls. These cells contribute to the cortical tissue.
The lower cells of each segment cut off from the apieal
cell broaden somewhat and divide both perielinally and
anticlinally thus forming oblong cells which give rise to
the medulla. These medullary cells cut off cells towards
the cortex, which further contribute to the cortex. The
medullary cells are compactly arranged in longitudinal rows
with centrally located nuelei. Away from the apex the
jndividual cells of each row gradually lengthen, producing
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an axial core of elidngate cells. Fucosan vesicles
oceur round the nueclei in the apical region (Plate XIX,
figs. A and B).

Immediately below the apex, two distinel zones
of medullary cells are present; a central zone of large
cells and an outer zone of smaller cells. Divisions in
the large cells situated at more than 30 m from the apical
cell obliterate the two zones, except for about four
scattered large cells which tend %o remain urdivided. Pit
formation and lateral communication between the cells has
not been observed in the apical region but in the region
lying beyond 100 m from the apex cytoplasmic connections
occur (Plate XIX fige E).

Structure of the mature tiallus.

The anatomy of the stipe,main axis and the branches
are similar. While 3 distinet layers are present in the
apical region, cortex and medulla are not clearly different-
jated in the older parts of the plant (Plate XIX, fig. C).
The meristoderm is very distinet due to its meristematic
charecter and is covered by a contimuous mucilaginous cuticle.
In the mbipe the meristakrm is composed of up to three
layers of compact cells containing dense chromatophores
which are 8 - 16 m in diameter, ovoid and elther light
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brown and refractive or dark brown and less reftactive.

The chromatophores are clongated in cells near the apex

of the axis and in youhg tissues and divide transversely.

Ho division of chromatophores has been observed in older
parts ofthe plant. The lateral walls of the cells are thick
and the end-walls taper. The peripheral cells are more

or less uniform in shape. Hyphae do not occur in the
meristoderm except in the stipe where the inrer cells of
the meristoderm may develop hyphae as described for the
medalla.

Just beneath the meristoderm lie 3=5 layers of cells
vhich are more readily distinguishable in longitudinal
section (Plate XIX,fig. D), than in transverse section
(Plate XiX, fig. C). The cells in the outer part of the
cortex are large and polygonal in transverse section and in
the inner part they are small and more or less isodiametric.
Chromatophores are few in number, scattered or aggregated in
groups. The end walls of the cortical cells are rounded
and cellanlls are thick and lamellate. Pit formation and
cytoplasmic connections between them occur (Plate XIX,fig.
E). Lateral connections between the cortical cells also
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occur (Plate XIX,figs. K, L). Hyphal production is not
common in the cortical cells except in the basal part of
the main branches and the stipe where the hyphae are wwll
developed. They develop as in the medulla.

The medulla is composed of many layers of cells
containing dense chromatophores which are either scattered
or aggregated in groups. Some of the medullary cells are
devoid of chromatophores. The inner medullary cells are
large and contain denser chromatophores than the outer
medullary cells. Cell walls are thick and lamellate. Pit
formation and cytoplasmic connections occur in the medullary
cells and lateral connections are also very commones
Perforated septa have not been observed. Hyphae are very
common in the medulla in the basal part of the axis (Plate
XIX, fig. F) and stipe, gvowing downwards between the cells.
Medullary cells become elongated and form a bulbous structure
from which the hypha develops. Two types of hyphae occur and
both of them are very common. Anastomosing hyphae (Plate
XIX,fige. N) are very pale in colour and large in size and
more common in the inner medulla, than in the outer medulla.
Filiform hyphae are scattered abundantly and intermingle

with the anastomosing hyphae. They are dark brown in
colour and most common in the outer medulla, and have

chromatophores.
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These develop at a young stage or near the base of
new branches of the plant. The vegetative growth occurs
from a single apical cell as deseribed in the axis.
Internally three zones, meristoderm, cortex and medulla
are present (Plate XIX,fig. M). Meristoderm is a single
layer of radially elongate cells containing dense contents
with a distinet central nucleus. The lateral walls are
- thiek and the outer wall is covered by a continuous mbc-
ilaginous layer. The cortex consists of 2 or 3 layers of
polygonal cells with théck walls. These cells contain
dense chromatophores. No pit formation nor cytoplasmic
connections have been observed. The medulla is composed of
about % layers of cells. The medullary cells are more or
less isodiametriec and are smaller in size than the cortical
eells., The cell-walls are thickened and pit formation and
eross connections do not occur. Cryptosomata occur but they
are very few in number. The sterile hairs are unbranched

and filiform and do not projeet out from the ostiole.

The verruciform leaf is also compdbsed of three
layers = the meristoderm, cortex and medulla. Meristoderm
is a single layer of cells radially elongated on the dorsal
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side of the leaf but tangentially elongated on the ventral
side. These meristoderm cells are twice as long as broad
with ecentral nuclei and dense contents. The cell-walls are
thick and the cells are compact. The meristoderm cells of
verruciform leaves are more active in growth. The cortex is
composed of 2«3 layers of cells which are polygonal and
compact, containing fewer chromatophores than the meristo-
derm. In transverse section (Plate XIX, figs G, H), the cortex
is indistinguishable from the medulla, but it # distinet
in longitudinal sections (Plate XIX,figs. I and J). Pit
formation and connections do not uear. The cell-walls are
thick and lamellate. The medulla is composed of up to %
or more layers of cells in the old parts but is made up of
a single layer in the younger parts (Plate XIX,Fig. G). In
longitudinal sections (Plate XIX figs I, J), the cells are
elongated, compact and placed end to end with sparse
chromatophores. The cell walls are thick and lamellate and
pit connections occur.
Structure of the scale leaves.

The internal structures of the scale leaves are sim-
ilar to those of filiform leaves having the same pattern
of cells in the three zones. Pit formation and cross
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connections occur in scale leaves but not in filiform ones.
Sterile conceptacles occur and the lining of the sterile
conceptacle is composed of a single layer of cells. The
paraphyses are slender and unbranched.

Beproductive organs.

Bisexual conceptacles occur in the verrufiform
leaves. In a few conceptacles only antheridia have been
observed. Antheridia are usually far more numerous than
oogonia in contrast to Scytothalia dorvcarpa where oogonia
outnumber the antheridia. The conceptacles are lined with
a layer of small cells. Tufts of antheridial hairs and
paraphyses occur between the oogonia. The paraphyses are
long, slender, septate and unbranched (Plate XX,fig. C), those
near the ostiole bekng shorter, and broader.

Development of

Antheridia originate in the same way as paraphyses.
At first they are indistinguishable except that antheridial
initials have denser cytoplasm and larger nuclei. Antheridia
may be sessile and sometimes pedicellate (Plate XX,fig. E), or
on branched hairs (Plate XX, fig. B). The stalks of the
antheridia are simple but they give rise to further antheridia
by continued branching. Young antheridia often develop below
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the old ones. Commonly a conceptacle contains antheridia
at different stages. In antheridia up to 64-nucleate

stages have been observed (Plate XX, fig. A). Proliferations
through old empty antheridia also occur. The ripening

of antheridia occurs sueccessively. The mature antheridium
wall is differentiated into exochite and endochite. Anther-
idia are extruded through the ostiole. Each antherimdium
produces 6% sperms. The mature antheridium measures 30 =
4% p and x 9 - 16 u. The exudation of sperms and their
structure have not been studied.

Oogonia arise from the wall-cells of the conceptacle
and are interspersed with antheridia and paraphyses. The
oogonium possesses a large granular nucleus with a large
nucleolus (occasionally two nucleoli). Oogonia oecur in
small numbers only. Oogonia observed have beena the same
stages of development indicating that simultaneous ripening
occurse The mature oogonia generally measure 95 - 241 m by
60 =~ 90 p. TNuclear divisions result in the formation of
eight nuclei, seven of which are expelled from the centre
towards the periphery. One mucleus remains in the centre of
the oogonium and functions as the egg nueleus. All stages
from 2 to 8 nucleate (Plate XX, figs.Da to Dd) have been
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observed while the oogonia are stilljvithin the conceptacle.
In the 8-nucleate stage altha nuclei are of the same size
except the larger central one. No mucilaginous caps on
the oogonia have been obsecrved. The egg is disharged
through a latero-apical aperture (Plate XX,fig. De). The ‘
eggs are spherical (Plate XX,fig. Df) and measure 65 = 1384& |
across. The mature eggs are dark brown in colour wvhereas
immature ones are pale in colour. The cogania#wall is
composed of 3 layers =~ exochite, mesochite and endochite
(Plate XX, fig. Dg).

Enbryogeny.

Fertilisation in §caberia agardbil has not been
observed but it is presumed that this may take place inside
the conceptacle or after the extrusion of eggs. After
fertilisaticn the zygotes are attached to the substratum
by a mmeilaginous secretion. After sizteen hours a cross
wall is formed across the zygote with the differentiation of
upper and lower cells (Plate XX,fig. G), which exhibit
polarity. Within an hour after the first segmentation a
second division occurs, perpendicular to the first division,
in the upper cell (Plate XX fig. H). A third division
occurs transversely in the lower cell forming a lenticular
cell vhich becomes the primary rhizoidc:a;hte XX fig.I). esid

-

!
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The foygrth division occurs perpendicular to the first and
third division of the zygote (Plata|xx, fige J), and is followed
by a longitudinal division of the primary rhizoid cell

into two cells. Each of these two cells develops into a
rhizoid. A multicelldar body with two rhizoids is thus
developed within forty eight hours (Plate XX, fig. K). After
seventy two hours the embryo has developed four, eight or
siteen rhizoids (Plate XX,figs. L, M. and N). At this

stage the embryos are attached by means of rhizoids and the
body of the embryo is raised up. It has not been observed
how the addktional rhizoids are developed. After three days
the embryos measured 400 - 500mx 300 - 400 p. The rhizoids
are septate and the embryo becomes 760 ~ 390 m within a
week. The apical hairs develop in about one month. Firstly
one or two hairs develop from the apical groove, formed in
the body of the embryo. These hairs grow in length and more
hairs develop from the base of the apical groove (Plate XX,
fig. N). Four to six hairs are common but up to 12 hairs
have been seen and have a basal meristem. As the apiecal
hairs develop the embryo elongates. Embryos have been grown
for up to five months but their growth was inhibited due to
bacterial growth in the dishes.
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Vegetative growth in C, muricatum is initiated by a
single apical cell in the apical depression. The apical
ecell is triangular in transverse section (Plate XXI, fig.

B) and biconvex in longitudinal section (Plate XXI, fig. A).

Segmentation of the apical cell occurs longitudinally at an

early stage and each segment undergoes transverse divisions

to form a curved row of céls; sometimes part of the segment
may divide longitudinally to produce a series of meristoderm
cells lining the apical furrow.

The lowermost cell of each segment divide longitudinally
and transversely to form longitudinal rows of meristematic
cells. The individual cells of each row gradually lengthen
and become rectangular as shown in longitudinal section (Plate
XXI, figs. A and J). These axial cores of elongate cells
are slightly thickened but the transverse ones always remain
thin.

The middle cells, produced by division of the segment
of the apieal cell, enlarge and divide further but remain iso-
diametriec. Their walls thicken early but divisions still
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oceur in these cells. These cells develop into the cort-
ical tissue. The outer products of the medullary cells
and inner products of the meristoderm cells also con=-
tribute to the cortex.

Shortly below the apical cell there oceur fhree
different tissues = meristoderm, cortex and medulla.

In the apical and subapical region the meristoderm is a
single layer of radially elongate cells. They are
meristematic and undergo transverse and longitudinal div-
isions. The cortex is composed of 2=3 layers of isodiam-
etric cellswith dense chromatophores. The medulla consists
of up to k=6 layers of oblong cells. In the subapical
region the cortical and medullary cells are also meristematic
like the meristoderm cells.

Fucosan vesicles occur round the nucleus of the apical
cell (Plate XXI,figs. A and B).,
Structure of mature thallus.

Three distinet tissues occur in the old parts of the
plant as in the subapical region.

The meristoderm is a single layer of radially elongate
cells which are compact, containing dense cytoplasmic
contents, with a considerable number of chromatophores and -
basally located nuclei (Plate XXI, fige E). The lateral
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walls are thick. The meristoderm is covered by a con=-
tinuous mucilaginous cuticle. The meristematic activity
of the meristoderm cells continues indefinitely.

Underlying the meristoderm are the larger cortical
ecells. The cortical cells are arranged in 3~5 layers and
contain dense chromatophbres of varying size. The cells
are isodiametriec or polygonal in transverse section (Plate
XXI,figs. C and E) but elongate in longitudinal section
(phate XXI, fig. J)« The innermost cortical cells become
longer than the outermost ones and the lateral walls become
slightly thicker with a distinct middle lamella.

Running centrally through the length of the plant
are strands of elongate cells forming the medulla (Plate
XXI,fig. D). This tissue is composed of many layers of
ecells. In young parts of the plant the medullary cells
contain dense cytoplasmic contents and chromatophores.
Cytoplasmic connections ocecur commonly in the young parts
of the plant (Plate XXI,fig. J) but no such connections were
observed in the old parts of the plant. Tapering end walls
of cells are common in older parts of the axis but not in
the young parts. The lateral walls are thick and strongly
lamellate. The septa of the medullary cclls are straight and

thin., Pit formation generally occurs.
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Hyphae usually oceur in the cortex and the medulla
of the stipe and of the axis.
Structure of the slender leaves.

Vegetative growth in the slender leaves is also
initiated by a three sided apical cell (Plate XXI, figs.

F and G) similar to that of the axis. The segmentation

of the apical cell and division of the segments follows the
same pattern, as deseribed for the apex of the axis. In
this case also the meristoderm is a single layer and the
cells are radially elongate containing dense chromatophores
with a basally located granular nucleus. The cortex is of
2 layers and the cells are polygonal and rather isodiametric.
The medul}a near the apex is 3~4% layered, compact and
meristematic (Plate XXI,fig. H). The medullary cells

are few in the older parts of the slender leaves and the
cortical cells are large (Plate XXI,fig. I). Cryptostomata
with projecting hairs occur in the slender leaves. Lateral
walls are slightly thickened but no pit formation occurs.
Structure of the receptacle.

The receptacle also possesses a single apical cell
similar to those of vegetative parts (Plate XXI figs. K
and L). The receptacle is composed of a single layer of
meristoderm cells, 2-6 layers of cortex and 2-4 layers of
medulla. The medullary cells are eclongate and the
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lateral walls are thickened. Pit formation was not observed
in cells of the receptacle. The structure of the receptacle
differs from the vegetative parts of the plant due to the
development of conceptacles which are scattered throughout
the outer tissues of the receptacle. Empty conceptacles
occur near the base of the receptacle. The conceptacles are

arranged in acropetal succession.

The development of a conceptacle is initiated by a
segment cut off from the apical cell of the receptacle. This
segment is termed the "initial cell"™ of the conceptacle
(Plate XXI, fig. M) and is distinguishable frog the surrounding
meristoderm cells in its being slightly depressed in position
because of a delayed transverse divisionj; it is also flask
shaped. The initial cell is evident in longitudinal section
rather than in transverse section of the receptacle. A
transverse section passing through the basal parts of the
initial cell reveals a somewhat triangular cell. The initial
cell is divided transversely into two unequal parts by a
downwardly curved wall (Plate XXI, fig. N). This wall is
concave towards the upper cell which is termed the "tongue
cell”, and the lower cell is called the "basal cell". The
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basal cell undergoes repeated longitudinal divisions forming
a single layer of cells lining the cavity. The basal cells
first divide longitudinally into two similar daughter cells,
thus producing a three-celled stage of the conceptacle (Plate
XXI, fig. P). A transverse section cut through the upper part
at the 3-celled stage, shows a circular cell which is the
tongue cell (Plate XXI, fig. S).

The two basal derivatives divide longitudinally in
various planes. A condition thus results which exhibits eight
cells in longitudinal section (Plate XXI, fig. R). Seven of
these cells are the young cells of the recept divisions of the
basal derivatives and one is the centrally placed tongue
cell. The longitudinal divisions continue. The tongue cell is
conspicuous and develops into a filament of 3 cells (Plate XXI,
fig. U). Longitudinal divisions continue until the wall of
the entire conceptacle is formed (Plate XXI,fig. V). The
succeeding stages df the tongue cell have not been observed.
Revelopment of oozonia.

The oogonial mother cell develops from the wall of the
conceptacle. Some of the lining cells of the conceptacle
enlarge and become densely filled with cytoplasm, and possess
a large nucleus. The mother cell enlarges greatly and divides
transversely (Plate XXI,fig. W). The outer cell facing the
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conceptacle cavity forms the oogonium, and the lower one
the stalk cell. The stalk cell does not raise the oogonium
above the lining of the conceptacle but beémmes embedded
due to the growth of the surrounding cells. The oogonia
when mature enlarge greatly and become either partly
embedded in the tissue or project into the cavity of the
conceptacle (Plate XXI,figs. X and Y). They are ovoid,
measuring 120 - 20% p x 100 <150 p. The oogonial wall is
composed of exochite, mesochite and endochite, and measures
4 m in thickness.

During the early stage of development of ocogonia the
cytoplasm is evenly distributed throughout the oogonium and
has a large granular nucleus with one or two conspicuous
nucleoli. The nucleus is surrounded by numerous plastids.
As the oogonia mature they are discharged periodically in
zones on the receptacle indiecating that maturation is
simul taneous within a conceptacle. Young ocogonia do not
occur in the conceptacles from which mature oogonia have
been discharged. The longitudinal secretion of the
receptacle often shows three distinct zones of oogonial
development of the eonceptacles, (1) a basal zone with
empty conceptacles (2) middle zone with mature oogonia,
(3) wupper zone of young conceptacles near the apical region

of the receptacle. Mucilage caps on the terminal end of
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the oogonia oceur and extruded oogonia have been observed
attached by a mucilare stalk to the surface of the
receptacle as in Cystophvllum trinodis (Delf, 1935).

Fuclear division in the oogonium results in the
formation of eight nueclei, seven of which gradually pass
towards the periphery. Up to four nuclei have been ob-
served while the oogonia are in situ (Plate XXI,figs. X and
Y) and in the extruded oogonia 2-8 nucleate stages have
been observed (Plate XXII, figs. D. and H). At first all
the nuclei in the extruded oogonia are of the same size
but sooner or later all nuclei except one become small and
1ie towards the periphery. In a few cases two big nuclei
have been observed while the rest have been small.
Revelopment of antherldla.

The lining cells of the conceptacles develop into
papillae which divide transversely. The outer cells facing
the cavity function as antheridial initials and are dis~
tinguished from the paraphyses by having darkly staining
eontents and large granular nuclei. These initials further
divede transversely; the outer cell is the antheridium
proper and the lower one is the stalk cell. The antheridium
greatly increases in size and becomes club=-shaped (Plate
XXII, fig. A), while the nucleus divides ultimately to form

sperms. Different stages of antheridia ocecur in one
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conceptacle. The mature antheridia generally measure 30 - 40
RxX9 -15p, and Have a wall of exochite and endochite.
Antheridia are pedicellate (Plate XXII, figs. B and C).
Enmbryology.

The eggs are ovoid and covered by a mucilage sheath
on the outer surface of the receptacle. Fertilisation has

not been observed but it is presumed that it takes place
within the conceptacle or inside the mucilage sheath.
Fertilised eggs attach themselves to the bottom of culture

dishes. The segmentation of the zygotes occurs while attached
on the surface of the receptacle, or on the bottom of the
culture dishes. The zygotes divide transversely into two
unequal parts -—— the upper cell small and the lower cell

large (Plate XXII, fig. K). The second divisions is perpendic-
ular to the first in the upper cell (Plate XXII, fig. L).

The third division is transverse on the lower cell forming

a lenticular rhizoid initial (Plate XXII, fig. M). The fourth

division is perpendicular in the middle cell (Plate XXII, fig.
N) and is followed by three successive longitudinal divisions of

the rhizoidal initial forming 4 rhizoidal cells in all (Plate
XXII, figs. P = R)} each rhizoid cell devclops into a rhizoid
within 48 hours (Plate XXII, fig. S8). In the meantime the em=-
bryo becomes multieccllular and increases in length and
breadth. By this time the embryos have become attached
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the the substratum by means of rhizoids and the body of the
embryo is raised up. The rhizoids grow rapidly. The
mucilage layer is pushed off from the embryos within a
week (Plate XXII,figs. S and U), and an apical groove
develops. Embryos measure 300 = %00 m x 100 - 150 u by the
the end of one week, and the number of rhizoids increases to
12 or more in two weeks. One or two apical hairs develop
within two weeks from or mear the apical groove (Plate XXII,
fig. U). The number of apical hairs may increase to as
many as 16, but % or 6 apical hairs are more common
(Plate XXII fig. V). Septation of rhizoids occurs by the
end of the second week and the transverse wall may be straight
or oblique. In the third week the embryo geasures 600 - 900
B x 150 = 250 p but there is no -ppreciable increase in the
diameter of the rhizoids. |

Inculture, floating embryos detached from the sub-
stratum, differ in shape than attached ones, measuring
1000 - 2000 1 x 120 - 150 m in three weeks compared with a
measurement of 650 - 1800 u x 175 - 300 m for attached
embryos. Asphe embryo grows in length more hairs develop
in tufts from different places on the body of the embryos.
The apical hairs measure more than a millimeter in length and
10 - 15 n in breadth and mve a2 basal growth region. The
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maximum number of rhkoids is 16 to 18 in three months
(Plate XXII,fig. W).

The vegetative growth in C, confluens is initiated by
a single three sided apical cell as described by Gruber
@896

In longitudinal section the apical cell is biconvex
with a conspicuous nucleus (Plate XXIII figs. B and C); the
two sides taper to the anterior end while the posterior end
is rounded and rather broader. In transverse section the
triangular shape of the apical cell is manifest, the sides
being slightly convex (Plate XXIII, fig. A).

Segmentation of the apical cell occurs longitudinally
at an early stage and each daughter cell undergoes transverse
divisions to give a curved row of 3 or more cells; sometimes
part of the daughter cell may divide longitudinally.

The uppermost cells of ecach segment divide rapidly
to form a scries of elongated cells which contain dense

chromatophores. These cells are meristematke and divide first



139.

periclinally near the base and then anticlinally in the
upper cells. The divisions of these cells continue
indefinitely.

These elongated cells are the meristoderm, which
commonly consists of a single layer of cells near the apeX.
The lowest cells formed from each segment of the apical cell
broaden somewhat and divide both periclinally and anticlinally
to form rows of longitudinal cells. These cells are
meristematic near the apex, more or less oblong and compact.
Behind the apex the individual units of each row gradually
lengthen and form an axial core of elongated cells (Plate
XXIII, fig. C) which econtinues downwards as the medulla.

The middle cells, produced by the transverse division
of the segments of the apical cells, enlarge and divide
further but remain isodiametric. The walls of these cells
thicken but division still occurs. These cells help to build
up the cortical tissues. The products of the outer cells
of medulla and inner cells of the meristoderm further con=
tribute to the cortex. Thus there are three distinet tissues
near tha apex-meristoderm, cortex and medulla.
Structure of the mature thallus.

The anatomy of the mature thallus also reveals the
presence of three distinet tissues as in the apical and sub-

apical regions.
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The meristoderm consists of a single layer of radially
elongate cells (Plate XXIII,figs. D = F)e The lateral and
jnner walls are thick and the outer convex walls are protected
by a continuous layer of mucilage. The cells are meristematic
and compact with dense chromatophores obscuring the nuclel
(Plate XXIII,fig. F). In the stipe and the basal part of the
aiis the meristoderm is up to six layers of cells thiek,
all containing dense chromatophores.

Immediately below the meristoderm lies a zone about
5 layers of cells deep (Plate XXIII,figs. D and E), with
sparse chromatophores. These cortical cells are isodiametric
or elongate with thick lamellate walls and pit connections.

Running centrally through the length of the axis or
branches are strands of elongate cells (Plate BEIII, fig. J)
in the older parts these cclls become broader (Plate XXIIL
fig. H). The cell walls are thick and lamellate and show
plt connections (Plate XXIII, fig. I). The medullary cells
are small and isodiametrie in transverse section (Plate XXIII,
fig. D), with transverse septa simple and thin. Medullary
cells contain sparse chromatophores. Lateral connections and
perforated septa have not been observed, but hyphae ocecgr in
the basal parts of the plant (Plate XXIIIj fig. K).
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Each receptacle is notched at the tip. At the base
of the apical depression lies a single three sided apical
cell similar to that of vegetative parts. The growth of the
receptacle is initiated by an apical cell as described for
the apex of the axis. Sections through the apical region
ofthe receptacle show the arrangement of the conceptacles
in rows on each surface but this arrangement is obliterated
due to the displacement of the conceptacles by mutual pressure
during their enlargement. Sterile conceptacles ocecur near
the base of the receptacle. They contain sterile slender
paraphyses with club-shaped end cells. The internal structure
of the receptacle is similar to that described for the axis
except for the development of conceptacles.

Beproductive organs.

Mostly the conceptacles are bisexual, with the oogonia
scattered between the antheridia and paraphyses (Plate XXIII,
fig. L)« But some conceptacles are entirely male and a few
produce oogonia only.

Paraphyses.

The wall-cells of the conceptacle give rise to

long, basally growing paraphyses which project out of the

ostiole, while the sides produce short, unbranched paraphyses.
In all cibnceptacles the central area of the floor is sterile,
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produecing a group of paraphyses. This feature was first
observed in Cystoseira (Sauvageau, 1911; 1912). Paraphyses
also originate in the fertile region oche conceptacle, betweer
antheridia and oogonia, but these are shorter than the

central paraphyses and decrease in length towards the upper
part of the conceptacle. The paraphyses arise from the wall
of the conceptacle and develop club-shaped end cells.

Antheridia may develop directly from the wall of the
conceptacles or on short filaments., The initial papillae
arise from the lining cell of the conceptacle (Plate XXIII,
fig. Ya). The antheridia are distinguishable at an early
stage ffom the paraphyses because they have darkly stained
contents and larger nuclei. These papillae divide trans-
versely and then the outer resulting cells function as
antheridial initials. The antheridial initial divides trans-
versley forming an antheridium proper and a stalk cell
(Plate XXIIT, fig. Yb). The antheridium proper grows towards
the cavity of the conceptacle and becomes club-shaped. The
stalk cell later may produce a branch which pushes the orig-
inal antheridium to one side and itself gives rise to a second

antheridium (Plate XXIII,fig. Z). In a few cases the stalk
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elongates, becomes septate and bears many antheridia.
Antheridia may also occur in a cluster terminally or
laterally on the paraphyses. Different stages of anther-
jdial development occur in the one conceptacle. Division
stages of 2-8 nuclei have been observed in the young an-
theridia (Plate XXIII, fig. X). Successive development of
antheridia occurs in the same conceptacle. The antheridia
measure 25 - 4% m x 8 = 15 p. A mature antheridium is com=~
posed of two layers of wall — exochite, and endochite
(Plate XXIII,fig. Ye). The entire antheridia may detach in
the cavity of the conceptacle.

Revelopment of oogonis.

The oogonium arises from an outgrowth of one of the
wall-cells of the conceptacle and the outgrowth divides
periclinally into a small stalk cell and an oogoniu m proper
(Plate XXIII,fig. M). The stalk cell always remains
embedded in the wall of the conceptacle. The oogonium proper,
which projects in the cavity of the conceptacle, increases
greatly in size and soon becomes ovoid (Plate XXIII, fig.
L). There now follows a long period of growth during which
the oogonia attain 100 = 170 p x 50 = 80 p. The oogonium
eontains a great quantity of reserve material, many

chromatophores, dense cytoplasm and a large granular nucleus
with a distinet nucleolus (rarely two)e The oogonium is
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differentiated into three lajers -~ exochite, mesochite
and endochite. No nuelear divisions have been observed.
The eggs are ovoid (Plate XXITI,fig. P). Oogonia at
similar stages of development occur in the conceptacles
showing simul taneous maturation of the oogonia.

10. VIRIODESMA Decaisne 1841

(Plates XXIV - XXVII).

Gruber (1896) described the anatomical structure
of Myriodesma integrifolia but did not find apical growth,
he doubtfully placed it under the Cystoseiraceae. The
present investigation of the anatomical structure, develop=-
ment and apical growth is based on fresh and preserved

material of W, Integrifolia, M. latifolls and M, guercifolia.

The vegetative growth in Myriodesma is initiated by
a single apical cell vhich is situated at the base of the
apical depression. The apical cell is midre or less biconvex
in longitudinal section (Plate XXIV, fig. B.Plate XXVI, fig.
A.Plate XXVII,fig. A), and triangular in transverse
seetion (Plate XXIV, fig. A. Plate XXVI,fig. B. Plate XXVII,
fig. B). The sides are more or less equal and slightly
curved inwvards. In longitudinal section the sides of the
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apical cell meet at a point at the inner end of the apical
cell, while the outer end of the cell remains slightly
broader. The apical cell is protected by an accumulation of
the mucilage in the apical depression.

Segmentation of the apical cell occurs longitudinally
at an early stage and it is followed by the transverse
division of the segments to form curved rows of cells;
sometimes one of these cells dividesllongitudinally (Plate
XIV, fig. A. Plate XXVII, fige. A). One segment of the apical
cell may at one time have 3 or 4 divisions while the other
two segments have none, one or two divisions (Plate XXIV, fig.
B. Plate XXVI, fig. A. Plate XXVII,fig. A).

The uppermost daughter cells of the segments, cut off
from the apical cell, elongate and divide longitudinally form-
ing curved rows of elongate cells which surround the apical
furrow. This forrow is deeper in He Jatifolia than in M.
guercifolia and M, integrifolia. These elongate cells are
the meristoderm cells containing dense chromatophores which
obscure the nuclei in M, latifolia. WNuclei have been observed
in the lower parts of the meristoderm cells in M, integrifolis
and M. ouercifolia and these nuclei are granular having one

meristoderm cells of the three species

nucleolus (occasionally two)/first divide transversely near
their bases tius forming basal cells and upper radially
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elongate cells which increase the surface growth of the
thallus. The basal cells contribute to the cortex. The
activity of the meristoderm cells continues indefinitely.

The lowermost ceclls of the segments divide peri-
clinally, anticlinally and otherwise to form longitudinal
rows of reetangular cells in the apical and in the subapical
region. The cells become progressively more oblong downwards
from the apex. These cells constitute the medulla. The
medullary cells are compact and meristematie in the apical and
the subapical regions. The lateral walls become thickened
while the transverse walls remain thin.

The middle cells of the segments divide in different
planes, becoming more or lessgpoly onal or isodiametric.
These are the cortical cells which are compact and meristematic.
Early thickening of the cell-walls does not hinder the activity
of the cells. The outer products of the medullary cells
contribute to the cortex.

Mucilage accumulation occurs at an early stage in the
apical and the subapical regions. The accumalation of

mucilage is relatively less in Me integrifolis and M.
queréifolija than in Mo latifolis (Plate XXVI,fig. A). Pit

formations and cytoplasmic connections do not oceur in these
regkons, but lateral contraction of cytoplasm occurs in the
medullary cells of M. guercifolia (Plate XXVII fig. A).
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Fucosan vesicles havebeen observed near the nucleus of the
apical cell.

The subapical regions of the three species of Myriodesma
are differentiated into the meristoderm,the cortex and the
medulla. In the subpapical region these three zones are
distinguishable in longitudinal section but not in transverse
section. Vegetative growth and the formation of three zones
of tissues are similar in M. integrifolia, M. guercifolia and
M, latifolia. In M, latifolis the cortical and the medullary
cells are comparatively looser than those of Me integrifolia
and M, guercifolia.

Structure of the mature thallus.

The internal structures of the species of Myriodesma
which have been investigated are composed of 3 layers of
tissues = the meristoderm, the cortex and the medulla.
(Plates XXIV, figs. C - G, Plate XXVI,figs. C -~ F. Plate XXVII,
figs. C = F).

The meristoderm is a single layer of radially elongate
cells (Plate XXIV, ﬁgf. E. Plate XXVI,figs. C and D, Plate
XXVII, figs. C and D). These cells are regular and uniform in
shape and contain dense chromatiophores and basal granular
nuclei. In a young branch of M. integrifolla these cells are

elongate
tangentialiyPlate XXIV, fig. H), instead of radially elongate.
The meristoderm of the petiole, axis and stipe 1s composed
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of 46 layers of cells in M. integrifolia (Plate XXIV, fig.
C), 2 = 3 layers in lH.latifolia (Plate XXVI, fig. F) and 8 or
more layers in M. gquercifolia (Plate XXVII, fig. I). These
cells contain dense chromatophores obscuring the nucleij and
the meristematic activity of the meristoderm cells continues
indefinitely. These cells are generally radially elon_gate
but in older parts thej become tangentially elongate. The
lateral walls are thick and lamellate, while the transverse
walls remain thin. Lateral connections were not observed. Pit-
formation occurs in the innermost meristoderm eells which
adjoin the cortex. The peripheral layer of the meristoderm is
covered by a continuous mucilaginous layer, the cuticle.

Immediately below the meristoderm lies the cortex which
consists of 2 =~ 5 layers of more or less isodiametric cells. The
inner cells of the cortex are slightly larger than the outer
cells which are polygonal or isodia metric cells. The
cortical eells of the petiole and the stipe contain dense
chromatophores. Cyboplasmic and latersl connections have not
been observed. Pit-formation occurs in the cortical cells of
these three species of Myriodesma and is very prominent. Stronge:
mucilage accumulation occurs in M, latifolia, than in l.

ingegrifolia and . guercifolis. The cell walls are strongly
thickened and lamellate (Plate XXVII, fig. H). Hyphae
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oceur in the stipe of M. quercifolia and M. integrifolia
only (Plate XXVII,fig. H) and have not been observed in

Ms latifolia. The hyphal cells contain dense chromatophores.
The hyphae grow downwards.

Rurning centrally throughout the length of the plant
is a strand of elongate cells forming the medulla. This
tissue is composed of ¢ or more layers of cells in I,
integrifolia and 10 - 12 or more layers in M. latifolls and
in M, guercifolis. In the branches the medulla comprises
- 4«6 layers of cells. Medullary cells are 10 times as long as
broad in M. integrifolia end % or 5 times as long asfproad in
M. latifolis and Me guercifolia. In transverse section
medullary cells are polygonal &r isodiametric. In the stipe,
and petiole medullary cells contain dense chromatophores and
few empty cells. Accumulation of mucilage occurs in the
medulla of three speckes of Myriodesma but M. guercifolia
econtains the densest mucilage. Lateral connections occur
in the medullary cells of the stipe; these are more numerous
in M. latifolia. Pit-formation is common in the three species.
lo cytoplasmic connections have been observed, but lateral
conheettion of eytoplasm occurs. Cell walls are strongly
thickened and lamellate. In the older paris of M. guercifolia
division of medullary cells occurs. Hyphae occur 'in the
basal parts of the thallus. These hyphae contain dense
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chromatophores and run longitudinally downwards (Plate
XXVII, fig. G).

The development of the conceptacles in J. integrifolia,
M. guericfolia and M, latifolia occurs largely in accordance
with Bower's (1880), Simons' (1906) and Nienburg's (1913)
findings for Fucus, Halidrys, Cystoseira and Sargassum. It
is initiated by one of the cells cut off from the successive
segments of the apical cell, which ceases active division
temporarily and becomes depressed due to the active surface
growth of the surrounding cells, The initial cell becomes .
more or less flask shaped in M, integrifolia and H,_mmmm
but is linear in M, Jatifolia (Plate XXV, fig. A. Plate XXVI,
fig. G, Plate XXVII, fig. &): Its neck or upper part is
surrounded by mucilage. The initial cell divides transversely
by a curved wall into two unequal parts - the lower basal cell
and the upper tongue cell (Plate XXV, fig. B. Plate XXVI, fig.
A. Plate XXVII, fig. K). The basal}:eu divides longitudinally
into two equal cells (Plate XXV, fig. C. Plate XXVI, fig. I.
Plate XXVII, fig. L) and is followdd by the transverse division
of the tongue cell (Plate XXV, figs. D and E. Plate XXVI,
fig. I. Plate XXVII, figs. M and N). The derivatives of
the basal cell continue to divide longitudinally to form the
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wall of the conceptacle (Plate XXV, fig. F. Plate XXVI, figs.

J and K. Plate XXVII, fig. N). The tongue cell divides
transversely to form a uniseriate filament of % cells in

M. guercifolia and 6 or more cells in M, integrifolias and
M. latifolia which project through the ostiole. The ecells

(p.t.o- )
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near the mouth of the conceptacles are formed from the
peripheral layer of the meristoderm. Paraphyses develop as
papillae from the wall-cells of the conceptacle and inecrease
in size by the division of the basal cell and the elongation
of the upper cells until they project through the ostiole.
The cavity of the conceptacle enlarges by the continued
division of the wallw-cells while the ostiole remains narrow.
As the cavity enlarges these hairs come to lie at the centre
of the wall of the conceptacle (Plate XXV, fig. G. Plate
XXVI, fige L. Plate XXVII,fig., Q). In the meantime new
papillae develop from the wall of the conceptacle on either
side of the central parpaliyses. These papillae develop
paraphyses which are small, septate and unbranched with club-

shaped end cells. Conceptacles are bisexual in the spec
of Myriodesmd investigated.
Deve heridias

DD 01 _ant

An antheridium develops from the wall of the conceptacle

similarly to a hair, but can be distinguished by its dense

cytoplasmic contents and a large nucleus. An outgrowth develops

from a wall cell of the conceptacle (Plate XXV, fig. Pa, Plate
XXVII, fig. Ra). The papilla divides transversely forming the
antheridium initial (Plate XXV, fig. Pb. Plate XXVII,fig. Rb),
which further divides transversely to form an "antheridium
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proper"™ and a "stalk cell". The antherididm gradually
elongates becoming club-shaped. Antheridia show considerable
variations in their positions; they may be sessile, stalked
or on branched hairs (Plate XXV, figs. P - T. Plate XXVI,
figs. M and V. Plate XXVI,fig. Rb). A mature antheridium
measures 20- 351 x 10 = 15p in }, integrifolia, 2% - W8 n x
6 -12 n in M, guercifolis and 2% = 42 n x 10 = 18 n in M.
latifolia. The antheridial wall is made up of exochite and
endochite. Different stages of antheridia occur in the same
conceptacles showing successi¥e maturation of antheridia
(Plate XXV, figs. Q@ - T. Plate XXVII, fig. R). Sperms are
liberated through the apical pore. Development of antheridia
are similar in M. integrifolia, M. guercifolia and M, latifolia.
Revelopment of oogonia.

The cells from which the oogonia will be formed are
located on the lower side of the conceptacle and develop from
the wall=-cells. Oogonial initials are distinguishable from
the surrounding cells by their large size and large granular
nuclei (Plate XXV, fig. I. Plate XXVII,fig. Sa). The oogonial
initial divides transversely forming the oogonial cell proper
and a stalk cell (Plate XXV, figs. J and K). The stalk cell
remains embedded, in the three species, in the wall of the

conceptacle. An oogonium contains dense chromatophores and
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food reservds. The youhg oogonium is spherical, becoming
ovold when mature and measures 50 - 80 p x 40 - 50 p in

M. integrifolia, 95 # 150 u x %0 - 108 p in M. guercifelia
and 95 = 175 p x 42 - 108 p in M, latifolia. Different
stages of oogonial development oceur in one conceptacle
Indicating successive oogonial maturation. Two to four
nucleate stages in the oogonium have been observed (Plate
XXV, fig. L. Plate XXVII, fig. S). Oogonia without a stalk
are produced in these three species of Myriodesma. Fo
paraphyses occur on the wall of the oogonium. The oogonial
wall comprises exochite, mesochite and endochite, (Plate

XXV, fig. M. Plate XXVI, fig. P. Plate XXVII) fig. Se). Oogonial
development is similar in the three species of Myriodesma. -
Cogonia of M, integrifolia are smaller than those of He
latifolia and M. guercifolia.

Embryology.

Eggs of M, Jlatifolia and M, cuercifolpa were liberated
in sea~-vater some four hours after collection. They were
fertilised within 40 minutes and became attached to the
bottom of the dish by the secretion of mucilage. The zygote
of M. latifolia measures 125 = 175 p and that of M, gquerci-
folia is 100 - 125 p. The zygote first divides transversely
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(Plage XXVI, figs. Q, R, asé—¥ Plate XXVII, figs. TbjTe),
within 18 hours to give one nucleus in each segment. The
aecond division is vertical (Plate XXVI,figs. S, and T) to

the first in the upper segment of the zygote of }, lalifolia
and is transverse in the lower segment of the zygote of [.
guercifolia, forming a rhizoid cell (Plate XXVII, fig. Td).

In the zygote of M. latifolia the third division is transverse
in the lower segment (Plate XXVI,fig. U) and is vertical to

- the first in the upper segment 6f the embryo of M, auercifolia
(Plate XXVII, fig. Te). The fourth division of the embryo of
both M. latifolia and M. quercifolia is vertical in the middle

‘segment (Plate XXVI,fig. V. Plate XXVII figs. ¥, and 8).
Segmentation up to the fourth division was complete within 28
hours after fertilisation of the egg. The fourth division was
followed by vertical divisions of the rhizoid cell in both
species, developing four primary rhizoids (Plate XXVI, fig. ¥b.
Plate XXVII fig. Th,Ti). By this time thé embryo was many
celled and it was not possible to observe further segmentation.
After a week many rhizoids had been formed from the adjacent
cells of the primary rhizoid. Rhizoids were septate and un-
branched. In the second week an apieal groove was formed in the
embryo of M, latifolia and a single apical hair had developed
from the groove (Plate XXVI fig. Z). Further studies were not
possible as the embryo died.
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Material collected for embryological studies was
brought into the laboratory either immersed in seawater or
in plastic bags. Within an hour from the time of collection,
receptacles were washed thoroughly in sea-water and placed
in petri dishes, or on slides in filtered sea water. The
receptadles were removed after 2 - 5 hours and the water was
changed. Seawater, filtered three or four times, or
Schreiber’ or Ei];'g:chreiber2 vere used as culture media. The
zygotes attached on the dishes or slides were shaken gently
and were rinsed with the solution to remove debris. Attached
zygotes on the dishes or on slides were kept under the
following conditions.

A, Room temperature (18°¢ - 20°C) and under normal
indoor conditions away from direct sunlight.
B. In a Cabinet at the following conditions.
(1) 20 % 20C and 900 ft. candles.
(2) 18 1°C and 500 ft. candles.
(3) 1+ %+ 1% and 250 ft. candles.
(44 12 % 1°C and 160 = 170 ft. candles.
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C. The Shaking Apparatihs.
(Plate XXVIII).

A shaking apparatus was designed to provide
water movement similar to natural conditions of sea
roughness in an attempt to culture embryos of the
Fucales. It consisted of an electric motor, a carrier
tray, six rectangular platforms in series in the tray
and five fluorescent tubes (40 w. each) for illum=-
ination at a variable height ébove the cultures. The
platforms are oscillated as followsg~-

A master rod from the driving shaft connects
to the six individual rods which respectively control
the six shaking platforms. The far end of each rod is
fixed by a cross-strut to the far end of the platform
and the rate of platform oscillation can be regulated
by means of a sliding connection between the near end
of this rod and the upright linkage rod attached to the
master rod. This connection may be fixed at any require
position by means of a set-screw and when raised allows
a greater arc of movement and hence a greater platform
oscillation.

Slides carrying attached zygotes were immersed
vertically in culture solution in plastic vesselse. The
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platforms, each with one vessel were set to move at
different speeds in order to provide varying degrees
of roughness, and were lighted from above for 10
hours with dull day light during the day time. Under al:
conditions of water movement, embryos grew for only
about one week.

The zygotes, attached on the slides or in
dishes 6r vessels, were also grown in the cabinet and
on laboratory benches at room temperature as well as
on the shaking apparatus. The embryos é@w well for
up to a week in the above conditions without any
appreciable difference. After a week those at room
temperature in the laboratory and on the shaking
apparatus died bul most of those in the cabinet continue:
to grow for a period of almost three months.
Embryos of Cystophora polveystidea and C. subfarcinata
were grown in the cabinet at 1% ¥ 1°C,  Young
plants of C, polvevstidea died soon after 6 months
of growth, but those of C, subfarcinata were still
growing after more than nine months kn the cabinet.

Embedding.
Embryos were fied either in 10% chromic acid or in equal

parts of 1% chromic acid and 10% formalin. After thorough
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washing in seawater the embryos were placed on a thin

film of 4% agar agar on slides.

The agar was cut into

small blocks containing groups of embryos and these blocks
were dehydrated and embedded in the usual manner. Microtome

sections % = 8 p in thickness were cut.

2.
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Filter seawater through Whatman No. 1 filter paper
and then heat to 73°C. Allow to cool.

2nd Dav.
1)

2)

3)

3rd Day.

Again heat the sea water to ?3°c and allow

to cool.

Autoclave the soil extraet at 15 1b. pressure
for 30 minutes.

Autoclave salt solution (made up in distilled
water so that 1 cc.of each solution gives

required amount for 1000 ee. of culture solution).

Add cold salt solution to cold soil extract and then
add soil extract to cold seawater. Allow culture
solution to reach temperature of cultures to be sub-

cultured before using. Add 1 ce. iron versens solution.

Soll Extract.

1 Kg. finely sieved garden soil to 2000 ce. tap water.

Autoclave for 1 hour at 10 1b. pressure. Allow soil to settle
and use clear liguid, but if needed quickly centrifuge to

clear.

Iron - E.D.T.A, Solution (Jacobsen's)

Dissolve 21.6 gm. E.D.T.A. (ethylene diamine tetracetic
acid, (Versene in U.S.A.) in vater. Add 24.9 gm. FeS0y, 7H»0.
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Dilute to 1000 cc. Aerate overnight (active bubbling).
pH should then be 5.5.

2. EMBRYOLOGY.

Fertilisation has been observed in Cystophora retorta
Ce subfarcinata, C. cephalornithos, C. uvifera, C. polycystidea
C. intermedia, C. platylobium, Scaberia agardhil, Cystophyllum
muricatum, Myriodesma Jdifolia and M, guercifolia after the
extrusion of eggs in filtereé sea-water in petri dishes.
After fertilisation the zygotes are attached to the substratum
by mueilaginous secretion. In each case the zygotes are
spherical or ovoid and measure 75 - 100 m across in Qza;gnhﬁgg,
125 - 150 j across in Scaberia, 130 - 190 u across in |
Cystophyvllum, and 100 - 175 n across in Myriodesma. Zygotes
remain attached to the receptacles in a mucilaginous sheath
in. C, muricatum and this has also been observed in Cystophora

moniliformis. The zygotes of C. cephalornithos become
horizontally flattened on the petri dish and the surface

appears rough due to the aggregation of dead sperms. This
has not been seen in other species investigated. Segmentation
of the zygotes occurs, in each case, within 18 hours after
fertilisation at room temperature (18°¢ - 20°%2). A cross wall
is first formed across the zygote, in each case, with the
differentiatiéon of upper and lower cclls showing polarity
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(Plate XIV, figs. C and I, Plate XV,figs. Bb, C2, Db.
Plate XX, fig. G. Plate XXII,fig. K. Plate XXVI,fig. G.
Plate XXVII,fig. T b,Te). A second segmentation occurs
vertically to the first division in the upper cell of the

zygote of Scaberia agardhil, Cvstophyllum muricatum and
Myvriodesma latifolia (Plate XX,fig. H. Plate XXII, fige

L. Plate XXVI, figs. S. and T), but the second division is
transverse in the lower cell of the zygote of the species of
Crstophora studied and M. guercifolia (Plate XIV, fig. D)

(Plate XV, figs. Be, C4, De, Plate XVII, fig. Td) forming the
rhizoid initial. A third segmentation of the zygote of

S agardbll, C. muricatum and M. latifolis is transverse in

the lower cell forming the rhizoid initial (Plate XK, fig. I
Plate XXII, fig. M. Plate XXVI, fig. U), whereas it is vertical
to the first division in the upper cell of the Cystophora specie
and M. guercifolia (Plate XIV, fig. E. Plate XV, figs, Bd, Dd,
Plate XXVII fig. Te). The fourth segmentation is vertical

to the middle eell of the zygote in each case (Plate X1V, fig.
F. Plate XV, figs. Bf, C5, De, Plate XX,fig. J. Plate XXII,

fig. N. Plate XXVI, fig. V. Plate XXVII, figs.T§ andlg). This

is followed by a longitudinal division of the rhizoid initial
into 2 halves in the species of Cystophora and Scaberia
gegardhil forming 2 primary rhizoid cells (Plate X1V, fig. G.
Plate XV figs. Bg, C6, Dg. Plate XX,fig. J) but in C, muricatum
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Afil Myriodesma species there are three successive longitudinal
divisions of the rhizoid initial to form 4% primary rhizoid
cells (Plate XXII,figs. P - R, Plate XXVI, fig. Yb. Plate
XXVII,fig. Th,Ti). Each of these rhizoid cells develops

into a rhizoid. Further segmentation of the zygote is less
easy to follow because there is heavy pigmentation of the
cells. A multicellular body with two rhizoids is thus
developed in the case of §, agardhii and the species of
Cystophora (except C, uvifera where a single rhizoid is
developed first) while 4% rhizoids are developed in C, mupi-
gatum and Myriodesma species. In the meantime the body of thé
embryo inereases in length and breadth, and the rhizoids
increase in nujmber in 8, agardhii, C. muricatum and
Myriodesma species. In most species of Cystophora studied
the number of rhizoids at early stage is % but C. uvifera
possesses more rhizoids than this (Plate X,figs K). Abnormal
development of zygotes may occur in C, subfarcinata and C.
retorta. In these cases occasional zygotes are ellipsoidal
and divide along the short axis into two cells (Plate XIV,

figs. H and I). The next divisions occur transversely in
each cell near the narrow end forming a single rhizoid cell at
each end (Plate XIV, fig. J. Plate XV, fig. Dk). Further
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segmentation has not been observed but a number of rhizoilds
develop at each end (Plate IX,figs. G and H). This type

of embryo has been termed a double embryo spore in Sargassum
piluliferum{ Hiroe and Inoh, '1955) and in S, sasamianum
(Inoch, 1955).

By this time the embryos are attached to the substratum
by means of rhizoids and the body of the embryo is raised up.
The rhizoids grow rapidly and the body elongates. The
rhizoids are septate and usually unbranched in each case.

The mucilage layer of the embryos, in each case is pushed
off on one side before the development of the apical groove.
First a single hair dévelops from the apical groove of an
embryo and is followed by 2 or more hairs from the same
apical groove. In Scaberia agardhii, Cystophvllum muricatum
and Cvstophora 4 to 8 hairs are common but up to 16 apimal
hairs have been observed. Only 2 apical hairs were observed
in Myriodesma. They are dellcate, unbranched, with basi-
petal development from the lining cells of the apical groove.
They are fragile and usually break off very soon, but may

last for up to % or 6 months in Cystophvllum muricatum. A
swelling of one of the cells of the apleal hair occurs in the

embryo of Cystophora subfarcinatas this has not been
reported in other Fucales.
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Floating embryos of Cystophyllum muricatum, in
culture, grow more rapidly than attached ones. As the embryo

grows in length tufts of hairs develop in different places

on the body of the embryo, Thus originating branches.
Embryos have been grown up to three months but further

growth has been inhibited by bacterial growth. The

measurement of the body of the embryos are given below:

5 months. 300 - 600 m x 190 - 305 m
Cystophyllum muricatum 40 days 875 - 2000p x 175 - 250 p
Cystophora subfarcinata 75 days 250 = 500 p x 100 - 125 m

' Ca polveystidea 75 days 225 - 350 @ x 100 - 125 p
C. retorta 75 days 200 - 300 p x 100 - 125 &
C. cephalornithos 75 days 250 - 375 m x 150 = 200 p
Myriodesma latifolia 10 days 375 - 925 m x 150 - 225 p
Me guercifolia 6 days 208 - 260 p x 100 - 120 n

The origin of the eapical cell in the embryos has
not been observed. A mature triangular apical cell has howeve
been observed in the transverse section of the apex of the
embryos of C. retorta, C. polveystidea and C._ subfarcinata.
There is also differentiation into the three usual tissues —
the meristoderm, the cortex and the medulla (Plate X1V, figs.
R - T).
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Embryos of Cystophora polveystidea and C. subfarcinata
have been grown successfully in the cabinet at 14 +1°% up =
to % mm, long and 1.2 mm. broad and Smm. long, 1.5 mm. broad
respectively. The branches of C. polvcystides measured
% mm, long and 0.3 mm. broad after 6 months growth while
those of C. subfarcinata were 13 mm. long, 1 mm. broad after
9 months growth in the cabinet. A disco id holdfast
developed in 6-months in both species. Sterile conceptacles
with paraphyses projecting through the ostiole developed on .
the branches in both species, Plate XV A, figs. A -~ F.

The Fucales are a widely distributed group of the
brown algae and are regarded as having attained the highest
level of morphological and anatomical differentiation (Delf,
1939b¢ Fritsch, P9W5b; 1952). This section will be
econcerned with a general discussion of the anatomy of the
Australian species deseribed in the previous section, in
relation to the anatomy of other Fucales as described in
the literature.
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Ihe Apical Cell.
Apical cells of Cystophora, Cystophvilum,

Carpoglossum, Myriodesma end Scaberia are sltuated at
the base of the flask or funnel-shaped apical depressions

similar to those at the apices of Cystoseira (Valiante,
1883),. Sargassum (Oltmanns, 1889), Halidrys (Oltmanns,
1889. Fritsch, 1945a), Carpophyllum (Delf, 1939a). The
aplcal depression in each Australian genus mentioned
above contains a single three-sided apical cell which is
biconvex in longitudinal section and triangular in
transverse section like that of Cystoseira (Gruber, 1896.
Valiante, 1883), Himanthalia (Waylor, 1951. Oltmanns,
1889. Rostafinski, 1876), Sargassum (0ltmanns, 1889)
(Hansteen, 1892. GCruber, 1896), Halldrys (Fritsch,
19%5as CGruber, 1896. Oltmanns,1889) and Bifurcaria
(Gruber, 1896. Oltmanns, 1889. Rees, 1933). Authors
deseribe apical cclls of somevhat varying shape. Reinke
(1876) described a large pyramid-shaped apical cell in

Cystoseira, Sargassum, Cystophora and Cystophyllum, but
Valiante (1883) described the apical cell of Cvgtoselra
as vedge-shaped. Difurcaria tuberculata (Rees, 1933)
pbssesses an apical cell of "Brazil nut " type and Rees

regarded this as the best anology for the shape of the
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apical cell in longitudinal section. In Bifurcariopsis
capensis (Laing, 1941), the apical cell, in longitudinal
section, is almost a circular structure, quite unlike that

of the lens-shape cell in Bifurcaria tuberculata (Rees, 1933).
The apical cell in Carpophyllum flexuosum (Dawson, 19%0), is

a truncated pyramid in shape rather than spindle shaped.
All authors agree that apical cells in the genera discussed
above, are triangular in cross sections.

Oltmanns (1889) and Gruber, (1896) regarded three
sided apical cell as a diagnostic fe:ture of the Cystoseir-
aceae, Sargassaceae and Loriformes, but Schmidt (1938)

intheS5Sdrgassaceae
combined the Cystoseiraceae,and renamed the Loriformes as
the Himanthaliaceae without giving any reasons.

The segmentation of apical cells in Cystophora,
Cystophylium, Carpoglossum, Myriodesma and Scaberia occurs
longitudinally on the three faces, then these segments
divide transversely to form curved rows of cells, the
uppermost derivatives of which form the meristoderm. The
lowermost cells contribute to the medulla and the middle
cells build up the cortex. The segmentation of the apical
cell and the origin of the tissues in the above genera follow

the same course as in Holldrvs siliomosa (Fritsch, 194%a.
Oltmanns, 1889), Bifurcaria tuberculata (Rees, 1933),
Bifurcariopsis capensis (Laing, 19%1), Cystoseira (Valiante,
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1883), and [imanthalis lorea (Rostafinski 1876, Oltmanns,
1889, Naylor, 1951, Wille 1910).
Vegetative growth in Phvllospora, sScviothalla,

geirococeus and Xiplophora is initiated by lY-sided apical
eells which occur at the base offthe apieal depression as

desc ribed by Gruber (1896). Apical cells of the above
four genera are similar to the apical cells of Fucus and
Pelyvetia (Hansteen, 1892, Holtz, 1903, Kny, 1872, Oltmanns,
1889, Reinke, 1875, Rostafinski, 1876. Subrahmanyan,
1956). However, the present investigation of the goowing
points of Phvllospora, Seylothalla and Selrococcus ané
Xishovhoma shows that there are more than one Legided apical
ecells involved in the apex. The apex of Sc¢ytothalla and
Selrococeug possesses 2 apicad cells, one in each apieal
depression on either side of the round apical dise, while
Phyllaspora has more than one aplieal cell in the single
depression. The apex of Xiphophora possesses only a
single 4=-sided apical cell.

In Phivllospora, Seirococcus and Scytothalla longit-
udinal segmentation occurs on the lower sides and then
transverse segmentation towards the base similar to that in
Pelvetia fastigiata §Holtz, 1903). This contrasts with
Fhcus (Oltmanns, 1889; 1922), and Pelvetia canaliculata
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(Subrabmanyanh , 1956) where transverse segmentation first
occurs towards the base, followed by longitudinal segmen=-
tation on the narrower faces. The longer segments divide
transversely to form rows of cells, the uppermost deriv=-
atives of which form the meristoderm and the middle ones form
the cortex. The lowermost cells of the longer segments
and the derivatives of the basal segment build up the medulla.
In Xiphophora gladiata and Z. chondrophylla transverse
segmentation occurs first towards the base of the apical
cell and then longitudinally on the other faces. Naylor
(1954a) deseribes the segmentation of the conved sides of
the apiecal cell in X, chondrophvlla. The present inves=
tigation of segmentation in the apiecal cell of the species uf
Liphophora shows it to resemble the segmentation of the
apical cell of fugus as described by Oltmanns (1889, 1PO%,
1922) and that of Pelvetia capaliculata deseribed by
Subrahmanyan (1956). The uppermost cell gives rise to the
merlstoderm while the lowermost cells contribute to the med=-
ulla, and the middle cells form the cortex. Oltmanns (1889),
Gruber (1896) and Schmidt (1938) considered a single Y=sided
aplcal cell a characteristic feature of the Fucacese. Gruber
and Schmidt placed the above genera under this family but

Oltmanns (1889) placed Phyllospo.a, Seybothalis and
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Seirococcus in the Sargassaceae and Xiphophora doubtfully
among the Loriformes.
Herlstoderm.

The surface growth of the thallus increases by
the meristematie activity of the meristoderm cells. The
meristoderm generally consists of a single layer of radially
elongate cells in the sub-apical regions and 1s covered by
a thick mueilaginous cuticle which is sometimes lamellate.
Usually the meristoderm continues throughout the whole thallus
as a single layer of cells, as in Bifurcaria tuberculata
(Rees, 1933), but a greater number of layers up to % or 6
occurs near the basal part of the axis and in the stipe.
Xiphophora gladjata possesses a single layer of meristoderm
eells near the apical region and further down but the
meristoderm becomes 2-6 layers of cells in the basal parts
of the axis and the stipe. Usually a single layer of
meristoderm cells occurs throughout the thallus in Xiphophora
chondrophylla but occasionally 2 or more layers of cells occur
similar to thosé described by Barton (1893), Heine (1932)
Mitchell (19%1) and Naylor (195%a).

The lateral walls of the meristoderm cells are thick
and lamellate in Scytothalla, Seirococcus and Phyllospora and
are strongly thickened in Xiphophora like those of Himanthalls
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lorea (Weylor, 1951, Wille, 1910). In autt.he genera
studied the imner cross walls are thin and pitted in
fimanthalla (Wille, 19%0. Naylor, 1951), Bifurcaria (Rees,
1933), Pelvetia (Holtz, 1903. Hansteen, 18§2), Fucus
(Hansteen, 1892. Oltmarms, 1889). Ascophvllum (0ltmanns,
1889). The lateral walls of the meristoderm cells in
Cystophora, Cystophvllum, Carposlossum, Myriodesma and
Scaberis are thin, similar to those of Pelvetia fastigiata
(Holtz, 1903) and Bifurceris tuberculata (Bees, 1933).

Cortex.

The cortex is generally composed of many layers of
fompact and isodiametric cells in Cystophora, Cystophyllum,
Scaberia, lNMyriodesma and Carpoglossum like those of Halidrvs

giliquosa (Fritsech, 1945a) but in Sgytothalia, Seirococous,
and Xiphophora the cortical cells are loosely arranged due to

abundant mueilage accumulation. Two distinet regions are often
distinguished in the cortical region. Beneath the meristoderm
are 2 or 3 layers of small, thin walled cortical cells
eontaining numerous chromatophores; these cells have been

derived from the meristoderm. Internal to this is a region
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about 4 cells deep composed of large cells. The walls of
these cells are thick, lamellate and pitted. The innermost
cells of the cortical region are more elongate and grade
into the medulla as described in other members of the Fucales
by Fritsch (1945b, 1952), Naylor (1949a, 1954a), Pennington
(1937) and Subrahmanyan, (1956). The ihner cortical cells

of Scytothalia, Selrococcus and Phyllospora contain dense
contents and in Xiphophora most of the cortical cells contain

dense chromatophores. The cell walls are thick, Ilamellate
and pitted, espocialfg:Igwer parts of the plant. In the
basal parts of the axis and in the stipe the cortical cells
contain dense chromatophores. Hyphae often develope as
outgrowths from the inner cortical ecclls. Wille (1910) and
Haglor (195la) described an outer zZone of assimilatory

cells and an inner zone of mechanical cells in [imanthalia
lorea. ©Such zones have also been observed #in Fucusg (Hansteen,
1892. Moss, 1948. Pemnington, 1937), in Pelvetia (Hansteen,
1892; Subrahmanyan, 1956) and in Halidrvs siliquosa (Fritsch,
1945a), as well as in various Laminariales (Sauvageaue, 1918).
According to Wille (1910), Rees (1933) and Subrahmanyan
(1956) the thick walled inner cortical cells containing dense
fucosan are storage as well as mechanical cells. This is
probably also true of the thick-walled cells in the basal
paTt of the axis and the/stipe of all the genera studied.
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Heneckel (1912) regards the thickening as functioning as
water storage tissue in Pelvetia canallculata.
Medulla.

The medulla is generally composed of many layers of
narrowly elongate cells in Cystophora, Cystophvllum,
Myriodesma, Carpoglossum and SCaberis but these cells are

large and elongate in Phyllospora, gSeirococcus, Scyviothalla
and Xiphophora. The lateral walls of the medullary cells

are strongly thickened, lamellate and pitted. The cross
walls, however, always remain thin. A little mucilage

is formed in the medullay region of Cystophora, Cystophyvllum,
and Sgaberis as is found also in Bifurcaria (Rees, 1933), and
in Halidrys (Fritsch, 1945a. Le Touze, 1912). Muecilage
formation is abundant in the medullary ragion of Myriodesma,
Carpoglossum, Bhvllospora, Scmto_thalla, Seirococeus and
Xiphophora. The medullary cel}.s become separated due to this
mucilage accumulation and this':ve-ry pronounced in Xiphophora
and Hormosira as in Fucus. Activé surface growth stretches
the medullary cells, wvhich then tend to be irregularly dis-
placed in Scmtothalia, Seirococcus, Phyllospora and
Ziphophora. The stretching of medullary cells has been
observed in Halidrvs siliguosa (Fritsch, 1945a) and in
Marginariella urvillians (Vaylor,1953b). Medullary cells
usually contain sparse chromatophores but in Xiphophora

these are more abundant.
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Development and occeurrence of hvphag.

Hyphae do not oceur in the aplical and in the sub~-
apical regions of the bb@llus. Most of the thallus of
Cvstophora, Cvstophvllum, Carpoglossum, Uvriodesma and
Scaberia is completely devoid of hyphae but a considerable
number of hyphae occur near the basal parts of the axis and
the extreme basal parts of the branches. The development of
hyphae has been deseribed in Sargassum bacciferum (Hansteen,
1892), Halidrys silicuosa (Oltmanns, 1889. Fritsch, 1945a),
Himanthalia lorea (Naylor, 1951. Oltmamns, 1889{1.“&%{111&,
1910), as well as in Bifurcaria a=d (Rees, 1933), Bifurcariopsl
(Laing, 19%1). |

In Phyllospora, Seirococcns, Scytothalla and
Xiphophora hyphal growth occurs in most partsamtthe apical
regions of the plant but in Fucus (Oltmanns, 18894 Moss, 1948 .
‘Pennington, 1937) and Pelvetia (Hansteen, 1892. Subrahmanya
1956) the hyphae occur thboughout the thallus. In
Hormosira banksil (Osborn, 1948) and in Fucus (Oltmanns,
1889) hyphae also occur in the medullary region of the
embryos.

In the above genera hyphae oceur in the inner cortéof’
and the medulla and these hyphae run longitudinally downward

following a tortuous course. They are septate and unbranched.



176.

Hyphal cells contain dense brown contents and chromato-
phores so the cells of hyphae may function as storage cells
similar to those deseribed in Pelvetia and Fucus (Hansteen,
1892. Pemnington, 1937. Subrahmanyan, 1956. Wille, 1910).
The hyphae may establishe conneetions with other medullary
cells. In the holdfast and in the stipahhe medullary

eells are outnumbered by the hyphae in all the genera
studied.

Development of laterals.

Laterals also grow by means of & single apical cell
situated in an apical depression like that of the axis. The
aplcal cells are Y-sided in Phyllospora, Selrococcus,
Sovtothalia, end Xiphophora and 3-sided in Cystophora,
Cystophyllum, CarcoglossSullly Myriodesma and Scaberig.
Apical ecells of laterals of all genera develop from initials
situated on the sides of the apleal depressions of the main
axis as in Pelvetia capnaliculata (Subrahmanyan, 1956).

Segmentation of apleal ecells of laterals follow the
same course as the apieal cells of the main axis. Mature
laterals do not have any apical cell. Grubé%ﬁgg;cribna
the development of lateral initials on the sides of the
apical depressions in Seirococeus axillalls but failed to.
locate any apical cell in the laterals of SeliIOCOCCUS,
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Scytothalia andﬂhxllggngxg. Young laterals of these genera
do however possess apical cells.
Development of receptacles.

Development of the receptacle occurs from a single
apical cell similar to the apical cell of the axis, branches
and laterals. The receptacles of Cystophora, Cystophyllum,
Carpoglogsum and Myriodesma possess 3-sided apical cells
similar to those of Iu:hina:in,(ﬁartnn, 1891. Blomquist,
194%5), Carpophylium, (Dawson, 1940. Delf, 1939a),
Himanthalia lorea (Naylor, 1951) and Cystoseira osmundacea
(Fensholt, 1955). The 3-sided apical cell, aﬁhiscussed
before, is the characteristic feature of the Himanthaliaceae,
Sargassaceae and Cystoseiraceae (Gruber, 1896. Schmidt,
1938). To apical cell has been observed in the receptacles

of ngllggngig and ﬁgixdggggna though they doubtless occur
in very young receptacles. The fertile segment (receptacle),

~of Xiphophora possesses a single Y-sided apical cell as

described by Naylor (1954a), similar to those of Fucus
(Wienburg, 1931) and Pelvetia (Subrahmanyan, 1956). It is
most interesting to observe in the young receptacle of
Scytothalia, however, a 3-sided apical cell, in eross section,
which contrasts with the l4=-sided vegetative apical cell.
Segmentation of the apical cell is similar to that of vege-
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tative apieal cell of scvtothalia.

Internally the receptacle is composed of meristodern,
cortex and medulla. The meristoderm is always a single
layer of oblong cdls, as observed in Himanthalia lorea
(Naylor, 1951). The cortical cells and the medullary
cells are loosely arranged in the receptacles of ﬁgx&gjhalig,
geirococeus and Xipvhophora. The cortex in the receptacle
of Phyllospora is differentiated into small cortical cells
and large inner cortical eclls containing dense contents, and

the medullary cells are loosely arranged.

In the receptacles of Cystophora, Cystophyvllum,
scaberla, lyriodesma and Carpoglossum the cortical cells

are large and compact, and the medullary cells are elongate.
The walls of the cortieal cells, and the medullary cells
are thick, lamellate and pitted. Sealariform thickening of
walls of the medullary cells occurs in the receptacle of
Phyllospors and Sgytothalia.

In Himanthalia Jorea (Naylor, 1951), the cortieal
cells are thick-walled and the medullary cells are thine
walled. The tissues of the receptacle and the vegetative
parts are ¢ontinuous from one into the other in all the genera

studied as has been demonstrated in Iurbinaria (Barton, 1891),

and in Himghthalja lorea (Naylor, 1951). Hyphae do not occur
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in any part of the receptacle of H. lorea (Naylor, 1951).
Muecilage producing hairs withFlightly swollen terminal
cells have been reported in the apical depression of the

receptacle of Bifurcariopsis capensis (Laing, 19%1) but this
type of hair does not occur in any of the genera studied.

Barlier authors deseribe different types of develop~
ment of conceptacles in the Fucales, not only in different
genera but even within one species. These developmenls are
sumarised below.

(1)  In Fucua, Ascophvllum, Halidrys and Himanthalla
the initial cell of the conceptacle does not take
part in the development of the conceptacle but the
cortical basal cell @f the initial cell forms the
wall of the conceptacle (Bower, 1880).

(23 The conceptacle development in Cystoseira is initiated
by the surrounding tissues of the initial cell
(Valiante, 1883. Dodel-port, 1885).

(3) Disintegration of the initial eell occurs in
Himanthalia but it is persistent in Ascophvllum to
form reproductive organs (Oltmanns, 1889).

(%) In Halidyvs siliguosa the upper part of the initial
ecell disappears, the middle part forms the hair and



180.

the basal part forms the wall of the conceptacle
(0ltmanns, 1889).

(5) Disintegration of one or more meristoderm cells causes
the development of conceptacles in Pelvetia
fastiziata (Holtz, 1903).

(6) According to Moore (1928) the longitudinal division
of the conceptacle initial in P, fastigiata is
followed by transverse division of each cell near
its base; each tongue cell produces & hair and the
basal cell forms the wall of the conceptacle.

(7) In P, capaliculata the tongue cell does not form a
hair (Subrahmanyan, 1957a).

(8) In Sargsssum filipendula the conceptacle initial may
divide by a curved septum to form an upper tongue
cell developing a halr and a lower basal cellfto form
the wall of the conceptacle (Simons, 1906).

(9) In Hordosira, Fucus and Sargagsun the conceptacle is
formed by the modification of the meristoderm cells
the basal eell of which forms the wall of the concept-
acle (Roe, 1916). According to Getman (191k%)
Hormosira banksii follows Bower's Theory of Hevelopment
of coneeptacle but Osborn (1948) follows Simons'
and Nienburg's outline.
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In Halidrys dioica (Doubt, 1928), Marginariella
(Naylor, 1953b), Bifurcaria (Rees, 1933),
Bifurcariopsis (Laing, 19%l), Cystoseirs geminata,
C. osmundacea and Sargassupm muticum (Fensholt,
1955) the tongue cell forms a many=-celled halr
and the basal cell forms the wall of the concept-
acle.

The tongue cell remains undivided in Carpophyllum
maschalocarpun and C. elongatum (Delf, 1939a) but
in €, flexuosum it forms a small bair (Dawson,
19%0) while in C. plumosum it disintegrates
(Waylor, 1953e).

In Turbinaria turbinata the tongue cell dis-
integrates in the female conceptacles while it

produces paraphysis in the male conceptacle

(Blomquist, 194%5).

Development of the conceptacle was studied in

Cystophora, Gystophvllum and Myriodesma but not in other
genera of the southern Australian Fucales as suitable

developmental skges were not present in the material
investigated. The conceptacles in Cystophora, Cystophyllum
and Myriodesma develop from a_n initial cell cut off from

a segment of the apical cell. The initial cell is more
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or less flaskeshaped as in Cystoseira (liienburg, 1913.
Valiante, 1883), Sargassum (Simons, 1906. Tahara, 1940a,
1940b) and in Carpophyllum (Delf, 1939. Dawson, 1940).
The initial cell divides transversely by a curved wall
similar to that of Sargassum filipendula (Simons, 1906)

Fucus, Cvstoseira, Halildrys, Pelvc.tia, Bifurcaria, and
Ascophyllum (Nienburg, 1910). It is followed by divisions

of the basal cell and the products of the basal cell to
ﬁorm the wall of the conceptacle as in the other genera
discussedrbnve. Division of the adjacent cells leads to

the gradual sinking of the derivdtives of the basal cell
and to the separation of the tongue cell from the other
tissues. In Cystophora and Cystophvllium the tongue cell
forms a hair of 3 or % cells as in Cystoseira geminata and
C. osmundacea (Fensholt, 1955) but in Myriodesma the tongue
cell produces a uniseriate hair with a large basal meristem=
atie cell like that o?ﬁltnxggxia_(ﬁees, 1933), Bifurcar-
iopsis (Laing, 1941), and Marginariella urvilliana (Waylor,
1953b) and this hair protrudes through the ostiole. The
production of hairs in the young conceptacles is regarded as
a common feature in the Sargassaceae and the Cystoseiraceae
(Schpidt, 1938); they have been also reported in the

Fucaceae.
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The division of the conceptacle initial and the
formation of hairs carmot be regarded as a diagnostic
feature in classification of the families as considered by
Schmidt (1938) and Naylor (1953b), because of the great
variations in the development of the conceptacle. The
division of initials and formation of hairs differs not only
among the genera, but also among the specles in Pglvetia,
Bifurcaria, Carpoohyllum, [Iucus, Iurbinaris and Cystoselra.

Sterile conceptacles occur near the base of the
receptacle in Cvstophvllum muricatum, Carpoglossum confluens
and Myriodesma. The vegetative parts of Cystophora uvifera,
C. cephalornithos and the slender leaves and vesicles of
Cystophyvllum muricatum bear sterile conceptacles similar to
those of Sargassum {ilipendula (Simons, 1906). Hairs in the
sterile conceptacles in Turbinaria (Barton, 1891), Hormosira,
(Getman, 191%. Osborn, 1948), and Margzinariella (Naylorx, 1953b)
grow by means of basal meristematic cells.

Reproductive organs.

Reproductive organs are borne within the conceptacles
in the Fucales and the distribution of conceptacles varies
eonsiderably in different genera and even withén one species,
as deseribed by Kniep (1925) and Fritsch (1945b, 1952). The
southern Australian genera Carpoglossum (except C. guercifolium)
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Cystophyllum, Myriodesma, Scaberla, Xiphophora, Seytothslia,
Selrococcus and Cystophorg are monoecious and bear bisexual
conceptacles . Phvllospora comoga is dioecious but has been
deseribed as monoecious by Smith (1893), Gruber. (1896) and
Fritseh, (19%5b; 1952). Scytothalia and Seirococcus possess
both bisexual and unisexual conceptacles on the same
receptacle.

Revelopment of oogzonia.

Oogonia develop from lining cells of the conceptacle,
wiilech corresponds with the oogonial development in other
genera except Durvillea (Whitting, 1893. Herriot, 1923.
Naylor, 194%9b, 1953a, Skotsburg, 1907) where oogonia are
usually bérne on much branched hairs. The southern Aus~
tralian genera generally bear oogonia anywhere within the
econceptacle, but in mmm%%) oogonia
develop only from the basal region of the conceptacle. The
oogonial mother cells are distinguishable from the surrounding
ecells by their large size and large mclei. The arrangement
of oogonla in the southern Australian genera, does not heowever,
agree with that of Carpophyllum (Dawson, 1940, Delf, 1939a)
where the oogonia are spirally arranged. The oogonial initial
divides transversely into a stalk cell and an upper oogonium
mother ecell but does not divide further, Delf (1939%a)
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reported that the cutting off the stalk cell is variable

in Carvophyllum. The stalk cell does not funetion as a stalk
ecell in raising the oogonium as it does in Fucus (Oltmanns,
1889), ZXiphophora (Heine, 1932) and in Pelvetia fastigiala
(Moore, 1928) but is completely embedded and remains non=
funetional as found in Sargassum (Nienburg, 1910, Kunieda,
1928) and in Carpophvllum flexuosum (Dawson, 19%0). As the
oogonium enlarges its contents inerease and the stalk cell
becomes flat. The oogonium during the process of maturation
undergoes three successive nuclear divisions, as in Fucus
(Farmer and Williams, 1896. Yamanouchi, 1909), Cystoseirs
and Sargassum (Niemburg, 1910), Bifurcaria tuberculata,
(Rees, 1933), Pelgetia canaliculata (Subrahmanyan, 1957a) and
Marginariella urvillisna (Naylor, 1953b). Oogonia generally

inerease considerably in size and in Jiameter before the 8-
nucleate stage. This has been reported in Hormosira banksli
(0sborn, 1948), in Pelvetia fastiglata (Holtz, 1903. HMoore ,
1928, Roe, 1916), and in Marginariella urvilliapa (Waylor,
1953b). The inerease in oogonium size is more pronounced in
Phyllospora, Sevtothalla and Seirococcus than in Cystophora,
Cystophyllum, Carpoglossum, Seaberig and Myriodesmg. Bight
nuclei are more or less centrally placed in the oogonium of

Cvstophora, Myriodesma, Scaberia and Carpoglossum as also in
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Ba Tnophy m plumosum (Na}rlor, 1953'3) wm

tuberculata (Rees, 1923), but the nuclei are scattered in

the oogonia of Phyllospora, Selrococcus and Scytothalla.
Centrally located nucleli and scattered nuclel may be considered
as a dlagnostic feature of the Cystoseiraceae and the
Seirococcaceae respectively. One of the eight nuclel remains
funetional at the centre of the ocogonium and the other seven
nueclei move towards the periphery where they @isintegrate.
Cystophora, Cystophyllum, Myriodesma, Scaberia, Carpoglossum,
geirococcus, gcyvtothallia and Phyllospora each produces a
single egg as in gSargagssum (Abé, 1938. Gruber, 1896.
Hansteen, 1892. Kunieda, 1928, Nienburg, 1910. Oltmanns,
1889. Tahara, 1913), Carpophyilum (Dawson, 1940),
Himanthalia, Helidrys snd Cystoseira (Gruber, 1896.

Nienburg, 1910. Oltmanns, 1889).

The oogonia, without exochite, of Cystophyllum
muricatum are extruded ache eight nucleate stage and remain
attached to the receptacle by the mucilaginous stalk.
Degeneration of seven nuclel occurs near the periphery as in
Sargassuym (Kunieda, 1926), in Bifurcaria (Rees, 1933),
and in Marginariella (Naylor, 1953b). Maturation of ocogonia
of Myriodesma, Scytothelia, Seirococcus and Phyllospora,
is successive as-in Cvstoseira foeniculacea (Dawson, 19%1),
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Bifurcaria tuberculata (Rees, 1933), Hormosira (Osborn, 1948),
Burvillea (Waylor, 19%9b) and Cystoseira (Fensholt, 1955).
However the oogonia of Cystophyllum, Carpoglossum and Scaberia
mature simultaneously as in Turbinaria turbinata (Blomquist,
1945), Sargassum muticun (Femsholt, 1955), and Marginariella
nrvilliana (Faylor, 1953b). The maturation of oogonia in
Cystophora varies from species to species. Mature oogonia are
ovoid and the wall of the oogonium in all the Southern Aus-
$ralian genera is composed of exochite, mesochite and endochite,

in contrast to Hormogirs (Osborn, 1948) and Turbinaria
turbipnata (Blomquist, 1945) where only two oogonial walls oceur.
In the apkeal region of the oogonium of Cystophvllum

muricatum, the mesochite thickens more rapidly than elsewhere
and forms a cushion or pad which was first observed in
Sargassum horperl (Kunieda, 1928) and later in Cystophvilum
(Delf, 1939a. Inoh, 1937a), Bifurcaria (Delf, 1935),
Bifurcariopsis (Laing, 194%1), Carpophyllum (Dawson, 19%0.
Delf, 1939a), Coccophora (Tehara, 1928), Marginariella
(Naylor, 1953b. Delf and Hyde, 1936. Delf, 1937), Hizikia
(Inoh, 1937b. Tahara, 1929a) and in several species of
gargassum. The extruded oogonia, without exochite, of

5 ‘ im_m atum remain for some days firmly attached to
the interior of the conceptacle by means of mesochiton stalks

as in Sargassum (Kunieda, 1928), Carpophyllum flexuosum
(Dawson, 19%0) and Cystoseira foeniculacea (Dawson, 1941).
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Mesochiton collars occur near the apical parts of

the oogonia of Phvllospora, gScytothalia and Seirococcus as
in Marginariella (Delf, 1937. Delf and Hyde, 1936). Dawson
(1941) reports the growth of hairs on the outer wall of the
mg;:mia of Cystoseira foepiculacea, but such hairs do not
oceur in any of the southern Australian genera.

Submergence and exposure of receptacles of Cygtophora
and Scaberia helps in the extrusion of eggs but the liher-
ation is most vigorous when the plants undergo a period of
exposure to air of 2 or 3 hours. Oogonia are discharged along
the whole length of the receptacle untll all the eggs have
been extruded, thus differing from Sargassum enerve, and
W_(Tahara, 1913) and corresponding with Marginariella
(Naylor, 1953b). In most of the collections of Cystoplhora
muricatum extruded oogonla, whthout exochite, attached to the
receptacle within mucilage have been found. These oogonla
become detached in sea-water within three days due to the

dissolution of mucilage. Three distinct zones bf extruded

oogonia occur on the receptacle of Cystophwllum muricatum, as
as 1h Turbiparia turbinats (Blomquist, 1945). There is a
periodie discharge of oogonia in the Japanese Cygtophyllum
(Inoh, 1937a. Tahara, 1913) and in Hizikia fusiformis
(Tahara, 1929a) but this has not been observed in any of the

southern Australian generas.
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Xiphophora produces four eggs, as recorded by Barton
(1893), Mitehel (19%1), Heine (1932) and Naylor (19%,) The
production of four eggs in the oogonium of Xiphophora is
comparable with that of Ascophvllum {0ltmanns, 1889),
Bifurcariapsis capensks (Kutzing, 1860. Lakng, 19%1),
Hormosira (Getman, 191%. Gruber, 1896. Osborn, 1948),
Pelvetia fastigiata (Mooregy 1928) and Durvillea (Naylor,
(19%9b, 1953a).

In Fucus eight eggs are produced (Oltmanns, 1889.
Thuret et Bornet, 1878. CGruber, 1896). Subrahmanyan
(1957a) states that Pelvetia capallculata produces two
eggs but oceasionally four eggs are produced.

Papenfuss (195la) and Fritsch (19%5b, 1952) regard
the production of eight eggs in Fucus as primitive among the
Fucales. Genera producing two or four eggs are more advanced
than those producing eight eggs, and those producing one
egg are te most highly specialised among the Fucalese.

The development and the origin of antheridia have
been studied in detail in Fucus, Ascophyllum (Oltmanns,
1889, Farmer snd Williams 1896; 1098. Strasburger, 1897)
and Sargassum (¥unieda, 1928, Simons, 1906. Tahara, 1929a).
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Kunieda (1928), Tahara (1929a) and Yamanouchi (1909) made
comprehensive contributions to the cytological knowledge of
antheridia in Fucus and Sargassum. Antheridial development

in Qvstophora, Cvstophyllum, Wyriodesma, Carpozlossum,
Phvllospora, gSeirococcus, Scytethalia, Scaberla and
Xiphophora follows the same course as in Pelvetia, Fucus,
Turbinaria, Bifurcaria, [imanthalla, Sargassum, Cvstogeira,
Hormosirs, Marginariella and Ascophyllum.

Antheridia may develop directly as paplillae from the
wall cell of the conceptacle as well as from the branched
hairs in the conceptacle. Each papilla divides transversely
to form an sntheridium proper and a stalk cell. The latter
produces a branch which pushes the antheridium to one side
and itself gives rise to a second antheridium. This process
is repeated indefinitely to form richly branched antheridial
eclusters. Antheridia are borne dn these richly branched
filaments in the male conceptacles as well as in the bisemnnl-
conceptacle. In the southern Australian genera antheridia
develop from all parts of the conceptacle wall in contrast

to Pelvctia canaliculata (Subrahmanyan, 1957a) in which
they are confined to the basal part of the conceptacle and to

Bifureeria tuberculata (Rees, 1933) and Iurbinaria turbinata
(Blomquist, 1945) where they are borne above the oogonia.

This condition occasionally occurs in Sevitothalla and
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Seirococeus. Antheridia may be stalked as in Sargassum
filipendula (Simons, 1906), Pelvetia fastigiata (Moore,
1928), and Turbinaria turbinata (Blomquist, 1945) or terminal
or lateral on the branches. In Pelvetla canaliculata
(Subrahmanyen, 1957a) and in Himanthalia lorea (Bower,
1880), antheridia are borne singly on the tip of the para-
physes, in contrast to the southern Australian genera. The
maturation of antheridia in South Australlan genera is
successive as reported in Iurbiparle, Cystoselra, gSargassum
and Hormosirae Antheridia are clavate to subclavate and the
antheridial wall is composed of emochite and endochite.

In young antheridia six nuclear divisions occur
forming 6% nuclei which develop into sperms. There is no
wall formation in the antheridim at any nuclear stage in
contrast to Fucus (Fritsch, 1945b, 1952) in which each
nucleus is separated by a septum. Sperms are liberated
through the apical pore in the antheridium as in Balidxrys
siliguosa and Cystoseira (Dodel-port, 1885. Savaugeu, 1912).
Embryology.

The extrusion of eggs from the bisexmal conceptacles
is followed by the liberation of sperms in Cystophora,
8caberia, Myriodesma and Cystophyllim. Fertilisation occurs
within an hour after liberation in Cystovhora, Myriodesma
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and Seaberia. The zygotes soon attach themselves to the
substratum by the secretion of mucilageaj.n Rurvillea (Naylor,
1953a). Fertilisation and early segmentation in the zygotes
of Cystophyllum muricatum occurs while they are attached to
the receptacle as in Carpophvllum (Dawson, 1940, Delf,
1939a. Naylor, 1953¢), and Marginariella (Waylor, 1953b).
After the liberation of zygotes of Cystophyllum, they attach
themselves to the substratum by the secretion of mucilage.
Segmentation and the early development of the embryo have
been studied in numerous genera by various workers.

Zygotes of Cystophora, Cvstophylium, Scaberla and
Myriodesma divide transversely to form two dissimilar cells =
a large upper cell and a small lower cell -— as found in
other species of the Fucales. The polarity of zygotes may

occur before or :fter the first tr nsverse division as occurs

in that of Marginariella (Naylor, 1953b), Xiphophora (Heine,
1932. Naylor, 1954 ), Hormosira (Osborn, 1948), Cvatoselra
(Valiante, 1883) and Sargassum linifoliupm (Nienburg, 1910).
The second division oceurs longitudinally in the upper cell of
the embryos of Scaberia, Cvstophvllum and Myriodesma lati-
folia as described for Sargassum (Wienburg, 1910), Xiphophora,
(Heine, 1932. Naylor, 1954a) and Fucus vesiculosug (Thuret et
Bornet, 1878). In Cystophora and Mxrdiodesma guerclifolia the
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the second division bs transverse in the lover cell of the
embryos similar to that seen in Margipariella (Waylor, 1953b),
Fucus spiralis (Giraud, 1956), Sargassum thumbergil, [Mizikia
fusifornis (Inoh, 1929a), Hormosira (Osborn, 19%8), Pelvetia
wrightii (Inoh, 1935) and P._canaliculata (Subrahmanyan,
1957b). The third division is longitudinal in the uppermost
cell of the embryos ef Cvgtophora and Myriodesms guerclfiolia
as it is in Hormogira (Osborn, 1948), Durvillea (Naylor,
1953a) and Fucus spiralis (Giraud, 1956). In case of gScaberia,
Cystophyllum and Myvriodesma latifolia it is transverse in the
lower cell of the embryos and forms a rhizoid cell similar to
that of Marginariella urvilliana (Waylor, 1953b) and Xiphophora
(Naylor, 1954%a). The fourth division is longitudinal in
the middle cell of the embryo in Cystophora, Cystophyvllum,

Scaberia and Myriodesma. This division was not obaerved/in
other species of Fucales by the earlier authors. TIwo primary
thizoids are produced by the longitudinal division of the
rhizoid cell in Sgaberia and Cystophora while lyrlodesma and
Cystophyllum produce 4 and 8 primary rhizoids respectively.
Cystoseira barbata (Vienburg, 1910), C. foeniculacea (Dawson,
1941), ﬂf&'ﬂ&ﬂ (Inoh, 1932; 1937¢ ), C. hakodatense
(Indh, 1932), GC. geminata and C. osmundagea (Fensholt, 1955)
produce % primary rhizoids on the embryo. In Cystophvllum

Iurpneri (Okabe, 1929. Inoh, 1932), and C. sisymbrioides
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(Okabe, 1929, Inoh, 19303 1932; 1937¢) 32 primary rhizoids
are produced on the embryo. Many specles of Sargassum
(Tahara, 1929a. Inoh, 1932; 1955), Wlzikla fusifomils
(Tahara, 1929a) and Iurbinaria turbinata produce 8 primary
rhizoids. Carpepbvilum (VWaylor, 1953c. Dawson, 194%0)
produces a tuft of 16 rhizolds at one end of the embryo.
Fycus vesiculosus (Oltmanns, 1889, Thuret et Bornet, 1878),
Xiphovhora (Heine, 1932, Naylor, 1954%a), Marzinariella
(Vaylor, 1953b), Hormosira (Osbomm, 1948) and Durvillea
(Naylor, 1953a) each produces one primary rhizoid.

While rhizoidal development 1is taking place the body
of the embryo becomes many=-celled and it is then difficult
to observe further divisions.

Apical hairs develop from the aplcal groove and the
nunber varies from 4 to 16, except in Myriodesma, in which
only one apieal hair developed. Variation in the number of
apical hairs has been observed in Hormosira (Osborn, 1948),
Fucus vesiculosus (Thuret et Bornet, 1878) and Cystoseira
(Valiante, 1883). The hairs develop from the basal
meristems at the base of the apical groove in Hormosira
(Osborn, 1943) and Pelvetis canaliculata (Subrapmanyan,
1957b). One of the basal meristems may function as the
apical cell afterfhe hairs heve fallen of £ asi#occurs in

Cystophora, Cystophyvllum and Scaberia similar to that found
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in adult plants. Apical cells have been déscribed in
the embryo of Hormosira (Osborn, 1948), Pelvetia

ganaliculata (Subrahmanyan, 1957b) and Fucus (Fritsch,
1945b, 1952. Oltmarns, 1889. Thuret et Bornet, 1878).

The three usual tissues =— mneristoderm, = cortex and
medulla, develop in the embryos as described in the
embryos of Hormosira (Osborn, 1948), Pelvetia canaliculata
(Subrahmanyan, 1957b) and Fucus (Oltmanns, 1589. Thuret
et Bornet, 1878).

¥I. CYTOLOGICAL OTUDIES.

The material for eytological study was iixed in

different fixatives (see page 1996). Karpechenko and Okabe's
fixatives proved more satisfactory than others. After
fixation (18 = 24 hours ) the material was throughly washed
in mnning wvater to make sure that traces of the fixatives
were removed, and then transferred to distilled water.
Different techniques were used for nuclear staining.
1. Feulgen leaction.
The material from distilled water was brought up to
60%. and then hydrolysed in N. HCl at 60%. for
between 10 and 15 minutes. The hydrolysis was
stopped by transferring the material to cold distilled
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wvater. After a few minutes the material was placed
in the Schiff's reagent for 8 - 12 hours (see page
}99 ), The material was bleached in 3 changes
of fresh S0, vater (10 minutes in each) and was then
cut into small pieces and squashed on a filmed slide
and mounted in 50% Karo.
Cells of the Fucales are strongly pigmented and this
technique does not macerate the material for thorough
squashing, as was also experienced by Naylor (1959).
In order to overcome this difficulty, the material
was bleached before hydrolysis in a solution of 20 ecc.
of 30% 3202 and 1 = 2 drops of strong Ammonium
hydroxide for half an hour. The material was then
gently and thoroughly wahhed in ranning water to
remove the traces of H20p.
After bleaching the time of hydrolysis was reduced
usually to 74 = 10 minutes (Naylor, 195 ). This
technique has been successfilly used on both resting
and dividing nuelei. In Cystophvllum muricatum
particularly, this technique has given a good
reaction.
Aceto - carmine Sguashed.
Bleached material was treated with aceto-carmine.

Squashes were made on filmed slides as described by
Naylor (1957).
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Acetic - orceln Squash.

Bleached material was stained in 2§ orcein in 60%
acetic acid. The material was squashed on a filmed
slide, in the stain, by the weight of the coverslip

or by manual pressure. Excess of stain was removed

by applying gentle pressure on the coverslip under
several thicknesses of filter paper. It was then
examined as a temporarpy mount or made permanent by
removing the coverslip with 45% acetie acid, dehydrating
in the usual way, and mounting in Xam. This stain

gave a very sharp rcaction in the dividing and

resting nuclei.

Haematoxylin Squashes.

The material w2s squashed on a filmed slide in distilled
water by the pressure of the coverslip or by manual
pressure under several thickenmsses of filter paper.
The coverslip was allowed to come away in water. Then
the squashed material on the slide and on the coverslip
was mounted in 4% iron alum for 30 minutes.

It was rinsed in running water up to 10 minutes and
then stained in e.5% haematoxylin (Johansen, 19%0).

The stained matcrial on the slides and the coverslip

was rinsed in running water up to 5 minutes and de~
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stained in 2% iron alum for 2 minutes. The destained
material on the slides and coverslip was rinsed in running
water for 30 minutes, dehydrated as usual and mounted in
Xam.

Sections.

Gradual dehydration of the material for embedding was
ecarried out as recommended by Johansen (1951). Miecrotome
sections were cut at various thickness between 4 and 12 u
and stained in iron alum = Haematoxylin or Feulgen Reaction

(as deseribed above).

Fixatives.
(1) Karpechenkp: -
A. Chromic acld «vs sse oee ose 1l gnm.
Glacial acetie acid.. .e¢ oa- 5 gm.
BoA VALET.s: ses ose seae ose 65 o8,
B. Commercial formalin.. e« .. 40 cc.

Sea Water... ««s ss® ass sas 35 cC.

Equal parts of solutions A and B used when needed.
(11)  Qkabe's Solution:-

Stock solution of chromic acid (seawater - 98cec.

plus saturated water solution of chromic
acid = 26€.) coe oee ese ese 50 eee
2% ommic 8Cidece ons sos sse 5 ec.
Glacial acetic acide. e+ e+ 2.5 cCo

San water, . = o = i S —— P ‘50 CC.
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(iv)

(v)
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dcetic-aloohol -

Glacial acetic acideee eece oo 1 part.
Absolute alcohol. sss ssw ses 3 parts.

Formalin-acetic-aleohol:~

Fﬂmj.ino-- ssa s e T sss ll'O CeC.
0130131 acetice acid... ses ses ? CcC.
A'baOlute 5-130}101 - sae s . sssw 100 CC.

Eradley's Solution:-

Absolute alecohol. ... s see 3 parts
Glacial acetic acideee eee ... 1 part
Pure chlomrQMQo sae se s sse 1y parts

Schiff's Reagent-(Leucobasie fuchsin ‘Darlington

and la Cour, 1950))

(a3 Dissolve 1 gm. basic fuchsin by pouring over it

200 ec. of boiling distilled water. Shake well
and cool to 50°C. Filter: Add 30 ec. N.HCL

to filtrate. Add 3 gm. Késaog.

Allow solution to bleach for 24 hours in a tightly
stoppered bottle in the dark; add 0.5 gm.
decolorizing earbon (Norit).

Shake well for about a minute and filter rapidly
through coarse filter paper.

Store in tightly-stoppered bottle in the dark.
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(b) 80, water:-
Normal HCl... see sawe see 5 CC.
K25205 10%.- LR R LR LA 5 CC.

Di'tillﬁ water". L .ew 100 cc'

R Aceto-carmine (Darlington and la Cour, 1950).
Glacial acetic acid... ... U5 cc.
Head# to boiling
Distilled water.. ... ... 55 cec.
Add 0.5 gm. of carmine. Shake well and filter when
cool. A drop'or two of 45% acctic acid saturated with

iron acetate was added.

2e  CYTOLOGY
(Plate XXIE).

Cytological observations were made on antheridia,
oogonia, paraphyses, vetetative cells and embryocs. In each
case the resting nuclel gave an intense reactlion with the
stains used as observed in Halidrys siliguoga (Moss and
Elliot, 1957. Naylor, 1958b). These nuclel possess deeply
staining granules (i.e. chrnmocentfes) which vary usually
from 5 to 8 in number although up to 16 have been counted.
The nuelei are granular in all the species investigated.
Baraphvses.

Dividing nuelel were observed in the basal part of

the paraphyses of Cystophvllum muricatum, showing 16 - 20
chromosomes at the metaphase plahe in polar view (PlateXXIX,
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fig. A). The chromosomes were crowded and clumped together
making the count difficult. It is quite possible that
there may be over 20 chromosomes.

In Cystophora uvifera counts of 30 = 36 chromosomes
were made in the basal cell of the paraphyses at the meta-
phase plate in polar view (PlateXXIX fig. F).

Antheridia.
At the Y-nucleate stage of the developing antheridia,

of C, cephalornithos counts of up to 32 chromosomes were

made at the metaphase plate in polar view (Plate XXIX fig.

H) but difficult to count at the anaphose stage (Plate XXIX,
fig. G). In the developing antheridia of C, platvlobium

at the 8-nucleate stage counts of over 2% chromosomes were
made at the metaphase plate in polar view (Plate XXIX,fig. X).
Qozonium.

Counts of chromosomes were possible only in the oogonia
of C, moniliforme and C, intermedia and counts of somewhat
over 16 or 30 chromosomes respectively were made (Plate
XXIX, figs. C and Z).

Yegetative parts.

In the somatie nueclei of Cystophyvllum muricatum

between 32 and 48 chromosomes were counted (PlateXIX, fig.

B). In the apical cell of Cystophora moniliformis with
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difficulty counts of up to 48 chromosomes were made (Plate
XXIX, fig. D). In Cystophora polvevstidea counts of up to
56 chromosomes were made at the metaphase plate in the polar
view (Plate XXIX, fig. E), and between 48 and 55 chromosomes
were counted in the apical cell of C, intermedia.

The resting nuclei of the embryos of C, retorta and
Ce subfarcipata contain [ (79 10 - 16 chromocentres (Plate
XXIX,figs. I, My U and W). The number of chromocentres vary
from macleus to nucleus depending on the size of the nuclei.
In G, subfarcinata counts of up to 45 fhromosomes were
obtained at the metaphase plate in polar view (Plate XXIX,
fig. J) but counts were difficult at other stages (Plate XXIX,
figs. K, L). Different stages of nuclear divisions were
observed in the body 6f the embryo of C, retorta Plate XXIX,
fizse N to T and V). In the nucleus of the body cells of the
embtyo cf L, retoris counts of between 48 - 50 chromosomes were
made but in one case 64 chromosomes were counted. In the
nucleus of the rhizoid cell of the embryo of C, retorta counts
of 50 or more chromosomes were cbtained.

In the nucleus of a body cell of the embryo of L.
platvliobium eounts of up te 45 chromosomes were made (Plate
XXIX,fige Y).
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Cystophyllum murleatum

32 - 48
Cvstophora uvifera -
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Ce platylobium -
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C. subfarcinata about 45
C. polveystidea about 56
C. retorta -
C. intermedia ¥ - 55

16 «20
30 ~36

Qo- Body Bhizoid
over 2% about 45 -
over 16 - -

. 48 about 50

(=6%)
about 30 - =
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The above chromosome counts are listed in T ble VI.
The variability of these counts may be partly due to crowding
and clumping together of the chromosomes or due to their
small sizes or lack of uniform staining. Nevertheless, the
number of chromosomes indieates that the value of n probabily
lies between 16 and 32. These figures indicate that para-
physis, antheridiz and oogonia are haploid; apical cell and
émbryo are diploid.

The nuclel in the species of the South Australian
Fucales studied are granular and show chromocentres, as
observed in other species of Fucales. These chromocentres
vary in size and in some cases probably only large chromo-
centres have been counted. Variation ih chromoecentre numbers
have been reported and these are 2 to 9 in Halidrvs silicuosa
(Le Touze, 1912 , Naylor, 1958b. Roy, 1933),4to 5 in
Cystoselra ericoides, 12 to 16 in Fucus Jutarius and 5 to
11 in Bifurcaris tuberculata (Roy, 1938). Naylor (1958b)
says that these granules in the nuclei of [, gilicuosa vary in
number and bear no relationship to the number of chromosomes
80 it is unlikely that they are prochromosomes as suggested

by Roy (1938). However, according to Swanson (1958) the
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prochromosomes and chromocentres are the same. Darlingtan
and La Cour (194%1) regard the variation as due to the
condensation of the chromatin threads and the fusion of
the granules; contraction and fusion of the granules being
greater in the smallest nuclei.

In South Australian Fueales the nueleus contains 1
or 2 nucleoli, which are distinguished from the chromocentre

by being larger in size and more uniform in shape. A similar

number of nucleoli has been observed in Pelvetia canaliculata
(Roy, 1938, Subrahmanyan, 1956, 1957), Bifurearia rotunda
(Giraud, 1956), Fucus species, Cystoselira species, Ascophyllum,
and Halldrvs siliguosa (Roy, 1938). Le Touze (1912) considered

uninucleclate nuclei as a characteristic feature of the
Fucaceae, but this &oes not seem to be true. Le Touze also
considers a granular nucleus as a feature of the Cystoseir-
aceae. Roy (1938) found 1 or 2 nucleoli in either réticulate
or gramilar nuclei. From these observations Roy suggested
that reticulate nuclei occur in the Fucaceae and granular
ones in the Cystoseiraceae. Even in rcticulate nuclei Roy
has observed fine ganular structures.

Naylor (1958b) states that granular nuclei are not



uncommon in the Cystoseiraceae, but thelr occurrence is not
as consistent as originally suggested by Le Touze. It
appears that this separation of the Fucaceae and the
Cystoseiraceae on nuclear structure does not hold.

The chromosomes are very small, crowded and compact
together in nearly all the species studied, making chromosome
counts difficult. Such difficulties have been encountered
by Naylor (1957; 1958b), Giraud (1956), Wwalker (1931),

Roy (1938) and Subrahmanyan (1956; 1957). Mitotic stages
werc observed in althe species studied by Roy (1938) but
she could not make any chromosome counts due to clumping of
the numerous chromosomes. Much the same difficulty was
encountered by Giraud (1956) in the embrye of Bifurcaria
rotunda. Cytological observations have been made by various
authors in other species of Fucales (see Table II) and more
recently have been discussed by Hiroe and Inoh (1955) and
Naylor (1958b). In most cases a basic number (n = 32) has
been reported with the exceptions of Sargassum hornerd
(Kunieda, 1928), Hormosira banksil (Osborn, 1948),
Hegperophveus harvevapus (Walker, 1931), and Bifurcaria rotunda
(Giraud, 1956), where the number of chromosomes is small.
According to Fritsch (1945b; 1952), the data suggests that
there may be a greater measure of uniformity than is at

present apparent.
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not
In the present investigation definite counts have,been

net possible due to the large number, small size and crowded
mature of the chromosomes of most species. However the
figures obtained are sufficient to suggest that the thallus
is diploid and that reduction occurs in the developing
antheridia and oogonia.

Counts of chromosomes in the paraphysis were made for
the first time h the species of the Fucales. In Cystophvllum
muricatum the number of chromosomes in each apical cell was
32 - 48 while there were 16 - 20 in the paraphyses. These
figures suggest however that the paraphyses are haploid and the
apical cells diploid. In C, muricatum further investigations
are necessary to find out whether reduction alsoc occurs in
the developing antheridia and oogonig as in other members of
the Fucales investigated. Counts of chromosomes were also
made in the paraphysis of Cystophora uvifera but counts in
other parts were not made. In C, uvifera it is not possible to
come to any definite coneclusion regarding where ecunts
reduction occurs but on the basis of chromosome counts in other
members of the Fucales, it is possible that vegetative parts
of C, uvifera may be diploid and paraphyses haploid.
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VII.  TAXONOMICAL STUDIES.
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This chapter deals essentially with the Southern

although many have not been inves=

The following account deals with the

taxonomy of the whole of the Fucales. The taxonomy of

sargagsum is not included, as it is a very large and
specialized genus of the Fucales and it needs a special

study of its own.

1. KEY TO THE FAMILIES OF FUCALES,

Reproductive bodies in chainS... ...
Reproductive bodies not in chains ...
2. Growth by apical cellSees ose

Ascoseiraceae
2
3

Growth neither by apical cells nor

by intercalary meristems, but

diffuse growth occurs.... ... Durvilleaeeae
Apical cell 3-sided in transverse
S88Ctl0Ress sos cos 4ee ess  wsene 4
Apical cell lL-sided in transverse
86CtIoN.c. see sss ses cee seease 5
L, Growth by a single 3-sided apieal

G8ll ssu sns sse ess sesas 6
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Growth
apical

Growth
apical
6.
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Growth by a group of four three-
sided apical cellSeee see <coe Hormosiraceae
involving 2 or more Y-sided

cells.. . E ese ase sne sse SeiraaoccaCGaa
fam. nov.

involving a single Y=-sided

Celleee ese sce see sss oee Fucaceae
Thallus differen”tiated into upper

fertile and lower sterile parts;

fertile parts strap-shaped and dichotomous;

lower sterile parts cup-shaped.... Himanthaliaceae

Thallus not differentiated as
above; plants radial or bilaterals;
monceptacles on receptacles or on

branch-lagmants of thallus.ss o« 7.

Receptacles and vesicles axillary...... BSargassaceae

Receptacles and vesicles not axlllary.. Cystoseiraceae
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2. DISCUSSION OF THE FAMILIES.

(1) ASCOSEIRACEAE Skottsberg, 1907.

Holdfast discoid. Stipe solid and forked. Branches
terminating in a long narrow leathery segment. Conceptacles
on both surfaces, scattered. Chains of reproductive bodies,
each with 8« bodies of unknown nature. The structure and
development of Ascoseira has not yet been studied, so it is
not possible to make any further comment on the mode of

growth in Ascoseiraceae-—  Agcoseira Skottsberg.
(2) DURVILLEACEAE Oltmanns, 1889.

Plantslarge, Holdfast solid'conico-diacoid, stipe
terete to compressed above. Frond divided into strap-}ike
segments, leathery. o yesieles. Inflated air chambers
present or absent in the frond. Diffuse growth occurs. Con=-
ceptacles scattered over the whole frond. Neither apical cells
nor intercalary meristems occur. Hyphae short and herizontal
in the medulla. Plant dioecious. Antheridia mostly on branched
hairs. Oogonia parietal or on branched hairs, with 4 eggs.—

Rurvilleg Bory and Himanthothallus Skottsberg.
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(3) HORMOSIRACEAE (Gruber) Fritsch,1945.

Plants moniliform, segments hollow. Holdfast small
and discoid with a short terete iipa. Branching di or tri-
chotomous. Growth by a group of %4 apical cells. Conceptacles
scattercd on the vesicles. Piant dioecious. Antheridia on
branched hairs. Oogonia without stalk and borne directly on
the wall of the conceptacle, with 4 eggs. Single primary
rhizoid on the embryo.-= Hormosira (Endl.) Menaghini;

(4) SEIROCOCCACEAE fam. nove

Holdfast discok@ or divided, with short téreta
stipe. Axis compressed with central thickening. Laterals
flat, bilateral, distichous, ecostate. Vesicles present
or absent. Receptacles axillary or marginal or conceptacles
in fertile laterals. Plant monoecious or dioeclous.
Mesochiton collar near the apical part of the oogoniums
Growth by 2 or more apical cells (4-sided). Antheridia on
the wall of the conceptacles or on branched hairs. Oogonia
without stalk, directly on the wall of the conceptacles, with
one egg. — Seilrococecus Greville, Sgytothalia Greville

and Phyllospora C. Agardh.
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(5) FUCACEAE Decaisne,1842.

Plants flat, radial, bilateral or dorsiventral and
dichotomous. Holdfast discoid with terete to subterete
stipe. Frond with or without midrib. Vesicles present or
absent. Conceptacles on transformed segments. Plant mono-
ecious or dioecious. Growth by a 3=-sided apical cell at the
embryo stage and 4-sided apical cell at the adult stage.
Antheridia on the wall of the conceptacle or on branched
hairs. Oogonia with or without stalk, on the wall of the
conceptacles, with 1, 2, & or 8 eggs. Production of single
primary rhizoid on the embrye - Ascophyvllum Stackhouse,
aAxlllariella Silva, Cystogphsera Skottsberg, Fucus L.,
Hesperophycus Setchell et Gardner, Pelvetia Decaisne,
Pelvetiopsis Gardner and Xiphophora Montagne. Axillariella,
Hesperophycus, Pelvetiopsis nd Cystdphacra are the only four

genera which produce a single egg.

(6) HIMANTHALIACEAE Kjellman, 1891.

Heoldfast discoid with a terete stipe. Plantsdifferent=-
jated into sterile and fertile parts. Lower sterile part
Peziza~like cup or top=-shaped. Upper fertile part arising

from the centre of the cup, strap-shaped and dichotomous.
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No vesicles. Conceptacles numerous and scattered on the
receptacles. Horizontal hyphae occur in the medulla. Growth

by a single 3-sided apical cell. Plant dioecious. Anther=-
idia on branched hairs. Oogonia without stalk, on the wall of
the conceptacles, with one egg-.— Himanthalia Lyngbye.

(7) SARGASSACEAE Decaisne, 1842.

Holdfast discoid or divided, with a short terete
stipe. Plantsbushy, bilateral or radial with monopodlal
branching. Basal leaves linear or blade~like or turbinate.
Branch systems arising in the axils of the leaves. Recept-
acles and vesicles axillary. Growth by a single 3=-sided
apical cell throughout the life of the plant. Plant mono=

ecious or dioecious. Antheridia on branched hairs or directly
on the wall of the conceptacles. Sesenie—witheut—sbeliy

boTTe—ireetlyeonthe wall of the gongepbeelesn Oogonia without
stalk, borne directly on the wall of the conceptacle, with one
egg. Degeneration of supernumery nuclei of oogonia in situ.
Tufls of rhizoids produced on thé embryo - Carpophvllum
Greville, Hizikia (Harvey) Okamurs,Sargassum C. Agardh and
Turbiparia Lamouroux.
(8) CYSTOSEIRACEAE Kuetzing, 1843.

Holdfast discoid or divided, with a terete stipe. Plants

bushy, radial or bilateral. Basal leaves present or absent.

Vesicles present or absent, rare or immersed in the
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frond. Receptacles bear the conceptacles. Growth by a
single 3-sided apical cell throughout the life of the
plant. Plant monoecious or dioecious. Antheridia directly
on the wall of the conceptacle or on branched hairs.
Oogonia without stalk, on the wall of the conceptacles,
with one or 4 eggs. Produection of 2-8 primary rhizoids on

the embryo. - Acystis Schiffner, Bifurcaria Stackhouse,
Slfurcariopsis Papenfuss, Carpoglogssum Kuetzing, Coccophora
Greville, Cystophora J. Agardh, Cystophyllum 6 J. Agardh,
Cystoselra C. Agardh, Halidrvs Lyngbye, Hormoohvsa Kuetzing,
Landsburgis Harvey, larginariella Tandy, Myriodesma Decaisne,

and Scaberig Greville.
Bifurcarjopsis is the only genus known to produce 4
eggs In the Cystoseiraceae but it posseasés a single 3-sided

apical cell (Laing, 194l1).

Earlier authors Dumortier (1822), C. Agardh (182%),
Endlicher (18363 1843), J. Agardh (1848), 6 and Harvey (1:849)
have used Fucaceae as the name of one of the orders of brown
algae while Sonder (1846) used Fucaceae as a sub-order and
divided it into tribes (i) Fucoideae and (ii) Cystoseireae.

Lamouroux (1823) was the first to use Fucées in the sense of an
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order (also referred to by him as a family in certain places).
Decaisne (1840) and Kuetzing (1843; 1849 ) contributed more
in the classification of families, which have already been
discussed. These familiea were largely based on mérphological
characters but Oltmanns (1889) made an important contribution
towards the classification of the Fucales. He placed more
emphasis on the aplcal cells and the number of eggs

produced in each oogonium. The pre_sence of apical cells
was known to the earlier authors such as Naegeli (1847) and
Rostafinski (1876) but they did not make use of them in
classification. Oltmanns (1889) divided the order Fucaceen
into groups (i) Durvilleae (ii) Loriformes (iii) Fucaceae
(iv) Cystosireen and (v) Sargaseen. Kjellman (1891) estab-
lished the family Hymanthaliae. De Toni (1891 ;:1895)
orthomutated Durvilleae (= Durvilleaceae), Sargasseae

(= Sargassaceae), Cystoseireae (= Cystoseiraceae),
Hymanthaliae (= Himanthaliaceae). In agreement with Oltmanns,
Gruber (1896) ewtablished the Hommosira-group and put most of
the doubtful genera of Oltmanns in”to their correct families.
Skottsberg (1907) created avew family Ascoseiraceae on the
presence of reproductive bodies in chains in the conceptacles.
Schmidt (1938) agreed with Oltmanns and Gruber. On the
presence of 3-sided apical cells Schmidt absorbed Cystoseir-
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aceae in Sargassacecae as well as forming a new family
Notheiaceae (now removed from the Fucales). More recent
algologists Delf (1935; 1939a), Dawson (19405 19%1), Fristeh
(1945b; 1952), Rees (1933), Naylor (1951, 1953) and

Schmidt (1938) are in agreement with Oltmanns and Gruber on
the classification of the Fucales. Fritseh (1945b; 1952)
and Papenfuss (195laj; 1955) recognise 7 families. Both
authors differ only in the nomenclature of Hormosiraceae and
Notheiaceae. Fritsch favours Hormosiraceae whereas Papenfuss
retains Notheiaceae. This differcnce of opienion is ow
solved by excluding the Notheiaceae from the Fucales, leaving
Hormosiraceae as one of the families of the Fucales. In
agreement with Oltmanns, Gruber and Schmidt, the emphasis is
laid on the numbar and shape of apical cells, as well as on
distinctive morphological fezmtures. The Fucales are divided
into 8 families.

Ascoseiracese . —  Ascogeira is the only genus of the family,
whose reproduction and development has not been studied in

detail, but reproductive bodies of unknown nature occur in
the conceptacles scattered in the segments.

Durvilleacese, -~ Apical cells or intercalary meristems do
not occur in Durvillea, growth being diffuse. Four eggs
are produced in each oogonium of DRurvillea.
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> Hormosiracese. - This is a distinetive family of the
Fucales, where a group of 4 apical cells occur and 4 eggs are
produced in each oogonium. It is realated to the Fucaceae
in producing % eggs and a single primary rhizoid on the
embryo but differs from other families by being moniliform
and hollow. This family is represented by a single genus
Hormosira.

« Fugagese.,—~ In this family the plants are mostly dichot-
ombus, and flat and possess a single 4-sided apical cell
when adult, but a 3-sided apieal cell oecurs at the embyo
stage. Fucacecae produc#l, 2, 4 or 8 eggs in each oogonium,
the number varying in different genera, and a single primary
rhizoid develops on the embryo. The medulla consists of
intertwined hyphae. This family differs from the
Durvilleaceae in having apical growth whereas 1t is diffuse
in the Durvilleaceae. The Fucaceae also differs from the
Sargassaceae and the Cystoseiraceae in possessing hyphae
throughout the medulla. The latter two families possess a
single 3-sided apical cell throughout the life of the plant,
but in the fuecaceae a single 3-sided apical cell occurs only
at the embryo stage and a 4-sided onme at the adult stage.
There is a range of 1, 2, 4 or 8 eggs in the Fucaceae whereas
a single egg (except 4 eggs in Bifurcaripsis) is produced in
both Cystoseiraceae and Sargassaceae.
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¢ Seirococeacege. — This family is characterized by having
two or more 4=-sided apical cells which are either in groups
or one on either side of the round apical disc. On the other
hand the Fucaceae possess a single 4-sided apical cell.
Seirococcaceae produce one egg whereas in the Fucaceae 1, 2,
4 or 8 eggs are produced. Hyphae are mostly limited near the
basal parts of the plant of the Seirococcaceae Wereas they
are scattered throughout the medullary parts of the plant of
the Fucacese. Marginal or axillary receptacles occur in the
Seirococcaceae but the terminal segments of the plant become
receptacles in the Fucaceae. Himanthalieaceag Sargassaceae
and Cystoseiraceae each produces a single egg and each
possesses a single 3-sided apieal cell. Horizontal hyphae
oceur in the medulla of Himantbalia and ldngitudinal ones occur
near the basal parts of members of the Sargassaceae and the
Cystoseiraceae. In Himanthalla the upper strap-shaped and
diechotomous part is fertile and the lower cup-shaped part
is sterile. On the other hand plants of the Sargassaceae
and the Cystoseiraceae are radial or bilateral and the

conceptacles are borne on receptacles or on the thallus segment:
« Sargassacege differs from the Cystoseiraceae in morphological

characters. Receptacles and vesicles are axillary in the Sar=-
gassaceae, while receptacles in the Cystoseiraceae consist of
ultimate branches, or the conceptacles may be scattered on the
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flat segments o;tkhe ramuli, and vesicles are lateral in
position or immersed in the Cystoseiraceae. A tuft of
rhizoids is produced on the embryo of the Sargassaceae while
2 - % primary rhizoids occur on the embryo of the

Cystoseiracae.

) Oogonia with 4 eggs OnNl¥eee ose sss  ose 2
Oogonia with 1 egg ONlYy «ee¢ sse sss  sas 3
2. Plants moniliform, segments hollow. [ormosira
Plants neither moniliform nor
hollow but Solideces sse sss  sse L
3. Holdfast discoid with radiating tereéte processes,

leafy laterals marginal or lateral, more

than one 4-sided apiecal cell, mesochiton

collar present near the apical part of the
00EONitllece ooe soe G WHE  wew e 5
Holdfast discoid or divided, leaves alternate

or radial, one single 3-sided apical cell,

no mesochiton collar on the oogonium. ... 6
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b, Plants palmate, conceptacles
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scattered, no apical cell... +.. Durvillea

Plants dichotomous, conceptacles in

rows, one single 4-sided apical cell
Xiphophora

Leafy laterals marginal, serrate, vesicles
present, leafy laterals transformed into

receptacles, more than one apical cell in

the

apical depression. No apical disc.. ... Phyllospora

Leaves alternate, entire, vesicles absent,

receptacles axillary or marginal, two api

cal

cells present -—— one on each side of a round

apical disc in the apical depressioN...s
6. Vesicles in concatenate series...
Vesicles absent or present, not in
concatenate scrieS.ece eee escees
Receptacles cylindrical and tuberculate..
Receptacles compressed, lanceolate or

ensiform or rostellat@.ece =« " cee osse =

geirococcus

Scyvtothalia

8. Vesicles on the ultimate branchlets,

oogonia embedded, zonal discharge
Of CEESees sc0 20e see osse ose
Vesicles as dilations on the leaves
branchlets, oogonia not embedded, s

but not zonal discharge of eggs..

Cystophyllum

or

nececessive

Cvstoselra
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11.
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Conceptacles borne on branch segments... 10
Conceptacles on receptaclesecee eee osee 1l
10. Plants terete, irregularly
branched, segments compressed, exter-
nally warted, densely imbricate,
vesicles present... .« +.. ... geaberia
Plants flat, segments flattened,
alternate, pinnate, vesicles always
absente.. o+ css o ses eee 12
Leaves absent, vesicles absent or lat-
eral, ultimate ramuli transformed into
receptacleS.c. oo sss ov8s o sse s Qxxjnﬁhnzg

Leaves present, vesicles and receﬁtnclas
8X11]1arYece csss sss ses « ees o=+ CALSAESUN
12. Plants not dichotomous. fkar the
bas€, flat, thick, segments alter-
nate, pinnate simultaneous mat-
uration of oogonifeesss ++.¢ .. Carpoglossum
Plants dichotomous near the base,
segments thin, membranous, p~innate,

successive maturation of oogonia. Myriodesma
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This section deals mainly with the Southern Australian
Fucales but a few species of Cystophora and Durvillea

occurring elsewhere are included.

In this section under the heading "Specimens examined"
are included the material examined by the author, references
to location in the literature and the specimens in other
herbaria examined by Dr. H.B.S5. Womersely.

Type references and type localities have been
obtained from type ghotos in AD or from manuscript of Dr.
HeB.S. Womersley 1952 or from the original literature where
type species aregdkscribed unless otherwise stated in
the text.

(1) DURVILLEACEAE Oltmanns,1889-

(a) Durvillea Bory 1826
J. Agarah 1848: 187. Areschoug 1854%: 14 (340). Decaisne

1840: 4103 184l: t. 53 1842:330. De Toni 1895: 219.
Endlicher 1843: 29. Gruber 1896: 3. Herriot 1923: 55. Kjellman
1897: 279. Kuetzing 1849: 585. Lindauer 1957: 69. Montagne
1845: 52, Naylor 1949a: 286. Skottsberg 1907: 139. Tilden
1937: 304
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Durvillaes Bory 1826: 192. Areschoug 1854%: 14
(340). Bory in Duprrey 1828: 65. De Toni 1891: 1733 1895:
219, Kuetzing 1843: 3503 1849: 585,

Sarcophveus Kuetzing 1843: 3923 1849: 587. J.
Agardh 1848: 189. De Toni 1891: 1733 1895: 222. Kjellman
1897: 279. Lucas 1936: 82. Lindauer 1947: 564. May 1939: 202.
Whitting 1893: 38.

Holdfast large, solid, conico-discoid. Stipe sub=-
terete to compressed above, simple or prolifersus. Fronds
flat, thick, coriaceous, broadly expanded, divided into wider
or narrower segments, ﬁmate, dark brown, solid or with
inflated medullary air-chambers. Conceptacles numerous,
scattered on the whole frond, unisexual. Plant dioecious.
Oogonia with 4 eggs, parietal or on branched hairs.

Bory (1826) described the genus Durvillea with D.
utilis Bory but this plant was already known as Fucus
antarcticus Chamisso (1822). In 1892 Hariot changed the name
to D, _antarciica (Chamisso) Harlot. Skottsberg (1907) made
the same mistake as Bory did but later in 1921 Skottsberg
agreed with Hariot.

Kuetzing (1843) established Sarcophyeus from Australizn
waters (8, potatorum) deseribing the oogonia as tetraspores,
and he placed it under Chaetangiaceae although he believed that
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it was very close to Durvillea. The two genera have always
been separated on the basis of the insertion of the oogonia

and the manner of divisions of the frond, and the character

of either solid or chamber«d thalli. Oogonia are parietal

in Durvillea antarciica but those of Sarcophveus occur as well
on branched hairs. Oogonia are parietal in Do willana

(Naylor, 1953a), but they also oceur on branched hairs in

D. antarctica (Herriot, 1923 ., Naylor, 1949b . S_kottsberg,
1907) and D, harveyi (Hooker and Harvey, 1847). Decaisne (1841)
figures them as exclusively parietal in D, antarctica. It
appears that oogonial insertion is a variable character for

the separation of the two genera as stated by Naylor (1953a).
Agardh (1848) and De Toni (1895) separated Sarcophycus and
Durvillea using the manner of subdivisions of the frond and the
character o either solid or chambered thalli as a basis for

the separation. In Durvillea the frond is "palmate" and the
thallus chambered while the frond is pinnate and the thallus
solid in Sarcophycus. The frond is primarily palmate in
Sarcophvcus developing primary segments narrowed at their
bases. These further develop proliferations in irregular
fashion. Areschoug (1854%) doubted the stipitate nature of
segments as a specific feature, and suggested that D, potatommm
might be a form of D, utilis (= D, antarctica), found in
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Australian waters and which lacked central air-chambers.
Subdkvision of the frond appears to be a distinguishing

feature between Durvillea and Sarcophycus but D, willana is
an intermediate spacies possessing the broad basal palm
(as in D, aptarctica and D, harvevi), which form the main
portion #f the frond and a number of stipitate proliferations
from the stipe,which are plnnately arranged. It appears
that palmate, pinnate and stipitate proliferation characters
are'un:atisfactory for the separation of these genera as
discussed by Naylor (1953a). Harvey (1863), Kjellmn (1897),
Skottsberg (1907) and Fritsch (1945b; 1952) brought the
genus Sarcophveus under Durvillea because of their minor and
variable character differences. The preseht author agrees
with Naylor (1953a) that the similarity of the oogonial
structure and extrusion of eggs may also be considered sat-
isfactory for the union of the two genera. The structure of
oogonia and extrusion of eggs of D, antarctica (Waylor,
1949b), D. willana (Naylor; 1953a), and g, potatorum
(Whitting, 1893) have already been discussed in detail by
Waylor (1949b; 1953a). and Whitting (1893).

Durvillea occurs in the Southern Hemisphere and
includes (1) D. antarctica (ii) D. potatorum (iii) R.
willana and (iv) D._caepestipes.
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Rurvillea potatorum is a sublittoral alga in Aus-

tralian vaters from Robe, South Australia to Pambula, New
South Wales, and Tasmania while D, antarctica is lower
littoral in New Zealand (Womersley, 1959), and in other
subantaretic countries (Womersley and Edmonds, 1958).
Skottsberg (1907; 1941) reports D, antarctica from central
Chile to Cape Horn, Falkland Islands, Kerguelen Islands,
Chatham Islands, Auckland and Campbell Islands.

(b) KEY T0 THE SPECIES OF DURVILLEA

1. Stipe proliferous, oogonia parietal.... D. willana
Stipe not proliferous, oogonia generally
on branched hairs.es see see oee oo 2
2. Frond strongly inflated by central
air-chambers.ccces «cc <sees <es D, antarctica
Frond not chambered ..o .. cee 3
3. Holdfast discoid, frond onece or twice

forkedeese oee eoss ses esee oss seoe Do potatorum

Holdfast fibrous, frond scarcely divided D, caepestipes
(= D. Harveyi)

R. antarctica and D, potatorum are deseribed here.
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(e¢) DURVILLEA ANTARCTICA (Chamisso) Hariot
1892.
Cotton 1915: 165. Hariat 1892: 1432, Harvey 1867: 65k,
Herriot 1923: 549. Laing 1927: 14¥l. Lindauer 1947: 563.
Moore and Cribb 1952: 1100. Naylor 1949b: 285; 1953a:
2773 1954b: 653. Oliver 1923: 496. Skottsberg 1907:
14%0;  1941: 57. Womersley 1999: 566.

‘Plate XXX .

Fucus antarcticus Chamisso 1822: 7.
Rurvillea utilis Bory 1826: 292. Bory in Duprrey 1828: 65.

J. Agardh 1848: 188. Areschoug 195%: 15 (34%1). Askenasy
1889: 23. Balley and Harvey 1874: 156. Decaisne 184l: t. 53
1842: 330. De Toni 1895: 220. Hooker and Harvey 1845: 528,
Hooker 1847: 454%. Laing 1885: 308; 1899: 66. Montagne 1845:

23.

Plant thiek, coriaceous, brown, turning darker on
drying,up to 15 meters long. Holdfast conico-discoid, up to
25 em. in diameter. Stipe terete to compressed above, up to
90 em. long and 12.5 cm. z2cross. Frond flat, thick palmate,
divided into numerous ligulate segments tapering to points,
up to 45 em. broad in its widest part, inflated by central
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air chambers. Apices of the segments light in colour
and meristematic. No special vesicles and receptacles.
Coneeptacles numerous, scattered on the whole frond, uni-
sexual. Antheridia 13 -27px 5 -10pm, on tufted branched
hairs.
SPECIMENS EXAMINED:
W. Aus.-Cape Lecuwin (Wollaston, 11-2-1957 Drift).
Nornalup, 70 miles west of Albany (Moore in Moore and Cribb.
Drift).
Kangaroo Island. = Stanley Beach, Pennington Bay (Womersley,
4-2-1957. Drift). |
Pasmania. = Taroona (Moore in Moore and Cribb. Drift). Port
Arthur, Tasman Peninsula (Cribb in Moore and Cribb. Drift).
GEOGRAPHICAL DISTRIBUTTON:
From central Chile to Cape Horn, off Kerguelen Island, The
Falklands, Campbell Island, Auckland Tsland, Chatham Island,
and New Zealand.

D, antarctica has not yet been found gowing along the
South Coast of Australia (Womersloy;1959).

Type locality and type of D. antarctica has not been
located.



(d) DRURVILLEA POTATORUM (Labillardiere)
Areschoug 1954%.

Areschoug 1854: 17 (333). Harvey 1863: pl. 300. Naylor
1953a: 296. Sonder 1880: 5. Womersley and Edmonds 1958:
247.
‘Plate XXXI .
Fucus potatorum Labillardiere 1806: 112, t. 258.
Turner 1811: 106, t. 242,

Laninaria potatorum Lemouroux 1813: 42. C. Agardh
1821: 1153 1824: 2§0. Hooker 1847: L456.

Sarcophyeus potatorum Kuetzing 1843: 3923 1849: 587;
1860: t. 7, f. 2. J. Agardh 1848: 190. De Toni 1891: 173;
1895: 222, Harvey 1859b: 286. Lindauer 1947: 564. Lucas
1909: 143 1936: 82. May 1939: 206. Whitting 1893: 38.

Ivpe Locality. - "Cape Van Diemen" - Tasmania
(Labillardiere).

Iype — Fl.

Plants tough, leathery, brown, turning darker on
drying, up to 10 meters long. Holdfast discoid, up to 18
em, in diameter. Stipe solid, terete below, compressed above,
up to 30 em. long and 1% cm. across. Feond flat, digitate,
up to 40 cm. broad at its widest part and up to 6 mm. thick,
simple or forked. Segments flat, strap-shaped, producing
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laterals. Sometimes divisions of fronds or segments
dichotomous. Laterals flat, lanceolate, tapering at both
ends, Siple or forked or dichotomous. Margin entire. No
vesicles, nor air chambers, nor specialised receptacles.
Conceptacles numerous, scattered over the whole frond,
unisexual. Oogonia parietal or on the branched hairs,

53 =107 m x 13 - 40 m.  Antheridia on tufted branched
hairs, 13 = 34 p x 4 - 10 u,

SPECIMENS EXAMINED:

8. Aus. — Robe (Womersley, 29-8=1948. Nizamuddin,16=4=1959).
Victoria. ~- Shelly Beach, Discovery Bay (Muir, January 1950).
Bridgewater Bay (Beauglehole, 24=7-1948, Womersley, 21-8=1953.
Nizamuddin, 14%=4-1959). Lawrence Rock, Portland (Beauglehole,
13-1-195%). Warrnambool (Nizamuddin, 13=4=1959). Apollo
Bay (Nizamuddin, 11-4=1959). Point Roadknight (Nizamuddin,
11-4-1959). Anglesea (Nizamuddin, 11-4=1959). Point Lonsdale
and Queenscliff (Nizamuddin, 8-4=1959). Half Moon Bay, The
Nobbies and Cat's Bay, Phillip Island (Nizamuddin, 10-4=1959).
Walkerville, Wilson's Promontory (Pope and Bennett, 19-5-1949).
Tasmania. == Three Hummocks (Bennett, 17-1-1954). Port
Arthur, Tasman Peninsula (Cribb, February 1951). Swansea
(Womersley, 19-1-1949),

New South Wales. =~ Edem amd Pambula (in May, 1939).

GEQGRAPHICAL DISTRIBITTON:



231-

From Robe along south east coast to Pambula, New South
Wales, and along the coast of Tasmania.

Re_potatorum is a sublittoral brown alga growing
along the south eastern coast of Australia and is a charact-
eristie of the upper sublittoral with strong wave action.

D. potatorum grows only in Australian waters whereas
D, antarctica is an inhabitant of subantaretie regions.

e aontarctica is a lower littoral alga but D. potatorum
is a sublittoral one. The frond of D, antarctica is very
much divided and palmate whereas D, potatorum is simple

or forked or dichotomous. In D, antarctica the frond is
strongly inflated by central gir-chambers but it is solid

in D. potatorum.

(2) HORMOSIRACFAE (Gruber) Fritsch,
1945.

(a) HORMOSIEA (Endlicher) Memeghini 1838.
Nom. cons.

J. Agardh 1848: 197. Bergquist 1959: 22. Cotton 1935:

86. Decaisne 1842: 331. De Toni 1891: 173; 1895: 186.
Endlicher 1836: 10; 1843: 29. Gruber 1896: 4. Kjellman
1897: 280. Kuetzing 1849: 586. Lucas 1936: 80. May 1939: 201.
Naylor 195%b; 653. Silva 1952: 261. Tilden 1937: 311.
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Mopiliforme Lamouroux eX Bory 1825: 71. Bory in
Duprrey 1828: 132.
Plants moniliform, dichotomous or trichotomous, inflated with
vesicles, No leaves nor special receptacles. Conceptacles
numerous, scattered on the vesicles. Plant dioecious.
OQogonia with 4% eggs.

Hormosira was first proposed as a section of Cysto-
seira by Endlicher (1836) and was raised to generic rank by
Meneghini (1838) as discussed by Silva (1952). It is a

monotypical genus and is endemic to Australasian waters.

(b) HORMOSIRA BAFNKSII (Turner) Decailsne 1842,
Plate XXXII .

J. Agardh 1848: 198. Areschoug 1854: 13 (339). Askenasy
1889: 23, Decaisne 1842: 331. De Toni 1895: 187. De Toni

et Forti 1923: 71. Getman 1914%: 264, Harvey 1855: 215; 1859
285; 1860: pl. 135, 1863: Spmop. 66. Kuetzing 1849: 586;
1860: t. 3y f« 1. Laing 1885: 309; 1899: 663 1900: 300;
1927: 142, Levering 1945: 11. Lindauer 1947: 563; 1957: 67.
Lucas 1909: 133 1936: 80. May 1939: 206. Mollet 1880: 318.
Moore 1950: 48. Oltmanns 1922: 189, Osborn 1948: 47. Silva
1952: 261. Sonder 1852: 6673 1853: 511; 1880: 5. Womersley
1950: 158.
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‘Pucus monilifornis Labillardiere 1806: 11%, t. 262.

Fucusg banksil Turner 1808: 1, t. 1. Mertens 1819:
190.

Cystoseira banksii C. Agardh 1821: 603 1824%: 284,

Moniliformis bapksii Bory in Duprrey 1828: 13k,

Moniliformia billardieril Pory in Duperrey 1828: 133.
Bailey and Harvey 1874: 156. Hooker and Harvey 1845: 528.

Hormosira sieberi Bailey and Harvey 1874: 155. Hooker
and Harvey 1845: 528.

Type Locality'-— "Novae Hollandiae" -~ Australia.

Type. — FI.

Holdfast discold, up to 4 mm. in dlameter. Stipe
terete, up to 1 em. long and 2 mm. in diameter. Plants up
to 45 em. long and 16 - 25 mm. broad, brown, coriaceous,
cartilaginous dichotomously or trichetomously or irregularly
branched, with inflated segments (vesicles) and terete stalk,
segments up to 10 ~ 15 (-25) mm. long and (2-) & = 10 (=25)
mm. broad, spherieal, ovoid, obeonicpr cylindrieal, hollow,
stalks up to 3 mm. long and 2 mm. broad. Conceptacles
numerous, scattered over the whole surface of the segments,
unisexnal. Antheridia 33 - 68 p x 1% - 26 p. Oogonia 108 -
200 m x 75 = 150 p.
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SPECIMENS EXAMINED :

W. Aus. — North Twin Peak Island, Recherche Archipelago
(Willis, 20-11-1950). Figure of Eight Island, Recherche
Archipelago (Willis, 7-11-1950).

Se.Aus. = Point Drummond (Womersley, 11-1-1951). Fishery
Bay (Nizamuddin, February 1959). Sleaford Bay (Nizamuddin,
February 1959). Investigator Strait (Davey). Sturt Bay.

Port Augusta (Womersley, 31-12-1950). Henley Beach, Adelaide,
St. Vincent Gulf (1925). Willunga (Shepley, 13-10=1954%).
Sellick's Beach Reef (Hale, 19-1-1936). Petrel Cove, West of
Bluff, Viector Harbour (Nizamuddin, 8-3-1959). Vietor Harbour
(Nizamuddin, 8-3-1959). Encounter Bay (1928. Harris, May
1943,Cleland. WVomersley, 4=6-1943). Robe (Wizamuddin,
16~4=1959). Ocean Coast, Robe (Nizamuddin, 16-4-1959). Pert=
Tomd i isemndddar—h— o0y

Kangaroo Island. = Pennington Bay (Womersey, 28-~l1-194% and
4-1-1948). American River (Womersley, 24~1-1944 and 6-1-1948),
Rocky Point (Womersley, 24=1-1944% and 18-1-1948).

Victoria. — Bridgewater Bay (Beaudehole, 5-6-1949, Nizamuddin
1%-4-1959), Nelson Bay (Muir, January 1950). Lawrence Rock,
Portland Bay (Beauglehole, 13-1-1954%). Portland (Hale, August
194%4). Port Fairy (Muir, January 1950). Near Point Roadknight
(Davis, 1-2-1956. Nizamuddin 11-4=1959). Queenscliff (Nizam=-
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uddin, 7=4=1959).
Tasmania. = Three Hummocks (Bennett, 17-1-1954%). Sandy
Cape (Bennett, 15-1-1954%). Cape Sorrell (Bennett, 4-2-1955).
Taroona, Hobart (Womersley, 13-1-1949).
New South Wales. =— Eden, Bermagul, Lake Illawara, Botany
Bay, Bondi, Long Bay, Sydney, Lake Macquirie, Forster and Port
Macquarie (in May, 1939).
CEQCRAPHICAL DISTRIBUIION:
From Recherche Archipelago, W. Aus., around south east coast
to Port Macquarie, New South Wales, and along the coast of
Tasmaniaj Lord Howe Island, Norfolk Island, the Kermadee
Islands, Chatham Islands and liew Zealand.

Fucus woniliformis Labillardiere (1806) is predated by
F. moniliformis Esper (1804) € = Cystophors moniliformis
(Esp.) sp. no¥).. According to the Paris Code Art 6% (2) E.
mopiliformis Labillardiere must be rejected as illegitimate and
the next earliest legitimate name F, banksii Turner 1808 is
adopted.

Four different forms of Hormosira (f. labillardieri

(Bory) Harvey; £. sieberi (Bory) Harvey; f. graclilis Harvey
and f. pumila Sonder have been recognised by authors. These

forms are the result of local causes (depth of water or exposun
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to open sea or sheltered in bays or harbours). Intermed-
iates between these forms are also found. Harvey (1860)
combines four forms under one species. Moore (1950)
described a "loose~lying" form Hormosira banksii ecad
dibera from Picton, New Zealand, without a holdfast.
These forms are distinct from each other and are worth

recognising as forms.

1. Plants free floating without holdfast.. f. libera
Plants attached to rocks by means of
discold holdfastece eoc oes asce ses 2
2. Plants robust, vesicles ovoid. f. labillardieri
Plants slender, vesicles not
OVOideas ceves wes see sss  sas . 3
3. Plants fastigiate, vesicles obconiec ... f. gieberi
Plants not fastigiate, vesicles not
ObCONIBaes sse s ses sss see wsw L
4. Plantgvery slender, vesicle tapering
at each endecce o2 oo  see .;. f. gracilis
Plants not very slender, vesicles
sphericaleee « ose eoe oee .. f. pumila
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1. f» libera Moore 1950.
Moove 1950: 4G,
Heere—3956+—H8. Plantsmssive not attached in any way,

many branches from vesicles, vegetative multiplieation.
No parts float in seawater.

This form has been reported from Picton, New Zealand.

2. f. labillardiers (Bory) Harvey 1860.
Harvey 1860: pl. 135. Womersley 1950: 158.

Moniliformia labillardieri Bory 1828: 133

Hormosira billardierii Montagne 1845: 62. J. Agardh
1848: 199. De Toni 1895: 188. Kuetzing 1849: 5865 1860:

t. 3, f. 2. Sonder 1852: 667.
Plants up to 16 em. long. di~trichotomous with narrow
axils.. Vesicles ovoid 12 mm. long and 10 mm. broad, rounded

at each end. Plants occur in deep water.

3. f. sieberi (Bory)Harvey 1860.
Harvey 1860: Pl. 135. Womersley 1950: 158.
Moniliformia sieberi Bory 1828: 134, A. Richard
183%: 139.
Hormosira sieberi Decaisne 1842: 330. J. Agardh 1848:
199. De Toni 1895: 189. Endlicher 1843: 30.
Hormosira obconica Kuetzing 1849: 5863 1860: t. 9, f. 1.

Plants up to 20 cm. long, dichotomous, fastigiate, vesicles
obconie, up to 8 mm. long and 6 mm. broad, growing on exposed

tidal rocks or in small rock pools exposed to sea.



238.

Y4, f. gracilis (Kg.) Harvey 1860.
De Toni 1895: 187. Harvey 1850: Pl. 135.
Womersley 1950: 158.
Hormosira gracilis Kuetzing 1849: 586. Sonder
1852: 668.
Vesicles fusiform, tapering at each end, up to 3

mm. long and 2 mm. broad. Growing on exposed tidal rocks

or in rock pools exposed to sea.

5. f. pumila Sonder 1852.
De Toni 1895: 189. Kuetzing 1860: t. 4, f. 2.
Sonder 1852: 667. Womersley 1950: 158.
Plants short up to 6 cm. long. Vesicles spherical,
2 =17 T . broad.
(3) SEIROCOCCACEAE fam. nov.
(a) KEY IO THE GENERA OF THE SEIROCOCCACEAE.
1. Leaves serrate, marginal, vesicles marginal,
conceptacles on leafy laterals...... Phyllospora

Leaves entire, alternate, vesicles absent.
Receptacles axillary or marginale... 2
2. Receptacles cylindrical, tuberculate gZeirococcus

Receptacles compressed, lanceolate or

ensiform or rostellate.... - Seytothalia
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(b) PHYLLOSPORA C. Agardh 1839.
C. Agardh 1839: 311. J. Agardh 1848: 252, Decaisne 1842:

331. De Toni 1891: 174%; 1895: 181. Endlicher 1843:

32. Gruber 1896: 15. Kjellman 1897: 282. Kuetzing 1843:
353; 1849: 592. Lueas 1936: 77. May 1939: 205.

Sehmidt 1938: 225. Tilden 1937: 328.

Holdfast a econieal dise. Thallus compressed, dis-
tichous, alternate and pinnate. Axis and branches fringed
with marginal leafy laterals, ciliary processes, vesicles
and leaf-like receptacles. Conceptacles numerbus and
scattered. Plant dioecious. Oogonia with one egg only.

Phvllospora was established as a genus by C. Agardh
in 1839 and he deseribed three species i.e. P._comosa,

P. menziesii, and P, chamissol . Areschoug (1876). trans-
ferred P, menziesii and P, chamlssol to a new genus Egregia
which grows on the Western coast of North America and the
Atlantiec ocean. P, comogsa remains the only species in

the genus.

(e) PIYLLOSPERA COMOSA (Labillardierg)
C. Agardh 1839.

C. Agardh 1839: 311. J. Agardh 1848: 253, Bailey and
Harvey 1874%: 155. Decaisne 1842: 331. De Toni 1891:
17%; 1895: 1813 1896: 230. De Toni et Forti 1923: 70.



Gruber 1896: 15. Harvey 1855: 214; 1859b:283; 1860:
ple 153; 1863: Syhop. 36. Hooker and Harvey 1845: 52k;
1847: 413. Kuetzing 1843: 353; 1849: 5923 1860: t. 24,
fi 1. Kjellman 1897: 282. Laing 1927: 142, Levering 1946:
218. Lucas 1936: 77. May 1939: 205. Oltmanns 1889 6k.
Sonder 1852: 6713 1853: 512, Svedelius 1911: 180. Will-
iams 1923: 639.

Plate XXXIII.

fucus comosug Labillardiere 1806: 112. Mertens
1819: 188, Turner 1811: 1%2, t. 18.

Macrocystis comosa C. Agardh 1821: 48, A. Richard
1834: 142,

Type Locality.- "Cape van Diemen" = Tasmania
(Labillardiere).

Type. — FI,

Holdfast massive, composed of a large number of
robust, simple, closely imbricating processes, radiating
from a central concave dise (up to 25 mm. in diameter) from
the middle of whiéh develops a single axis. Stipe terete up
te 7 em. long and 12 mm. broad. Plantsup to 9 meters long,
pinnately branched. Axis and branch axes ligulate, up to
15 mm. wide, compressed, somewhat thicker in the middle,
densely crowded with marginal leaves, together with small
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eiliary processes which may develop into leafy laterals and
vesicles. Axis smooth when young. Leafy laterals up to

22 em. long and 7 mm. broad, petiolate, lanceolate, tapering
at each end, serrate or more or less entire. Young leafy
laterals sickle-shaped, entire, apex acute or divided.
Vesicles elliptical, up to 25 mm. long and 18 mm. broad,
pedicellate, mucronate, or bearing a terminal leaflet which
is up to 11 em. long and 5 mm. broad. Conceptacles numerous,
scattered on the fertile leafy laterals (receptacles).
Receptacles shorter and broader than the vegetative leaves,
up to 19 cm. long and 7 mm. broad. Antheridia (26 = 47 m
X8 =13 p), borne on branched hairs. Oogonia (132 +— 4275 n
% 78 - 180 n), borne directly on the wall of the conceptacle.
SPECIMENS EXAMINED:

Kangaroo Island .- Pennington Bay (Womersley, 26=1-1956.
Drift).

8. Aus. == Encounter Bay (Harris. Drift). Robe (Womersley,
30=8-194%9 and 19-8-1957). Rivoli Bay (in Sonder, 1852).
Victoria. — Bridgewater Bay (Beauglehole , 5-6-1949 and
24-6-1949), Cape Nelson (Pope and Bennett, 13-8=1949).
Lawrence Rocks, Portland Bay (Beauglehole, 13=1-1954).
Portland (Muir, April 1947). Walkerville (Bennett and Pope,
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19-5-1949), Wilson's Promontory (in Sonder, 1853),
Tasmania. = Currie River Mouth (Womersley, 28-1-1949).
Low Head, North Tasmania (Perrin, August 1948). George-
town (Gunn, in Hooker and Harvey, 1847). Three Hammocks
(Bermett, 1@-1-1954). Hunter Island (Bemnett, 14=1-1954).
Sandy Cape (Bennétt, 15-1-195%). Sloop Rocks (Bennett,
8~2-1955). Bruny Island (Womersley, 15-1-1949). Misdonary
Bay (Womersley, 15-1-1949). Bicheno (Bennett, 6-2-1955).
New South Wales. =—— Pambula, Bateman Bay and Nowra (in
May, 1939). Long Reef (Womersley, 19-3=1949). Port Hacking,
Botany Bay, Bondi, Sydney, Woy Woy, Hawkesbury River,
Lake Macquarie, Newecastle, Port Stephens, Manning River and
Port Macquarie (in May, 1939).
EECGRAPHICAL DISTRIBUTION:

From Pennington Bay, Kangaroo Island and Encounter Bay,
South Australia around the south-east coast to Port Macquarie
ew Bouth Wales. Laing (1927) doubts the occurrence of
Phyllospora comosa in New Zealand, although it has been
reported by Hooker and Harvey (1845). Since then it has not
been collected in New Zealand, and Lindauer (19%7; 1957) does
not include it in his list of New Zealand algae.



243,

(d) SEEROCOCCUS Greville 1830.

J. Agardh 1848: 260. Decaisne 1842: 331. De Toni 1891:
17%; 1895: 131. Endlicher 1836: 10; 1843: 33,
Greville 1830: Synop. 3%. Gruber 1896: 19. Kjellman
1897: 285. Lucas 1936: 68. Montagne 1842: 11; 1845:
85. Schmidt 1938: 226. Svedelius 1911: 180.

Holdfast discoid. Plants flat, distichous, alternate,
produeing a flat ribbed axis and branches and leafy laterals.
Leafy laterals linear, flat, ecostate, entire and falcate.
No vesicles. Receptacles cylindrical, to torulose, in the
axils of the laterals. Plant monoecious. Conceptacles
unisexual or bisexual . Oogonia with one egg onrly.

Greville (1830) éstablished two genera, gSeirococcus
and Scgytothalia, differing in the structure of the
receptacles. As there is great morphological resemblance
between the two genera, Montagne (1842; 1845) and Kuetzing
(18&9) included them in the same genus considering that the
receptacle difference was not a character of generie
importance. J. Agardh (1848), De Toni (1895) and Harvey
(1858), however considered that this difference #0 receptacle
structure is of sufficient importance to justify plaecing them
in separate genera. In addition to the receptacle character
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there are two other minor differences between the two
genera (i) gScytothalia exudes an immense quantity of
slimy mucus when steeped in fresh water; this does not
happen in Seirococgus as reported by Harvey (1858),
(1i) flattened parts of the axis of Seirococcus are
ecostate
costate while they are met in Sgvtothalia, beime=ececostate.
scytothalia is a genus of the south-west coast of Australia
(from Port Elliot, South Australia, to Rottnest Island,
Western Australia), and Seirococcusg oceurs on the south-
east coast of Australia (from Fishery Bay, Port Lineoln,
South Australia to Cape Paterson along the north coast of
Tasmania). gSevtothalis and Seirococcus are here considered

as separate genera, since the receptacles differ in form so
markedly. There is only one species of Selrococcous, i.e.

Se 8xillarls, based on Fucug axillaris R. Brown ex Turner.
(e) SEIRQCOCCUS AXILIRIS (R. Brown ex Turner)

Greville 1830.
J. Agardh 1848: 260. Decaisne 1842: 331. De Toni 1891:
17%; 1895: 131; 1896: 229. De Toni et Farti 1923:
67. Greville 1830: Spymop. 34%. Gruber 1896: 11. Harvey
1858: pl. 4; 1859b: 2835 1863:8ynop. 37. Hooker and
Harvey 1847: 413, Kjellman 1897: 285. Lucas 1909: 123
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1936: 68. BSmith 1893: 32. Sonder 1853: 512. Svedelius
1911: 18l. Womersley 1950: 159.

PLATE XXXIV.
Fucus axillaris R. Brown ex Turner 1811: 28, t. 146.

Cystogeira axillaris C. Agardh 1821: 80; 1824%: 291,

Scytothalia axillaris Kuetzing 1849: 593; 1860:
t' 26' r-l 1.

Type Locality. = Port Dalrymple, North Tasmania

(R. Brown).

Type. — K.

Holdfast conico~discoid up to 6 mm. across, closely
imbricated with branched, simple terete processes. Thallus
up to 2 metres long, flexuous, coriaceous and dark brown.
Axis flat, 1linear,ndistinctly ribbed, distichously and
alternately branched. Branches flat, flexuous, pinnate,
up to 50 em. long and up to 4 mm. broad. Laterals (leaves)
up to 17 em. léng and up to 10 mm. broad, distichous,
alternate, linear, flat, falcate, ecostate, entire
(occasionally one or two teeth) and apex acute or obtuse
sometimes furcate. Receptacles in the axils of the laterals,
up to 6 mm. long and up t00.7 mm. broad, ecylindrical to
torulose, simple or branched, pedicellate and apiculate.

Plant monoecious. Conceptacles unisexual or bisexual.



Receptacles generally monoecious but occasionally dioecious.
Antheridia (2% = %0 p x 8- 1% m) on branched hairs. Oogonia
(90 « 275 p x 60 ~ 150 p) on the walls of the conceptacles.
Hairs in conceptacles simple and moniliform.

SPECIMENS EXALINED:

S. AUs. — Fishery Bay (Nizamuddin, 17-2-1959). Sleaford
Bay (Nizamuddin, 16-2-1959). Wanna (Nizamuddin, 19-2-1959).
Investigator Strait (Davey, in Reinbold, 1899). Encounter
Bay (Harris, May 1943¢ Cleland 1939, Macklin, Womersley,
4h-6-1943). Vietor Harbour (Womersley, 4=6-194%3 and 7-10-1948).
Port Elliot (Nizamuddin, 5-10-1958). Robe (Womersley,
18-8-1957). Stinky Bay, Nora Creina (Womersley, 19-05«1957).
Kangaroo Island. - Middle River (Womersley, 8=1-1946).
Pernnington Bay (Womersley, 25-1-19%6, 3~6=1947 and
4-1-1948), Cape Willéughby (Womersley, 16-1-19%46).
Vietoria. == Portland Bay (Hale, August 1944, Beauglehole,
15=5=19%9 ; { 8=7=1951. Muir, January 1950). Near Point
Roadknight (Womersley, 31-12-194€. and 6-6-1953). Cape
Paterson (in Sonder 1853).

Tasmania. - Bombay Rock, Tamar East (Womersley, 27-1~1949).
Low Head (Perrin, August 194%8). Georgetown (Gunn, in
Harvey, 1859. De Toni et Forti). Latrobe Bay (De Toni et
Forti).
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GEOGRAPHICAL DISTRIBUIION:
Frem Fishery Bay, South Australia along the south coast to
Cape Paterson, Victoria and along the north coast of
Tasmania.

plants of Seirococcus axillaris, from west of Robe
to Fishery Bay, West of Port Lincoln and Kangaroo Island,
are slender with linear, narrow leaves, up to 8 em. long
and 5 mm. broad while those from Robe eastwards to Tasmania
possess wider leaves, up to 10 mm. broad with a distinect
mid rib in the upper parts of the axis and branches. These
two forms appear to be geographical variations only.

(£) SCYTOTHALIA Greville 1830
Je. Agardh  1848: 257. Decaisne 1842: 331. De Toni 1891:

17%; 1895: 132. Endlicher 1836: 103 1843: 33. Greville
1830: Synop. 3%. Gruber 1896: 19. Kjellman 1897: 285.
Kuetzing 1849: 592, Lucas 1936: 69. Montagne 18423 113
1845: 85.

Holdfast discoid with branched processes. Thallus
flat, coriaceous, distichous and pinnate. Leafy laterals
linear, lanceolate, falcate, ecostate and entire. To

vesicles. Receptacles supra-axillary, marginal, linear,
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ensiform ov | rostellate. Conceptacles numerous, unisexual
or bisexual. |[Receptacles unisexual or bisexual. Plant
monoecious. Oogonia with one egg only.

8ix specles have been deseribed under Sgytothslis.
Se.Jscouinotil Mentagne, has been transferred to Cystdphdra
Skottsbers, and Jgviotialia axillaris Fuetzing to Zeirococous.
Cf the remainder J, Xiphocarpd J. Agardh and g, rhynchocoarns
Kuetzing have been placed under 3, dorvearna Oreville by J. |
Agardh and Euetzing respectively. Diekie (13’?5) deseribed
8. obsgura from Heard Island, based on the linear form of

the leaves.

Sa dorvesrna, de.zbynchocarps ard g, xiphocarps differ
in size and form of the receptacles but these characters vary
much, even in the same axil of a YTapersl. Harvey (18%58)
stateslthat such features depend upon the depth of the water
in wvhich the plant grows. These forms are not morth recoge-
nising even as varieties.

(g)

1830.
J. Agardh 1848: 258, Decaisne 1842: 1331, De Toni 1891:
17%; 189%9: 132; 18962 230. De Toni et Forti 1923t 67.



Greville 1830: Synop. 3%. Gruber 1896: 15. Harvey 1854t
534; 1858: Pl. 9; 1859b: 2833 1863: Synop. 3k.
Kjellman 1897: 285. Kuetzing 1849: 592; 1860: t. 25,
f. 3. Lucas 1909: 123 1936: 69. Naylor 19%9a: 135.
Sonder 1846: 166. Vomersley 1950: 73.

PLATE XXXV.

Fucus dorvesrpus Turner 1811: 22, t. 143,

Cystoseira doryvcarpa C. Agardh 1821: 80; 1824 292.

Scvtothalia xiphocarpa J. Agardh 1848: 259. Kuetzing
184%9: 5933 1860: t. 25, f. 2.

Scytothalia rhynchocarpa Kuetzing 1860: t. 25, f. 1.

Seytothalia dorvearpa P. xiphocarpa. Harwey 185k:
53%; 1863: Synop. 34.

Type Locality. — ¥ing George Sound, W. Aus.
(Menzies).

Type. — K.

Holdfast discoid, upto 2 em. across, with rigid,
curved, terete proccsses. Plantsup to 90 cm. long, with
linear, flat, alternately distichously branched segments.
Axis flat, slightly thickened in the middle, without midrib
and up to 6 mm. broad. Branches up to 60 em. long and up to
5 mm. broad, alternate, subflexucus and flat. Leafy
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laterals flat, linear, alternate, ecostate, entire
(rarely 1 or 2 teeth) falecate, apices either acute or
furcate upto 25 em. long and up to 7 mm. broad. Mature
receptacles commonly 3 . 1. ( = 5)em.) long and up to % mm.
broad, situated along the margin of the axis, and in a
supra=-axillary position, pedicellate, flat, from ovate~-
acuminate to linear - lanceolate, apices acute and sterile.
Plant monoecious. Conceptacles on both surfaces, unisexual
or bisexual. Antheridia ( 2% - 42 u x 8 - 1% pn), on
branched hairs. Oogonia 162 = 276 m x 60 = 150 pm. Paraphyses
in oogonial conceptacles simple and moniliform.

SPHCIMENS TXAMINED:

W. Aus. = Rottnest Island (Harvey, 1854%), Middleton

Bay (Harvey, 1858). Waterman's Bay (Royce, 9-5-1945). Point
P'Entrecastreaux (Smith, 20-3-1946). King George Sound
(Harvey, 1854%). Cape Riche (Harvey, 1858). Figure of
Eight Island, Recherche Archipelago (Womersley, 7-11-1959).
S. Aus. — East of Eucla (Womersley, 3-2-1954). Head of the
Great Australian Bight (Womersley, L=2~1954%). Point Sinelair
(Womersley, 25=1=1954% and 8=-°~1954%). Clare Bay, Penong
(Chambers, May 1849)., Venus Bay (Womersley, l2«2=-1954%)
Fishery Bay and Sleaford Bay (Nizamuddin, February 1959),
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Elliston (Womersley, 13-1-1954%, Nizamuddin, 27-2-1959).
Stenhouse, Yorke Peninsula (Womersley, 9-4=1950). Victor
Harbour (Womersley, 17-10-1948). Port Elliot (Nizamuddin,
25-10-1958). Encounter Bay{ Cleland, Januvary 1928. Harris,
May 1943).

Kangaroo Island. — Western River (Cruickshank, 24=1-1945).
Vivonne Bay (Womersley, December 1945, January 1948 and
January 1949), Pennington Bay (Womersley, 12th. and 17th.
January 19%4+, 15th. January 1946, 14th.and 22nd. January
1948).
GEOGRAPHICAL DISTRIBUTION:
From Rottnest Island, W. Aus. along\the south coast to Port
Elliot, S. Aus., and along the coast of Kangaroo Island.

(%) FUCACEAE Decaisne,1842,

(a) XIPIOPHORA MGntagne 1842
De Toni 1891: 173; 1895: 213. Endlicher 1843: 29. Gruber
1896: 19. Kjellman 1897: 281. Lucas 1936: 81. Montagne
184%2: 123 1845: 59. Svedelius 1911: 179. Tilden 1937: 322.

Holdfast discoid. Frond flat and dichotomous. To

vesicles. Conceptacles on terminal segments of the frond,
unisexual. Plant monoecious. Oogonia with % eggs. Hyphae
present in the medulla.
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Montagne (1842) established Xiphophora as a genus
based on Fucus gladiatug Labillardiere and named it X.
billardierii, which is illegitimate, because Montagne did
not adopt the earliest l@gitimate specifie epithet. Kjellman
(1897) was the first to use the correct combination of X.

A second specles

combination X, chondrophvlla (R. Brown ex Turner) which he
credited to Montagne.

1.

(b) KEY 10 THE SPECIES.

Receptacles ligulate, wup to 56 cm. long,

conceptacles in % or more longitudinal
TOWSess ssee sss see sse oss ese
Receptacles narrow linear up to 15 cm.
conceptacles in 1-3 longitudinal rows

(rarely 11':'35‘“13!) wmee @®ee wsse eas

Xe gladiata
long,

Xe_chondrophylla

(e) XIPHOPHORA GLADIATA (Labillardiere)

Montagne ex Kjellman 1897.

Heine 1932: 557. Kjellman 1897: 28l. Laing 1927: 142,
Tilden 1937: 2322. Silva 1959: 64,

PLATE XXXVI.
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Fueus gladiatus Labillardiere 18063 111, t. 256.
C. Agardh 1821: 97; 1824: 279. Lamouroux 1813: 36.

Turner 1819: 102, t. 240.

Himanthalla gladiata Kuetzing 1849: 587; 1860: t. 7.

Fucodium gladiatus J. Agardh 1848: 202. Bailey and
Harvey 187%: 156. Harvey 1858: pl. 53, 1863: Synop. 63.

Xiphophora billardierii Montagne 184%2: 12; 1845:

59. Barton 1893: 35. De Toni 1891: 173; 1895: 213.
Harvey 1855: 215; 1859b: 285. Harvey and Hooker 1847:
176. THooker and Harvey 1845: 528; 184%7: 413. EKuetzing
1860: t. 7, f. 1. Lucas 1936: 81. Sonder 1852: 668.
Svedelius 1911: 181.

Type Locality. === '"Cape van Diemen" - Tasmania
(Labillardiere).

Iype. === Fl.

Holdfast discold. Stipe subterete. Plantsup to 73
em. long. Segments up to 8 mm. broad, flat, linear dichot-
omous, ecostate and cartilaginous. Dichotomy regular and
axils rounded. Terminal segments elongate and branched,
ligulate (short and simple when young) up to 56 cm. long and
up to 10 mm. broad. Plant monoecious. Conceptacles in % or
more longitudimal rows, unisexual, male ones in single row
towards the periphery. Antheridia on branched and septate



254,

hairs, 20 = 31 ju x 10 = 14 p. Oogonia 200 - 276 m x 108 =
162 p. Hairs, in conceptacles, simple and moniliform.
SPECTVMENS EXAMINED:
Viector@e— Western ‘Fl'ort (Harvey, 18%59).
Tasmania, = Georgetown (Gunn). Sandy Cape (Bennett,
15-1-195%). Cape Sprrell (Bennett, u4=2-1955). Sloop
Rocks (Bennett, 8-2«1955). Taroona, Hobart (Womersley,
13=1-19%9). Port Arthur (Harvey, 1859). Blowhole (Bennett,
8=3-1958). Green point (Bennett, 29-1-1958). Sleepy Bay
(Bennett, 12-3-1958). Bicheno (Womersley, 19-1-1949;
6~2~1955).
GEQGRAPHICAL DISTRIBUIION:
w-gsto:m Port, Vietoria; along the coast of Tasmania.
Lindauer (1947) does not include X, gladiate among the algae
of New Zealand, but Kuetzing (1860) and Hooker and Harvey
(184%7) report X. gladiata from Auckland. Harvey (1855)
reports it from Lyall's Bay, Cook Straits and Bay of Islands.
These specimens may be X, chondrophylls 6 var. paxima as
discussed by J. Agardh (1877)and Heine (1932).

Xe gladista veries greatly with age and in different
habitats. When young the thallus is frequently dichotomous
and fastigiate.
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‘Montagne ex Harvey 1855 .

Pe Toni 1895: 213, Harvey 1855: 215; 1859b; 285,
Heine 1932: 558, Kjellman 1897: 281. Laing 1927: 142,
Levering 19%5: 11. Lindauwer 1947: 5593 1957: 70. ILucas
1936: B81. Mitchell B4l: 49, 65. Naylor 1954a: 1553
195%b; 6€53. Womersley 1950: 159.

PLATE XXXVII.

Fucus chondrophvilug R. Brown ex Turner 1819: 69, t.
222, FKuetzing 1860: ¢, 17, f. 1.
codign J. Agardh 1848: 203. Harvey
1863: Synop. G4. Laing 1899: 66,
Sphaerccoccus chondrophyllus C. Agardh 18521s 251.
Type Locality. =~ Port Dalrymple, Forth Tesmania
(R. Browm). |

Type. = Bi.

Holdfast discoid. Stipe distinetly flattened. Plants
up to 33 cm. long, segments up to 13 mm. broad, ~flat,
linear, ecostate, entire, dichotomous and branching in one
plane. Axils acute. Segments terminating in long tapering
points. Receptacles up to 17 cms long and 7 mm. broad, near
the base, fjat, sword-like ending in long slender points.

eI cCODnaroniyv.L L
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Plant monoecious. Conceptacles in 1-3 longitudinal rows.
Oogonia 228 = 270 p x 108 - 228 p. Antheridia 26 - 34+ p x
13 - 16 pu. Hairs, in conceptacles, simple and moniliform.
SPECIVMENS EXAMINED:
8. Aus. — Port Elliot (Hussey, Drift).
Kangaroo Island. = Pennington Bay (Womersley, 30-1-1956,
2-2-1956 and 27-1-1957).
Vietoria. = Bridgewater Bay (Beaugklvle, 14=5-1951 and
18~8«1951, Muir, January 1956. Nizamuddin, 13-4-1959). Apdllo
Bay (Nizamuddin, 11-4=1959). Queenscliff Beach (Nizamuddin,
7=4-1959). The Nobbies, Phillip Island (Bennett, 15-11~1949).
Tasmania. — Currie River Mouth (Womersley, 28~1-1949).
Burnie (Womersley, 26-1-1949). Wivenhoe Point(Bennett,
31-1-1955). Stanley. West Head (Bemmett, 30-1-195%).
GEQGRAPHICAL DISTRIBUTION:
From Pennington Bay, Kangaroo Island, and Port Elliot, South
Australia along the south coast of Australia to the Nobbies,
Vietoria, to the north coast of Tasmania, and New Zealand.

The basal part of X, chondrophylla is flat and the
dichotomy is not as regular and uniform as in X, gladiata.
The axils are much more acute in X, chondrophylla than in
X, gladiata. Receptacles of X. gladiats are extremely elongate
and more strap shaped than those of X. chondrophvlla.
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Conceptacles in X, gladiats sre in % or more longitudinel
rofiihe SORIRER vk Yol logeluginth 18"8sually o larger
plant than X, chondroohvlla. In New Zealand a number of
specimens of J ‘ A were rm possessing
sword like receptacles. This resulted in a great controversy
among earlier authors on the presence of X, gladiats in
Kew Zealand. J. Agardh (1877), discussed this controversy
and concluded by establishing 2 varieties. of XL, chondrophvlla,
var. wiong snd van gRuing. :
Xa.shondrophylla ver. mimua agrees vell with Brown's
deseription and X, ghondrophylls ver. maximag resembles X.
ghondrophyvlila in 2ll respects except the recepiacles which
are svord like, as discussed by Heine (1932).

X. chondrophvila var. ploug. J. Agardh 1877: 7.
Heine 1932: 560, Lindsuer. 19%7: 560, Wemersley 1950: 159.

Plants smaller, narrower than var. maxing J. Ag. and
up to 27 em. long. Conceptacles in a single row in centre of
receptacle.

This variety grows im patches in the upper sublittoral
and also in small patches on reefs at Pennington Bay, Kangaroo

Is}and.
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X _CHONDHOPHYLLA VAR, MAXIMA J. Agardh.
J. Agardh 1877: 7. Heine 1932: 560. Lindauer 194%7: 559.

Plants thick, flat, leathery, dichotomous up to
45 ems ( = 1 metre) long. Receptacles siord-like. Conceptacles
in 2 = 3 longitudinal rows (slightly irregular)

This variety grows in pools or forms a horizontal

fringe above the Durvillea or Carpophvllum associations in
New Zealand (Lindauer, 1947).

(§8) CYSTOSEIRACEAE Kuetzing,184%3.

(a)
1. Coneceptacles on the receptaclesS... eee oes 2
Conceptacles on branchesegments se ees oo 3
2. Vesicles in concatenate series on
BEAROREB.co ssv ean sese  sew W h
Vesicles absent or lateral, not in
concatenate series... <... +.. «.. Cystophora
3. Plants terete with warty, densely imbricate

segments, vesicles present. +... <+« s« Scaberia
Plants flat, vesicles always absent see se. 5
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4, Vesicles on the ultimate branchlets;
oogonia embedded, zonal discharge of
@EEBere sss sss ses see sse o Cystophyllum
Vesicles as dilations on the
leaves or branchlets, oogonia
not embedded, successive but not
zonal discharge of eggSe.esss «eos <o Cvsltoselra
Se Plants not dichotomous near the base,
flat, thick, alternate and pinnate seg-
ments. Simultaneous maturation of oogonia.
Carpoglossum
Plants dichotomous near the base, thin

segments, pinnate, successive maturation

of 00ZON1Bece ees see ese see ses oo.Myriodesma

(b) CYSTOPHORA J. Agardh 184l.
J. Agardh 1841; 33 1848: 238; 1896: 44. Cotton 1935:
119. De Toni 1895: 136. Gruber 1896: 30. Kjellman 1897:
28%, Lindauer 1957: 70. Lucas 1936: 70. Schmidt 1938:
228, 230. Silva 1952: 279. Svedelius 1911: 180, 182.
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Blossevillea Decaisne 18%0: 4103 1841: 147;
18421 331. Areschoug 185%: 10 (336). Endlicher 1843z 30.
GnrdnerP.913s 325, Kuetzing 1849: 628. May 1939: 20k,
Montagne 1845: 6%, Beinke 1876: 362. Teylor 1945: 1l2.

Blatvlobium Kuetzing 1849: 605. De Toni 1891: 173.

Neurothalia Sonder 1853: 5ll.

Caulocystis Arveschoug 1854: 8 (33%). De Toni 1891:
175.

Acrocarpla Areschoug 185%: 9 (335). De Toni 1891:
175.

Heoplatylobium Schmidt 1938: 229.
Holdfast discoid usually, oecasionally divided

(rhizemetous in C. brandegel). Axis flat or terete, branches
usually retroflex, leaves shsent. Vesicles distinet,
lateral, pedicellate, inserted on the axis or branches,
variable in shape and occurrence (absent or rare or numerous),
matic or apiculate. Ultimete ramull developing into
receptacles. Receptacles terete, compressed or strongly
flattened (rarely angular), monlliform or smooth or torulose.
Conceptacles scattered or in o or more rows, bisexual or

unisexual. Plant monoecious. Oogonia with ona’ags.
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This account of Cystophora has been extended to
include all known specles, viz. those from New Zealand and
also single species from the CGalapagos and Guad&lupe Islands.

Cystophora J. Agardh (1841) and Blossevillea Decaisne
(184%0) have long been considered by the majority of
algologists as synonyms. Feither Decalsne nor J. Agardh
however, recognised at first any particular species either
for the type or in the genus originelly proposed. In each
case they apparently intended to separate these southern
forms from the northern forms, all df which had previously
been ineluded by C. Agerdh (1821) under Cystoseira. Decaisne
(1840) segregated Blossevillea from Cystoseirs on the basis
of branches from the flat face oflthe axis and 2 rows of
concoptacles on each receptacle. J. Agardh (1841) separated
Cystophora from Cystoseirs on the basis of vesicles and retro~-
flexed branches. In 1842 Decaisne first published a 1list of

five species of Blossevillea (B. paniculata, B. torulosa,

B. gpartiocides, D..dumeoss and B. platvioblum) all of which

are retained under Cystophora, but J. Agardh did not publish
his 1ist of specles of Cystophora until 1848. Since Decaisne's
diagnosis of the genus appeared before that of J. Agardh and
the publication of Decaisne's list of species of Blossevillea
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antidates the publieation of J. Agardh's list of species of
Cvstophora, Blogsevillea Decaisne is the earliest legitimate

name for the genus.

Sehmidt (1938) retains Cystophora and Blogsevillea as
geparate genera. According to Schmidt Cystophora is charae
terized by radial branches arising from the terete axis and
by irregularly arranged conceptacles on the receptacles,
whereas in Blossevillea the branches arise only from the edges
of the flat axis and the conceptacles are regularly arranged
in 2 rows on the receptacles. There 1s a large number of
species of Cystophora in which branches arise from the face
of the axis, which do not fit into either of these two
categories. Receptacle characters of a large number of species
of Cystophora also do not fit in either pgenera. It appears that
Sehmidt's classification of these two genera is not satis-
factory and it should be rejected; its validity has already
been doubted (8ilva, 1952).

Cystophora is in such common use that congervation is
justified, as proposed by Cotton (1935). Silva (1952)
d:lisausaad and advocates the conservation of Cysiophora
against Blogsevillea and Selected B. torulosa (Turmer) Decaisne
as lectotype: of Blossevillea while De Toni (1891) had
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selected O, brownii (Turner) J. Agardh as lectotype for
Cystophora.

In discussing Cystophora and Blossevillea five
genera (Platvlobium Kg., Heurothalia Sonder, Caulocystls
Aresch., Acrocarpia Aresch., and Heoplatylobium Sehmidt)
are relevant. Kuetzing (1849) established a new genus
Platvicbium (based on Fucus platylobium Mertens 1819) on
the basis of compressed, distichous, siliqua-fors like
receptacles with a simple pedicellate vesicle at the base of
each branchlet. Such characters, to varying degrees, are
also found in other species of Cystophora (C. racemosa,
C. xiphocarpa and C. scalaris), so that Platylobium does not
comprise a well defined gemus. Sonder (1853) renamed
Platvlobium Kge, as Neurothalia, because Platylobhium Smith
had already been given to a leBuminous plant. OC. Schmidt
(1938) without knowledge of Sonder's ligurothalia gave a new
name lieoplatvichium to Platvlobium Kg. (Non Smith 1793).
The name Neoplatvlobium 0.C. Schmidt was illegitimate and
superfluous when published because Heurothalla Sonder (1853)
predates the publication of 0.C. Schmidt. Neurothalia was
based on P (= Fucus platvliobium Mertens
1819).
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Areschoug (1854) separated Caulocvstis and Acrocarpia
from Blossevillea (= Cystophora) on the position of vesicles
and the ﬁomo,f.the receptacles. Caulocystis and Acrocarpla
possess terete axes with radial branches. Vesliecles normelly
develop on the axis of Caulocystis but they are absent in
Acrocarpia. Remuli in both the genera are transformed into
receptacles. The receptacles are linear, and terete in
Caulocvsiis whereas they are verrucose, terminal and paniculate
in Acrocarpia. These characters are also found among other
species of Cystophora. In Ce browndd there are no vesicles
and receptacles are terete and in panicles. The axis of
Cs brownii is flat with distichous branches, differing from
Acrocarpia which possesses a terete axis with radial branches.
Caulocystls is comparable with Cystophora grevillei where the
axis is terete with radial branches. Vesicles are present
on the branches of €, grevillei but they are borne on the main
axis of the species of Caulocvstis. In the specles of
Caulocvstis vesicles also occur on the branches., The pres-
ence or absence, and position of vesicles and the form of
the receptacles are the chief characters of these three
genera. It appears that Caulocvstis, ACrocarpia and Cvsto-
phora cannot be maintained as distinet genera. Cystophora
antidates the publication of Caulocystis and Acrocarpia.
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Cystophora grows on the Australian coast from
Shark's Bay, Western Australia,to Port Stephens, New South
Wales., Distribution of the species of Cystophora is dis-
cussed individually in detail and is summarised in Table
VII'. Only C. brapdegeel and C, galapagensis oceur outside
Australasian waters. C, galapagensis oceurs on the Galapagos
Islands, at the Equator, west of Eecwdor and C, brandegel on
Guadalupe Island, off Lower California at 30°N. Lat. It
is difficult to account for their presence so far away from
the other members of the genus and this distribution is
a matter of no little interest and importance in geographical
distribution. Table\llll gives an analysis of the distribution
of the species, divided into western Australian, southern
Australian and eastern Austr:lian elements and a limited
number of species known from other places. The Southern and
Eastern groups contain 84% of the Australian species and the
Western sontains 12%. Only 2 (7%) of the species which are
endemic oceur in NeW.ZeRlamdi waters. £, hookeri and
Cs elongata are restricted in distribution. C. distenta and
Ce Scalaris are endemic in New Zealand and the Chatham
Islands. (., Xiphocarpa occurs only in Tasmania. Most specles

of Cystophorg grow on rocks, but C, elongate grows only on



Cymodocea in Portland Bay, Viectoria, while Cystophora
menilifera and C, moniliformis also occasionally grow on
Cymedocea.

In many species of Cystophora the age and habitat
may cause considerable morphological variation.

Holdfasts are generally discoid in Cystophora but
are divided in C, paniculata, rhizomatous in Cs brandegui
and lobed in G, gaglapagensis. The diamcter of the holdfast
inereases with the age of the plant, and the maximum breadth
reaches 3 em. in G, moniliformis.

The stipe of Cystophors is terete or subterete and
gradually compressed upwards in the species which possess
flat axes. Axes are either terete, compressed or strongly
flattened and vary greatly in length. Camoniliformis, C.
botryoeystis and C. platvlobium reach 4 meters in length and
other species reach 2 meters. In C,mniliformis, C. platvlobiu
and C, brandegel the central parts of the flattened axes are
strongly thickened and taper gradually towards the edges.

L. polveystideg and C, sillouosa possess quadrangular axes.
Co uvifera and C, cephalornithos possess cylindrical axes.
Axes are also terete in C, grevillei, C. paniculata and
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C. galapapensls but in C, intermedias and C, pectinata they
are more ovoid. Other species of Cystophora possess
flattened axes. In rare cases the basal part of (.
slliguosa becomes terete but the quadrangular axis is
prominent above.

Branches are radial, slternate, irregular or dis=-

tichous, produced from terete axes (C, uvifera, C..

cephalornithos, C. pamiculata, C. palapagensis, C. pectinata,
Cs dntermedia and C. grevillel), but the branches are
retroflex, pinnate and distichous from the faces of the flat
axes (C. xiphocarpa, C. ragemosa, C. cuspidata, C. scal-
arls C. retroflexa, C. siliguosa, C. retorta, C. torulosa,

€. Dotrvocystis, (. distenta, C. congesta, C. subfaorcinata,
C. thysanocladia, C. brownii, C. gracilis, C. monilifora,

Ca polycystidea, C. expansa and C. elongata).

Ca platylobium, C. hookeri, Ce moniliformis and C.
brandegwl possess alternate pinnate distichous branches from

the edges of the flat axes.

Vesicles are discrete organs which vary in occurrence
and shape. They are generally spherical to ovoid, lateral
in position, pedicellate, mutic or apieculate, Ce uvifera

and C, cephalornithos bear vesicles on‘:he main axes as well
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as on branches, but in other species they are borne on the
branches only. A few specles do not possess vesicles at

all (e.g. Co brandecel, C. moniliformis, C. xlphocarpa,
C._pectinata, C. galapagensis, C. brownii, C. paniculata,
G, intermedia, .. ouspidata, C. siliguoss, and C. gracilis).
In a few species (G, retorta, C. racemoss, Ca congosta,

and C. subfarcinata) vesicles may be either present or absent.
Vesicle bearing plants of C, subfarclpnata grow in sheltered
places whereas non-vesicle forms occur on rough coasts. In
C. botryocystis vesicles oceur in clusters at the base of the
bianehas.

Ramul§ are elther filiform, terete or flat, alternate,
pirnate and distichous. They are strongly or entirely
flattened, pinnate and distichous in C, platyvlobium, C.
xivhocarps, G Iogemosa, Ss-brapdegel and C. pectinata.
Other species of Cystophore possess either terete of filiform
ramuli. Ultimate ramuli of G, moniliformis, C, brownii,
and C, intermedia divide dichotomously or gubdichotomously.

Ultimate rammli are transformed into receptacles in
all species. The basal part of the ramuli remains sterile
and only the upper parts become fertile. Receptacles are of
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different sizes and shapes among different species. They
vary from compressed or strongly flattened to terete or
moniliform to torulose. C, platvlobijum, C. Iacemosa,

C. xiphocarpa, C. brandegm] and C, pectipata bear alternate,
pinnate snd strongly distichous receptacles. C. paniculata
bears receptacles in crowded panicles. C. brownll possesses
terminal, short, terete receptacles less than 6 mm. longe.
In G, Rrevillei the receptocles are ensiform, ovold in
section, up to 8 (=15) em. long and 2 mm. across. In C.
guspidata angular receptacles occur due to the development
of mueh swollen conceptacles in rows. Short tufts of
receptacles develop in C, congesta. Conceptacles of

C. subfarcinata are compact near the base of the receptacle
and loose abowe with a prominent terminal sterile awn. The
receptacles are either unisexual or bisexual. Conceptacles
may be scattered or in 2 or more rows. In C, toruloga and
C. cuspidata 2 or 3 rows of coneceptacles occur. In C.
platvlobium, C. brandeegwl, C. Xiphocarpa and (. racomosa
conceptacles are in 2 rows on the margins of the receptacles.
They are markedly swollen and irregular in C, subfarcinata.
Bisexual or unisexual conceptacles occur but in C, fhysano-
cladia they are always unisexual.
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Antheridia are borne in fasicles on branched hairs

or direetly on the wall of the conceptacles. Oogonia are
alwdys
without a stalk and bear a single egg.elweys.

0 Arving on e form ol e peantsa =

Flat receptacles of ., pectinata, C. platvlobium,

C» Xiphocarpa and C, racemosa on drying become strongly
flattened with distinet wavy margins while compressed
receptagles of C. scalarls, C. retroflexa, C. siliguosa,
C. distenta and C. gongesta become flattened. Ocecasionally
the compressed receptacles of C. secalaris and C, distenta
become monilifor’m or tuberculate respectively. Moniliform
receptacles of C, Intermedia, C. hookeri, C. moniliformisy
Ca thysanocladia, C. monilifera, C. polveystidea, .
expansa, C. gracilis become distantly moniliform and the
conceptacles become compressed or flattened. Terete~ovoid
receptacles of . grevillel become compressed or flattened while
fé:rulou receptacles of L, retortas become distantly
moniliform.The'ferete receptacles of ¢, cuspidata andﬁ:‘bm}.ou
receptacles of C, subfarcinata on drying become flattened near
the base and distantly moniliform in the upper parts. The
mature receptacles of Q. cuspidata and C, subfarcinata are
compressed at the base due to conceptacles and on drying they
become flattened.Theferete receptacles of C, paniculata and
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Ce. galapagensis and G, brownil become moniliformp+
occasionally tuberculate.The Cylindrical and terete recept-
acles of C. uvifera, GC. cephalorniths and C. botrvoevstls
become verrucose while the terete receptaclesof C, torulosa
become tuberculate or flattened.The flat regeptacles of

Cs Dbrandegmi become flattened.Theterete elongate, receptacles
of C. glongata become compressed near the base and distantly
scattered in the uppef parts.



UITON OF CYSTOPHORA.

=
&
&
&
-
I
ot
&)
-
=5
=
jox)

Wk S.A. Tas. Vic. W.5.W. HNew Chatham Guad- Galap-
Zeal- Is. alupe agos Is.
and Is,

+ + + + -+ - —_ - -
thos~- + + + + - —_ - -
niculsta - + o + + - — - -
pegensis - - - - - - - - +
otinate  +  + - - - - — - -
: ) ) . ) ) B ) B
+ + + + - - _— - -
ylobium - + + + + + — - -
- M o - - o I 4o -a
formis = o+ + + - —_ - -

+ + - + - - —_— - -

- + - + - - —_ - -

- - - - - - + - -

etroflexa - + + + + — - -
+ - + + - —_— - -

+ + + - - —_ - -

e P o+ ot — e J—— P =

tryocystis + + + o+ - - —_— - -
- - - - - : + - -

e + + - + —_ - -

inata + + + - - —_ - -
ysehocladia + - - - - - —_— - -
+ + - - - - _ - -

- + = - = - —_ - -
nilifers + + + + - — - -
idea - + + + + - — - -
o+ - - - — - -




273.

Western Australia 3 (10%) 3 (12%)

Southern Australia 10 (33%) 10 (38%)

South te

st ta 12 (4%0%) 12 (46
N.Zealand 2 (7% e

Other Places 2 (7% -

Total 30 26
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(e) KEY TO THE SPECIES.OF CYST0PHORA:

_Vesicles on the axis and on the branche@sS... ... 2

Vesicles absent or on the branches only eee ses 3
2. Vesicles (when adult), spherical,
up to 6 (=8) mm. broade.. ... Co uvifera (1)
Vesicles elongatle tapering at both
ends, up to 5 (~10) mm. long and
3 (=5) mme broad.... «ss. Ca cephalornithos (2)
Axis terete or ovoid in section ees ¢ oo ose
Axis flattened... «:c c0e see see ase @se
k., Branching radial ees oeee ces  sse ses
Branching always basically distichous ...
Branches from the face of the axis... ses see

o e 3 Ot F

Branches from the edge of the axis... ase wes
6. Branching radial (rarely distichous).
Receptacles up to 4% mm. long and
1 mme broad... +.s +es <+ Sa poniculata (3)
Branching always alternate (partly bi-
lateral when young). Receptacles up to
4 em. long and 1 mm. broad. C. galavagensis (%)
Receptacles decidedly flattened, up to 2
(=3) . em. long and 2 mm. broad. ... C. pectinata (5)

Receptacles terete or ovoid in section «.. .. 10
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8. Receptacles flattened, conceptacles
m rw,." L * 8w *e s L L ll

Receptacles terete or irregular, or

angular due to conceptacleS... «.. 12
Receptacles flattened ... ece ecee see 13
Receptacles teret@.ce e¢s: see see oee 1%

10. Axis ovoid, with regular pinnate
branches, vesicles absent, receptacles
terete up to 15 mm. long. @u intermedia (6)
Axis terete, veislcles subglobose,mutic.
Heceptacles ovoid in section, wup to

8 (-15) cm. long... ... C._greyillei (9)
Receptacles strongly flattened, 0.7 - 9 cm.

long and 2 = 10 mm. bro@d ... «ee oo 15
Receptacles compressed but not strongly flattened,
2 -8 cm. long and 1-2 mm. broad see oe. 16
12. Conceptsocles in TroOWS .ee see  see 17
Conceptacles scattored.ee <ee ooe 18

Holdfast discoid, vesicles present, receptacles
up to 3 em. long and 7 mm. broad. C, platvlobium (8)
Holdfast rhizomatous, vesicles absent,

receptacles up to 2 em. long and 3 mm.

bm--o ewa Tee L L ll'ﬂ.m (9)
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Axis up td 16 mm. broad and 3 mm.

thick, branch bases rough due to

scars. Receptacles crowded in

fascicles, moniliform, up to 1.2

em. long and 0.4 mm. broad...C, moniliformis (10)
Axigfgomm. broad and 2 mm. thick, branch

bases smooth. Receptacles loosely

arranged, closely moniliform, up to

3em long and 1 mm. broad...C. hookeri (11)

Receptacles ensiform up to 9 cm. long and 10

mm. broad, veicles absent. ... ....Cs Xiphocarpa (12)

. Receptacles lanceolate, 0.7 = 3 cm. long and

2 = 4% mm., broad. Vesicles spherical. C, Iacemosa(l3)

16.

Axis strongly zigzag and robust.
Receptacles 2 to 5 cms 1lONBesss «vs see 19
Axis straight. Receptacles up to 8 cm.

1035, torulose... e s ses = ewo 20

Conceptacles in 2-3 rows, irregular. Recept-

acles up to 8 em. long and 3 mm. broad, angular

or flattened near the base due to conceptac-

les.

Veicles absent eee eee +os «soCocuspidata(ll)

Conceptacles in 2 or 3 rows. Receptacles torulose,

up te 2-8 em. long and 2-3 mm. broad. Vesicles

absent or rare or abundant ... ssw ses 21
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18. Vesicles present and abundant... eses sse 22
Vesicles absent OF rar€.ces cee ses see 23
Axis very coarse, with bases of branches
prominent and crowded. Receptacles lanceolate,
crowded, up to 2.3 em. long, vesicles
present..c see ess eee ses «.Co scalaris (15)
Axls not unduly coarse and basés of secondary
branches not crowded. see see ooe see oes 24
20. Axis strongly flattened, vesicles
present. Receptacles siliquaform,

up to 6 em. long with ecrowded concept-

acles.ee. see sse ses s "‘mmlm
(16)

Axis quadrangular. No vesicles.

Receptacles up to 8 em. long, closely

pinnate.. ees  ces seo +es Co siliguosa (17)
Plants strongly distichous, axils of branches
strongly rounded. Vesicles absent or very

rare. Receptacles simple or apiculate (3-)

| 5 = 7 @8) cm. long and 1=2 mm. broad.

Conceptacles in two TOWSe.. «o. ...Cs retorta (18)
Plants distichous, with crowded tufts of rec-

eptacles, simple, terete, up to 2 (=6) cm.
long with blunt a.p:l.eel__, -3 mm. broad '. Concept-
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acles in 2-3 rows. VebSicles abundant or

T8@re.ss sas ssse cee s Mm tl9)
22. Vesicles clustered at the base of the

tertiary branches..... ... . botrvocystls (20)
Vesicles seattered on the tertiary branches.- 25
23. Mature receptacles 1.5 = 5 cm. long
loosely or distichously arranged.. 26
Mature receptacles 2 - 12 mm. long,
erowdedses sce sse sss ses ses 27
24, Branching loose and axils rounded. Receptacles
lanceolate, simple or branched, distantly
arranged in alternate series up to 3 (=5)
em. long with short apiculaiion. Vesicles
sferical,up to 6 (~8) mm. broad.C., distenta (21)
Branching dense and axils less rounded.
Dense short tufts of receptacles up to 3 cm.
long with long apiculation. Conceptacles
erowded, vesicles ovoid up to 1lOmm. long and 8
mhe Drogdess eee ooe o Cascongesta sp. nov. (22)
25. Receptacles moniliform, we—%e 18~20 mm.
1ot sness sos sos se sss ses 2B
Mature receptacles 0.5 - 8 cm. long, con=-
ceptacles erowded or distantly scattered...
s o
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Receptacles compact at the base, loose
above, with a prominent sterile awn,up to
5 ¢cm. long and 2 mm. broad. Vesicles obovoid.
Conceptacles irregular and swollen, bisexual.
sie  seu - sve - wve  ewe . son Cudiibirpainats. (23)
Reeceptacles distantly moniliform, strongly
distichous, up to 15 mm. long and i mm.
broad. Vesicles spherical. Coneceptacles
unisexual <es ese oss Co thvsanocladia (24%)
27. Branching stiff, axils rounded,
receptacles terete terminal, in
panicles, up to 6 (=l%) mm. long
canss see eas wew oss Sa bpeamil (25%)
Branching laxer, axils less rounded,
receptacles terete, crowded but not in
panicles, up to 12 mm. long
G. gracilis sp. nov. (26)
Basal part strongly retroflexed, branching
loose, branch bases strongly rounded with
narrow attachments to the axis; Vesicles
generally spherical, up to 5 (~7) mm. broad,
mutic. Receptacles distinetly moniliform, up
to 18 mm. long and 1 mm. broad.C, mopilifera (27)



Axis quadrangular, branching dense.

Vesicles elongate, tapering at both ends,
#p—te (2=) L4=5 (=6) mm., long and less than

2 mm. broad, mutic or apiculate. Recept~

acles distantly moniliform upto 2 cm. long
and less than 1 mm. broad... . polvcystidea (28)

29.

Axis coarse, vesiclesseattered,

elongate, ellipsoid, up to 6 mm.

long and less than 2 mm. broad. Re=-

ceptacles terete with crowded con-

ceptacles,0.5 = 2 em. long..-§.8Xpansa nov.
comb.. - -+ (29)

Axils strongly flattened, growing on

Cymodocea. Vesicles numerous, and

spherical to elongate, up to 10

em. long and 5 mm. broad. Receptacles
elongate up to 8 em. long with
conceptacles irregularly and distantly

scattered... sess ses ess Q‘_ﬂm SDe
. nov. (30)
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1. CYSTOPHORA UVIFERA (C. Agardh)
J. Agardh 1848
J. Agardh 1848: 246. De Toni 1895: 317. Harvey
1859b: 28%; 1860: pl. 175; 1863: Synop. 53. Laing
1906: 42%. TLucas 1909: 123 1936: 70. Reinbold 1899:
42. Sonder 1852: 671, Vomersley 1950: 161.

PLATE XXXVIII. PLATE LXXXIII Fig. A.
Sargassum uviferum C. Agardh 1824%: 306.
Gaudichaud 1826: 165. Sonder 1846: 165.
Caulocvstis uvifera Areschoug 1854%: 9 (335). Sonder
1880: 4.
Blossevillea uvifera Hooker and Harvey 1847: 4lk.
Kuetzing 1849: 630; 1860: t. 80, f. 1. .. May 1939: 20%.
Type Locality. — "Bale de Chien Marin" -—
Sharks Bay, W. Aus. (Gaudichaud).
Type. = LD. (Herbarium Agardh No. 2475).

Plants brown, turning darker on drying, flexible,
coriaceous, up to 60 em. long. Holdfasqdiscoid, up to
10 mm. in diameter. Occasionally several fronds arise
from the same disc. Amis terete, wup to 3 mm. in diameter
with secondary branches from all sides. Secondary branches
up to 16 cm. long and 1 mm, in diameter, flexible. Lower
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parts of axis and secondary branches are rough due to

the branch remains. Tertiary branches up to % em. long, and
1mm. broad, with alternate cylindrical ramuli. Ramuli

up to 3 em. long and ¥ mm. in diameter. Veslcles spherical,
up to 6 (-8) mm. broad (oceasionally sub-spherical), stalked,
mutic (rarely apiculate), arising directly from the axis or
secondary branches. Ultimate ramull developing into
receptacles. Receptacles terete, simple (rarely branched) ,
smooth, up to 10 mm. (=% em) long and 1 (~3) mm. broad.
Conceptacles numerous, scattered and bisexual. Antheridia

30 - 40 m % 10 - 16 u. Oogonia 90 = 196 m x 36 - 66 a.
SPECIMENS EXAHIIED:

W. Aus. — Sharks Bay (October, 1877 in MEL., as Caulocvstls
muelleri Sond.). Murchison River Estuary (0Oldfield, in K.)
Abrolhos Is. (Broadhurst, in LD.). Pelsart Island (Womersley,
2.9~1947), Champion Bay (Spalding, in LB.). Rottnest
Island (Cribb, 9-8-1950, Webb, in LD.). Cottesloe, Perth
(Smith, 17-6-19%7). Fremantle and Geographe Bay (in Sonder
1880). Busselton (Royce, 3-9-194%9), Eucla (in LD.).

S.Aus. — 10 miles east of Bucla (Womersley, 3-2-195%). Head
of the Great Australian Bight (Womersley, 4-2-1954). Sceales
Bay (Womersley, 11-2-195%). Venus Bay (Wamersley, 17=1-1951).
Spencer's Gulf (in LD., end in MEL.). Wallaroo Beach
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(Harris, 24-6-19%5). Investigator Strait (Davey, in
Reinbold). Fort Vincent (Womersley, 8~4=1950). Port
Adelaide (in L.). Holdfast Bay (Harris, May 1943 and in
Sbnder 1880). Port Noarlunga (Harris, August 1943).
Encounter Bpy(Cleband. in MEL. Harris, May 1943.in

Sonder, 1880).

Kangaroo Island. == Pennington Bay (Womersley 28«~1-194,
24=5-1945, 28-1-1946, 30-1=1946, 24-9-1946, 22-1-1948
and 29-12«1948). Antechamber (Womersley, 18-8-1948).
Victoria. = Bridgewater Bay (Beauglehole, 29«-5=1949).
Portland (Muir, January 1950). Port Fairy (Harvey , in TCD.,
and in LD.). Warrnambool (Walts, in LD, ). Point Lonsdale
(Mathieson, 21=9~1946). Enclosure Anchorage Buoy, Port
Phillip Bay (Macpherson, 23-6-1957). Pope'e Eye, Port
Phillip (Macpherson, 10-11-~1957). Queenscliff (Hanndsford
in MEL. Nizamuddin, 8-4+1959). 8t. Kilda, Port Phillip
(1882, MUB& in Sonder 1880). Brighton Beach, Port Phillip
(Womersley, 29~5-1948). Beaumaris, Port Phillip (Thomas,
20~10-1931, in MUB.). Portsea (Macpherson, 15-9~1957).
&unmefland (Ducker, 24~2-1952 in MUB,). The Nobbies, Phillip
Island. (Pope and Bennett, 13-5=19%9). Wilson's Promontory

-—— —— - —— e WS W S . e -

l. MUB = Melbourne University, Botany Department.
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(in MEL., as Caulocystis brevifolia Sonder). Sealers Cove,

east of Wilson's Promontory (in MEL.).

Tasmania. == Low Head (Perrin, August 1948). Bombay Rock,
Tamar East (Womersley, 27-1-~1949), Georgetown (Bunn, in |
ICD. in Sonder 1880). Oyster Bay (Mareh 1914 in MEL.).
Adventure Bay, Bruny Island (in K.).

New South Wales. —- Twofold Bay (Rose, in MEL.). Eden

(in May 1939). Jervis Bay (in May 1939). Bondi (in May 1939).
Long Bay, Sydney (in May 1939).

QEQGRAPHICAL DISTRIBUTION:

From Sharks Bay, Western Australia, around the sbuth
east coast to Long Bay, Sydney, New South Wales, and along
the coast of Tasmania.

Laing records Cvglophoras uvifera for New Zealand but
Lindauver (194%7) does not include it among the New Zealand
algae. A slender form of €. uvifera oceurs on Norfolk
Island, Pacifie Ocean (Womersley m.s. 1952).

Receptacles of C, uvifers are generally up to 10 mm.
long and 1 (~3) mm. broad, with the conceptacles confined
to the uppermost part of the ramuli. The "typical" mutie,
spherical vesicles may be rare in plants on roeck platforms
under relatively rough conditions, which cause the Juvenile
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forms of vesicles (elongate and mucronate) to be largely
retained and only the old vesicles are spherical with a
small mucro (Womersley) 1943).

2. C. CEPHALORNITHOS (Labillardiere)
Je. Agardh 18‘1‘8.

J. Agardh 1848: 24%6. De Toni 1895: 138. Harvey 1859b:
284%; 1859a: pl. 1163 1863: Synop. 51. Laing 1927:
143. Luecas 1909: 12; 1936: 70. Sonder 1852: 671; 1853:
511. Womersley 1950: 160.

PLATE mn.K
PLATE LXXXIII 1"1%:. E
Fucus cephalornithos Labillardiere 1806: 11 y Lo 261.

Lamouroux 1813: 37.

Cvstoseira cephalornithos C. Agardh 1824%: 241.
Greville 1830: Synop. 33.

Blossevillea cephalornithos Kuetzing 1849: 6313 1860:
t. 83, f. 1. ¥y May 1939: 204,

Caulocystis cephalornithos Areschoug 1854%: 9 (335).
Sonder 1830z M,

Type Locality. — Tasmania (Labillardiere).

Type. ==  F1l.(No.206).
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Plants brown, turning darker on drying, coriaceous,
flexible, up to 1 meter long. Holdfast discoid, up to 2 cm.
in diameter, Axis terete, up to 4 mm. in diameter, with
secfondary branches from all sides and lower parts rough,
due to branch scars. Secondary branches up to 15 cm. long
and 1 mm. in diameter. Tertiary branches up to 3 ch. long
and 1 mm. in diameter, with alternate filiform ramuli.
Ramuli up to % em. long and less than a millimetre in diam-
eter. Vesicles ovoid - elongate, tapering at both ends,
stalked, apiculate, arising direetly from the axis or
secondaty branches, up to 5 (~10) mm. long and 3 (~5) mm.
broad. Ramuli developing into receptacles. Receptacles
clyindrical, smooth, simple or branched, up to 1% mm.
long and as much as 1 mm., broad. Conceptacles scattered and
bisexual. Antheridia 25 - 40 p x 10 - 20 p. Oogonia 100 -
150 g x %0 - 70 p.

SPECIMENS EXAMIIED :

8. Aus. = Elliston (Nizamuddin, 27-2-1959). Fishery Bay
(Nizamuddin, February 1959). Port Augusta (Womersley, 31~12-1950),
Wallaroo (Harris, 24-6-1945. Womersley,26-3-19%). Sturt
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Bay (Womersley, 8-4-1950). Port Vincent (Womersley, 8=4=1950).
Yorke Peninsula (Tepper, 1879 in MEL.). Outer Harbour
(Womersley, 16=7=1950). Marino (Womersley, 21-5-1953). Port
Noarlunga, Sellick's Beach (llale, 19~1-1936). Encounter

Bay, Port Elliot (Hussey, May 1898). Lacepdde Bay and
Cuichen Bay (Davey, in Reinbold). Kobe (Cleland. Harris,

May 1943). MacDonnel Bay (Wehl, in MEL., in Sonder 1880).
Kangaroo Islands. == Kingscote (Cruickshank, 31-1-19%5.
Homerslex,3—1—19hh). Head of the inlet, American River
(Womersley, :L"ll--lu-ltgilraﬂ,’:él 2-6-1947. Schodde, February 1956).
Victoria. = Whalers Point, near Lighthouse, Portland
(Muirs 17-1-1950). Double Corner Beach, Portland Bay
(Beauglehole, 14=7=1951). Port Fairy (Harvey, in TCD. and

in 1D). Point Lonsdale (Mathieson, 21-9-1946; and in MUB.).
Queenscliff (Nizamuddin, 7=4-~1959). St. Kilda (1883 and

188% 4n MUB.). Riekett's Point, Port Phillip Bay (June

1948 in MUB. - in Sonder 1880). Off Mentone, Beaumaris Bay,
Port Phillip [Bucﬁherson, 26-6-1957). Port Phillip Heads
(Wilson, in LD.) . Ocean Beach, Sorrento (Womersley, 2-6~1953)
Western Port (Harvey, in TCD.). Wilson's Promontory (in

1. Double Corner Beach = Dutton Beach, off Dutton Bluff.
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MEEK.; in Sonder 1880).

Tasmania., = Georgetown (Gunn in Sonder 1880). Hunter
Island. (Bennett, 1k4~1-1954). Sandy Cape (Bennett,
15-1=1954%), Taroona, Hobart (Womersley, 13-1-1949). Eagle-
hawk Neck (Moore, 15=1-~1949). Port Arthur (fn LD.). Swansea
(Womersley, 19~1-1949).

New South Wales. = Twofold Bay (in LD.). Bondi, Sydney
(in May 1939).

From Elliston, South Australia, around the south-
eastern coast to Bondi, 8Sydney, New South Wales and along
the coast of Tasmania. Laing (1927) records it from Bluff,
New Zealand but Lindauer (194%7) does not include it among
the New Zealand algae.

C. cephalornithos resembles C, uvifers in its
terete axis with badial branches, terete receptacles with
scattered conceptacles and vesicles from its axis and
branches, but differs in its ovoid ~ elongate and mucronate
vesicles. INtermediate juvenlile forms of vesicles may oceur
in C, uvifera (e.g. from the Pennington Bay reefs) which bears

elongate, mucronate or spherical mucronate vesicles.
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3- L_w (Tl.lrnal') Je Agardh 1811’8.

J. Agardh 1848: 248;  1870: 4483 1896: 47. De Toni
1895: 149, De Toni et Forti 1923: 69. Harvey 1859b:
285; 1863: pl. 247; 1863: Synop. 57. Laing 1927:
1%3. Lucas 1909: 133 1936: 74. Sonder (1852: 6713

1853: 511. Womersley 1950: 160.
PAATE XL. PLATE LXXXIIT, Fig. C.

Fucus paniculatus Turner 1811: 100, te. 176.

Cvstoseira paniculata C. Agardh 1821: 763 1824:
290. Greville 1830: Synop. 33.

Acrocarpia paniculata Areschoug 185%: 10 (336).
Sonder 1880: 5.

Blossevillea paniculala Decaisne :Shi+—3L7: 18422
330, Kuetzing 1849: 629; Hooker and Harvey 1845: 527.
May 1939: 20k.

Type Locality. — Kent Island, Bass Strait
(R. Brown).

Type. == BM,

Plants dark brown turning darker on dfying, cor-
jaceous, tough, up to 65 cm. long. Holdfast divided. Axis
terete, up to 7 mm. in diameter and radially branched
(oceasionally bilateral). Secondary branches up to 42 em.
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long and 2 mm. in diameter, terete. Tertiary branches

up to 5 em. long and as much as one millimetre in diameter.
Ramuli filiform, up to 3 (~5) cm. long and up to 8.5 mm.

in diameter. Vesicles absent. Ultimate ramuli sub-
dichotomous =nd developing in to receptacles. Receptacles
terete, verrucose, simple, crowded and in close panicles,
up to % mm. long and 1 mm. broad. Conceptacles scattered
and bisexual., Antheridia 20 = 26 m x 13 - 23 u. Cogonia
126 =« 240 n x 90 =~ 192 u.

SPECIMENS EXAMINED:

S.AMS, = Cape Spencer (Davey). Stenhouse Bay (Womersley,
9=4=1950). Sturt Bay. Encounter Bay (Cleland. Womersley,
4=b-1943. Harris, May 194%3). Port Elliot (Harris,

December 1943. Hussey in AD., and in LD.). Lacepede Bay

(in Sonder 1880). Guichen Bay (Womersley, 1-9-1949.in Sonder
1852). Robe (Macklin, 30-8-1949). Stinky Bay, Nora Creina
(Womersley, 19-8-1957). Port MacDonnel. McDonnell Bay (in
Sonder 1880).

Kangaroo Island. — Middle River (Womersley, 21~-3~1948).
Western River (Womersley, 7-1-1946. Cruickshank, 24l «1945).
Cape de Couedie (Womersley, 3-1=19%4). Vivenne Bay
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(Womersley, 31=12-1945, 23«5-1945, 2-1-1946 and 2-1-1949).
Pennkngton Bay (Womersley, 23-1-19W%, 28-1-1946, 5=1-1947,
and 4-1-1948, Schodde, February 1956). Cape Willdughby
(Womersley, 16-1-19464 12-1-1947, and 25-1-1948).

Victoria. - Bridgewater Bay (Beauglehole, 5—6-—1949). Garden
Beach, Portland (Beauglehole, 18=~8-1951). Henty Beach,
Portland (Muir, January 1950). Portland Bay (in Sonder 1880).
Port Fairy (Harvey, in LD., and in TCD.). Peterborough

LPome and Bennett, 17-8-1949). Near Point Roadknight (Davis,
1-2-1946). Queenscliff (1882 in MEL., and in LD.). Pope's
Eye, Port Phillip (Mueller, in AD., and in LD.). Port Phillip
(in Sonder 1880). Wilson's Promontory (in Sonder 1853, and
in Sonder 1880).

Flinders Islands, Bass Strait (Mueller, in LD.).

Tasmania. == Currie River Mouth (Womersley, 28-1-1949),
Wivenhoe Point (Bennett, 31-1-1955). Bombay Rock, Tamar East
(Womersley, 27-1-1949). Georgetown (Gunn in LD., and in
TCD.). Low Head (Cribb, 14=9-1950. Perrin, August 1948).
Latrobe Bay (De Doni et Forti). Burnie (Womersley, 26=1-1949).
Three Hammocks (Bennett, 17-1-1954). Cape Sorrel (Bennett,
4=2-1955). Taroona, Hobart (Womersley, 13-1-1949). Eaglehawk
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Neck (Moore, 15=1-1949). Swansea (Womersley, 19-1-1949).
New South Wales. == Twofold Bay (Reader 1880). Tilba-
Tilba (in Sonder, 1880). Jervis Bay (in May 1939). Bateman's
Bay (in LD.). Illawara (in May, 1939). Bondi (Lucas, 1901
in AKUL, in May 1939). Long Reef (Womersley, 19=-3-19%9).
Tuggerah (in May, 1939), Newcastle and Port Stephens (in
May).

GEQGRAPHICAL DISTRIBUTION:

From Cape Spencer, South Australia, around the
south east coast to Port Stephens, New South Wales, and
along the coast of Tasmania. Laing (1927) reports the
presence of C. paniculata from New Zealand but Lindauer
(1947) does not ineclude it among the New Zealand algae.

C. paniculata differs from all other species except
Ce uvifera and C, cephalornithog, in its radial branching,
and from the latter two species in the absence of vesicles
and the shorter, densely paniculate receptacles. The |
divided holdfast of C. panieulata is also distinective, being
found only in this species and in C, galapagensis and Co

s e ——— - - ———

1. AKU = Auclland University, New Zealand.
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brandegeei. Occasional deep vater specimens of C, panic-
ulata do show partially distichous branching, showing that

the type of branching (distichous or radial) is not
satisfactory to separate groups within the genus Cygtophora.

4, C. GALAPAGENSIS (Pjeccone and Grunow

in Piccone) nov. comb.
PLATE XLI.PLATE LXXXI11J, Fig.D.
Fucodium galapfisens@ Piccone and Grunow in Piccone

1886: 40, pl. 1, £f. 1, P1. 2, £, 3.
Fucodium galapagense Farlow 1902: 90.
Pelvetia ? galapagense De Toni 1895: 215.

s Taylor 19%5: 112, t. 23, f.l.
Type Locality. =~ Marcacci, Galapagos Islands,

West of Ecuador, Pacific Ocean.
Type. =
Plants brown, becoming darker on drying, upto 40

em. long, slender and flexible. Holdfast irregularly lobed,

producing several axes. Axis terete, up to 2 mm. in
diameter, with alternate branches (partly bilateral when
young). Secondary branches arising from the sides of the
axis, alternate, filiform, up to 3 em. long. Ramuli
slender, filiform, up to 2 em. long and ¥ mm. diameter,
irregularly dichotomous, developing into receptacles.
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Vesicles absent. Receptacles terete, verrucose, up to % em.
long and 2 mm. broad, simple or branched, apiculate and
subfasciculate. Coheeptacles scattered, bisexual.
Antheridia 30 - 49 u x 12 -« 20 p, in fascicles on branched
hairs. Oogonia 120 - 180 m x 48 - 104 p.
SPECTIMENS EXAMINER:
Black Beach Anchorage, Santa Maria Island (Taylor, 17-18th
January, 1934). Charles Island, G:lapagos Island (Schmidt,
1933).
GEOGRAPHICAL DISTRIBUTTON:

Ecvddmy, Marecacci, Chatham Island and Charles Island
(in Taylor 1945.) Farlow (1902) reports that ¢, galapagensis
is endemie to Charles and Chatham Islands.

'Typo of C, galapagensis has not been located.

C. galapagensis resembles O, paniculata in
possessing a divided holdfast and in the absence of

vesicles, but differs in having a very slender axis, long

moniliform receptacles and alternate branching.
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5. C. PECTINATA (Greville et C. Agardh ex
Sonder 184 ) J. Agardh 18Y48.

J. Agardh 1848: 244; 1870: L4l; 1896: 48. De Toni
1895: 139. Harvey 1863: Synop. 47. Luecas 1909: 123 1936:
71. Sonder 1880: 4. Womersley 1950: 160.
PLATE XLII. PLATELXXXLFIQ.E,

Cystoseira pectinata Greville et C. Agardh in
Greville 1830t Symop. 33. Sonder 1846: 160.

Blossevillea pectinata Kuetzing 1849: 6293 1860:
e 7% fa 2.

Type Locality. == "ad litus meridionale Novae
Hollandiae", =- South Coast of Australia.

Type. — E.

Plants brown, darker on drying, corlaceous, up
to 45 cm. long. Holdfast discoid, up to 3 cm. in diameter,
with a shuwﬁ terete stipe. Axis terete to oveoid in
section, wup to 5 mm. broad, and distichously branched.
Secondary branches terete, distichous, upto 18 cm. long
and 2 mm. in diameter. Tertiary branches pinnate, dis~
tichous, up to 6 em. long and 1 mm. in dlameter. Quaternary
branches flat, up to 8 em. long and 3 mm. broad, with central
thickening, bearing strongly distichous, pinnate ramull
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up to 2 (=3) em. long and 1 mm. broad. Vesicles absent.
Ramuli developing into receptacles. Receptacles flat up

to 2 (=3) em. long and 2 mm. broad, pinnate, distichous,
simple (rarely branched), and lanceolate, apiculate.
Conceptacles in 2 rows on the margins, bisexmal. Antheridia
30 = 53 p x 13 » 20 n. Cogonia 120 = 150 m x 60 - 132 A,
SPECIVMENS EXAMINED:

W, Aus, == Rottnest Island (in MEL.). Swan River (Mylne

in TCD.). Cottesloe (Smith, August 194%4%). Fremantle (in
Sonder 1880). Geographe Bay (in LD., in TCD., and in MEL.).
Bunkers Bay (Wollaston, 9-2-1957). Between Cape Leeuwin and
King George's Sound (Maxwell, 187% in MEL.). Cape Leeuwin

(in Sonder 1880). King George's Sound (in Sonder 1880). Trigg
‘Island (Royee, 3=7-19%9). Figure of Eight Island (Willis,
?-11-2950). [Esperance (Dampster, 1881 in MEL.). Eucla
(Womersley, 2-2-1954).

S.Aus. = 10 miles Bast of Eucla (Womersley, 3=-2=1954). Head
of the Great Australian Bight (Womersley, Lhe2=1954). Scott's
Bay, 4 miles west of Fowlers Bay (Wogersley, 27-1-195d).
Elliston (Womersley, 17-1-1951l). Fishery Bay (Nizamuddin,
February 1959). Gulf of St. Vincent (Dutton, in MEL. in
Sonder 1880).
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Kangaroo Island., == Western River (Womersley, 7-1-1946).
Cape de Couedic (Womersley, 12-1-~1943). Vivonne Bay
(Womersley, 17-1=1950). Pennington Bay (Womersley, 20-5-1945,
25e1«1946 and 4=1-1948). Point Tinline (Womersley, 2=2=1956).
GEOGRAPHICAL DISTRIBUTION.

From Rottnest Island, Western Australia, around the
south coast to Gulf‘:St. Vincent, South Australia, and along
the coast of Kangaroo Island.

Greville (1830) published Cystoseira pectinata Grev.
et C. Ag. as "Species ineditae", and the first valid
deseription of the species is that of Sonder (1846) who
credited the species to Greville et C. Agardh. Sonder des-
eribed this species in "Plantae Preissianae" in a footnote.
The type is not in MEL. (which contains Sonder's Herbarium)
and has not been located. Sonder may not have had a Prelss
specimen. Greville's collections are in E., and probably
his specimen can be taken as a type.

C. pectinata resembles . racemosa snd C,. brandegeed,
in its strongly flattened receptacles with conceptacles in 2
rows on the margin, and resembles C, brandegeel in the absence
of vesicles but differs in its terete axis. L. pectinata
also differs in its discoid holdfast from G, brandegeei.
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6. C. INTERMEDIA. J. Agardh 1897.
J. Agardh 1897: 102, Womersley 1950: 160.
PLATE XLIII.PLATELXXXIILFig-F
Type Loeality. = Port Elliot, S. Aus. (Hussey).
Type. == LD, (Herbarium Agardh No. 104
Plants dark brown, coriaceous, ecartilaginous, reaching
a height of 85 em. Holdfast discoid, up to 2.5 cm. in
diameter. Axis up to 8 mm. broad, ovold in sectlon,
pinnately and distichously branched. Secondary branches
terete, alternate, arising from the edge of the axis, up
to 30 cm. long and 2 mm, broad, lower part often denuded.
Tertiary branches up to 7 em. long and 1 mm. broad.
Vesicles absent. Ramuli 1 (=2) cm. long and 4 mm. broad,
subdichotomous. Ultimate ramuli developing into receptacles.
Receptacles simple, terete, closely moniliform, sub-
fasciculate, up to 15 em. long and 1 mm. broad. Conceptacles

scattered and bisexual. Antheridia on branched hairs,
30 - 5% m x 13 - 19 n. Oogonia 66 = 132 u x 66 - 120 n.



SPECIMENS EXAMINED:
8. Aus. = Point Sinclair (Womersley, 261-1951 and 8-2-1954).
Point Westall (Womersley, 19-1-1951). Venus Bay (Womersley,
12-2-1954%). Elliston (Nizamuddin, 27-2-1959). Cape Carnot
(Womersley, 8-1-1951). Wanna (Nizamuddin, 19-2-1959). Cape
Jervis (Shepley, 29-8-1954%). Petrel Cove, West: of Bluff,
Vietor Harbour (Womersley, 10-12-1944). Port Elliot (Hussey,
December 1897).
Kangaroo Island, = Middle River (Womersley, 8-1-194%6).
Harvey's Return (Womersley, 5=1=1949)., Cape de Couedic
(Womersley, 23-1-1944%, 8-1-1945, 282-1-194%6, and 7-11-1948.
Schodde, February 1956). Cape Willoughby (Womersley, 17-5-1949).
Vietoria. = Lawrence Rock) Portland Bay, (Beauglehole,
13-1~1954). Wilson's Promontory (Pope and Bennett, 17-5-1949),
SEOGRAPHICAL DISTRIBUTTON:

From Point Sinelair, South Australiay along south
e_oast to Wilson's Promontory, Vietoria. €, intermedia
is common in the west of Port Elliot, rarer on the south east

coast In Vietoria.



C, intermedia grows in the sublittoral fringe on
rough coasts exposed to extreme wave action and is an
indicator species oﬁrﬂugh to very rough conditions, dis-
appearing if local shelters occurg, whereas C. moniliformips
occurs in sublittoral pools on rough coasts as well as on
sheltered coasts of moderate wave action (Womersley and
Edmonds, 1958).

Ce intermedia resembles C, moniliformis in its

moniliform, fasciculate receptacles and in the absence of

vesicles but differs in its ovoid axis.

C. intermedia also resembles C, brandegeel in its
method of branching and in the absence of vesicles but differs

in its discoid holdfast, terete or ovoid axis and in its

terete, moniliform receptacles with scattered conceptacles.

7. C. GREVILLEI (C. Agardh in Sonder)
J. Agardh 1848.

J. Agardh 1848: 2453 1870: L446; 1896: u43. De Toni
1895: 14%. Harvey 1862: pl. 1833 1863: Synop. 50.
Levering 19%6: 218, Lucas 1909: 133 1936: 73. Reinbold
1899: 42. Sonder 1853: 5113 1880: 4. Womersley 1950: 3160.
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PLATE XLIV.PLATE LxXXxLF3-G.

Cystoseira grevillei C/ Agardh in Greville 1830:
Synop. 33. Sonder 1846: 160.

Blossevillea grevillel Kuetzing 1849: 629; 1860:
t. 79, £. 1.

Type Locality. = "Ad litus occidentale liovae
Hollandiae". = W. Aus.

Type.—

Plants dark brown, darker on drying, up to 90 cm.
long. Holdfast discoid, up to 11 mm. in diameter with a
short terete stipe. Axis terete, vp to 7 mm. in diameter,
alternately distichously branched. Secondary branches up to
30 em. long, up to 2 mm. inpiamater. Tertiary branches up to
15 em. long and 2 mm. in diameter, denuded of ramuli in the
lower half but with scars of fallen ramuli. Ramuli alternate,
distichous, ultimately developing into receptacles. Vesicles
sub-globose, mutic, usually one near the base of each
secondary branch, pedicellate, up to 12 mm. long and 10 mm.
broad. Receptacles ensiform, ovoid, smooth up to 8 (-15) em.
long and 2 mm. across. Coneeptacles in 2 rows, bisexual.
Antheridia 35 - 48 p x 12 - 22n. Oogonia 120 - 150 u x 60 -
120 p.
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SPECIMENS EXAMINED:

We Aus. =~ BSwan River, Perth (Harvey, in TCD., Fraser,

in E.). Cottesloe (Smkth, 12-6-~1947). North Fremantle
(Royee, 23-7-1949). Fremantle (Harvey in Sonder 1880).
Rockingham (Cribb, 14=-8-1950). Geographe Bay (in MEL. and

in ILD. in Sonder, 1880). Augusta (Lucas, September 1928).
Point D'Entrecastreaux (Smith, 20=-3-194%6). Point Malcolm,
South west of Israelite Bay (Willis, 28-11-195Q).

Israelite Bpy(Algee Muellerianae in L.). Eucla (Womersley,
2«2«195%. 4in L., and in LD.).

S.Aus. =~ 10 miles east of Eucla (Womersley, 3-2~1954%).
Head of the Great Australian Bight (Womersley, 4=2=1954).
Fowler's Bay (Mrs. Richards, 1880 in MEL.). Scott's Bay,
West of Fowler's Bay (Womersley, 27-1~1951). Denial Bay
(Cleland). Investigator Strait (Davey, in Reinbold). Encounter
Bay (Cleland). Robe (Nizamuddin, 16-4=1959).

Kangaroo Island. - Middle River (Womersley, 13-1-1950).
Vivonne Bay (Womersley, 23«5-1945 and 3-1-1946). Roeky Point
Beach (Womersley, 4=6-1947) Pennington Bay (Womersley,
23~1-194%, 13=4«1947, and 29-12-1948).
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Victoria. — Bridgewater Bay (Beauglehole, 24=-7-1949). Port
Phillip Bay (Nizamuddin, 8-4=1959), Wilson's Promontory

(in Sonder, 1880).

Tasmania. == Swansea (Womersley, 19=1-1949).

GEOGRAPHICAL DISTRIBUTION.

From Swan River, Western Australia, along south coast,
ineluding Kangaroo Island, to Wilson's Promontory, Victoria
and at Swansea, Tasmania. The distribution of G, frevillel
is not restricted to the west coast of Australia as reported
by Harvey (1862):

Greville (1830) first published Cystoseira grevillel,
C. Agardh as a "species ineditae" and the first valid pub~
lication of the‘Species vas made by Sonder (2846) who
credited it to C. Agardh. There is no type specimen of

Cvstophora grevillel in MEL. (with which is incorporated
Sonder's herbarium), and the type has not been located.

C._grevillel resembles C, pectipnata in its general
features but differs in its branching, ovoid receptacles

and in the presence of vesicles.
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8. C., PLATYLOBIUM (Mertens) J. Agardh 1848

J. Agardh 1848: 245; 1870: 440; 1896: L49. De Toni
1895: 138. Harvey 1859b: 284%; 1863: Synop. 48. Laing
1899: 675 1927: 143. ILueas 1909: 12; 1936: 71.
Naylor 1954%: 653. Sonder 1880: 4. Womersley 1950: 160.

PLATE XLV.PLATE LXKX\U,Fig-H.

Fucus platvlobium Mertens 1819: 182, pl. 1k.

Cystoseira platvliobium C. Agardh 1824: 288. Greville
1830: Synop. 33.

Cystophora lyallii Harvey 1855: 21k.

Platyloblum mertensii Kuetzing 1849: 606. Oltmanns
1889: 50, Reinke 1876: 361. Sonder 1852: 667.

leoplatiobium mertensii 0.C. Schmidt 1938: 229.

Heurothalis mertengil Sonder 1853: D5ll.

Blossevilles platylobium Decaisne 184l: 147; 1842:
330, May 1939: 204%. Lindauer 1947: 56l.

Tgpe Locality. — "Novae Hoklandiae littora" -
Australia.
Type. == PC,
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Plants dark brown, turning very dark on drying,
coriaceous, robust, flexuous, up to 4 meters long. Hold~-
fast discoid up to 2 cm. in diameter, with a short trete
stipe. Axis flat, up to 1% mm. broad, thickened in the
middle, distichously and pinnately branchedj; flattening
inereases gradually upwards. Secondary branches alternate,
pinnate, arising from the edge of the axis, narrow below,
broad above, up to 1% em. long and % mm. broad. Tertiary
branches up to 10 em. long and 1 mm. broad and alternately
branched. Quaternary branches flattened above, becoming
leaf-like (4-) 6 - 10.and (2-) % = 6 (-11) mm. broad,
thickened in the middle (midrib-like), developing ramuli.
Vesicles spherical, up to 9 (~13) mm. diameter and pedicellate,
matic. Ramuli developing into receptacles. Receptacles
strongly flattened, with central thickenkng, lanceolate,
ensiform or rostellate, alternate, pinnate, up to 3 ecm.
long and 7 mm. broad. Conceptacles in 2 rows on the margin
of the receptacles. Antheridia 18 - 24 n x 6 - 8 u. Oogonia

66-15‘6px5h"90p-
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SPECIMENS EXAMINED:

S.Aus. — 10 miles east of Euela (Womersley, 3-2-1954). Head
of the Great Australian Bight (Womersley, 4=2~1954). Point
Sinclair (Womersley, 25-1=1951). Elliston (Nizamuddin,
27-2=1959). Point Drummond (Womersley, 11-1-1954). Fishery
Bay (Nizamuddin, Februaryi®59). Port Lincoln (in MEL.).
Spencer's Gulf (in MEL.). Stenhouse Bay (Womersley, 9-4=1950).
Investigator Strait (Davey in AKU; in AD). Port Adelaide
(in Sonder, 1880). Adelaide (&n MEL.). Vietfor Harbour
(Womersley, 17-10-1948). Granite Island (Harris, May 1943).
Encounter Bay (Cleland, 1928). #iddleton (Davey, in AD.).
Lacepede Bay (1887 h MEL., 1880 in MEL. in Reinbold). Guichen
Bay (Womersley, 1-9-1949. in MEL. in Sonder 1880. in
Reinbold). Robe (Womersley, 30-8-1949). Stinky Bay, Nora
Creina (Womersley, 19-8-1957. Nizamuddin, 17-4-1959).

Rivoli Bay (in Sonder 1880:; 1848 in MEL. ). McDonnell Bay
(Wehl, 4in TCD. in Sonder 1880).

Kangaroo Island, =- Middle River (Womersley, 8-1-1946 and
21-1-1948). Cape de Couedie (Womersley, 12-1-1948). Vivonne
Bay (Womersley, 23=5=1945, 3=1-194%6, 2-1-1949, 29-8-1950
and 4-1-1950). Seal Beach (Womersley, 24=1#1957). Pennington
Bay (Womersley, 24=5~1945 and 23-1-194%4). Cape Willoughby
(Womersley, 6-1-1946 and 25-1-1948) .
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Vietoria. — Bridgewater Bay (Beauglehole, 26-12-1950).
Narrowong Beach, Portland (Beauglehole, 15-5=1949). Portland
Bay (in MEL., and in LD.). Port Fairy (Uarvey, in MEL:h:’;nd
in TCD.). Lorne (Bemmett, 20-11-1949). Point Lonsdale
(Mathieson, 21=-9-1946. Mclennon,January 194l in MUB).
Queenscliff (Grunow, December 1884%; in MEL. 1881). Port
Phillip (Mueller, 1873 in MEL., and in LD. in Sonder 1880).
Fort Phillip Heads (Wilson, 3-1-188% in MEL., and in LD.).
Sorrento (Womersley, 2-6-1953. Coleman, January 1929 in
AKU.). Summerland (Diicker, 24=2-1952 in MUB.). Woodbourne
(February 1947 in MUB.). Wilson's Promontory (in MEL.).
Sealers Cove, east of Wilson's Promontory (in MEL.).
Tasmania. — Low Head (Perrin, August 1948). Georgetown
(Harvey in TCD.). Reven, Devon (1889 in MEL.). Port Arthur
(Harvey, in TCD.). Tasmania (in Sonder, 1880).
New South Wales. =—— Bondi, Sydney (ix#iay, 1939). New South
Wales (in Sonder, 1880).
GEOGRAPHICAL DISTRIBUIIONS

From east of Euela, South Australia, around south

east coast to Bondi, New South Wales and along the coast of

Tasmania and New Zealande.
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Harvey (1855a) established a new specles —
Cystophora lvallii -~ closely related to C. platylobium, baut
in 1863 he considered it as a synonym of C. platvliobium.
Kuetzing (1849) established Platvlobium mertensii (= Eucus
platylobiug Mertens) using the specific epithet as a generie
name. Platylobium as a genus was already occupied in the
Leguminosae by Smith (1793), so Sonder (1853) changed
Platvlobium Kg., to Neurothalla. Neoplatyloblum mertensil
O0C. Sehmidt is superfluous and illegitimate as [eurothalla
mertensii Sonder antidates the publication of 0.C. Schmidt
and is based on the same type.

C. platylobium resembles C.racemosa,C.Xiphocarpa and
C. pectinata in its flat receptacle, and also resembles (.

racemosa and C, xiphoecarpa in its flat axis, and (. Iacemosa
in the presence of vesicles, but differs from (. ragemosa
and C, xXiphocarpa in its alf.emata, distichous branches from
the edge of the flat axis. It also resembles C, pectinata
in its central thickening of the branches bearing flat

receptacles with conceptacles in 2 rows.
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9. C. BRANDEGEEI (Setechell et Gardner) nov. comb.

Gardner 1913: 325; Pl. 46,
figs. 48 -~ 50, Setchell and Gardner 19251 705. Dawson
1945: 2k,

PLATE XLIV.PLATE LXXXITLFigT.

Type Locality —— Cuadalupe Island, off Lower Cal-
ifornia, (Braddegee, 1897).

‘ !ypﬂ. - m- NO- 1633?8-
Holdfast rhizomatous, basal part of the plant terete,

up to 2 mm. thick, upper part gradually becoming flattened
with strong central thickening. Axis up to 5% em. long and
up to 6 mm. broad. Secondary branches alternate, plnnate,
arising from the edge of the axis, up to % cm. long and

up to 2 mm. broad. Ramuli terete to flat, alternate.

Ultimate ramuli developing into receptacles. Vesicles absent.
Receptacles cylindrieal (when young) to flat and up to 2 em.
long and 3 mm. broad. Conceptacles in 2 rows on the margin of
the receptacle, bisexual. Antheridia 27 - 40 u x 7 =12 m.
Oogonia 89~ 229p, x 50 - 102 .

West Anchorage, Guadalupe Island (Silva , 30-1-1950.
Guadalupe Island, Baja, California (Station 758 « 37, 18 =
7«1937). Beach Club, La Jolla, California (in Dawson 1945).
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Guadalupe Island and California.
Type information has been located from Gardner

(1913).

In possessing a rhizomatous holdfast C, brandegeei
shows some resemblance to Bifurgaria but differs in the
method of branching (Bifurcaria is irregularly dichotomous and
terete) and in the flat, distichous receptacles with
bisexual conceptacles in 2 rows along their margins.
(Bifurcaria possessés bisexual, terete receptacles, with
male conceptacles above and female ones below.).

L. Dbrandegeel resembles C, racemosa and C, pectinata
in its flat receptacles with conceptacles in 2 rows along
the margin, and also resembles C, pectipata in the absence
of vesicles and C, racemosa in its flat axis, but differs
in its method of branching and in 1ts rhizomatous holdfast.

10. C. MONILIFORMES. (Esped.

nov. comb.
PLATE XLV .PLATE LXXXIILPLATE
fig. K.
Fucus moniliformis Esper 1804%: 80, pl. 148.
Fucus sartioides Turner 1819: 86, t. 232.
Cystogelira spartioides C. Agardh 1821: 77; 1824: 291.
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Cystophora sportioides (Turner) J. Agardh 1848:
24%; 1870: 4463 1896: 47. De Toni 1895: 145, Harvey
1859b: 28%; 1859a: pl. 76; 1863: Synop. 46. Levering
1846: 218. Lucas 1909: 13; 1936: 72 . Reinbold 1899:
42, Sonder 1880: 4. Womersley 1950: 161. ‘

: 2 Oy L, AER L BTE Kuetzing 18603 te 78) f.2.
Elmmum_intgzmmntnng 1860: t.77, f.l.

Grunow 1870: 53.

Phvllotricha spartioides Areschoug. 195%: 8 (334).

Type Loecality. —-= "South Seas".
Type. === ER.
Plants dark brown, becoming darker on drying, up to

4 meters long. Holdfast discold, up to 3 cm. across, Stipe
short, terete, up to 2 em. long and 8mm. broad. Axis flat,
up to 16 mm. broad with central thickening (up to 3 mm. in
thickenss) with distichous and alternate branches. Secondary
branches from the edge of the axis, alternate, up to 27
(=90) em. long and % mm. broad with distichous, alteemate,
tertiary branches. Tertiary branches up to 3 em. long and
2 mm. broad with filiform ramuli. Branch bases rough due
to scars. Ramuli alternate, irregularly dichotomous and
ultimately developing inte receptacles. Vesicles absent.
Recentacles crowded, terete,simple (rarely branched) ,
moniliform, wup to 12 em. long and O.% mm
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tapeving avhlunt
broad,at the apices. Conceptacles scattered, bisexual.

Antheridia 2% = 36 n x 12 = 18 pn. Oogonia 72 = 210 n x 36 =
72 p.

S. Aus. — Point Fowler (Womersley, 6=2-1954%). Fowler's

Bay (Richards, 1880in MEL.). Point Sineclair (Womersley,
8=2-1954), Sféalers Bay (Womersley, 11-2-1954%). Elliston
(Womersley, 1l4-2~-1954). Nizamuddin, 27~-2-1959). Point

Drummond (Womersley, 11-1-1951). Cape Cérnot (Womersley,
8«1-1951). Fishery Bay (Nizamuddin, February 1959). Sleaford
Bay (Wizamuddin, February 1959). Wanna (Nizamuddin,
19-2-1959), Investigator Strait (Davey, in Reinbold).
Stenhouse Bay (Womersley, 9-4%=1950). Sturt Bay (Davey,

April 1897). St. Vineent Gulf (Tepper). Semaphore (Harris,
July 1943). Glenelg (Grunow, 1884). I-Iallett-'s Cove, Port
Noarlunga (Harris, August 1943). Port Willunga (Womersley,
12-10~1953). Willunga Reef (Shepley, 29-9-1954). Second
Valley (Womersley, 7-12-1946). Encouhter Bay (Cleland).

Port Elliot (Womersley, 10-8-1957). Lacepede Bay and Guichen
Bay (in Reinbold). Robe (Macklin).

Kangaroo Island. == Emu Bay (Womersley, 11-1-1946). Middle
River (Womersley, 8-1-194%6). Vivonne Bay (Womersley, 2=1-194%6,
16-1-194%7, and 4=1-1950). Pennington Bay (Womersley,
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28-1-194, 25-5-1945, 7=1-1948 and 4-1-194%8). Antechamber
Bay (Womersley, 12-1-1947). Cape Willoughby (Womersley,
16-1=194%6 and 12-1-1947).

Victoria. — Bridgewater Bay (Beauglehole, 12th.and 19th.
June 19%9). Lawrence Rock, Portland (Beauglehole, .13-1-1954).
Whaler's Point, Portland (Muir, 17-1-1950). Double Corner
Beach, Portland Bay (Beauglehole, 8th.and 1lu4th.July 1951).
Portland Bay (Mueller in MEL., in Sonder 1880). Port Fairy
(Harvey, 1859 ih TCD., in LD). Point Lonsdale (Womersley,
21-9=1946) Queenscliff (in LD.). Port Phillip (Mueller in
MEL., in Sonder, 1880).

Tasmania. = Currie River Mouth (Womersley, 28«1-1949).
Low Head (Perrin, Septembér 1948). Georgetown (Gunn, in
Harvey 1859). Sandy Cape (Bennett, 15-1-1954). Penguin
(Curtis, 22-1-1954). Derwent (0ldfield, in Harvey 1859).
Derwent River (in Sonder, 1880). Taroona, Hobart (Womersley,
13-1-194%9). Eaglehawk Neck (Moore, 15-1-1949).

New South Wales. — Twofold Bay (in LD.). Bermagui River,
Kiama, Illawara, Thirroul, Coogee, Long Bay, Pext—Jaekson,
Neutral Bay, Port Jackson, Sydney District, and Port
Stephens (in May, 1939).
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GEQGRAPHICAL DISTHRIBUTION:

From Point Fowler, South Australia, around the
south-east coast to Port Stephens, New South Wales and
along the é&st of Tasmania.

Kuetzing (1860) established two new species =
Blossevillea intermedia and B. penicilifcra. They possess
flat axes with alternate, pinnate, distichous branches,

from their edges. Ramuli are dichotomous in B, intermedla,
but are dense, peniciliform as well as dichotomous in

M%a ReALD 1 FeRAS VIthe pbmeﬁeamwmm
. with obtuse apices in B. penicilifera. B._interifedia

is only a young and slender form of B, penicilifera, and both
are identical with the earlier described Cystoplora monili-
formis.

Ce moniliformis resembles C, platylobium in its flat
axis and the branches from its edges but differs in its
moniliform receptacles with scattered conceptacles and in the
absence of vesicles. It also resembles C, galapagensis in its
moniliform rqceptaclea and in the absence of vesicles but
differs in its discoid holdfast and flat, d&bout axis.

Esper (1804) deseribed Fucus moniliformis, from a
fragment sent to him from the Banksian Herbarium by Turner.
Silva (1953) referred F, moniliformis Esper to Cystophora
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brownii (Turner) J. Ag. when discussing Fucus moniliformis
Lab. 1806. (= Hormosira banksii (Turner) Decaisne 1842).

Silva is certainly incorrect in considering E. mon jliformis
Esper = ¢, brownii (Turner) J. Ag. Since F. moniliformis has
very much longer and laxer receptacles than C. brownil and
also differs in habit.

F. moniliformis Esper agrees vith F. spartioides (=

C. spartioides) in its method of branching and in possessing
alternate irregularly dichotomous filiform ramuli developing
into receptacles. Both taxa possess terete, simple or
branched, moniliform receptacles, tapering or blunt apexX.

It appears that F, moniliformis Esper and Cs spartioides are
not distinet. F. moniliforme Esper antedates the publication
of F. spartioides Turner 1819 (= C, spartioides). The
cordect combination is thus C. morlliformis (Bsper) nov. comb.
C. moniliformis has previously been known almost entirely

as C. gpartioides (Turner) J. Ag.

Type and Type locality have been located from the photo
of the type of C. moniliformis (= E. monilifors Esper) in
AD. Type consists of a small branch of $ 6°7 cm. long and
receptacles up to ¥ mm. long and 3 mm. broad.
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11. (. HOOKERIL sp. nov.

PLATE XLVIII.
PLATE LXXXIIT )
Type Locality. — Curnamatta Bay, near T8 7y, 0.

Boatsheds, Port Hacking, New South Wales (Womersley, 22-8-1945).
Type. — AD. A 1985.
Holdfast discoid, up to 6 mm, in diameter. Axis
flat, up to 25 cm. long and 3 mm. broad and 2 mm. thick,
alternately distichously loosely branched. Secondary
branches arising from the edge of the axis, up to 8 em.
long and 1 mm. across, alternate. Branch basés smooth. Ram-
uli loose, filiform, up to 2 cm. long and less than ¢ mm.
across, dichotomous or alternate, developing into receptacles.
Vesicles absent or present, obovate, pedicellate, mutie or
apiculate, up to 6 mm. long and 2 mm. broad. Receptacles
terete, loosely ﬁrrangad, alternate, closely moniliform,
apiculate, upto 3 em. long and 1 mm. broad, simple or branched.
C-neeptacles scattered and bisexual. Antheridia 24 - 4O m x
10 - 20 m, on branched hairs or directly on the wall of
the conceptacles. Oogonia 90 = 14 m x §% - 102 n, without
dtalk.
SPECIMENS EXAMINED:
Hew South Wales. -—— Cunnamatta Bgy, Port Hacking (Womersley,

22-8-194%5).
Port Jackson (Hooker),



_EKnown only from the above localities. Gxheekeri
%n ¢, moniliformis in 1ts flat exis ond in its
methéd of branching and moniliform receptacles, but differs
in its brmmﬁfé:m to 3 mm), loosely arranged branches,
smosth branch, receptacles, beses and in the presence of
obovate vesicles. '
Type specimen does not possess any vesicles. The
photo of the specimen of (. hookerl from Port Jackson, HeSale

(Harvey) shows obovate vesicles.

12. (o XIOPHOCARPA Warvey 1859
J. Agardh 1870: 4413 1896: 48. De Toml 1895: 140,
Harvey 1859b: 28%; 1863: Synop. 49. Lucas 1909: 12, Sonder
18808 .

oraTE xi1x, PLATE LXXXTII, Pig. L.

Blossevillea xiphocorps Hervey ex Kuetzing 1860: t. @5,
f. 2.

Type Loeality. = POrt Arthur,Tasm ania(havvey,

Type. == TCP. (Alg. Austr. Exsicc. No« 9)e

Plants dark brown on drying , coriaccous, flexuous,
up to X meter long, Holdfast discoid, up to 7 mm. across,
with a distinet short terete stipe. Axis flat, up to 6 mm.
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wide with alternate, retroflex branches, their basal part
subterete. Secondary branches from the face of the axis ,

up to 26 em. long and 2 mm. broad, lbwer parts terete, dis-
tichous, alternate pinnate. Tertiary branches up to 9 cm.

long and 2 mm. broad, lower parts terete. Quaternary branches
subterete, up to 3 em. long and 9 mm. broad, bearing ramuli.
Vesicles absent. Receptacles strongly flattened, ensiform,

up to 9 em. long and 10 mm. broad. Plant monoecious. Con=-

ceptacles in 2 rows on the margin of the receptacles.
Antheridia 30 = 40 m x 12 « 16 u. Oogonia 126 - 20% u x

Tasmania. = Three Hammocks (Bennett, 17-1-195%). Cape
Sorrell (Bennett, 4~2-1955). Adventure Bay,Bihy Island
(Perrin, September 1948). Port Arthur (Cribb, 8-2-1951.
Harvey in TCD. in Sonder 1880). Bicheno (Womersley, 19-1-194%9).
Brown's River (inflarvey 1859. in Sonder 1880).
GEOGRAPHICAL DISTRIBUTION:

Along the coast of Tasmania.

Cs _Xiphocarpa is endemie on Tasmanian coasts. Harwy
(1859b) in his original deseription of thespecies mentions
Port Arthur (Harvey) and Brown's River (Gunn) as original
localities. Harvey's specimen No. 9 from Port Arthur is in
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TCD and Gunn's specimen with locality "Tasmania" is only
in ID (vomersley, m.s. 17-6-1952). Harvey's specimen No.
9 from Port Arthur is selected as the type.

In ¢, xiphocarpa and C, racemosa the receptacles are
strongly flattened with conceptacles in two rows on the
margins of the receptacles. In C, Xiphoecarpa these recept-
acles are ensiform, up to 9 em. long and 10 mm. broad but
in C, racemosa they are lanceolate, up to 3 em. long and 4%
mm. broad. Spherieal vesicles are present in C, racemosa
but absent in C, xiphocarpa. C. Xipbocarpa differs essenti-
ially from C, platylobium in having retroflex branches borne
on the face of the axis, and in being devoid of vesicles.

13. . RACEMOSA (Harvey ex Kuetzing)
J. Agardh 1870.
J. Agardh 1870: M41; 1896: u48. De Toni 1895: 140. De
Toni et Forti 1923: 69. Lucas 1936: 71. Reinpold, 1889:
42, Womersley 1950: 160.

PLATE L.PLATE L XXX\, Fig- M.

Blossevillea racemosa Harvey ex Kuetzing 1860: t.
8%, 2. 1.

Type Locality. =— "Nova Hollandia" Australia (Harvey).
Iype. -



Plants brown, becoming darker, on drying, up te 70
cme long. Holdfast discoid, up to 3 em. in diameter. Axis
flat, up to 6 mm. broad with distichous branches. Secondary
branches retroflex, arising from the face of the afxis, up
to 30 em. long and 3 mm. broad. Tertiary branches up t8l7
em. broad. Tertiary branches up to 17 cm. long and 2 mm. broad
Quaternar¥ - branches up to 8 em. long and 1 mm. broad,
with alternately arranged, distichous, ramuli. Vesicles
spherical, up te 5 (~8) mm. broad, pedicellate, mutic.
Ramuli developing into receptacles. Receptacles strongly
flattened, lanceolate, pinnately arranged, 0.7 - 3 cm,
long and 2 - 4% mm, broad. Conceptacles in 2 rows on the
margin of the receptacles, bisexual. Antheridia 30 -~ 38
x 13 - 20 p. Oogonia 120 - 240 m x 60 ~ 180 m.

W. Aus. — Geographe Bay (Terine, in MEL., and in LD).
Augusta (Lucas, 1928 in AKU.). Point D'Entrecastreaux
(Sheard, January 1946. Smith, 20-3-1946). Cape Riche
(Harvey in MEL). Israelite Bay (Moee, in LD.). Euecla
(Womersley 2-2«195%. in MEL.).

S.Aus. =~ Head of the Great Australian Bight (Womersley,
4-2-195%). Scott's Bay, Y4 miles west of Fowlers Bay
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(Womersley, 27~1-1951). Fowler's Bay (Richards, 1880 in MEL.
in Sonder 1880). Clare Bay, Penong (Chambers, May 1929).
Point Sinclair (Womersley, 25-1-1951). Denial Bay (Cleland).
Point Drummond (Womersley, 11-1-1951). Fishery Bay (Nizam-
uddin, February 1959). Spencer's Gulf (Davey, in MEL. in
Sonder 1880. Tepper, in MEL.). Sturt Bay (in AD.). Inves~
tigator Strait (Davey, in Reinbold). Brighton Beach (Womersley,
May 19%4). Marino (Womersley, 21=5~1953). Port Noarlunga
(Harris, August 19%3). Victor Harbour (De Toni et Forti).
Lacepede Bay (Mueller in 1877. in MEL. in Sonder 1880. in
Reinbold). Guichen Bay (in Reinbold).

Kangaroo Island. — Pennington Bay (Womersley, Le9=1946 and

3-6-1947). Rocky Point (Womersley, 26-8«1950). Seal Beach
(Womersley, 24=1=1957). Point Tinline (Womersley, 2-2-1956).
Vietoria. — Portland Bay (Mueller, 1878 in MEL.). Queenscliff
(Mueller in LD.).

From Geographe Bay, Western Australia, around the south

coast to Queenscliff, Port Phillip Bay, Victoria. Harvey
sa but other

never published a deseription of Cys
authors have credited the name to him. Kuetzing (1860) was the
first to publish a description of L. racemosa, vhich he
eredited to Harvey. Type has not been located.
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€. racemosa resembles C, platvlobiwm in its flat
axis, flat receptacles with conceptacles in 2 rows on the

margins and also in the presence of vesicles, but differs
in its retroflex branches from the face of the axis =nd
in the size of the receptacles.

1%, ¢, CUSPIDATA J. Agardh 1896.
J. Agardh 1896: 48,

Type Locality. == Encounter Bay, South Australia
(Hussey).

Type. == LD. (Herbarium Agardh No. 1130).

PLATE LI.PLATE LXXX,Fig-N.

Plants dark brown turning darker on drying, up to
60 cm. long. Holdfast discoid, up to LO mm. in diameter,
with a short subterete stipa; Axis flat, altérnataly dis~-
tichously branched, up to 6 mm. broad, with retroflexed
branches from the faee of the axis. Secondary branches
flat, alternate, distichous, up to 10 (=25) em. long and
2 mm. broadj tertiary branches flat, alternate, distichous,
up to 4 em. long with sears near their bases and ramuli
developing into receptacles. Vesicles absent. Receptacles
terete (when young) or angular or flattened near the base due

to the conceptacles, verrucose, apiculate,up to 6 (=3) em.
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léng and 3 mm. broad, simple or branched, crowded in
fascicles. Conceptacles in 2 or 3 rows (in some cases
irregular but close together), bisexual and up to 1 mm.
broad, Antheridia 23 = %0 p x 9 = 13 u. Oogonia 5% =

180 p x 5% - 108 pn.

SPECIMENS EXAMINED:

S.Aus. =Point Sinclair (Womersley, 25-l=-1951 and 8-2-1954).
Elliston (Womersley, 13th  and 15th- January, 1951). Marino
(Womersley, 21=-5~1953). Port Noarlunga (Womersley, 15-10-~1950).
Victor Harbour (Womersley, 23-4=195L). Port El}iot
(Womersley, 17-10=-1948, 23-5«1953 and 10-8«1957).

Vietoria. == Warrnambool (Womersley, 16-8 -1949). Apodlo
Bay (Womersley, 18-8~1949). Brighton Beach, Port Phillip
Bay (Vomersley, 29-5-1948).

From Point Sineclair, 8South Australia, around south
coast to Port Phillip Bay, Viectoria.

Cs _cuspidata resembles C, subfarcinsats in its discoid
holdfast, flat axis with retroflex branches from the face
and in the flattening of the receptacles due to the concept-
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acles being in rows, but it differs in the absence of
vesicles, the angular receptacles without prominent sterile

awn, and the broader conceptacles.

15- g._m:ﬂ Je ‘-gardh 18?00
J. Agardh 1870 : 442; 1896: 48. De Toni 1895: 14l. Laing
1899: 67; 1927: 143. Lucas 1909: 12. Naylor 1954b: 653.
Sonder 1880: k&,

PLATE LITI.PLATE L XXX, Fig.0.

Blossevilles scalaris (J/Ag.) Lindauer 19%7: 561.

Type Loeality. = Chatham Island (Travers. No. 108).

Type. — LD. (Herbarium Agardh Wo. 1113.).

Plants brown, becoming darker on drying, stout, up to
65 em. long. Holdfast discoid, up to 2.7 em. in diameter. Axis
flat, up to 18 mm, broad and 3 mm. thick, very coarse and
zigzag alternately pinnately 6 branched, with bases of branches
prominent and erowded. Secondary branches retroflex, arising
from the face of the axis, up to|27em. long and 10 mm. broad.
Tertiary branches up to 6 ci. long and 5 mm. broad. Ramuli
developing into receptacles. Vesicles ovoid, up to 7 7. (-11)
mm; long and 5 = 7 (~9) mm. broad, pedicellate, mutic, near
the base of the branches. Recegptacles lanceclate, compressed
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(up to 1 mm. thick), simple (rarely branched) crowded,

up to 2.3 em. long and 2 mm. broad. Conceptacles in 2 Tows
on the margin of the receptacles, bisexual. Antheridia 32 =
43 p x 9 - 1% p. Oogonia 132 = 180 p x 108 - 150 p.
SPECIMENS EXAMINED:

New Zealand., ==

North Island.= Lyall Bay, Wellington (Womersley, 9~3~1949).
South Island .= Kaikoura Womersley, 17-2=19%9). New

Brighton, Christchurch (Lindaner, 14~5-1939). Oahoa Bay,
Bank Peninsula (Scarf, Herbarium Laing December 1906).
Akaroa (Laing, July 1928). Brighton, Otago (Laing's
collection) . Cape Saunders (in MEL.). Dunedin (Lindauer,
20=7«1945), St. Clair, Dunedin (Womersley, 7-3=1949 ..
Laing, April 1895). Portbello near Dunedin (Womersley,
4=3-1949), Bluff, Foveaux Strait (Moore, 4-1-1940).

Half Moon Bay, Stewart Island (Womersley, 9=3=1949).

From Lyall Bay, North Island, to Bluff, South Island;
at Half Moon Bay, Stewart Island and at Chatham Hand.

Sonder (1880) gives the distribution of (. scalarls
as Tasmania and later Lucas (1909) and Lindauer (1947),
followed him. Lindauer also reports C. scalaris from
Australia. It has not been collected recently from Aus-
tralia and Tasmania and Sonder's and Lindauer's records need

further confirpation.
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€. scalaris resembles C, distenta in its flat axis
with branches from its face and in the presence of
vesicles, but differs in its close, dense branches, with
their axils 1ess'rounded, its strongly zigsag axiqwith
the bases of the branches crowded and in its crowded

receptacles.

16. C. RETROFLEXA (Labillardiere) J. Agardh 1848

J. Agardh 1848: 242; 1870: 443; 1896: 49, De Toni
1895: 142. De Toni et Forti 1923: 69. Delf 1941: 161.
Harvey 1855: 21k; 1859b: 283; 1863: Synop. 43. Laing
1899: 67; 1927: 143, Lucas 1909: 123 1936: 72. Naylor
1954%b: 653, sondarptﬁé%’nx?%??q_1853: 511: 1880: 4.

ATE L xxxi), F18 P
Fucus retroflexus Labillardiere 1806: 113, t. 260.

Mertens 1519: 85.
Cystoseira retroflexa C. Agardh 1821: 7h4; 1824:

289. Greville 1830: Synope 33e
Blossevillea retroflexa Kuetzing 1843: 364%; 1849:
629. Hooker and Harvey 1845: 527; 1847: 4l4. Lindauer
1947: 561. May 1939: 20%. Montagne 1845: 6k,
Blossevillea camplocomas Kuetzing 1860: t. 81, £l.
Sonder 1880: - 106.

Blossevillea caudata Hooker and Harvey 1847: W1k,
Kuetzing 1849: 629; 1860: t. 76, f.l.
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Thpe Locality. — "Cape van Diemen" - Tasmania.
(Labillardiere).
Type. — Fl.

Plants brown, becoming darker on drying, coriaceous,
flexuous, up to 90 em. long, loose and spreading. Holdfast
discoid, up to 15 mm. in diameter, with a short terete stipe.
Axis, flaty up to 9 mm. broad, with loose, alternate retro-
flex branches. Secondary branches up to 17 cm. long and 2
mm. broad, with alternate, distichous tertiary branches.
Tertiary branches up to 6 em. long and 1 mm, broad, with
alternate, simple, filiform ramuli. Ramuli up to 2 cm. long
and 4+ mm, broad. Vesicles spherical or ellipsoid, scattered,
pedicellate, mutiec. Ellipsoid vesicles up to 10 mm. jong and
6 mm. broad, spherical vesicles up to 7 mm. broad. Ramuli
developing into receptacles. Receptacles siliquaform, up
to 6 cm. long and 2 mm. broad, compressed, apiculate, simple
(rarely branched). Conceptacles crowded in 2 rows on the
margin of the receptacle, bisexual. Antheridia 20 - 27 p
x 16 - 20 p. Oogonia 90 = 132 p x 72 - 108 p.

SPECIMENS EXAMINED:

S. Aus. = St. Vincent Gulf (Mueller, in Kuetzing 1860 as
Bl. campviocoma). Somerton (Womersley, 29-5-19%9). Rivoli
Bay (Mueller, in Sonder 1852 in Sonder 1880).
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Vietoria. = Queenseliff (in Sonder 1880). Brighten
Beach, Port Phillip Bay (Womersley, 29=-5-1948). Wilson's
Promontory (in Sonder 1853 and 1880).

Tasmania. =~ Low Head (Perrin, August 1948, Cribb,
14-9-1950). Georgetown (Harvey, 1259 in Sonder 1880. Gunn
in IB.). Bombay Rock, Tamar Bast (Womersley, 27-1-194%9).
Latrobe Bay (De Toni et Forti). Cape Sorrell (Bennett,
4=2-1955). Missionery Bay, Bruny Island (Womersley, 15=1-19%9),
Sandy Bay, Queenborough (in TCD.). Port Arthur (Cribb,
22-6~1950).

New South Wales. =~ Eden (in May, 1939). Tathra (Cribb,
5=10-1950). Tilba~Tilba (in Sonder 1880). Point Dromedary
(Bate), Kiama (in May, 1939). Bmlli and Bondi (4in May,
1939). Sydney (in Sonder 1880).

SEQGRAPHICAL DISTRIBUTION:

From 5t. Vincent Gulf, South Australia, around south
east coast to Bondl, Sydney, New South Wales and along the
coasts of Tasmaniaj New Zealand and Chatham HFand.

Sonder (1880) reports ¢, retroflexa from Geographe
Bay, Western Australia .. Since then it has not been collected
from Geographe Bay or auny part of Western Australia. Sonder's

report may be considered erroneous.



Vesicles are lateral and not axillary in C, retro-
flexa as given in the type deseription of Labillardiere
(1806).

Comparison of the type dgscription and Kuetzing's
figure of B, caudata Hooker and Harvey indicate that the
latter is not different to C, retroflexa.

Type deseription and the figure of B, campylocoma
Kg. (from S5t. Vincent Gi#lf) indicate that it is not distinet

from G, retroflexa.

Delf (1941) states that the crowded tufts of
receptacles and abundant vesicles near the base of the
branches are the charactcristic feature of C, retroflexa.
These are certainly not the features of {, retroflexa but
of C, torulposa, and Delf's deseription applies to the
latter species.

€. rxetroflexa resembles C, giliguosa in itsmethod
of branching and compressed receptacles with c@neeptacles
in 2 rows on the margin but differs in its presence of
Vedicles and more strongly flattened axis.
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17. Co SILIOUOSA J. Agardh 1870.
Je. Agardh 1870: W45; 1896: 49. De Toni 1895: 149.
Lucas 1909: 123 1913: 583 1936: 72. Sonder 1880: k.,
Womersley 1950: 160.
PLATE LIV.PLATE LX%XXWFig.Q.

Blossevillea siliguosa (J. Ag.) May 1939: 20k.

Type Locality. = Port Phillip (Mueller). ’

Type. == LD. (Herbarium Agardh No. 119%).

Plants dark brown, becoming darker and brittle on
drying, coriaceous, up to 2.5 meters long. Holdfast discoid,
up to 13 mm. across. Stipe terete, up to 12 mm. long and 2
mm, in diameter. Axis flat, quadrangular in seetion, up to
5 mm. breed, with retroflexed branches from its face, basal
part terete. Secondary branches up to 30 ecm. long and 2 mm.
broad, alternate, distichous. Tertiary branches up to % cm.
long and 1 mm. broad, with filiform and densely crowded
ramuli. Vesicles absent. Ramuli developing in"to recept-
acles. Receptacles compressed but not strongly flattenéd,
closely pinnate, up to 8 cm. long and 2 mm. broad, simple,
attenuated at both ends. Conceptacles in 2 rows on the
margin, uni- or bisexual. Antheridia 2% - 42 p x 12 - 18 p.
Oogonia 60 = 150 p x 36 - 96 p.
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SEECTMENS EXANTNED:

W. Aus. - Cottesloe, Me:r Perth (Royece, 12-6-1951).

Reefcole, West Beach, lsperance (7-1-1935).

S. Aus. — Venus Bay (Womersley, 12-2~1954%)., Elliston
(Nizamuddin, 27-2-1959). Cape Carnot (Womersley, 8-1-1951).
Sleaford Bay (Womersley, 6-1-1951s Nizamuddin, February
1959). Fishery Bay (Nizamuddin, February 1959). Sgenhouse
Bay (Womersley, 9-4=1950). Encounter Bay (in Sonder 1880).
Kangaroo Island, -=- Emu Bay (VWomersley, 18-1-1945)., Vivonne
Bay (Womersley, 23~5-1945). Pennington Bay (Womersley, li=1-48,
28-1-1946 and 12-1-1945 . Schodde, February 1956). Ante~-
chamber (VWomersley, 12-1-1947), Cape Willoughby (Womersley,
12-1-1947 and 16~-1-19%). Middle River (Womersley 8-1-1946).
Western River (Womersley, 7-1-1946). |
Victoria. — Bridgewater Bay (Beauglehole, 29-5~1949.
Nizamuddin, 1%-4-1959). Port Fairy (in MEL.) Warrnambool
(Wizamuddin, 13-4~1959). Peterborough (Pope and Bennett,
i?~8-191i9). Point Roadknight, near Anglesea (Womersley,
6-6-1953. Davis,1-2-19%6). Port Phillip(in MEL. and in TCD.
in Sonder 1880). Queenscliff Beach (Nizamuddin, 8-4=1959).
Woodbourne (Diicker, 1947 in MUB). Sorrente (Coleman, 1929

in AKU. Womersley, 2-6-1953). Portsea (Macpherson, 15-9=1957).
Half Moon Bay, near Penguin Reserve, Phillip Island (Nizam=-
uddinIIO-h-1959). The Nobbies, Phillip Island (Nizamuddin,
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10-4=1959). Cat's Bay, Phillip Island (Nizamuddin 10-4=1959).
Walkerville, Waratah Bay (Bennett, Névember 1949). Sealer's
Cove, east Wilson Promontory (MEL.).
New South Wales. — Jervis Bay (in May 1939).
GEOGRAPHICAL DISTRIBUTION® = From Cottesloe, Perth,
Western Australia, around the south east coast to Jervis
Bay, New South Wales.

C. siliguosa resembles C, retorta in its general
features but differs in its quadrangular axis, in the complete

absence of vesicles and in its compressed receptacles.

18. ¢, RETORTA (Mertens) J. Agardh 1848.
J. Agardh 1848: 243; 1870: 4k3; 1896: 9. Bailey and
Harvey 1874t 156. De Toni 1895: 141. Harvey 1855: 21k
1863; Synop. 4%. Laing 1927: 143. Lucas 1909: 123 1936s
72. Sonder 1852: 6703 1880: 4. Womersley 1950: 160.
PLATE LV.PLATE LXXAXIILFig-R.

Fucus retortus Mertens 1819: 185.

Cystoseira retorta C. Agardh 1821: 74; 1824: 289.
Greville 1830: Synop. 33.

Blessevillea retorta Montagne 1845: 6%. Hooker and
Harvey 1845: 527; 1847: 414, Kuetzing 1849: 629.
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Type Locality. == "Novae Hollandiae"™ Australia.

Type. =~ PC.

Plants brown, becoming darker on drying, flat,
distichously alternately branched, up to 1.2 metres long.
Holdfast discoid, up to 1% mm. across. Axils strongly
flattened, distichously and alternately branched, up to 7
ms broad and 2 mm. thick. Secondary branches arising from
the face of the axis, retroflex, up to 12 em. long and 3
mm. broad, flexuous. Odd branches up to 48 cm. long.

Ramuli developing from the secondary branches, several times
dichotomous with broadly rounded axils. Vesieles absent
ormre, ellipsoid, up to 12 mm. long and 10 mm. broad,
pedicellate, mutic or apiculate, and single or rareky 2 near
the base of the secondary branches. Receptacles developing
from the ramuli, linear-elongate, torulose, simple (3=)

5 -7 (-8) em. long and 1 ~ 2 mm. broad, with apiculate apices
in fasecicles. Conceptacles in 2 rows on the receptacles,
bisexual. Antheridia 2% « 42 u x 12 -~ 20 nu. Dogoniﬁ 102 - 162
mx 5% - 96 m.

W. Aus. - Busselton (Preiss). Ceographe Bay (Mueller), Cape
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Leeuwin (in Sonder. , 1880). Between Cape Laeuwin and King
George Sound (Maxwell, 1874).

8. Aus. — 10 miles east of Eucla (Womersley, 3=2-=195%).
Head of the Great Australian Bight (Vomersley, Le2-1954).
Fowler's Bay (Richards, 1880 in MEL.). Point Fowler (Wom=-
ersley, 6-2-1954). Scott's Bay (Womersley, 27«-1~1951).
Sceales Bay (Womersley, 1l-2-1954). Point Drummond (Womersley,
11-1-1954). Investigator Strait (Davey). Stenhouse; Yorke
Peninsula (Womersley, 9-4-1950). 8t. Vincent Gulf

(Cleland, November 1936, in Sonder 1880). Glenelg (Wom=
ersley, l4=i«1948). Marino (Womersley, 21-5-1953). Port
Noarlunga (Harris, August 1953). Port Willunga (Womersley,
13-5=19%5 and 24=4-19%8). Willunga Reef (Shepley, bli=19 5% ) o
Sellick's Beach Reef (Hale, 19-1-1936). Encounter Bay
(January 1928). Vietor Harbour (Womersley, 23=5=1953).

Port Elliot (Womersley, 10-8«1957). Lacepede Bay (Mueller,

in Sonder 1880).

Kangaroo Island. = Vivonne Bay (Womersley, 14=-1-19k48).
Seal Beach (Womersley, 24=1=1945,). Pennington Bay (Womersley,
2B1-194k; 24=-5-1945; 28-7-1947, 22-1-1948, 1Y4=1==1948
and 37~12-1949).
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Victoria. ~ Portland (Muir, January 1950). Portland
Bay (in Sonder 1880). Port FPairy (Harvey in TCD.). Point
Longdale (Mathieson, 21-9-1946). Port Phillip Bay (Mueller,
August 1854). Safety Bay, Port Phillip Bay (Macpherson,
14=5-1957). Brighton Beach, Port Phillip Bay(29~5«1948).
Sorrento (2-6-1953). The lobbies, Phillip Island (Pope
and Bennett, 13-5-1949). Walkerville, Waratah Bay (Pope
and Bennett, 19-5-194%9). Wilson's Promontory (Mueller,
June 1853. in Sonder 1880).

Tasmania. =~ Currie River Mouth (Womersley, 28-1-1949).
Bombay Rock (Vomersley, 27-}~1949). Emu Bay (1880). Burnie
(Womersley, 26-1-1949), Taroona, Hobart (Vomersley,
13=-1-194%9). BSwansea (Womersley, 19-1-1949). Tasmania (in
Sonder 1880).

From Busselton, Western Australia, around the south
ecoast to Wilson's Promontory, Victoria and on the coast of
Tasmania.

Laing (1927) reports that ¢, retorta has not been
collected recently Ld(iw Zealand and he considers the orig-
inal records apply to C. retroflexs. Lindauer (1947) does
not include L, retorts among lNew Zealand algae.
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Ce retorta resembles C, retroflexa =nd C. distenta
in general features but differs in its torulose receptacles

and strongly rounded axils of branches.

19. £, TORULOSA (R. Brown ex Turner)
J. Agarch 1848,

J. Agardh 1848: 2433 1870: 445; 1896: 48, De
Toni 1895: 143. De Toni et Forti 1923: 70. Harvey 1855:
21%; 1899b: 284%; 1860: pl. 1233 1863: Synop. 45. Laing
1899: 67; 1927: 14%3. Lucas 1909: 133 1913: 58; 1936:

72. Naylor 195%b: 653. Sonder 1853: 5113 1880: k.
PLATE LVI.PLATE L XxXW,Fig. 4.

Fucus torulogus R. brown ex Turner 181l: 52, t.
157. Mertens. 1819: 185.

Cystoseira torulosa C. Agardh 1821: 75; 1824%: 290.
'Greville 1830: Sypmop. 33.
| Blossevillea torulosa Decaisne #8kds—3lzs 1842:
330. Hooker and Harvey 1845: 527; 18%7: 4lk%. Lindauer 1947:
561. Kuetzing 1849: 628; 1860: t. 72, f. 2.
Type Locality. = Kent Island, Basss Strait

. (R. Brown).
Ty‘pe. - K.
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Plants brown, becoming darker on drying, comaceous,
up to 60 em. long. Holdfast discoid, up to 15 mm. across
with a short and subterete stipe. Axis flat, up to 10 mm.
broad, distichous with short retroflexed secondary branches.
Secondary branches up to 5 (=21) em. long and 5 (=7) mm.
broad. Tertiary branches retroflex, (19 2«4 em. long and
1 (~2) mm. broad, flexuous, alternatley tuberculate at
their bases. R -muli subfascichlate, simple or forked,
clavate, developing into receptacles. Vesicles abundant
or rare near the bases of secondary or tertiary branches,
simple, pedicellate, mutic, spherical (when young) or
ellipsoid, up to 10 m"m. long and 7 mm. broad. Receptacles
terete, simple, apices blunt, alternately arranged up to 2
(=6) cm. long and 3 mm. broad, 1r1erm-ded tufts. Con~-
ceptacles in 2 (-3) rows, bisexual. Antheridia 27 - 40 u
x 10 = 16 p. Oogonia 120 - 162 n x 48 = 96 u.
SBECTMENS EXAMINED:
Victoria. — The Nobbies, Phillip Island (Nizamuddin,
10=4=1959). Apollo Bay (Nizamuddin, 12-4~1959). Point
Roadknight (Womersley, 6-6-~1953). Anglesea (Macpherson,
23-11-1957). Torguay (McLennan, in MUB, ). Port Phillip
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(in Sonder 1880). Point Lonsdale (Mathieson, 21-9=1946.
September 1948 in MUB.). Woodbourne (Diicker, February,
19%7 &n WUB.). Western Port (Harvey, 1860). Walkerville,
Waratah Bay (Pope and Bennett, 16th.and 19th. May, 1949),
Tidel River, Wilson's Promontory (Sonder,1853). Sealer's
Cove, east of Wilson's Promontory (in Sonder 1880).
Tasmania. < Low Head (Perrin, August 1948). Georgetown
(Gunn, in Hooker =nd Harvey 1847). Bomaby Rock (Womersley,
27-1=19%9). Burnie (Womersley, 26-1-19%9. De Toni et
Forti). Three Hammocks, Hunter Island, (Bennett, 14th.and
17th: January 1954). West Head (Bennett, 30-1-1954). Wivenhoe
Point (Bemnett, 31=3-1954%). Tasmania (in Sonder 1880).
CECGRAPHICAL DISTRIBUTTONS:

From Apollo Bay, Victoria to Sealer's Cove, Wilson's
Promontory and on the coast of Tasmania and at Kent Island;
New Zealand.

Sonder (1880), reports C, torulosa from Encounter Bay
S.Aus. S8ince then it has not been collected from Encounter Bay
or any part of South Australia. Sonder's report may be
vonsidered as erronecus.

In Australian waters this species, as far as known,
occurs on the north and south coast of Dass Strait. It grows
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in upper nblittoral pools. Ca btorulosa may be exposed to
air during very low tides. Plants gowing in tidal pools
are dwarf and become extremely buihy. Harvey (1860) reports
the presence of solitary vesicles near the base of the
branchlets but up to five vesicles occur near the base of
the secondary branches or tertiary branches. In most

cases plants bear only secondary branches.

Ce. Lorulogg resembles C, retorta and L, grevillel in
its terete receptacles with conceptacles in 2 rows (rarely

in 3 rows in G, toryulosa) and also resembles C. retorta in
its general features but differs in its crowded tufts of
receptacles, abundant vesicles and in thickness of the

receptacles.

20. C. BOTRYOCYSTIS Sonder 1852.
J. Agardh 1870: W46; 18796: L47. Areschoug 1875: 1. De
Toni: 1895: 1M%; 1896: 230. Harvey 1858: pl. 563 1863:
Synop. 53, Lueas 1909: 133 1936: 72. Reinkold 1899:
42, Sonder 1852: 6703 1880: 4. Womersley 1950: 159.

PLATE LVII.PLATE L Xxx,Fig-B.
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Blozsevillea botrvocvstis Kuetzing 1860: t. 73,
fe 2. .
Blossevillea myvosuroides Areschoug 1854: 12 (338)
Iype Locality. = lioldfast Bay, St. Vincent Gulf,
South Australia.

Types == MEL.

Plants brown, turning darker on drying, flexuous,
pinnately branched, up to 4 meters long. Holdfast discoid,
up to 15 mm., in diameter. Axis compressed, up to 5 mm.
broad and 3 mm. thick, with retroflexed branches. Seecondary
branches retroflex, arising from the face of the axis, up
to 30 em. long and 3 mm, broad, with rounded axils. The
lower parts of the axis and secondary branches are usually
denuded and are distantly tuberculate. Tertiary branches
up to 10 em. long and 1 mm. broad, densely pinnate with
terete cﬂﬂdﬂfﬁi’hﬂfﬂcu (up to % mm. broad) ybatpidly,
Jpedicellate, mutic, clustered at the base of the secondary
branches. Ramuli developing into receptacles. Receptacles
terete, smooth, simple or branched, up to 18 mm. long and 1
mm. broad. Conceptacles scattered (rarely in 3 rows), bisexual
Antheridia 33 - ¥ p x 10 - 18 p. Oogonia 132 - 168 u x
42 - 132 p.
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S. Aus. = Cape Donnington (Shepley, February 1959).
Investigator Strait (Davey. Davey, in Reinbold). Port
Vinecent (Womersley, 8-4-1950). Adrossan (Ban Becking in
NBV). Gulf of St. Vinecent (February 1948; in Sonder 1880).
Lefevre Peninsula (Mueller, July 1852). Semaphore Beach
(Harris, July 1943). Henley Beaech (May 192§). Glenelg
(Grunow, inUC.). Somerton Beach (Womersley,), Holdfast Bay
(Mueller, in Harvey). Encounter Bay (Cleland). Port Elliot
(Hussey, in LD.). Lacepede Bay (Reinbold, in NBV). Guichen
Bay (Reinbold, in WBB). Robe (Womersley, 30-8-1949).
Kangaroo Island. =- Rocky Point (Womersley, 21-8«1948).
Eastern Cove (Womersley, 272-194%9). Ameriean River
(Womersley, 22-5-1945 and 2-6~19%7). Emu Bay (Womersley,
10-1-194%6). Red Banks (Womersley, 25-8-1950).
Vietdria. = Port Phillip (Mueller, in UC. in Sonder 1880.
Harvey, in TCD.). Corlo Bay, Geelong (in E.). Brighton
Beach, Port Phillip (Harvey, 1858 and in LD.).
Tasmania. = (Gunn in LD).
GEOGRAPHCAL DISTRIBUTIONS

From Cape Donnington, South Australia, around the
south coast to Brighton Beach, Port Phillip Bay, Viectoria
and Tasmania.
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Sonder (1880) reports C, botrvocygtis from Geographe
Bay, Western Australia. Since then it has not been collected
from Geographe Bay, or from any part of Western Australin‘
Sonder's report may be considered as erroneous.

Areschoug (1854) deseribed Blossevillea myosuroides
but in 187% he placed it as a synonym of C. botryvoecystis.

Sonder (1852) in deseribing C, botryoeystis refers to
Holdfast Bay as the type locality, but there is no type
specimen of C, botrygovstis in plantae Muellerianae from St.
Vincent Gulf, in MEL.St. Vincent GAlf may be considered as
the type loeality, as Holdfast Bay is within St. Vincent
Gulf. Kuetzing (1860) also refers to "St. Vincent Gulf™as I

the type locality when deseribing Blossevillea botrvocystis.

C. botrvocvstis resembles C, torulosa in general
features but differs in its short terete receptacles, in its
vesicles which are clustered at the base of the secondary
branches and in the thickme$s  of the receptacles.

21. C. DISTENTA J. Agardh 1870.
J. Agardh 1870: W43; 1896: 48, De Toni 1895: 141,
Laing 1899: 67; 1927: 1k3. Lucas 1909: 12?:?1;50: b,
PLATE LVIII.PLATE LRAXXIVFi8.C.
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Blossevillea distenta (J. Ag.) Lindauer 19%7: 56 0.

Type Locality. -= Chatham Island (Travers lo. 109).

Type. =~ LD. (Herbarium Agardh No. 1118),
Axis flat, up to % mm. broad, with retroflex, loose branches
from the face of the axis. Secondary branches up to 15 cm.
long and 2 mm. broad with rounded axfls and bases offbranches
not crowded. Tertiary branches up to 4 em. long and 1 mm.
broad with alternate distichous ramuli. Vesicles spherical,
6 (-8) mm. broad, pedicellate, near the base of the tertiary
branéhes. Ramuli developing into receptacles. Receptacles
compressed, simple or branched, lanceolate, apiculate, dis~
tantly arranged in alternate series, up to 3 (=5) em. long
and 2 mm, broad. Conceptacles in 2 rows on the margin of
the receptacles, bisexmal. Antheridia 27 - %7 pu x 13 - 20
p. Oogonia 120 - 162 m x 90 - 108 p.
SPECIMENS LXAMINED :
New Zealand. —  South Island., — Stewart Island (Lin-
dauer, July and November 1943, Willa, in Lindauer). Bluff
(Berggren, in LD.). Banks Peninsula (Raouk, 1833: in MEL.).
North Island. - Auckland (Capt. Fairchild, in MEL.).
Weklington (Kellaway, 22-1-1868 in MEL.). Chatham Island
(Lindauer, August 194%la Travers in MEL,s Gilpin, in Lindauer).
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GEOGRAPHICAL DISTRIBUTION:

From Auekland, North Island, to Bluff,South Island;
Stewart Islend and Chatham Island,

Sonder (I880) records C. distents from Geographe
Bay, Western Australia, and later Laing ( I927) and
Lindauer ( I947 ) followed him. Sonder's record needs
investigation because since that time no specimen of
Cs.distente has been collected in Australia.

Cs.dlstenta resembles C, retroflexa in general

featurcs but differs in its strongly zigzag axis with

loose branching and loose conceptacles.

22. LC+CONGESTA sp.nov.
Plate LIX. Plate LXXXIV, Fig. D.

Rlossevillea dumosa Decaisne I342% 330.Kaetzing

I860: t.73, £. I. Lindeauer I947: 56I. Sonder I546: I60.

Cystoseira dumosa Greville end C.Agerdh in

Grevilke I18%0: Synop. 33.

Cystophora dumosa (Gryille end C.Agerdh in

Greville)J.Agardh I1848: 24I; 1I8T70: 444; 1:96 ;3 49.
De Tonl 1895 : 1I42. Laing 1899 : 67.
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Type Loeality. — Robe, near the slipway (Nizamuddin,
16-4=1959).
Typ@. — AD, A. 23,980'

Plants dark brown, becoming darker on drying,
coriaceous, up to 1.2 meires long with dense branching.
Holdfast discold up to‘z en. in diameter. Stipe terete
up to 10 nm. long and 7 mm. in diemeter. Axis flat,
up to 14 mm. broad and 3 mm. thick, strongly developed,
with alternate, distichous, pinnale branches., Secondary
branches retroflex, from the face of the axis, up to 26
em. long and % mm. broad, and bases of branches not crowded.
Tertiary branches @p to 6 em. long and 2 mme broad, €rowded
with terete ramuli. Ramuli to 2 em. long and 1 mm. broad,
wrowded, dichotomous and developing into receptacles.
Vesicles ovoid, up to 10 mm. long and 8 mm. broad, spherical.
10 mm. diameter, numerous, rare or absent, one at the
baze oﬂbach ramulus, pedicellate, mutiec. Reeceptacles
compressed, erowded, alternate, apiculate, simple (occas-
ionally branched ) up to 3 em. long and 1 mm. broad.
Coneeptacles crowded, in 2 rows on the margins of the
receptacles, bisexual. Antheridia 27 - %0 p x 11 - 15 m.
Oogonia 90 - 186 p x 48 =~ 102 n.
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S AVS-= Point Drummond (Womersley, 11-1-1951). Investigator
8trait (Davey, in Reinbold). Stenhouse Pay (Womersley,
9=4«1950). Sturt Bay. Bnecounter Bay (Harris, December 1943.
in Sonder 1880). Port Elliot (Womersley, 17-10-1948, Harris,
December 1948.). Guichen Bay (Womersley, 1-9-1949). Robe
(Womersley, 30=8=194%9. Nizamuddin, 16-4«1959). Stinky Bay,
Nora Creina (Womersley, 19-8~1957. Wizamuddin, 16=4=1959).
Port MacDonnell (Nizamuddin, 14%=2-1959).

Kangaroo Island. =~ Vivonne Bay (Womersleyj 23«1-1945,
3-1-1946 and 4-1-1950). BSeal Beach (Womersley, 24=1-1957).
Pennington Bay (Womersley, 12-1=1945, 2U=5-1945, 28-1-1946,
13-4=1947, 28-7=1947, 22-1-1947, 7-1-1948, 29-12-1948 and
31-12~19%8).

Viectoria. — Bridgewater Bay (Beauglehole, 2hth.and 29th.
July 19%9). Shelly Beach, Bridgewater Bay (Beauglehole,
10=8«1951). Portland (Muir, January 1950). Narrowang Beach,
Portland Bay (WNizamuddin, 13th and 1kth April, 1959). Port
Fairy (Harvey, Wo. 6. in LD.). Warrnambool (Nizamuddin,
13-4=1959). Point Roadknight (Womersley, 6-6-1953. Nizamuddin,
11-4=1959). Queenselirf (Grunow, 188% in LD. Wizamuddin,
8-4+«1959)., Sorrento (Bernnett, November 1949). Half Moon Bay,
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Phillip Island, (Wizamuddin, 10~4=1959). The Nobbies,
Phillip Island (Nizamuddin, 10-%=1959). Cat's Bay, Phillip
Island (Nizamuddin, 10-4=1959).

Tasmania. - Low Head (Perrin, August 1948).

New Zealand. = North Island. == Lyall's Pay, Wellington
(Berggren, in LD.).

South Island., — Kaikoura (Womersley, 17-2-1949; Lueas,
Laing, 1-7-1930; September 1928). WNew Brighton, Christchurch
(Lindauer, 1l4=5-1939). Banks Peninsula (Berggren), Ohoa Bay,
Banks Peninsula (Laing, April 1930). Timaru (Womersley,
24~2-19%9). Brighton, Otago (iLaing, 16~1-1933). Shag Point,
Dunedin (Womersley 6-2-1958). Cape Saunder, Bluff (Berggren,
in LD.). Stewart Island. -——Half Moon Bay (Laing, 17-1-193%).
GEOGRAPHICAL DISTRIBUIION:

From Point Drummond, 8outh Australia, around the
south coast to The Nobbies, Victoria, at Low Head, Tgsmania
and in New Zealand (from Lyall's Bay to Stewart Islamd).

C. congests resembles C. distents and C. subfarcinata
in its general features, tnd slso resembles the former in its
compressed receptacles with conceptacles in 2 rows on the
margin but differs in its dense branching with axils less
rounded on the margin, and in short crowded tufts of
receptacles with crowded, cumpaect cong€eptacles.
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C. dumosa is based on Sonder's specimen since his
description of the species is the first valid publiecation
(1846). Previously only the name of the species was pube~
lished by Greville and C. Agardh and its name was a
¥nomen nudum". Sonder's sheet from Preiss is in MEL. and
consists of several poor fragments comprising (1) basal
part of C, monilifera and (29 fragments witha few
receptacles which are of C, brownii. It is evident that
the characters of C, dumosa were derived from poor fragments
of C. monilifera and C. brownii. According to the Paris
Art. No. 66 (Lanjouw, 1956) the name C. dumosa is rejected

as a"nomen dubium”.

In Greville's Herbarium (E) there are four specimens
from Swan River, Western Australla, collected by Fraser
and on which the name has been based. Two of these are
inadequate and the other two appear to be a form of C.
monllifera. The vesicles are small, spherical, sparse and
the receptacles are not properly developed. Branches are
closely zigzag near the axis. The lowest part of the axis

is more or less terete (Womersley, m.s. 1952).
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In LD. (Herbarium Agardh) there are two speciens
(Nos. 1211 and 1212) under Q,_ﬂpmggi, C. Agardh's original
specimen No. 1212, from Greville's Herbarium is sterile and
appears to be C, monilifera. The other specimen, Ho. 1211
(Harvey's NWo. 6) 1s fertile C. congesta (= C. dumosa).

23, G, SUBFARCINATA (Mertens) J. Agardh 1848.

J. Agardh 1848: 240; 18703 W47 1896: 47. De Toni
18952 147, Harvey 1863: Synop. 39. Levering 1946: 218.
Lucas 1909: 13; 1936: 74%. Sonder 1852: 670; 1880:
4. Womersley 1950: 161.

PLATE LX.PLATE Lxxxiv,Fig.E.

Fucus subfarcinatus Mertens 1819: 184,

Cystogseirs subfarcinata C. Agardh 1821: 83; 1824
289: Sonder 1846: 160.

Blossevillea subforcinata Kuetzing 1849: 6283 1860:
t. 72, £.1.

Type Locality. — "Terra Van Diemen" Tasmania.

Type. = (Type fragments in Herbarium Agardh Lund).

Plants brown, becoming darker on drying, coriaceous,
flexuous, up to 2 metres long. Holdfast discold, up to 12

mm. across. Axis flat, alternate, densely pinnate and
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distichously branched, up to 5 mm. across with retroflexed
branches. Secondary branches flat upto 13 em. long and 2
mm. across. Tertiary branches upto 5 em. long and 1.5 mm.
broad, bearing ramuli. Ramuli eylindrieal, alternate,
pinnate, up to 4 em. long and ¢ mm. in diameter. Vcsiclés
present or absent, spherical (up to 4 mm. broad), or

obovoid up to (3-) 5 mm. long and 3 mm., broad. Receptacles
tordose, compact at the base #ue to conceptacles, loose
above, apiculate (prominent sterile awn) simple or often
branched, up to 5 em. long and 2 mm. broad. Plant monoecious.
Coneeptacles markedly swollen (up to 4 mm. broad) irregularly
scattered :nd bisexmal. Antheridia 36 = 43 p x 13 = 18 u.
Oogonia 120 ~ 162 n x 90 - 114 p.

We Aus. == Fremantle (in Sonder 1880). Nichol Bay (1880

in MEL.). Cape Leeuwin (in Sonder 1880). Between Cape
Leeuwin and King George Sound (Maxwell , 1874). Alﬁany

(1881 in MEL.). Israelite Bay (in TCD., and in LD.). North
Twin Peak Island, Recherche Archipelago (Willis, 20-~11-1950).
Eucla (Womersley, 2=2-1954).

8. Aus., — Head of the Great Australian Bight (Womersley,
4-2-1954). Scott's Bay, 4 miles west of Fowler's Bay
(Womersley, 27-1~1951). Point Sinclair (Womersley, 25-1-1951
and 7-2=1954), Venus Bay{ Womersley, 12-2-1954).
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Elliston (Womersley, 15=1-195l. Nizamuddin, 27-2-1959).
Point Drummond (Womersley, 1l=1=1951). Fishery Bay and
Sleaford Bay (Nizamuddin, February 1959). Vanna (Nizam-
uddin, 19-2-1959). Louth Bay (Womersley, 4=1-1951). Inves-
tigator Strait (Davey). Sturt Bay (Davey). Port Nei'l
(Womersley, 3.-1951). Holdfast Bay (Mueller, in MEL. in
Sonder 1880). Port Voarlunga (Barris, August 19437. Wom=~
ersley, 2-10-194%%. Shepley, 2;9-9-195'4). Willunga Reef
(Shepley, 4=i=195%), Second Valley (Womersley, 7-~12«1946).
Cape Jervis (Shepley, 29~8-1954)i Encounter Bay (Cleland.
Harris, May 19%3. Mueller in MEL. in Sonder 1880). Port
Elliot (Womersley, 17«10-1948). Middletown Beach, Encounter
Bay (Harris, December 1943). Robe (Womersley, 29th and 30th
August 1949, 15-3-1955 and 18-8-1957. Macklin).

Kangaroo Island. = Rocky Point (27-1=1944%, 8«1-1947,
23=1=19%7 and 18-1-1948). American River (19-5-194%5 and
2-6=194%7), Bast side of Bllast Head (3-1-1948) and Emu
m] é%?v:}r-lghE).----Vesicla form (Womersley). Middle River
A(8-1-1946), Western River (16-1-1946), Cape de Couedie
(8-1-1945), Ellen Point, Vivonne Bay (23-5-1945, 2-1-1946
and 14=1-1948), Pennington Bay (23-1-194%%, 12-1-1945,
25-5=1945, 28-1-1946, 4=1-1948 and 23-8-1950), Cape



352.

Willoughby (16-1-19%6 and 12-1-1947) and Antechamber
(10=1~19%45 and 12-1-1947) +em-: llon vesicle forg (Womersley).
Vietoria. -~ Cape Bridgewater (Pope and Bennett, 14=3-1949).
Bridgewater Bay (Beauglehole, 29-5-1949), Lawrence Rock
(Beaugleholey 13~-1=1954). Portland Bay (Mueller, in MEE.
in Sonder 1880). Port Fairy (Harvey, No. 2 and Algae
Mullerianeae in MEL., TCD., and LD. Muir, January 1950).
Peterborough (Womersley, 17-9-1949). Lorne (Womersley,
20-11-194%9). Point Roadknight (Womersley, 6=6-1953).

Point Lonsdale (Mathieson, 21-9-1946). Queenscliff
(Mueller, in LD.). Port Phillip (Maepherson,15-9-1957,

Ex. Herb. Areschoug. in LD. . Peré—Phillis (Macphorsen
Mathieson, September 1941 in MUB. in Sonder 1880). Brighton
Beach, Port Phillip (Womersley, 29-5-1948). Beaumaris
(Thomas, 20-10-1931 in MUB.). Port Phillip Heads (Wilson,
in LD.). Sorrento (Womersley, 2-6~1954% . 'Coleman, January
1929 in AKU.). Walkerville, Waratah Bay (Bemnett, November
19%9). Wilson's Promontory.

Tasmania. = Low Head (Cribb, 14~9-19503. Hunter Island
(Bennett, 14-1-1954), Sandy Cape (Bennett, 15-1-1954).
Cape Sorrell (Bennett, 4~2-1955). Port Arthur (Harvey, in
TCD.). 8Swansea (Womersley, 19-1-1949). Currie River Mouth
(Womersley, 28-1-194%9).
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GEQGRAPHICAL DISTRIBUTION:

From Nichol Bay, Western Australia, along the
south coast to Wilson's Promontory znd on the coast of
Tasmania.

There are two forms of C, gubfarcipata - one,
which grows along calm coasts, possessaqvasiclaa and
large receptacles up to 5 em. long; the other form
growing en rough éoaat is devoid of vesicles and the
receptacles are shorter (up to 3 em. long) and much
branched.

Type has not been located in PC (Womersley, me.s.
1952).

C. subfarcinata resembles (., thysapnocladla in its
general features but differs in its torulose receptacles
with coneceptacles compact at the base and loose above, with

a prominent sterile awn and bisexual conceptacles.

24, ¢, THYSANOCLADIA J. Agardh 189%4.

 J. Agardh 189%bg 973 1896: 47. De Toni 1895: 147,
PLATE LXI.PLATE Lxxxw,Fig.F.

Type Locality. =~ [Eucla, Western Australia.

Type. == LD. Herbarium Agardh Fo. 999.
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Axis flat, up to 3 mm. broad and 2 mm. thick,
emitting alternate, distichous, branches from its face.
Secondary branches retroflex, up to 12 cm. long and +
mm. broad, strongly distichous. Ramuli filiform, alter=
nately arranged, distichéus, dichotomously branched, up fo
1.5 em. long and & mm. broad, developing into receptacles.
Vesicles spherical to 7 mm. broad, pedicellate, mutic.
Receptacles distantly moniliform, apiculate, simple or
branched, up tol.5 em. long and 3 mm. broad except where
conceptacles occur. Coneeptacles irregularly scattered
and unisexual. Antheridia 22 - W0 u x 13 - 19 n. in
fascicles on branched hairs. Oogonia 72 = 150 n x 60 - 132 m,
without stalk.

SPECIMENS EXAMINED:

We Aust, == Figure of Eight Island, Recherche Archipelago
(Willis, P-11-1950).

GEQGRAPHICAL DISTRIBUTION:

Only known from Figure of Eight Island and Euecla,
Western Australia.

C. thvsapocladla resembles (. monilifera in its
general features but differs in its axis, more strongly
distichous branches and irregularly scattered unisexual

conceptacles.
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25. Cs BROWNII (Turner). J. Agardh 1848.

J. Agardh 1848: 241; 1870: W47; 1896: u8; 1897:
47, De Toni 1895: 146. Harvey 1860: pl. 169; 1863:
Syhop. 40. Licas 1909: 13. Reinbold 1899: 42. Sonder
1880: L,

PLATE LXTI.PLATE LxxX1V,Fig (.

Fucus brownii Turner 1819: 2, t. 197.

Cystogeira browpnil C. Agerdh 1821: 733 1824: 288,
Bory 1828: 132, Greville 1830: Synop. 30: Sonder 1846:
159.

Blossevillesg broynil Kuetzing 18h3= 3643 1849
628; 1860: t. 7%, fa. l.

Type Locality. == King Gedge Sound, W. Aus. (R.
Brown).

Type. == BM. (no. 208).

Plants brown, coriaceous, up to 60 cm. long with
compact, dense and stiff branching. Holdfast discoid, up to
15 mme. in diameter with a short, terete stipe up to 1 em.
long and 5 mm. aeross., Axis flat, up to 1 em. broad, with
. strongly developed branches. Secondary branches from the
face of the axis, flat, up to 12 cm. long and 5 mm. broad,
with bare basal parts showing the scars of tertiary branches.
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Tertiary branches up to 6 em. long ané 2 mm. broad, bearing
terete ramuli. Romuli dichotomously branched, up to

6 mm. long. Vesicles absent. Ultimate ramuli developing
into receptacles. Receptacles terminal, terete, simple
(rarely branched), up to 6 (=1%) mm. long and 1 mm. broad,
and in panicles. Conceptacles compact, bisexual and
scattered (oceasionally in rows). Antheridia 30 - 42 u x
12 - 18 p. Oogonia 1lk% = 150 m x 48 - 120 m.

SPECIMENS EXAMINED:

W. Aus. — Port Deﬁison (Womersley, 31-0-~1947). Fremantle
(Preiss, in Sonder 1880). S5wan River (Mylne, in TCD., and
in LD.). Rottnest Island (Luecas, 1928 in AKU. Watson in
LD.). Geographe Bay (Mueller, in LD.., in Sonder 1880).
King Gefie Sound (Harvey, in TCD. Menzle, in E.). Figure
of Eight Island, Recherche Archipelagc (Womersley,
7-11-1950).

8. Aus. =~ Point Sinclair (Womersliecy, 8=2-1954). Streaky
Bay (Dawling, in LD.). Sceales Bay (Womersley, ll-2-19%4).
Wanna (Nizamuddin, 28-2-1959). Cape Carnot (Womersley,
8«1-1952). Investigator Strait (Davey, in Reinbold). Sturt
Bay (Womersley, 8-~4=1950)., 8t. Vinecent Gulf (in Sénder
1880). CGlenelg (Grunow). Hallet's Ccve (Tepper, 12-4-1882).



357.

popt Noarlunga (Harris, August 1943. Womersley, 13«5-1945).
Willunga Reef (Womersley, 24-3-1944). Cape dervis
(SBhepley, 29=-8=1954).
Kangaroo Island. ==
Middle River (Womersley, 8=1-1946, 3-6-1947 and 21-1-1948).
Vivonne Bay (Womersley, 2=l-1946, 16=1-1947, 1411948,
2=1=19%9 and 4=1-1950). Pennington Bay (Womersley,
22-1-19%7).
GEOGRAPHICAL DISTRIBUTION:

From Port Denison, Western Australia, around the

south coast to Cape Jervis, South Australia.

Specimens of C, brownil from Port Denison possess
longer receptacles (up to 1% mm. long and less than 1 mm.
broad) than specimens from other localities.

Turner (1819) in the type deseription of this
species describes obovate, pedicellate, mutic vesicles
on the lower ﬁranchess The branch of the plant, on which
the presence of vesicles is based, does not look like
C. brownii and it is too poor to say to which species it
belongs.

In Kew there are several specimens collected by
Menzies and placed under Fucus brownii by Turner. These

include C, brownil, C. moniliformis, C. paniculata and
C. monilifera. There are two specimens on the type sheet
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of C, browpiis the lower speeimen is the type of C.
brownil =nd the upper specimen is probably C, monilifera.

In the Botanical Museum and Herbarium, Copenhagen,
is a specimen named Fucus brownii Turner and Cystoseira
browvnii C. Agardh, from "de la Concepcion an Chile". This
may be the specimen on which the Chile record of C, brownii
is based. The specimen is a frogment about 3 em. high,

certainly not Cystophora brownil, and too poor to be
determined. The Chile record can probably be eliminated

(Womersley, m.s. 1952).
Ce. brownii resembles C. paniculata in its short

receptacles arranged in panefles and in the absence of
vesicles but differs in its flat axis with retroflex branches.

26. (. GRACILIS sp. nov.
Type Locality. =~ BSouth side of Ellen Point,

Vivonne Bay, Kangaroo Island (Womersley, l6-1-1947).
Type. = AD, A 4247,
PLATE LXIII.PLATE Lxxxw,Fig. H.
Plants light brown, becoming darker on drying,
cartilaginous, erect, slender, up'to 72 cme longs
Holdfast discold up to 1 em. in diameter. Stipe short,
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terete, up to 2 em. long and 2 mm. broad. Axis flat,
up to 5 mm. broad, and 2 mm. thick. Secondary branches from
the face of the axis, retroflex, laxly arranged, alternate,
distichous, axils rounded, up to 12 em. long and up to
1.5 mm, broad. Tertiary branches alternate, distichous,
up to 3 em. long and 1 mm. broad, be:sring alternate,
filiform ramuli. Ramuli up to 1% mm. long and 1 mm.
across. Vesicles absent. Receptacles torulose, apic=-
ulate, up to 12 mm. long and 1 mm. broad. Conceptacles
crowded, Dbisexual, Antheridia %0 - 60 p x 12 - 20 n.
Oogbnia 50 = 90 m x 36 = 43 m.
SPECIMENS EXAMTNED:
8. Aus, == Point Sinclair (Womersley, 8-2~1954 and
25-1-1951). Wanna (Nizamuddin, 192-1959). Fishery Bay
(Nizamuddin, February 1959).
Kangaroo Island. = South side of Ellen Point, Vivonne
Bay (Womersley, 2-1~19%6, 16-1-1947, 2-1-1949, 4=1-1950,
and 29~-1-1957). Seal Beach (Womersley, 24=-1-1957).
CGEOGRAPHICAL DISTRIBUTION:

Known from the above localities only.
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Cs _graclilis resembles C, brownii in its general
features but differs in its slender axis, laxer branching

with less rounded axils and longer torulose receptacles,
with crowded conceptacles.

This species needs further investigations of fertile
material, as only few receptacles have been examined. All
the plants collected were sterile except the type bearing

12 receptacles.

27. C. MONILIFERA J. Agardh 1848
J. Agardh 1848: 241; 1870: 4473 1896: 47. Bailey
and Harvey 1874%: 155, 156. De Toni 1895: 146. De Toni
et Forti 1923: 68. Harvey 1855: 21k; 1859b: 283; 1863:
pl. 245; 1863: Synop. 42. Latng 1927: 143. Lucas 1909:
133 1936: 73. Reinbold 1899: 42, Sonder 1852: 6703
1880: 4, Womersley 1950: 160.

PLATE LXIV.PLATE Lxxxw, Fig-T.

Fucug retroflexus Turner 1811: 48, t. 155. non
Labillardiere.

Cystoseira retroflexa A. Richard 183%: 12. Sonder
1846: 160.

Blogsevilles retroflexa Kuetzing 1860: t. 7@, s 2»

Blossevillea monilifera May 1939: 205. Lindauer 1947:
561.
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Type Loecality. — "Occldentale Novae Hollandiae"--

Western Australia (Preiss).
Type. == LD. [Herbarium Agardh No. 1023).

Plants dark brown, becoming darker on drying,
coriaceous, flexuous, up to 1 metre long. Holdfast discoid,
up to 20 mm. across. Axis flat, up to 6 (~8) mm. broad,
alternately pinnately branched. Secondary -~ branches
strongly retroflex near their basal parts, up to 13 ecm.
long and 3 mm. broad, flat, pinnate, distichous, and div=-
ided near their bases. Branch bases strongly rounded with
attachments on the axis. Tertiary branches slender,
eylindrical and loose. Vesicles spherical, up to 5 (=7)
mm. broad, or rarely ellipsoid (up to 7 mm. long and 4 mm,.
broad), pedicellate, mutic, seattered or few near the
bases of the branchlets. Ramuli developing in"to recept=
acles. Receptacles up to 18 mm. long and 1 mm. broad,
moniliform, apiculate, simple or branched. Conceptacles
scattered, bisexual. Antheridia 20 - %0 u x 12 - 16 m.
Oogonia 96 - 144 n x 43 - 102 u.
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We Aus. == Fremantle (in Sonder 1880). Champion Bay
(Mueller, in MEL.). Salmon Bay, kottnest Island (Smith,
12-1-1945). Geographe Bay (Bunbur, 1880 in MEL. in Sonder
1880). Busselton (Royce, 12-10-1949). Foint D'Entre~
castreaux (Smith, 20-3-1946). Between Cape Leeuwin and
King Ged&e Sound (Maxwell, 1875 in MEL.). Albany (ex
Herb. Sonder in MEL.). Figure of Eight Island, Recherche
Archipelago (Willis, 5-11-1950). Israelite Bay (Mueller
in MEL.). Euela (Womersley, 2-2-1954%; Mueller, in MEL,).
S. Aus.— Fowler's Bay (Richard, 1880 in MEL.). Point
Sinclair (Womersley, 8=-2-1954%). Wittilgbee Point, near
Ceduna (Womershey 22-1-1951). Point Drummond (Womersley,
11-1-1951). Louth Bay (Womersley, 5«1-1951). Port Neil
(Womersley, 3-1-1951). Arno Bay (Womersley, 11-1-1951).
Stenhouse Bay (Womersley, 9-4-1950). Investigator Strait
(Davey, in Re#nbold). Sturt Bay. Brown Point (Womersley,
10-4-1950). Port Vincent (Womersley, 8-4-1950). St.
Vineent Gulf (Sonder, 1880). Holdfast Bay (Mueller, in
MEL.). Port Noarlunga (Harris, September 1943). Second
Valley (Womersley, 7-12-1946). Encounter Bay (Harris, May
1943. Cleland, January 1928. Mueller in MEL.). Lacepede
(Reinbold). Guichen Bay (Reinbold. Womersley, 1=~9-1949).
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Kangaroo Island. - Hog Bay (Womersley, 8-1~1950). Rocky
Point (Womersley, 26-8-1950). American River Inlet
(Womersley, 23-8-1948, 2-6-1947 and 19-5-1945). Muston
(Womersley, 27-7-194%7). Emu Bay (Womersley, 10-1-1946).
Middle River (Womersley, 21-1-1948 and 19-1-1947). Western
River (Womersley, 7-1-1946). West Bay (Vomersley,
6-1-1948). Cape de Couedie (Womersley, 12-1-1948).

Vivonne Bay (Womersley, Y4=1-1950, 14-1-194%3 and 3-1-1946).
EBast end of D'Estrees Bay (Vomersley, 11-1-1950). Pennington
Bay (Womersley, 23=1-194%, aa,l 30-19194%6, 3-6~1947,
13-4=1947 and 28-7-1947). Cape Willoughby (Womersley,
12-1-1947). Antechamber ¢25-1-1943).

Victoria. - Garden Beach, Portland Bay (Beauglehole,
8-8-2951). Double Corner Beach, Poptland Bay (Beauglehole,
8-8-1951 and 14=8-1951). Pértland (Muir, January 1950).
Ocean Beach, Sorrento, (Womersley, 2-6-1953). Port Phillip
Bay (Macpherson, 10-11-1957). Wilson's Promontory (in MEL.).
Tasmania, == Georgetown (in Sonder 1880). Currie River
Mouth (Womersley, 28-1-1949). Bay of Latrobe (January 1909.
De Toni et Forti). Burnie (Womerskey, 26-1-1949). Cape
Portland (Banduct, in MEL.). Swansea (Womersley, 19-1-1949).
New South Wales. — Jervis Bay (Luecas, July 1899 in AKU).
Tllawara (in MEL. in Sonder 1880). Bondi (Lumas, July 1901 in
AKU)., Sydney (Grunow, December 1884).
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GEOGRAPHICAL DISTRIBUTION:

From Champion Bay, Western Australia, around the
south east coast to Sydney, New South Wales and along the
coast of Tasmania; New Zealand.

Lindauer (1947) questions its existence in New
Zealand, although Laing (1927) records it from Pelorus Sound.

Fucus retroflexus Turner poscesses moniliform
receptacles whereas F, retroflexusg Labillardiere possesses
elongate torulose receptacles. Vesicles in E;_:at:g:lg:ng
Tarner, are spherical but they are obovate in F, retroflexus
Labillardiere. The name Fugus retroflexus was a source of
error as it was applied to two species (L, retroflexa and

Co monilifera). J. Agardh (1848) retained Fucus retpeflexus
Lab. (= Cystophora retroflexa) and rejected the name Fucus
retrofliexus Torner and renamed it Cystophora monilifera.

C. monilifera resembles {. polyeystidea in its general
features, but differs in its strongly flattened axis, branch

bases, strongly rounded with narrow attachments to the axis;
in its distinetly moniliform receptacles as well as in

1ts scattered spherical vesicles.
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28. G, POLYCYSTIDEA Areschoug in J. Agardh
18k8.

J. Agardh 1848: 240; 1870: L448; 1896: 47. De Toni
1895: 148. Lucas 1909: 13; 1936: 74 Reinbold
1899: 42. Sonder 1852: 670; 1880: 4. Womersley
1950: 160.
PLATE LXV.PLAT® L xxxw, Fig T,

Blossevillea polveystidea Areschoug 1854%: 336.
Kuetzing 184%9: 631; 1860: t. 84, f.2. May 1939: 205.

Type Locality. = Port Phillip, Victoria.

Type. = LD. (Herbarium Agardh No. 1010).

Plawib§ brown, turning darker on drying, Holdfast
discoid up to 15 mm. in dismeter, with short and terete
stipe. Axis flat, up to 7 mm. broad, quadrangular, alter=-
nately distichously and densely branched. Secondary
branches retroflex, arising from the face of the axis, up
to 20 em. long and 2 mm. broad. Tertiary branshes up to
8 em. long and 2 mm. broad, with filiform ramuli. Ramuli
up to 15 mm. long and less than a millimetre thick, distich-
ously and pinnately branched. Vesicles near the base of
the tertiary branches, numerous, elongate, tepering at
both ends, mutic or apiculate, stalked, (2«) %=5 (=6) mm.
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long and less than 2 mm. broad. Ultimate ramuli developing
into receptacles. Receptacles irregularly and distantly
moniliform, simple or brenched, up to 2 em. long and

less than a millimetre across. Conceptacles scattered and
bisexual. Antheridia 30 - %2 u x 12 = 18 u. Oogonia

108 = 150 p x 90 = 108 n.

SPECIMENS EXANINED:

S. Aust. — Point Fowler (Womersley, 6-2-1954). Wj:i:albee
Point, near Ceduna (Womersley, 22-1~1951). Elliston
(Womersley, 14%-2-195%. Nizamuddin, February 1959). Point
Drummond (Womersley, 11-1-1951). Port Lincoln, (Womersley,
m.s.). Louth Bay (Womersley, 4~1-1951). Port Neil
(Womersley, 3.~-1951). Lowly Point (Womersley, 1-1-1951).
Spencer Gulf (Algae Muellerianae; in Sonder 1880). Sturt
Bay (Davey). Investigator Strait (Davey. Davepy, in
Reinbold). YorkePeninsula (Tepper). Edith Bay (Womersley,
8-4=1950). Holdfast Bay (in Sonder 1852). 8t. Vincent
Gulf (Algae Muellerianae). Holdfzst Bay (in Sonder 1880).
Port Willunga (Womersley, 12-10-1953 and 24-4=1948).
Willunga Reef (Womersley, 2% -3-1949. Shepley, Y=i=1949).
Second Valley (Womersley, $-12-1946). Encounter Bay
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(Cleland, Harris, May 19%43). Port Elliot (Hussey,
in LD.). MacDonnel Bay (Wehl, in MEL. ).
Kangaroo Island. -~ East of Blast Head (Womersley,
31-10-194%7). Rocky Point (Womersley, 23-1+1947 and
8=1-29%7). Emu Bay (Womersley, 18-1-1945). Middle River
(Womersley, 21-1-1948). Western River (Womersley,
7=1-1946). Pennington Bay (Womersley, 22-1~1948).
Victoria. — Cape Bridgewater (Pope and Bennett, 14=8-1949),
Bridgewater Bay (Beauglehole, 5-6=1949). Port Fairy
(Harvey, ih TCD., and in LD.). Cape Otway (Pope and
Bennett, 19-8-1949). Port Phillip (Mueller in Sonder 1880).
St. Kilda, Port Phillip Bay (in MUB., 1883). Sorrento
(Womersley, 2-6-1953). The Nobbies, Phillip Island
(Pope and Bennett, 13-5-1939).
Tasmania. = Currie River Mouth (Womersley, 28-1-194%9),
Bombay Rock, Tamar East (Wimersley, 7-1-194%9). Torquay
(Algae Muellerianae).
New South Wales. -~ Bateman's Bay (in May, 1939). Bervis
Bay (in May 1939. Lucas July 1899 in AKU.). Long Bay,
Sydney, (in May, 1939).
GEOGRAPHICAL DISTRIBUIION:

From Point Fowler, Sputh Australia, around the
south east coast to Long Bay, New South Wales and on the
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North coast of Tasmania.

The first valid description of C . polyvcvstidea is
that of J. Agardh (1848) who credited the species to
Areschoug. The concept of the species is, therefore, based
on J. Agardh's deseription and specimens. In Herbarium
Agardh there are two specimens of Areschoug's from Port
Phillip. One has a label in Areschoug's writing, reading
"Blossevillea polvevstidea Aresch". J. Agardh's deseription
seems to apply mainly to this plant, and it is, therefore,
taken as the type. The other specimenflabelled as from
Herbarium Areschoug, Port Phillip, in J. Agardh's writing, is
a smaller and fragmentary specimen of C, expansa (no. 1006).
Areschoug's material clearly inecluded these two species
but J. Agardh failed to separate them. In Herbarium J. Ag-
ardh Lund, Nos. 1005, 1011 (Harvey, Port Fairy), 1002, 1003,
(Hussey, Port Elliot), 1008 (Spencer Gulf) and 1013 are
C. pblyevstidea (Womersley, 28-8-1952).

Cs polvecystidea resembles C, expanga in its general
features but differs in its more slender, gquadrangular axis

with closer and more compact ramul#hnd in its irregularly,
distantly moniliform feceptacles with scattered conceptacles.
It also differs from the latter in its numerous vesicles

near the base of the tertiary branches.
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29. (. EXPANSA (Areschoug) nov. comb.

Blbssevilles expansa Areschoug 185%: 11 (337).
Kuetzing 1860: t. 84, f.2

PLATE LXVI.PLATE Lxxxw,Fig K.

Type Locality. - Port Phillip, Vietoria.

Type. =— 8.

Plants dark brown, becoming darker on drying,
eartilaginocus, up to 60 em. long. Holdfast discoid, up to
3 em. in diameter. Axis thick, coarse, zigzag, flat, up
to 5 mm. broad, with loose branching. Secondary branches
from the face oﬂthﬂ axis, retroflex, up to 18 em. long and
3 mm. broad, distichously branched. Tertiary branches up
to 9 em. long and 1 mm. broad, with filiform ramuli.
Ramuli, wup to 15 mm. long and less than 1 mm, in diameter,
alternately arranged. Vesicles elongate or ellipsoid,
scattered or absent on tertiary branches, pedicellate,
apiculate, up to 6 mm., long and less than 2 mm. broad.
Ultimate ramuli developing into receptacles. Receptacles
terete, with crowded conceptacles,0.¥ - 2 cm. long and less
than 1 mm. broad, simple or branched, apiculate. Concept=-
acles crowded, uni or bisexual. Antherkdia 13 = 33 px
10 - 19 p. Oogonia €66 = 90 pu x 42 - 66 p.
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SPECIHENS EXAMINED:

W. Aus. -~ Augusta (Royce, 21~10-1949). Cowaramup,
Royce).

S« Aus. — Scoti's Bay, U4 miles west of Eucla (Womersley,
27-1-1950). Point Sinclair (Womersley, 25-1-195h).
Elliston (Womersley, 13=1-1951). Port Neil (Womersley,
3=1-1951). Spencer's Gulf (Davey, in LD.). Stenhouse
(Womersley, 9~4=~1950). Marion Bay (Womersley, 9=i=1950).
Sturt Bay (Womersley, 8-4~1950). Brown's Point, Yorke
Peninsda(Womersley, 10-4=1950). Investigator Strait (Davey,
in Laing's collection New Zealand). Port Adelaide (Ares~
choug, in 8.). St. Vineent Culf (Tepper, in LD.), Marino,
Holdfast Bay (Womersley, 21-5=1953). Port Willunga
(Womersley, 12-10~1953 and 24=4=1948)., Willunga Reef
(Shepley, 4-4-~1954). Port Elliot, (Hussey in LD.).
Victoria. — Double Corner Beach, Portland Bay (Bezugle-
hole, 14=-7-1951), Port Fairy (Harvey, in LD.). Dutton
Beach, north of Dutton Bluff, Portland Bay (Nizamuddin,
13-4-1959).

From Augusta, Western Australia, around the south
coast to Port Phillip, Victoria.
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In Riksmusuem, Stockholm (8) among six specimens of
Blossevillea exXpansa Aresch. five are from Port Phillip
and one from Port Adelaide. These specimens are good,
large and fertile. The best of the Port Phillip @nes are
chosen as the type (Womersley, m.s. 1952).

C. expansa resembles C. monilifera in general
features, but differs in its zigzag axis, elongate =
ellipsoid vesicles and in its terete receptacles with
eremied conceptacles.

30. . ELONGATA sp.pov.

PLATE LXVII.PLATE Lxxxw,Fig.L,

Tgpe Locality. = Dutton Beach, north of Dutton
Bluff, Portland Bay, Victoria (Nizamuddin, 13-4-1959).
Wt — AD. A 23,981.

Plants brown, becoming darker on drying, up to 1
metre long, flexuous, coriaceous, growing on Cymodocea
antarctica. Holdfast clasping the stem of Cymodocea, up
to 1 em. across with a short terete stipe up to 7 mm.
broad and 2 mm. thick, emitting alternate distichous
branches. Secondary branches flat, retroflex, from the
face of the axis, alternate, at about 3 em. distance, lax,
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up to 20 em. long and 3 mm. broad. Tertiary branches
alternate, up to 2 em. long and # mm. broad. Ramuli
filiform up to 8 cm. long and less than # mm. in diameter,
alternate, or subdichotomously branched, developing into
receptacles. Vesicles numerous on the tertiary branches,
broadly elongate, or ovate or spherical up to 1 em. long
and 5 mm. broad, pedicellate, mutic or apiculate, more
narrow above, sometimes apiculation developing into
receptacles or lower parts of the receptacles transformed
into vesicles. Receptacles elongate, terete, up to 8 em.
long and 1 mm. broad, simple or branched, apiculate.
Conceptacles irrepgularly, distantly scattered, hﬁ‘innl.
Antheridia 22 = 47 p x 12 - 20 p, on branched hairs in
fascicles. Oogonia 84 - 120 p x 60 - 96 ny, without stalk.

Vietoria. == Dutton Beach, north of Dutton Bluff,
Portland Bay (Ntzamuddin, 13th.and 14th. April 1959). Double
Corner Beach €= Dutton Beach), Portland Bay (Beauglehole,
8=7-1951).

Known only from the Type Locality.
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C. elongate resembles C. polyoystidea and C. €xpanse
in general features but differs in its more strongly

flattened axls, with clasping holdfest, laxer branches ,
vesicles and in its elongate receptacles with irregular ,
scattered conceptacles.

(a) SCABERIA Greville I830

d.Agardh I848: 25I; I894b: 94. Decaisne I84T: I75; 18423
359, 56%. De Tonl I89I: I74; I895: IT9. Endlicher 15363

I0. Greville I830: Synop. 36. Gruber I896: 70. Kjellmans
I897: 76. May I939: 206. Sehmidt I938: 228, Svedelius
I9ITI: I&80.

Castraltie A.Richerd I834: I43. Endlicher I843%:
30. Kuetzing 1849: 636,

Encophors J.Agardh 1894a: IIS5.
Plants much branched, with terete axis and J¥wegule:

irregular branches. Three types of segments oeccur (1) long
slender segments near the base of the axis (ii) seale-like
segments and (11i) compressed ovold externally warted,
densely imbricate segments, irregularly arranged.Spherical
vesieles ocecur. Conceptaeles on the lower surface of the

verrueiform segments.Plant monoeclous.

( Pot.O)
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wmonsecious. Conceptacles bisexual and scattered.
Antheridie in fascicles in coneeptacles. Oogonla with
one egge

J. Agerdn (I894) deserived = second specles
S.ruguloss which 1s a slender and young form of S.8pgerdnil
(Womersley, I950).

(e) SCABERIA_AGARDHII Greville I830

d.Agerdh I848: 2523 1894; 97. Areschaug I8542 5(33I).
Decalsne IS4Is IT763; 18423 359.De Tonl I89I: IT43 189521793
18962 2%0. De Tonl et Forti I923: 63. Greville IB}DlBynnp.
36. Harvey 185431 534; I859bs 283; 18603 Pl. IG4; IS63:
Synop. 37. Hooker and Harvey I845: 527; I847: 413,
Kjellman 1897 s 282, Kuetszing I843 : 369. Lalng 1927: I42,.
Luces 1936 1 T6. May I939 3 205. Sonder IS4G : I59;1852:67I
Svedelius T9TT : T52, Womersley 1950 3 162,

@astreltia salicornioides A. Richard IS34: I43.
Endlicher T24% 3 30. Kuetzing 1849 3 636.

Scaberia rugulose J. Agardh I894b: 97. Vomersley
1950 s I62.

Encophorae ruguloss J.Agardh I894a 3 II5.
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Type Locallty.-— Swan River Settlement,Perth(Fraser).

Types=== E.

Plants brown, becoming darker on drylng. Holdfast
discoid up to 5 mm. in diameter. Stipe terete, short
up to I2 mm. long and 3 mm.bioad. Plants rigid and toughz
up to I2 metres long, with I to several terete axes up té
I(=3) mm. broad, flexuous, alternately or irregularly
brgnohed. becoming stmosth and slender below. Three types
of leaves occur (1) long, slender, vertiecillately
arranged segments near the base 1in whorls of five some-
times becoming furcate, up to 7 em, long and 0.7 mm.broed,
with cryptostonata (11) scale-lilke segments, deltold-
acuﬁinatq,up to I mm. long and up to 0.5 mm. broad near
the bases (111) warty or verruciform segments, peltate,
cartilaeginous, compressed and irregularly inserted round
the axls and brenches. Vesieles spherieal, irregularly
 arranged, up to 6 mm. broad, subsessile. Conceptacles
on the under-surface of the verruciform segments scattered
and bisexual. Antheridia %0- 46 p x 9 - I6 p. Oogonia
ovold, 95 = 24Ipx 60 = 90 p.
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SPECTMENS EXAMINED:

Wy Aus. — Geraliton Bay (in De Toni et Forti,) Rottnest
Island (Cribb, 9-8~1950). Point Peron (Royee, 12-6-1951).
Esperance (Firman, December 1951). Figure of Eight
Island, Recherche Archipelago (Womersley, 7-11-1950). North
Twin Peak Island (Womersley, 20-11-1950). Euela (Wom-
ersley, 2-2-1954),

8. Aus. =~ Head of the Great Australian Bight (Chambers).
Point Fowler (Womersley, 6-2-1954). Sceales Bay (Womersley,
11-2-1954). Venus Bay (Womersley, 3=2-1951l; 17-1-1951).
Elliston (Nizamuddin, 27-2-1959). Harion Bay (Womersley,
9~4=1950). PoM: Vincent (Womersley, 8-4-1950). Port
Augusta (Womersley, 31-12-1950). Henley Beach, Holdfast
Bay (Macbeth, 10-7-1943). Holdfast Bay (Sondenl852). Port
Noarlunga (192k). Willunga Reef and Aldinga Reef (Womers-
ley, 24-3-1944). Sellick's Beach (Hale, 19-1-1936).
Granite Island, Victor Harbour (Harris, May 19%3). Port
Elliot (Womersley, 24=3~19%4). Guichen Bay (Sonder, 1852).
Robe (Womersleyyl8-1s1948).

Kangaroo Island. == Emu Bay, (VWomersley, 18-1-1945).
Vivonne Bay (Womersley, 3-1-194%6). Pennington Bay
(Womersley, January 1946, 28-7-1947 and 4-1-1948).
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Victoria. = Portland Bay (Beauglehole, 15-5-1949,
8=7«1951 and 1l4=7-1951. Muir, January 1950. Nizamuddin,
14=4=1959). The lNobbies, Phillip Island (Nizamuddin,
10-4=1959).

Tasmania, == Currie River Mouth (Womersley, 28-1-194%9). Low
Head (Cribb, 14-9-1950). Georgetown (Gunn, in Harvey
1847).

New South Wales. == Bondi and Sydney (in May, 1939).
GEOGRAPHICAL DISTRIBUTION:

From Geraldton Bay, W. Aus., along the south east
coast to Bondl, N.S.W.; along the north coast of Tasmaniaj
Lord Howe Island.

8, agardhii is one of the most unusual forms amébng
the Australian Fueales. The genus is monotypie since
8. ruguloga J. Ag. is not distinet from 8, Agardhii. The
plant generally grows in the upper sublittoral zone and
extends to 10 - 20 fathoms (Harvey, 1854%). Laing doubts
the exidtence of S, agardhii in New Zealand, although re~-
corded from there by Rabenhorst (1878) and De Toni et
Forti (1923). Lindauer (194%7; 1957) does not list
8. agardbil from New Zealand and apparently considers

the early record to be erroneous.
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). CYSTOPHYLLUM J. Agardh 1848
J. Agardh 1848: 228. De Toni 1895: 152. Endlicher 184%3:

31. Fensholt 1955: 369. Gruber 1896: 26. Kjellman,
1897: 283. Lucas, 1936: 74. May 1939: 205. Schmidt
1938: 228, Setchell and Gardner 1925: 706. Silva 1950:
262; 1952: 279. Svedelius 1911: 180. Tilden 1937:
329.
Spongocarpus Kuetzing 1843: 365; 184%9: 631.
livagropsis Kuetzing 1843: 368; 1849: 634,
Sirophysalis Kuetzing 18%3: 368; 1849: 602,
Holdfast discoid, produecing 1 to several terete
axes. Leaves alternate, ecostate, slender with numerous
eryptostomata. Vesicles simple or concatenate, pedicellate,
apiculate, or coronated with a leaflet at the apices and
borne on the ultimate branchlets. Receptacles terminal,
ovate-lanceolate, verrucose, racemose on the upper part
of the ramuli. Plant monoecious or dioecious. Conceptacles
unisexual or bisexual. Oogonia with one egg.
Cystopbyllum was established as a genus in 1848 by
J. ABardh who considered the position and the type of the
vesicle as the basis for removing certain species from

Cyvstoseira. But Endlicher (1843) had already established
a subgenus Cystophyllum to include Cystoseira phyllamphora



379.

c. Agardb. This species was transferred by J. Agardh
(1848) to Cogcophora Greville. Silva (1950) states that
Yendo considered it to be a sterile form of Coccophora

langsdorfii (Turner) Greville.
Yendo (1907) proposed a key based on vesicleg

characteristies and suggested the transfer of certain
species from Cystogseira to Cystophyllum. In Cystophyllum
vesicles are borne on ultimate branchlets whereas in
Cystoseira vesicles dévelop as dilations on the frond or
branches. Gardner (1917) did not consider vesicled
character to be a generic distinection and suggested the
recombination of the two genera unless a more satisfactory
basis for separation could be established. Fensholt (1955)
was influenced by Gardner and she recognised two lines of
development in the Cystoseira =~ Cystophvllum complex.
According to Fensholt the Cygtoseirs type is characterized
by (1) conceptacle development in which a tongue filament
of several cells is formed (ii) successive discharge of
mlatively small oogonia (iil) the presence of one funetional
egg nucleus and seven swpernumery nuelei and (iv) the
formation of Y4 primary rhizoids on the embryo.

The Cystophyvllum-type is characterized by (1)
conceptacle development in which the tongue cell remains



380.

undivided (ii) simultaneous discharge of large oogonia
(1i1i) the presence of one funetional nucleus in the
oogonium and (iv) the formation of 32 primary rhixzoids
on the embryo.

Accepting the ontogenetic development of the

reproductive structures as generic characters, Fensholt

transferred Cystophyllum geminatum (C.Ag.) J. Ag., C.
grassipes (Turner) J.Ag., C. osmundacea: (Turner) J. Ag.
C. foeniculaceai, (L). Grev. emend Sauv. and C. hakodatense
Yendo, to Cystoselra becausé of their Cystosiera-type
of development. Cystophyllum sisymbrioides (Turner) J. Ag.,
and C, turper] Yendo , were transferred to Cystophvllum,
as they possess the Cystophyllum~type of development.

Inoh (19303 1932) based his findings on Okabe's

data (1929a) and thus he placed Cystophyllum in a higher
systematic position than Sargassum, because of the larger
eggs and the number of rhizoids on the embryo, this
assumption was based on observations made on Cystophvllum
slsymbrioides and G, turneri. Cardner (1917), Inoh (1930;
1932) and Fensholt (1955) suggest that vesicles should not

be considered a2s a distinetive feature for generic distine-

tion between Cystoseira and Cystophyllum.
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The development of conceptacles, size of oogonia, oogonial
discharge and the presence of non-fuctional or supernumary
nuclei should not b e considered as diagnostic features
because similar developmehts also occur in Bifurcaria
(Rees ,1933), Bifurcariopsis (Laing, 19%1), Carpophvllum
(Delf,1939a; Naylor,1953e) and Marginariella (Waylor, 1951b).
In consideration with wmm, the vesicle
character appears to be a diagnostic criterion on the
generic level.

lyagropsis, S¢irophysalis and Spongocarpus, come
into consideration as possible names for the genus, which
includes only one Southern Australian species, Cystophviilum
muricatum. These three genera were proposed by Kuetzing
(1843) on the basis of different types of vesicles —
elongate pyriform, mucronate pyriform and concatenate. J.
Agardh (1848) noticed these forms of vesicles in the same
plant and thus he recombined these genera with Cystophvllum.

Spongocarpus Kuetzing (1943) was based on three
species, two of which (8. enervis Keg. and 8, horperi Kg.)
were transferred to fargassum and thé third one S, giswm~
brioides Kg. to Cystophyllum by J. Agardh (1848). The name
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gpongocarpusg is illegitimate because it is an orthogfaphic
variant and is the homonym of Spongiocarpus Greville (1824)
as discussed by Fensholt (1955) and Silva (1950; 1952).
lvagropsis Kuetzing (1843) was originally based on
M. turneri Kuetzing (= PFycus mvagroides Turner) and L.
gameling Kuetzing. J. Agardh united them with Cystophyllum
sisymbrioides (= Fugus sisymbrioides Turner 1809).
ﬂmhzum Kuetzing (18%3) was originally basedbn
8. muricatum (= Fuems muricatus Turner 1809) and J. Agardh

(1848) placed it as Cystophyllum muricatum. This species
exhibits simultaneous development of oogonia in the same

€onceptacle, and the size of the oogonia is + to 1/3 that
of the oogonia of C, sisymbrioides. J. Agardh and of

Ce turneri Yendo. In C, muricatum 4 primary rhizoids are
formed but 32 primary rhizolds develop on the embryo of (.
alsymbrioldes and C, turpnerl. Sirophyvsalls was completely
absorbed in Cystophyllum, as was lyagropsis, a8 discussed
by Silva (1950). When the genus Cystophvllum was established
the idut l‘agitimato epithet of the three generic names
(Mvagropsis, Spongoearcus and Sirophvsalis) should have been
retained as stated by Silva (1950) and by Fensholt (1955).
It thus appears that Myagropsis is the earliest légitimate
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name for a genus that includes Cystophyllum sisvmbrioldes
and G, turperi as discussed by Fensholt (1955), but the

genus Cystophvllum has become so large and well-known that
conservation of Cystophyllum is justified. It has already
been propsed for conservation by Silva (195D).

(g) CYSTOPHYLLUM MURICATUM (Turner) J.
~Agardh 1848,

J, Agardh 1848: 231. Askenasy 1889: 23. Bailey and Harvey,
1874: 155. De Toni 1895: 15%. Gruber 1896: 26. Harvey
185%: 534; 1859b: 285; 1860: pl. 139; 1863: Symop. 60.
Kjellman 1897: 262. Lucas 1913: 50. May 1939: 205. Sved-
elius 1911: 182, Womersley 1950: €1,

PLATE LXIX.

Fucus muricatus Turner 1809: 108, t. 112,

Cystoseira muricata C. Agardh 1821: 66.

Cvstoseira trinodis C. Agardh 1821: 67. Sonder 1846:
159.

8ixovhvsalis binodis Kuetzing 1860: t. 59, f. 2.

Type Loecality. == Straits of Sunda, Indonesia (Watts).

Types ==
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Holdfast discoid, up to 2 mm. in diameter, with a
short, terete stipe up to 5 m"m. long and 3 mm. in diameter.
Plants much branched, up to 1 metre long. Several terete
axes from the holdfast, branched on all sides. Secondary
axes terete, radial, flexible. Basal leaves present or
absent. Upper leaves linear, slender, ecostate, with erypto-
stomata, up to % cp. long and 1 mm., broad. Vesicles
stalked, single or in a short ehain of 2-3 (rarely %), with
eryptostomata, apiculate (oceasionally with a leafy
corona). Axis and secohdary axes muricate due to short
processes, Up to 2 mm. long)thosa processes gradually
become broad and round, their apices becoming depressed
into cavities with sterile hairs. Receptacles pedicellate,
eylindrieal, verrucose, racemose, on the terminal ramuli,
simple or branched, up to 5 mm. long and 2 mm. broad,
Usually monoecious, occasionally dioeelous. Conceptacles
unisexsal or bisexual and scattered. Antheridia in clusters
in conceptacles, 30 - %0 m x 9 - 15 p. Oogonia ovoid,
sessile on the wall of the conceptacle, 120 - 204 m x 100 -
150 n.

SEECIMENS EXAMINED:

WeAus, == Pelsart Island (Womersley, 2-9-1947). Rottnest
Island (November 1945). Swan River (Royce, 26=3-1951).
Perth to Fremantle, Princess Royal Harbour and Kihg George
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Sound (Harvey, 1854).

8. Aus. = Point Fowler (Womersley, 6-2-1954%), Sceales
Bay {Womersley, 11-2-1954). Venus Bay (Womersley,
17-1<1951). Drummond Point (Womersley, 11=1-1951). Coffin
Bay (Womersley, 10-1-1951). Inlet of Kelledie Bay, Coffin
Bay (Nizamuddin, February 1959). Port Augusta (Womersley,
31-12-1950). Willunga Reef (Womersley, 24=3-19.k and
4=3=19%5). Sellick's Beach Reef (Hale, 19~1-1936). Petrel
Cove, west) of Bluff, Victor Harbour (Womersley, 10-12-194k4).
Encounter Bay (Cleland, January 1928).

Kangarod Island. — Rocky Point (Womersley, 12-1-1945 and
18-1-194%8). American River (Womersley, 28-1-19%4 and
26-1-1946), Pig Island, Pelican Lagoon (Womersley,
10-1-1948). Red Banks (Womersley, 28-12-1949). Ballast
Head (Vomersley, 3-2-1956). Kingscote (Wcmersley,
3-1-194%), Emu Bay (Womersley, 1l-1-1946 and 18-1-1946)
Middle River (Womersley, 21-1-1948).

Vietoria. -~ GCedong (Luecas, 1913). Port Phillip (Mueller).
Port Phillip Heads and Western Port (Wilson).

New South Wales. =—- Port Hacking, Botany Bay, Port Jackson,
Leke Mscquarie (in May, 1939). Port Stephens (in May
1939). Clarence River (Sonder, Lucas, 1913).
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Queensland. — Dunwich (Womersley, 27=5=1951). Redeliff
017-4=1949 and 26-9«1948). Moreton Bay (Lucas, 1913).
Elliot Heads (McKeon, 12-9-1948 and 21p6-1949). Elliot
River (McKeon, 9-6=1949). Port Whitsunday Island. Port
Denison. Rockingham Bay. Cooketown (Sonder). Gulf of
Carpentaria (16-9-1867).

Northern Territory. =- Yirrkala, Arnhem Land (Specht,
10~8=1948),

GECGRAPHICAL DISTRIBUTION:

Cystophyllum muric-tum oceurs throughout the coast
of Australia. It is also recorded from Admiralty Islands
and New Caledonia. Harvey (1858) states that it grows
throughout the Indian Ocean.

Type information has not heen located.

In Austrelia it grows generally in sheltered places
in the upper sublittoral zone. There is considerable
variation in the growth of the plant under different
conditions. Plants growing in rough cohditions are stunted
and resch a height of 10 - 15 em.

The basal part of a stunted plant is not muricated
and the receptacles ame small and slender. Plants growing
in sheltered places bear urieata.processes throughout
and the plants reach a height of 30 cm. or even up to 1
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metre in very calm places. Such plants bear numerous
prominent vesicles and few receptacles on the upperbranches.

Plants from the Northern Territory, Queensland and
New South Wales possess basal leaves as in the type spec~-
imen but plants from Southern Australia possess slender
leaves only. This appears to be a geographical variation
and it is not worth recognising as a variety.

In C, murlcatum, the initial cell of the concept~
acle develops a tongue filament of 3 cells and the con-
ceptacle wall 15Fad1a11y arranged around the tongue cell
in transverse section. There is one functional nucleus at
the cenire and 7 supernumary nuclei along the periphery of
each oogonia. ThB@ oogonium measures 120 - aoh-p.x 100 -
150 p. The oogonla are embedded in the conceptacles and
mature simultaneously within each conceptacle, and they
are discharged in three zones. Eight prigary rhizoids are
produced on each embryo. In the development of the
reproductive structures C, muricatum approaches Sargassum
mutigum (Yendo) Fensholt, where simultaneous oogonial
developument occurﬁyithin each conceptacle. Zonal dis-
charge of eggs and formation of 8 primary rhizoids cecur.
Ce muzicatum differs greatly in development, size of
oogonla and number of rhizoids from its allied species of
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Cystophyllum in whieh the reproductive structures have
been studied. Speecies of CQygtbpbvllum are apparently
less advanced than 8argassum with the exception of

€. turneri and C. sisymbrioides which are more highly
advanced than Sargassum. On the other hand in Cystoseira

there are 6 - 8 cells in the tongue filament and successive
discharge of spherical oogonia (70-78 m) occurs. In
Cystoselra oogonia are borne directly on the wall of the

conceptacle rather than embedded as in Cystophyllum muricdtum
and Sargassum muticum. Only 4 primary rhizoids develop on

the embryo of Cystoselra wheréas 8 srimary rhizolids develes
on the embryo of Cystophvllum muricatum, 8 ~16 in Sargassum
and 32 in Cvstophyllum sisvmbrioides as well as ingturperi.

It appesnrs that C, muricatum lies between Cystoseira and

Sargassum.

(h) CYSTOSEIRA C. Agardh 1821.
C. Agardh 1821: 50. J. Agardh 1841: 3; 1848: 213; 1896:

3%. Bory in Duperrey 1828: 131. Chapman 194%1: 204%. De
Toni 1895: 159. Endlicher 1836: 103 1843: 30. Gruber
1896: 25, 29, Harvey 1852: 65. Kjellman 1897: 282. Kuetzing
1843: 356; 1849: 598. Lucas 1936: 75. Newton 1931: 226.
Setchell and Gardner 1925: 708. Schmidt 1938: 228. Taylor
1945: 113. Tilden 1937: 329. Valiante 1883: 150.
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Holdfast discoid or divided. Axis terete or
compressed with alternate or irregular branches becoming
slender above. Leaves present or abscnt near the base, broad
or linear, pinnate, serrate or entire, divided above into
more or less terete. ramuli bearing receptacles at their
ends. Secondary branches bear receptacles and vesicles.
Vesicles serrate, concatenate, oecurring as dilations in
the branches or immersed, coronate, rarely solitary.
Receptacles terminal on the ramuli, terete or angular,
smooth or verrucose or serrate, unisexmal or bisexual,
frequently subtended by vesicles. Conceptacles numerous,
scattered, unisexual or bisexual, oceasionally borne on
vesieles. Plant monoecious or diocecious. Oogonia with one
egg.

C. Agardh (1821) established Cystoseira as a genus
on the basis of innate or lateral vesicles, thusseparating
it from the related genus Sargassum where vesicles are
axillary. He enumerated 57 species ineluding those bearing
no vesicles. Vesicle character was so variable that he did
not strictly adhere to it. The type of the genus Cystoseira
is Fucus ericoides Linn.

J. Agardh (1848) used the position and type of
vesicles as the distinguishing feature of ngxnag;:g. In
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Cystophyllum vesicles are_borne on ultimate branches whereas
those of Cystoseira are dilations of the branches or
leaves.

Cvstoseira is mostly a genus of the Northern Hem-
isphere but a few species of Cystoselra do occur in the
Stuthern Hemisphere.

(1)

1. Vesicles concatenate, angular. Plant
slender and axis smoothee: eee o+« Co nodularia
Vesicles absent. Plant robust, and axis

muricatod.es ess sss oo e «os G, Trobusta

(J) CYSTOSEIRA NODULARIA (Mertens) C.
Agardh, 1821.

C. Agardh 1821: 60; 1824: 28k,
PLATE LXX.

Fucus nodularius Mertens 1819: 189, Pl. 15.

Hormosira nodularia Decaisne 1842: 330. J. Agardh
1848: 199. De Toni 1895: 188. Endlicher 18%3: 30.

Kuetzing 1860: t. 5, f. 1. Lucas 1909: 14%. Sonder 1846:
Sirophysalis nodularis Kuetzing. 1849: 603.
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Type Locality. — "Ad Novae Hollandiae oras" —
Australia.

Type. == PC. Fragment in AD. A18,434.

Plants coriaceous, flaceid, radial, pinnate. Axis
terete. OSecondary branches terete, up to 12 em. long and
2 mm. broad. Vesicles concatenate (3-11 in chains), up
to 2 (=4) em. long, simple or branched at the constriction,
strongly serrate, angular, cbronated with serrate leaflets,
conceptacles scattered on vesicles and on leaflets. Plant
monoecious. Antheridia 24 ~ 42 u x 12 - 18 n. Oogonia
108 - 162 u x 48 - 90 p. "

W. Aus. = Port Augusta (Womersley, 31-12-1950).
W—Atgy— Fremantle (in Sonder).
GEOGRAPHICAL DISTRIBUTION:

Known only from the above localities.

The concatenate series of vesicles of Fucus
podularius have caused most authors to place it under
Hormosira. It is now considered as a species of Cystogseira
due to the possession of radial, terete branches, with
concatenate series of vesicles as dilations in the branches.

Further investigation of more material is needed.
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(k) CYSTOSEIRA ROBUSTA J. Agardh 1896.
J. Agardh 1896: 41.
PLATE LXXI.

Type Locality. — Isrsslite Bay, W. Aus. (Brooke).

Type. == LD. (Herbarium Agardh No. 00708).

Holdfast conical and divided. Axis terete, up to
31} cm. long and 4 mm. in diameter, muricate. Secondary
branches up to % cm. long and 1 mm. in diameter, slender,
flexible, terete, distantly alternate with irregularly
arranged ramuli. Ramuli up to 7 mm. long, less than a
millimetre in diameter, terete. Vesicles absent.
Receptacles unknown.

W. Aus. — Cave Islet, Recherche Archipelago, (Willis,
20-11-1950). Israelite Bay (Brooke).
GEOGRAPHICAL DISTRIBUIIONS:

| Enown only from the above localities.

J. Agardh (1896) deseribed C, robusta from a sterile
plant without vesicles.

The axis of C, robusta is stout and muricate but
that of C, nodularia is slender,flaccid and smooth.
Vesicles of ., nodularia function also as redeptacles and
are #rdangular in shape. Receptacles and vesicles have
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not been @bserved in C., robusta. Branching in C. robuste
is distantly alternate and ramull are densely crowded,
vhile the branching is radial and pinnate in C. nodularia.
The description and identification of (. robusta
and C. nodularia is based in each case on a fragmentary

specimen. Further studies of more material are necessary.

(1) CARPOGLOSSUM Kuetzing 1843.
Agardh 18483 192, De Toni 1895: 181, Gruber 1896: 23.

Kjellman 1897: 281. Kuetzing 1843: 35235 1849: 591. Lucas
1936: 78. Oltmanns 1889: 50. Schmidt 1938: 227. Svedelius
1911: 181.

Platythalia Sonder 1845: 513 1846: 158. De Toni
1891: 173.

Holdfast discoid with a short terete stipe. Thallus
flat with alternate segments. Segments linear, costate or
ecostate, entire or dentate. Vesicles absent. Conceptacles
in longitudinal rows or scattered on both surfaces of the
segments. Plant monoecious or dloecious. Antheridia in
clusters on the wall of the conceptacles. Oogonia sessile
with one egg. Simultaneous maturation of oogonia.

Carpoglossum was established as a genus by Kuetzing
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(1843) vased on Fucus confluens R. Brown ex Turner. J.
Agardh (1848) included two new specles - G‘M
and C, guercifolium in the genus. Kuetzihg fi&%) added a
new specles Q. constrictum based on Fucus constrictus Harvey
from South Africa. Gruber (1896) established a new

genus Axillaris based on L, constrictus and placed the new
genus in the Fucaceae. Silva (1959) named it Axilariella
because Axillaria is already occupied as a generic name

in Liliaceae.

Sonder (1845) deseribed a new genus Platvihalia
based on its flat thallus with distichous, costate, lateral
segments, pluriseriate conceptacles and absence of
vesicles. Two specles, P. guercifolia and Ps_angustifolia
have been included in the germs. These characters, to vary-
ing degrees, are also found in Carpoglossum confluens.

It appears that Corpoglossum and Platvthalia are not distinect
from each other. Carpoglossum antedates the publieation

of Platythalia. In 1848 J. Agardh considered P, guercifolia
and B, cneustifolia as synonyms of C. guercifolium and
C._angustifolium respectively. De Toni (1891) regarded
Elatythalig as synonym of Carpoglossum.
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le Branch segments simple, entire,
ecostat@..e see oo sss ses .. Cs confluens
Branch segments simple, runcinate or
entire, costates.. ss ess see  oss 2
2. Segments narrow, entire, con-
ceptacles in two rows... ... £, apgustifolium
Segments broad, runcinate,

conceptacles numerous,

scattered..s o« ¢se oeese ese Cs guereifolium

(n) CARPOGLOSSUM CONFLUENS (R. Brown ex Turner)
Kuetzing 1843.

J. Agardh 1848: 195. De Toni 1895: 182. De Toni et
Forti 1923: 71. Gruber 1896: 23. Harvey 1859b: 2863
1860: pl. 159. Kuetzing 18%3: 352; 1849: §8l; 1860: t.
18, £. 1. Lucas 1936: 78. Oltmanns 1889: 50. Womersley
1950: 159.
PLATE LXXII.
Fucus copfluens R. Brown ex Turner 1811: 16, t. 1.
C. Agardh 1821: 95. Hooker and Harvey 1847: 413.

Type Locality. == Port Dalrymple, North Tasmania
(R. Brown).

Type. =-- BM.
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Holdfast discoid, up t® 18 mm. across. Stipe
subterete, up to 25 mm. long and 8 mm. across, becoming
strongly compressed upwsrds. Plants brown, hl@gckening on
long exposure to sun or on drying, up to 88 em. long, flat
and bilateral. Segments constricted towards the base,
broader upwards. Axils tapering at both ends. Segments
up to 10 mm. broad, simple, linear, entire, ecostate,
cuneate near the base, apex notched, axils rounded. Seg-
ments bear bisexual conceptacles which are scattered.
Plant monoecidus. Antheridia 25 - 40 mu x 8 ~ 15 p, in
elusters. Oogonia 100 - 170 m x 50 - 80 n.

S« Aus.— Elliston (Womersley, 13~1-1951). Fishery Bay
(Nizamuddin, 27-2-1959). Wanna (Nizamuddin, 28-2-1959).
Encounter Bay (Cleland. Harris, December 19%3). Cape Jaffa
(Womersley, 31-8«1949). Stinky Bay, Nore Creina ‘
(Womersley, 19-8-1952). Port MacDonnell (Wizamuddin,
1h=l=1959).

Kangaroo Island. = Middle River (Womersley, 8-1-1946).
West Bay (Womersley, 6-1-1946). Vivonne Bay (Womersley,
23~5=19%5, 19-1-1948, and 2=1-19%9). Seal Beach.
(Womersley, 24-3-1957). Pennington Bay (Womersley, 28-1-194k,
24=5-1945 and l=1-1948).
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Victoria. — Portland Bay (Beauglehole, 18-8-1951). Point
Roadknight (Davis, 1-2-1946. Womersley, 6-6-1953). Port
Phiilip Bay (Harvey, 1859). Queenscliff (Nizamuddin, 10-
4-1959). Port Phillip Heads and Western Port (De Toni,
1895).

Tasmania. -= Low Head, Northern Tasmania (Perrin, August
194%8). Port Arthur, Tasman Peninsula (De. Toni, 1895).
GEOCRAPHICAL DISTRIBUTION:

From Eliiston, South Australia, around the south
coast to Western Port, Victoria and along the coast of
Tasmania. TFertile segments of G, confluens from Robe and
Point Readknight are constricted below and have developed
from old broken segments. This is also found in Ascophyllum,
and Axillaria (= Axillawxjells Silva), but C, confluens is
distinet from Agcophyllum due to the lack of intercalary
vesicles. C. conflueng shows similarities with the type
figure and description of Axillariells constricta (Gruber)
8ilva. Both possess bilateral and monopodial branches with
similar apical growth. A further study of the material and
the type of A. constricts (Gruber) Silvapa necessary to Judge
the identity or not of these two taxa.

Cs confluens resembles C, guercifolium in possessing
scattered conceptacles but differs in its entire ecostate

segments. (. confluens also differs from (. angustifolium
in possessing scattered conceptacles.
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(0) CARPOCLOSSUM ANGUSTIFOLIUM (Sonder) J. Agardh
1848.

J. Agardh 1848: 194%. De Toni 1895: 183. Harvey 1854:
534; 1860: pl. 128.

PLATE LXXIII

Elatythalia angustifolia Sonder. 1845: 513 1846: 158.
Myriodesma angustifolia Kuetzing 1849: 588; 1860: t.
10, f. 1.
Type Locality. ==~ Western Australia (Preiss)
Type. == MEL,

Holdfast discoid with divided processes, producing
several axes. Stipe short, flat. Plantsup to 80 em. long,
coriaceous, and black on drying. Axis flat, up to 6 mm.
broad with alternate laterals of limited growth, broader
near the base than the upper parts, with scars of old
branches near the base. Segments simple or bifurcate,
distichous, alternate, costate, linear laweolate, entire,
up to 8 cm. long and 5 mm. broad., Plant monoecious with
unisexual conceptacles. Conceptacles in a single row on
either side of the midrib. Antheridia 22 - 27 u x 8 - 10 m,
borne directly on the wall of the eonceptacle. Oogonia 120 =
1% n x 60 - 96‘p.



399.

SPECIMENS EXAMINED:

W. Aus.— Dongarra (Royee, February 19%4). Port Denison
(Womersley, 30-8-1947). Yallingup (Royce, 24=5-1950),
Fremantle (Harvey, 1854%). Point D'Entrecastreaux (Smith,
20-3-1946). Cape Riche (Harvey, 1854).

From Dongarra, Western Australia, around the south

west coast to Cape Riche, Western Australia.

(p)

e Turner) J. Agardh 1848,

J. Agardh 1848: 193. De Toni 1891: 173; 1895: 182, De
Toni et Forti 1923: 71. Harvey 1854%: 534; 1858: pl. 43.
Lucas 1936: 78.

PLATE LXXIV.

Fucus guercifolius R. Brown ex Turner Mll: 38, t. 151.
Cvstoseira quercifolia C. Agardh 1821: 70. A.

Richard 1834%: 139.
Blatvthalia quercifolia Sonder 1845: 51; 1846: 158.
Phyllospora guercifolia Hooker and Harvey 1845: 525.

Eyriodesma guercifolium Kuetzing 1849: 588; 1860:
t.-l 9’ r. 1-



Type Locality. =~ South Coast ¢f Australia. (Brown).
Type. == BM,

Holdfast discold, up to 6 mm. aeross, with a short
terete stipe up to 5 mm. long and 3 mm. in diameter.
Thallus thick, coriaceous, black on drying, up to 60 cm.
long. Axis flat, up to 7 mm. broad with lateral segments.
Main segments petiolate, flat, laneeolate, pinnatg costate,
runcinate, up to 1% cm. long and 8 mm. broad. In the
upper segments the runeination developing into bilateral
secondary segmebts. Secondary segments linear, acuminate,
flat, up to 10 mm, long and 3 mm, broad. These segments
rarely subdivide. Conceptacles numerous on segments.

Plant dioecious. Antheridia 30 - 38 p x 12 - 18 p, on
branched hairs. Oogonia 70 = 8% p x 36 - 40 pu, ovoid, borne
directly on the wall of the conceptacle and without stalk.
SPECIMENS EXAMINED:

W. Aus. == Rottnest Island (Harvey, 185% and 1858. Cribb,
9=-8=1950). Fremantle (Preiss in Harvey, 1858). Safety

Bay (Womersley, 23-8~194%7). Cave Islet, Recherche Archipel=-
ago (Willis, 20=11-1950). Figure of Eight Island (Willis,
7-11-1950).
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GEQGRAPHICAL DISTRIBUTION:

From Rottnest Island to Cave Islet, Recherche
Archipelago, Western Australia.

C. cuereifolium grows in deep rock pools and on
coastal reefs (Harvey, 1858).

Ce. quercifolium resembles C. angustifolium in
general features but differs in its runcinate segments and

scattered conceptacles.

(q) MYRIODESNA Decaisne 1841

J. Agardh 1848: 190; 1891: 5; 189%b:90; 1897: 100.
Decaisne 1841: 148. De Toni 1895: 189. Endlicher 1843:
29. Gruber 1896: 25, Kjellman 1897: 280. Kuetzing 1849:
588. Lucas 1986: 78. Schmidt 1938: 225. Svedelius 1911:
181. Tilden 1937: 311.

Myritdema Decaisne 1842: 330. De Toni 1891: 173.

Holdfast diseoid or divided, with a subterete to
flat axis, fronds mambranfous, linear, oblong, costate,
serrate of entire or with irregular teeth, simple or
dichotomous. Vesicles and receptacles absent. Concepte
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acles numerous, seattered or in rows on both surfaces

of the segments, bisexual. Plant moncecious. Antheridia
borne directly on the wall of the conceptacle or in clusters
on branched hairs. Oogonia with one egg only. Successive

maturation of oogonia.
Decaisne established Myriodesma in 1841, based

on Dictvopteris serrulatum Lemouroux (1813). Sinee then

11 species of Myriodesma have been deseribed, all purely
Australian. De Toni (%895) transferred M. _guercifolium
Kg. and M. angustifolium Kg. to Carpoglossum. Eight

of the remaining species of Hyriodesma are known from
south Australian waters, The type species, M. _serrulata,
is only known from Western Australis. The number of

previously described species of Myriodesma is here reduced
to six and two new species (M. peronii and M._portlandia)

are described. The distribution of species is discussed
separately and is also summarised in Teblel]X.
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M. quercifolia J. Ag. was reported from New
New Zealand in 1825, Since then it has not been recorded

in any part of New Zealand. Laing (1927) states that
M. quercifolia is a doubtful inbhabitant of New Zealand
and Lindauner (1947) does not accept M. guercifolia as a
New Zealand alga.

There has been duplication of species within
Myriodesma due to a lack of an adequate range ogbpacimens
and field knowledge by previocus authors. The present
studies of most specles of Myriodesma have been made on
iiquﬁd-preaerved material. The solid terete to subterete
axis arises from theWsldfast, and develops inte dichotomous
terete to subterete laterals which produce fronds. Flattening
and swelling of the axis, old petioles and new petioles
are common in M¥riodesma.

It appears that each yoar fronds are lost and then
old petioles become active and divide dichotomously or tri-
chotomously to form new laterals. These new laterals further
develop into fronds. It seems that this process is repeated
every year. In some specles 1t may be péssible to estimate
the age of the plant from the number of di or trichotomies.

J. Agardh (1848; 18945,Kuetzing (184%) and De Toni

(1895) deseribed Myriodesma and Carposlpssum as separate
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genera on the basis of branching and thickness of the

tha}lns.
Uyriodesma resembles Carpoglossum in its flat,

entire or serrate segments with conceptacles in rows or
scattered but differs in its dichotomous branching near
the base of the thallus, the thickness of the thallus
and the maturation of oogonia.

These characters provide sufficient evidence to

retain them as separate genera.

(r) KE

1. Fronds spirally twlstedeee eoe oee ooe 2
Fronds not twisted.se ec: ese soe  ose 3
2o Conececptacles scattered and numerous.
M. _peronii sp. nov.
Conceptacles in a single row on each
side of the midribe... ... M, serrulata
3. Plants slender, axis up to 3 mm. broad,
fronds up to 5 mm. broadee eee osee coe b
Plants robust, main axis up to 6 mm. broad,
segment (13=) 25 = 40 (=60) mm. broad.... 5
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b, Conceptacles numerous, scattered..
. M, integrifolia.
Gonceptacle! inl = 3 TOWSass ssw 6

Axis terete, swollen, up to 7 em. long and

5 mm. broad, main segment developing directly
from the axis, up to 1% em. long and 13 mm.
bro@dese <oe wse ses oes o+ M, tuberosa
Plants up to 60 em. long. axis terete =
ovoid, up to 6 mm., broad, main segment

(16-) 25 - 40 (-60) mm. broad, developing

from the end of the dichotomous branches.. 7
6. Conceptacles in a single ToW...
M, leptophylla

Conceptacles in 2 = 3 rows M, portlapndia sp. nov

Holdfast much divided, segment strongly

dentate 16 (=25) mmi broad... .. M. latifolis
Holdfast discolid, segment serrate, rarely

entire, up to % (-6) em. broad... M. guercifolia



1. MYRIODESMA PERONII spanov.
Type Loecality. -- Point Peron, Western Australia

(Wollaston, 3=2-1957).

Type. = AD,A, 22245,
PLATE LXXV
.Brond spiral, much divided, petiolate, cuneate

near the base, costate, without lateral veins, pinnatifid,
strongly serrate, up to 10 em. long and 10 mm. Ibruad.

Main segments linear, oblong, prominently serrate. Costate,
without veins, pimnatifid, alternate, spiral, up to 9 cm,
long and 5 mme. broad. Secondary segments oblong, spiral,
serrate, ecostate, up to 2 em. long and 7 mm. broad.
Conceptacles dense, scattered on both surfaces espeecially

on maln segments and secondary segments, but sparsé on

the older frond, bisexual. Antheridia 26 - 33 pu x 12 ~ 14 p.

Oogonia ovold, sessile on the wall of the conceptacles,
96 - 132 m x 5% - 90 m.

Known only from the type locality.

M, peronij resembles other species of Myriodesma
in general features but differs from them, except M.
sexrulata, in its spirally twisted frond. It differs from
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M. serrulata Bn possessing numerous conceptacles whereas
M, serrulata possesses a single row of conceptacles on
either side of the midrib.

2. MYRIODESMA SERRULATA (Lamouroux)

Decaisne 1841.
PLATE LXXVI

J. Agardh 1848: 191; 1891: 6; 1894b: 92. Decaisne 1841:
14%8; 1842: 330. De Toni 1891: 1733 1895: 190. Harvey
1854%: 534%; 1862: pl. 219. Kuetzing 1849: 588; 1860:

t. 8, £f. 2. Sowder 184: 157. Tiden 1937: 312.

Rictvopteris serrulata Lamouroux 1813: t. 5, f. 6.
Halvseris serrulata C. Agardh 1821: 14k,
Bhodomela serrulata C. Agardh 1824%: 197.
Dictyomenia serrulata Greville 1830: synop. 5.
Type Locality. = Western Austtalia.

Type. -~ CH.

Thallus dark brown, coriaceous, dichotomously
branched, up to 22 em, long with terete stipe. Axis
terete to flat, swollen up to % mm. broad, irregularly
and alternately branched. Main segments linear, flat,
membranous, petiolate, cuneate near the base, pinnatifid,

.GOBtate, strongly séerate, spiral, up to 15 em. long and
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4, mm. broad . Secondary segments oblong, serrate,
subcostate, alternate, up to 6 em. long and 3 mm. broad.
Coneceptacles bisexual in a single row on eltherside of
the midrib. Antheridia 25 - 40 p x 10 = 15 pu. Oogonia
ovoid, sessile, 100 - 140 p x 60 - 90 u.
SPECIMENS EXAMINED:
Fremantle (Harvey, 1854). Leighton Estuary, Mandura and
West coast of Penguin Island (Wollaston, 3-2-1957). Cape
Riche (Harvey, 1854%).
GEOGRAPHICAL DISTRIBUIION:
From Fremantle to Cape Riche, Western Australia.
Decaisne (1841) described M, serrulata by a figure

based—on(:Dictyopteris serrulata |Lamouroux 1813).
M, serrulata resembles other species of lyriodesma
in general features but differs from them , excepp H.

peronil in its spirelly twisted fromd. M. serrulats
differs from M. peronii in possessing scattered conceptacles.

3. MYRIODESMA INTEGRIFOLIA Harvey 1859.
J. Agardh 1891: 65 1894b: 92. De Toni 1895: 191.
_Harvey 1859b: 286. Kuetzing 1860: t. 10, f. 2. Lucas 19362
79. Womersley 1950: 158.
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PLATE LXXVII.

Type Locality. — Georgetown, Tasmania (Harveys.
Type. = CD.

Holdfast discoid, with a terete stipe up to 13
mn. longand 2 mm. broad, producing 1 - 5 axes. Plantsup
to 36 em. long. Axis terete to spbterete, up to 5 mm.
broad. Segments developing from the end of the laterals,
linear, petiolate, costate, entire, flaty membranous,
distichous, upto 22 cm. long and 5 mm. broad. Midrib
prominent near the base, fading away near the apex.
Secondary segments linear, pinnatifid, with rounded axils,
entire, ecostate, up to 6 em. long and 6 mm. broad, tertiary
segments linear, entire, ecostate, up to 12 mm. long and
3 mm. broad. Conceptacles numerous, scattered on both
surfaces, bisexual. Antheridia 20 - 351 x 10 - 15 m, in
clusters. Oogonia 50 - 80 ;m x ¥ - 50 m.
SPECIMENS EXAMINED:
S. ‘Ays. — Vanna (Nizamuddin, 27-2<1959) Investigator
Strait (Davey). West Beach, Holdfast Bay (Womersley,
14-2-194%7). Port Willunga Reef (Womersley, 5-9-1954).
Port Elliot (December 1943). Womersley, 17-10-1943 and
10-8-1957). Robe (Nizamuddin, 17=4=1959).
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Kangaroo Island. =~ Vivonne Bay (Womersley, 2-1-19%9).
Pennington Bay (Womersley, 4-1wl948). Stanley Beach
(Womersley, 27=1=1956).

Vietoria. = Port Phillip (Harvey, Sonder. Macpherson,
16-6-1950 and 13-10-1957). Geelong (Harvey, 1859).
Western Port (Harvey, 1859).

sonth
From Wanna, South Australia, around the/ecoast

to Western Port, Vietoria.

Two forms occur in M. Integrifolis.
(1) Becondary segment entires.s.ees.....Ma integrifolia
f. Integrifolia
(2) Secondary segments strongly serrate. M. intesrifolia
f. pinnatifida J. Ag.
J. Agardh (1891) described f. pinnatifida only.
In f. integrifolla the frond is membranous and the segments
are entire but the frond is slightly coriaceous and the

segments are serrate in f. pinnatifida.

M, integrifolia resembles M. Jeptophylla and M.
portlandig in its slender axis and segments but differs

from them in pessessing scattered conceptacles.
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h J. Agardh 189%,

J. Agardh 189%b: 93. De Toni 1895: 192.

PLATE LXXVIII,

Type Locality. = Eucla, Western Australia,
(Mueller, 1892),

Type. — LD. (Herbarium Agardh No. 2411).

Axis terete, swollen, up to 7 em. long and 5 mm.
broad. Main segment developing directly fréom the main
axis, petlolate, linear-oblong, pinnate, serrate, costate,
without lateral veins, cuneate near the base, up to 14 em.
long and 13 mm. broad., Hidrib prominent near the base
fading away in the upper parts of the segment. Secondary
segments linear oblong, alternate, costate, without veins,
serrate, up to 6 em. long and 10 mm. broad. Tertiary
aegments oblong, acuminate} ecostate, serrate, alternate,
up to 13 mm. long and % mm. broad. Conceptacles on the
older parts of the segments but dense on the upper half
of the main and secondary segments, bisexual. Antheridia |
18 =24 p x 6 - 32 u, borne directly on the wall of the
conceptacles. Oogonia ovoid, 78 - 150 m x 30 ~ 75 n.
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8. Aus. = Port Elliot (Bussey, November 1891).

EKnown only from Eucla, W. Aus., and Port Elliot,
S. Aus.

M. tuberogss differs from the rest of the species
of Myriodesma in the main segments being developed directly
from the main axis but in other species of Myriodesma they
develop from the end of the dichotomous branches.

Further studies of more material are necessary to
retain it as a separate species.

5. MYRIODESMA LEPTOPHYLLA J. Agardh 1891

J. Agardh 1891: 63 189%: 92, De Toni 1895: 191.

PLATE LXXIX.
Scaenophora australis J. Agardh 1899: 155,
Svedelius 1911: 180, 182,Womevsley,ms 1952.
Type Locality. = Isreslite Bay, W. Aus. (Brooks).
Type, = ID. (Herbarium Agardh No. 2385).
Axis up to 25 em. long and 4 mm. broad, terete,
alternately, dichotomously branched. Main segments linear,

hatlowy, ¢.¢ﬂaﬁ-£} bnline ; Aliinnis ot 5 bobo 2o by,
acompressed near the base of the dichotomy. Conceptacles in
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a single row along the median line offthe segments.
SPECIMENS EXANINED:

W. Aus, == Israelite Bay (in LD.). Euela. (in LD.).
S. Aus. == Encounter Bay (Hussey, in LD).
GEQGRAPIICAL DISTRIBUTION:

From Israelite Bay, Western Australia, along the
south coast to Encounter Bay, South Australia.

In the type of Sgaenophora australis the segments
are slightly more compressed than in M. leptophylla and
taper gradually towards the apices. Dtherwise Scaenophora
australis is identical with }M, leptophvlla.

l.lekptoohvlila resembles other species of Myriodgsma

in general features but differs in its narrow Jnear, ecostate
segments and in possessing a single vow of conceptacles
along the median line of the segment.

6.  MYRIODESMA PORTLANDIA sp. nov.
PLATE LXXX.

Type Locality. == Double Corner Beach (Dutton Beach),
north of Dutton Bluff, Portland Bay, Victoria (Beauglehole,
14=7=1951).

Type. = AD., A 21,769.



h15.

Plants up to 22 em. long, with a terete stipe up
to 1 em. long and 3 mm. broad. Axis up to 3 mm. broad,
produeing 2 to 3 dichotomous, slender laterals. Main
segments petiolate, alternate, distichous, flat, mem-
branous, pinnatifid, costate, entire, up to 6 em. long
and 2 mm., broad. Secondary segment oblong, alternate,
subcostate or ecostate, entire (rarely serrate). Con=-
eceptacles minute, slightly darker than the frond and

segments, in 2 to 3 rows. Reproductive organs not known.

GEQGRAPHICAL DISTRIBUBION:
Only known from the Type Locality.
This species needs further examination of fertile

material.

M. portlandia is comparable to M. integrifolia and

. leptophylla. M. integrifolia possesses ccostate, entire
or serrate segments but those of J{, portlandia are entire

and costate. There are 2 - 3 rows of coneceptacles in

H. portlandia but the conceptacles are numerous and
scattered in M. integrifolia. M. leptophylla possesses
ecostate, linear main segments up to 1 mm. broad, whereas
they are oblong up to 2 mm. broad and costate in
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M. portlandia. Conceptacles are in a single median row
in M. leotophylla but they are in 2-3 rows in [, porilandia.

7.  UIRIODESHA LATIFOLIA Harvey 1854

J. Agardh 1891: 7; 1894%b: 92. De Toni 1895: 192.
Harvey 1854: 5345 1858: pl. 24%. Kuetzing 1860: t. 9 f. 2.

PLATE LXXXI.

Uvriodesma bipinnatum J. Agardh 1897: 100.

Type Locality. == Fremantle (Harvey, 185%),

Tgpe. == TCD.

Holdfast much divided. B8tipe subterete to terete,
up to 15 mm. long and 8 mm. broad. Axis terete to ovoid.
Plant coriaceous, dark brown on drying, up téo 41 em. long,
robust and branched. Several dichotomous laterals from
the axis, up to 5 mm. broad, passing direetly into the
main segments, which are linear - oblong, petiolate, pinnate,
costate, strongly dentate, up to 3% em. long and 16 (~25)
- mm. broad. Petiole thkek and swollen, becoming flat on
drying, up to 5 mm. broad. Secondary segments linear,
oblong, serrate, costate or subecostate, up to 1% em., long
and 8 mm. broad. Midrib thick near the base of the main
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segment, fading away near the apices. Coneceptacles
sparsalqbr densely scattered without order, darker than
the main segments, bisexual. Antheridia 24 - 42 u x

10 = 18 p, in clusters on branched hairs. Oogonia ovoid,
95 = 175 n x 42 = 108 n.

W. Aus. — Dongarra (Smith, February 1944). Port Denison
(Womersley, 31-8-19%7). Leighton Estuary, near Mandura
(Wollaston, 4=2-1947)., Geographe Bay (in J. Agardh 1891).
Cowaramup Bay (Royee, 5-6-1950). Point D'Entrecastreaux
(Smith, 20-3=1946).
S. Aus. == Ellgston (Nizamuddin, 27-2-1959). Point
Drummond (Womersley, 11~1~1951). Cape Carnot (Womersley,
8~1-1951). Wanna (Nizamuddin, 19~2-1959).
Kangaroo Island. - Cape du Couedic (Womersley, 12-1-1948).
Vivonne Bay (Womersley, 2-1-1949, 4-1-1950, 30~1-1956 and
29-1-1957).
GEOGRAPIHICAL DISTRIBUTION:

From Dongarra, Western Australia, around the south
coast to Wanna, South Australia and to the south coast of

Kangaroo Island.
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J. Agardh (189&5 deseribed three forms - f, linearis,

f. oblopga and f. duriuscula =~ on the basis of the form

of the lacinlae (segments). In the same plant linear and
oblong forms of laciniae (segments) occur. Young segments
appear to be oblong and old segments are linear. These
features are considered as age variations so that f. linearis
and f. gblonga are merged into a single form which includes
the type of M, latifolia Harvey and thus becomes }.

latifolia Harvey f. latifolia.

1. M. Jlatifolis Harvey f. latifolia.
M. latifolis Harvey f. linearis i. Agardh
‘ 189%b: 92. De Toni 1895: 192,
M. latifolie Harvey f. gblonga J. Agardh 1894b:
92.
Secondary segments linear, oblong, alternate, #ip to
18 em. long and up to 11 (-25) mm. broad, membranous
and smooth.
2, Ms latifolia Harvey f. duriuscula J. Agardh 189%.
J. Agardh 1894%b: 92. De Toni 1895: 192. Womersley
1950z 158.
Secondary segments sublinear, subopposite up to 5 ecm.
long, and up to 5 mm. broad, thick, rough and strongly

serrate.
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Coneceptacles in f. duriuscula are densely scattered
and the fronds are thick, dark brown and strongly serrate
whereas the menceptacles are sparsely scattered and fronds
are smooth, light brown and distinetly serrate in f.
latifolia.

J. Agardh (1697) deseribed M, bipinpnatum which is
based on the bipinnate, character of the fronds. Myriodesma
latifolia possesses both pimnate and bipinnate fronds.
Bipinnate branches generally occur in older plants of l.
latifolia. These two characters appear to be age variations

and not worth recognising as distinet species or form.

Therefore lf. bipinnatum is merged into M, latifolla.

8. MYRIODESHA A (Bory) J.

Agardh 1848,
J. Agardh 1848: 1923 1891: 7; 189%b: 93. De Toni
1895: 193. Harvey 1855: 213. Laing 1927: 142, Womersley

1950: 158,

PLATE LXXII.
Lessonia cuercifolis Béry in Duperry 1828: 79.
m J. Agardh 1897 101.
Myriodesma calopbvllum J. Agardh 1894; 9%, De
Toni 18953 19%.

fuetzing 1849: 588.
Type Loecality. -— Southern coast of Australia.
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(Lesusr,1802).

Type. __ FPC.

Plants light brown, dark brown on drying, up to
60 cm. long. Holdfast disecold, up to I4 mm, in dismeter,
with a terete stipe. Axis up to 6 mm.broad, terete-ovoid
in section, robust, producing subterete- terete laterals.
Laterals dichotomous, producing main segments terminelly.
liain segments linear ollong or lanceolate, petiolate,
pinnate,costate, serrate (rerely entire), cuneste near
the base,up to 45 em. long and 4 (=6) em. broad. Petiole
up to 5 em, long and 3 mm. broad, terete or ovoid in section.
Midrib prominent near the base, fading away near the apex
or near the middle pert of the frond. Secondmry segments
linear, oblong, alternate, costate to ecostate, serrate
or rarely entire, up to 25 em. long and 5 mm. broad.
Conceptacles densely or sparsely seattered over toth

surfaces of main segments and secondary segments,blsexual.

Antheridia, 24 - 48px 6 -~ I2p, borne in clusters on

branched hairs or directly borne on the wall of the
conceptacles. Oogonia 95 = I50 m x 40 - I08 p.
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S. Aus. == 10 miles east of Eucla (Womersley, 3=2-1954%).
Head of the Great Australian Bight (Womersley, 4=2=1954%).
Elliston (Womersley, 13~1-1951, Nizamuddin, 27-2-1959).
Port Elliot (Hussey in LD. Herb. Agardh No.2419 as M.
grandifolium).
Kangaroo Island. == Vivonne Bay (Womersley, lh-1-1948,
2-1=19%9 and 30-1-1956). Pennington Bay (Womersley,
23-1~194%, 22-1-194%7, L=1-1948, 29-12-1948, 3-12-194%9 and
27-1-195¢). Stanley Beach (Womersley, 26-1-1956 and
27«1=1957). Cape Willoughby (Womersley, 16-1-1946 and
14=1-19%7).
Victoria. == Port Phillip Heads (Wilson, 2=1-1891, in LD.
Herh. Ag. No. 2417. as M. calophyllum).
GEQGRAPHICAL DISTRIBUIION.

At east of Bucla, s»cundseubh—be Elliston and at
Port Elliot, South Australiaj; south coast of Kangaroco
Island =nd at Port Phillip Heads, Victoria.

Me calovhylla J. Agardh differs from M.cuercifolia
J. Ag. in having entire segments not serrated, Most of the

specimens of M. guercifolia and M. calophylla in MEL. are
entire, some with few serrations (Womersley, 1950). Kangaroo
Island specimens are mostly entire, some with{ona or two
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teeth. Elliston specimens of M, quercifolia possess
strongly serratefl segments as well as entire segments.
Sometimes only a few serrations are present. It appears
that M. calophylla and }l, auercifolla are not distinet
species (see also Womersley, 1950). M. grandifolia differs
from M. cuercifolia by being larger in size and move

deeply serratedl than the latter. Elliston specimens of

M. _cquercifolia show gradations of siges and serrations. It
appears that M, grandifolia is not distinet from M, querci~
folia but is an old form of M., guercifolis. Kuetzing (1849)
described [, borysnum as differing from [, guergifolis in
having sparse conceptacles and obtuse denticulation.
Specimens of M. guercifolia show gradations in which sparse
to dense conceptacles and denticulations occur. It thus
appears that M. borvanum and M.guercifolls are also not dis-
dinet. KXuetzing established M. borvanum to distinguish it
from those specles of Myriodesma which have conceptacles

in series. Farlier authors established M, calophylla, M.
grandifolia and M, borvapum on ménor characters which now,
due to field observations, appear to be age or ecological
variations and they are not worth recognising as distinct

speciles.
P-T: O.
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M. _quercifolla shows some features in common with
M. latifolia. Harvey (185%) distinguished M. latifolis
from M, guercifolis on having narrover segments with dense
numerous conceptacles. The density of conceptacles is
variable in both species. M., guercifolis possesses broad -
segments up to % (~6) em.) and M, latifolia has narrow
segments up to 16 (-26 ') mm.). The holdfast in M,
latifolia is divided whereas that of [, guercifolia is
discoid.
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The anatomy, development and taxonomy of Phyllospora,
Selrococcus, Scytothalla, Xiphophora, Cystoohora, Cysto-
phyllum murjcatum, Scaberia, Myriodesma and Carpoglossum
and the taxonomy only of Durvillea, Hormosira and Cystoseira
are described and discussed in detail. All these are

southern Australian generz of Fucales.

Apnatomical Aspects.

Members of the families Durvilleaceae, Hormosiraceae,
Fucaceae, and Cystoseiraceae have been investigated. The
shape and number of apical cells, development of oogonia
and embryo has been used in the classification of the
Fucales. On the basis of these characters, ene new family
(Seirococcaceae) has been established.

The Durvilleaeeae includes only one genus, Durvillea,
which has diffuse growth, oogonia generally on branched hairs

and four eggs in each oogonium.

The Hormosiraceae possessas a monotyple genus
Hormosire which grows by a group of four apical cells and
which develops oogonia with four eggs.
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The Fucaceae is characterised by a single Y4-sided
apical cell and is represented by a singhe genus
diphophora in Australasian waters. This genus produces

four eggs in each oogonium.

The Seirococcaceae is represented by Phyllospora.
gelrococcus and Scgytothalia, each of which possesses more
than #ne four sided apilcalcell and produce one egg in
each oogonium. Each oogonium has a mesochiton collar.

The Cystoseiraceae 1s characterised by possessing a single
3-sided apicel cell, oogonia with one egg and two, four or
eight primary rhizoids on the embrycs. In Southern
Australia this family is represented by Cygtophora. gcaberia,
Cystophvllum, Carpoglossum, and Myriodesma.

The tissueﬁ%f the thallus, in all the species in-
vestigated, are built up by the segmentation offthe apiecal
cell and division of the meristoderm cells. These meris-
toderm cells increase the surface of the thallus and funetion
as assimilatory tissues due to the presence of dense
chromatophores, while the cortical and medullary eells give
rise to hyphae which funetion as mechaniecal and storage
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tissues. Hyphae generally occur near the basal parts of
the thallus in the Cystoseiraceae, but in Xiphophorg they
occur throughout the cortex and the medulla from the apex

downwards.

Growth of the receptacles, in all the species
investigated, occurs by an apical cell similaf to the
vegetative apiecal cell. In Scytothalia however the growth
is initiated by a single 3-sided apical cell, in contrast
to the four-sided cells of the vegetative apex.

A detailed account of the origin and the development
of the conceptacle of Cystophora, Cystophyllum and
Myriodesma is given. The cohceptacle initial divides trans-

versely in each case producing a miseriate hair.

Antheridia are borne directly on the wall of the
conceptacle or more often on branched hairs. Sixty four
sperms are produced in each antheridium. The antheridial
wall is composed of exochite and endochite.

The oogonia of Xiphophora are pedicellate and produce

four eggs only. In Phyllospora, Selrococcus, Scytothallas

C¥stophora, Scaberia, Carpoglogsum and lHyriodesma the oogonia
are sessile and borne directly on the wall of the econceptacle
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but in Cystopbyllum muricatum the oogonia are embedded.
In each case an oogonium produces one egg only. Maturation
of oogonia in Seirococcus, Scytothalla, Phvllospora and

Myriodesma is successive while in Cystophyllum, Carpoglossum
and Scaberia it is simultaneous. Maturation of oogonia

in Cystophora differs from species to species. A
mesochiton collar occurs on the oogonia of Phyllospora,

Seirococcus and Scytothalia. The oogonial wall is composed
of exmshite, mesochite and endochite.

In all the members of the Fucales known three nuclear
divisions occur in the oogonium resulting in the production
of eight nuclei. The peripheral disintegration of seven of
the eight nuclel is a feature of the Cystoseiraceae. In the
Sargassaceae and the Seirococcaceae, the 8 nuclei remain
seéattered for a short time and then 7 of them disintegrate
in situ.

~ In Cystophora mopiliformis, C. monilifera, G
platvlobiun and Gys
embedded embryos may remain attached to the receptacle, as

cabun extruded eggs or

found in other species of the Sargassaceae and the

Cystoseiraceae.
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Fertilization occurs after the extrusion of eggs
and sperms in Cystophora, gScaberia, Cystophyllum and
Myriodesna.

The development of rhizoids on the embryo differs
in the respective families of the Fucales. In the genera
Cystophora, Scaberia, Cystophyllum, and Myriodesma,
2, %, or 8 primary rhizoids are produced on each embryo
and this is considered as a characteristiec feature of the
Cystoseiraceae. In the Sargassaceae a tuft of primary
rhizoids develops while only one primary rhizoid is formed
in the Fucaceae, Hormosiraceae, and Durvilleaeeae.

In all the species studied, the nuclei, in the
vegetative parts, paraphyses, antheridia oogonia and zygote

are granular with one or two nucleoli.

All species investigated appear to be diploid and
reduction division probably occurs in the developing

antheridia and oogonia.

Counts of 48 (in Cystophors moniliformis), 56 (in
C.. polvevstidea), 45 (En C, retorta), 50 - 5% (in Q. sub-
f8rcinata), 22 - 36 (in C, uvifera) and 32 - 48
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n
(Cystophvllum muricatum) chrogosomes have been made in

their vegetative parts. Chromosome counts of 16 and 24%
have been made in the respective antheridia of Cyvstophora

gephalornithos and C. platylobium while in the oogonium of
C. moniliformis 16 chromosomes have been counted. Counts

of 45 (in C. subfarcinata) and 50 - 64 (in C, retorta)

chrogosomes have been made in their embryos.

daxonomlc Aspects.

A brief history of the Fucales and its families is
given and their relationships discussed. A Key to the
families, genera and speecies is included and lists showing
distribution of each species.

In separating the genera and species morphological
characters such as the presence of vesicles and arrangment
and form of the receptacles have been used. Vesicle
features are used in distinguishing the genera Cystoseira and
Cystophyllum.

The synonomy of Durvillea with Sarcophycus;
Cgstophora with Blossevillea, Platvlobium, Heoplatvlobium,
leurothalla, Caulocystls and Acrocarpia; Carpoglossum
with Platvthalia and Myriodesma with Scaenophora are dis-
cussed in detail.
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In delimiting the species of Cystophora, axes,
receptacles, arrangement of conceptacles and receptacles,
vesicles, are used as distinguishing criteria. In
Cystophora four new species and % new combinations are
made. The name C, dumpoga is rejected as a "nomen dubium".
dormesira nodularia is merged with Cystoselra nodularias
2caenophora pustralis is considered as a syhonym of
Hyvriodesma leptophylla; M. bipinpata is a synonym of
U, latifolla; M. caloohyllum, M. grandifolium and
i._borvanum are synonyms of M, guercifolia.

Relationship between Cystoseira and Cystophvllum and

the validity of Cystophvilum over Myagropsis, Sirophvsalis
and Spongocarpus are discussed in detail.

lyriodesma and Carpoglossum are characterised by
respectively basal dichotomous character and monopodial

branching and differ In the texture of the thallus. Species
in both genera are separated by the form of segments and
arrangement of conceptacles.

The genera Phyllospora, gSeirococcug and Sevtothalia
are characterised by the form of leafy-laterals and the
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presence or absence of veeicles and receptacles. ©Species
of Xiphophora aredistinguished by form and size and the

arrangement of conceptacles in segnments.

The Ynion of Durvillea and Sarcophyvcus is justified
as discussed by Naylor. The species of Rurvillea are separated

on the form of holdfast, stipe and by the presence or
absence oqair-chambers. The family Hormosiraceae is now

represented by a monotypic gernus [ormosira since Jlothela is
now excluded from the Fucales.

Phyvllospora comosa is endemic to the south east of
Australia. Selrococcus, Scytothalla, Scaberia,
Carpoglossum and Myriodesms are endemic along Southern
Australia. Cystophora (except C. brandegeel and (.
galapagensis) and Hormosira are endemic to the southern

Australian waters. Durvillea potatorum and D, willapna
oceur respectively on the south east coast of Australia

and in New Zealand.
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lothela is endemie and monotypiec to Southern
Australia and Wew Zealand. The genus has been studied
previously by Bailey and Harvey (1874), Barton (1899),
Gruber (1896), Mitehell (1893) and Williams (1923) from
morphological and anatomiecal viewpoints, but they have not
contributed to the knowledge of its development and
cytology. Their studies have been based mainly on dry
or preserved material. There is thus a need for detailed
and thorough studies of fresh material.

This study was undertaken to obtain detailed
information on morphology, anatomy, development and

eytology of Ji, anomala and to clarify its systematie
position.
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(a) Classification.

Notheia anomala which grows exclusively on Hormosira
banksii f. gleberi was collected for the first time from
the Bay of Islands, New Zealand, during the United States
Exploring ERpedition 1838 - 1842, The species was des-
eribed by Harvey and Bailey in 185l. Harvey first considered
the species as a metamorphic state of Hormosiras but in
1874 hedsscribed Ji, anomala as a parasite on Hormosira.

Due to the presence of sperms and 8 eggs Bailey and

Harvey (1874) and Harvey (1851; 1854b) placed the genus
under the Fucoidearum. Later, Harvey (1854a; 1859),
Kjellman (1897) and Laing (1885; 1899; 1927) placed it in
the order Fucaceae. In 1863 Harvey included Hotheia in the
family Fucacese. De Toni (1895), Lucas (1936) and May
(1939) included the genus under Durvilleaceae. Gruber
(1896) established the "Hormosira  gruppe" due to the presence
of a group of 3 = 4 apical cells and % or 8 eggs. This
group included Hormosira and Notheia. Oltmanns (190%; 1922)
established a tribe Anomalae in the family Fucaceae in
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which he included these two genera. Svedelius (1911)
followed Oltmanns in this classification. Kuckuck (1929)
established the Nothelaceae under the Polystichales of the
Phaeospreae but without deseription. Schmidt (1938)
validly published the family Nothelaceae in the order
Fucales on the presence of a group of 3 -~ U4 apical cells and
8 eggs. Fritsch (194%5; 1952), Lindauer (194%7), Waylor
(1954) and Womersley (1950) included Hotheia in the
Hormosiraceae while Papenfuss (1951; 1955) placed it in
the family Nothelaceae. Jipthela anomala has always been
considered as a member of the Fucales due to the presence of

a group of 3 apieal cells and 8 eggs.

(b) &nlcal grovth and stmcture of the thallus.

The apex oqhgxngxg_gngnng exhibits a compaect group
of 3 apical cells which segment anterio-posteriorly (Barton,
1899. Gruber, 1896). According to these authors the
segments cut off from the apical cells divide and develop
three distinctive tissues ~==- the peripheral layer, the
cortex and the medulla. In the mature thallus Barton (1899),
Gruber (1896) and Williams (1923) described the three
tissues but used different terminolo;y. Barton also described
secondary cells (= hyphae) arising from the medullary cells.
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The earlier authors describe an altogether different
type of branching from that found in the Fucales. The
branches develop from one of the wall cells of the
conceptacle, and this cell divides to form a group of
3 cells which continue development as apical cells (Barton,
1899. Gruber, 1896). Barton thus reports up to 3 branches
developing from the same conceptacle, but generally one

branch is more common.

(e) Ihe conceptacles.

Conceptacles are seattered throughout the surface
of the plant. Reproductive organs, paraphyses and branches
develop from the conceptacles (Barton, 1899, Gruber 1896,
Williams, 1923).

According to Barton and CGruber the conceptacle is
initiated by one of the peripheral cells which functions as
a conceptacle initial which does not divide at first, but
becomes depressed due to the overgrowth of the dividing
peripheral cells adjacent to it. The products of the
peripheral cells cause the gradual sinking of the initial
cell. According to these authors the initial divides

transversely to form a uniseriate hair.
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Gruber (1896) and Williems (1923) describe the
development of oogonia, paraphyses and branches from the
wall cells of the conceptacle. Barton (1899) deseribes
the development of antheridia and oogonia in the same
conceptacle. She reported 6% sperms in the antheridium
and 8 eggs in the oogonium. Produetion of & eggs in the
cogonium has been described by most of the previous authors,
Fritseh (194%5; 1952) and Papenfuss (1951) regarded liothela
as primitive among the Fucales because of the development

of 8 eggs in an oogonium.

III. ANATOMICAL STUDIES
PLATES LXXXV =LXXXVII'

In Notheia anomalg gowth is initlated by a group of
3 apical cells at the tip of the axis. These are seen
elearly in transverse section (plate LXXXV, Fig. A), but
only two of the apical cells are observed in longitudinal
gsection (Plate LXXXV, figs. C and D). The apical cells are
covered by a thick lamellate mueilaginous layer.
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The apical cells segment lateroe-posteriorly and
each segment divides transversely near its base. The
basal cell, ecut off from each segment, enlarges and then
continues to divide to form axial filaments. Transverse
and longitudinal sections near the apical region show the
three sectors which are separated by thieck mucilaginous
regions (Plate LXXXV, fig. B), It appears that each sector
is formed from one of the apical cells. The axial filaments
lose their identity, becoming compact and forming
pseudoparenchymatous tissue (medulla).

The uppermost cell of each segment divides trans-
versely into a basal cell and an upper peripheral cell
(Plate LXXXV, fig. E). The basal cells contribute to the
cortex. The peripheral cell divides by an oblique wall
(Plate LXXXV, fig. F) and the newly formed septum thickens
bo that the small daughter cell is gradually pushed side-
waysj; meanwhile a pit connection becomes obvious between
the two daughter cells. The large daughter cell divides
by a transverse wall near the base. This transverse septum
thickens and the upper cell and the lower cell are joined
by a pit commection (Plate LXXXV, fig. G). These divisions
econtinue and result in loose dichotomoué branching of the
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outer tissue (Plate LXXXV, figs. H « J). The division of
the peripheral cells inereases the thickness of the thallus.
In the subapical region the peripheral layer is a single
layer of oblong cells containing dense chromatophores and
eytoplasmic contents. Mucilage formation 1s abundant.

Structure of the mature parts.

The mature thallus is differentiated into the
peripheral layer, the cortex and the medulla (Plate LXXXV,
figs. H = J). The peripheral layer consists of a single
layer of oblong cells cintaining dense chromatophores and
protected on the outside by a thick lamellate mucilaginous
cuticle about 7 pFMek.

The cortex consists of many layers of cells which
are oblong = ovoid or isediametric. The outer cortical
cells are oblong containing dense chromatophores and the
cell walls are up td 4 p thick. The outer cortek is com=
posed of up to 6 layers of cells and the imnner cortex
consists of up to % layers of cells which are more or less
isodiametric. These cells contain comparatively fewer
chromatophores. The cell walls are lamellate and up to 10 m
in thickness. The cytoplasmic connections and pit

connections are very distinet, and are common in the
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cortical cells. These cortical cells are loosely, di=-
chotomously branched (Plate LXXXV, figs. H = J). Mucilage
formation is abundant in the cortical region.

The medulla is eonposed of many layers of cells
which are elongate in longitudinal section (Plate LEXXV,
fig. H), and irregular oriBodiametric in transverse
section. These cells are more or less colourless (occasion-
ally they contain very few chromatophores). The cell
walls are very strongly thickened (up to 18 m) and
lamellate (Plate LXXXV, fig. J). Pit connections and
cytoplasmic connections are very distinet and well developed.
The mucilage is so strongly developed that the medullary
c¢ells appear loosely arranged. Hyphae develop from the
walls oqkh edullary cells and these hyphae descend
longitudinally becoming intertwined among themselves. The
hyphae are simple, septate and contain dense chromatophores
(Plate LXXXV, fig. H). In transverse section they are
scattered around the medullary cells. Barton (L899) re-
ferred to these hyphae as secondary cells arising from the
medullary cells.



477,

The conceptacles develop from one of the peripheral
cells near the apex. This peripheral cell (" initial
eell") does not divide and become depressed due to the
overgrowth of the peripheral cells adjacent to: it (Plate
LXXXVI, fig. D). The initial eell divides transversely
to form an upper tongue cell and a lower basal cell
(Plate LXXXVI, fig. Ca). The basal cell divides long=
itudinally and its derivatives form the wall of the con=
ceptacle. Meanwhile the division of the peripheral cells
adjacent to the tongue cell continues and the products of
this division lead to the gradual sinking of the derivatives
of the basal cell and to the separation of the tongue cell
from other cells (Plate LXXXVI, fig. Cb). The tongue cell
divides transversely to form a long septate paraphysis
(Plate LXXXVI, fig. D); meanwhile each of the lining cells
of the conceptacle produces a paraphysis (Plate LXXXVI,
fig. B). Thus a thick tuft of long hairs protrudes through
the ostiole (Plate LXXXVI, fig. A).
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The Beal cell of each paraphysis is large and
contains dense eytoplasmic contents with a large gragjular
nucleus with 1 or 2 nucleoli.

In the formation of paraphyses, each lining cell
of the conceptacle protrudes towards the cavity fo!' form
a papilla (Plate LXXXVI, fig. Fa), which divides trans-
versely into an upper cell and a ﬂinl cell (Plate
LXXXVI, figs. Fb and Fe). The upper cell elongates and
divides transversely to form a long septate hair (Plate
LXXXVI, fig. H). The hairs grow by basal meristems
(Plate LXXXVI, figs. E and H). The hairs which develop
near the ostiole are small in size. The long hairs gen=
erally fall off or only their basal parts are left as the
conceptacles become old. Previous authors (Barton,
1899, Gruber, 1896) have described the development of
branches from one of the wall cells of the conceptacle.
According to these workers this cell divides in such a way
as to form a group of 3 cells which continue as apical
cells. These cells segment to form a young branch in each
conceptacle. The conceptacles are scattered so that the
branches arise irregularly from all sides of the thallus.
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Present investigation indicates that these branches

may be new plants developing from the conceptacle, as
gametophytes have been observed growing in the concept-

acles. In the conceptacles generally one plant is
developed (Plate LXXXVI, fig. B) but up to 3 plants have
been observed.

Reproductive organs are borne directly on the wall
of the conceptacle. They are linear-oblong, unilocular
and of two types -~ macrozoosporangia and microzooid
producing bodies. They measure 48 - 78 p x 12 ~ 30 m and
develop in the same conceptacles. They develop as a
protuberance from one of the lining cells of the conceptacle
(Plate LXXXVI, fig. Ia). This outgrowth divides by a trans~-
verse wall forming an upper initial eell and a basal cell.
The initial cell gradually elongates and broadens becoming a
elub=shaped body (Plate LXXXVI, fig. Ib) containing dense
contents. In the developing macrozoosporangia 1 - 8
nucleate stages have been observed (Plate LXXXVI, figs. I =~
K). These reproductive organs are easily distinguishable
when they attain maturity. Each macrozoosporangium pro=
duces 8 maerozoospores (Plate LXXXVII, figs. A - D) and
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each mierozoold produeing bod:t:& develops 64 microzooids,
rarelj 48 -(_Plata LXXXVII, figs. H, I and B). Both types
of zooids are biflagellate and pear shaped. The ﬂagella’(
are anterio~laterally attached, with a long anterior
flagella and short posterior one. The zooids are 1ib-
erated apieally, laterally or distally in a mueilaginous
envelope formed by the rupture of the wall (Plate LXOXVII,
figs. C, Dy I and L). The macrozoospores liberate one by
one into the mucilage envelope. On the dissolution of the
envelope the macrozoospores move actively becoming pear=-
shaped (ocecasionally tapering at both ends) on liberation
measuring 12 = 27 u x 5 = 12 p and after a while become
rounded measuring k3 = 16 (=20) p across (Plate LXXXVII,
figs. E and F). The anterior flagellum is about 40 m
long and the pbsterior one is about 27 u long. Each macro-
zoospore possesses a crescent-shaped eye spot and a few
chromatophores. In some cases one macrozoospore may remain
in the sporangium and may germinate in situ (Plate LXXXVII,
fig. G).

Mierozooids are liberated en mass in the mieilaginous
ﬂivalt:pe and move actively on the dissolution of the
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mucilaginous envelope (Plate LXXXVII,figs.I and L). They
are 6 ~10 u x % -« 6 m and each microzoold possesses a
erescent-shape eye spot and one pale coloured chromato=
phore. The anterior flagellum measures about 20 m and
posterior one is about 13 m in length (Plate LXXXVII, figd).

F—and-1).

Sexmination.

In culture after syimming for some tige macro- and
microzooids lose their original shape and become rounded.
They become attached on the substratum. Fusion has not
been observed although material has been carefully watched
on numerous occasions. Mierozooids have never been seen
to germinate but macrozoospores have been observed germine-
ating in culture media (see ﬁaga 159) as well as in
sporangim. Within two days the macrozoospore puts out a
tubujar prolongation into which most or all of the contents
pass (Plate LXXXVII, fig. N) and the prolongation is cut off
by a transverse septum (Plate LXXXVII, fig. 0). The
increase of contents in the germ tube 1s followed by the
increase in length of the tube and a further transverse
division oceurs to produce the mieroscopie filamentous gam~
etophyte. (Plate LXXXVII, figs. R = T) . Colourless hairs
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and ubiseriate erect reproductive organs develop on the
gametophyte within two weeks (Plate LXXXVII , figs. U =

W). Reproduetive organs produce zooids successively and
these zooids are liberated from the apex of the reproductive
organ one by one (Plate LXXXVII, fig. W). Egeh cell
produces one zooid which is pyriform, biflagellate and
measures about 8 x 6 u, being similar in form to the
macrozoospores., The flagella are laterally attachedj the
anterior flagellum is long and the posterior one is short.
Further development has not been observed.

Iv. CITOLOGICAL STUDIES.

CPLATE LAXXVIN
Material fixed in Karpechenko (see page [9% ) showed

mitotic figures. Nuclear divisions were frequently seen

in the peripheral cells, paraphyses, apical region and

in the macro-zoosporanglia. Generally the nucleus is
spherical and measures 5 = 7 nirdiamater but the nucleus

of the apiecal cell is about 8 pm across. The resting nueclei
in the vegetative parts are about 4 n across and the
nucleolus measures up to 2 p across. In the nucleus 6 - 11
chromocentres have been dbserved (Plate LXXXVII} fig. A),
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Chromosomes are crowded and clumped together making
the counting diffieult. In the peripheral cells at
metaphase plate in polar view counts of 30- 40 chromosomes
have been made (Plate LXXXVIII, figs. B and C) but at
telophase it was difficuit to make an accurate count
(Plate LXXXVIII, fig. D). In cortical cells, counts of
30 chromosomes were made (Plate LXXXVIII, fig. J).

In paraphyses counts of 20 = 24 chromosomes were
made at metaphase plahe in polar view (Plate LXXXVIII,
figs. E and K), but it was not possible to make counts of
chromosomes at the metaphase plate in side view and at
anaphase (Plate LXXXVIII, figs. F, G and I). The nucleoclus
generally disappears at the metaphase stage but may persist
a little longer. The nuclear membrane disappears at the
late metaphase. The spindle is formed after the disappearance
of the miclear membrane (Plate LXXXVIII, figs. F, G and I).
During anaphase two sets of daughter chromosomes move
towards the poles and counts of chromosomes could not be
made because they form a compact mass (Plate LXXXVIII,
fig. I).

In macrozoosporangia different stages of mitosis have

been observed and counts of 12 = 15 chromosomes have been
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made at the metaphase plate in polar view (Plate LXXXVII,
fig. H). No couhts of chromosomes have been made in
microzoold producing bodies, bt it is likely that they
are haploid.

These data show that reduction division probably
occurs in the unilocular macrozoosporangium, as in most
brown algae (Fritsch, 19453 1952. Papenfuss, 1951;

1955, Parke, 1933).

V',  RISCUSSION.

The present investigation shows that QHotheia
distinetly differs frols the members of the Fucales in the
shape, position and segmentation of the apical cells as well
as in the formation of unilocular sporangia which produce
macro=- and microzooids. Reproduetionpy means of spores
does not oceur in the Fueales. This shows that Jigtheia
is definiteély not a member of the Fucales.

Macrozoospores produce a microscopic filamentous
gametophyte. Hence liotheis possesses an alternation of
heteromorphic generations.

The aplcal cells of Jpothela divide latero-posteriorly
and these segments divide transversely to form axial fil-
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aments which lose their identity, becoming compaet and
forming pseudo-parenchymatous tissues.

Notheia shows similarity with Chordariales
(Spermatochnageae) in apleal growth. The apical growth
in the Spermatochnaceze is secondary and is derived from a
trichothallic mode of growth. JNotheia also resembles
Splachnidium in the produection of unilocular sporangia in
the conceptacles but differs in its two types of sporangia —
the macrozoosporangia and the microzooid producing
bodies. In liothels these reproductive organs produce 8
macrozoospores and 64 microzooids (very rarely 48) but in
Splachnidium rugosum the sporangia produce 500 - 600 zoo=
spores in each sporangium.

liotheia shows similarity with Spermatochnus paradoxus
(Papenfuss,1935) in the production of a microscopic
filamentous gametophyte with the formation of uniseriate
reproductive organs producing motile zooids from each cell.

Until the nature of the microzooids and the zooilds
from the uniseriate gametophytie reproductive organs is
known the full life cycle of [iotheig will remain uncertain.
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It seems likely that the macrogametophytes bear uni-
seriate gametangla produeing a single gamete per cell.

The behaviour of the miecrozooids towards these gametes has
not yet been ohserved.

It appears likely the macrozoospores germinate
into macrogametophyte largely within the conceptacles, and
possibly fertilisation also occurs within the conceptacles,
giving rise to a zygote which grows from the wall of the
conceptacle. If macrogametophytes develop outside the
conceptacles and fertilisation occurs externally, the
zygote probably is unable to develop without being assoc-
iated with Jothels or Hormosira.

Branching oceurs largely but not entirely within
the conceptacles resulting in a profusely and irregularly
branched plant. The branches are constricted within and
immediately outside the conceptacle, but broaden outside.
These characters are comparable to the proliferations from
the wall of the conceptacle in Fucus ceranoides (Skrine
et al, 1932). The branches arising from the conceptacle
are probably new plants and not real branches as gametophytes
have been observed developing within the sporangium in
the conceptacle. This would mean that the gametophytie
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stage of Jpotheia is entirely endophytic within the con~
ceptacles, and that Jjotheis is essentlally a simple or
occasionally truly branched plant; the normal [jotheia
plant is actually a compound plant, consisting of

numerous individuals of possibly several successive
generations. Ocecasional establiaﬂ?nt of new Hlpthela
plants from Hormogira conceptacles might occur by maecro-
zoospores escaping from lotheisa conceptacles and developing
near or inside adjacent [ormosira conceptacles, with
subsecquent fertilisation (?) and development of the zygote
within the [ormosira.

Brown algae forming zoosporangia normally produce
numerous zoospores. The reduetion to 8 macrozoospores is
noteworthy, as well as the proﬁuetian of two morpholog=
iecally distinet zoospores. [lothela may well indicate the
possible origin of the Fucales, since were the macro and
microzooids to funetion as gametes (gametophytes being
eliminated) and the apical cells become sunk in a de=
pression, the resultant alga would undoubtedly agree well
with the Fucales. It is quite possible that she micro=-
gametophyte has been eliminated already, and the micro=-
zooids funetion as male gametes. This however is still
speculation and awaits further examination.



488.

The sum oi:ftha characters of Jothela so expressely
excludes it from any existing families that there is no
other case open than to establish the family Nothelaccae,
under the order Chordariales. The main characters
are the presence of three apical cells, production of
microzooids and macrozoospores in different reproductive

organs vhich are borne in the same conceptacles.

VI. ZIAXONOMICAL STUDIES

HOTHEIACEAE Schmidt,1938.
(a) NGIIEIA Harvey and Bailey 1851

Bailey and Harvey 1874t 157. De Toni 1895: 22%, Harvey
and Bailey 1851: 371. Harvey 185‘{: 534%; 1855: 215,
Kjellman 1897: 278. Lucas 1936: 82. May 1939: 206.
Svedelius 1911: 179. Tilden 1937: 3ll.

Plants terete, solid, branched, g;wing exclusively

f. gieberi. Coneeptacles scattered
200t d producing apeiss

on the axes and the branches, containing micropm and m@cro=

goosporangia and simple paraphyses. Macrozoosporangium

producing 8 biflagellate macrozoospores. Microzooid proe
;iueing body producing 6% (rarely 48) biflagellate microzooids.
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The plant was first collegted by the naturalist
on "Captain Wilke's Exploring Expedition". Harvey and

Balley described the monotypic species N@theia snomala
growing on Hormosira banksii f. sieberi from New Zealand.

(b) NOTHEIA ANOMALA Harvey and Bailey
1851. '

Balley and Harvey 1874: 157, t. 94 £f. 3 = 6. Barton 1899:
417. De Tomi 1895: 224, Gruber 1896: 6. Harvey and
Bailey 1851: 371. Harvey 1854: 534; 1855: 216; 1859:
2873 1862: pl. 213: 1863: Synop. 77. Hooker 1864:

653. Kjellman 1891: 280; 1897: 280. Kuetzing 1860: t. 2,
f. 2. Laing 1885: 308; 1899: 663 13527: 142, Lindauer
194%7: 563. Lucas 1913: 38; 1936: 82. May 1939: 206.
Mitehell 1893: 8. Naylor 1954%: 653. Oltmanns 1922: 189,
208, Svedelius 1911: 179. Tilden 1937: 311. Williams
1923: 635. Vomersley 1950: 158.

PLATE LXXXIX
Iype Locality. = Bay of Islahds, New Zealand.

Iype. = TCD.
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Plants attached on the surface of Hormosira

bapksil f. sieberi. Axis terete, solid, up %o 13 cm.
long and up to 2 mm. broad with a few true branches, up
to 7 em. long and 1 mm. broad. Conceptacles scattered on
the axis and branches, bearing simple paraphyses, pro-
truding through the ostiole, 1 to 3 axes and reproductive
organs. Reproductive organs linear--ohlong-, borne direetly
on the wall of the conceptacle, measuring 48 = 78 m x 12 -
30 u. Maerozoosporangium producing 8 biflagellate macro=-
zZoospores, and microzooid producing body produces 64
(rarely 48) microzooids. Both types of reproductive bodies
borne in the same conceptacles. Macrozoospores are
12 =27 p x 5 = 12 p and microzooids are 6 - 10 u x
b = 6 ne

~ Barlier authors deseribe the linear-oblong bodies as
antheridia oroepgonia producing wany sperms or 8 eggs res=-
pectively. Laing (1885) deseribes the plant as dioecious
while Barton (1899) reports it as monoecious with bisexual
conceptacles. The present investigation shows that the
linear oblong %edies are zoosporangia end not antheridia or
oogonia.
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SPECIMENS EXAMINED:
W. Aus. === Princess Royal Harbour, near Cape Riche
(Harvey, 1854).
8. Aus, == Sceales Bay (Womersley, ll- 2-1954). Elliston
(Womersley, 14=1-1951). Fishery Bay (Nizamuddin,
February 1959). Sleaford Bay (Nizamuddin, February 1959).
Petrel Cove, near Bluff, Vietor Harbour (Nizamuddin,
7=3=1959). Encounter Bay (Womersley, 4=6~1943, Cleland
Harris, May 1943). Ocean Beach, Robe (Nizamuddin,
18-8-«1957). Robe, near the slipway (Nizamuddin, 17-4=1959).
Kangaroo Islands== Vivonne Bay (Womersley, 2-1-1949).
Pennington Bay (Womersley, 12-1-194l; 17-1-19.lk,
2B-1-1944, 28-1-194k. Schodde,February 1956, Nizamuddin,
January 1957).
Victoria, == Bridgewater Bay (Beauglehole, 5-6-1949 and
13-1-195%). Portland Bay (Muir, January 1950).
Tasmania. == Port Arthur (Cribb, 6-3-~1950).
New Sowth Wales. == Twofodll Bay (Lucas, 1913). Long
Reefy" Crookhaven Head, Newcastle, Port Stephens (in May,
1939).
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GEOGRAPHICAL DISTRIBUTION:
From Princess Royal Harbour, King George Sound,
W. Aus., along south and south-east coast to Port Stephens,
N.S.W. 3 at Port Arthur, south Tasmania and at New Zealand.
Hothela anomala grows exclusively on Hormosiza

banksii f. slesberi on rough coasts of Soyythern Australia
and New Zealand and appears to be more plentiful on male

plants of Hormosira than on female ones. Jothela anomala
is monotypic and endemic.

VII. GSIMMARY.

The anatomy, development and taxonomy of [othels
anomalg are described and discussed in detail. Crowth is
initiated by means of a group of 3 apiecal cells. The
tissues =~--  the peripheral layer, cortex and medulla e
are formed by the segmentation of the apieal cells. Di-
chotomous branching of the peripheral and outer cortiecal
cells oceurs.

The development of the conceptacles is initiated by
a peripheral cell near the apex. The tongue cell of the
conceptacle initial forms a uniseriate hair.
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Microzoold produeing bodies and macro-zoosporangia
develop in the same conceptacles, producing 6% and 8 bi-
flagellate zooids respectively. Each zooid produces
long anterlor and short posterior flagellae, attached anterio-
laterally.

Maerozoospores germinate in culture media as well
as in sporangia. Mierozooids have not been observed
germinating. Germinating macrozoospores produce gametophytes
libezating zooids successively from the apex of the
reproductive organ one by one. |

In the peripheral cells, cortical cells and the
paraphyses respectively counts of 30 - 40 and 20 - 24
echromosomes have been made. In macrozoosporangia counts of
12 =~ 15 chromosomes have been made. Reduction probably
occurs in the unilocular macrozoosporangia.

Hotheis anomala grows exclusively on Hormogira
banksii fi. sieberi along the Southern Australhn and New
Zealand coasts. True branching occurs and is reported for
the first time. Plants also develop from the conceptacles on

the axis of Jlptheia.
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Flg. A.

C.

E.

F.

G.

H.

K - N.

PIZLLOSPORA _COMOSA.
PLATE I

L.S. parallel to the flat surface of
the ciliary process at the apex showing
the apical cell ... ... X U455

LS. perpendicular to the flat
surface of the axis at the apex show-
ing apical cell «.. .. X k55

L.8. perpendicular to the axis
showing tissues and pit conne-
MEIoNB.cs sew see sew X 110

L.B. perpendicular to the flat surface

of the ciliary process at the apex
showing apical cell ... X 455
T.S5. at the apex of ciliary process
showing apieal cell ... X k55
L.S. perpendicular to the flat surface
of a leafy lateral showing tissues
and pit connections ... X 110
Meristoderm cells and basal cells
showing pit connections. X 330
A cortical cell showing dense
contents, pit connections and
lamellationS..e eses ese X 760
Hyphal Devepopment.. ... X 450
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EEXLLOSPORA COMOSA .
PLATE II

Fig. A. T.S8. at the apex of an axis showing
apic‘l cellS... T e sea aes X 1"15

B. L.S. parallel to the flat surface of
an axis at the apex showing apical
0811’ &aas L L LE N L B L x l*ls
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Fig. A.
B.

C.

PHYLLOSPORA COMOSA.

PLATE III

T.5. of a receptacle showing tissues X 87
L.S. of a female receptacle showing
tissues, scalariform thickening and

plt connectionSece ece cse  oes X 87
L.S. of a medullary cell showing
scalariform thickening. ... ees X 364
Development of antheridia... ... X 364

(a) An outgrowth from the lining cell
of the conceptacle.

(b) First transverse division of the out-
growth forming antheridium and basal
cell.

(e) A young antheridium.

(d) Two-nucleate antheridium.

(e) Four-nucleate antheridium.

(f) Eight-nucleate antheridium.

(g) Sixteen-nucleate antheridium.

(h) A mature antheridium with a stalk.

Tuft of antheridial hairs... e X 364

Development of 00gonif... «+« ++s X 364

Oogonial initialsS... <e. «» seoe

Two nucleate oogonium...e oo  wee

Four-nucleate oogonium with mesochiton

collar.

Eight-nucleate ocogonium with mesochiton.
collar,

A mature oogonium with mesochiton collar,
showing two walls only.
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Fig. A.

C.

G.
H,

I.

SEIROCOCCUS AXILLARIS
PLATE IV.

L.S. parallel to the flat surface of

an axis at the apex showing apical cell,
lateral initial and mueilage... X 300
L.S. parallel to the flat mrface of

an axis at the apex showing round
aplcel dise (d) and 2 apieal cells, one
on either side of the dis¢..... X 75
L.S., perpendicular to the flat

surface at the apex showing apieal
€8llece <e: ses see ses e X 300
T.5. at the apex of an axis showing
apical cell and its segments... X 300
L.S. perpendicular to the flat

surface of the axis showing tissues

and muellage.ce <eo «oe ses o X 75
T.S. of the& axis showing tissues X 75
Development of hyph@.... «s.c o« X 75
T.8. of a stipe showing tissues

and hyphae ... <ec oss 200 « X 75
L.S. perpendicular to the flat surraeol

of a leafy lateral showing tissues and
Pit eoﬂnmtion’ ss e ses soe o X 75
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Fig. J.

K.

Il""'Qt

M.

T.5. of a leafy lateral showing
tiﬂﬂu&ﬂn- s ss s ass x 75.

Development of antheridia X 380

(a) An outgrowth.

(b) Antheridium proper and stalk cell.

(e) Two-nucleate antheridium.

(d) Four-nucleate antheridium.

(e) Eighte-nucleate antheridium.

(f) Thirtytwo-nucleate antheridigm and
empty ones.

(g) 8ixty four-nucleate antheridium and
mature ones on branched hairs.

Development of oogonia .... X 300

Oogonial initial.

Young oogonium.

Two-nucleate oogonium.

Eight-nucleate oogonium with mesochiton

collar, showing two walls only.

An egg.

T.8. of a receptacle showing oogonia, simple

paraphyses and tissues... 75
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Fig. A.

G.

H.

SCYTOTHALIA DORYCARPAR

PLATE V

L.S. parallel to the flat surface of

an axis at the apex showing round

apiecal dise (d) and two apical cells

one on either side

of the dise X 26

L.S. parallel to the flat surface of

an axis at the apex showing apiecal

ce]-]-t L . a8 L]
L.5. perpendicular

apex showing apical cell...

X 260
to the axis at the
X 260

T.85. at the apex of an axis showing

apical cell. ...

-8 * s @ x 260

L.S. parallel to the flat surface
of an axis at the apex showing lateral

mitial‘.. - aws

X 260

-aa - aw

T.5. at the apex of a lateral showing

apical cell ...
L.S. perpendicular
of an axis showing
conmections. ...
T.S5. near the apex

tissuesS...ss 2o

ses  see X 260
to the flat surface
tissues and pit-

X 75
of an axis showint
X 75

LR L



505.

Fig. J. [L.S. parallel to the flat surface of a
receptacle at the aﬁex showing an apical
Olilvin. whe s wen sue wes X D0

K. L.S, parallel to the flat surface of
an axis passing through the axil showing
apical cell of receptacle.. ... X 260
L. T.8. at the apex of a receptacle showing
apleal cell, «es oo: oee +es X 260
M. T.8. passing through the sterile part of
a receptacle showing tissues ... X 75
N. L.S. of a mature receptacle showing tissues
and pit conmnections... ... ... X 75
P. T.S. of a mature receptaclefhowing
tisanes... . sss sis ..: ssa X 95
Q. Cortical cells of a female receptacle
showing pit connections, lamellations,
macilage and storage material... X 260
R. Development of antheridia.. ... X 260
(a). Young antheridium,
(b) Two-nucleate antheridium.
(e) Showing uninucleate and four-

nucleate antheridia on hairs.
(d) Showing eight-nucleate mntheridium and

extrusion of sperms.



506.

Fig. R. (e) B8ixteen-nucleate antheridium.
(f) Thirty-two nucleate antheridium.
(g) Sixty-four nucleate antheridium.

S. Simple and branched paraphyses... X 260
T-Z. Development of oogoniuMe.e « coes X 260
T. Oogonial initial. i
Uand V. Young oogonia.
W and X. Two-nucleate oogonia.
O Four-nucleate oogonium.
Z. Eight-nucleate oogonium with mesochiton
collar, showing two walls only.






507.

Figs. A.

G.

I -J.

K.

LIPHOPHORA CHONDROPHYLLA
PLATE VI

L.S, parallel to the flat surface of
an axis at the apex showing apical
call... L ] L I L ] LR 2 x 260

L.3. perpendicular to the flat surface
of an axis at the apex showing
apical cell. “se e ses X 260

I.8. at the apex of an axis showing
aploal cell. sev svs ses X 260
L.5. perpendicular to the flat surface
of a segment showing tissues X 60
I.8. of a segment showing different
TLB8UGB.ec . oses eer oes X 60

T.5. of the basal part of an axis
showing tissues, hyphae and pit
connections. ... <.« ..« X 60
L.S. perpendicular to the flat surface
of an axis at the basal part showing
tissues, hphae (h) and pit

connections ... +ee <o X 60
Development and lateral connections

of BYPhe®.co 4ve ovs see X 6O
Cortical cells showing pit conneections
and lamella. ... +.. ... X 260



508.

Figs. L. Medullary cells showing pit and eyto-
plasmic connections... ... X 260

H and M. Medullary cells showing lateral
connections... «« «.. X 60

N. Antheridia on branched hairs X 260

P. Different stages of oogonia showing

stalk og::ine two walls only X 60
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Figs. A.

K.
L.

e
Medullary ce

XIPHOPHORA GLADIATA.
PLATE VII

L.S. parallel to the flat surface of an
axis at the apex showing apical cell X 260
L.S. perpendicular to the flat surface

of an axis at the apex showing apieal

888 Lecs osis se5 Wes wes wee X 260
T.S. at the apex of an axis showing

aplcal eell. eee soe ooe sse X 260
L.S. perpendicular to the flat surface

of a segment showing tissues and pit
comnectionsSe ..o ooe ces  ess X 60
T.5. of a segment showing tissues X 60

T.S. of the basal part of an axis showing
tissues and hyphae ... +ees ose X 60
L.S. perpendicular to the flat surface of
an axis at the basal part showing tissues,
hphae and pit connections... ... X 260
Cortical cell showing dichotomy and pit
.ctiona]'.is's showi hy brenched ﬁﬂy'ph axa 26}? 60.
Medullary cells showing lateral connections
and eytoplasmic connections with perforated
S0DtRece ses sss wes ses eve X 260
Antheridia on branched hairs. ... X 260
Different stages of oogonia. ... X 60
(a) and (b) Young oogonium.
(e) Oogonia showing Y4 ompartments.

(d) Oogonium with stalk and paraphyses, show-
ing two walls only.

(d) Oogonia containing Y4 eggs.

(e) and (f) Oogonium with % eggs.



PLATE VIL
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CYSTOPHORA.
PLATE VIII . X 230

Figs. A. L.S. to the apex of the axis of C.
paniculata showing apical celll *—230

B. T.5. at the apex of the axis of (.
paniculats showing apical cell.

c. L.S. fo the apex of the axis of
Ce moniliformis showing apical cell

D. T.S5. at the apex of the axis of
Ce moniliformis showing apical cell.

E. T.8. at the apex offcho axis of C.
xiphocarpa showing apical cell.

F. L.S. to the apex of the axis of (.
Xiphocarpa showing apical cell.

G. L.8. to the apex of the axis of C.
slliguosa showing apical cell.

H. T.8. at the apex of the axis of (.
siliguoss showing apieal cell.

b T.S8., at the apex of the axis of (.

guspidata showing apical cell.
Je L.S. to the apex of the axis of C.

cuspidata showing apical cell.



511.

Fig.

L.

L.S. to the apex of the axis of (.

Iacemosa showing apical cell.
T.S5. at the apex of the axis of (.
racemosa showing apical cell.
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CYSTOPHORA

PLATE IX X 300
[F1gs. A—F . % e - N N

Figs. A. L.S. to the apex of the axis of C, retorta

showing apical ecell.

B. T.5. at the apex of the axis of C, retorta
showing apical cell.

C. T.8. at the apex of the axis of . pblvcys~
Lidea showing apical cell.

D. L.S5. to the apex of the axis of C., polvevs-
tidea showing apical cell.

E. T.S8. at the apex of the axis of (.
botryocystls #sowing apical cell.

F. L.S. to the apex of the axis of (.
botrvocystis showing apical cell.

G. and H. Double embryo of C, subfarcinata. X 75
G. Showingkhizoids at both ends.

H. Showing apical hairs and rhizoids.






513.

Figs.

A,

B.

E.

F.

G.

H.

I.
J.

K.

CXSTOPHORA
PEATE X

L.S. to the apex of the axis of (.
uvifera showing apical cell and lateral
mj.triﬂl'-a- - a8 L ] L L x 125

T.S. at the apex of C, uvifera showing
apical cell .ee ecs see sse X 125
L.8. to the apex of C, cephalornithos
showing apical cell.. «.. e« X 100
T.8. at the apex of C. gephalornithos
showing apical cell.: «ve «.. X 100
T.8. of the receptacle of C, uvifera
showing t1ss8U€Sees o ove <o« X 100
L.S. of the receptacle of C, uvifera show-
ing tissueSeee ¢ ¢ <o+ osse X 100
Meristoderm cell in:;aeaptacle of
CaIXiLOBRcess oo o ose ose X 450
T.85. of receptacle of C, uvifera showing
reproductive bodies « +e¢ +.. X 120
Development of hyphae in G, uvifera X 100
Medullary cells showing lateral connect=-

ions and hyphae in G, uvifera.. X 100
Embryo development of C, uvifera X 80
(a) 4 days old embryo.

(b) = (d) 18 days old embryo.



SR A
i Vg VB T a=

Ay

TR 5T 2 R —

wnfl.nhh;ﬂq‘upuwam,mmw‘\.pmw..u

ZNe SN

: LBy
. gt

pareaaias
HgBEE1SS
“uuuﬂ'
nil




514.

CYSTOPHORA UVIFERA.
PLATE XI
Figs. A. L.S. to the apex of a receptacle showing
aplcal cell.ee eece eee e X 230
B. T.8. at the apex of a receptacle

showing apical cell ... ... X 230
€C = I. Development of conceptacles X 230
C. Conceptacle initial.
D. First transverse division of concept=~

acle initial forming tongue cell and

basal cell.

E. Firet longitudinal division of basal
cellg.

F. Further division of basal cell.

G. Divisions of basal cell and transverse

division of tongue cell.
H. Lining cells of the conceptacle and
uniseriate hair.

Uniseriate hairs in the conceptacles.
J. A #.‘lmplc mmm’iﬂ-o- sew » X 230
K. Development of antheridia.. . X 230

(a) Papilla from wall cell of the

conceptacle.
(b) Young antheridium.



515.

Fig. K. (¢) Uninucleate antheridium with basal
Qell..- ses LR LR en e x 230
(d) Two nucleate antheridium.

(e) Four nucleate antheridium.
(f) Eight nucleate antheridium.
(g) Sixteen nucleate antheridium.

(h) Thirty two nucleate antheridium.
(1) Sixty four nucleate antheridium.
L =P, DWBJ.Opmant of oogonid.ecie <o X 230

L. Oogonium initial.

M. Transverse division of ocogonium initial.
N. Uninucleate young oogonium.

P. Two nucleate oogonium.
Q. Four nucleate oogonium.
R. A mature oogonium with a nucleus showing 2

nucleoll aggﬁhng two walls only... X 160
S. L.S. of the axis showing tissues.. X 5%
T.8. of the axis showing tissues X 55
u. Medullary cells showing lamellae and

pit connectionS... ++s +.. <.. X 230
Y. Cortical cell showing lamellae and

pit connectionSeee see oee <o+ X 230
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516.

Figs. A.

B.

D.

F.

G.

I.

Jde

K.

CYSTOPHORA SUBFARCINATA.
PLATE XII

L.S. to the apex of the axis showing
apical cell.cc <ee oes <ee X 230
7.8. at the apex of the axis showing
aplcal celleee ees sse ses X 230
T.8. of an axis showing tissues X 55
L.S. nri:iis showing tissues and

pit connections «es ses oes X 55
LeSe of?ﬁ&is showing meristoderm,
cortex and pit connections and lam~
€lla@.ce ses ses sese se» X 230
Medullary cells showing pit commections
and lamella@es «es ose oee X 230
L.S. to the apex of a receptacle showing

lpiul cell... T ssw vee & 500
T.5. at the apex of a receptacle showing
ﬂpim cell.es asw ses sss X 500

a

T.£. of an awn of, receptacleg showing

tissues. ses ees osse wee X 230
T.8. of a stalk of a receptacle showing
ti8su08.: <se wos was sse X 55
L.S5. of a sterile stalk of a receptacle
showing t18SU€S sae «se »es X 55






517.
CYSTOPHORA CSUBFARCINATA

PLATE XIII.

Figs. A. T.8. of:iecaptacle showing reproductive

organs and tissueS... +e¢e <.« X 100

B. Cortiecal cell of?iaceptacla showing pit

connections and lamellae.. +.. X 570

c. Development of conceptacles.... X 300

(a) Conceptacle initial.

(b) T.8. of the basal cell of the
conceptacle initial.

(¢) PFirst division of the conceptacle
initial showing tongue and basal
cell.

(d) Divisions of basal cell and elon-
gation of tongue cell.

(e) and (f). Further divisions of basal
cells and tongue cells.

(g) and (h) T.8. of conceptacle initial
showing tongue cell at the centre.

(1) T.8. of the conceptacle above the
tongue cell showing cavity.

(j) An empty conceptacle.



518.

Fig.

D.

F.

Development of oogonia... s+« X 200

(a) A papillar outgrowth from the
lining cell of a conceptacle.

(b) Oogeonial initial.

(e) A young oogonium.

(d) An oogonium.

(e) A mature cogonium and paraphyses,
showing two oogonial walls only.

A young simple paraphysis..... X 260

A mature antheridium and para-

PhYSLScce 4ne <ss see sese X 260






519.

Figs' A - Q"l L s s LR -8 a8 a8 @88 x 120

A.
B.
C.
D.

E,

G.

I.
J.
K.
L.

An egg.

A zygote, showing polarity.

First transverse division of a zygote.
Second transverse division in the lower
segment forming rhizoid initial.

Vertical division in the uppermost segment.
Vertical division in the middle segment
and formation of two rhizoids by longite-
udinal division of rhizoid initial.

An embryo with two rhizoids.

Ellipsoidal zygote.

Transverse division of the aygotd.

Rhiizoid cell formation at each end.

Two days old embryo with four rhizoids.
Three days old embryo showing apiecal groove
and septate rhizoid.

Emrbyo with 2 apical hairs amd mucilage
membrane on one side. and

Embryo with four apleal hairs, mucilage
membrane on one side.
A halr developed on one side of the body

of the embryo.



520.

Fig. Q. 8ix days old embryo showing swelling on

apical hairs.

R. L.S. ofi:'bryo showing apieal hairs in apical
groove and tissuesS... «.. .o ... X 450

8. T.S. ofi:bryn near rhizoids showing
tissueSees eee ees ses  ees eee X 450

I8 T.8. of embryo shéwing % large mudullary
cells, cortical and meristoderm cells X 450
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Figs. A.

B.

Embrgo of C. intermedis.

(a)
(b)

(ec)

(d)

A zygoteees ses ose ese aee X 100

18 days old embryo with 2 rhigzoids
X 35

Eighteen days old embryo with

¥ MisoldBees woe oss ses s X 35
Eighteen days old embryo with

8 rhizoidseee soe wes. see X 35

Embryo of C. cephalornithos.

(a)
(b)

(e)

(d)

(e)

(£)

A zygotess: eev sre ses 4. X 100
First transverse division in the lower
segment forming rhizoid initial X 100
Second transverse division in the
lower segment forming rhizoid
Initialees oo e2e ees .ee X 100
Third vertical division in the upper-
most segmentese eee eec oo X 100
Longitudinal division of the rhizoid
initialees <ee oes ees .o X 100
Longitudinal division of the middle
segmeNntece oes ose oss oee X 100



522.

Fig. B. (g) Embryo with 2 rhizoids..... X 100
(h) Embryo with % rhizoidS..e... X 100
(1) Embryo showing sptate rhizoids and
apical groove... <.ec <+ X 50
(J) and (x) Embryo with 2 apical
hairs.ce wcee oee oee o X S50

C.  Embryo of C, polvcystidea.
(1) A zygote.se sae see oee X 100
(2) First transverse division of the
EYEOLt8ece ooses sss oss X 100
(3) Embryo showing polarity... X 100
(%) Transverse division of the lower

segment forming rhizoid initial.
X 100

(5) Longitudinal division ofthe lower
segment forming rhizoid
initialess coe eee <ss X 120
(6) Embryo with two rhizoids X 100
(7) Embryo with four rhizoids X 100
(8) Embryo with 4 septate rhizoids X 35.



523.

Fig.

Fig.

C.

D.

(9) Embryo with 8 rhizoidS... .. X 45
(10) Embryo showing apical groove and
mucilage.membrane ... +.. « X 60

(11)  Bmbryo with 2 apieal hairs and
rhizoj-ds"i LR N ] L E N a8 - x 60

Embryo of C. retorta.
(a) A Zygot@eese eee ese oee o X 120
(b) First transverse division of the
zygote showing polarity.... X 100
(e) Second transverse division in the
lower segment forming a rhizoid
Initialeee oo ose see « X 100
(a) Longithdinal division in the upper
segmentece oev oses eee « X 100
(e) Longitudinal division in the middle
segment... <..¢ see .. » X 100
(2) Longitudinal division in the rhizoid
Inttinless s0¢ ene sse » X 100

(g) A many celled embryo with 2 rhizoids
X 100

(h) Embryo with apical groove and 4 septate
ThizoldSeee <ee eos ose X 90

(1) and (J) Embryos with 2 and 4 apical
hairs respectively... ... X 90

(k) Ellipsoidal embryo with 2 rhizoid init-
lals on each endeve oee X 90

(1) Transverse division of the middle seg=-
ment of ellipsoid embryoc... X 90






524.

CYSTOPHORA.
PLATE XVA

€. POLYCYSTIDEA

Figs. A. Four months old embryo showing dichot-
omous branch and sterile conceptacles

with protruding paraphyses.

B. S5ix months old embryo showing branches
and paraphyses.

C. SUBFARCINATA.
C. Four months old embryo showing dichtom=
ous branch and paraphyses protruding from
the conceptacle.

D and E. Seven months old embryo showing
branches, apex and paraphyses protruding
from the conceptacles.

F. Eight months old embryo with branches and

apex.



PLATE XVA.
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Figs. A,

B.

C.

CYSTOPHORA.
PLATE XVI

Conceptacle of C, cephalornithos showing

antheridia and oogonid... ... X 100

Development of oogonia in C, cephalorn-

AthOBess o406 eee 200 o oee X 100

(a) and (b) Young oogonia.

(e) Two nucleate oogonium showing two
walls ohly.

Development of antheridia in g.

cephalornithos... eee <ee .. X 415

(a) An outgrowth from the lining cell of
the conceptacle.

(b) Transverse divisions of the outgrowth.

(¢) Uninucleate young antheridia.

(@) Two nucleate antheridium.

(e) Four nueleate antheridium and paraphysis.

(f) Bight nucleate antheridium with

paraphysis.

(g) Sixteen nucleate antheridium.

(h) Thirty two nmucleate antheridium and
paraphysis.



526.

Fig. C.

D.

E.

F.

() A mature and empty antheridia with
paraphy8eScee ese eee eee X H15

(j) Extrusion of antheridium.

C. xiphocarpa.

(a) An oogonium with paraphyses with two
oogonial wallS.ee «eoe <.« X 100

(b) Antheridia and paraphyses.. X 415

C. Iacemosa.
(a) An oogonium, showing two walls

On].y'..- - s a8 LN a8 se 9 XIOO
(b) Empty oogonium showing exochite X 100

(e) Oogonium and para hysis... X 100

(d) A mature antheridium... . X 450

C. moniliformis.

(a) A mature oogoniuM..c «oe X %50

(b) Two nucleate oogonium.... X 45D

(¢) Four nucleate oogonium... X 450

(d) Eight nucleate oogonium with a barrel
shaped paraphysis, showing two
oogonial walls onl¥... .. X 450






527.

Figs. A.

B.

C.

F.

G.

Jde.

K.

L.

CYSTOPHORA INTERMEDIA

PLATE XVII

L.S. to the apex of the axis showing
apieal edll... eee sse oos X 120

T.8. at the apex of the axis showing
apical eelless oos eos ee X 120

T.S. perpendicular to the axis showing
tissueSeee oo eee ees eee X 100

L.S. to the apex of the receptacle

showing apical ecell..... ... X 120

T.5. at the apex of the receptacle

showing apical celleecees oe. X 120

L.S. ofthe receptacle showing

tissues.ee .. ce: ces oee X 100

T.8. of the receptacle showing

tissuesSees oo cos see see X 100

L.S. of the basal part of the axis showing
meristoderm and corteX.s ... X 100

L.S5. of the basal part of the axis showing

medullary cells and hyphae... X 100
T.8. of the stalk of a receptacle showing

tissuﬂ'.o- s ssae sas sew X 100
T.S. of a receptacle showing tissues and
reproductive organs..... ... X 100

and M. Showing antheridia and

paraphyses .. ... ese ses X 250



528.

Figs. N.

P.

Antheridium developkng on the wall of
the conceptaclecse ees  oos X 250
Barrel-shaped paraphysis and an

antheridiumMee: eee oes  oee X 250

Q - U. Development df oogonium.. X 400

Q.

Uninucleate oogonium.

R and 8. Two nucleate oogonia.

I.
u.
V.

W.

Four nucleate oogonium.

Bight nucleate oogonium.

A mature oogonium, showing two walls
only.

An egg.



TSI
N AR
-;;"7"' QAU “i.-"".' "o

{
l' 7
iy




529.

Figs. A.

B.

D.

F.
G.

H.
J.

L.

CYSTOPHORA PLATYLODIUM.
PLATE XVIII

L.S. perpendicular to the apex of the
axis showing apical cell.... X 120
T.5. at the apex of the axis showing
apical cellees see sss o+« X 120
T.S5. of the basal part of the axis
showing meristoderm. ... .. X 100
T.8. of the basal part of the axis
showing cortex and medulla.. X 100
Medullary cells showing lamellae and
pit connections.

Medullary cells showing hyphae X 100
T.8. of the receptacle showing
TissuesS... ese eee ses e X 120
Showing clustered antheridia X 415
A mature oogonium, showing two walls
OMMAFeaw 205 ans wes cser X NS
AR OFB: oes see wan sess X WS
A twenty four day old embryo showing
apical hairs and rhizokds... X 100






530.

Figs. A,

B.

C.

E.

G.

H.

I.

J.

K and

SCABERIA AGARDHII.
PLATE XIX

L.S. of
cell...

T.5. of

an axis at the apex showing apical

X 260
the apex showing apical

cell... eee X 260
T.8. of an axis showing tissues. X 62
L.S. of an axis showing tissues and
hyphae. X 62
Medullary cells showing pit connections,
eytoplasmic connections and lamellae

an axis at

e a LR R LA L

s s & a aew aw E

X 260
Development of hypha€e.. eee <es X 62
T.5. of young verruciform leaf showing
BSPUEE sos ses oss sue see X OB
T.S. of mature verruciform leaf showing
tissues ... <ec ees o0 one X 62
L.S. of young verruciform leaf showing
SIBUNEE ova sas ser ons oes X 62
L.S. of a mature verruciform leaf
showing tissueS.. ... +es s+« X 62

L. Cortical cell showing cytoplasmic and
lateral commectionS... «.» .. X 260
T.8. of a filiform leaf showing

CiBBUBBece ve0 o ave evs see X 260
Anastomosing hyphae... ... ... X 260



PLATEXIX.




531.

Figsb ‘.

B.

SCABERIA ACARDHII.

PLATE XX

Development of antheridia X 300

(a)
(b)
(e)
(d)
(e)
(£)
(g)

Young antheridium.

Two and sixteen nucleateantheridia
Four nucleate antheridium.

Eight nucleate antheridium.
Sixteen nucleate antheridium.
Thirty two nucleate antheridium
Sixty four nucleate antheridium

Antheridia on branched hairs. X 300
Simple paraphyses X 300

Development of oogonia.-» +-« X 100

(a)
(b)
(e)
(d)
(e)

(£)
(g)

A young oogonium.

Two nucleate oogonium.

Four nucleate oogonium.

Eight nucleate oogonium.
Latero-apical extrusion of cogonial
contents.

An immature egg.

A mature oogonium,showing two walls
ONlY.ee <se see <eea X 300



532.

Figs.

F.

G.
H.

I.

Je

K.

L.

N.
X.

Conceptacle containing antheridia and
0030!11&..- e w L LR LR R x loo
A mature €gg.«c eee ees oes X 100

= N. Development of embryo. ... X 120

First tktansverse division showing polarity.
Vertical division in the upper segment
and 2 nueclel 1nii;§er segment.

Transverse division in the lower segment
forming rhizoid initial.

Longitudinal division in middle segment.
Many-celled embryo with 2 rhizoid cells.
An embryo with 4% rhizoids and mucilage
membrane.

An embryo with 8 rhizoids and muecilaginous
membrane.

An embryo with rhizoilds and apical hairs.
A SYyEot@... cos oss wes see X 100






533.

Figs. A.

B.

C.

D.
E.

F.

G.

I.

Je

PLATE XXI

L.S. of an axis at the apex showing
apleal colless sec seoa X 260
T.5. at the apex of an axis showing
apieal 001l.ecs ses  oes X 260
T.8. of an axis showing tissues

X 62
L.S. of an axis showing tissues X 62
T.8. of an axis showing meristoderm
and corteXses <o s0e « X 260
LeS. of a filiform leaf showing apieal
Celleee ces +es ese e X 260
T.S5. at the apex of a filiform leaf
showing apieal cell... .. X 26o
T.8. of a filiform leaf passing through
apical region, showingtissues X 62
T.5. passing through the middle part
of a filiform leaf... ... X 62
L.S. of medullary cell in the apical
region showlng cytoplasmie
connections..c sece ses o X 260
T.85. atthe apex of a receptacle showing
apical cellsee cee eee X 260
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Figs. L.

L.S. of a receptacle at the apex show-

mg Bpical cell. ..o sew see X 62

M - V. Development of conceptacles X 260

M.
N.

Q, R
S.

U.

Conceptacle initial.

First division of conceptacle initial forming
tongue cell and basal cell.

First division of basal cell.

and U. PFurther divisions of basal cell.
Transverse section passing through tongge
cell.

Transverse section passing ghtough basal
cells. '

Lining cells of the conceptacle and uni-
seriate hair.

Transverse section of an empty conceptacle
showing lining cells.

W - Y. 0050!1181 dWQlopment. *a e e x 62

We.

X.

Y.

T.8. of a receptacle showing ocogonial
initial and its first division and
tissues.

L.S. of a receptacle showing tissues and
four-nucleate oogonium.

T.8. of a receptacle showing embedded

oogonium.
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Fig.

A.

C.

I.

J.

L.

CYSTOPHYLLUM MURICATUM.
PLATE XXII

Conceptacle showing antheridia and
paraphys@S.ee sse osee osoe X 90
Branched antheridial hair... X 300
Antheridia borne directly on the wall

of a conceptacle.s .ee s X 300
I. Extruded oogonia showing
pelehies was se sus eass X 95
An extruded oogonium.

2-nucleate oogonium.
Fogr nucleate oogonium.
Eight nucleate oogonium.
Seven supernumery nuclel at the periphery
of the oogonium.
A mature egg.
. Development of embryo... X 95
A zygote.
First transverse degmentation of a zygote.
Second vertical segmentation wall in the
upper segment.
Third transverse segmentation wall forming
rhizoid initial.
Fourth vertical segmentation of the middle
eell and longitudinal division o?&hizeid
initial.
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Figs. P - R.

T.
U.

W.

Showing four primary rhizoid
€0llScce coe 44 ses eee X 95
One week old embryo with four
Thiz2olds. «es oses¢ sse oee X 75
Embryo with seven rhizoids.. X 95
Eleven days old embryo with muellag-
inous membrane on one side and apical
h81iTese  eoe ess ees sese X 80
Eighteen days old egbryo with apieal
hairs.. Ve e Nes e X 9%
Three months old embryo showing
branchingeees se¢s oo eos X 35
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C.

F.
G.

I.

K.
L.

PLATE XXIII.

T.8. at the apex of an axis showing apiecal
Cell.ce <ee ese ses ssse ses X 90
L.S. parallel to flat surface of an axis
at the apex showing apiecal cell. X 90
L.S. perpendicular to the flat surface of
an axis at the apex showing apiecal

Cellice see sss sse ses ses X 90
T.5. perpendicular to the flat surface showing
tissues «es ees eee ses ses X 90
L.5. parallel to the flat surface of an
axis showing meristoderm cells.. X 380
Meristoderm cell showing division X 380
Cortical cells showing lamellae and swollen
A056XR) Wak1B.00a wse nen wes X 300
Cortical cells showing muecilage and
lamellations ... +s¢ eese <2« X 380
Medullary cell showing pit connections.
L.8. perpendicular to the flat surface of
a segment showing tissues.. ... X 90
Hyphae.

Coneeptacle showing oogonia and
antheridifieee oo oo ses oo X 90
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Figs. M,
N.
P.
X = Z.
X.
Y.

Uogonium proper and basal ecell. X 380

A young Oogonium.o- s eee o X 380 .

EEE&-.- e W L ] L L L ] - x 90

Development of antheridia. . X 380

Different stages of antheridia on a hair.

(a)

(b)

(e)

(@)

Z.

(e)
Ant

Qutgrowth from the lining cell of
a conceptacle.
Division of the outgrowth from
antheridium to basal cell.
Young antheridia.
Two nucleate antheridia.
A mature antheridium.
heridial hairs.
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Figs.

A,

B.

D.

E.

G.

H.

MYRIODESHMA INTEGRIFOLIA
PLATE XXIV.

T.8. at the apex of an axis showing apiecal
€8llece sce osss eea sse ees X 395,
L.8. perpendicular to the flat surface

of anfazis showing apieal cell;. X 395
T.S. of the basal part of an axis showing
ti831€8.. ¢ coe 202 ses see X 95
L.S. ofthe basal part of an axis showing
tissues and pit connections ... X 95
T.5. of a segment showing tissues and
eryptostomataceee <ec oee ..o X 95
Meristoderm and cortex cr:t:aal parts of
an axis showing pit connections X 395
Meristoderm and cortex of a segment near
the apeX.ee oea ess sss sss X 395
L.S. perpendicular to the flat surface
of a young segment showing pit

connectionSecsse ise ‘uss wes X P8
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pigs. A - Ga
A.
B.

c.

UYRIODESMA INTEGRIFOLIA.

PLATE XXV

Development of conceptacles.. X 380
Conceptacle initial.

First division of the initial forming
a tongue cell and a basal

€8llese eoe cee see eee o

First division of the basal cell
the

Dy E and F. Further divisions of ,basal

G.
H.

N.
P =T

the
cells and ,tongue cells.

Empty coneeptacle with central hairs.
Conceptacles showing oogonia, anther-
idia and central hairs ... . X 90
Development of oogonia ... . X 380
Oogonial initial.

First division of oogonium initial.

A young oogonium.

Two nucleate ocogonium and paraphyses.
A mature oogonium showing two walls
only.

An egg.

Development of antheridia... . X 380
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Q.
R.
8.

T.

(a) An outgrowth from a lining cell of a
conceptacle.

(b) First division of the outgrowth forming
antheridium and a basal cell.

Two nucleate antheridium.

Four and eight nucleate antheridia.

Sizfeen nucleate antheridia.

Antheridium and pargphysaa.
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MYRIODESMA LATIFOLIA.

PLATE XXVI

Figs. A, L.5. perpendicular to the flat surface

of an axis showing apiecal eell. X 300
B, T.5. at the apex of an axis showing
apleal o8llese <ve oves see X 300
c. L.S. perpendicular to the flat surface
of a young segment showing tissues X 75
D. T.8. of a segment showing central
hairs, antheridia and oogoniz. X 75
E. ITe8+ of the petiole of a segment shwing
different tissues.. e.c weos X 75
F. L.S. of the petiole of a segment showing
tissues and pit connections.. X 75
G - L. Development of conceptacles X 300
G. Conceptacle initial.
H. First division of the initial showing
a tongue cell and a basal cell.
I. First division of the basal cell and
divisions of tongue eells.
J and K. Further divisions of basal cell and
tongue cell forming lining of the con-
ceptacle and hair respectively.



5473.

Fig. L. L.S. of a segment showing empty concept-
acles with central hairs... ... X 75

M. Ceonceptacles showing central hairs and
antheridi@.ce ose sse «¢ «0e X 75

N. Antheridi@.ee oce sea <o +e. X 300

(a) Antheridia on branched hair.
(b) Liberation of antheridium.

(e) Empty antheridium.

P. A mature oogoniun showing two walls
ONlYsss see oes sss esse oss X 300

Q - Z. Development of embrjgo.. ... X 90

Q. A zygote.

R. First transverse division of a zygote

8. Two-celled embryo with 2 nuclei in upper
segment.

I. Becond vertical segmentation in the upper
segment of the embryo.

U. Third division of the embryo in the lower
segments forming rhizoid initial.

V. Two nuclei in the middle segment of the
embryo.

W. Vertical division in the middle segment and
rhizoid initial oﬁ%he embryo.
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Fig. X. Longitudinal divisions in the rhizoid

initial forming 4% rhizoid cells,

Y. Many celled embryos.
(a) Embryo with two rhizoids.
(b) Embryo with four rhizoids.

Z. Many celled embryos with septate and
simple rhizoids.
(a) Three days old embryo,
(b) Four days old embryo,
(e) Ten days old embryo showing apieal

and
haired muecilaginous membrane.
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Figs. A.

Ce
D.

F.

G.
H.

I.

K.

L.

MYRTODESHA OUTRCIFOLIA.
PLATE XXUII

L.5. perpendicular to the flat surface
of an axis showing apical cell.. X 260
T.5. atthe apex of an axis showing
apical celleece eses ess o+ss « X 260
T.8. of a segment showing tissues X 260
T.8. of a segment showing meristoderm
and cOrteX.es ees sse oes o X 260
TeS. of a segment showing medulla with
1amell8.es ees os sese soe o« X 260

L.S. perpendicular to the flat surface of

a youngsegment showing tissues . X 62
Medulla showing hyph&€... «se « X 62
Cortical cells of the stipe showing
lamellations and hyphae.. «.. . X 260
Meristoderm cells of the stipe X 62
Development of conceptacles X 260
First division of the initial forming a
tongue cell and a basal cell.
First division of the basal cell and
tongue cell.

M and V. Purther divisions of basal cells and

tongue cell.
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Fig. P.

S.

L.Ss of a segment showing conceptacle with

antheridia and ocogoni@i..ce e.. X 62,
Conceptacle showing antheridia and central
balrSceee ees ese sas ces X é2.
Development of antheridia ... X 260

(a) An outgrowth from lining cell of the
conceptacle,

(b) Transverse division of the outgrewth

(e) Young antheridium.

(d) Two and sixty four nuclecte antheridia
with empty ones.

(e) Four nucleate antheridia.

(f) Eight nucleate antheridium.

(g) Sixteen nucleate antheridium.

(h) Thirty two nucleate antheridium.

(i) end (Jj) Extrusion of sperms and
antheridia.

Development of 00gonl@.ee e.s <o« X 260

(a) Oogonial initial.

(b) Transverse division of oogonial initial
forming upper oogonium and lower basal
cell.

(e¢) Two nucleate oogonium.

(d) Four nucleate oogonium.

(e) A mature oogonium and antheridium Only two

oogonial walls shown.



547.

Fig. T. Development of embryoS... <.. X 120

(a)
(b)
(e)
(d)

(e)

(£)

(2)

(h)

An egg.

A zygote.

Transverse division of the zygote
Second transverse division in the
lower segment forming a rhizoid
initial.

Four celled embryo. Vertical
division in the uppermost segment.
Pive-celled embryo showing longit-
udinal division of rhizoid
initial.

Five celled embryo showing longit-
udinal division in the middle seg~-
ment.

and (i) Many celled embryo with

four rhizoids.

‘ U. Sheowing pit comneetion... ... X 62
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THE SHAKING APPARATUS

PLATE XXVIII.
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Figs. A.

C.

D.

F.

I.

PLATE XXIX

Metaphase plate in polar view in the para-

physis of Cystophyllum muricatum... X 750

Metaphase plate in polar view in the apical

cell of Cystophyllum muricatum..... X1000

Metaphase plate in polar view in the oo-

gonium of Cysgtophora moniliformis...X 500

Metaphase plate in polar view in the apical

cell of Cystophora moniliformis.... X1000

Metaphase plate in polar view in the apical

cell of Cystophora polvevstidea.....X1300

Metaphase plate in polar view in the para-

physis of Cystophora uvifera... ...X 750
Anaphase in the antheridium of Cystophora

eephalornithog... .e. see .oe <X 400

Metaphase in polar view in the antheridium

of Cystophora cephalornithos... .. X 450

Nucleus showing chromocentres in the meris-
toderm cell of the embryo of Cystophora

M". LR 2 L ess LR S 11000

Metaphsee plate in polar view in the meris-
toderm cell of the embryo of .

subfarcingataece eee see ses  eee X 665
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Figs. K.

L.

0.

Metaphase plate in side view in the meris-

toderm ecell of the embryo of . subfarcinata
X 665

Anaphase stage in the meristoderm cell of the

embryo of C. subfarcinatae.s ese + X 665
Nucleus in the rhizoid cell of the embryo of

C. subfarcinats showing chromocentre E 585
HKetaphase plate in polar view in the meris-
toderm cell of the embryo of C., retorta X 860
Anaphase in the meristoderm cell of the

embryo of L. TetortBe.ee oee ses «.X 860

P and R. Metaphase plates in side view in the

Q.

S.

T.

u.

V.

body eell of the embryo of C, retorta X 1000
Metaphase plate in polar view in the meris-

toderm cell of the embryo of C, rdbrta X 715
Anaphase in the body cell of the embryo of

mm.tt s s LR LR L ..I 715
Telophase in the meristoderm cell of the

embryo of C. retortfece <se ses «os X 1000
Nucleus of the rhizoid cell of C, retorta
showing chromocentres.. ... ... ..X 890
Metaphase plate in the rhizoid cell of

G IREOZER - cc 400 oss sse see X 18400
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Figs. W. DlNuecleus in the meristoderm cell of Q.
subfarcinata showing chromocentres X 1250
X. Metaphase plate in polar view in the anther-
idium of C. platviobium... «e. X 700
Y. Metaphase plate in polar view in the
apical cell of (. platylobium.. X 1000
Z. Metaphase plate in polar view in the

oogonium of C, intermedis.. «s- X 1000



PLATE XXIX.
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[
DURVILLEA ANTAR?IGA ( Cham.) Hariot
PLATE XXX
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UURVILLEA POTATORUM ( Lab.) Areschougs
PLATE XXXI
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HORMOSIRA BANKSII ( Turn.) Decalsne.
BLATE XXXII
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555

PHYLOSPORA COMOSA (Lab.) C.Agardh.
PLATE XXXIII






556.

SEIROCOCCUS AXILLARIS (R.Br.ex Turn.) Grevi
PLATE XXXIV



PLATE XXXIV.




557

SCYTOTHALIA DORYCARPA (Turn.) Grev.
PLATE XXXV



PLATE XXXV,




558.

XIPHOPHORA GLADTATA (Lab.)ilontegne ex Xjellmen.
PLATE XXXVI



PLATE XX XVI.




559.

XIPHOPHORA CHONDROPHYLLA (R.Br.ex.Turn,)Montagne
ex Harvey.
PLATE XXXVII



PLATE XXXVII.




560,

CYSTOPHORA UVIFERA (C.Agardh)J.Agardh.
PLATE XXXVIIT
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561.

CYSTOPHORA CEFHLORNITHOS (Leb.)d.Agardh.
PLATE XXXIX



PLATE XXX|X
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CYSTOPHORA PANICULTA (Turn.) J.Agardh.
PLATE XL
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563.

CYSTOPHORA GALAPAGENSIS(Elecone and Grunow 1n
in Piceone) nov.comb.

PLATE XLI
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564.

CYSTOPHORA PECTINATA(Grev.et C.Agardh ex Sonder)

Jd.Agardh,
PLATE XLII
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CYSTOPHORA INTERMEDIA J. Agardh.

PLATE  XLIII



PLATE XLIil.



566

CYSTOPHORA GREVILLEI (C.Agardh in Sonder)d.Agardh.

PLATE  XLIV



PLATE XLIV.
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CYSTOPHORA PLATYLOBIUM (Mertens)Jd.Mgerdh.
PLATE XLV



PLATE XLV.
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CYSTOPHORA BRANDEGEEI(Setchell et Gardner)nov.comb,
FPLATE XLVI
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569.

CYSTOPHORA MONILIFORMIS (Esper) nov. comb.
PLATE XLVII
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570.

CYSTOPHORA HOOKERI Sp.nov.
PLATE  XLVIII
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CYSTOPHORA XIPHOCARPA Harvey.
PLATE  XLIX



PLATE XLIX.




572

CYSTOPHORA RACEMOSA(Harvey ex Kuetzing)d.Agardh.
PLATE L
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CYSTOPHBRA CUSPIDATA J.Agerdh.
PLATE LI
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CYSTOPHORA SCALARIS J.Agardh.
PLATE LII



PLATE LII
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PLATE LIII
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CYSTOPHORA STILIQUOSA J.Agardh.
PLATE LIV



PLATE LIV.
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CYSTOPHORA WETORTA (Mertens)d.Agardh.

PLATE LV
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CYSTOPHORA TORULOSA(R.Br.ex Twrn.) J.Agardh.

PLATE LVI



PLATE LVI,
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CYSTOPHORA BOTRYOCYSTIS Sonder.
PLATE  LVII






580,

CYSTOPHORA DISTENTA J.Agardh.
PLATE LVIII



PLATE LVIII
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CYSTOPHORA CONGESTA Sp.nove.

PLATE LIX
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CYSTOPHORA SUBPARCINATA (Mertens) J.Agardh.
PLATE IX
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CYSTOPHORA THYSANOCLADIAJ. Agardh.

PLATE  LXI



e

- E) ¥ AN =

L
AHBMAS LUANOSE v &H

ANMNORIIW
AL Ald 0D ONISSIDONd GHODSH

IRBLd  ANOHJ

u

: "'_ thufl.-ol} u._j\_l I‘"l
3 \ Retherche Qch W,
‘.Dn{'{"
2|1 ) 950
Call, T H.WI*!}'
Dot~ H. B.S. WONERSLEY

(ydlophora thysameclada 147 R,



584.

CYSTOPHORA BROWNTII ( Turn.) J.Agardh.
PLATE ILXII
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CYSTOPHORA GRACILIS Sp.nov.
PLATE LXIII
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CYSTOPHORA MONILIPERA J.Agerdh.

PLATE  LXIV
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CYSTOPHORA POLYCYSTIDEA Areschough in J.Agardh,

PLATE  LXV
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588

CYSTOPHORA EXPANSA (Areschoug) nov.comb.
PLATE  LXVI
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CYSTOPHORA ELONGATA Spe.nove
PLATE  LXVII
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SCABERIA AGARDIIT Grev.
PLATE LXVIII
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CYSTOPHYLLUM MURICATUM (Twrn.) Je.Agardh,

PLATE IXIX
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CYSTOSEIRA NODULARIA (Mertens) C.Agardh,
PLATE IXX
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CYSTOSEIR: ROBUSTAJ.Agardh.
PLATE LXXT
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CARPOGLOSSUM CONFLUENS (R.Br.ex Turn.) Kuetzing.

PLATE LXXII



PLATE LXXIL
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CARPOGLOSSUM ANGUSTIFOLIUM (Sonder)d.Agerdh.

PLATE LXXIII
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| MYRTODESMA PERONII sp.nov.
PLATE LXXV
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WYRIODESMA SERRULATA (LAMOUROUX)DECAISNE.
PLATE  LXXVI
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MYRIODESMA INTEGRIFOLIA Harvey
f.INTEGRTFOLIA.

PLATE LXXVII
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MYRIODESMA INTEGRIFOLIA Harvey
fLPINNATIFIDA J.Agardh.
PLATE LXXVII
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MYRIODESMA TUBEROSA J.Agadh.
PLATE IXXVIIT
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MYRIODESMA LEPTOPHYLLA J.Agardh.
PLATE LXXIX
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ﬁIRIOBESHA PORTLANDIA sp.nove
PLATE ILXXX
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MYRIODESMA LATIFOLIA Harvey f.LATIFOLIA,
PLATE LXXXI
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MYRIODESMA LATIFOLIA Harvey f.DURIUSCULA J.Agardh,
PLATE LXXXI A
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MYRIODESMA QUERCTPOLTA (Bory) J.Agardh.
PLATE LXXXIT
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Figs. A.
B.
C.
D.
E.
F.
a.
H.
I.
Je
K.
L.
M.
N.
0.
P.

Q.
R.

607,

Receptacles
Becaﬁtacles
Receptacles
Receptacles
Receptacles
Receptacles
Receptacles
Receptacles
Receptacles
Receptacle

Receptacles
Receptacle

Receptacles
Receptacles
Receptacles
Receptacles
Rqceptacles

Receptacles

CYSIOPHORA.
PLATE LXXXIII.

and vesicles of C, uvifera

and vesicles of C. cephalornithos.
of C. paniculata.

of C. galapagensis.

of C. pectinata.

of C, intermedia.

of C. grevillei.

and a vesicle of C, platvioblum
of Co brandegeel.

of C. hookexri.

of Ca moniliformls.

of C. xlphocarpa.

and vesicles of C.racemesa.

of C. cuspldata.

and a vesicle of C, gcalaris.
and vesicle of C, retroflexa.
of C. siliguoga.

of C, retorta.






608.

Figs.

A.

Receptacles
Receptacles
Receptacles
Receptacles
Receptacles
Receptocles
Receptacles
Receptacles
Receptacles
Receptacles
Receptacles

Receptacles

CXSTOPHORA.
PLATE LXXXIV

and a vesicle of C, torulosa.
and vesicles of C, botrvocystis
of C. dlstenta.

and vesicles of (. congesta.
of C. subfarcinata. |
of C, thysanocladia.

of C. brownil.

and ramuli of C, gracilis.

and vesicles of C, monilifera.
of C. nolvevstidea.

of C. _eXpansa.

of C. elongata.
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HOTHEIA ANOMALA.
PLATE LXXXV

Figs A. T.S. at the apex of an axis showing a
group of apical cellS... «ss X 395
B. T.S5. near the apex of an axis showlng
three SeCtOTSese eos +¢ sea X 395
C. L.S., of an axks at the apex showing two
apical 0ellSees see see oo X 395
D. L.S. of an axis passing through the
conceptacle showing paraphyses and
apical cells of an axis developing from
the conceptacleees ove +se X 395
E = G. Division of peripheral cells showing
pit connectionSees ees ses X 560
H. H. LeS. of an axis showing tissues and
hyphae (microtome section).. X 95
1. Showing dichotomous branching of
cortical cells in longitudinal
sectioNeee oos oss ese o X 455
J. T«S. of the basal part of an axis
shwing tissues and hyphae... X 145



LXXXV.

—

2l

PLAT




. 6I0.

Figs. A.

D.

LOTHETA ANOMALA.
PLATE LXXXVI
T.8. of an agis showing tissues and con=-
ceptacles with paraphysesS... «.. X 95
T.8. of an axis passing through the con-
ceptacle showing an axis developing on the
wall of the conceptacle (axis is dia=-
grammatic)ecs eee ces ese ees X 95
L.S. of an axis showing apical cell and
development of conceptacles.. .. X 395
(a) Transverse division of an initial
forming basal cell and tongue cell.
(b) Conceptacle with a uniseriate hair.
T.S. of an axis showing development of
conceptacleece see 2se sss sss X 395
(a) TInitial ce}l
Ib) Series of transverse divisions of the

tongue cell.
L.S. passing through the conceptacle showing

paraphyseS.ee sss ses oses sss X 395
G. and H. Showing development of paraphyses
| X 395

J, and K. Showing development of sporangia
X 395
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Figs. A and B.

C.

F.

G.

H.

I.

Jn

K.
L.

u-no

NOTHEIA ANOMALA.
PLATE LXXXVII

Macrozoosporangia showing development
of MAaCrozZo0SpPOTrESees see +vs X 480
Lateral liberation of macrozoospores in
a mucilaginous envelope.. ... X 480
Distal liberation of macrozoospores in
the mueilaginous envelope.. .. X 480
Macrozoospore with two flagella X 650
Macrozoospore becomes round... X 800
Apical liberation of macrozoopores and
germination in sitUeee <o «« X 400
Mierozooid produecing body and para-
PRYBBBace ans sie sna ase X 400
Lateral liberation of microzooids in a
micilaginous envelop@... +.. X 400
Microzoold with two flagella. X1200
Microzoold beeoming round... X 600
Distal liberation of microzooids in a
mucilaginous envelope..s s.. X 400
Germination of macrozoospore
Macrozooppore (rounded)...... X 300
A tubular prolongatioNesss«.. X 300
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Figs. O.

P.

Q.
R.

B"'XQ

S.
I.
u.

Wa

Formation of transverse septum in the
prlongationeee ees ses +se X 300
Elongation of germ tub@es..e.s X 300
Germinating macrozoospore.... X 300
Further transverse division of germ
tUDBoee san oes sos ses X 300
Macrogametophyte.

Filamentous gametophyte... ... X 160
Gametophyte == Bpaya oldes o+ « X 500
Gametophyte developing colourless
BRiTess ses ses sas  sse X 545
Gametophyte developing colourless
hairBece oos oos -se wee X 360
Gametophyte with erect reproductive
DollioBics eee sos wse aew X 729
Gametophyte developing in the spor-
angium within the conceptacle X 300
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Figs. A.

C.

D.

F.

£

H.

I.

J.

K.

HOTHEIA ANOMALA.
PLATE LXXXVIII
Nucleus of the apical cell showing
nucleolus and chromocentres. X 1875
Tucleus of the peripheral cell showing

chromosomes at metaphase in polar
VioWese ses <o eve one X 5000
Peripheral cell with nucleus showing '
chromosomes at metaphase in pdhr

VieWeee +es oes ese see X 2500
Peripheral cell with two daughter nuclei
at telophas@eee o« <eo oee X 1500
Paraphysis cell with nucleus showing

chromosomes at metaphase in polar view
X 3500
Metaphase plate in side view and spindle

in the nucleus of a paraphysis cell
X 2000

Early anaphase in the nucleus of a
paraphysis celleee <ee <eo X 1500
Huclear divisions in the macrozbospor-
angium... see os see oss X 1500

Late anaphase in the nucleus of a para-
physis celleee ees oo s« X 1500
Metaphase in polar view in the cortieal
Celleee wee sse =es ses X 2000
Metaphase in polar view in the basal cell

of a paraphysiS.cc eee «ee« X 1500
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NOTHEI ANOMALA Harvey and Bailey.
PLATE ILXXXIX
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PLATE LXXXIX.
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