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PREFACE
Part IlIA of this Marine Benthic Flora of southern Australia covers seven orders of the
Rhodophyta (red algae), leaving the other orders to be covered in Parts IIIB and mc.
Part IlIA is arranged similarly to Parts I and II, to which reference should be made for
previous comments in the introductory chapters on the collection and preservation of marine
plants, the history of phycology in southern Australia, and general aspects of their ecology
and biogeography.
The following have co-authored various families or orders within this account.
Dr K. S. Edyvane, SARDI (Aquatic Sciences), 135 Pirie Street, Adelaide, S. Australia
5000. (Gigartinaceae.)
Prof. M. D. Guiry, The Martin Ryan Marine Science Institute, University College Galway,
Galway, Ireland. (Gelidiales.)
Dr J. M. Huisman, School of Biological and Environmental Sciences, Murdoch University,
Perth, W. Australia 6150. (Galaxauraceae.)
Dr G. T. Kraft, School of Botany, University of Melbourne, Parkville, Victoria 3052.
(Nemastomataceae, Dicranemataceae, Acrotylaceae, Mychodeaceae.)
Mr J. A. Lewis, School of Botany, University of Melbourne, Parkville, Victoria 3052.
(Halymeniaceae, Phyllophoraceae.)
Dr W. J. Woelkeriing, School of Botany, LaTrobe University, Bundoora, Victoria 3083.
(Acrochaetiales. )
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ABBREVIATIONS USED IN FIGURES
a

apical cell

inv

involucre

aux

auxiliary cell

mf

medullary filament

ax

axial cell

n

nutritive cell

b

basal cell

p

pyrenoid

c

carpogonium

pa

periaxial cell

csp

carposporangium

pc

pericarp

c brl

carpogonial branch

refr

refractive cell

cbr2

(cells 1,2 and 3)

rgc

refractive gangloid cell

rh

rhizoid

ro

rosette cell

st

sterile cell

st b

sterile branch

sp

spermatangium

stel

stellate cell

su

supporting cell

subs

subsidiary cell

c br3
cf

connecting filament

co

cortical cell

cyst

cystocarp

cl

cystolith

env

enveloping tissue

fu

fusion cell

gf

gonimoblast filaments

gi

gonimoblast initial

gl

gland cell

h

hair

hy

hypogynouscell

tetrasporangium
ti

tetrasporangial initial

tr

trichogyne
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INTRODUCTION
Part lIlA of the Rhodophyta continues the accounts of Part I on the Chlorophyta and
seagrasses (Womersley 1984) and Part II on the Phaeophyta (Womersley 1987), and includes
the orders and families listed in the Synopsis (pp. 8-10). Part IIIB will then cover the
Gracilariales, Bonnemaisoniales, Corallinales, Rhodymeniales and probably the Ceramiaceae
of the Ceramiales. Part mc will cover the remaining three families of the Ceramiales.
Completion of Part III will then permit an assessment of the marine algal biogeography of
southern Australia, both within this region and in relation to that of other countries.
The layout of Part IlIA is similar to that of Parts I and II. In descriptions, ranges of
dimensions apply to mature parts, and in citing specimens the standard herbarium
abbreviations (Holmgren et ai. 1990) are used; most of these are listed in Part II. All names
applying to southern Australian taxa are referenced, but names in minor check lists and
ecological accounts are not included. A few species, probably undescribed but without
adequate reproductive material, have not been included. Unless otherwise stated in the
captions, all figures are by the author (H.B.S.W.) with herbarium photographs mostly taken
by Mrs C. Ricci.
Sets of "Marine Algae of southern Australia" will in future be distributed from the State
Herbarium to herbaria listed in Part II (p. 11).
Identification of many Rhodophyta is far from easy. As well as good reproductive
specimens (at least of female-cystocarpic and tetrasporangial plants) and microscopic
facilities, experience, time and patience are necessary. The similarity in form of many
species in different families or even orders is often confusing, and details of their
reproduction requires careful study. Only rarely can certain identifications be made on
general appearance and form of a red alga, or on sterile material.
Due to these difficulties, keys to orders and families, and often genera. are frequently
not fully comprehensive and have to be modified as knowledge develops. This Aora is (as
previous parts) a step forward in our understanding of the Rhodophyta, and much research is
still necessary as indicated in the accounts of many taxa.
In studyin!t the Rhodophyta, a basic understanding of life histories is first necessary. For
this, texts such as Bold & Wynne (1985) or Clayton & King (1990) can be consulted,
emphasizing as starting points the life histories of Porphyra (in the Bangiophyceae) and
Nemalion and Polysiphonia (in the Florideophyceae). There are, however, many variations
on these basic life histories.
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RHODOPHYTA
Phylum RHODOPHYTA Wettstein 1901: 46
Thallus microscopic (unicellular or filamentous) to macroscopic, a few millimetres to
about a metre long, attached by a rhizoidal or cellular holdfast; epilithic or epiphytic, or
rarely free-floating, annual or perennial. Habit filamentous to pseudoparenchymatous, or
parenchymatous, cylindrical to flat or inHated and vesicular, or crustose, usually slightly to
profusely branched. Colour usually red in deeper water species, sometimes pink (in
Corallinales), often yellow to yellow-brown (bleached) in intertidal or shallow-water species,
occasionally purple to almost black. Cells small and uninucleate to large (several mm long)
and multinucleate, usually vacuolate. Cell wall of an inner layer of rigid cellulose (or related)
microfibrils and an outer amorphous mucilaginous layer of sulphated galactan polymers
(giving agar, carrageenan etc. in some genera), with a firm outermost proteinaceous pellicle
(cuticle) in some taxa; some Bangiophyceae with an inner fibrillar xylan wall and outer nonfibrillar mannan wall, but with cellulose microfibrils in the conchocelis phase; CaC03 as
calcite in the Corallinales cell walls, as aragonite in some Nemaliales (e.g. Liagora). Cell
division by ingrowth of cellulose wall material leaving a central aperture which becomes
blocked by a pit-plug consisting of a central core of protein and outer polysaccharide layers;
such pit-connections absent from gametophytic thalli of Bangiophyceae but present in the
conchocelis phase of Bangiales. In many taxa secondary pit-connections connect adjacent
cells of different filaments, or lie adjacent to primary connections, formed usually by a small
cell derived from a thallus cell fusing with an adjacent cell, leaving a slender protoplasmic
connection, or by direct cell fusions in Corallinaceae. Rhodoplasts single and stellate to
numerous and discoid, with non-aggregated photosynthetic thylakoids, containing
chlorophyll a (some taxa also with chlorophyll d), a and B carotene, several xanthophylls,
and accessory photosynthetic phycobilins (phycoerythrin and phycocyanin) as granules on
the surface of the thylakoids; phycoerythrin (red) usually predominant over the phycocyanin
(blue-green); pyrenoids present in rhodoplasts of some primitive groups (Bangiophyceae,
Nemaliales). Storage carbohydrate Floridean starch (an amylopectin, staining yellow to
brown-purple with iodine), present as scattered granules in cytoplasm. Gland cells (vesicle
cells) present in some taxa. with clear, highly refractive contents rich in bromine or iodine.
Unicellular colourless hairs produced from cortical cells in many genera, and branched
(rarely unbranched) usually colourless multicellular trichoblasts in many genera of
Ceramiales. Growth diffuse in Bangiophyceae, usually apical and filamentous in
Florideophyceae, with intercalary cell divisions in some taxa. Structure in Florideophyceae
uniaxial or multiaxial and obviously filamentous to pseudoparenchymatous with closely to
loosely associated filaments of elongate to globular cells.
Life history basically triphasic in most orders (monophasic or biphasic in some
Bangiophyceae) with two dissimilar sporophyte generations, the carposporophyte attached to
and partly parasitic on the female gametophyte and the free-living tetrasporophyte which is
isomorphic or heteromorphic with the gametophytes.
Reproduction. Sexual reproduction oogamous, with female carpogonia usually borne as
the terminal cell of a specialised carpogonial branch, and minute, non-motile, colourless
spermatia, usually cut off as a surface cluster or layer. Zygote developing on the (female)
gametophyte and producing carposporangia directly or via gonimoblast filaments, or via an
auxiliary cell to which the diploid post-fertilization nucleus is passed and which then
develops into a fusion cell which produces carposporangia directly or via gonimoblast
filaments; carposporophyte attached to and partially parasitic on the female gametophyte.
Carpospores producing an alternate isomorphic or heteromorphic phase, the tetrasporophyte,
which in turn produces meiospores (tetraspores) in distinctive groups of four by meiotic
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divisions; bispores and polyspores formed in some genera. Monospores and paraspores
present in some genera, non-meiotic.
The phylum Rhodophyta is characterised by the presence of accessory photosynthetic
pigments (the phycobilins phycoerythrin and phycocyanin) on non-aggregated thylakoids in
the (usually) red rhodoplasts, the production of floridean starch as the reserve substance, and
oogamous sexual reproduction involving female carpogonia and non-motile male spermatia;
no flagellate cells occur in the phylum; the zygote is retained and develops on the parent
gametophyte.
The Rhodophyta is a distinctive group with some 650-700 genera and over 4,000
species. Southern Australia is particularly rich, with some 284 genera and 800 species, many
of the species being endemic. A general analysis of their biogeography is given in Part I
(Womersley 1984, pp. 53-56) and in Womersley (1981).
A few southern Australian Rhodophyta are probably adventives from other regions.
These include Solie ria tenera, Schottera nicaeensis recorded by Lewis & Kraft (1979),
Antithamnionella spirographidis by Wol1aston (1968, p. 345), Cottoniella fusiformis (in
Gulf St Vincent, S. Aust.). Polysiphonia brodiaei and P. pungens (= P. senticulosa Harvey)
by Womersley (1979. pp. 496, 472 resp.)
The Rhodophyta in general have been reviewed by Dixon (1973), Dixon & Irvine
(l977b), Gabrielson & Garbary (1986), Kraft (1981), Kraft & Woelkerling (1981,1990) and
Magne (1989), and their life-histories have been discussed by West & Hommersand (1981).
While some orders (e.g. Rhodymeniales, Ceramiales) of the Rhodophyta are accepted by
most phycologists, others are still in a state of flux. This applies in particular to Class
Bangiophyceae (see Magne 1989), to the old order Nemaliales, from which several orders
have been separated, and to the order Gigartinaies. Orders separated from the Nemaliales
include the largely marine order Acrochaetiales (see Papenfuss 1966; Garbary 1978), and the
entirely marine Bonnemaisoniales (Feldmann & Feldmann 1942; Chihara & Yoshizaki 1972)
and Galaxaurales (Chaetangiales) (Desikachary 1963; Papenfuss 1966; Huisman 1985, p.
416), of which the Acrochaetiales and Bonnemaisoniales are accepted here, following in
particular the studies on pit-plugs by Pueschel & Cole (1982) and Pueschel (1989). The latter
work also supports recognition of the order Gelidiales, which Dixon (1973, p. 251)
suggested should be placed within the Nemaliales, and gives the basis for recognition of the
order Hildenbrandiales. The orders Cryptonemiales and Gigartinales have long been
recognised as clear cut for some families but not so for others. Recently Kraft & Robins
(1985) have suggested that these two orders are not satisfactorily separated and should be
merged, resulting in the very large order Gigartinales with over 40 families. As well as the
features discussed by Kraft & Robins, further difficulties exist with regard to families placed
in the Gigartinales (sensu stricto) but which form auxiliary cells only in reproductive
nemathecia (e.g. Peyssonneliaceae. Polyidaceae) or in special short shoots (e.g.
Phacelocarpaceae, Nizymeniaceae, Plocamiaceae), not existing as vegetative cells of the
thallus. It thus seems preferable to follow Kraft & Robins' suggestion and combine the
Cryptonemiales and Gigartinales under the latter name. The family Gracilariaceae has
recently been separated as an order by Fredericq & Hommersand (1989).
The Corallinaceae, formerly placed in the Cryptonemiaies, are now regarded by most
authors as constituting a separate order, the Corallinales (see Silva & Johansen 1986).
KEY TO ORDERS OF RHODOPHYTA
1.

1.

Pit-connections absent (except in conchocelis phase); cell divisions intercalary, rarely
apical; sexual reproduction unknown in most, when present with the zygote forming
directly a' small number of carpospores, without a distinctive carposporophyte;
tetrasporangia absent ...................................................... Class BANGIOPHYCEAE ..... 2
Pit-connections present and usually prominent; cell divisions apical (also intercalary in
some taxa); sexual reproduction usually present with distinctive carpogonia and
spermatia, with a carposporophyte present; tetrasporangia usually present
................................................................................... Class FLORIDEOPHYCEAE .... .4

RHODOPHYTA
2.

2.
3.

3.
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Thallus unicellular or colonial with cells in an irregular or pseudofilamentous
arrangement in a gelatinous matrix; asexual reproduction by release of vegetative
cells or by endospores; sexual reproduction unknown
.................................................................................PORPHYRIDIALES (p. 21)
Thallus filamentous to foliose, parenchymatous; sexual reproduction present or
unknown ................................................................................................................ 3

Thallus usually microscopic, crustose, filamentous or foliose, pit-connections absent;
basal attachment rhizoids present or absent, or with a pulvinate base; asexual
reproduction by monospores derived from the parent cell by unequal division of the cell
by a curved wall; sexual reproduction unknown or doubtful
...................................................................................... COMPSOPOGONALES (p. 25)
Thallus macroscopic, filamentous to foliose, becoming several to many cells thick or
wide; heteromorphic with pit-connections present in the microscopic sporophyte
(conchocelis phase) but not in the macroscopic gametophyte which has basal attachment
rhizoids; asexual reproduction by monospores or aplanospores in both generations,
formed from whole cells or from differentiated sporangia; sexual reproduction usually
present, involving spermatia and carpogonia with direct production of carposporangia
from the zygote ................................................................................ BANGI ALES (p. 33)
4.
4.

Thallus crustose, with or without erect branches; pit-plugs with a single cap
layer; sexual reproduction unknown; tetrasporangia borne in conceptacles
......................................................................... HILDENBRANDIALES (p. 142)
Thallus usually erect, crustose in some taxa (e.g. some Corallinales and
Peyssonneliaceae); pit-plugs with no to three cap layers; sexual reproduction
usually present; tetrasporangia not borne in conceptacles (except in Corallinales)

.............................................................................................................................. 5
5.
5.

Carposporophyte developed directly from the fertilized carpogonium with or without
fusion with adjacent sterile cells, or from the hypogynous cell or their joint fusion cell
.......................................................................................................................................... 6
Carposporophyte developed from an auxiliary cell which is not a cell of the carpogonial
branch ............................................................................................................................. 10
6.

6.

7.
7.

Thallus firm and cartilaginous, pseudoparenchymatous, with or without internal
rhizines; gametophytes and tetrasporophyte isomorphic; pit-plugs with one cap
layer; carposporophytes arising directly from fertilized carpogonium, with or
without fusion with cells of adjacent sterile branches ........................................... 7
Thallus microscopic to macroscopic, soft and mucoid to firm, rarely
cartilaginous; pit-plugs with none or two cap layers; sporophyte and
gametophyte isomorphic or (usually) heteromorphic; carposporophyte
developing from either carpogonium or hypogynous cell without sterile filaments
adjacent to carpogonium; clusters of small nurse cells absent .............................. 8

Thallus with internal rhizines in most species; carpogonia sessile on, or intercalary
between, cortical cells; carposporophyte arising directly from fertilized carpogonium,
usually with clusters of small nurse cells on adjacent cells .......... GELIDIAL..~S (p. 118)
Thallus without internal rhizines; supporting cell bearing a 2-celled carpogonial branch
and two sterile branches, cells of which fuse with the fertilized carpogonium which
develops into a fusion cell from which the gonimoblast develops; nurse cells absent
......................................................................................... GRACILARIALES (Part IllB)
8.

8.

Thallus minute (usually less than 1 cm high, several cm high in Camontagnea),
tufted or largely prostrate, of discrete uniaxial filaments; rhodoplasts usually
with pyrenoids; carpogonia sessile on vegetative cells, carposporophytes naked,
few-celled ............................................................... ACROCHAETIALES (p. 42)
Thallus (gametophyte) macroscopic, usually over 2 cm high, uniaxial or
multi axial, soft and mucoid to firm; rhodoplasts with or without pyrenoids;
carpogonia terminating 2-4-celled branches, carposporophytes many-celled,
protected by cortical filaments or an involucral pericarp ...................................... 9
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9.

9.

RHODOPHYTA
Thallus (gametophyte) macroscopic, multiaxial, often soft and mucoid, sometimes firm;
pericentral cells absent; gland cells absent; pit-plugs with 2 cap layers; carposporophyte
without a distinct pericarp or with a filamentous involucre, arising directly from the
zygote or its daughter celL. .......................................................... NEMALIALES (p. 76)
Thallus uniaxial, a few cells thick or broad, with the axial cells cutting off (usually) 3
pericentral cells; gland cells usually present; pit-plugs with no cap layers;
carposporophyte with a well-developed cellular pericarp
................................................................................ BONNEMAISONIALES (Part I1IB)
10. Auxiliary cell normally cut off from the supporting cell after fertilization; pitplugs with no cap layers ....................................... CERAMIALES (Parts IIIB, C)
10. Auxiliary cell present before fertilization, either as a vegetative cell of the thallus
or as a cell of a specialised filament; pit-plugs with no or two cap layers .......... 11

II. Thallus usually very strongly calcified, with calcite deposited in the cell wall;
intercalary meristem in vegetative filaments usually present; pit-plugs 2-layered with
dome-shaped caps; tetrasporangia zonately divided usually with simultaneous division
(cruciately divided in Sporolithon); reproductive structures usually borne in
conceptac1es; carpogonial branches 2-celled, borne on supporting cells which later act
as auxiliary cells ................................................................ CORALLIN ALES (Part IIIB)
11. Thallus not calcified (rarely superficially so or slightly internally, with aragonite);
intercalary meristems absent; pit-plugs with no cap layers; tetrasporangia zonately or
cruciately (rarely tetrahedrally) divided; reproductive structures not borne in
conceptac1es; carpogonial branches 2 to several cells long, with tubular or cellular
connections between the fertilized carpogonium and the auxiliary cell ......................... 12
12. Auxiliary cell either in the vegetative thallus, in reproductive nemathecia, or in
special fertile short shoots; diploidization via a tubular or cellular connection
from the fertilized carpogonium to the auxiliary cell .. GIGARTlNALES (p. 147)
12. Auxiliary cell the terminal cell of a 2-celled filament borne on the supporting
cell of the carpogonial branch ............................ RHODYMENIALES (Part IIIB)
CLASS BANGIOPHYCEAE Wettstein 1901: 187
Thallus unicellular or more usually multicellular, forming simple or branched uniseriate
or multiseriate filaments, or monostromatic or polystromatic discs or cushions, or
monostromatic or distromatic foliose blades; growth diffuse, rarely apical; cells uninucleate,
in most genera with a single stellate rhodoplast usually with a central pyrenoid, in some
genera with parietal, discoid to lobed rhodoplasts with or without a pyrenoid. Pitconnections absent except in the conchocelis (or pseudoconchocelis) phase.
Life history monophasic or biphasic.
Reproduction in simpler genera usually by monospores formed from whole vegetative
cells or in sporangia cut off by a curved wall; sexual reproduction absent or unverified in
most simpler genera. In morphologically larger taxa of the Bangiales, sexual reproduction
common, with carpogonia formed from vegetative cells, and spermatangia by subdivision of
vegetative cells to give 64-256 spermatia. The zygote divides directly into 4-16 (-32)
carposporangia which on liberation form the microscopic conchocelis phase which
reproduces itself by monospores and undergoes meiosis in fertile cell rows, the meiospores
producing the gametophytic macrothalli again.

The class Bangiophyceae is distinguished by the lack of pit-connections (except in the
conchocelis phase), diffuse growth of the thallus, and by simple reproduction with only the
larger advanced members showing well-developed sexual reproduction with simple
carpogonia and direct division of the zygote into carposporangia.
The Bangiophyceae have been reviewed by Drew (1956b), Dixon (1973), Garbary et at.
(1980a), Cole & Conway (1980) and Magne (1989). The classification used below is based
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on that of Garbary et al. (1980a), but using the older order name Compsopogonales in
preference to their Erythropeltidales. Magne (1989) places the Porphyridiales in his subclass
Archaeorhodophycidae (which lacks spores or "true cysts"), the Compsopogonales (and
Erythropeltidales) in his Metarhodophycidae (with formation of reproductive cells from part
of the parent cell) and the Bangiales and all higher orders in his Eurhodophycidae (with the
whole parent cell producing reproductive bodies). Norris (1992b, p. 3) elevates these
subclasses to classes.
ORDER PORPHYRIDIALES Kylin 1937: 122
Thallus unicellular or with cells embedded in a mucilaginous sheath as amorphous or
pseudofilamentous colonies, uniseriate to multiseriate, basal attachment cell not
differentiated. Rhodoplasts single and stellate with a central pyrenoid, or one to few, discoid
to lobed, without pyrenoids.
Reproduction by cell division, release of vegetative cells, or by endospores.

An order of two families, the Porphyridiaceae and the Phragmonemataceae, the latter
unknown from southern Australia. The order is characterised by its essentially unicellular or
colonial form, in the latter case with the cells embedded in a mucilaginous sheath and
arranged somewhat irregularly, not as a filament of closely adjacent cells with juxtaposed
common walls.
FAMILY PORPHYRIDIACEAE Kylin 1937: 122

Thallus unicellular, colonial or pseudofilamentous, with the cells distinctly separated
within the filaments and often slightly irregularly placed. Rhodoplasts stellate or lobed, with
a central pyrenoid.
Reproduction by cell division or release of whole vegetative cells as spores.

A family of some 9 genera, 6 of which are marine (Garbary et al. 1980b, p. 144). Three
genera are currently known from southern Australia.
KEY TO GENERA OF PORPHYRIDIACEAE

I.
1.

Thallus unicellular or forming an irregular layer of adjacent cells ....... PORPHYRIDIUM
Thallus erect and filamentous, uniseriate or multiseriate.................................................. 2
2.
2.

Thallus with few branches and the gelatinous sheath containing a single row of
separated, ovoid, cells; plastid blue-green; usually in brackish water
............................................................................................ CHROODACTYLON
Thallus with few to numerous, subdichotomous to irregularly alternate, branches,
with a single row of oblong to cubical cells or multiseriate with ovoid cells,
fairly closely adjacent; plastid red; in marine waters ...................... STYLONEMA
Genus PORPHYRIDIUM Nageli 1849: 138, nom. cons.

Single celled, free living or as flat, irregularly aggregated masses, usually one cell thick.
Cells subspherical to ovoid, each with a prominent gelatinous sheath, rhodoplast stellate
with a central pyrenoid, red, blue-green, olive-green to grayish.
Reproduction by cell division.

Type species: P. cruentum (S.F. Gray)Niigeli [= P. purpureum (Bory)Drew & Ross 1965: 98].
Porphyridium includes 5 species (Ott 1972), distinguished by their plastid colour. Most
species inhabit soil or aerial situations (Bold & Wynne 1985, p. 533), but P. purpureum is
known from fresh-water, brackish and marine situations. It is the only species with a "blood
red" plastid.
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Fig. 1. A, B. Porphyridiul1l purpureul1l (AD, A59695). A. Cells in patches on Victyola fenestrata. B.
Cells each with a rhodopiasl and central pyrenoid. C. Chroodactyion ornatum (AD, AI9851). Thallus
showing branching pattern and cell detail. D, E. Sty/onema alsidii (AD, A58642). D. Branching
pattern. E. Cells each with a stellate rhodoplast and pyrenoid. F, G. Sty/onema cornu-cervi (AD,
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Porpbyridium purpureum (Bory)Drew & Ross 1965: 98. Bold & Wynne 1985: 534, fig.
9.l5b, c. Nelson & Ryan 1988: 127. Ott 1972: 240.
Phytoconis purpurea Bory 1797: 55.
Porphyridium marinum Kylin 1937: 119; 1944,5, fig. IA-C.
FIG. lA, B
Thallus (Fig. lA) an aggregation of unicells fonning a layer on other algae, up to I mm
long, cells (Fig. 1B) each with a sheath, subspherical to ovoid, 5-7 11m across, with a bloodred plastid with slight peripheral rounded projections and a central pyrenoid.

Type from?
Distribution: Probably widespread in terrestrial, brackish, and (less so) marine situations
but easily overlooked.

Known specimen: West 1., S. Aust., on Dictyota Jenestrata J. Agardh, 3-4 m deep, shaded (van
Alrena, 18.viii.1989; AD, A59695).
This is the only record of Porphyridium from southern Australia, and its blood-red
colour places it as P. purpureum although the habitat is unusual. However, Doty & Gamic
(1949. p. 238) and others have shown that the usually fresh-water P. purpureum can grow
well in sea water. It has been recorded from New Zealand by Nelson & Ryan (1988).
Genus CHROODACTYLON Hansgirg 1885: 14
Thallus pseudofilamentous, laterally branched, uniseriate, with more or less separated
ovoid cells within a mucilaginous matrix. Rhodoplasts single, blue-green, stellate, with a
single pyrenoid.
Reproduction by monospores or akinetes, liberated as the whole cell.

Lectotype species: C. wolleanum Hansgirg 1885: 15.
Chroodactylon Hansgirg has more usually been known as Asterocytis Gobi ex F.
Schmitz (1896, p. 314), but this name is pre-dated by the fungal genus Asterocytis De
Wildeman 1893 (see Drew & Ross 1965, p. 95).

Cbroodactylon ornatum (C. Agardh)Basson 1979: 67. Cribb 1983: 9, pI. 1 figs 7,8. John
et al. 1979: 72. Entwisle & Kraft 1984: 218, fig. 3C, D.
Conferva ornata C. Agardh 1824: 104.
Asterocytis ornata (c. Agardh)HameI1924: 451, fig. 7B-E. Chapman 1969: 6, fig.
2. Levring 1953: 460. Tanaka 1952: 11, fig. 6.
Hormospora ramosa Thwaites in Harvey 1848: pI. 213.
FIG.IC
Thallus (Fig. IC) minute, tufted, 0.2-4 mm high. occasionally branched with an
unspecialised basal attachment cell; epiphytic. Filaments 10-18 11m in diameter, with more
or less separated ovoid cells, 10-16 11m long and 5-8 11m in diameter. within the
mucilaginous sheath; plastids (Fig. 1C) stellate with a central pyrenoid, blue-green.
Reproduction by akinetes (Rosenvinge 1909, p. 79).

Type from Lake Malaren, Sweden; in Herb. Agardh. LD?
Distribution: Widely distributed in northern temperate regions.
In southern Australia known from records of Levring (1953, p.461) from Pennington
Bay and Pelican Lagoon, American R. Inlet, Kangaroo I., S. Aust. (the latter IOj.1948; AD,
A19851) and from East Tamar, Low Head, Tas., Botany Bay and Burraneer, Port Hacking,
N.S.W., epiphytic (Levring, 16.xi.1947; AD, A59568).
A58644). F. Thallus (on Caulerpa) showing cell arrangement. G. Cells each with a rhodopJast and
pyrenoid. H. ErythrocJadia irregularis (on AD, A31991 of Chaetomorpha !inurn). Thallus showing
branching pattern of cells and eel! detail. I. ErythrocJadia subintegra (AD, A58641). Thallus showing
branching pattern of cells and detail in a few.
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C. ornatum is more common in brackish than marine waters, and was recorded from
two freshwater localities in Victoria by Entwisle & Kraft (1984, p. 220).

Genus STYLONEMA Reinsch 1875: 40
Thallus erect, simple or laterally branched, often becoming subdichotomous, attached
by an unspecialised basal cell. Cells fairly closely and regularly arranged within the
mucilaginous sheath, uniseriate or becoming multi seriate, usually ovoid (often broader than
long), each with a prominent stellate rhodoplast with a central pyrenoid.
Reproduction by release of vegetative cells.

Type species: S. cornu-cervi Reinsch 1875: 40.
A genus of four species (Kajimura 1992b); the generic name is discussed by Wynne
(1985).
KEY TO SPECIES OF STYLONEMA
1.

1.

Thallus consisting of uniseriate filaments ........................................................ L S. alsidii
Thallus filaments 2-5 (-8) cells thick with uniseriate base and apex ...... 2. S. cornu-cervi

I. Stylonema alsidii (Zanardini)Orew 1956a: 72. Kajimura 1992b: 418.
Goniotrichum alsidii (Zanardini)Howe 1914: 75. Chapman 1969: 4, fig. 1. Cribb
1983: 9, pI. 1 figs 1-3. Oangeard 1968: 5, pI. 6 figs 1-4. Garbary et at. 1980b: 144,
fig. la, b. Kornmann & Sahling 1977: 256, fig. 147. Tanaka 1952: 5, figs 2, 3.
G. elegans (Chauvin)Le Jotis. Dawson 1953: 3. Hamel 1924: 448, fig. 7 A. Levring
1953: 461. Newton 1931: 246, fig. 150. Rosenvinge 1909: 75, figs 15, 16.
FIG.ID, E
Thallus (Fig. 10) red to red-purple, 1-5 mm high, frequently branched alternately to
subdichotomously with the new lateral displacing the axis above it, attached by an
unspecialised basal cell; epiphytic. Filaments (Fig. 10, E) 15-20 Ilm in diameter, with a
uniseriate row of closely adjacent cells 8-12 Ilm in diameter within the thick mucilaginous
sheath; cells (Fig. IE) isodiametric (LIB 0.5-2) with rounded to angular corners, rhodoplasts
stellate, with a central pyrenoid.
Reproduction by release of vegetative cells as monospores, by dissolution of the sheath
matrix (Kornmann & Sahling 1977, fig. 1470, E).

Type from the Adriatic Sea; in Museo Civico di Storia Naturale, Venice (?)
Distribution: Virtually cosmopolitan.
Recorded by Levring (1953, p. 461) from Cottesloe, the Swan R. and Safety Bay, W.
Aust.; Pennington Bay and Pelican Lagoon, American R. inlet, Kangaroo I., S. Aust.; the
Nobbies, Phillip 1., Vic.; and from SE Tas., as well as from N.S.W. (Millar & Kraft 1993, p.
3) and Queensland.

Selected specimens: Port Noarlunga, S. Aust., on Cau/erpa scalpelliformis on upper sublittoral
near-shore rocks (Womersley, 4.iv.l988; AD, A58642). Dead Mans I., Port Arthur, Tas., on
Callophyllis 9-14 m deep (McCauley, 2.iii.l990; AD, A60488).

2. Stylonema cornu-cervi Reinsch 1875: 40. Kajimura 1992b: 418.
Goniotrichum cornu-cervi (Reinsch)Hauck 1885: 519, Garbary et ai. 1980b: 146,
fig. Ic, d. Hamel 1924: 450, fig, 6C, O. Levring 1953: 461. Tanaka 1952: 9, fig. 5.
FIG.IF,G
Thallus (Fig. 1F) rose-red, 0.1-05 (- J) mm high, sparsely and irregularly branched from
near the base, uniseriate for varying distances at the base and apex, with the basal cell
somewhat elongate but unspeciaJised; epiphytic. Branches becoming 2-5 (-8) cells and
30-60 11m thick, with cells (Fig. 1G) more or less irregularly placed within the mucilaginous
sheath and each with its own wall; cells ovoid, 5-8 flm in diameter, each with a central more
or less stellate rhodoplast with a pyrenoid.
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Reproduction by release of vegetative cells.

Type from the Adriatic Sea; location of type unknown.
Distribution: Widespread in temperate seas.
In Australia, known from Gleeson Landing, Yorke Pen., and Port Noarlunga, S. Aust.,
and from Cronulla, N.S.W. and Port Douglas, Qld (Levring 1953, p. 461).

Selected specimens: Gleeson Landing. Yorke Pen., S. Aus!., on young Pterocladia capillacea, mid
eulittoral, shaded (Womersley, 15.x.1989; AD, A59954). Port Noariunga, S. Aus!., on Caulerpa
scalpeil({ormis. upper sublittoral on near-shore rocks (Womersley, 4.iv.l988; AD, A58644).

This minute epiphyte is probably far more widespread than present records indicate.
ORDER COMPSOPOGONALES Skuja 1939: 34

Thallus crustose, filamentous and usually simple, foliose or saccate, with apical and/or
intercalary cell divisions, attached by a specialised basal cell with rhizoidallobes but usually
without descending rhizoids from supra-basal cells. Rhodoplasts one to a few per cell, axial
or parietal, with or without a pyrenoid.
Reproduction by monospores liberated from differentiated monosporangia cut off from
a vegetative cell by a curved wall.
Sexual reproduction doubtful (except in Erythrotrichopeitis Kommann 1984).
An order of three families (Garbary et ai. 1980a, p. 149), one of which has marine
representati ves. Garbary et ai. (\ 980a, p. 149) renamed this order the Erythropeltidales,
although they included in it the family Compsopogonaceae on whkh the order
Compsopogonales Skuja (1939, p. 34) had been based.
The Compsopogonales are distinguished by their cellular construction, by reproduction
by monos pores liberated from a "differentiated" sporangium cut off from a vegetative cell by
a curved wall, and by lack of pit-connections in the "pseudoconchoceJis" phase in genera
where this occurs.
FAMILY

ERYTHROTRICHIACEAE Smith 1933: 120, 122

Thallus crustose, filamentous, foliose or saccate, with individual cell walls and apical
and intercalary cell divisions, attached by rhizoidal lobes of the basal cell, by rhizoids from
supra-basal cells, or by a polystromatic cell cushion. Rhodoplasts single and stellate or
parietal and several per cell, with or without pyrenoids. Filamentous "pseudoconchocelis"
phases known in some genera.
Reproduction by monospores liberated from monosporangia cut off by a curved wall
from vegetative cells.
A family of 5 or 6 genera (Garbary et ai. 1980a, p. 149), largely marine.
Erythrotrichiaceae Smith 1933 has priority over Erythropeltidaceae Skuja (1939, p. 33) (pefs.
comm. P.c. Silva).
KEY TO GENERA OF ERYTHROTRICHIACEAE
l.

I.

Thallus prostrate, forming a disc or cushion 1-3 cells thick and without erect filaments;
rhodoplasts parietal, compact to laminate, usually with a pyrenoid . ERYTHROCLADIA
Thallus erect, filamentous or saccate, arising from a basal cell or a juvenile prostrate
disc; rhodoplasts stellate or parietal, with or without a pyrenoid ..................................... 2
2.
2.

Thallus erect, filamentous, one to a few cells broad; rhodoplasts stellate, with a
central pyrenoid .................................................................... ERYTHROTRICIDA
Thallus saccate, rupturing to form monostromatic blades; rhodopJasts parietal,
without a pyrenoid ...................................................................... PORPHYROPSIS
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Genus ERYTHROCLADIA Rosenvinge 1909: 71
Thallus minute, epiphytic on algae, seagrasses, or on animals, consisting of prostrate,
branched, radiating filaments forming a lax to compact monostromatic disc which may
become 2 or 3 cells thick centmlly. Marginal filaments of disc either separated and
branching from subapical cells, or compact with laterally adjacent apical cells which become
furcate and branch; rhodoplasts single, parietal, usually with a pyrenoid.
Reproduction by monospomngia cut off from cells in the central region of the disc.

Lectotype species: E. irreguLaris Rosenvinge 1909: 72.
A genus of only a few species (Nichols & Lissant 1967, p. 8).

Erythrocladia was established by Rosenvinge for two species, the lectotype E.
irregularis and E. subintegra. The former has relatively laxly branched mdiating filaments,
not all adherent to the substmte nor latemlly adherent, whereas the latter forms a compact
disc with a rounded growing margin of laterally adherent cells. These two species are
commonly found together, and Heerebout (1968, p. 141) considered them forms of one
species, apparently on the basis of variations between them and on culture experiments
(without giving details). Nichols & Lissant (1967) studied E. subintegra in culture, using
various media and substrates, and concluded that supposed differences between the various
species of Erythrocladia were probably not valid and that most or all could come under the
type species E. irregularis. The illustrations of Nichols & Lissant, however, do not include
any with the form of E. irregularis. Abbott & Hollenberg (1976, p. 284) recognised both
species, and Garbary et at. (1980b, p. 154) recognise them as two forms of E. irregularis.
Kornmann & Sahling (1985) maintained E. irregularis and E. subintegra not only as
distinct species, but placed them in separate genera, the former in Erythrocladia and the
latter in Erythropeltis Schmitz as E. subintegra (Rosenvinge)Kornmann & Sahling. The
position is further complicated by the establishment of the genus Erythrotrichopeltis by
Kornmann (1984), based on Bangia ciliaris Carmichael as the erect sexual phase, with
Erythropeltis discigera (Berthold)Schmitz as the discoid, heteromorphic phase.
The two original Rosenvinge species of Erythrocladia are maintained below as separate
species, but a more critical assessment is clearly needed.
Kornmann (1989) considers that the morphology and growth patterns of E. irregularis
and E. subintegra are so different that they cannot be regarded as co-generic, and he places
E. subintegra in a new genus Sahlingia.

KEY TO SPECIES OF ERYTHROCLADlA
1.
1.

Thallus forming an irregular disc, with filaments not all laterally adherent and
branching from submarginal cells ............................................................. 1. E. irregularis
Thallus forming a compact disc with a more or less entire margin and with filaments
laterally adherent; marginal cells often furcate ......................................... 2. E. subintegra

1. Erythrocladia irregularis Rosenvinge 1909: 72, figs 11, 12. Chapman 1969: 8, fig. 3B.
Garbary et al. 1980b: 154, fig. 4a-h. Heerebout 1968: 141, figs 1-4. Kornmann &
Sahling 1985: 223, fig. 7. Levring 1953: 461.
FIG.IH
Thallus (Fig. IH) minute (usually 20-100 11m in diameter), forming irregular discs of
radiating branched filaments, usually not closely adherent latemlly and free at the margins,
branching from subapical cells, becoming polystromatic centrally; cells (Fig. IH) 1.5-6 (-10)
11m in diameter, 2-15 (-20) 11m long, rhodoplasts single, parietal, with a pyrenoid.
Reproduction by monospores Iibemted from sporangia cut off from central cells in the
polystromatic region, 3-5 11m in diameter.

Type from M~llegrund, Denmark, on Polysiphonia urceolata, 11-15 m deep; syntype in C
(see Dawson 1953, p. 5).

Erythrotrichia
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Distribution: Cosmopolitan.
Probably widespread along southern Australia but usually overlooked and not preserved
in herbaria. Recorded by Levring (1953, p. 462) from Cottesloe, W. Aust., around southern
Australia and Tasmania to Palm Beach, N.S.W.

Selected specimens; Coffin Bay, S. Aust., on Chaetomorpha Unum, upper sublittoral (WoelkerUng,
22.viii.1967; AD. A31991).

The uncertain relationships of other species with the type species are discussed above.
2. Erythrocladia subintegra Rosenvinge 1909: 73, figs 13, 14. Abbott & Hollenberg 1976:
284, fig. 227. Chapman 1969: 10, fig. 3A. Dawson 1953: 5. Levring 1953: 462.
Nichols & Lissant 1967: 6, pIs 1-6.
Erythropeltis subintegra (Rosenvinge)Kornmann & Sahling 1985: 224, fig.8.
Sahlingia subintegra (Rosenvinge)Kornmann 1989: 227, figs 1,6-13.
FIG. 1 I
Thallus (Fig. 1 I) minute (usually 20-100 11m in diameter), forming more or less
circular discs of radiating filaments usually closely adherent laterally, with a marginal row of
single or often furcate apical cells, branching from the marginal cells (Fig. 1 I), becoming
2-3 cells thick centrally; cells 4-8 11m in diameter and 6-10 (-25) 11m long, rhodoplasts
parietal, laminate, with a single pyrenoid.
Reproduction by monospores from sporangia cut off from central cells of the disc.

Type from M~llegrund, Denmark, on Polysiphonia urceolata. 11-15 m deep; syntype in C
(see Dawson 1953, p. 5).
Distribution: Cosmopolitan.
In southern Australia probably widespread but rarely preserved in herbaria. Levring
(1953, p. 462) recorded it from Cottesloe, W. Aust. around southern Australia and Tasmania
to Palm Beach, N.S.W.

Selected specimens; Commercial Fishing Marina, Port Adelaide, S. Aust., on Chaetomorpha
Unum, 0-{).5 m deep on pontoons (Womersley, 22.iii.1988; AD, A58641). Port Noarlunga, S. Aust., on
Caulerpa scaipellijormis, upper sublittoral near jeuy (Womersley, 4.iv.1988; AD, A58643).

Views on the relationships of this species with the type are discussed above, under the
genus.
Genus ERYTHROTRICHIA Areschoug 1850: 435, nom. cons.
Thallus minute to a few mm high, of erect, simple filaments, uniseriate or becoming
multiseriate, or slightly foliose or ligulate, attached by rhizoidal lobes of the basal cell, by a
parenchymatous base, or (in two species) by rhizoids from the lower cells of the thallus; cell
divisions diffuse, rhodoplasts single, stellate, with a central pyrenoid.
Reproduction by monospores from sporangia cut off from vegetative cells by a curved
wall. Sexual reproduction known in Erythrotrichia carnea, with 3-celled gametophytes (see
below).

Type species: E. ceramicola (Lyngbye)Areschoug 1850: 435.
Whereas Dangeard (1968) recognised numerous species of Erythrotrichia, Heerebout
(1968) recognised only three. Garbary et at. (1980b) recognise some 6 species, and a further
species is described below. E. vexillaris (Montagne)Hamel (1929, p. 54, figs A-I), and E.
foliiformis South & Adams (1976) from New Zealand, differ from all other species of the
genus in having a multi-rhizoidal base, with rhizoids produced from numerous supra-basal
cells.
KEY TO SPECIES OF ERYTHROTRICHlA
1.

Thallus with unbranched, cylindrical filaments, uniseriate (or becoming a few cells
thick), with single basal attachment cells or a loose multicellular disc .......... 1. E. carnea
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I.

Erythrotrichia

Thallus with unbranched, ligulate blades, becoming 10-50 cells broad, monostromatic,
with a discoid or rhizoidal base ........................................................................................ 2
2.
2.

Thallus with a well-developed multicellular basal disc producing numerous
blades, with cells in distinct transverse and longitudinal rows; epiphytic on
Heterozostera ..................................................................................... 2. E. ligulata
Thallus of clustered blades each attached by numerous rhizoids, thallus cells
becoming irregularly arranged; epiphytic on Lessonia ................... 3. E. foliiformis

I. Erythrotrichia carnea (DiIlwyn)J. Agardh 1883: 15. Chapman 1969: II, fig. 4. Cribb
1983: 10, pI. 1 figs 4-6. Garbary et al. 1980b: 156, fig. 4i, m-p. Heerebout 1968:
151, figs 5-11, 14-18. Kornmann & Sahling 1977: 258, fig. 148A-C; 1985, figs
2-4. Levring 1953: 462. Magne 1990: 157, figs 1-8. Rosenvinge 1909: 67, fig. 8.
Tanaka 1952: 14, fig. 7.
E. australis Levring 1953: 462, fig. 1.
Bangia pulchella Harvey 1859b: 342, pI. 195C. J. Agardh 1883: 38.
B. ciliaris subsp. pulchella (Harvey)De Toni 1897: 7.
FIG.2A-D
Thallus (Fig. 2A, B) rose-red, of simple, erect, axes, 1-8 mm high, arising from single,
lobed, basal cells or a lax multicellular disc; usually epiphytic. Erect filaments at first
uniseriate (Fig. 2A) , often becoming 2-4 cells thick (Fig. 2B), cylindrical, cell divisions
diffuse, 6-8 11m in diameter with cells UB 2-4 near the base, 10-16 (-20) 11m in diameter
above with cells LIB (0.5-) }-1.5 (-2), and where 2-4 cells thick then 20-35 11m in diameter
with cells isodiametric and 8-12 11m across. Cells (Fig. 2D) with thick gelatinous walls and a
single stellate rhodoplast with a central pyrenoid.
Reproduction by monosporangia (Fig. 2B, C) cut off from vegetative cells by a curved
wall. Sexual reproduction by 3-celled monoecious gametophytes, with the apical cell
producing first a spermatium, then becoming a carpogonium, the zygote then developing a
diploid filament surmounting the gametophyte (Magne 1990).

Type from Wales; lost (see Dawson 1953, p. 10).
Distribution: Cosmopolitan as an epiphyte on larger algae.
In southern Australia, widespread but rarely recorded. Levring (1953, p. 462) gave
records from Safety Bay, W. Aust., around southern Australia to Heron L, Qld.

Selected specimens:

Coffin Bay, S. Aust., upper sublittoral on Ceramium (Womersiey, lO.i.l951;
AD, A 13909). Port Stanvac, S. Aust., 3-12 m deep on Polysiphonia on jetty pylon (Clarke & Engler,
14.iv.1979; AD, A50350). Robe, S. Aust., upper sublittoral on Cladosiphon vermicularis on sJipway
reef (Bailey, 19.xi.1967; AD, A32060). Swan I., Port Phillip, Vic., 0-0.5 m deep on Polysiphonia
decipiens on barge (Womers{ey, 8.iv.1959; AD, A22609). Three Hummocks I., Tas., on Splachnidium
(Wollaston & Mitchell, 2l.ii.l964; AD, A27637). Bombay Rocks, Low Head, Tas., on Heterozostera
(Cribb, 15.ix.1950; AD, A16326). Bicheno, Tas., mid eulittoral on Splachnidium (Gordon, 16.i.l966;
AD, A30035).

Heerebout (1968, p. 151) included E. australis Levring (from Burraneer, N.S.W.) as a
synonym of E. carnea, presumably on the basis that his cultures included forms becoming
several cells thick (as in E. australis). Most authors consider that E. carnea can become a
few cells thick in older parts.
The type of Bangia pulchella Harvey, from Georgetown, Tas. (in TCD), on
Heterozostera, has mostly uniseriate filaments, occasionally two cells thick, and is within the
range of E. carnea. Harvey's (1859b) Fig. 195C is misleading since the specimen shows only
longitudinal "creases" in the cell wall, not a polysiphonous structure.
2. Erythrotricbia Iigulata Womersley, sp. nov.

FIG.2E-H
Thallus (Fig. 2E, F) with erect, simple, ligulate blades from a prostrate, more or less
discoid, base; epiphytic on Heterozostera, Myriodesma and Codium. Basal disc (Fig. 2E)
400-800 J.lm across, of branched, radiating, closely adjacent filaments, monostromatic,
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Fig. 2. A-D. Erythrotrichia carnea (AD, A22609). A. A young filament. B. Base of an older filament,
becoming 2-3 cells thick. C. Part of a filament with monosporangia. D. Cells each with a stellate
rhodopJast and pyrenoid. E-H. Erythrotrichia ligulata (AD, A39356). E. Basal disc with lower parts
of three erect filaments. F. A mature erect blade showing cell pattern in four positions. G. Cells of
mature blade, with monosporangia. H. Cells, each with a rhodoplast and pyrenoid. I-L. Erythrotrichia
/oliiformis (AD, A43288). I. Thallus with basal rhizoids, cell arrangement in two positions, and small
clusters of erect filaments. J. Cell arrangement in lower thallus. K. Cell arrangement in older thallus,
with small groups of darkly staining cells and one cluster of short erect filaments. L. Cells, each with a
rhodoplast and pyrenoid.
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margin irregular, cells with apical and intercalary divisions; cells 4-10 flm in diameter and
8-16 (-20) flm long, some with lobes extending into gaps between other disc cells;
rhodoplasts poorly defined but with a central pyrenoid. Erect blades (Fig. 2F) arising from
cells of disc, becoming 4-8 mm long and 200-600 flm broad, uniseriate for many cells from
the base, then becoming biseriate and multiseriate in the Iigulate monostromatic blades with
more or less parallel margins, 20-34 cells broad with cells in distinct longitudinal and
transverse rows. Cells (Fig. 2G) more or less isodiametric, 8-16 flm across below, 12-16
flm across above; rhodoplasts (Fig. 2H) single per cell, parietal and lobed to more or less
stellate, with a pyrenoid.
Reproduction by monosporangia (Fig. 2G) cut off from most vegetative cells of mature
erect blades (and from some basal disc cells) by a curved wall, subspherical to ovoid, 10-16
flllliong.
Thallus epiphyticus, laminis erectis, simplicibus, Iigulatis ex disco basali. Discus basalis
400-800 flm latus, monostromaticus, filamentis radiantibus, contiguis, margine irregulari,
cellulis post divisionem apicalibus intercalaribus, 8-16 (-20) flm )ongis et 4-10 flm in
diametro. Laminae erectae 4-8 mm longae, 200-600 flm latae, inferne uniseriatae, tum
biseriatae et in partibus ligu)atis supernis multiseriatae, marginibus plus minusve parallelis,
20-34 cellulas latae, ceJlulis formantibus series longitudinales et transversales,
isodiametricis, 8-16 flm latis inferne, 12-16 flm latis superne; rhodoplasti singulares,
parietales vel stellati, pyrenoide. Monosporangia ex cellulis laminarum erectarum maturarum
paries curvato abscissa. subglobosa vel ovoidea, 10-16 flm longa.

Type from Warrnambool, Vic., on Heferozostera, drift in harbour (Kraft, 1,ix.1971;
holotype in AD, A39356).

Distribution: Only known from the type, a Later collection from Warrnambool, drift on
Heterozostera (G. & L. Kraft, 28.x.1986; AD, A58647), from Cape Carnot, S. Aust., on
Myriodesma harveyanum in the sublittoral fringe (Womersley, 8.1.1951; AD, A 15102), and
from Reminie, Tas., on Codium fragile in pools (Wollaston & Mitchell, 25,ii.1964; AD,
A27507).
E. ligulata agrees with Erythrotrichia in having a tapering uniseriate base to the !igulate
blades which, however, arise from a basal disc, in having cells with more or less stellate
rhodoplasts each with a pyrenoid, and in producing monosporangia by division of vegetative
cells. It differs from related basal-disc species such as E. boryana (Montagne)Berthold (see
Heerebout 1968, p. 150; Garbary et al, 1980b, p. 155) in having Jigulate blades with cells in
longitudinal and transverse rows. The superficially similar E. foliiformis South & Adams
(1976) from New Zealand differs in having a multi-rhizoidal base, as does E. vexillaris
(Montagne)Hamel (1929, p. 54) from the western tropical Atlantic Ocean (see also Taylor
1960, p. 292, pI. 41 figs 2,3).
3. Erythrotrichia foliifonnis South & Adams 1976: 399, figs 1-16.
FIG, 2 J-L
Thallus (Fig. 2 1) rose-red, erect, simple, ligulate with an elongate-cuneate base,
monostromatic, with a rounded apex when young, truncated when older, margin smooth to
undulate, blades becoming 4-8 mm long and 0.5-1.4 mm and 30-50 cells broad, 10-25 flm
thick, attached by a mass of rhizoids arising from numerous supra-basal cells of the 2-6 cells
broad base of the thallus. Cells more or less in transverse and longitudinal rows near the base
(Fig. 2J), soon becoming irregularly arranged (Fig. 2K) but with marginal cells in a fairly
regular row. Cell divisions diffuse throughout the blade, cells round to ovoid in surface view
and in section, (8-) 10-16 flm across, with scattered larger cells; rhodoplasts (Fig. 2L) more
or less stellate, each with a pyrenoid.
Reproduction uncertain. Larger thallus cells may act as monospores, produced after cell
division but probably not from a "differentiated" monosporangium. Some thallus cells (Fig.
2K) divide into two, then into four, and such groups often produce a cluster (Fig. 2K) 40-80
flm across of erect filaments 20-30 flm and a few cells long; occasional cells of these erect
filaments divide further into small spermatangia-like groups.

Porphyropsis
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Type from Kaikoura, New Zealand, in Herb. South (2115), NFLD?
Distribution: Wellington and Kaikoura districts, New Zealand (on Marginariella boryana,
Lessonia variegata and Macrocystis pyrifera).
In southern Australia, known from Clyde I., Eaglehawk Neck, Tas., on Lessonia
corrugata (Ducker, l.xi.1963; MELD, 966; AD, A43288).
The Tasmanian material agrees well with the New Zealand plants, but whether it should
be placed in Erythrotrichia is doubtful. The basal rhizoids [also in E. vexillaris
(Montagne)Hamel (Taylor 1942, p. 77, pI. I figs 2-11)] and monospores doubtfully formed
from differentiated sporangia separate it from other species of this genus. However, it is left
in Erythrotrichia pending a study of its reproduction.

Genus PORPHYROPSIS Rosenvinge 1909: 68
Thallus rose-red or greenish-brown to purple, with a basal, subparenchymatous,
pulvinate base producing minute, subspherical to ovoid bladders which later rupture to form
monostromatic blades 1-10 (-60) mm high, epiphytic or epizoic. Cells of blades in rows or
irregular, each with a single, parietal, lobed rhodoplast without a pyrenoid.
Reproduction by monospores formed by unequal division of thallus cells or by release
of entire cells; a pseudoconchocelis filamentous phase present in P. coccinea (Murray,
Dixon & Scott 1972). Sexual reproduction unknown.

Type species: P. coccinea (J. Agardh ex Areschoug)Rosenvinge 1909: 69.
A genus of three species, the type from northern temperate regions (Garbary et al.
1980b, p. 159) and some southern regions (Ricker 1987, p. 149), P. minuta from southern
Australia, and P. imperjecta Kornmann & Sahling (1985, p. 231) from Helgoland.

Porphyropsis minuta Womersley & Conway 1975: 68. fig. 7. Millar & Kraft 1993: 5.
FIG.3A-C
Thallus (Fig. 3A) greenish-brown to purple, with a pulvinate parenchymatous holdfast
50-100 (-200) flm across (cells without rhizoidal extensions) from which one to several
minute, subspherical to ovoid, bladders (to 2 mm across) arise. later becoming sinuate and
rupturing to form irregular monostromatic membranes (Fig. 3B) 2-5 (-12) mm high and
across. often with convolute margins; epiphytic. Cells of bladders and membrane often in
pairs or fours (Fig. 3C) following division. and lying in rows more or less at right angles,
sometimes becoming irregular; membrane 8-12 flm thick, cells rounded to slightly elongate,
3-5 flm across, with a parietal rhodoplast filling most of the cell, without a pyrenoid.
Reproduction by monospores (Fig. 3B) released from whole cells near the margin of the
membranes, subspherical to ovoid, 5-7 Jlm across.

Type from Pearson I., S. Aust., on Pterocladia capillacea, upper sublittoral (Specht.
17.ii.1960); holotype in AD, A24525.

Distribution: Garden I., W. Aust., around southern Australia to Collaroy, N.S.W., epiphytic
on Pterocladia capillacea and other firm-surfaced algae on rough-water coasts.
Selected specimens: Garden I., W. Aust., on Pterocladia capillacea, upper sublittoral (Mitchell,
2l.ix.1966; AD. A31192). Wittelbee Point, S. Aust., on P. capillacea, upper sublittoral (Womersley,
22.i.1951; AD, A15146). Aldinga, S. Aust., on Sargassum bracteolosum, upper sublittoral pools
(Womersley, lULl 968; AD, A32275). West I., S. Aust., 1.5-3 m deep, on Plocamium angustwn
(Shepherd, 5.ii.1967; AD, A32375). Vivonne Bay, Kangaroo I., S. Aus!., on Gracilaria?, 2-6 m deep
(Mitchell, 21.viii.l963; AD, A26963). Lawrence Rock, Vic., epiphytic, in rock pools (Beauglehole.
13.Ll954; AD. A20552). Collaroy, N.S.W., on P. capillacea (Tilden 307, 26.xii.1934; AD, A26325).
Porphyropsis minuta is similar to P. coccinea in size and form, but differs in having the
cells arranged in more distinct rows and in colour. Further study of the reproduction is
needed from culture; near-marginal cells in AD, A20552 have divided to form small,
subspherical packets of 4-16 cells, raising the possibility of sexual reproduction in this
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Fig. 3. A-C. Porphyropsis minuta (AD, A24525). A. Mature thallus on Pterocladia. B. Cell
arrangement. C. Older membrane, with some cells releasing monosporangia. D-H. Bangia
atropurpurea subsp. atropurpurea (AD, A29541). D. Filaments. E. Female filaments in surface view,
with carpogonia, one with a prototrichogyne and attached spermatia. F. Ditto, in mid sectional view. G.
Male filament with packets of spermatangia.
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species. Kornmann & Sahling (I985, p. 231) suggest that fonnation of monos pores from
whole cells near the thallus margin should exclude P. minuta from Porphyropsis.
ORDER BANGIALES Schmitz ill Engler 1892: 15
Thallus (gametophyte) macroscopic, erect but flaccid, filamentous and uniseriate to
mu/tiseriate, or foliose and I or 2 cells thick; growth diffuse, without pit-connections; basal
attachment multi-rhizoidal from numerous suprabasal cells. Rhodoplasts one (or two) per
cell, stellate, each with a central pyrenoid. Sporophyte ("conchocelis" phase) minute,
filamentous, uniseriate, branched, with primary pit-connections; rhodoplasts parietal, each
with one to a few small pyrenoids.
Life history heteromorphic, usually with a macroscopic gametophyte and microscopic
sporophyte.
Reproduction. Asexual reproduction by monospores (or aplanospores) from both
generations, arising from undifferentiated vegetative cells.
Sexual reproduction by spermatia formed in packets of 64-256 by subdivision of
vegetative cells, and carpogonia only slightly modified from vegetative cells and usually
with a short prototrichogyne. The zygote dividing directly to form packets of 8, 16 or 32
carposporangia, with the carpospores developing into minute filamentous sporophytes
(conchocelis phase) bearing "fertile cell rows" liberating spores (probably meio-) which
refonn the gametophyte thalli.

Taxa of the Bangiales are characterised by their macroscopic form (usually 2-20 (-50)
cm high), attachment by multi-rhizoidal bases, lack of pit-connections in the gametophytes
but presence in the sporophytic phase, and well developed sexual reproduction.
The occurrence of sexual reproduction in this order, particularly in Porphyra, has been
much debated over many years, but Hawkes (1978) has established its occurrence in P.
gardneri (Smith & Hollenberg)Hawkes.
FAMILY BANGIACEAE Engler 1892: 16, nom. cons.

There is only one family, the Bangiaceae, within the order, characterised as above, with
two genera. Other families have now been placed in the Compsopogonales (see Garbary et
al. 1980b). Bangiaceae Engler has been conserved over Porphyraceae Klitzing (1843, p.
382).
KEY TO GENERA OF BANGIACEAE

1.
1.

Thallus cylindrical, uniseriate below and two or more cells thick above ............ BANGIA
Thallus foliose, one or two cells thick and many cells broad ........................ PORPHYRA
Genus BANGIA Lyngbye 1819: 82

Thallus filamentous, erect but flaccid, simple, cylindrical to irregularly constricted, at
first uniseriate but with the cells becoming longitudinally and radially divided, with a hollow
centre in the older filaments, attached by descending rhizoids from supra-basal cells; cell
divisions diffuse. Rhodoplasts single, axial, stellate, with a central pyrenoid.
Conchocelis-phase filamentous, branched, with pit-connections, cells with parietal
rhodoplasts without pyrenoids.
Life history heteromorphic, with macroscopic gametophytes and microscopic
filamentous sporophytes (conchocelis-phase).
Reproduction by monospores liberated from whole vegetative cells. Sexual reproduction
by dioecious (usually) or monoecious filaments, by spermatia fonned in packets of 64-256,
and vegetative cells differentiating into carpogonia with or without a short prototrichogyne,
and the zygote dividing to fonn 4-16 carposporangia. Conchocelis-phase reproducing by
monospores and by conchospores from fertile cell rows (Conway & Cole 1977, p. 205, figs
4,11,12,17,18).
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Lectotype species: B. juscopurpurea (Dillwyn)Lyngbye 1819: 83 [= B. atropurpurea
(Roth)C. Agardh].
The life history of Bangia (based on B. juscopurpurea) is discussed by Richardson &
Dixon (1968), Cole (1972) and Cole et al. (1983), who emphasise the importance of day
length in determining the reproductive phase. Numerous species of Bangia have been
described (De Toni 1897, pp. 7-13), some of which are synonyms of B. atropurpurea;
others are doubtfully distinct, but specific concepts in the genus are far from clear.
KEY TO SUBSPECIES OF BANGIA ATROPURPUREA

1.
I.

Thallus 1-10 cm long, usually on mid to upper eulittoral rock; uniseriate part with cells
usually LID 0.5-1.5; spermatangia formed in square-surfaced packets
............................................................................ 1. B. atropurpurea subsp. atropurpurea
Thallus 1-3 cm long, attached to mussels in the lower eulittoral; uniseriate part with
cells UD 0.3-0.15 except for close to the base; spermatangia formed in narrow,
elongate blocks across the filament.. ................. 2. B. atropurpurea subsp. brevisegmenta

1. Bangia atropurpurea (Roth)C. Agardh 1824: 76 subsp. atropurpurea. Cribb 1983: 11,
pI. 4 figs 3-5. Garbary et al. 1980b: 167, figs 8b, 9a-m. Kornmann & Sahling
1977: 262, fig. 150.
B. juscopurpurea (DilIwyn)Lyngbye 1819: 83. Cole 1972: 231. Kylin 1944: 8, fig.
2E-M. Okamura 1921: 87, pI. 171 figs 6-12. Richardson & Dixon 1968: 496.
Rosenvinge 1909: 56, figs 1-4. Tanaka 1950: 165, fig. 3; 1952: 23, pI. 2 fig. 2.
FIG.3D-H

Thallus (Fig. 3D) rose to dark red, occurring as a dense mass of flaccid, simple
filaments, 1-10 cm long and 20-200 (-300) 11m in diameter, with a prominent mucilaginous
sheath, each filament basally attached by rhizoids from several suprabasal cells. Filaments
(Fig. 3D) at first uniseriate, becoming several cells broad by longitudinal divisions producing
radially elongate, cuneate, cells surrounding a slight central cavity. Cells (Fig. 3D-F) in
uniseriate filaments 8-16 (-20) 11m in diameter and UD (0.2-) 0.5-1.5, in thicker parts
isodiametric in surface view, 8-12 11m across, each with a single stellate rhodoplast (Fig. 3E)
with a central pyrenoid.
Conchocelis-phase as for the genus, not recorded for Australian plants.
Reproduction by monos pores liberated from vegetative cells. Sexual plants dioecious;
carpogonia (Fig. 3E, F) with a slight prototrichogyne; carposporangia formed in vague
groups of 8-16; spermatangia (Fig. 3G) formed in more or less square (in surface view)
packets of 16-64, pale in colour, with spermatia 2-3 Ilm in diameter.
Type from Bremen, Germany; probably destroyed (Koster 1969).
Distribution: Cosmopolitan in temperate regions on marine mid eulittoral rock or timber;
widely distributed in temperate freshwater areas of Europe.
In southern Australia, from Fremantie, W. Aust., around Tasmania to N.S.W, and
southern Queensland (Cribb 1983, p. 11).
Selected specimens: Swan R., W. Aust., lower eulittoral on cement wall (Cribb 66.1, 4.viii.1950;
AD, A13935). Outer Harbor, Port Adelaide, S. Aus!., on floating raft (Womersley, 22.vi.l953; AD,
A18829 -"Marine Algae of southern Australia" No. 60). West Lakes, Adelaide, S. Aust., mid
eulittoral on concrete wall (Taylor, 12.i.l976; AD, A46762). Granite I., Victor Harbor, S. Aust., upper
eulittoral (Womersley, 14,ii.l946; AD, A2200). American R. inlet, Kangaroo r., S. Aust., at water-line
on buoys (Womersley, 4.ii.1956; AD, A20062). Cape Willoughby, Kangaroo I., S. Aust., at pool edges
(Womersley, 18.viii.1948; AD, A9460). Apollo Bay, Vic., on boat at water-line (Womers[ey,
13.v.J982; AD, A55523). Dover, Tas., lower eulittoral (Wollaston, 20.v iii.l 965; AD, A29541).
Bicheno, Tas., upper eulittoral (Womersley, 20.x.1986; AD, A57746). Merimbula, N.S.W., upper
eulittoral (Womersley, 12.viii.1959; AD, A23143). Wattamolla, Sydney, N.S.W., in rock pools (May
215, 24.viii.1944; NSW).
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Fig. 4. A-G. Bangia atropurpurea subsp. brevisegmenta (AD, A57022). A. Habit. B. Lower
filaments. C. Mid filament with very short cells. D. A male (horizontal) and a female filament. E. A
female filament in surface view, with spermatia (on right) and groups of carposporangia. F. Ditto, in
mid sectional view. 6. A male filament with transverse packets of spermatangia.
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The morphologically inseparable species B. atropurpurea (freshwater) and B.
juscopurpurea (marine) are now regarded as one species under the first name, following the
studies of Geesink (1973) in particular.
B. atropurpurea subsp. atropurpurea occurs in southern Australia usually in the upper
eulittoral under strong to moderate wave wash, at any time of the year, as patches which
probably exist only for a few months.

2. Bangia atropurpurea subsp. brevisegmenta Womersley, subsp. nov.
FIG. 4
Thallus (Fig. 4A) dark red-brown, occurring as tufts of flaccid, simple filaments, 1-3
cm long and 16-75 ].1m in diameter, with a prominent mucilaginous sheath, each filament
basally attached by rhizoids from 2-6 (-15) suprabasal cells; epizoic on mussels. Filaments
(Fig. 4A-C) uniseriate below with diffuse divisions, above becoming 2-6 cells broad by
longitudinal divisions producing radially elongate, cuneate, cells. Cells (Fig. 4C) in
uniseriate parts UD 0.5-1.5 (-2) within a few cells of the base, then very short for 1-2 mm
above the base (20-35 ].1m in diameter and UD 0.3-0.15), in thicker parts the cells more or
less isodiametric in surface view, 10-15 ].lm across, each with a single stellate rhodoplast
with a central pyrenoid.
Reproduction. Sexual plants dioecious; carpogonia (Fig. 4E, F) with or without a slight
prototrichogyne; carposporangia (Fig. 4E, F) formed in vague groups of 8-16, elongateclavate radially, in surface view isodiametric and 7-10 11m across; spermatangia (Fig. 4D, G)
formed in elongate transverse masses 40-70 /.1m long and 4-10 /.1m broad, corresponding to
the parent cells, separated by a clear matrix, pale grey in colour, with 16-32 (-64) spermatia
(each 2-3 Ilm in diameter).
Thallus filamentorum caespitosorum, simplicium, 1-3 cm longus, 16-75 11m in
diametro, compositus, quoque filamento rhizoideis ex 2-6 (-15) cellulis suprabasalibus
affixo, epizoicus in mytilidis. Filamenta uniseriata inferne, 2-6 cellulas lata superne, cellulis
elongatis cuneatis ex divisionibus longitudinalibus radiatim ortis. Cellulae basales
uniseriatae UD 0.5-1.5 (-2), 1-2 mm super basem abbreviatae, 20--35 11m in diametro et
UD 0.3-0.15, cellulae in partibus crassioribus isodiametricae in aspectu superne, 10--15 Ilm
latae, rhodoplasto singulari stellato pyrenoide centrali. Plantae sexuales dioeciae; carpogonia
cum interdum prototrichogyne tenui, carposporangia 8-16 aggregata, radiatim elongata et
clavata, isodiametrica in aspectu superne, 7-10 Ilm lata; spermatangia in soris elongatis,
transversis 40-70 Ilm longis et 4-10 11m latis, matrice pellucida disjuncta, 16-32 (-64)
spermatiis per spermatangium.

Type from Warrnambool, Vic., lower eulittoral on the mussel Xenostrobus pulex (Lamarck)
in sand. inner side of Middle I. (Womersley, 14.x.1985; AD, A57022).
Distribution: Only known from the type locality; not present in May 1988.
Subsp. brevisegmenta differs from subsp. atropurpurea in having very short cells for
1-2 mm of the lower thallus, in the more distinct prototrichogynes, and in the spermatangia
forming well-defined transverse masses across the filaments. It occurs at a lower intertidal
level in a different habitat to that of the type species.
While subsp. brevisegmenta appears distinct from subsp. atropurpurea, it is not
possible to compare it satisfactorily with other species of the genus due to lack of a world
monograph and detailed accounts of other species.
Genus PORPHYRA C. Agardh 1824: XXXII. 190, nom. cons.

Thallus (gametophytic macrothallus) foliose, membranous, erect but flaccid, branched
from the base but rarely above, one or two cells thick, attached by a small holdfast of
interwoven rhizoids from numerous suprabasal cells; cell divisions diffuse or partly
marginal; pit-connections absent. Rhodoplasts more or less stellate with a central pyrenoid.
Concho celis phase (sporophyte) minute, filamentous. branched, with pit-connections.
usually embedded within shells.

Porphyra
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Reproduction of the gametophyte by monospores or aplanospores, with sexual
reproduction by spermatangia formed in packets of 64-256, usually marginally, and by
vegetative cells becoming carpogonia with short prototrichogynes; the zygote divides
directly into packets of 4-32 carposporangia, each with a single deeply-pigmented
carpospore.
Conchocelis phase (sporophyte) reproducing by monospores and by conchosporangia
(meiosporangia) formed in fertile cell rows (Conway & Cole 1977).

Lectotype species: P. purpurea (Roth)C. Agardh 1824: 191 [= P. umbilicalis (L.)Kiltzing].
A genus of numerous species, often forming conspicuous communities in the mid .and
upper eulittoral on cool temperate coasts. Many studies on their reproduction are reviewed
by Cole & Conway (1980) and sexual reproduction has been established by Hawkes (1978).
The southern Australian species are reasonably clear-cut with mature, fertile specimens, but
further studies (similar to Kornmann & Sahling 1991) are needed on their variation and lifehistories.

KEY TO SPECIES OF PORPHYRA
I.

1.

Blades delicate, rose-pink, ovate to lanceolate, epiphytic on certain brown (or red) algae
in the upper sublittoraL ........................................................................ 1. P. woolhousiae
Blades lanceolate or ribbon shaped, becoming umbilicate and often broader than long,
grey to red or dark purple, growing on rock or hard substrates ........................................ 2
2.

2.

Thallus fairly tough, retaining its form when old, shrinking on drying and not
adhering strongly to paper; usually over 45 11m thick; carposporangial groups
prominent, scattered, with vegetative cells among the groups; spermatangia
occurring irregularly around the margin ......................................... 2. P. columbina
Thallus usually delicate, disintegrating when old, adhering closely to paper and
not markedly shrinking on drying; usually 20-30 11m thick; carposporangial
groups usually not prominent; spermatangia occurring in (usually) narrow,
elongate strips, extending inwards from the apical and side margins of the thallus
............................................................................................................. 3. P. lucasii

I. Porphyra woolhousiae Harvey 1863: pI. 265. J. Agardh 1883: 59. De Toni 1897: 15.
Guiter 1952: 84. Lucas 1929a: 15. Wornersley & Conway 1975: 59, figs 1,2.
FIG.5A-E
Thallus (Fig. 5A) rose-red to red-purple, (1-) 2-17 cm long and 1-4 cm broad, delicate,
irregularly ovate or elongate cuneate when young to broadly expanded or elongate with
convex margins which may become gently convolute, with one to a few monostromatic
blades (12-) 16-24 11m thick, arising from a rhizoidal holdfast; epiphytic on brown algae,
rarely on red algae. Growth by intercalary divisions and a marginal meristem (Fig. 5B,C).
Cells at margins in short anticlinal rows, isodiametric to slightly elongate, angular, 6-10 11m
across; in central parts of blades. cells (Fig. 50) often in rows but becoming irregular,
polygonal and angular to ovoid, often with adjacent cells unequal in size, 10-16 (-20) 11m
across; rhodoplasts stellate to laminate, with a central pyrenoid.
Sporophyte (conchocelis phase) unknown.
Reproduction. Monosporangia(?) formed in marginal areas, spherical to ovoid, 12-17
11m across, with a stellate rhodoplast.
Spermatangia (Fig. 5E) forming well defined but irregular patches usually near the
thallus margins, with spermatangia in packets of (16-) 32-64, spermatia 2-4 11m in diameter.
Carposporangia unknown.

Type from Tasmania (on Macrocystis); in TCO.
Distribution: New Zealand (Chapman 1969, p. 20), Falkland Is (Skottsberg 1923, p. 4),
Kerguelen I. (Hamel 1928a, p. 55) and South America (Pujals 1963, p. 8; Etcheverry 1986,
p. 160).
St Kilda, S. Aust., to Mallacoota, Vic., and Tasmania, from scattered records.
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Fig. S. A-E. Porphyra woolhousiae (A, B, D, AD, A44234; C, the type; E, AD, A42722). A. Habit. B.
Cell arrangement, with meristematic margin. C. Cells and margin in the type. D. Cells from within
margin. E. Spermatangial region. F, G. Porphyra columbina (F, AD, A42214; G, AD, A42625). F.
Habit of young plants. G. Habit of older umbilicate plants. [F as in Womersley & Conway 1975.]
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BANGIACEAE

39

Selected specimens: St Kilda, S. Aus!., on Gigartina on Posidonia, 1.5 m deep (Lewis,
23.viii.l972; AD, A42722). Ma\lacoota, Vic., on Scytothamnus australis (Ducker & King, 15.xi.l970;
MEL, 20652; AD, A43489). Deal I., Bass Strait, on Perithalia caudata (King, 23.xi.l969; MELU,
21357; AD, A43302). B1ackmans Bay, Tas., drift (Tyler, Oct. 1973; AD, A44234).
Womersley & Conway (1975, p. 62) point out that P. woolhousiae is not well known
and mature fertile plants on Macrocystis in Tasmania should be studied; such r.lants have not
been collected recently, and records on other hosts need more detruled checking.
Comparisons with specimens from outside southern Australia are also needed. Ricker (1987,
p. 146, fig. 61) recorded (with doubt) P. woolhousiae from Macquarie Island. The epilithic
habitat, cell shape, and lack of a marginal meristem almost certainly exclude this record.
2. Porphyra columbina Montagne 1842: 14; 1845: 33, pI. 9 fig. 2. 1. Agardh 1883: 70: pI.
II figs 65-66. Chapman 1969: 22. Dawson et al. 1964: 32, pI. 618. Guiler 1952:
84. Kutzing 1869: 29, pI. 80 e, f. Levring 1953: 464, figs 2-4. Millar & Kraft 1993:
5. Ricker 1987: 140, fig. 58. Womersley & Conway 1975: 63, figs 3, 4.
PLATES 1 fig. 1,2 fig. 1; FIGS SF, G, 6A, B
Thallus (Fig. 5F, G) grey-red to red-purple, 5-20 (-40) cm long and (2-) 4-10 (-30) cm
broad, relatively tough, elongate-cuneate with undulate margins when young, becoming
broadly expanded and usually umbilicate by basal proliferation, blades monostromatic,
35-60 Ilm thick, arising from a rhizoidal holdfast; usually epilithic or on solid substrates,
rarely epiphytic. Growth diffuse, intercalary. Cells (Fig. 6A) more or less in rows but
becoming irregular, isodiametric to slightly elongate in surface view, 10-15 Ilm across,
separated by a gelatinous matrix 0.5-1 times the cell width; rhodoplasts stellate, axial, each
with a pyrenoid.
Sporophyte (conchocelis phase) recorded by Conway & Cole (1977, p. 208).
Reproduction. Monosporangia (7) scattered, near margins. Thalli monoecious.
Carposporangia (Fig. 6B) prominent, forming irregular patches often with interspersed
vegetative cells, usually adjacent to the thallus margin, WIth (4-) 8-16 carposporangia per
group. Spermatangia (Fig. 6B) adjacent to the thallus margin, in patches or amongst the
carposporangial groups, in packets of 32-64, spermatia 2-3 Ilm in diameter.

Type from the Auckland Is (D'Urville); in Herb. Montagne, Pc.
Distribution: New Zealand and subantarctic islands, southern S. America (Pujals 1963, p.
8).

In southern Australia, from Elliston, S. Aust. to Port Stephens, N.S.W. and around
Tasmania.

Selected specimens; Elliston, S. Aus!., mid euHttoral (Parsons, 24.viiL1967; AD, A31940).
Wanna, S. Ausl., mid eulittoral (Womers[ey, 21.viii.1967; AD, A31807). Victor Harbor, S. Aust., mid
eulittoral (Womers[ey, 27.viii.l972; AD, A42629). Vivonne Bay, Kangaroo I., S. Aust., mid eulittoral
(Womersley, 24.viii.l963; AD, A27024). Cape Lannes, S. Aust., mid eulittoral (Womersley, 14.v.1972;
AD, A42214 -"Marine Algae of southern Australia" No. 151b and 17.ix.1993; AD, A62998). Nora
Creina, S. Aus!., eulittoral pools (Womersley, 3.ix.1971; AD, A39559). Warrnambool, Vic., mid
eulittoral (Shepherd, 19.viiL1972; AD, A42625 -"Marine Algae of southern Australia" No. ISla).
Binaiong Bay, Tas., lower eulittoral (Wollaston & Mitchell, 3.iii.l964; AD, A27811). Pebbly Beach, N
of Batemans Bay, N.S.W., mid eulittoral (Womers[ey, 6.i.1974; AD, A44621). Birubi Point, S of Port
Stephens, N.S.W., mid eulittoraI (Womersley, 17.xii.l987; AD, A58631).
P. columbina is often common, forming a dense mid eulittoral community, on roughwater rocky coasts from Robe, S. Aust. to southern N.S.W., and around Tasmania, especially
in winter months.

3. Porphyra lucasii Levring 1953: 469, figs 6H-L, 7. Fuhrer et al. 1981: pI. 17. Womersley
& Conway 1975: 63, figs 5, 6.

FIG.6C-F
Thallus (Fig. 6C, D) red to purple, (2-) 5-20 (-40) cm long and 1-10 (-15) cm broad,
relatively delicate, lanceolate to broadly ovate or cordate, simple or irregularly laciniate or
basally branched, sometimes umbilicate by basal proliferation, margin smooth to undulate
(rarely denticulate), blades monostromatic, 20-30 Ilm thick, attached by a rhizoidal holdfast;
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Fig. 6. A, B. Porphyra columbina (AD, A39559). A. Vegetative cells. B. Thallus with spermatangia
and carposporangia. C-F. Porphyra lucasii (C, F, AD, A42764; D, AD, A51249; E, AD, A32739). C.
A large ruffled thallUS. D. Small ovate thalli with spermatangial strips. E. Vegetative cells (lower half)
and spermatangia. F. Spermatangia (on left) and carposporangia. [D as in Womersley & Conway
1975.]
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epilithic or on solid substrates. Growth diffuse. Cells (Fig. 6E) mostly irregularly arranged,
more or less isodiametric, (6-) 8-15 11m across, separated by a gelatinous matrix 0.5-1 times
the cell width; rhodoplasts single, axial, each with a pyrenoid.
Sporophyte (conchocelis phase) unknown.
Reproduction. Monospores formed in patches near the thallus margins.
Carposporangia (Fig. 6F) apparently developing later than spermatangia, not prominent,
covering areas between the spermatangial strips near the thallus margin, without
intermingled vegetative cells, with about 8 carposporangia per group.
Spermatangia (Fig. 6E, F) occurring in well-marked elongate strips extending in from
the apical and side margins of the thallus, 2-20 mm long and 1-5 mm broad, in packets of
16-32, spermatia 3-4 11m in diameter.

Type from Bunbury, W. Aust.; in Herb. Levring, Goteborg, isotype in AD, A42700.
Distribution: Cottesloe, W. Aust., to Westernport Bay, Vic., and the north and east coasts
of Tasmania, usually in the mid eu littoral.

Selected specimens:

Cottesloe, W. Aust., eulittoral (Smith 39, I 5.vii.l 944; AD, A4546).
Frenchman Bay, King George Sound, W. Aust., mid eulittoral (Womersley, 29.viii.1979; AD, A51654).
Spalding Cove, Port Lincoln, S. Aus!., mid eulittoral (Womersley, 25.viii.l975; AD, A46505). 4 Ian N
of St Kilda, S. Aus!., on Posidonia australis, 1 m deep (Steffensen, I Lix.1975; AD, A46526). Port
Stanvac, S. Aust., mid eulittoral on jetty pylons (Lewis, I ,ix.1972; AD, A42637). Rosetta Bay, Victor
Harbor, S. Aust., mid eulittoral (Womersley, J9.vii.l980; AD, A51249 -"Marine Algae of southern
Australia" No. 14Ib). Pelican Lagoon, Kangaroo I., S. Aus!., upper eulittoral (Womersley, 6.ix.l946;
AD, A3998). Robe, S. Aust., mid eulittoral in bay (Womersley, 8.x.l972; AD, A42764 -"Marine
Algae of southern Australia" No. 141). Ricketts Point, Port Phillip Bay, Vic., on rock platform
(Sinkora A1252, 7.x.l971; AD, A42299). Crawfish Rock, Westernport Bay, Vic., just sublittoral
(Watson, 15,ix.l968; AD, A32739). Dover, Tas., lower eulittoral (Wollaston, 20.viii.1965; AD, A29544).

P. lucas!! is the common Porphyra in the mid eulittoral of calm to moderately rough
waters, being replaced by P. columhina where surf action is strong; it is essentially a winter
species, distinguished in particular by the narrow strip-like spermatangial areas extending in
from the thallus margins.

CLASS FLORIDEOPHYCEAE Cronquist 1960: 438
Thallus multicellular, filamentous with filaments discrete or compacted to a
pseudoparenchyma, of various forms, a few calcified (especially CoralIinales). Structure
uniaxial or muitiaxial, cell divisions apical or rarely intercalary, cells uninucleate or
multinucleate with a central vacuole, rhodoplasts usually parietal, laminate, stellate, ribbon
shaped or discoid, in primitive families often with a pyrenoid. Pit-connections present.
Life history usually triphasic with (usually) macroscopic gametophytes and
tetrasporophytes and minute carposporophytes; in some taxa monophasic or biphasic.
Reproduction. In some taxa by monos pores or other asexual spores. Sexual reproduction
oogamous and normally present, involving carpogonia with elongate trichogynes, usually
terminal on a several-celled branch, and in most orders auxiliary cells which are formed
before or after fertilization and diploidized via direct fusion with, or by connecting filaments
from, the fertilized carpogonium. Carposporophyte formed by the fertilized carpogonium or
the diploidized auxiliary cell, usually producing gonimoblast filaments bearing terminal
chains or clusters of carposporangia; the carposporophyte may lie within the thallus or
external to it, and may be surrounded by a cellular envelope or peri carp. Spermatangia are
cut off from initials derived from surface cells, occasionally in pits, with non-motile
spermatia.
Tetrasporophytes with cruciately, tetrahedrally or zonately divided tetrasporangia.

The class Florideophyceae is distinguished by the presence of pit-connections, apical
growth of filaments, and by the complex sexual reproduction involving carpogonial branches
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and the presence in most orders of generative auxiliary cells from which the carposporophyte
develops; meiotic tetrasporangia usually occur in a separate generation, the tetrasporophyte.
ORDER ACROCHAETIALES Feldmann 1953: 12
by W.1. Woelkerling & H.B.S. Womersley

Thallus small (to 25 mm high) in Audouinella. to 5-20 cm high in Camontagnea,
heterotrichous, uniaxial, ecorticate or corticate (in Camontagnea), usually branched, attached
by a single cell or a multicellular prostrate system of discrete or associated
(pseudoparenchymatous) filaments; erect filaments simple to much branched, monopodial,
discrete, often tufted, hairs often present; indeterminate and determinate branches present in
Camontagnea; in some species prostrate system more extensive than erect system; epilithic
or on or in various other organisms, mostly marine. Cells of erect filaments more or less
cylindrical to moniliform or irregular in shape, uninucleate; rhodoplasts parietal or axial,
laminate to band shaped, spiral, stellate or discoid, one to several per cell, without or with
one to several pyrenoids; pit-plugs 2-layered with a membrane as far as known. Growth of
filaments normally apical.
Life history monophasic (bearing only monospores), or triphasic and dimorphic or
trimorphic, rarely diphasic and dimorphic.
Reproduction. Asexual monosporangia single or in clusters, produced in most species
(often the only known means of reproduction), usually on the erect filaments; bisporangia
formed in some species, and rarely apomeiotic tetrasporangia.
Sexual reproduction known in some species only, with thalli monoecious or dioecious.
Carpogonia sessile on vegetative cells or on 1-2-celled stalks, rarely intercalary. Fertilized
carpogonia giving rise either directly, or after dividing transversely or longitudinally, to a
small, diploid, filamentous carposporophyte with terminal carposporangia, each with a single
carpospore; auxiliary cells absent. Spermatangia borne singly or in clusters on the erect
filaments, rarely also on the prostrate filaments, each liberating a spermatium.
Tetrasporophytes morphologically similar or dissimilar to the gametophytes, bearing
cruciately divided (sometimes irregularly) tetrasporangia, normally meiotic.

Type genus: Acrochaetium Nageli in Nageli & Cramer (1858, p. 532) [=Audouinella Bory
(1823, p. 340)].
The Acrochaetiales have commonly been classed as a family of the Nemaliales (e.g.
Bold & Wynne 1985, p. 555), but they differ from the two families now remaining in the
latter order in their uniaxial structure and in bearing sessile as well as stalked carpogonia.
The Acrochaeti,£lles have been reviewed recently by Garbary (1978), Woelkerling (1983) and
Garbary & Gabrielson (1987) who discuss relationships with other orders and who support
their recognition as an order, by Garbary (1987) who lists all described species of
Audouinella, and by Silva (in Silva, Mefiez & Moe 1987, p. 127) who discusses generic
relationships. The order is usually regarded as the most primitive group of the
Florideophyceae (e.g. Garbary & Gabrielson 1987).
The genus Camontagnea has recently been described by Pujals (1981) and placed in the
Acrochaetiales largely due to the presence of stellate rhodoplasts with a central pyrenoid. In
size, habit and presence of indeterminate and determinate branches Camontagnea differs
significantly from all other Acrochaetiales.
The Acrochaetiales includes only one family.
FAMILY

ACROCHAETIACEAE Fritsch ex Taylor 1957: 209, 210, nom. cons.

With the characteristics of the order, and including some 390 described species
(Woelkerling 1983, p. 71) but probably many fewer actual species.

Audouinella
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KEY TO GENERA OF ACROCHAETIACEAE
L
1.

Thallus small (to 2.5 cm high), cells 3-30 fJm in diameter, branches not differentiated
into indeterminate and determinate ones ................................................ AUDOUINELLA
Thallus 5-20 cm high, cells 30-120 fJm in diameter, indeterminate and determinate
branches present .................................................................................. CAMONTAGNEA
Genus AUDOUINELIJA Bory 1823: 340, nom. cons.

Thallus epilithic or on or in a variety of organisms, attached by a single basal cell or a
prostrate system of branched, discrete or laterally adherent, filaments. Erect filaments
developed to varying extents, uniaxial, simple or branched, up to a few mm long. Cells
cylindrical to irregularly swollen, containing one to several laminate, lobed, spiral, stellate or
discoid rhodoplasts, usually parietal, with or without pyrenoids. Hairs often present. Growth
normally apical.
Life history monophasic or triphasic (di- or trimorphic), rarely diphasic and dimorphic.
Reproduction. Asexual monosporangia present in most species, sessile or stalked,
usually borne on the erect filaments; bisporangia or apomeiotic tetrasporangia present in
some species.
Sexual thalli (where known) monoecious or dioecious. Carpogonia sessile or on 1-2celled stalks, solitary or in small groups, rarely intercalary. Fertilized carpogonia giving rise
either directly or after dividing to a minute filamentous carposporophyte with terminal
carposporangia. Spermatangia borne singly or in clusters, usually on the erect filaments.
Tetrasporophytes usually similar to gametophytes, bearing regularly or irregularly
cruciately divided tetrasporangia.
Lectotype species: A. miniata Bory 1823: 341 [=A. hermannii (Roth)Duby 1830: 972].
This account of the southern Australian species revises that of Woelkerling (1971), with
some nomenclatural changes and a re-ordering of the key; some doubtful records (e.g. those
of Stegenga 1985, p. 328) are listed below under "Species Inquirendae". There has been no
published account ofthe southern Australian species since 1971. but there is need for further
morphological. life history, reproduction and cultural studies on many species, especially
those which are at least partly endophytic (see Garbary 1979a, who raises doubts on species
concepts based on host identity). Such studies will probably lead to a reduction in the
number of species recognised here.
Whereas Woelkerling (1971) recognised two genera, Audouinella Bory for species with
known sexual reproduction and Colaconema Batters (as a form genus) for those known to
reproduce only by monospores, they are treated below under the one genus Audouinella.
Earlier authors (see Woelkerling 1983; Garbary 1987; Lee & Lee 1988) have usually
recognised 3-8 genera in the family, and Stegenga & van Erp (1979) consider that on the
basis of life-history studies several genera should be recognised. In a recent review of
carposporophyte development. Abdel-Rahman & Magne (1990) recognised 9 different types
and considered that such an unstable carposporophyte does not provide useful taxonomic
criteria. Such studies on southern Australian taxa are needed. The present account is based
on our limited knowledge of life history and reproduction of many of the presumed species,
especially those which live partially or largely within other organisms. The use of substraterelated characters in the key is only intended to facilitate identification, and colour is given
for the larger or denser species only.
KEY TO SPECIES OF AUDOUINELLA

1.

1.

Thallus epilithic or entirely or largely epiphytic (with endophytic base only) .................. 2
Thallus entirely or largely endophytic or endozoic ......................................................... 16
2.

Thallus epilithic, usually 10-20 mm high. filaments 15-30 Ilm in diameter, cells
with 3-10 parietal, more or less stellate. rhodoplasts each with a single pyrenoid
.......................................................................................................... 1. A. floridula
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2.

3.
3.

6.

8.

9.

Erect filaments (4-) 6-8 (-10) 11m in diameter; rhodoplasts with one pyrenoid;
monosporangia 9-15 11m in diameter and IS-241lm long ............ 3. A. secundata
Erect filaments 3-6 11m in diameter; rhodoplasts without a pyrenoid;
monosporangia 5-7 (-10) Ilm in diameter and 8-15 (-18) Ilm long ... 4. A. simplex

Rhodoplasts parietal, band shaped, with a single, usually prominent pyrenoid ................ 8
Rhodoplasts single or several closely adjacent. parietal, lobed, with (1-) 2-8 (-18)
pyrenoids per cell. ............................................................................................................. 9
8.

9.

Erect filaments mostly 3-10 Ilm in diameter ........................................................ 5
Erect filaments mostly 10-25 Ilm in diameter ...................................................... 7

Erect filaments much branched ..................................................................... 2. A. sa viana
Erect filaments simple to sparingly branched ................................................................... 6
6.

7.
7.

Thallus epiphytic, usually less than 10 mm high, filaments (3-) 6-20 (-25) Ilm in
diameter, cells with one to a few laminate, ribbon shaped to irregular or discoid
rhodoplasts with or without pyrenoids .................................................................. 3

Thallus (1-) 2-8 mm high ................................................................................................. 4
Thallus usually less than 1 mm high ............................................................................... 10
4.
4.

5.
5.

Audouinella

Monosporangia in clusters, on branched stalks, usually on lowermost cells of
laterals ................................................................................................ 5. A. daviesii
Monosporangia sessile or occasionally stalked, solitary, seriate or more scattered,
with the apical wall often distinctly thickened ........................... 6. A. phacelorhiza

Epiphytic on Dictyotaceae; erect filaments usually 12-15 Ilm in diameter, rhodoplasts
with 1-4 pyrenoids; carposporophytes with 3-10 carposporangia .............. 7. A. dictyotae
Epiphytic on a wide variety of algae; erect filaments usually 15-20 J.lm in diameter,
rhodoplasts several but closely adjacent and appearing single, cells with 2-8 (-18)
pyrenoids; carposporophytes with 12-25 carposporangia ......................... 8. A. caespitosa
10. Thallus with erect filaments 200-1000 /Jm high ................................................. ll
10. Thallus largely prostrate with erect filaments usually less than 200 /Jm high ..... 12

1 L Monosporangia more or less distichously arranged, laterals and erect filaments (6-)
8-11 (-17) /Jm in diameter. ........................................................................... 9. A. plumosa
II. Monosporangia irregularly radially arranged, laterals and erect filaments 4-7 (-12) /Jm
in diameter ................................................................................................... 1O. A. pacifica
12. Ere,t filaments arising from a single cell (the original spore) ............................. 13
12. Erect filaments arising from a small, irregular, pseudoparenchymatous prostrate
base ..................................................................................................................... 15
13. Cells 5-25 /Jm long, LID 1-5 ........................................................................ 11. A. unifila
13. Cells 3-12 Jlm long, UD usually 0.7-1.5 ...................................................................... 14
14. Basal cell with 1-3 (-4) erect. commonly curved, filaments, 3-12 /Jm in diameter

................................................................................................ 12. A. microscopica
14. Basal cells usually with a single straight filament, 3-5 11m in diameter
.................................................................................................... 13. A. nakamurae
15. Thallus to 30 J.lm high, with erect filaments simple and 2-5 cells high ....... 14. A. macula
15. Thallus 40-75 (-225) /Jm high, with erect filaments simple or branched and usually
5-15 cells long ............................................................................................. 15. A. humilis
16. Thallus endozoic in sponge skeletons ......................................... 16. A. spongicola
16. Thallus occurring endophytically in various algae .............................................. 17
17. Prostrate and erect systems both well developed (but see also A. liagorae and A.
porphyrae), erect filaments normally 100-800 /Jm long with cells more than 20 /Jm
high ................................................................................................................................. 18
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17. Prostrate system well developed with irregular cells (in often contorted filaments), with
only very short erect filaments usually less than 100 11m long (to 400 11m in A. liagorae)
with cells less than 20 11m long ...................................................................................... 21
18. Prostrate filaments slenderer than erect filaments .............................. 17. A. blumii
18. Prostrate and erect filaments of similar diameter or the former greater .............. 19
19. Sporangium-bearing erect filaments usually in fascicles, erect filaments mostly 10-18
11m in diameter, prostrate filaments (12-) 18-24 (-36) flm in diameter; rhodoplasts
becoming highly dissected ........................................................................... 18. A. polyidis
19. Sporangium-bearing erect filaments simple or irregularly branched, not fasciculate;
filaments usually 4- JO flm in diameter; rhodoplasts laminate, not dissected ................. 20
20. Cells of erect filaments of similar length throughout, LID 3-5, 7-10 (-18) flm in
diameter, prostrate filaments more or less straight.. .................. 19. A. barbadensis
20. Cells of erect filaments much longer above, LID 5-10, 4-7 flm in diameter;
prostrate filaments within host curved to reflexed ............................. 20. A. repens
21. Monosporangia 10-14 (-18) flm in diameter and 13-24 (-3S) 11m long; occurring in
Liagora and Helminthocladia ..................................................................... 21. A. liagorae
21. Monosporangia 6-12 11m in diameter and 8-14 11m long; occurring in Porphyra, or in
Bonnemaisonia and Delisea ........................................................................................... 22
22. Monosporangia ovoid, terminal or lateral on erect filaments, occasionally sessile
and broad-based on prostrate filaments; cells with rhodoplasts becoming stellate;
occurring in Porphyra .................................................................. 22. A. porphyrae
22. Monosporangia broad-based, often hemispherical, borne on the side of prostrate
filaments; cells with laminate rhodoplasts; occurring in Bonnemaisonia and
Delisea ............................................................................... 23. A. bonnemaisoniae
1. AUdouinella floridula (Dillwyn)Woelkerling 1971: 30, figs 8, 23B. Dixon & Irvine

1977b: 97, fig. 27. Garbary 1987: 73.
Confervafloridula Dillwyn 1802-1809: 73.
Rhodochorton floridulum (DiIlwyn)Nageli. Knaggs 1965: 478, figs 1-4. Stegenga
1978: 281, figs 13-27.
Rhodothamniella floridula (DiIlwyn)Feldmann in Christensen 1978: 67. Stegenga
1985: 326, fig. 25.
FIG.7A-D
Thallus (Fig. 7A) medium to dark red, epilithic, caespitose to matted, (3-) 10-20 (-2S)
mm high; original spore non-persistent. Prostrate system (Fig. 7B) consisting of branched
discrete entangled and stoloniferous filaments. Erect filaments (Fig. 7A, B) unbranched to
sparingly branched below, sparingly to moderately branched above; laterals secundly to
irregularly arranged and sometimes tapering towards the tips. Cells (Fig. 7C, D) cylindrical,
IS-30 11m in diameter and (3S-) 50-120 (-ISO) 11m long, LID 2-S (-6), tapering to 14-19
11m in diameter near the apices; cells of shorter laterals 8-12 11m in diameter, 12-36 11m
long; all cells containing several (usually 3-10) parietal, more or less stellate rhodoplasts
(Fig. 7D) each with a single pyrenoid.
Reproduction. Tetrasporangia (Fig. 7C) ovoid to globose, 18-30 (-40) 11m in diameter
and (20-) 2S-40 (-4S) 11m long, sessile or on 1-3-celled stalks, mostly arranged in adaxial
secund series along the laterals, cruciately divided.
Other reproductive bodies unknown in southern Australian collections. Stegenga (1978)
reports minute dioecious gametophytes and direct formation of a tetrasporophyte from the
fertilized carpogonium, without a carposporophyte.

Type from the Galway coast, Ireland; lectotype in BM (see Dixon & Irvine 1977b, p. 97).
Distribution: Widely distributed in most temperate seas.
In southern Australia, from Christies Beach, S. Aust., to Western Port, Vic., and Taylors
Point, Sydney, N.S.W.
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Fig. 7. A-D. Audouinellafloridula* (A, B, D, AD, A24423; C, AD, A19057). A. Branching pattern.
B. Prostrate system and erect filaments, with young sporan~a (numerous cells omitted at broken lines).
C. Upper filament with young and mature tetrasporangla. D. Mature cells with rhodoplasts with
pyrenoids. E-H. Audouinella saviana (E-G, AD, A33398; H, AD, A32291). E. Branching pattern,
with prostrate system and monosporangia on upper branches. F. Upper branches with monosporangia.
G. Cells with rhodoplasts and a monosporangium. H. Tetrasporangia.

* In illustrations of Audouinella species, reproductive cells are stippled and rounded, cells of the prostrate
system are evenly and lightly stippled, and rhodoplasts are shown in a few cells only for each species.
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Selected specimens: Christies Beach, S. Aust., in sandy pools (Womersley, 14.x.1968; AD,
A32869). Robe, S. Aust., lower eulittoral on rock (Womersley, 24.viii.1960; AD, A24423). The
Blowholes, Cape Bridgewater, Vic. (Womersley, 21.viii.l953; AD, AI9057). Western Port, Vic.
(Harvey, Alg. Aust. Exsicc. 518, 1854; AD, AI8476). Taylors Point, Sydney, N.S.W. (V. Benes,
22.x.l950; AD, AI7289).

Audouinella floridula is easily distinguished from other species in the complex (even
when sterile) by its relatively large cells with numerous, stellate rhodoplasts, each with a
central pyrenoid. It usually grows on sand-covered rock.

2. Audouinella saviana (Meneghini)Woelkerling 1973b: 560, figs 56-60. Garbary 1987:
163. Schneider 1983: 15.
Callithamnion savianum Meneghini 1840: 511.
Chantransia efflorescens var. thuretii Bornet 1904: XVI, pI. 1.
Chantransia thuretii (Bornet)Kylin 1907: 119, fig. 28. Rosenvinge 1909: 100, figs
30-33.
Acrochaetium thuretii (Bornet)Collins & Hervey 1917: 98. Levring 1953: 476.
Audouinella thuretii (Bomet)Woelkerling 1971: 36, figs 12,24; 1973a: 88. Garbary
1979b: 479,483; 1987: 184. Garbary et al. 1983: 58, fig. 24.
FlG.7E-H
Thallus (Fig. 7E) medium to dark red, fading to grey-red, largely to entirely epiphytic,
caespitose, usually 2-5 mm high; original spore sometimes recognizable in young thalli,
eventually becoming obscured. Prostrate system (Fig. 7E) consisting of short filaments
forming a small pseudoparenchymatous disc. Erect filaments (Fig. 7E, F) richly and
irregularly branched with an occasional tendency towards alternate and secund
arrangements. Cells (Fig. 7F, G) cylindrical, 7-9 (-13) Jlm in diameter and (20-) 30-50 Jlm
long (LID 3-6) in lower portions of main axes, 6-9 /Jm in diameter and (15-) 25-60 11m
long (lJD 3-8) in laterals, sometimes tapering to 3-6 11m in diameter near the apices, each
cell containing a single parietal, laminate to lobate, rhodoplast (Fig. 7G) with one pyrenoid.
Hairs unknown.
Reproduction. Monosporangia (Fig. 7F, G) ovoid, 10-14 11m in diameter and 18-22
(-24) 11m long, sessile or stalked, usually single, in secund series along the laterals or
occasionally more scattered, sometimes replaced by sessile, cruciately divided tetrasporangia
(Fig. 7H) 17-24 11m in diameter and 23-35 11m long.
Other reproductive structures unknown in southern Australian collections (see Dixon &
Irvine 1977b, p. 120 for sexual reproduction).

Type from Cherbourg, France; ho!otype in PC.
Distribution: Nearly cosmopolitan, on a variety of algae and seagrasses.
In southern Australia, from the Swan R. estuary, W. Aust., to Margaret Brock Reef,
Cape Jaffa, S. Aust., but probably much more widespread in calm localities.

Selected specimens: Point Waiter, Swan R. estuary, W. Aust. (Allender, 11.xi.l967; AD, A32251).
Claremont jetty, Swan R. estuary, W. Aust., 0-0.5 m deep on Gracilaria (Allender, 28.i.l969; AD,
A33398 -"Marine Algae of southern Australia" No. 65). Crawley Bay, Swan R. estuary, W. Aust.
(Allender, 19.v.1968; AD, A32291). South Perth (Royce 223, 20.viii.1949; PERTH). Margaret Brock
Reef, off Cape Jaffa, S. Aust.. on Liagora codii on Codium duthieae, 3 m deep (AIMS-NCI, Q66C
2479-6, 18.ii.l989; AD, A5961O).
Woelkerling (1973b, p. 562) examined the type collections of A. saviana and A. thuretii
and considered them conspecific, and this has been re-checked recently. While this is
queried by some authors (e.g. Dixon & Irvine 1977b, p. 122; Garbary 1979b, p. 483), it is
strongly supported by Schneider (1983, p. 16).
Sexual plants of Audouinella sa viana have not been recorded from southern Australia
but are described in detail by Kylin (1907) under Chantransia thuretii. Audouinella sa viana
differs from A. secundata in being much branched above and in having mostly stalked
monosporangia often in series. Plants of Audouinella daviesii occasionally resemble those of
A. saviana, but they differ in having I'omewhat smaller monosporangia which frequently
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occur on branched stalks. The record of Levring (1953, p. 476) of Acrochaetium thuretii is
more likely to be of A. daviesii since some monosporangia are on branched stalks (AD,
A19843, poor material). Stegenga & Borsje (1976, p. 26) suggest that A. dasyae ColIins may
be the sexual stage of A. saviana.
3. Audouinella secundata (Lyngbye)Dixon in Parke & Dixon 1976: 590. Garbary 1987:
166.
Callithamnion davies;i var. secunda tum Lyngbye 1819: 129, pI. 41 fig. B4-6.
Acrochaetium secundatum (Lyngbye)Nageli 1861: 405. Abdel-Rahman & Bidoux
1989: 235, figs 1-4. Lee 1987: 36, fig. 18. Stegenga 1985: 305, figs 10, 11.
Colaconema secundatum (Lyngbye)Woelkeriing 1973a: 94, figs 7, 8; 1973b: 575,
figs 77-83.
Audouinella tenuissima (Collins)Garbary 1979b: 490; 1987: 182.
Acrochaetium tenuissimum (Collins)Papenfuss 1945: 319. Stegenga 1985: 305, tig.
12?
Colaconema tenuissimum (Collins)Woelkerling 1971: 51, fig. 21.
Acrochaetium subsimplex Levring 1953: 473, figs lOA-D, 11.
FIG.8A-C
Thallus (Fig. 8A) epiphytic, caespitose, 1-4 mm high; original spore dividing into (2-) 3
cells, recognizable in young but not older thalli. Prostrate system (Fig. 8A)
pseudoparenchymatous at first but soon producing short, distinct, more or less confluent
filaments. Erectfilaments (Fig. 8A, B) simple or sparingly and irregularly branched, tapering
slightly towards the apices. Cells cylindrical (Fig. 8B, C), (4-) 6-8 (-10) /lm in diameter and
(15-) 24-40 (-50) 11m long, UD 3-6 (-8); each cell containing a parietal laminate (sometimes
with slight arms) or stel.late rhodoplast (Fig. 8C) with one pyrenoid (often obscure). Hairs
terminal and pseudolateral, up to 300 Ilm long.
Reproduction. Monosporangia (Fig. 8B) ovoid, 9-15 11m in diameter and 18-24 11m
long, solitary, sessile or rarely stalked, scattered on the erect filaments or occasionally
terminal.
Gametophytes with a single basal cell, dioecious (Abdel-Rahman & Bidoux 1989: 241,
figs 2, 4).
Tetrasporophyte with a monostromatic basal disc, tetrasporangia cruciately divided
(AbdeJ-Rahman & Bidoux 1989: 239, fig. 3).

Type from Kvivig, Faroe Is, on "Conferva rupestris"; in C.
Distribution: Widespread in the temperate and arctic N. Atlantic; western tropical Africa;
South Africa; California; Korea.
In southern Australia, from the Glenelg R. mouth, Vic., and Musselroe Bay, Tas. (on
Zostera?).
Selected specimens: Glenelg R. mouth, Discovery Bay, Vic., on Zostera muelleri (Beauglehole,
26.i.I952; AD, A2172S). Musselroe Bay, Tas., on seagrass (Zostera?) (Levring, 7,ii.1948; AD,
A 19846. isotype of Acrochaetium subsimplex Levring).

Woelkerling (l973b, p. 581) considered the types of A. secundata, A. virgatula and A.
tenuissima to be conspecific, as did Schneider & Searles (1991, p. 209), and the above
Australian specimens are very similar to isotype material of A. tenuissima. Many illustrations
of A. secundata show more highly developed secund branching and more distinct rows of
monosporangia and some authors [e.g. Dixon & Irvine (l977b) and Stegenga (1985, p. 305)]
have kept these species separate. Stegenga considers that A. secundata is confined to the
Atlantic Ocean, but his figures of A. secundata and A. tenuissima are very similar and the
differences in the prostrate system and monosporangium size are probably infraspecific. The
rhodoplasts are usually described as stellate in A. secundata and laminate in A. tenuissima
(see however Stegenga & Kemperman 1983, p. 73); Australian specimens have essentially
laminate rhodoplasts which in some cells possess arms and appear stellate.
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Fig. 8. A-C. Audouinella secundata (A, B, AD, A21725; C, AD, A 19846). A. Branching pattern, with
prostrate system and erect filaments with monosporangia. B. Upper branches with monosporangia. C.
Cells with rhodoplasts and a monosporangium. D-J. Audouinella simplex (0, E, I, AD, A32249; F-H,
J, AD, A32233). D. Branching pattern, with unicellular base, erect filaments and monosporangia. E.
Prostrate system of (presumed) tetrasporophyte. F. Basal cell and lower filaments of gametophyte. G,
H. Filaments with stalked monosporangia. I. Cells (all from one filament) showing variation in
rhodoplast form. J. Branch with spermatangia. [F-J after Woelkerling 1971.J
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4. Audouinella simplex (Drew)Garbary et ai. 1983: 51, fig. 21. Garbary 1987: 172.
Rhodochorton simplex Drew 1928: 165, pI. 37 figs 4-11.
Acrochaetiumpectinatum (Kylin)Hamel sensu West 1968: 89, figs 1-28.
Audouinella pectinata (Kylin)Papenfuss sensu Woelkerling 1971: 24, figs 2,3.
FIG.8D-J
Thallus (Fig. 8D) epiphytic, 0.5-2 (-3) mm high, with densely massed erect filaments;
original spore usually persisting as a more or less globular, thick-walIed, unicellular holdfast
(in sexual plants - Fig. 8F) 7-14 J.lm in diameter, giving rise to (1-) 2-3 (-5) sparsely
branched erect filaments; tetrasporophytes developing a basal system of coalescing filaments
(Fig. 8E). Main axes (Fig. 8D) slightly branched, with laterals irregularly arranged,
sometimes approaching the main axis in length, simple or bearing a few irregularly to
fasciculately arranged branchlets. Cells (Fig. 8F-J) cylindrical, 3-6 J.lm in diameter and 5-40
J.lm long, LID (1-) 3-6 (-9); each cell containing a parietal, lobate to stelIate to spirally
twisted rhodoplast (Fig. 8 I) which may become dissected into several portions; pyrenoids
absent. Terminal and pseudolateral hairs (Fig. 8G) up to 100 J.lm long occur rarely.
Reproduction. Monosporangia (Fig. 8G, H) ovoid, 5-7 (-10) J.lm in diameter and 8-15
(-18) J.lm long, sessile or 1-2 (-3) on unicellular stalks or occasionally in clusters of 4-10 on
branched stalks, scattered over the erect filaments.
Thallus monoecious or dioecious. Spermatangia (Fig. 8J) ovoid, 2-3 J.lm in diameter
and 3-4 J.lm long, borne singly or in pairs in terminal or lateral clusters on branched stalks or
singly or in pairs on 1-2-celled stalks.
Other reproductive structures unknown in southern Australian collections.
[Tetrasporangia and female plants reported by West (1968) and Garbary et al. (1983, p. 53)].

Type from Santa Monica, California, U.S.A.; holotype in UC, 276666.
Distribution: Pacific coast ofN. America; South Africa? (Stegenga 1985, p. 314).
In southern Australia, recorded from Port Elliot, S. Aust.

Selected specimens: Port Elliot, S. Aust., on Dictyopteris nigricans (Woelkerling, 31.i.I968; AD,
A32233, l.iiL1968; AD, A32249, and 3.iv.1968; AD, A32259).

This species was recorded as Audouinella pectinata by Woelkerling (197 t, p. 24), but
Garbary et al. (1983, p. 51) considered the southern Australian collections referable to A.
simplex and not A. pectinata (Kylin)Papenfuss from Europe. They are provisionally referred
to A. simplex but the life history has not been studied and only monosporangial and male
plants are known. Both unicellular and pseudoparenchymatous basal systems occur, and the
male plants are about 0.5 mm high, considerably taller than those (50-130 /lm high)
recorded by West (1968, p. 95) who found that the life history is heteromorphic with sexual
plants usually less than 500 J.lm high and with unicellular bases, and tetrasporophytes 1-20
mm high with pseudoparenchymatous bases.
5. Audouinella daviesii (DilIwyn)Woelkerling 1971: 28, figs 7,22; 1973b: 550, figs 32-43.
Dixon & Irvine 1977b: 90, fig. 22. Garbary 1987: 54. Garbary et al. 1983: 19, fig.
6. Millar 1990: 299, fig. 4A, B. Millar & Kraft 1993: 6. Schneider & Searles 1991:
200, fig. 235.
Conferva daviesi; Dillwyn 1802-1809: 73.
Acrochaetium daviesii (Dillwyn)NiigeJi 1861: 405. Levring 1953: 476.
Colaconema daviesii (Dillwyn)Stegenga 1985: 317, fig. 20.
Callithamnion radicans Harvey 1855a: 563; 1863, synop.: lvi.
Acrochaetium radicans (Harvey)J. Agardh 1892: 48. Levring 1953: 477, fig. 10
E-G.
Acrochaetium villiforme Levring 1953: 481, figs 150, E, 16, 17.
FIG.9A-H
Thallus (Fig. 9A, B) medium red to purple-brown, usually epiphytic, caespitose, usually
2-8 mm high; original spore non-persistent. Prostrate system (Fig. 9B) consisting of an
epiphytic pseudoparenchymatous disc or an entangled endophytic funiform mass. Erect
filaments (Fig. 9A) sparsely to freely and irregularly branched, sometimes slightly attenuate,
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Fig. 9. A-H. Audouinella daviesii (A-D, H, AD, A31287; E, F, AD, A6499; G, AD, A30732). A.
Upper erect filaments with monosporangia. B. Prostrate system with bases of erect filaments. C.
Clusters of monosporangia. D. Filament with a cluster of monosporangia and cells with rhodoplasts and
a single pyrenoid. E, Branch with carpogonia on unicellular stalks. F. Mature carposporophyte. G.
Branch with spermatangia. H. Branch with tetrasporangia. I-K. Audouinella phacelorhiza (AD,
A32925). I. Branching pattern, with prostrate system between utricles of Codium. J. Erect filaments
with monosporangia, some with thickened apical walls. K. Cells with rhodoplasts and single pyrenoids.
[B, C, E-H, K after Woelkerling 1971.]
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ending in multicellular, almost colourless, hair-like prolongations. Cells (Fig. 9D) of main
axes and laterals cylindrical, (8.5-) 10-17 (-24) Ilm in diameter and (17-) 30-50 (-90) Ilm
long, UD (1.5-) 2-4 (-6.5), sometimes tapering to 2.5-10 Ilm in diameter and 20-75 Ilm
long (UD up to 30) near the apices; each cell containing a single parietal band shaped to
lobed rhodoplast (Fig. 9D) with a single (rarely two) prominent pyrenoid.
Reproduction. Monosporangia (Fig. 9C, D) ovoid, 8-13 Ilm in diameter and (12-)
16-20 (-24) Ilm long, in clusters of 4-8 on branched stalks and sometimes also singly or in
pairs on 1-2-celled stalks, situated on the lowermost cells of laterals or sometimes scattered
or terminal.
Thallus apparently dioecious. Carpogonia (Fig. 9E) terminal on unicellular stalks;
immediate post-fertilization stages unknown. Mature carposporophyte (Fig. 9F) consisting of
branched gonimoblast filaments bearing terminal ovoid carposporangia 8-10 11m in diameter
and 16-20 Ilm long. Spermatangia (Fig. 90) ovoid to spherical, 2-3 Ilm in diameter 3-4 Ilm
long, borne terminally or laterally in dense clusters or occasionally in smaller groups on
branched stalks.
Tetrasporangia (Fig. 9H) ovoid to subglobose, (13-) 15-18 Ilm in diameter and 17-21
11m long, cruciately divided, borne in pairs or clusters on unicellular stalks or occasionally
solitary, on the lowermost cells of laterals or sometimes scattered.

Type from Ireland or Wales (Swansea) (see Woelkerling 1973b, pp. 552, 594; Dixon &
Irvine 1977b, p. 90); lectotype in BM.
Distribution: Almost cosmopolitan.
In southern Australia, from Port Denison, W. Aust., to Cape Bridgewater, Vic., and to
Coffs Harbour, N.S.W. (probably more widespread), on a wide variety of algae, marine
angiosperms, and marine invertebrates.

Selected specimens: Port Denison, W. AusL, on Amphibolis antarctica, upper sublittoral
(Woelkerling, 8.xi.l968; AD, A32921). Cottesloe, W. AUSL, on Ecklonia radiata, upper sublittoral
(Woelkerling, 14.xi.1968; AD, A32926). Fremantle, W. Aus!., on "Zostera" (prob. Posidonia) (Harvey,
1854; AD, A18536, isotype of Callithamnion radicans Harvey). Point Peron, W. AUSL, on Amphibolis
sp., upper sublittoral (Mitchell, 22.ix.1966; AD, A30732). Head of the Great Australian Bight, S. Aust.,
on Ecklonia radiata, drift (Woelkerling, 4.xi.l968; AD, A32924). Venus Bay, S. AusL, on Amphibolis
sp., drift (Womersley, 12,ii.1954; AD, A19503). Daly Head, S. Ausl., on Lenormandia spectabilis, drift
(Gordon, 26.iii.l967; AD, A31287). Marino, S. Ausl., on Posidonia sp., drift (Womersley, 21.v.1953;
AD, A18644). Pennington Bay, Kangaroo I., S. Aust., on Polycerea nigrescens, drift (Womersley,
7.i.1948; AD, A6499 , isotype of Acrochaetium vill(forme Levring). Stanley Beach, Kangaroo t, S.
Aust. on Lenormandiopsis latifolia, drift (Womersiey, 7.ii.l956; AD, A20097). Port Elliot, S. AusL, on
Amphibolis antarctica, upper sublittoral (Woelkerling, 28.vii.l967; AD, A32239). Robe, S. AuSL, on
A. antarctica, upper sublittoral (Womersley, 26.viii.1973; AD, A43935 -"Marine Algae of southern
Australia" No. 153). Cape Bridgewater. Vic., on Chaetomorpha aerea in high-level shaded pool
(Womersley, 21.viii.1953; AD, AI9056). Burraneer, N.S.W. (Levring, 16.xi.1947; AD, A 19854).

Audouinella daviesii is one of the commoner species of Audouinella, characterised by
its habit, dimensions (though the filament diameters vary between different populations) and
in particular by the lateral groups of monosporangia on branched stalks. Other species of
similar habit (e.g. A. sa viana) have solitary (rarely paired), sessile (or on unicellular stalks)
monosporangia. A. daviesii usually occurs in the upper sublittoral in southern Australia but
has been recorded from the lower eulittoral and from depths of 10m.
Few records of sexual populations are known: one is from Western Australia (AD,
A32853), one from South Australia (AD, A6499, isotype of Acrochaetium villiforme
Levring), and a few from North America (Woelkerling 1973b, p. 553).
6. Audouinella phacelorhiza (Boergesen)Garbary 1979b: 490; 1987: 137. Lee 1987: 19,
fig. 8.
Acrochaetium phacelorhizum Boergesen 1915: 54, figs 57-59.
Colaconema phacelorhizum (Boergesen)Woelkerling 1971: 48, figs 17F-I, 26B.
FIG.91-K
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Thallus (Fig. 9 I) largely epiphytic, 2-5 mm high, with an endophytic base; sporelings
unknown. Prostrate system (Fig. 9 I) consisting of a funiform mass of branched, entangled
filaments penetrating between the host (Codium) utricles. Erect filaments (Fig. 9 I)
moderately to richly branched, laterals irregularly to secundly arranged and generally
tapering towards the tips. Cells (Fig. 91, K) cylindrical, (l 0-) 16-24 !Jm in diameter and
25-75 (-90) !Jm long (UD 2-5) in lower portions of erect filaments, 7-16 !Jm in diameter
and 25-{)0 ).1m long in upper portions of erect filaments; each cell containing a single
parietal rhodoplast (Fig. 9K) with one pyrenoid. Hairs unknown.
Reproduction. Monosporangia (Fig. 9J) ovoid, 10-15 11m in diameter and 22-30 11m
long, sessile or occasionally stalked, solitary, seriate along the lower portions of laterals or
more scattered; monosporangial wall sometimes with a distinct apical thickening.
Tetrasporangia about 22 11m in diameter and 25 11m long, cruciately divided (one
observed).
Other reproductive structures unknown.
Type from the Virgin Is, on Codium spp.; holotype in C.

Distribution: Virgin Is; Korea.
In southern Australia, from the Head of the Great Australian Bight, S. Aust., on Codium
spinescens.

Selected specimens; Head of the Great Australian Bight, S. Aust., on Codiurn spine.scens, drift
(Woelkerling, 4.xi.1968; AD, A32925).

Southern Australian plants of Audouinella phacelorhiza agree in general with the
original description of Boergesen (1915) but are somewhat more robust.
Audouinella phacelorhiza and some plants of A. caespitosa superficially appear very
much alike but are readily distinguished by differences in rhodoplast (and hence pyrenoid)
numbers per celL In addition, the latter species has mostly stalked monosporangia without
apically thickened walls.
7. Audouinella dictyotae (Collins)Woelkerling 1971: 38, figs 13,25. Garbary 1979b: 478;
1987: 60. Lee 1987: 12, figs 4,5. Millar & Kraft 1993: 7.
Acrochaetium dictyotae Collins 1906: 193.
Rhodochorton dictyotae (Collins)Drew 1928: 190, pI. 47 figs 79,80.

FIG.I0A-H
Thallus (Fig. lOA) medium red to grey-red, almost entirely epiphytic, caespitose,
usually 2-4 mm high; original spore non-persistent. Prostrate system (Fig. lOB) consisting
of a more or less discoid mass of branched filaments with large single cells or short
filaments penetrating the host tissue or occasionally without a superfIcial disc. Erect
filaments (Fig. lOA) irregularly to secundly branched and gradually tapering towards the
apices. Cells (Fig. IOC, D) cylindrical, (10-) 12-]5 (-18) 11m in diameter and (24-) 35-{)0
(-90) 11m long (UD \.5-5) in lower portions of main axes, 10-12 !Jm in diameter and 30-80
11m long (UD 3-8) in laterals, tapering to 6-9 11m in diameter near the apices; each cell
containing a parietal lobate rhodoplast (Fig. IOD) (sometimes subdivided into 2-4) and 1-4
pyrenoids. Hairs unknown.
Reproduction. Monosporangia (Fig. IOC, D) ovoid to subglobose, (10-) 12-17 11m in
diameter and 16-24 !Jm long, sessile and solitary or occasionally 1-2 together on unicellular
stalks, situated mainly on the lowermost cells of laterol branches; occasionally replaced by
bisporangia (Fig. JOE) 12-16 11m in diameter and 14-22 11m long.
Thallus monoecious. Carpogonia (Fig. IOF) sessile or stalked, solitary or occasionally in
groups of 2-3; stalk cells sometimes producing a sterile filament prior to or after
fertilization; fertilized carpogonium either dividing transversely or remaining undivided prior
to gonimoblast formation; gonimoblast t1laments short or absent; mature carposporangia
(Fig. lOG) globose and thick-walled, 18-30 11m in diameter, usually 3-10 per
carposporophyte. Spermatangia (Fig. 10H) spherical to ovoid, 3-5 11m in diameter and 4-6
11m long, borne in small clusters on branched stalks or in groups of 1-3 on 1-2-celled stalks,
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I!'ig. 10. A-H. Audouinella dictyotae (A, B, E-H, AD, A28372; C, D, AD, A31667). A. Branching
pattern, with prostrate system, erect branches and clusters of carposporangia. B. Prostrate system
shown in sectional view on Dictyota thallus. C. Branches with monosporangia. D. Branch with
monosporangia and cells with rhodoplasts with one to four pyrenoids. E. Branch with bisporangia. F.
Branches with carpogonia on stalk cells. G. Mature carposporophyte. H. Braneh with spermatangia.
1-0. Audouinella caespitosa (I, J, AD, A32283; K-N, AD, A30878; 0, AD, AI9795). I. Branching
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commonly located in the axils of laterals but also scattered and occasionally on carpogonial
stalk cells.
Tetrasporangia unknown.

Type from La Jolla California; holotype in PH. Material from the type collection has been
distributed in Phycotheca Boreali Americana, No. 1394.
Distribution: San Diego County, California; Korea.
In southern Australia, from Port Noarlunga, S. Aust., to Portland, Vic., on Dictyota
(mainly D. diemensis) and Glossophora nigricans. Twofold Bay, N.S.W.

Selected specimens: Port Noarlunga, S. Aust., uppennost sublittoral on shore reef, on Dictyota
(Womersley, 12.x.1991; AD, A61495 -"Marine Algae of southern Australia" No. 358). Aldinga, S.
Aust., on Dictyota diemensis, upper sublittoral pools (Womersley, 2S.x.1964; AD, A28372 and
11.x.1965; AD, A29615). Amphitheatre Rock, West I., S. Aust., 13-20 m deep, on Glossophora
nigricans (Shepherd, 1.i.1969; AD, A33259). Seal Bay, Kangaroo I., S. Aust., on Dictyota diemensis,
drift (Womersley, 22.xi.l968; AD, A3297I). Port MacDonnell, S. Aust. on D. diemensis, upper
sublittoral pools (Womersley, 25.i.1967; AD, A31667). Lawrence Rock, Portland, Vic., on D.
diemensis in pools (Beauglehole, 13.i.1954; AD, A20551).

Thalli in southern Australian collections of Audouinella dictyotae are larger and more
robust but otherwise agree with holotype material from California. Bisporangia occurred in
small numbers on sexual plants in one collection (AD, A31667).
Guiry et al. (1987) and Bidoux & Magne (1989) found that cells of A. caespitosa
possess several separate rhodoplasts each with a pyrenoid, rather than a single rhodoplast,
and the plastid situation in A. dictyotae should be checked.
Carposporophyte-bearing plants of Audouinella dictyotae are readily distinguished from
those of A. caespitosa, but non-sexual plants of the two species are occasionally very similar
and could be confused. However, A. dictyotae seldom exceeds 3 mm in height, may have
secund branching, lacks multicellular hair-like prolongations, has cells which rarely exceed
15 11m in diameter, and has monosporangia under 25 11m long that are often sessile. A.
caespitosa, in contrast, often reaches 4-6 mm in height, has irregularly branched erect
filaments which sometimes end in hair-like prolongations, has erect filaments which
frequently exceed 15 11m in diameter, and has mostly stalked monosporangia usually longer
than in A. dictyotae.
8. Audouinella caespitosa (J. Agardh)Dixon 1976: 590. Dixon & Irvine 1977b: 84, fig. 18.
Millar & Kraft 1993: 6.
Callithamnion caespitosum J. Agardh 1851: 18.
Rhodothamniella caespitosa (J. Agardh)Feldmann in Bidoux & Magne 1989: 34.
Callithamnion botryocarpum Harvey 1855a: 563.
Acrochaetium botryocarpum (Harvey)J. Agardh 1892: 48. Levring 1953: 484, figs
18-20. Woelkerling 1970: 159, figs 1-31.
Audouinella botryocarpa (Harvey)Woelkerling 1971: 37. Garbary 1987: 30. Guiry
et al. 1987: 229, figs 1-23. Schneider 1983: 5, fig. I g-L Schneider & Searles
1991: 196, figs 226, 227.
Acrochaetium grande sensu Levring 1953: 480.
Colaconema botryocarpum (Harvey)Stegenga 1985: 317, fig. 19.
Acrochaetiumpolyrhizum (Harvey)J. Agardh 1892: 48. Levring 1953: 481, figs 14,
15A-C.
FIG. to 1-0
Thallus (Fig. 10 I) red to grey-red. largely to entirely epiphytic or epilithic, caespitose,
usually 2-{) mm high; original spore non-persistent. Prostrate system consisting of
irregularly branched filaments remaining largely free from one another or forming an
pattern with prostrate system of plant on Codium. J. Erect branches with monosporangia and
rhodoplasts each with a pyrenoid shown in some cells. K. Mature carpogonium. L. Young
carposporophyte. M. Mature carposporophyte. N. Branch with spennatangia. O. Branch with
tetrasporangia. [B-H after Woelkerling 1971; K--O after Woelkerling 1970.]
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endophytic funiform mass (Fig. 10 I) of entangled filaments or a pseudoparenchymatous
disc. sometimes supplemented by corticating rhizoidal filaments descending from the lower
portions of the erect axes. Erect filaments (Fig. 10 I, 1) freely and irregularly branched,
sometimes terminating abruptly in multicellular hair-like prolongations or gradually tapering
towards the tips. Cells (Fig. 101) of erect filaments cylindrical, (10-) 15-20 (-30) 11m in
diameter and 30-120 flm long (UD 1-6 in main axes), tapering to 6-15 11m in diameter near
the apices; each cell with (2-) 4-6 or more rhodoplasts (Fig. lOJ) (Guiry et al. 1987, p. 232)
each with a central pyrenoid, usually closely adjacent and appearing as a single parietal
lobate rhodoplast with (1-) 2-8 (-18) pyrenoids. Cells of hair-like prolongations 3-6 11m in
diameter and up to 125 J..Im long with weakly developed rhodoplasts with or without
pyrenoids. Unicellular hairs unknown.
Reproduction. Monosporangia (Fig. 101) ovoid, 12-18 (-24) 11m in diameter and 18-25
(-40) 11m long, sessile or stalked, single, in pairs, or rarely in groups of 3-5, adaxial on the
lower cells of laterals or more scattered.
Thalli monoecious or dioecious. Carpogonia (Fig. 10K) terminal on 1-2-celled stalks
usually situated near the axils of laterals, stalk cells occasionally giving rise to a short,
unbranched sterile filament shortly before or after fertilization. Fertilized carpogonium
dividing transversely or rarely remaining undivided after fertilization and giving rise to
branched gonimoblast filaments (Fig. IOL) bearing terminal ovoid carposporangia (Fig.
10M) 20-25 11m in diameter and 25-35 J..Im long, 12-25 per carposporophyte. Spermatangia
(Fig. ION) ovoid to globose, 3-5 11m in diameter and 4-6 11m long, borne singly, in pairs, or
in clusters, sessile or stalked.
Tetrasporangia (Fig. 10 0) 18-24 11m in diameter and 20-40 11m long, cruciately
divided, usually on unicellular stalks, single or in pairs, on lower cells of laterals.

Type from Brest, France; lectotype in Herb. Agardh, LD, 18011.
Distribution: Portugal to the Netherlands and southern England; Ireland; N. Carolina,
U.S.A.; South Africa; New Zealand.
In southern Australia, from Bunbury, W. Aust., to Point Lonsdale, Vic., and around
Tasmania; Coffs Harbour, N.S.W.
Selected specimens: King George Sound. W. Aust. (Harvey, 1854; AD, A 18165, isolectotype of A.
botryocarpa). Elliston, S. Aust., on Codium pomoides, upper sublittoral (Woelkerling, 16.v.l968; AD,
A32292 -"Marine Algae of southern Australia" No. 62b). Cape Jervis, S, Aust., on Scytosiphon
/omentaria, lower eulittoral (Mitchell, 29.viii.1954; AD, AI9795). American R. inlet, Kangaroo I., S.
Aust., on Scytosiphon lomentaria on buoy (Woelkerling, 30.x.1966; AD, A30878). Port Elliot, S.
Aust., on Amphibolis antarctica, upper sublittoral (Woelkerling, 28.vii.l967; AD, A32238). Petrel
Cove. Victor Harbor, S. Aus!.. on ScylOsiphon /omentaria, lower eulittoral (Woelkerling, 14.viii.l967;
AD, A3l926 -"Marine Algae of southern Australia" No. 62c). Robe, S. Aus!., on Codiumfragile in
reef pools (Woelkerling, lO.ii.l968; AD, A32283 -"Marine Algae of southern Australia" No. 62a).
Port Fairy, Vic. (Harvey, 1854; AD, A8304, isolectotype of Callithamnion polyrhizum Harvey). Apollo
Bay. Vic., on Scytosiphon lomentaria (Woelkerling, 23.i.1967; AD, A31189 -"Marine Algae of
southern Australia" No. 62d). Point Lonsdale, Vic., on Chordaria cladosiphon in reef pools
(Woelkerling, 2I.i.1967; AD, A30886). White Beach, Wedge Bay, Tas., on Polycerea nigrescens,
upper sublittoral (Wollaston & Mitchell, 29.ii.l964; AD, A27681). Port Arthur, Tas .• on Codium
fragile (Cribb 48.5, 29.iiLI950; AD, A20435).
A. caespitosa is one of the commonest species of Audouinella in southern Australia,
found on a wide variety of hosts. It is distinguished by its habit, dimensions, cells with 2-8
(-18) pyrenoids, and carposporophytes with 12-25 carposporangia.
Bidoux & Magne (1989) have presented strong evidence that A. botryocarpa is identical
to the European A. caespitosa, which they follow Feldmann (1954, p. 68) in placing under
Rhodothamniella Feldmann, a genus validated in Christensen (1978, p. 67) and
distinguished by having several rhodoplasts, each with a pyrenoid, per cell. The type species
of Rhodothamniella is R. floridula (Dillwyn) 1. Feldmann in Christensen, which however
has a minute gametophyte in contrast to R. caespitosa where the gametophyte and
sporophyte are of similar size.
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9. Audouinella plumosa (Drew)Garbary 1979b: 490; 1987: 138. Garbary et al. 1983: 39,
fig. 16.
Rhodochorton plumosum Drew 1928: 173, pI. 39 fig. 29. Nakamura 1944: 108,
figs 6, 7.

Colaconema plumosum (Drew)Woelkerling 1971: 48, fig. 18. Stegenga 1985: 323,
fig. 23.

FIG. llA-D

B

L-B,C,E-H ,
50llm

\\~F.

Fig. 11. A-D. Audouinella plumosa (AD, A31279). A. Branching pattern, with prostrate system and
erect branches with monosporangia. B. Erect branches with distichous laterals and monosporangia, and
hairs. C. Prostrate system with bases of erect branches. D. Cells each with a rhodoplast and pyrenoid,
with young monosporangia. E-I. Audouinella pacifica (E, F, H, I, AD, A31994; G, AD, A30884). E.
Young thallus with prostrate system and erect branches. 1<'. Erect filament with monosporangia. G.
Erect filament with monosporangia and a hair. H. Upper branch with a tetrasporangium. I. Cells each
with a rhodoplast and pyrenoid. [B, C, F-H after Woelkerling 1971.]
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Thallus (Fig. llA) epiphytic, caespitose, 200-1000 ~m high. Prostrate system (Fig.
IIA, C) consisting of creeping, branched filaments more or less confluent in the centre.
Erect .filaments (Fig. l1A, B) moderately branched, laterals opposite, alternate, or secund
and tending to lie in one plane. Cells (Fig. lIB, D) cylindrical or occasionally fusiform, (5-)
8-12 (-17) ~m in diameter and 18-36!Jm long (IJD 1.5-4) in lower portions of main axes,
gradually tapering to 2-4 !Jm in diameter near the apices; each cell containing a single
parietal rhodoplast (Fig. lID) and one pyrenoid. Terminal and pseudolateral hairs up to 250
!Jm long occur.
Reproduction. Monosporangia (Fig. lIB, D) ovoid, 3-8 ~m in diameter and 6-12 ~m
long, mostly opposite and more or less distichous along the main axes and laterals, sessile or
stalked; contents of subtending vegetative cells sometimes developing into monosporangia
after release of the terminal monospore.
Other reproductive structures unknown.

Type from Fort Point, San Francisco, California, U.S.A.; holotype in UC, 294559 (Gardner
4441).

Distribution: California; Pacific Mexico; Japan; South Africa.
In southern Australia, known from Port Elliot, S. Aust., and Westernport Bay, Vic.

Selected specimens: Port Elliot, S. Aust., on Petalonia fascia, upper sublittoral (Woelkerling,
8.ix.l967; AD, A31279). Crawfish Rock, Westernport Bay, Vic., on Porphyra lucasii, just sublittoral
(Watson. IS.ix.1968; AD, A32707).

Australian specimens of Audouinella plumosa are similar to the type (from Drew's
illustration) but are less than 1 mm high, in contrast to "several millimetres".
A. pacifica and A. plumosa share a number of features, but they apparently differ in the
width of erect filaments, arrangement of laterals, and arrangement of sporangia and are
mainlained as distinct species for the present. Abbott & Hollenberg (1976, p. 315) however
treated A. plumosa as a synonym of A. pacifica.

10. Audouiuella pacifica (Kylin)Garbary 1979b: 490; 1987: 131. Garbary et al. 1983: 37,
fig. 15. Millar & Kraft 1993: 7.
Acrochaetium pacificum Kylin 1925: 11, fig. 4g-i. Dawson 1953: 29.
Rhodochorton pacificum (Kylin)Drew 1928: 169, pI. 38 fig. 25.
Colaconema pacificum (Kylin)Woelkerling 1971: 47, figs 17A-D, 26A.

FIG.llE-I
Thallus (Fig. HE) epiphytic, caespitose, 300-750 (-1000) !Jm high; sporelings
unknown. Prostrate system (Fig. lIE) consisting of creeping, branched, more or less
confluent filaments forming an irregular pseudoparenchymatous disc. Erect filaments (Fig.
lIE, G) simple to moderately branched; laterals arising mostly from the upper portions of
the main axes, irregularly to secundly arranged, and occasionally tapering towards the tips.
Cells (Fig. lIG, I) cylindrical, 4-7 (-12) ~ in diameter and 8-30 (-36) ~m long, lJD 1.5-6,
each containing a single parietal rhodoplast (Fig. 11 I) with one pyrenoid. Terminal and
pseudo lateral hairs up to 200 ~m long occur.
Reproduction. Monosporangia (Fig. I1F, G) ovoid, 6-9 !Jm in diameter and 8-12 (-15)
~m long, sessile or stalked, single or in pairs, lateral or rarely terminal on main axes and
laterals.
Tetrasporangia (Fig. IIH) rare, cruciately divided.
Other reproductive structures unknown.

Type locality not specified by Kylin (1925), who listed three localities near Friday Harbour,
Washington, U.S.A.: Brown I., Shaw I. and Peavine Pass; lectotype in LD?
Distribution: San Juan County, Washington; Gulf of California.
In southern Australia, from Garden I., W. Aust., and Elliston, S. Aust. Twofold Bay,
N.S.W.
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Selected specimens: Garden

I., W. Aus!., on Sargassum sp., upper sublittoral (Mitchell,
22.ix.1966; AD, A30884). Elliston, S. Aust., on Cladophoropsis herpestica, upper sublittoral
(Woelkerling, 24.viii.l967; AD, A31994).

Relationships of A. pacifica with other species are discussed by Garbary et ai. (1983, p.
37). The two southern Australian collections agree reasonably well with the descriptions of
Kylin and others, but further collections from southern Australia are needed for verification
of the occurrence of this species.
II. Audouinella unifila (Jao)Woelkeriing 1973b: 563, figs 44, 45. Garbary 1987: 189.
Acrochaetium unifilum Jao 1936: 239, pI. 10 figs 26-32. (NON Levring 1953:
472).
Kylinia australis Levring 1953: 487, fig. 21A-G.
Audouinella australis (Levring)Woelkerling 1971: 9, 25, figs 4,5.

FIG.12A-F
Thallus (Fig. 12A-E) epiphytic on larger Audouinella species or filamentous algae,
(15-) 40-100 (-350) 11m high; original spore (Fig. 12B, D, F) persisting as a hemispherical to
pyriform unicellular base appressed to the substrate, 6-9 flm in diameter and 7-12 11m long,
rarely dividing to form a two-celled prostrate system or occasionally becoming obscured by
the erect filaments. Erectjilaments (Fig. 12B, D, E) usually 1-3, procumbent to semi-upright
or occasionally coiling about the host, simple or with a few irregularly arranged laterals.
Cells (Fig. B, D, E) cylindrical, 3-6 (-8) 11m in diameter and 5-25 flm long, liD 1-5, each
cell containing a single parietal lobate rhodoplast (Fig. 12D, E) with one pyrenoid (often
obscure). Terminal hairs up to 75 11m long occur.
Reproduction. Monosporangia (Fig. 12B, D) ovoid, 4-6 11m in diameter and 6-10 11m
long, terminal or lateral, single or rarely in pairs, sessile or occasionally on 1-2-celled stalks,
scattered or occasionally restricted to the lower portions of the plants.
Thalli dioecious. Carpogonia (Fig. 12E) terminal or lateral, sessile or stalked; immediate
post-fertilization stages unknown. Mature carposporophytes (Fig. 12F) consisting of several
short gonimoblast filaments bearing terminal carposporangia, each 5-7 j.lm in diameter and
8-12 11m long. Spermatangia (Fig. 12B) globose, 2-3 flm in diameter, terminal or rarely
lateral in groups of 1-3, sessile on vegetative filaments.
Tetrasporangia unknown.

Type from Massachusetts, U.S.A.; ho!otype in MICH (see Woelkerling 1973b, p. 564).
Distribution: Massachusetts, U.S.A.; France.
In southern Australia, from the Head of the Great Australian Bight to Robe, S. Aust.

Selected specimens: Head of the Great Australian Bight, S. Aust., on Audollinella daviesii on
Amphibolis antarctica, drift (Woelkerling, 4.xi.I968; AD, A32923). Venus Bay, S. Aus!., on A.
daviesii on Amphibolis sp., drift (Womersley, J 2.ii.1954; AD, A3211 0). Stanley Beach, Kangaroo I., S.
Aus!., on A. daviesii on Lenormandiopsis lat(folia, drift (Womersley, 7.ii.l956; AD, A32119 and
27.i.1957; AD, A32112). Pennington Bay, Kangaroo r., S. Aus!., Oil A. daviesii on Polycerea
nigrescens, drift (Womersley, 7.i.l947; AD, A31373, isotype of A. australis). Marino, S. Aus!., on A.
daviesii on Posidonia sp., drift (Womersley, 21.v.1953; AD, A32111). Robe, S. Aus!., on A. daviesi! on
Posidonia coriacea, drift (lVoelkerling, 19.viii.l966; AD, A32100).
Woelkerling (l973b, p. 565) has placed Alldouinella australis (type from Pennington
Bay, S. Aust.) in synonymy with A. 1Il1ifila, as he suspected previously (Woelkerling 1971, p.
26).
A. unifila is a common, minute, epiphyte on Audouinella daviesii, which is common on
Amphibolis, but it is also known on A. caespitosa and Das)'a extel1sa. It is easily overlooked
and probably much more widely distributed.

12. Audouinella microscopica (Nlige!i in Ki.itzing)Woelkerling 1971: 33, figs 10, 23A;
1972: 85, figs 1-14; 1973b: 557, figs 46-51. Garbary 1979b: 479; 1987: 116.
Garbary et al. 1983: 35, fig. 14. Millar & Kraft 1993: 7.
Callithamnion microscopicltm NligeJi in Ki.itzing 1849: 640.
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Fig. 12. A-F. Audouinella unifila (A, E, AD, A3211O; B-D, F, AD, A31373; all shown on host cells).
A. Sporelings. B. Thallus with monosporangia and spermatangia. C. Mature thallus coiled around host.
D. Mature erect thallus with monosporangia; three cells shown with rhodoplasts, one with a pyrenoid.
E. Thallus with four carpogonia; two cells shown with rhodoplasts. F. Thallus with a carposporophyte.
G-M. Audouinella microscopica (G-L, AD, A32250; M, AD, A19855). G-K. Thalli with
monosporangia, showing variation within a single population. L. Thallus with hairs, monosporangia,
and four cells shown each with a rhodoplast and pyrenoid. M. Mature thallus with denser branching.
[A-I, K-M after Woelkerling 1971.]
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Acrochaetium microscopicum (Nageli)Ntigeli 1861: 407. Lee 1987: 30, fig. 14.
Acrochaetium catenulatum Howe 1914: 84, pI. 31 figs 12-18. Levring 1953: 472,
fig. 8.
FIG. 12G-M
Thallus (Fig. 12G-M) epiphytic, 30-125 /lm high exclusive of hairs; original spore
persisting as a unicellular base slightly smaller to slightly larger than other cells, rarely
dividing to form a several-celled prostrate system. Erect filaments (Fig. 12G-M) 1-3 (-4),
commonly curved, mostly 20-100 !-1m long, simple or with a few secundly to irregularly
arranged laterals. Cells (Fig. 12G-M) barrel-shaped to cylindrical, 3-12 /lm in diameter and
3-10 /lm long, with smaller cells near the apices, LiD 0.7-1.5 (-2), each cell containing a
single parietal laminate to stellate rhodoplast (Fig. I2L) with one pyrenoid. Terminal and
pseudolateral hairs up to 100 /lm long occur.
Reproduction. Monosporangia (Fig. 12G-M) ovoid, 4-7 11m in diameter and 5-10 !-1m
long, terminal or lateral, single or rarely in pairs, sessile or stalked, adaxially seriate or
occasionally more scattered.
Other reproductive structures unknown in southern Australian collections (see Stegenga
& Mulder 1979).

Type from Torquay, England (see Woelkerling 1972, p. 86); holotype in L, 940, 285 ... 306.
Distribution: Cosmopolitan, on various algae.
In southern Australia, from Rottnest L, W. Aust., to Port MacDonnell, S. Aust., and to
Coffs Harbour, N.S.W.

Selected specimens: Radar Reef. Rottnest I.. W. Aust.. on Poiysiphonia sp. on Codium
laminarioides. 10 m deep (Woelkerling, Il.xi.1968; AD. A32931). Port Elliot. S. Aust.. on
Spkaceiaria tribuloides, upper sublittoral (Parsons, 31.i.l968; AD, A32271 -"Marine Algae of
southern Australia" No. 64a) and on Sphacelaria brachygonia, lower eulittoral (Woelkerling,
l.iii.! ~68; AD, A32250 -"Marine Algae of southern Australia" No. 64b). Port MacDonnell, S. Aust..
on A. caespitosa on Codium pomoides, reef pools (Womersley, 25.i.l967; AD, A32113). Burraneer,
N.S.W., on Cladophora (Lel'ring, 16.xi.1947; AD. AI9855).

Audouinella microscopica is a small but distinctive species, separated from other
audouinelloid algae in southern Australia by its unicellular holdfast, barrel shaped cells. and
commonly arcuate filaments less than 125 ).lm long. Up to four erect filaments may arise
from the basal cell of each plant, and when only one develops, the lowermost lateral may
arise from any cell above the base. Irregularly lobate rhodoplasts occur in cells of southern
Australian plants; Hamel (I 928b, p. 110) and Levring (1953, p. 472), however, recorded
stellate rhodoplasts in this species.

Stegenga & Mulder (1979) have discussed the "A. microscopica" complex on the basis
of culture studies and consider that genotypic differences exist with sexual life histories
present in some. Only monosporangial plants are known from southern Australia, and until
culture studies are carried out it seems best to use the name microscopica for this complex.
as do Schneider (1983, p. 13) and Garbary et al. (1983, p. 36).
13. Audouinella nakamurae (Woelkerling)Garbary 1979b: 490; 1987: 125.
Colaconema nakamurai Woelkerling 1971: 46, fig. 16.
Acrochaetium unifilum Levring 1953: 472. fig. 9 (NON Jao 1936: 239).
FIG. 13A-D
Thallus (Fig. 13A-D) epiphytic, attached to the substrate by means of a single cell the
same size as or smaller than other cells, producing a single erect filament mostly 60-175 !-1m
high with or without short. unbranched laterals. Cells (Fig. 13A-D) cylindrical, 3-5 11m in
diameter and (4-) 6-9 11m long. LiD 1-1.5 (-2), each cell containing a single parietal
rhodoplast (Fig. 13D) with one pyrenoid. Terminal hairs (Fig. 13A) occur.
Reproduction. Monosporangia (Fig. l3B-D) ovoid, 4-6 11m in diameter and 6-9 11m
long, sessile or rarely on one-celled stalks, seriate, lateral or occasionally terminal.
Other reproductive structures unknown.
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Fig. 13. A-D. Audouinella nakamurae (AD, AI9847). A. Young thallus with a terminal hair. B-D.
Mature thalli with monosporangia. E-G. Audouinella macula (AD, A31372). Mature thalli with
monosporangia. H-L. Audouinella humilis (AD, A32114). H, I. Thalli with erect branches and
monosporangia. J. Prostrate system (from below) with erect branches. K, L. Cells each with a
rhodoplast and pyrenoid. M-Q. Audouinella spongicola (M, AD, A32125; N, P, Q, AD, A32127; 0,
AD, A32126). M-P. Variation in cell length in the prostrate system. Q. Cells with rhodoplasts. [A-O
after Woelkerling 1971.]
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Type from Cape du Couedic, Kangaroo I., S. Aust., on Delisea hypneoides; holotype in
herbarium T. Levring, Goteborg, Sweden (?) [not listed by Andersson & Athanasiadis
(l992)]; isotype in AD, A19847.

Distribution: Known only from the type locality.
This minute species is seemingly distinct but further collections are desirable for
detailed comparisons.
14. Audouinella macula (Rosenvinge)Garbary 1979b: 490; 1987: 108.
Chantransia macula Rosenvinge 1909: 114, fig. 42.
Colaconema maculum (Rosenvinge)Woelkeriing 1971: 45, fig. 15A-I.
Acrochaetium subreductum Levring 1953: 480, fig. 13 A-E.
Audouinella subreducta (Levring)Garbary 1979b: 490; 1987: 179.
FIG. 13E-G
Thallus (Fig. BE-G) epiphytic, 10--30 11m high, original spore not persistent. Prostrate
system (Fig. BE-G) at first a small parenchyma-like group of cells, later producing short
and mostly simple filaments which commonly but not always become confluent to form an
irregularly shaped pseudo parenchymatous disc. Cells 3-6 11m in diameter and 4-7 (-9) 11m
long, IJD 1-2 (-3). Erectfilaments (Fig. 13F) simple, up to 5 cells long. Cells (Fig. 13E-G)
of erect filaments similar in size to those of the prostrate system, each cell containing a
single (often unclear) stellate rhodoplast (Rosenvinge 1909, fig. 421) and one pyrenoid. Hairs
unknown.
Reproduction. Monosporangia (Fig. l3E-G) spherical to ovoid, 4-5 11m in diameter and
5-7 11m long, sessile, terminal on erect filaments or arising from cells of prostrate filaments.
Other reproductive structures unknown.

Type from Gjenild Klint, Kattegat, Denmark; holotype in C.

Distribution: Denmark; Norway.
In southern Australia, from Daly Head, Yorke Pen., S. Aust., on Audouinella daviesii.
Levring (1953, p. 480) recorded it (as Acrochaetium subreductum) from Pelican Lagoon,
Pennington Bay and Cape du Couedic on Kangaroo I., S. Aust., and from the Nobbies,
Phillip J., Vic., on "various filamentous algae".

Selected specimen: Daly Head, Yorke Peninsula, S. Aust. (Woelkerling, 27.iii.1967; AD, A31372).
Woelkerling (1971, p. 46) considered that Audouinella macula may represent a
depauperate form of A. humilis, but since plants of intermediate morphology have not been
found in southern Australian collections, the two taxa are maintained as distinct species until
better understood.

Acrochaetium subreductum Levring. described from southern Australia, agrees well
with Audouinella macula and is considered a synonym, as suggested by Woelkerling (1971,
p. 46, 52).
15. Audouinella humilis (Rosenvinge)Garbary 1979b: 490; 1987: 88.
Chantransia humilis Rosenvinge 1909: 117, figs 44, 45.
Acrochaetium humile (Rosenvinge)Boergesen. Levring 1953: 478.
Colaconema humile (Rosenvinge)Woelkerling 1971: 44, fig. 15J-0; 1973b: 569,
figs 66-73.
FIG. 13H-L
Thallus (Fig. l3H-J) epiphytic, more or less pulvinate, 40-75 (-225) 11m high
(exclusive of hairs), developing from septate or occasionally aseptate spores. Prostrate
system (Fig. 13J) consisting of simple or branched more or less confluent filaments forming
a pseudoparenchymatous disc. Cells cylindrical to irregular, 4-6 11m in diameter and 5-7 11m
long. Erect filaments (Fig. 13H-J) simple or with a few irregularly arranged laterals, usually
5-15 cells long. Cells (Fig. 13H-L) cylindrical, 3-7 j.lm in diameter and 8-12 (-IS) j.lm
long, IJD 1.5-3, each cell containing a lobate to stellate rhodoplast (Fig. 13K, L) with one
pyrenoid. Terminal and pseudolateral hairs up to 150 11m long occur.
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Reproduction. Monosporangia (Fig. 13H-J) ovoid. 6-9 J.lm in diameter and 11-15 J.lm
long, sessile or stalked, single or in pairs, terminal or lateral and irregularly arranged.
Other reproductive structures unknown.

Type from Spodsbjerg, Langeland, Denmark, on Polysiphonia nigrescens; holotype in C.
Distribution: Atlantic and Mediterranean shores of Europe; western tropical Africa.
In southern Australia, from Pelican Lagoon, Kangaroo 1. and Aldinga, S. Aust., to
Phillip 1., Vic. (Levring 1953, p. 479).

Selected specimens: Aldinga, S. Aus!., on Heterozostera tasrnanica, upper sublittoral
(Woelkerling, 29.viii.l968; AD, A32701). Pelican Lagoon, Kangaroo 1., S. Aust., on Dasya? (Levring,
1O.i.l948; AD, A19856). Robe, S. Aust., on Audouinella caespitosa (Woelkerling, 26.i.l967; AD,
A32l18). Port MacDonnell, S. Aust., on A. caespitosa on Codiurn porno ides, upper sublittoral
(Wornersley, 25.i.1967; AD, A32114).

Woelkerling (1971, p. 45) pointed out that the relationship of Audouinella humilis to
several other species needs clarification.
Rarely, plants of Audouinella unifila have a habit somewhat similar to that of A.
humilis, but the former differs in the absence of pyrenoids, in cell dimensions, and in having
a unicellular holdfast.
16. Audouinella spongicola (Weber-van Bosse)Stegenga 1985: 314, fig. 18. Garbary 1987:
176.
Acrochaetium spongicolum Weber-van Bosse 1921: 195, figs 56, 57.
Colaconema spongiocolum (Weber-van Bosse)Woelkerling 1971: 41, fig. 14A-F.
Acrochaetium spiculiphilum Dawson 1953: 22, pI. 10 figs 2-4. Boney & White
1967: 223, fig. l.
Colaconema spiculiphilum (Dawson)WoeIkerling 1971: 40, fig. 14G-L.

FIG. 13M-Q
Thallus (Fig. 13M-P) endozoic, forming a network in the sponge skeletons; sporelings
unknown. Prostrate system consisting of irregularly branched, creeping filaments which
remain discrete or become confluent and almost pseudoparenchymatous. Cells (Fig. 13M-P)
either more or less cylindrical, 3-9 J.lm in diameter and 20-135 J.lm long (LID 3-20) or
irregularly shaped and more or less isodiametric, 6-14 J.lm in diameter and 6-14 J.lm long,
each cell containing a parietal rhodoplast (Fig. 13Q) which sometimes becomes dissected
into several portions; pyrenoids unknown. Erect system usually virtually absent, consisting
of an occasional cell arising from the prostrate system and just reaching the surface of the
host, occasionally of 2-7-celled filaments, cells ovoid, 4-6 11m in diameter.
Reproduction unknown in southern Australia [monosporangia sessile or terminal on a
1-2-celled stalk, about 9 11m by 7 J.lm - Stegenga 1985, p. 314, fig. 18(3)].

Type from the Am Is, Indonesia; holotype in L.
Distribution: Am Is, Indonesia; South Africa.
In southern Australia, from Hamelin Bay, W. Aust., to Port Elliot, S. Aust., on sponges;
probably more widespread.

Selected specimens (all on sponges in drift): Hamelin Bay, W. Aust. (Woelkerling. 16.xi.1968;
AD, A34360). Elliston, S. Aus!. (Woelkerling, 2.xi.1968; AD, A32857, A32858). Daly Head, Yorke
Pen., S. Aust. (Woelkerling, 22.iv.1969; AD, A34162). Port Elliot, S. Aust. (Woelkerling, 15.i.I968;
AD, A32125 - A32127 and 8.v.1968; AD, A32288 A32290).

Southern Australian plants of Audouinella spongicola agree well with the original
diagnosis of Weber-van Bosse (1921). Anastomoses occur occasionally and secondary pitconnections develop. As Stegenga (1985, p. 317) found, there are no reliable criteria for
separation of A. spongicola and A. spiculiphila, and A. epispiculum Joly & Cordeiro (1963,
p. 135, pI. 1) is doubtfully distinct.
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17. Audouinella bJumii Woelkerling 1971: 23, fig. I. Garbary 1979b: 478; 1987: 28.
FIG. 14A-E
Thallus (Fig. 14A) largely or entirely endophytic, usually 100-300 ).1m high; sporelings
unknown. Prostrate system (Fig. 14A) consisting of sparingly irregularly branched nonconfluent filaments creeping within the gelatinous matrix of the host. Cells more or less
cylindrical, 3-5 11m in diameter and 20-45 11m long, LID 6-10; each cell containing an
irregularly lobate rhodoplast (Fig. 14B) which sometimes becomes divided into several
irregularly discoid portions; pyrenoids absent. Erect filaments (Fig. 14A) 100-300 11m high
(exclusive of hairs), arising at irregular intervals from cells of the prostrate filaments; simple
or with several short unbranched laterals. Cells (Fig. 14A) cylindrical, 5-8 11m in diameter
and 15-30 11m long, LID 2-4 (-4.5), each cell containing a parietal, irregularly lobate
rhodoplast (Fig. l4C), pyrenoids absent. Terminal and pseudolateral hairs up to 300 11m long
occur.
Reproduction. Monosporangia (Fig. 14A) ovoid, each 7-10 )lm in diameter and 15-18
11m long, solitary, sessile, and scattered on the erect filaments.
Thalli probably dioecious. Carpogonia (Fig. l4D) sessile or stalked, on lower part of
erect filaments, dividing transversely after fertilization and giving rise to short gonimoblast
filaments bearing terminal carposporangia (Fig. l4E), each (4-) 5-6 (-8»).Im in diameter and
8-12 11m long.
Spermatangia and tetrasporangia unknown.

Type from Antechamber Bay, Kangaroo I., S. Aust., in Helminthocladia australis, upper
sublittoral on jetty piles (Woelkerling, 20.xi.l967); ho)otype in AD, A31980; isotypes
distributed in "Marine Algae of southern Australia" No. 61.
Distribution: Only known from the type locality, in Helminthocladia australis Harvey and
H. densa (Harvey)Schmitz & Hauptfleisch.
Known specimens: The type and Antechamber Bay, Kangaroo I., S. Aus!., in Helminthodadia
densa, upper sublittoral on jetty piles (Woelkerling, 20.xi.l967; AD, A3212l). These specimens also
contain Audouinella liagorae.
Audouinella blumii is distinctive in having prostrate filaments narrower than the erect
filaments, most erect filaments simple and under 300 )lm long, rhodoplasts without
pyrenoids, and sessile monosporangia,
18. Audouinella polyidis (Rosenvinge)Woelkerling & Womersley, comb. nov.
Chantransia polyidis Rosenvinge 1909: 132, figs 59, 60.
Acrochaetium polyidis (Rosenvinge)Boergesen 1915: 59. Garbary 1987: 139.
Colaconema polyidis (Rosenvinge)Woelkerling 1971: 49, figs 19,27A.
FIG. 14F-H
Thallus (Fig. 14F) largely endophytic, sporelings unknown. Prostrate system (Fig. 14F)
consisting of sparingly and irregularly branched discrete filaments creeping between the
utricles of Codium. Cells of prostrate filaments cylindrical, (12-) 18-24 (-36) 11m in diameter
and 40--75 (-120) fJm long, LID 1.5-5 (-6), each cell containing a single parietal lobate to
highly dissected rhodoplast with one pyrenoid. ErectJilaments (Fig. 14F) 100-500 11m high,
simple or sparingly and irregularly branched. Cells (Fig. 14F, G) cylindrical, (6-) 10-18 (-24)
fJm in diameter and (12-) 20-60 (-100) 11m long, LID 1.5-5 (-8), with smaller cells near the
apices; rhodoplasts (Fig. 14G) dissected, less so in upper cells. Hairs unknown.
Reproduction. Monosporangia (Fig. 14F) ovoid, 12-14 11m in diameter and 18-23 ).1m
long, solitary or in pairs, terminal or lateral, sessile or stalked.
Tetrasporangia (Fig. 14H) ovoid, (13-) 18-21 fJm in diameter, (19-) 25-30 11m long,
cruciate!y divided.
Other reproductive structures unknown.

Type from Tonneberg Banke, Denmark; holotype in C.
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Fig. 14. A-E. Audouinella blumii (AD, A32121). A. Habit of plant with monosporangia, showing slender
prostrate system and erect filaments. B. Cell of prostrate system with rhodoplast. C. Two cells of erect
filaments with rhodoplasts. D. Branch bearing a stalked carpogonium. E. Nearly mature carposporophyte.
F-H. Audouinella polyidis (F, G, AD, A3225S; H, AD, Al 8660). F. Thallus with prostrate system and erect
filaments bearing monosporangia. G. Cells with dissected rhodoplasts and single pyrenoids. H. Short erect
filaments bearing mature and young telrasporangia. l A-E, G, H after Woelkerling 1971.]
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Distribution: Denmark.
In southern Australia, from Wanna to Nora Creina, S. Aust., and Rocky Cape,
Tasmania.

Selected specimens: Wanna, S. Aust., in Cildium galeatum, drift (Woe/kerling, J5.v.l968; AD,
A32307). Daly Head, S. Aust., in C. australicum, drift (Parsons, 26.iii.l967; AD, A31445). Marino, S.
Aust., in C. muelleri, drift (Womers/ey, 2I.v.1953; AD, AI8660). Christies Beach, S. Aus!., in C.
muelleri, drift (Woelkerling, 2.iii.1968; AD, A32260). Port Elliot, S. Aus!" in C. ga/earum, drift
(Woelkerling. 6.x.1967; AD, A3l302). Nora Creina, S. Aus!., in C. duthieae, upper sublittoral
(Woe/kerling. 9.ii.1968; AD, A32255) and in C. australicum, drift (Woelkerling, 9.ii.l968; AD.
A32254). Rocky Cape, Tas., in C. australicum, upper sublittoral pools (Wollaston & Mitchell.
24.ii.1964; AD, A27654).

Southern Australian plants of Audouinella polyidis are more robust than those originally
described by Rosenvinge (1909), but otherwise appear to be identical to them. Rhodoplast
structure is quite complex and some are so dissected as to appear reticulate.
A. polyidis is closely related to Acrochaetium immersum (Rosenvinge)Hamel and may
not be distinct; these species were described in the same publication. Magne & AbdelRahman (983) have also shown that A. polyidis tetraspores develop into gametophytes
corresponding to Helminthora divaricata and they suggest the Australian plants may be the
tetrasporophyte of H. australis or H. lindaueri; further studies on A. polyidis in southern
Australia are clearly necessary,

19. Audo~inella barbadensis (Vickers)Woelkerling 1971: 9,26, fig. 6. Garbary 1987: 25.
Acrochaetium barbadense (Vickers)Boergesen 1915: 45. Abbott 1962a: 83, fig. 1.
FIG. 15A-G
Thallus (Fig. 15A, B) largely endophytic within the cortex of Liagora, 400-600 11m
high, developing from persistent spores 12-16 (-24) 11m in diameter. Prostrate system (Fig.
15B) consisting of creeping, simple to sparingly and irregularly branched discrete filaments.
Cells irregular to cylindrical in shape, 7-13 Ilm in diameter and (12-) 20-30 (-36) 11m long.
Erect filaments (Fig. 15A, B) simple or sparingly and irregularly branched, up to 600 11m
long, tapering slightly above. Cells cylindrical, 7-10 (-18) 11m in diameter and (12-) 18-35
(-75) ]..1m long, LID 2-4 (-8), occasionally 5-6 11m wide in laterals; each cell containing a
parietal lobate rhodoplast (Fig. 15C) with a single pyrenoid. Hairs unknown.
Reproduction. Monosporangia (Fig. 15D) ovoid, 8-10 11m in diameter and 13-18 Ilm
long, sessile or stalked, single or in pairs, situated on the lowermost cells of the laterals.
Thalli apparently dioecious. Carpogonia (Fig. 15E) sessile or stalked, axillary or
scattered on the erect filaments, dividing transversely after fertilization and forming short
gonimoblast filaments with terminal carposporangia (Fig. 15F) 8-9 11m in diameter and
12-15 11m long. Spermatangia (Fig. 15G) ovoid, 2-4 ]..1m in diameter and 4-6 ]..1m long,
solitary or in groups of 2-3 on 1-2-celled stalks, mostly situated on the lower cells of lateral
branches but occasionally scattered or terminal.
Tetrasporangia unknown.

Type from Barbados; in PC.
Distribution: Barbados; Bermuda; Channel!. (California); Guadalupe 1. (Mexico); Hawaii.
In southern Australia, from Marino, S. Aust.

Known specimen: Marino, S. Aust .. drift. in Liagora farinosa (Womersley, 2I.v.1953; AD,
A30880). (This collection is recorded by Abbott (I 962a, p. 94) as Womer.dey A18634; the latter
number is now that of the AD sheet of the host, Liagora farinosa Lamouroux.J

Woelkerling (1971, p. 27) placed the record of Abbott (l962a, p. 94) of Acrochaetium
trichogloeae Boergesen under A. barbadensis.
20. Audouinella repens (Boergesen)Woelkerling 1971: 35, fig. 11. Garbary 1987: 154.
Acrochaetium repens Boergesen 1915: 52, figs 55, 56; 1920: 452, fig. 420.
Garbary 1979b: 479,
FIG.15H-L
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Fig. 15. A-G. Audouinella barbadensis (AD, A30880). A. Branching pattern. B. Prostrate system and
erect filaments. C. ,Cells of an erect filament each with a rhodoplast and pyrenoid. D. Branches with
mono sporangia. E. Branches with an inflated cell and a carpogonium. F. Branch with a mature
carposporophyte. G. Branches with spermatangia. H-L. Audouinella repens (H, AD. A24701; I-L,
AD, A32256). H. Branching pattern of thallus in Leptosomia(?) I. Branch with monosporangia. J.
Fertilized carpogonium following division. K. Two young carposporophytes on opposite sides of an
erect filament. L. Erect filaments with spermatangia, a carpogonium and cells of prostrate system each
with a rhodopJast and pyrenoid. [A, C-G, I-L after Woelkerling 1971.]
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Thallus (Fig. ISH) largely endophytic, developing from aseptate spores sometimes
persisting in mature plants. Prostrate system (Fig. ISH) consisting of sparingly and
irregularly branched discrete filaments creeping within the host. Cells irregular to cylindrical
in shape, commonly broadest in the middle, 6-12 (-20) 11m in diameter and 18--40 11m long,
UD (1-) 2--4 (-5), each cell containing a parietal lobate to stellate rhodoplast with one
pyrenoid. Erect filaments (Fig. ISH, L) arising at irregular intervals from cells of the
prostrate system, simple or sparingly branched, 200-800 11m high. Cells (Fig. 15L)
cylindrical, 5-7 (-9) 11m in diameter and 10-25 11m long (UD 2--4) in lower portions, 4-7
11m in diameter and 30--80 11m long (UD 4-20) in upper portions, occasionally tapering to 2
11m in diameter and LID up to 30 near the apices; lower cells with a parietal lobate to stellate
rhodoplast (Fig. 15L) and one pyrenoid; upper cells usually with slightly developed
rhodoplasts or none.
Reproduction. Monosporangia (Fig. 15 I) ovoid. 8-11 !-1m in diameter and 12-19 !-1m
long, sessile or stalked, single or in pairs, scattered on the erect and occasionally on the
prostrate filaments.
Thalli apparently dioecious. Carpogonia (Fig. 15J) sessile or stalked, on prostrate or
occasionally on erect filaments, dividing transversely after fertilization and producing
carposporangia directly or forming short gonimoblast filaments with clusters of terminal
ovoid carposporangia (Fig. 15K) 8-11 11m in diameter and 14-20 11m long. Spermatangia
(Fig. 15L) ovoid, 2--4 !-1m in diameter and 4-6 11m long, solitary or in groups of 2-3, sessile
on vegetative cells or on 1-2-celled stalks, terminal or lateral on erect filaments.
Tetrasporangia unknown.

Type from the harbour, St Thomas, Virgin Is, on Hypnea musciformis; holotype in C.
Distribution: N. Atlantic.
In southern Australia, from Point Sinclair and Victor Harbor, S. Aust., and Taroona,
Tasmania,

Selected specimens: Point Sinclair, S. Aust., in Leptosomia(?), drift (Oberlander, Il.i.l961; AD,
A24701). Victor Harbor, S. Aust., in Naccaria naccarioides, drift (Abbott, 2.xi.l965; AD, A32256).
Taroona, Tas., in N. naccarioides, 3-6 m deep (Shepherd, 4.ii.1970; AD, A59564).
Audouinella repens is readily distinguished from other known southern Australian
audouinelloid algae by the presence of progressively longer cells towards the apices of the
erect filaments. In addition to lacking this feature, Audouinella saviana and A. secundata,
which also have main axes 10 !-1m or less in diameter, differ in being epiphytic and not
endophytic and in having somewhat larger monosporangia.
21. Audouinella liagorae (Boergesen)Woelkerling 1971: 31, fig. 9. Garbary 1987: 104.
Chantransia /iagorae Boergesen 1915: 57.
Acrochaetium liagorae Boergesen 1915: 58, figs 60--62. Abbott 1962a: 100, figs 8, 9.
Acrochaetium collinsianum Boergesen 1920: 454. Levring 1953: 486.

FIG. 16A-H
Thallus (Fig. 16A, B) entirely or largely endophytic, developing from septate persistent
or aseptate non-persistent spores. Prostrate system (Fig. 16A, B) consisting of sparingly and
irregularly branched discrete filaments creeping within the gelatinous matrix of the host,
occasionally decumbent or bearing branches descending towards the centre of the host. Cells
(Fig. 16A, B, H) irregular to subcylindrica\, (6-) 8-12 (-15) !-1m in diameter and (12-) 25-40
(-80) 11m long. UD (1-) 2-4 (-8), often widest in their middle. Erectfilaments (Fig. 16A, B,
H) arising at irregular intervals from cells of the prostrate filaments, simple or sparingly and
irregularly branched, up to 400 J.lm long. Cells irregular to cylindrical in shape, (3-) 8-15 11m
in diameter and 15-30 (-50) 11m long, UD (1-) 2--4 (-5), each cell containing a lobate to
stellate (Fig. 16C) rhodopJast and a single pyrenoid. Terminal and pseudoJateral hairs up to
450 flm long occur.
Reproduction. Monosporangia (Fig. 16A, B) ovoid, 10--14 (-18) 11m in diameter and 13-24
(-35) 11m long, terminal or lateral, sessile or stalked, on both prostrate and erect filaments.
Thalli monoecious or dioecious. Carpogonia (Fig. 16D) sessile or on 1-2-celled stalks
on prostrate and erect filaments, dividing transversely after fertilization and giving rise to a
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Fig. 16. A-H. Audouinella liagorae (A-C, E-G, AD, A30883; D, AD, A31371; H, AD, A32055). A.
Prostrate system with short erect filaments bearing hairs and monosporangia. B. Prostrate system with
monosporangia. C. Cells of an erect filament, each with a rhodoplast and pyrenoid. D. Carpogonium
with attached spermatia on trichogyne. E. Immature carposporophyte. F. Mature carposporophyte. G.
Erect branches with spermatangia. H. Erect branches with tetrasporangia. I-M. Audouinella porphyrae
(I-K, M, AD, A31808; t, AD. A24432). I. Branching pattern of endophytic filaments, arising from a
spore, within the thallus of Porphyra. J. Prostrate filaments with hairs (sessile or with a single basal
cell). K. Prostrate filament with short erect filaments with monosporangia. L. As for K, with relatively

Audouinella

ACROCHAETIACEAE

71

few gonimoblast cells bearing tenninal carposporangia (Fig. 16E, F) 8-10 11m in diameter
and 10-14 11m long. Spermatangia (Fig. 160) ovoid to globose, 3-5 11m in diameter and 4-6
11m long, borne singly or in groups of 2-3 (-4) on simple or branched stalks in terminal or
lateral positions.
Tetrasporangia (Fig. 16H) occasional, replacing monosporangia, 15-18 11m in diameter
and 22-30 (-35) 11m long, cruciately divided.

Type from the south coast of St Croix, Virgin Is; holotype in C.
Distribution: Bermuda; Dry Tortugas; Hawaii; Juan Fernandez I.; Philippines; Virgin Is.
In southern Australia, from Port Rickaby to Victor Harbor, S. Aust., including Kangaroo I.; in
Helminthocladia spp. and Liagora spp. Probably more widespread in these hosts.

Selected specimens: Pennington Bay, Kangaroo L, S. Aust., in Liagora harveyana, rear eulittoral
(Womersley, 22.i.1947; AD, A30883). Antechamber Bay. Kangaroo L, S. Aust., upper sublittoral on
jetty piles [Woetkerting, 20.xi.l967; AD. A32055 (in Helminlhocladia australis) -"Marine Algae of
southern Australia" No. 63; and AD. A32696 (in H. densa)]. Barker Rocks, Yorke Pen., S. Aus!., in
Liagora harveyana (Woelkerling, 12.iii.l967; AD, A31371). Petrel Cove, Victor Harbor, S. Aust.
(Woelkerling, 15.i.l968; AD, A32122).

Monosporangia borne on plants with poorly developed erect filaments tend to be
smaller (10-13 11m in diameter and 13-22 f.lm long) than those [12-14 (-18) f.lm in diameter
and 18-26 (-35) 11m long] on plants with well-developed erect filaments.
Stegenga (1985, p. 297, 328) infers that A. liagorae is a synonym of Acrochaetium
brebneri (Batters)Stegenga.
22. Audouinella porpbyrae (Drew) Oarbary 1979b: 490; 1987: 141. Oarbary et at. 1983:
42, fig. 17.
Rhodochorton porphyrae Drew 1928: 188, pI. 46 figs 70-75.
Colaconema porphyrae (Drew) Woelkerling 1971: 50, figs 20, 27B.
FIG. 16I-M
Thallus (Fig. 16 I) largely endophytic, usually scarcely emergent from the host,
developing from septate or occasionally aseptate spores. Prostrate system (Fig. 16 I)
consisting of irregularly alternately branched discrete tilaments when young, becoming an
interwoven weft. Cells (Fig. 16J-L) irregularly swollen to cylindrical in shape, (2.5-) 5-12
(-42) 11m in diameter and 12-30 (-100) 11m long, UD 1-5, each cell containing a laminate
(becoming stellate) rhodoplast (Fig. 16M) and one pyrenoid. Erect filaments (Fig. 16K, L)
mostly simple and 2-3 cells long but occasionally up to 100 f.lm high and simple or with
short irregularly arranged laterals. Cells (4-) 6-9 f..Im in diameter and 8-18 f.lm long,
rhodoplasts laminate, with a central pyrenoid. Tenninal and pseudolateral hairs up to 200
f.lm long occur.
Reproduction. Monosporangia (Fig. 16K, L) ovoid, 6-9 11m in diameter and 8-14 11m
long, sessile or stalked. solitary or occasionally in pairs, terminal or lateral on the erect
filaments.
Other reproductive structures unknown.

Type from Lands End, San Francisco, California, U.S.A., in Porphyra perforata; holotype
in UC, 294552 (Gardner 3276).
Distribution: Western N. America; New Zealand.
In southern Australia, from Wanna, S. Aust., to Westernport Bay, Vic., on Porphyra sp.
and Haiymenia muelleri.

Selected specimens: Wanna, S. Aust., in Porphyra sp., mid eulittoral (Womersley. 21.viii.l967;
AD, A31808). Troubridge Light, S. Aust., in Halymenia muelleri, 17 m deep (Shepherd, 4.ii.1969;
AD, A32933). Ellen Point, Vivonne Bay, Kangaroo I., S. Aust.. in Porphyra coiumbina, mid euliltoral
long erect filaments. M. Cells of prostrate and short erect filaments each with a rhodoplast and
pyrenoid, and a monosporangium. N, O. Ar.uJouinelia bonnemaisoniae (AD. A32120). N. Part of
thallus with monosporangia. within the host thallus. O. Cells each with a rhodopJast and pyrenoid.
[A-H, J-L, N after Woelkerling 1971.J

72

ACROCHAETIACEAE

Audouinella

(Womersley. 24.viii.l963; AD. A27025). Robe, S. Aust., in P. lucas ii, mid eulittoral at slipway
(Womersley, 24.viii.l960; AD. A24432). Crawfish Rock, Vic., in P. lucasii, just sublittoral (Watson,
15.ix.1968; AD, A32708).

As Woelkerling (1971, p. 51) noted, the relationship between Audouinella americana
and A. porphyrae requires clarification when additional material becomes available. Greatly
swollen cells occur in both taxa and they share a number of other features, but they
apparently differ in width of erect filaments and in monosporangium size and shape.
The relationship of A. porphyrae to A. bonnemaisoniae also still requires clarification.
Except for apparent differences in monosporangium size and shape and in cell dimensions of
the prostrate filaments, the two taxa appear to be very similar.
23. Audouinella bonnemaisoniae (Batters)Dixon in Parke & Dixon 1976: 590. Garbary
1987: 28. Garbary etal. 1983: 14, fig. 3.
Colaconema bonnemaisoniae Batters 1896: 8. Chemin 1926: 1561. Levring 1953:
489. Woelkerling 1971: 42, fig. 17E.
Chantransia bonnemaisoniae (Batters)Levring 1937: 94, fig. \6A-C.
Coiaconema deiiseae Levring 1953: 489, fig. 21H-J. Woelkerling 1971: 43.

FIG. 16N,O
Thallus (Fig. 16N) endophytic; sporelings unknown. Prostrate system consisting of
freely and irregularly branched filaments creeping between the cortical cells of the host.
Cells (Fig. 16N) irregularly shaped, 2-8 !lm in diameter and 8-30 (-45) !lm long, LID 2-8,
each cell containing (Chemin 1926) a parietal irregularly lobate rhodoplast (Fig. 16 0) and
(Levring 1937, p. 94) one pyrenoid. Erect filaments 1-2 cells long, arising at irregular
intervals from cells of the prostrate system.
Reproduction. Monosporangia (Fig. 16N) globose to more or less hemispherical (broadbased), (4-) 6-12 !lm in diameter and 8-12 !lm long, solitary or in clusters of 2-6,
terminating erect filaments or situated directly on cells of the prostrate filaments.
Other reproductive structures unknown.
Type from Plymouth or Berwick-on-Tweed, England; lectotype in BM.
Distribution: Europe; Algeria; Pacific Mexico.
In southern Australia, from Investigator Strait, S. Aust., to Eaglehawk Neck, Tas.

Selected specimens: Investigator Strait, S. Aus!., in

Bonnemaisonia(?), 41 m deep (Watson,
14.i.1970; AD, A38166) and 33 m deep (Watson, 24.i.1971; AD. A41061). Off Troubridge Light, S.
Aust., in Bonnemaisonia, 17 m deep (Shepherd, 4.ii.1969; AD, A33440). Orf Outer Harbor, S. Aus!.,
in Bonnemaisonia(?), 46 m deep (Loan, 9.viii.1963; AD, A26653). Brighton, S. Aust., in B. australis,
drift (Bienert, 12.xi.1965; AD, A29661). Pennington Bay, Kangaroo L, S. Aust., in B. australis, drift
(Womersiey, 29.viii.l948, AD, A32120). Eaglehawk Neck, Tas., in Delisea fimbriata (Levring,
l.ii.l948; AD, A19844).

Sporangia are sparse, and details of rhodoplast and pyrenoid structure are not well
preserved in the southern Australian material examined. Levring (1937, p. 94) found
terminal hairs, but such hairs do not occur in southern Australian material and have not been
reported by other authors.

Colaconema deliseae Levring (1953, p. 489, fig. 21H-J), described from Eaglehawk
Neck, Tas., is here placed under A. bonnemaisoniae. Descriptions show that A. deliseae
differs only in being slightly slenderer.
SPECIES INQUlRENDAE
Audouinella americana (Jao)Garbary & Rueness 1980: 22. Garbary 1987: 19.
Colaconema americana Jao 1936: 237, pI. 13 fig. 8. Levring 1953: 489.
Woelkerling 1971: 42; 1973b: 588.
This species was recorded by Levring from Pennington Bay, Kangaroo I., S. Aust., on
Asparagopsis, but specimens were not observed by Woelkerling (1971, p. 42). A. americana
is closely related to A. bonnemaisoniae, differing in possessing larger and often swollen cells
in the prostrate filaments; it seems doubtfully distinct from the latter species.
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Stegenga (1985, p. 328, Table I), has recorded (but without adequate justification)
several acrochaetioid species from "southern Australia", based on Woelkerling (1971) and
Levring (1953). Names used by Stegenga but not dealt with in the present monograph are:

Acrochaetium brebneri (Batters)Hamel, which is regarded by Stegenga (1985, p. 297) as an
older name for Audouinella liagorae (Boergesen)Woelkerling. South & Tittley (1986, p. 34)
considered A. brebneri might be "possibly a misinterpretation of in situ carpospore
development in the host, Gloiosiphonia capillaris" .
Acrochaetium moniliforme (Rosenvinge)Boergesen, recorded "as (part of) Audouinella
microscopica", which Stegenga & Mulder (1979) discuss in detail.
Audouinella concrescens (Drew)Dixon, recorded as "Moe, pers. comm."
Colaconema nemalionis (De Notaris)Stegenga, recorded "as (part of) Audouinella daviesii".
Other names in Stegenga Table 1 are included, some as synonyms, in the above account.

Genus CAMONTAGNEA Pujals 1981: 14

Thallus 5-20 cm high, fastigiate and much branched, with uniseriate indeterminate axes
of large cells and large, terminally rounded, apical cells, with determinate branchlets arising
laterally or from a dense covering of rhizoids around the axes, with acute apical cells and
several subapical cells bearing unilaterally short 1 (-2)-celled spines; holdfast fibrous. Cells
with a central suspended nucleus with a prominent nucleolus and parietal rhodoplasts which
are ribbon like (with several pyrenoids) in the subapical cell, becoming numerous, stellate
and lobed, with a central pyrenoid in the other cells; pit-plugs domed on either side of the
pit.
Life history unknown.
Reproduction. Only tetrasporangia known (in the type species), borne on short branched
laterals on lower cells of upper branches, subspherical, irregularly cruciately divided.
Type species: Camontagnea oxyclada (Montagne)Pujals 1981: 15.
Camontagnea is based on the taxon commonly known as Ballia scoparia (Hooker &
Harvey)Harvey and placed in the Ceramiaceae. Wollaston (1968, p. 320) considered that it
should probably be excluded from Ballia, and Pujals (1981, p. 6, figs 24, 25, 28) showed
that the stellate, lobed, rhodoplasts contain a central pyrenoid, thus excluding it from the
Ceramiaceae. Pujals found the oldest specific name to be Conferva oxyclada Montagne
(1839, p. 5) and suggested that the genus be placed in the Acrochaetiales, related to
Rhodochorton (as Audouinellafloridula above).
This re-positioning is accepted pending further studies on the life history and
ultrastructure, and Ballia hirsuta Wollaston is also transferred to Camontagnea.
Camontagnea differs from other genera of the Acrochaetiaceae (however many are accepted)
by its much greater size and cell diameters, by the presence of indeterminate axes with
terminally rounded apical cells and determinate laterals with acute apical cells and short
spines on 1-5 subapical cells. However, the stellate rhodoplasts each with a central pyrenoid
are similar to those of Audouinellafloridula and A. caespitosa.

KEY TO SPECIES OF CAMONTAGNEA
I.
1.

Thallus with numerous branches, distantly alternately branched, axes covered below
with a felt of branched rhizoidal filaments not producing short outward branchlets
..................................................................................................................... 1. C. oxyclada
Thallus with several distinct axes densely covered with branched interwoven rhizoidal
filaments producing a dense cover of short outward branch lets 2-3 mm long
........................................................................................................................ 2. C. hirsuta
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Fig. 17. A-D. Camontagnea oxyclada (AD, A61772). A. Habit. B. Indeterminate branch with
determinate laterals. C. Lower branch with weft of corticating rhizoids. D. Branches with short adaxial
laterals bearing tetrasporangial clusters. E-G. Camontagnea hirsuta (AD, A27746). E. Habit. F.
Upper parts of indeterminate and determinate branches. G. Axis with dense cover of rhizoids producing
lateral branchlets.

Camonlagnea
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1. Camontagnea oxyclada (Montagne)Pujals 1981: 15, figs 1-46.
Conferva oxyclada Montagne 1839: 5.
Spongomorpha oxyclada (Montagne)Ktitzing 1854: 17, pI. 79 fig. II. Papenfuss
1964: 8. Taylor 1939: 134. Zane veld 1969: pI. 82.
Callithamnion scoparium Hooker & Harvey 1845: 273. J. Agardh 1851: 35.
Hooker 1847: 490.
Ballia scoparia (Hooker & Harvey)Harvey 1859b: 333; 1860b: pI. 168. J. Agardh
1876: 59. De Toni 1903: 1395. Lucas & Perrin 1947: 351. May 1965: 367.
Wollaston 1968: 317, fig. 23A-L.
FIGS 17A-D, 19L
Thallus (Fig. 17 A) medium red, 5-20 em high, erect and densely tufted, with numerous
alternately radial branches at intervals of 2-8 cells, branches uniseriate, linear but tapering
slightly basally, indeterminate branches (Fig. 17B) with prominent apical cells 200-400 11m
long and 110-120 11m in diameter, lower cells 60-120 11m in diameter and LID 1.8-3;
determinate branches (Fig. 17B) arising subterminally on parent cells, tapering above to an
acute apical cell with short one (rarely two)-celled spines borne unilaterally on 3-5 subapical
cells, spines becoming curved. Lower branches corticated by a weft of descending (usually)
entangled rhizoids (Fig. 17C), 13-26 11m in diameter, cells LID 2-6 (-8), arising from small
cells below the upper end of cells of indeterminate branches. Holdfast fibrous, 2-10 mm
across, formed of entangled rhizoids; epilithic. Cells (Fig. 19L) uninucleate with a central
suspended nucleus and parietal ribbon shaped rhodoplasts with several pyrenoids in the
apical cell and numerous stellate lobed rhodoplasts each with a central pyrenoid in lower
cells.
Reproduction. Sexual thalli unknown.
Tetrasporangia (1-4) borne in clusters on cells of short adaxial laterals (Fig. 17D) on
lower cells of upper branches, subspherical, 24-32 11m in diameter, irregularly cruciately
divided.

Type from Patagonia; holotype in Herb. Montagne, Pc.
Distribution: Southern South America; New Zealand.
In southern Australia, from Point Avoid, Eyre Pen., S. Aust., to Gabo 1., Vic., and
around Tasmania.

Selected specimens: Point Avoid, S. Aus\., uppermost sublittoral pool

(Ricci, 29.xi.l990: AD,
A60807). Brown Beach, Yorke Pen., S, Aus\., drift (Womersley, 13.iv.l963; AD, A26637), West Bay.
Kangaroo t, S. Aust.. drift (Womersiey, 6.i.1946; AD, A320 I). Pennington Bay, Kangaroo I., S. Aust.,
sublittoral fringe (Womersley, 5.i.l947; AD, A4376). Nora Creina, S. Aust., drift (Wollastoll,
14.xi.l955; AD, A2GOOO). 1.3 km off Middle Point, Cape Northumberland, S. Aust., 14 m deep
(Shepherd, 13.iii.1975; AD, A46165). Port MacDonnell. S. Aust., drift (Womersley. 24.xi.1992; AD,
A61772). Warrnambool. Vic., upper sublittoral (Womers/ey, 13.iv.1959; AD, A22900). Point
Lonsdale, Vic., in reef pools (Sinkora A940, 8.xi.l970; AD, A45963j. Walkerville, Vic .. drift (Sinkora
A 1803, 3.xii.l973: AD, A53504). Bastion Point, Mallacoota. Vic" drift (Womersley, Il.viii.1959; AD.
A23125). Gabo t, Vic., 1-3 m deep (Shepherd, 15.ii.1973; AD, A43373). Green Point, Marrawah.
Tas .. lower eulittoral (Bennett. 29.i.1956; AD, A20630), Ulverstone, Tas .• drift (Wollaston, 7.viii.l965;
AD, A29619). Cape Surville. Forestier Pen .• Tus., 12 m deep (Goldsworri1y. 28.ii.l990; AD, A60437).
Fluted Cape, Bruny t, Tas., 16 m deep (Shepherd, IO.ii.1972; AD. A41506).

C. oxyclada is a distinctive species in habit (often with epiphytic Chaetomorpha
coliformis) and in branch and cell structure, being common from deep pools to 16 m deep on
SE Australian coasts.

2. Carnontagnea hirsuta (Wollaston)Woelkerling & Womersley, comb. nov.
Ballia hirsuta Wollaston 1968: 320, fig. 22J-L, pI. 7.
FIGS 17E-G, 19M
Thallus (Fig. I7E) dark red-brown, 5-14 cm high. with several shaggy, sparsely
branched, terete axes; axial cells 50-60 !Jm in diameter, LID 3-4, densely corticated with
closely appressed rhizoids (Fig. 17G) bearing determinate branch lets and forming the hirsute
covering; branchlets 2-3 mm long, branched 1-3 times, cells 30-60 /.lm in diameter and LID
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2-3, rhizoids (13-) 16-35 !lm in diameter, cells un (l.5-) 2-3; branchlets (Fig. 17F) with
1-2 (-3) subterminal cells bearing unilaterally short, straight, one (rarely two)-celled spines.
Holdfast fibrous, of matted rhizoids, 2-15 mm across; epilithic. Cells (Fig. 19M) uninucleate
with a central, suspended, nucleus, rhodoplasts ribbon like with several pyrenoids in the
subapical cell, lower cells with several stellate lobed rhodoplasts each with a central
pyrenoid.
Reproduction unknown.

Type from Catamaran, Recherche Bay, Tasmania, upper sublittoral (Wollaston & Mitchell,
27.ii.1964); in AD, A27746.
Distribution: New Zealand (South and Stewart Is).
West I., S. Aust., and around Tasmania.

Selected specimens: Amphitheatre Rock, West I., S. Aust., 10-20 m deep (Edyvane, 24.v.1982;
AD, A52999). Green Point, Marrawah, Tas., lower eulittoral (Bennett, 29.i.l955; AD, A20623).
Bicheno, Tas., lower eulittoral (Bennett, 6.ii.1955; AD, A20665).
Goose Bay, S of Kaikoura, N.Z., drift (Womersley, 18.ii.1949; AD, Al 1499). Ringa Ringa,
Stewart I., N.Z., drift (Womersley, 4.i.1966; AD, A29824).

The cell structure of C. hirsuta is very similar to that of the type species, but it differs
clearly in habit and the covering of branchlets, produced from rhizoidal cells, along the axes.
Records indicate that it is a shallow-water species, apart from the one deeper collection from
West I., S. Aust.

ORDER NEMAUALES Schmitz in Engler 1892: 17

Thallus (gametophyte and also sporophyte in some Galaxauraceae) erect, 1-30 em high,
usually much branched irregularly or subdichotomously, branches terete to compressed,
multiaxial with a filamentous medulla (becoming hollow in some Galaxauraceae) and an
anticlinal filamentous or pseudoparenchymatous cortex; some taxa calcified; sporophytes
minute, of discrete filaments, or crustose, or similar to gametophytes but dimorphic in
Galaxaura. Cells uninucleate, rhodoplasts parietal, lobed to stellate, with or without
pyrenoids. Growth of branches and of filaments apical.
Life history triphasic, heteromorphic in Liagoraceae and more or less isomorphic but
with gametophytes structurally dimorphic in Galaxaura.
Reproduction. Carpogonial branches 3- or 4-celled, lateral or terminal on cortical
filaments. with the lower cells (hypogynous, basal or supporting cells) usually producing
sterile filamentsJorming a loose to dense involucre. Gonimoblast filaments developing from
the fertilized carpogonium, directly or after subdivision, producing carposporangia
terminally, singly or in short chains; carposporophytes lying within the cortex or outer
medulla, with or without a sterile involucre, cystocarps ostiolate or not. Spermatangia cut off
from outer cortical cells or within conceptacles.
Tetrasporangia cruciately divided, borne on filamentous or crustose sporophytes or on
erect sporophytes.
The above description includes two marine families, and regards the Acrochaetiales,
Bonnemaisoniales and Gelidiales as separate orders.

KEY TO FAMILIES OF NEMALIALES
1.
1.

Gonimoblast not surrounded by a distinct filamentous involucre (though in some with
basal, loose, involucral filaments) and without a distinct ostiole ........... LIAGORACEAE
Gonimoblast surrounded by a distinct filamentous involucre, derived from the basal cell
of the carpogonial branch or from gonimoblast filaments, cystocarps with a distinct
ostiole .............................................................................................. GALAXAURACEAE

LIAGORACEAE
FAMILY
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Thallus (gametophyte) erect, 1-30 cm high, usually much branched irregularly to
subdichotomously, branches terete, mucilaginous, multiaxial with a loose filamentous
entwined medulla and a cortex of discrete, anticlinal, branched assimilatory filaments;
calcified in Liagora; cells cylindrical to ovoid, rhodoplasts laminate to lobed or stellate,
axile or parietal, with or without a pyrenoid; sporophyte (where known) minute, filamentous,
branched. Growth of branches and filaments apical.
Life history triphasic (where known) and heteromorphic with macroscopic
gametophytes (monoecious or dioecious) and minute tetrasporophytes.
Reproduction. Carpogonial branches usually 3- or 4-celled, straight and terminating
cortical filaments or lateral and usually curved on cortical filaments. Post-fertilization sterile
involucral filaments usually produced from the supporting and adjacent cortical cells, often
with descending rhizoidal filaments. Gonimoblast filaments branched, developing directly
(or following division) from the fertilized carpogonium, with the cells of the carpogoniaI
branch often fusing via broadened pit-connections. Carposporophytes usually compact, lying
within the outer cortex, with or without an involucre, with terminal carposporangia.
Spermatangia cut off from outer cortical cells.
Tetrasporangia cruciately divided, borne on minute filamentous sporophytes.

Taxa of the Liagoraceae are known in the field mainly from the conspicuous
gametophytes, but the life cycle is now known, from the studies of Stosch (1965) on Liagora
farinosa, Chen et al. (1978) on Nemalion helmillthoides, and others, to involve minute
acrochaetioid tetrasporophytes. The role of divided carposporangia ("carpotetrasporangia
known in several taxa has been clarified by Guiry (1990) for L. harveyana where the divided
carposporangia are not formed by meiosis.
H

)

Liagoraceae Kiitzing (1843, pp. 321, 328) pre-dates Helminthocladiaceae J. Agardh
(1852, p. 410). The latter family name was proposed for conservation by Silva (1980, pp.
84,106) but the proposal was not agreed to by the General Committee (see Taxon Vol. 42, p.
438). Separation of Nemalioll Duby and related genera with erect, straight, carpogonial
branches (similar in position to a cortical filament) as the Nemaliaceae (Parlow) De Toni &
Levi (Doty & Abbott 1964; Abbott 1976) is not supported (as Garbary et al. 1983, p. 81
found) since in several species (e.g. Helminthocladia densa) the lateral carpogonial branch
may continue growth in the absence of fertilization and become comparable to a cortical
filament.

KEY TO GENERA OF LIAGORACEAE
I.
1.

Carpogonial branches 4-8-ceIled, linear, comparable with a young cortical filament
....................................................................................................................... NEMALION
Carpogonial branches 3-4-celled, usually curved, laterally situated on the middle or
basal cells of cortical filaments ......................................................................................... 2
2.

2.

3.
3.

Carpogonium slightly dumb-bell shaped; first division of zygote transverse; postfertilization sterile filaments bridging the carpogonial branch, then producing
above an involucre around the gonimoblast and below a tuft of rhizoidal
filaments penetrating towards the medulla ................................. HELMINTHORA
Carpogonium conical; first division of zygote transverse or oblique; postfertilization sterile filaments not as above, developing irregularly and usually
producing involucral filaments but not a distinct tuft of descending rhizoidal
filaments ................................................................................................................ 3

Thallus not calcified; first division of zygote usually oblique; terminal cells of cortical
filaments usually enlarged ............................................................ HELMINTHOCLADIA
Thallus calcified; first division of zygote transverse; terminal cells of cortical filaments
not enlarged ...................................................................................................... LIAGORA
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Genus NEMALION Duby 1830: 959
Thallus (gametophyte) erect, subterete, simple to subdichotomously branched,
sometimes with laterals, multiaxial with a medulla of slender filaments, irregularly entwined,
and a cortex of anticlinal filaments differentiated into an inner colourless region and outer
assimilatory region, cells with axile, stellate rhodoplasts, each with a central pyrenoid;
tetrasporophyte minute, filamentous, branched.
Life history triphasic with heteromorphic gametophyte and tetrasporophyte (Chen et al.
1978).
Reproduction. Carpogonial branches usually 4-8-celled, linear, comparable to young
cortical filaments. First zygote division transverse, the upper cell segmenting obliquely or
longitudinally to form a dense, globular carposporophyte. Sterile post-fertilization filaments
usually present, developing from lower cells of carpogonial branch, forming a slight
involucre around the carposporophyte. Spermatangia lateral or in digitate clusters on outer
cortical cells.
Tetrasporophytes reproducing by monospores and cruciately divided tetrasporangia
(Chen et ai. 1978).

Type species: N. lubricum Duby 1830: 959 [= N. helminthoides (Velley)Battersl.
Nemalion helminthoides* (Velley)Batters 1902: 59. Chapman 1969: 54, pI. 5. Chen et at.
1978: 191, figs 1-21. Dixon & Irvine 1977b: 142, fig. 53. Lucas & Perrin 194'7:
131, fig. 7. Millar & Kraft 1993: 8. Womersley 1950: 163, fig. 2; 1965: 455, figs
1-9,pl. 1.
N. multifidum (Weber & Mohr)J. Agardh 1841: 453. De Toni 1897: 78. Levring
1953: 490.
FIGS 18A, B, 19A-F
Thallus (Fig. 18A, B) brown-purple, 5-20 (-30) cm high, simple, basally furcate once or
more, or subdichotomously to irregularly branched several times, sometimes proliferous
especially near the base, 1-2 (-3) mm in diameter below and tapering slightly above to 0.5-1
mm in diameter. Holdfast discoid, 1-5 mm across; epilithic. Structure multiaxial, with a
medulla of densely packed slender filaments and a cortex 300-600 11m thick, consisting of
an inner cortex of slender, elongate cells, almost colourless, and outer cortex (Fig. 19A) of
subdichotomous filaments of elongate-ovoid assimilatory cells, 6-9 (-14) 11m in diameter
and LID 2-4. Rhodoplasts (Fig. 19B) axile, stellate edged, with a very large central pyrenoid.
Hairs present on terminal cortical cells on young branch apices.
Reproduction. Sexual thalli usually dioecious, sometimes monoecious. Carpogonial
branches (Fig. 19A) straight, formed in outer cortex as a (3-) 4-8-celled branch with a
terminal elongate-conical carpogonium and the 2 or 3 subterminal cells showing denser
contents; filaments of outer cortex overtopping carpogonial branches. Zygote dividing
transversely (Fig. 19C), the upper cell then dividing obliquely or almost longitudinally to
form a plate of cells (Fig. 19C, D) which form a dense globular head of branched, radiating
gonimoblast filaments (Fig. 19E) with terminal carposporangia 8-12 11m long by 5-8 11m in
diameter. Carposporophyte very compact, lying within outer cortex, 60-100 flm across in
surface view. Pit-connections of carpogonial branch cells often broadening following
fertilization, sometimes forming a slight fusion cell (Fig. 19E). Sterile filaments, similar to
the outer cortical filaments, usually develop from the lower cells of the carpogonial branch
following fertilization (Fig. 19C, D), forming a slight involucre around the carposporophyte
(Fig. 19E). Spermatangial clusters varying (probably with age and activity of growth) from
digitate clusters (when young, often somewhat unilateral in spermatangial arrangement), to
cells bearing 2 or 3 chains of spermatangial initials, each chain 4-7 cells long (Fig. 19F)
with each cell bearing radially several spermatangia 2-3 J.lm in diameter.
Tetrasporophyte known mainly in culture (rarely in the field see Fries 1969),
filamentous, branched, producing monosporangia and cruciately divided tetrasporangia

* Originally as "elminthoides", changed to helminthoides in accordance with Recommendation 73A2 of
the ICBN.
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Fig. 18. A, 8. Nemalion helminthoides (A, AD. A59219; 8, AD, AI0455). Habit. C. Helminthora
lindaueri (AD, A28195). Habit. D. Helminthora australis (AD. A8726). Habit. [8-D as in Womersley
\965.]
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Fig. 19. A-F* Nemalion helminthoides (A, AD, A9462; B, AD, A59219; C, D, E, AD, A29293; F,
AD, A21887), A. Cortical filaments with a carpogoniul branch, B. Cortical cells each with a large
central pyrenoid within a slightly stellate rhodoplast. C, D. Early stages of gonimoblast formation, E.
Sectional view of almost mature carposporophyte, surrounded by sterile filaments. F. Spermatan~ial
branches. G-K. Helminthora Lindaueri (G, I, J, AD, A24035; H, K, AD, A28070). G. CortIcal
filaments with a carpogonial branch. H. Cortical cells each witb a central pyrenoid and irregularly
stellate rhodoplast. I. Young gonimoblast and fusion cell, with sterile bridging filaments. J. Almost
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(Chen et at. 1978).

Type from Portland, England; lectotype in LIV (see Dixon & Irvine 1977b, p. 142).
Distribution: World-wide on temperate coasts during summer.
Point Sinclair, S. Aust., around Victoria and Tasmania to Pearl Beach, N.S.W., usually
on rocky headlands, mid eulittoral, during summer (late August to early March).

Selected specimens: Point Sinclair, S. Aust., mid eulittoral (Woelkerling, 3.xi.l968; AD, A34122).
Pearson l., S. Aust., mid eulittoral (Specht, 17.ii.l960; AD, A24521). Port Hughes, S. Aust., mid
eulittoral (Womersley, 13.x.1988; AD. A59219 -"Marine Algae of southern Australia" No. 76c).
Middle R., Kangaroo I.. S. Aust., mid eulittoral (Womersley, 19.i.1947; AD, A29293 and 15.i.I965;
AD, A28987 -"Marine Algae of southern Australia" No. 76a). Ballast Head, Kangaroo I., S. Aust.,
mid eulittoral (Womersley, 3.i.1948; AD, A9462 and 28.xii.1948; AD, AI0455). Port Elliot, S. Aust.,
mid eulittoral (Womersley, 25.x.1958; AD, A21887). Point Lonsdale, Vic., mid eulittoral (Womers{ey,
21.i.1967; AD, A31481-"Marine Algae of southern Australia" No. 76b). Catamaran (S of Southport),
Tas., lower eulittoral (Wollaston & Mitchell, 27.ii.l964; AD, A27687). Long Reef, Collaroy, N.S.W.
(Philson & Earle, 26.xii.1934; AD, A49962 -Tilden's "South Pacific Plants" Ser. 2, No. 301). Pearl
Beach (N of Broken Bay), N.S.W. (V. Benes, Feb. 1950; AD, A15966).

N. helminthoides and N. multifidum have been kept as distinct species by some authors
(e.g. Soderstrom 1970), but united by most authors (see Womersley 1965, p. 457; Dixon &
Irvine 1977b, p. 144; Garbary et at. 1983, p. 87). Cunningham & Guiry (1989, p. 705) have
shown that in Ireland the macroscopic gametophytes occurred under long-day conditions and
the microscopic tetrasporophyte under short days in winter.

GenusHELMINTHORA 1. Agardh 1852: 415, nom. cons.
Thallus (gametophyte) usually much branched dichotomously or laterally, multiaxial
with a medulla of longitudinal filaments of relatively large cells and a cortex of
subdichotomous assimilatory filaments with smaller terminal cells. Cells with stellate
rhodoplasts, each with a central pyrenoid.
Tetrasporophyte minute, filamentous, branched (known only in H. divaricata in culture
- Boillot 1972, p. 226, fig. 8, pI. 3).
Life history (where known) triphasic, with macroscopic gametophytes and minute
tetrasporophytes.
Reproduction. Carpogonial branches lateral, curved, 3(-4)-celled, with a slightly dumbbell shaped carpogonium. First zygote division transverse, the upper cell producing the
carposporophyte. Sterile post-fertilization filaments arising from cortical cells adjacent to
(usually just above) the supporting cell, bridging the carpogonial branch and forming
upwardly an involucre around the carposporophyte, and below a tuft of rhizoidal filaments
growing towards the medulla. Spermatangia cut off from outer cortical cells.
Tetrasporangia terminal on filaments, cruciately divided.

Type species: H. divaricata (c. Agardh)J. Agardh 1852: 415.
KEY TO SPECIES OF HELMINTHORA
1.

1.

Thallus 2-10 cm high, subdichotomous, often with short laterals near the base.
Spermatangia densely clustered over the end 3-6 cells of cortical filaments. Sterile postfertilization filaments with a strongly developed tuft of rhizoids 200-400 Ilm long
.................................................................................................................... 1. H. lindaueri
Thallus 3-20 (-25) em high, irregularly and laterally branched. Spermatangia on
branched ends of cortical filaments, paniculately to digitately arranged. Sterile postfertilization filaments with a usually weakly developed tuft of rhizoids 50-200 (-320)
Ilm long ....................................................................................................... 2. H. australis

mature carposporophyte with sterile involucral filaments and descending rhizoids. K.
SpermatangiaJ branch. L. Camontagnea oxyclada (AD, A61772). Apical and subapical cells of an
indeterminate branch, with rhodoplasts (with pyrenoids) and a central nucleus. M. Camontagnea
hirsuta (AD, A27746). Apical and subapical cells of an indeterminate branch, with rhodoplasts (with
pyrenoids) and a central nucleus. [A, C-G, I-K after Womersley 1965.)
* In the following drawings of Liagoraceae, sterile filaments associated with carposporophyte
development are shown with broken lines.
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1. Helminthora Iindaueri Desikachary 1955: 131, figs ]-29. Chapman 1969: 55, fig. 24.
Womersley 1965: 459, figs 10-16, pl. 2 fig. l.

FIGS 18C, 19G-K
Thallus (gametophyte) (Fig. 18C) brownish purple, 2-10 cm high, with one to several
terete axes, subdichotomously branched several times from near the base and often with
laterals from the lower parts in older plants, lower axes 1.5-3 mm in diameter, upper 0.5-1
mm in diameter. Holdfast discoid to pulvinate, 2-5 (-12) mm across; epilithic or on crustose
comlline algae. Structure multiaxial, with a medulla 0.5-1 mm broad, consisting of a
compact mass of relatively slender filaments (5-10 !Jm in diameter) mixed with slenderer
rhizoidal filaments; cortex (Fig. 190) 200-400 (-500) !Jm broad, consisting of an inner
cortex of subdichotomous filaments of more elongate cells and an outer cortex of often
slightly curved filaments, usually 6-10 (-12)!Jm in diameter, cells ovoid, LID 2-3 (-4), with
slightly smaller terminal cells; rhodoplasts (Fig. 19H) axile, laminate to stellate, each with a
central pyrenoid.
Tetrasporophyte unknown.
Reproduction. Sexual thalli dioecious. Carpogonial branches (Fig. 19G) 4-celled,
curved, laterally situated below a dichotomy near the middle of the cortex, with the
carpogonium dumb-bell shaped. Zygote dividing transversely, the upper cell forming the
gonimoblast (Fig. 18 I). Carposporophyte compact (Fig. 191), lying within the outer cortex,
80-150!Jm across in surface view, with terminal ovoid carposporangia 10-12 !Jm long and
5-8 !Jm broad. Pit-connections of carpogonial branches broadening as the carposporophyte
develops, ultimately forming a small fusion cell (Fig. 19J) involving only the carpogonial
branch cells. Sterile post-fertilization bridging filaments develop from the two cells of the
dichotomy above the supporting cell (Fig. 19 I), producing a dense involucre of upright
curved filaments around the carposporophyte (Fig. 19J); involucral filaments similar to
cortical filaments. Bridging filaments also producing numerous colourless descending
rhizoids, forming a prominent mass (Fig. 191), often slightly twisted, which penetrates the
inner cortex to the medulla; rhizoids commonly (200-) 300-400 !Jm long. Carposporophyte,
involucre, and sterile rhizoids remaining as a unit on squashing the thallus. Spermatangia
(Fig. 19K) formed on the end 3-6 cells of occasional cortical filaments, each cell cutting off
radially (at first on its upper end) several spermatangial initials which form 2-3
spermatangia. each 2-3 !Jm in diameter.

Type from Pihama, Taranaki, New Zealand (Lindauer 5441 and Alg. Nova-Zel. Exsicc. 284,
30.i.1945); holotype in UC; isotype in AD, A3982.
Distribution: New Zealand.
Cape du Couedic, Kangaroo I., S. Aust., to Warrnambool, Vic., and Bicheno, Tasmania.

Selected specimens: Cape du Couedic, Kangaroo I., S, Aus!., shaded eulittoral pool (Womersley,
16.i.1965; AD, A28985). Cape Lannes, S. Aus!., mid eulittoral (Womersley, 20.xii.1971; AD, A41150
-"Marine Algae of southern Australia" No. 71). Point Danger, Portland, Vic. (Beauglehole,
1O.xii. J960; AD, A28195), Lawrence Rock, Portland, Vie., in low rock pools, (Beauglehole, 15.i.l960,
AD, A24035). Bridgewater Bay, Vic., upper sublittoral (Womersley, 28.i.l964; AD, A28070).
Warrnambool, Vic., (Price, 16.xiU963; MELU, 1946 and AD, A29026). Bicheno, Tas., lower
eulittoral (Womersley, 4.xL1982; AD, A56454).

Helminthora lindaueri usually grows on Corallina or crustose coralline algae just above
low tide level, subject to moderate to strong wave wash. It is well marked by its long cortical
filaments, extensive development of post-fertilization rhizoids penetrating the inner cortex,
and distinctive spermatangial branches.

In thallus fprm H. lindaueri closely resembles H. jurcellata (Reinbold)Martin from
South Africa (Martin 1947) but differs in the longer cortical filaments, the arrangement of
spermatangia, and the greater development of down-growing rhizoids from the postfertilization sterile filaments.
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2. Helminthora australis J. Agardh ex Levring 1953: 497, figs 27-30. Womersley 1965:
461, figs 17-22, pI. 2 fig. 2, pI. 3 fig. 1.
H. divaricata 1. Agardh sensu Harvey 1855a: 552; 1863, synop.: xxxviii. Lucas 1909: 21.
FIGS 180, 20A, 21A-F
Thallus (gametophyte) (Figs 18D, 20A) red-brown, 3-20 (-25) cm high, with irregular
branching of several orders, varying from slender, open, and sparse in calm water forms
(forma epiphyfica of Levring, on Posidonia) to profusely and fairly densely branched, more
robust forms of broadly conical outline (Fig. 18D) in medium water movement (on
Posidonia or on rock) and to densely branched, robust, more narrowly pyramidal forms (Fig.
20A) on rock on rough-water coasts (forma pyramidalis of Levring). Axes 1-2 mm in
diameter below, branches mostly 0.5-0.8 mm in diameter. Holdfast discoid, 1-5 (-8) mm
across; epiphytic or epilithic. Structure multiaxial, with a medulla 0.5-0.8 mm broad in
larger branches, forming a compact strand of long, broad cells [(10-) 20-40 j.lm in diameter],
and a mature cortex (160-) 200-400 j.lm broad, formed of tufts of anticlinal, straight or
slightly curved filaments (Fig. 21A) of ovoid cells mostly 8-12 j.lm in diameter, un
1.5-2.5, filaments dichotomously branched at each cell near their base, with the outer part
unbranched and terminating in progressively smaller cells; slender rhizoidal filaments arise
from the basal cell of cortical tufts, growing over the medulla; rhodoplasts (Fig. 21B) irregularly
stellate to lobed, each with a central pyrenoid; hairs usually present near apices of branches.
Tetrasporophyte unknown.
Reproduction. Sexual thalli dioecious or occasionally monoecious. Carpogonial
branches (Fig. 21A, C) 4-celled, curved, laterally situated usually on the second cell from the
base of a cortical branch below a dichotomy, with the carpogonium dumb-bell shaped.
Zygote dividing transversely, the upper cell initiating the gonimoblast (Fig. 2ID),
carpogonial branch cells and especially the lower zygote celI becoming densely
protoplasmic; gonimoblast compact (Fig. 2IE), situated below the surface of the cortex, 150
-200 (-240) j.lm across in surface view, with terminal ovoid carposporangia mostly 10-18
j.lm long by 6-8 j.lm in diameter. Fusion celI not formed, and only occasionally do the pitconnections of the carpogoniaJ branch enlarge (Fig. 21E). Sterile post-fertilization filaments
arise from the cells of the dichotomy above the supporting cell (Fig. 21C) and develop
around the carpogonial branch as bridging filaments; from these, erect filaments develop
(Fig. 21D) to form a prominent involucre (of slenderer filaments than those of the cortex)
around the carposporophyte, overarching it when mature (Fig. 21E); descending rhizoidal
filaments penetrate towards the medulla, forming an indistinct and usually not strongly
developed mass, 50-200 (-320) j.lm long. Spermatangial clusters (Fig. 21F) transformed from
tenninal 1-3 cells of cortical filaments, radially paniculate or sometimes digitate when young;
sperrnatangial initials elongate, producing 1-3 sub-spherical sperrnatangia 2-3 j.lm in diameter.
Type from Western Port, Vic. (J.B. Wilson); holotype in Herb. Agardh, LD, 31986.

Distribution: New Zealand.
Cottesloe, W. Aust., to Walkerville, Vic., the north coast of Tasmania, and Kangaroo
Point, Derwent R., Tasmania. (MEL 8591).
Selected specimens: Cottesloe, W. Aust., on Amphibolis antarctica, upper sublittoral (Gordon,
14.xi.J968; AD, A34073). Head of the Great Australian Bight, S. Aust., drift (Woelkerling, 4.xU968;
AD, A34201). Kellidie Bay, Coffin Bay, S. Aust., lower eulittoral (Womersley, 22.viii.1967; AD,
A31824 -"Marine Algae of southern Australia" No. 70a). Wanna, S. Aust., lower eulittoral
(Womersley, 21.viii.l967; AD, A31809 -"Marine Algae of southern Australia" No. 70b). Hardwicke
Bay, Yorke Pen., S. Aust., low eulittoral pools (Womersley, 9.xi.l980; AD, A5 I842). Aldinga, S.
Aust., drift (Gordon, 12.x.1964; AD, A28329). American R. inlet, Kangaroo I., S. Aust., sublittoral on
Posidoni($ australis (Womers[ey, 2.xi.\947; AD, A6141). Vivonne Bay, Kangaroo I., S. Aust., mid
eulitloral (Womersley, 4.i.1950; AD, AI2935). Pennington Bay, Kangaroo I., S. Aust., rear eulitloral
(Womers[ey, 29.viii.l948; AD, A8726). Walkerville, Vic., low eulittoral pool (Sinkora A2207,
18.x.1975; AD, A48475). Bombay Rock, Tamar Est., Tas., upper sublittoral (Womersley, 27.i.1949;
AD, AI0363).

Helminthora australis varies considerably in habit (see above) depending on degree of
water movement, but structurally and reproductively the forms are identical.
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Fig. 20. A. Helminthora australis, rough-water intertidal form (AD, A12935). Habit. B.
Helminthocladia doryi (AD, A41151). Habit. C. Helminthocladia beaugleholei (AD, A27754). Habit.
D. Helminthocladia densa (AD, A24704). Habit. E, F. Helminthocladia australis, (E, AD, A22058; F,
AD, A24703). Habits. [A, C-F as in Womersley 1965.]
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Genus HELMINTHOCLADIA J. Agardh 1852: 412, nom. cons.
Thallus (gametophyte) usually much and variously branched, multiaxial with a medulla
of fairly slender filaments and a cortex of subdichotomous filaments, usually with distinctly
larger, ovoid or pyriform, terminal cells, or at least not with markedly smaller terminal cells.
Tetrasporophyte minute, filamentous or discoid, known only in H. calvadosii in culture
(Boillot 1974, p. 187, pI. 1).
Life history (where known) triphasic with macroscopic gametophytes and minute
tetrasporophytes.
Reproduction. Carpogonial branches lateral, curved, 3- or 4-celled with a short conical
carpogonium. Zygote usually segmenting obliquely, with the segments producing the
carposporophyte. Sterile post-fertilization filaments irregularly developed from cells adjacent
to supporting cell, forming an involucre around the carposporophyte, but not a distinct tuft
of descending rhizoidal filaments.
Tetrasporangia terminal on filaments, cruciately divided.

Type species: H. purpurea (Harvey)J. Agardh 1852: 414

[=

H. calvadosii (Lamouroux ex

Duby )Setchell].

KEY TO SPECIES OF HELMINTHOCLADlA
1.
1.

Thallus less than 7 cm high, with several subdichotomous fronds ansmg from a
relatively massive base; fronds with laterals only near their base ...................... 1. H. dotyi
Thallus usually 10-30 em high, with numerous lateral branches above ........................... 2
2.
2.

3.
3.

Thallus with one to several simple or rarely branched axes, profusely covered
with short, mostly simple, laterals up to 1 cm long ................... 2. H. beaugleholei
Thallus with branched axes and strongly developed, usually irregular, branched
laterals mostly over 1 cm long ............................................................................... 3

Axes subdichotomous with wide axils, densely covered with subdichotomous laterals,
0.5-3 cm long, forming a dense, bushy thallus. Terminal cells of cortical filaments
15-20 (-25) 11m long, not markedly larger than subterminal cells .................... 3. H. densa
Thallus with irregularly and usually much-branched axes and laterals. Terminal cells of
cortical filaments usually 30-60 Jlm long, often markedly larger than subterminal cells
..................................................................................................................... 4. H. australis

1. Helminthocladia dotyi Womersley 1965: 465, figs 23-31, pI. 3 fig. 2.

FIGS 20B, 21G-K
Thallus (gametophyte) (Fig. 20B) brownish purple, 2-7 em high, with one to several
terete, much-branched, subdichotomous axes, often with short lateral or proliferous branches
below; lower branches 1-3 mm in diameter, upper 0.5-1 mm in diameter. Holdfast discoid
to pulvinate, 2-10 (-15) mm across, probably perennial; epilithic. Structure multiaxiitl, with
a medulla of mostly slender filaments, intermixed with broader ones, and a cortex (Fig. 21 G)
usually 200-400 Jlm broad, consisting of slender filaments of elongate cells (mid cells
fusiform with a central nucleus), subdichotomously branched every 1 (-3) cells, with the
terminal cells slightly swollen, clavate to elongate-ovoid, (14-) 18-22 (-24) 11m long by (4-)
6-8 11m in diameter.
Tetrasporophyte unknown.
Reproduction. Sexual thalli dioecious or occasionally monoecious. Carpogonial
branches (Fig. 21G) 3 or 4-celIed, curved, laterally situated on a cell below a bifurcation on
the inner part of the cortical filaments; carpogonial branch (unfertilized?) often continuing
growth into a vegetative filament (Fig. 2IH); carpogonium elongate-conical. Zygote dividing
obliquely with (usually) both cells dividing to form the gonimoblast; gonimoblast compact
(Fig. 21 I), lying within the cortex, 150-200 Jlm across in surface view, with terminal ovoid
carposporangia 8-10 11m long by 4-8 Jlm in diameter. Pit-connections of carpogonial branch
cells enlarging (Fig. 21 I) following fertilization, ultimately forming a distinct fusion cell
(Fig. 21J) involving also the supporting cell and lower cells of the gonimoblast filaments.
Sterile post-fertilization filaments develop from the 2 cells surmounting the supporting cell
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Fig. 21. A-F. Helminthora australis (A, C-E, AD, A6141; B, F, AD, A28329). A. Cortical filaments
with a carpogonial branch. B. Cortical cells each with a central pyrenoid and irregularly lobed
rhodoplast. C. Carpogonial branch with trichogyne and attached spermatia and sterile bridging
filaments Just developing. D. Young gonimoblast surrounded by sterile bridging filaments. E. Almost
mature carposporophytc with sterile involucre. F. Spermatangial clusters on cortical filaments. G-K.
Helminthocladia dotyi (G-J, AD, A24036; K, AD, A29025). G. Cortical filaments with a carpogonial
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(Fig. 21 I), at about the time of the first zygote division, with other such filaments
developing from the supporting cell and the cell below it, forming a tangled mass (Fig. 211)
around the supporting cell and old carpogonial branch, just below the developing
carposporophyte; these cells soon lose their contents and the mass may later become
relatively inconsprcuous. Spermatangial clusters (Fig. 21K) digitate, forming spermatangia
after several divisions of upper cortical cells.

Type from Lawrence Rock, Portland, Vic., in low rock pools (Beauglehole, 15.L1960); in
AD, A24036.
Distribution: Pennington Bay, Kangaroo I., S. Aust, to Wilsons Prom., Vic., and SE
Tasmania. Ulladulla and Look-at-me-now Headland, near Coffs Harbour, N.S.W. (Millar &
Kraft 1993, p. 8).
Selected specimens: Pennington Bay, Kangaroo I., S. Aust., lower eulittoral (Kraft & Min Thein,
l.x.ii.l971; AD, A41327). Cape Lannes, S. Aust., mid eulittoral (Womersley, 20.x.ii.1971; AD, A41151
-"Marine Algae of southern Australia" No. 69). Lawrence Rock, Vic., on reef edge (Beauglehole,
15.i.l960; AD, A24807). Sorrento, Vic., lower eulittoral (Ducker, 28.x..1963; AD, A29025). Leonard
Bay, Wilsons Prom., Vic. (Price, 1O.i.1963; AD, A29267). Bicheno, Tas., lower eulittoral (Womersley,
4.x.i.l982; AD, A56453). Port Arthur, Tas., lower eulittoral (Cribb 114.4, 18,i.l951; AD, A16209).

H. dotyi, present only during summer months, differs from other species of
Helminthocladia in its habit in particular. No other Australian species, nor apparently those
from elsewhere, has a massive base bearing several subdichotomous axes, sometimes
proliferous below. The only possible confusion amongst Australian species is with
Helminthora lindaueri, which has dichotomous axes but lacks the massive base, and also
differs in reproductive details.

2. Helminthocladia beaugleholei Womersley 1965: 467, figs 32-39, pI. 4 fig. l.
FIGS 20C, 22A-E
Thallus (gametophyte) (Fig. 2OC) red-brown, 10-30 cm high, with one to several axes
2-4 (-6) mm in diameter, densely covered with short, mostly simple laterals 2-10 mm long
and 0.5-1 mm in diameter; older ramuli sometimes branched several times; all parts terete
except lower compressed axes of older plants. Holdfast discoid, 2-5 mm across; epilithic.
Structure with a dense medulla of slender filaments, fairly loosely arranged, and a cortex
(Fig. 22A) 160-210 11m broad, consisting of anticlinal filaments of elongate cells,
subdichotomously branched every 1-3 cells, with the terminal cells slightly enlarged, ovoid
to clavate, (14-) 18-35 (-40) 11m long by (6-) 10-15 11m in diameter; rhodoplasts (Fig. 22A)
stellate, with a central pyrenoid.
Tetrasporophyte unknown.
Reproduction. Sexual thalli monoecious, usually with abundant carposporophytes.
Carpogonial branches (Fig. 22A) 3 (-4)-celled, curved, laterally situated on inner cortical
filaments, occasionally developing as a several-celled branch or rarely forming 2-3
carpogonial branches on a supporting cell (Fig. 22B); carpogonium shortly conical. Zygote
dividing into 2 or 3 cells by transverse or partly oblique divisions (Fig. 22C), developing the
gonimoblast from the upper of these cells, then segmenting obliquely to give an erect,
compact mass of branched gonimoblast filaments (Fig. 22D) with ovoid terminal
carposporangia (12-) 15-20 11m long by 4-8 11m in diameter. Cells of carpogonial branches
usually developing greatly enlarged pit-connections (Fig. 22D) following fertilization,
sometimes losing their identity in a fusion cell; lower cells of gonimoblast not involved in
the fusion cell; carpogonial branch cells with dense, homogeneous contents during early
gonimoblast development, later becoming empty and indistinct; mature carposporophytes
100-200 11m across in surface view, with carposporangia at or just below the level of outer
cortical cells, surrounded by normal cortical filaments only. Sterile post-fertilization
filaments develop from the cell(s) above that earing the carpogonial branch, and from
branch. H. Abnormal cortical filament originating from an unfertilized carpogonial branch. I. Semimature gonimoblast with basal fusion cell and irregular mass of sterile filaments. J. Outline of mature
carposporophyte with fusion cell and basal mass of sterile filaments. K. Spermatangial clusters (in
median view). [A, C-K after Womersley 1965.1
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nearby cells on adjacent branches (Fig. 22D); these filaments remain only a few cells long,
curve irregularly, and soon lose their contents and become an indistinct mass below the
carposporophyte. Spermatangial branch clusters (Fig. 22E) occur on young parts only,
digitate, with whole cortical branch systems becoming fertile.

Type from Discovery Bay (west of Portland), Vic., on sand-covered rocks west of Suttons
Rocks (Beauglehole 745.1, 2.i.1963); in AD, A27754. Isotypes distributed under this number.
Distribution: Cape Lannes, S. Aust., to Bridgewater Bay, Vic.

Fig. 22. A-E. Helminthocladia beaugleholei (A, B, E, AD, A24811; C, D, AD, A27754). A. Cortical
filaments with two carpogonial branches. B. A group of three, probably abnormal, curpogoniul
branches. C. First zygote divisions and young sterile filaments. D. Almost mature carposporophyte and
slight basal mass of sterile filaments. E. Spermatangial branches (in median view). F-I.
Helminthocladia densa (F, G, AD, A20402; H, AD, A20011; I, AD, A27294). F. Cortical branches
with a carpogonial branch. G. Young gonimoblast with two short sterile filaments. H. Almost mature
carposporophyte in sectional view (two carposporangia at upper right) with basal developing fusion
cell. I. Spermatangial branches. [A-I after Womersley \965.)
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Known specimens: The type. Cape Lannes, S. Aust., lower eulittoral on sand-covered rock
(Womersley, 7.xii.1991; AD, A6154! -"Marine Algae of southern Australia" No. 352a). Bridgewater
Bay, Vic., lower eulittoral (Womers!ey, 2.xii.J989; AD, A60024) and mid eulittoral (Womers!ey,
23.xi.1990; AD. A60798 -"Marine Algae of southern Australia" No. 352). W of Suttons Rocks,
Discovery Bay, Vic .• on small rocks (Beaugiehole, 23.ii.1960; AD, A24811).
H. beaugleholei is distinguished from other species of Helminthocladia by its habit,
with long axes densely covered with short laterals.
3. Helminthocladia densa (Harvey)Schmitz & Hauptfleisch 1896: 333. Chapman 1969: 58,
fig. 25. De Toni 1897: 83. Levring 1953: 495, figs 25E-K, 26; 1955: 418. Lucas &
Perrin 1947: 133. Womersley 1965: 468, figs 40-45, pI. 4 fig. 2.
Helminthora densa (Harvey)Desikachary 1957: 454.
Nemastoma ? densa Harvey 1860a: 328.
Nemalion ? insigne Harvey 1863: pI. 284, synop.: xxxix. J. Agardh 1876: 508.
FIGS 20D, 22F-I
Thallus (gametophyte) (Fig. 20D) brownish purple, 10-25 cm high, with one to several
terete, subdichotomous axes 2-4 mm in diameter, densely beset with short (0.5-3 cm long,
0.5-1 mm in diameter) subdichotomous laterals, forming a dense, bushy thallus; axes often
denuded below. Holdfast discoid, 2-5 mm across; epilithic or on jetty piles. Structure of a
medulla 0.2-0.5 mm broad in older ramuli, of fairly slender filaments [(2-) 4-8 flm thick]
irregularly arranged, and a cortex (Fig. 22F) 100-200 flm broad, consisting of anticlinal
filaments of elongate to ovoid cells, subdichotomously branched every 1 (-2) cells, terminal
cells ovoid-pyriform, usually 15-20 (-25) flm long by 6-10 (-12) flm in diameter, scarcely
larger than subterminal cells; rhodoplasts (Fig. 22 I) irregularly stellate with a central
pyrenoid; hairs often present on subterminal cells near branch apices.
Tetrasporophyte unknown.
Reproduction. Sexual thalli apparently dioecious. Carpogonial branches (Fig. 22F)
3-celled (very rarely 2), curved, laterally situated on the middle of the cortical filaments, with
a conical carpogonium. First zygote division variable, sometimes almost transverse (Fig.
22G) with only the upper cell segmenting, or sometimes oblique and producing the
gonimoblast directly; carposporophyte compact (Fig. 22H), with terminal ovoid
carposporangia 12-18 flm long by 6-10 11m in diameter. Following fertilization, the
carpogonial branch cells develop broader pit-connections (Fig. 22H) and some fusion
(occasionally complete) of these cells occurs, but the lower gonimoblast cells are not
involved. Mature carposporophytes are 60-140 11m across in surface view. Sterile postfertilization filaments absent or slightly developed (Fig. 22G) adjacent to the carpogonial
branch, irregular. Spermatangial clusters (Fig. 22 I) borne on terminal cells of cortical
filaments, digitate; spermatangial initials elongate, producing 1-3 spherical to ovoid spermatangia.

Type from Georgetown, Tas.; in Herb. Harvey, TeD.
Distribution: New Zealand (?) (Kaikoura - Levring 1955, p. 418).
From Antechamber Bay, Kangaroo I., and Victor Harbor, S. Aust., to Walkerville, Vic.,
and the north coast of Tasmania.

Selected specimens: Antechamber Bay, Kangaroo I., S. Aust., upper sublittoral on piles
(Woelkerling, 20.xi.1967; AD, A32054 -"Marine Algae of southern Australia" No. 68). Victor
Harbor, S. Aust., upper sublittoral (Womersley, 28.i.1961; AD, A24704). Robe, S. Aust., upper
sublittoral (Wollaston, 17.iii.l956; AD. A20402) and (Womers[ey, 29.i.l964; AD, A27294). Nora
Creina, S. AusL, upper sublittoral pools (Womersley, l4.xi.1955; AD, A2001!). Walkerville, Vic.,
below low tide (Sinkora A2330, 12.iii.1976; AD, A48488).
H. densa differs from all other species of Helminthocladia in its densely branched form,
scarcely enlarged terminal cortical cells, and absence or slight development of sterile
involucral filaments around the carposporophyte.

Abnormalities in H. densa are not uncommon. In the absence of fertilization,
carpogonial branches may develop into a cortical branch, and short lateral branches may
develop from the carpogonial branch cells.
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4. Helminthocladia australis Harvey 1863: pi. 272, synop.: xxxix. J. Agardh 1876: 506;
1890a: 39; 1899: 94. Boergesen 1931: 7. Chapman 1969: 61, fig. 26, pI. 6.
Desikachary 1957: 446, figs 14-37,54-70. De Toni 1897: 83. Levring 1953: 491, figs
22-25A-D; 1955: 418. Lucas & Perrin 1947: 132, fig. 8. Millar 1990: 301, fig. 4C-F.
Okamura 1916: 21, pIs 156,157 figs 7-21. Womersley 1965: 470, figs 46-53. pI. 5.

Fig. 23. A-D. Helminthocladia australis (A, C, AD, A24703; B, AD, A591O; D, AD, A27744). A.
Cortical filaments with a carpogonial branch. B. Young gonimoblast and fusion cell, with a young
sterile filament. C. Semi-mature carposporophyte with cortical and sterile filaments. D. Spermatangial
branches in median view. [A-D after Womersley 1965.]
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Helminthora tumens J. Agardh I 890a: 41. De Toni 1897: 8S. Lucas 1935: 21S.
Lucas & Perrin 1947: 133.
Helminthocladia tumens (1. Agardh)J. Agardh 1899: 9S. De Toni 1924: 84.
FIGS 20E, F, 23
Thallus (gametophyte) (Fig. 20E, F) brown to purple, 10-40 cm high, with one to many
terete, irregularly and usually profusely branched axes 2-10 mm in diameter below, branches
(0.5-) 1-3 mm in diameter above; older axes and branches sometimes denuded below.
Holdfast discoid, 2-S mm across; epilithic. Structure of a medulla of moderately robust
filaments, 8-20 Jlm in diameter near branch apices, increasing to 30--40 11m in diameter in
older parts, and a cortex (Fig. 23A) 100-200 (-300) 11m broad, of elongate to ovoid (when
mature) cells, subdichotomously branched every 1-4 cells in inner cortex, usually at every
cell in outer cortex; terminal cells of cortical filaments relatively large (Fig. 23A), often
palisade-like [when mature (2S-) 30-60 Jlm long and (10-) IS-30 Jlm in diameter], ovoid to
clavate, often markedly larger than the subterminal cells; inner cortical cells in older parts of
thallus may equal or even exceed the terminal cells in size; rhodoplasts irregularly stellate,
each with a central pyrenoid (Fig. 23C); hairs often present on subterminal cells near branch
apices.
Tetrasporophyte unknown.
Reproduction. Sexual thalli dioecious. Carpogonial branches (Fig. 23A) 3-ceUed,
curved, laterally situated on inner cortical cells; carpogonium conical. Zygote dividing more
or less obliquely, cutting off 2--4 apical segments (Fig. 23B) which initiate the much
branched compact gonimoblast (Fig. 23C), with terminal ovoid carposporangia (10-) IS-2S
Jlm long and 6-11 11m in diameter. Carposporophyte within the outer cortex, 100--2S0 11m
across in surface view. Following fertilization the carpogonial branch cells fuse (Fig. 23C)
and in the mature carposporophyte a distinct fusion cell is normally present, involving at
least the old carpogonial branch cells and usually the basal cells of the gonimoblast. Sterile
post-fertilization filaments (a few cells long) develop from the supporting cell and the
adjoining cells (Fig. 23B, C), and grow irregularly around the old carpogonial branch; also
cells of adjacent cortical filaments produce new erect filaments which form an involucre
around the carposporophyte (Fig. 23C) and appear similar to the cortical filaments but less
mature (I.e. the end cells are not enlarged until much later). The abundance of these
involucral filaments varies from very few to numerous in different specimens. Spermatangial
clusters (Fig. 230) densely paniculate, borne on scattered subterminal cells of cortical
filaments. each cluster comprising 2-4 axial cells bearing radially 1-3 orders of cells; the
outermost acting as spermatangial initials and cutting off 1~ 3 spherical to ovoid
spermatangia I-211m in diameter.

Type from Fremantle, W. Aust. (G. Clifton); in Herb. Harvey, TCD.
Distribution: New Zealand (Bay of Islands to Stewart I.); Japan; South Africa; California.
Exmouth, W. Aust., around southern Australia and Tasmania to Coffs Harbour, N.S.W.;
Lord Howe I.

Selected specimens: Tantabiddy Creek, Exmouth, W. Aust., low eulittoral pools (Cambridge.
21.viii.1979; AD, A51812). Port Denison, W. Aust., inner reef (Womerslev, 30.viii.1947; AD, A591O).
West Beach, S. Aust.. drift (Womersley, 1O.i.I959; AD, A22058). Victor Harbor, S. Aust., upper
sublittoral (Womersley, 28.i.l96I; AD, A24703). Pennington Bay, Kangaroo I., S. Aust., rear reef
(Womersley, 29.viii.l948; AD, A8729). Bridgewater Bay, Vic., on rocks (Beauglehole 745,
21.xi.I961; AD, A27744). Sorrento, Vic., upper sublittoral in bay (Womersley, 13.i.I981; AD,
A51982). Walkerville, Vic., just below low tide (Sinkora A1493, 21.ii.1972; AD, A42294). Bluestone
Bay, Freycinet Pen., Tas., 6 m deep (Brown, McGeary & Womersley, 4.xi.1982; AD, A56267).

This is a common species in areas of moderate to slight wave action, though patchy in
its occurrence. In southern Australia it occurs during the summer but on subtropical W.
Aust. coasts it has been recorded during winter.
Relationships with species from Europe, South Africa, California and Japan were
discussed by Womersley (1965, p. 473), and further comparisons are still needed.

LIAGORACEAE

92

Liagora

Genus LIAGORA Lamouroux 1812: 185
Thallus (gametophyte) dichotomously or irregularly branched, calcified to varying
degrees. Multiaxial with a medulla of slender or sometimes robust filaments, and a cortex of
subdichotomous filaments, in some species as tufts from the outer medullary cells; end cells
of cortical filaments usually smaller than subterminal cells.
Tetrasporophytes minute, filamentous, branched.
Life history (where known) triphasic with a macroscopic gametophyte and minute
tetrasporophyte.
Reproduction. Carpogonial branches lateral, straight to curved, 3- or 4-celled with a
shortly conical carpogonium. First zygote division transverse. Carposporophyte usually with
undivided carposporangia, in some species these dividing into about four. Sterile postfertilization filaments present, irregularly and variably developed, usually forming an
involucre around the carposporophyte. Spermatangia in digitate or capitate clusters on outer
cortical cells.
Tetrasporangia irregularly cruciately divided.

Lectotype species: L. viscida (Forssk1'tI)C. Agardh 1822: 395.
KEY TO SPECIES OF LIAGORA
1.

1.

Thallus loosely subdichotomously branched, not strongly calcified. Cortical filaments in
distinct tufts, not or only slightly constricted at the cross walls. Carpogonial branches
almost straight. Spermatangia in capitate clusters on the terminal cortical cells or
similarly on short subterminal lateral branches ................................................................ 2
Thallus dichotomously branched, with or without numerous short laterals, strongly
calcified. Cortical filaments not in distinct tufts, markedly constricted between the ovoid
cells. Carpogonial branches curved. Spermatangia in digitate clusters at the end of
cortical filaments .............................................................................................................. 3
2.

2.

3.
3.

Thallus very slightly calcified, soft, subdichotomous usually at less than I cm
intervals. Cortical filaments slightly but distinctly constricted, cells ovoid.
Spermatangial heads on short laterals below apex of cortical filaments
................................................................................................................ 1. L. codii
Thallus only moderately calcified, subdichotomous at intervals up to 2 cm.
Cortical filaments not constricted, cells oblong. Spermatangial heads on terminal
cells of cortical filaments .................................................................. 2. L. farinosa

Thallus densely dichotomous without laterals, tufted. Carposporangia often irregularly
divided into 1!-4 ......................................................................................... 3. L. harveyana
Thallus subdichotomous or irregular but with numerous, short laterals. Carposporangia
undivided .................................................................................................. 4. L. wilsoniana

1. Liagora cOOii Womersley 1965: 476, figs 54-58, pI. 6 fig. 1.
FIGS 24A, 25A-D
Thallus (gametophyte) (Fig. 24A) red-brown, only slightly calcified, 5-20 (-30) cm
high. usually growing on Codium, subdichotomously to irregularly and laterally branched in
the lower parts at intervals of usually less than 1 cm, less so above, sometimes with
unbranched ends 1-3 cm long. 0.6-1 (-2) mm in diameter below, usually tapering only
slightly above. Holdfast of bundles of rhizoids between host utricles. Structure of a medulla
of large, elongate cells 50-100 11m in diameter, mixed with abundant slender rhizoids, and a
cortex (Fig. 25A) 20D-300 11m broad, of dense tufts of cortical filaments which originate
from the anterior end of medullary cells; cortical filaments (Fig. 25A) branched near their
bases, straight or slightly curved, usually slightly moniliform and constricted at the cross
walls, cells ovoid, 10-15 11m in diameter and LID 1-2 (-3); rhodoplasts stellate to lobed,
with a central pyrenoid. Basal cells of branch tufts producing slender rhizoids which grow
over and between the medullary cells (Fig. 25A).
Reproduction. Sexual thalli dioecious. CarpogoniaJ branches (Fig. 25A) borne on the
lower cells of the branch tufts, almost straight, 3 or 4 cells long with a conical carpogonium.
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Zygote dividing transversely (Fig. 25B). the upper cell then segmenting obliquely to form
numerous. much-branched. spreading, gonimoblast filaments (Fig. 25C). the terminal cells
forming ovoid carposporangia 20-30 !Jm long and 8-14 !Jm in diameter, with new
carposporangia arising from the cells below old sheaths. Carposporophyte usually 150-250
!Jm across in surface view. No fusion cell developed. Sterile post-fertilization filaments (Fig.
25B, C) develop abundantly from cortical cells near the carpogonial branch, growing mostly
upwards around the carposporophyte and later forming some rhizoids growing towards the
medulla (Fig. 25C). Involucre not prominent since post-fertilization filaments develop very
similarly to cortical filaments. Spermatangia (Fig. 25D) produced on short lateral branches

A

B

c

'-------'

2cm

4cm

Fig. 24. A. Liagora codii (AD, A27081). Habit. B. Liagorafarinosa (AD, A18260). Habit. C. Liagora
harveyana (AD, A27298). Habit. D. Liagora wilsoniana (AD, A19127). Habit. [A-D as in Womersley
1965.]
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just below apex of cortical filaments, occasionally on the end of the cortical filament itself,
fonning dense elongate-ovoid heads 20-30 11m in diameter and 30-60 11m long, consisting
of a central row of 4-8 cells cutting off 2-3 orders of cells and ultimately ovoid to spherical
spermatangia 2-3 11m in diameter.

Type from Port Lincoln, S. Aust., on Codium duthieae, 6-8 m deep near Snapper Rock (R.
Baldock, l.i.1964); in AD, A27081.
Distribution: Port Lincoln, S. Aust., to Port Phillip Heads, Vic., on Codium duthieae.
Selected specimens: Margaret Brock Reef. Cape Jaffa, S. Aust., on Codium duthieae, 3 m deep
(AIMS-NCI, Q66C 2479-L, 18.ii.l989; AD, A59609). Nora Creina. S. Aust., on C. duthieae, drift
(Abbott & Womersley, 7,xi.l965; AD, A29633). Warrnamboo1, Vic .• on Codium (Watts. Dec. 1859;
TCD). Port Phillip Heads, Vic. (Wilson, 2,i, 1890; MEL, 8571; 14.i.1889; MEL, 8572 and 22,xii.1891;
MEL, 8570),
L. codii belongs to the L. jarinosa group, but differs in being a more slender plant with
more frequent branching and often with irregular laterals. It is only very slightly calcified
and the cortical filaments consist of ovoid cells separated by distinct constrictions. The
carposporophyte is more loosely branched with carposporangia more ovoid than in L.
jarinosa, and the spermatangial heads are mostly lateral below the apices of the cortical
filaments. The only known host is Codium duthieae.

2. Liagora farinosa Lamouroux 1816: 240. Boergesen 1927: 59, figs 32, 33. Levring 1953:
504. Umezaki 1961: 233, figs 1, 2. Yamada 1938: 23, figs 15, 16. Womersley
1965: 478, figs 59-62, pI. 6 fig. 2,
L. cheyniana Harvey 1855a: 552; 1860b, pI. 162; 1863, synop.: xxxviii. J. Agardh
1876: 515. Kiitzing 1858: 44, pI. 92. Lucas & Perrin 1947: 134.
L. eliftoni (Harvey)J. Agardh 1876: 515. Lucas & Perrin 1947: 134.
Galaxaura eliftoni Harvey 1863: pI. 275, synop.: xxxviii (excluding Warmambool
specimen = L. codii),
PLATE 2 fig. 2; }'(GS 24B, 25E-H
Thallus (gametophyte)(Fig. 24B) brownish red, moderately calcified, 5-15 cm high,
terete, subdichotomously branched every 0.5-2 cm with occasional lateral branches; lower
thallus 1-1.5 (-2) mm in diameter, tapering slightly to apices. Holdfast discoid, 1-3 (-5) mm
across; epilithic or epiphytic on larger brown algae. Structure of a medulla of large, elongate
cells (Fig. 25E) 50-150 11m in diameter, mixed with slender rhizoids in older parts, and a
cortex 350-450 11m broad, of branch tufts of filaments consisting of a basal cell (Fig. 25E),
cut off from a medullary cell, which produces several straight to slightly curved cortical
filaments, branched near the base 1-4 times, 15-20 11m in diameter, cells LID 2-3, not or
only very slightly constricted at their cross walls (Fig. 25E), rhodoplasts irregularly stellate,
each with a central pyrenoid. Basal cells of cortical branch tufts producing slender rhizoids
which grow over and between the medullary cells.
Tetrasporophyte minute, filamentous, branched (Stosch 1965).
Reproduction. Sexual thalli dioecious. Carpogonial branches (Fig. 25E) borne on the
basal to third cell of the cortical branch tufts, almost straight, of 4 cells with a conical
carpogonium. Zygote dividing transversely (Fig. 25F), the upper cell segmenting obliquely to
produce a dense compact carposporophyte (Fig. 25G) 120-200 11m across in surface view, of
relatively few cells, the end cells developing into ovoid-clavate carposporangia (Fig. 25G)
16-25 11m long and 8-11 11m in diameter; new carposporangia proliferating from cells
below sheaths of previous ones. No fusion cell developed. Sterile post-fertilization filaments
develop from cortical cells (Fig. 25F, G) adjacent to the carpogonium, and form a slight and
loose involucre around the carposporophyte, consisting of filaments similar to the cortical
filaments (Fig. 25G). Spermatangia (Fig. 25H) produced at apex of cortical filaments, from a
globose-ovoid head 40-70 11m across, consisting of a central row of 4-6 cells cutting off
2-3 orders of cells, the ultimate elongate spermatangial initials cutting off ovoid
spermatangia 2-4 11m in diameter.
Tetrasporophyte with irregularly divided tetrasporangia and monosporangia.
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Fig. 25. A-D. Liagora codii (AD, A27081). A. Cortical branch tuft with two carpogonial branches. B.
First zygote division and young sterile filaments. C. Almost mature carposporophyte in median view.
D. Spermatangial branches, in surface and median views. E-H. Liagorafarinosa (E-G, AD. A18634;
H. AD, A18260). E. Cortical tuft on medullary cell, with a carpogonial branch. F. Young gonimoblast
and initiation of sterile filaments. G. Mature carposporophyte with involucre of sterile filaments. II.
Spermatangial branch in median view. [A-H after Womersley 1965.)
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Type from the Red Sea, near Suez; in CN.
Distribution: Tropical and subtropical seas, extending into warm temperate rcgions.
Isolated shallow (and warmer) bays around southern Australia from Cowaramup Bay
(and further north), W. Aust., to Port Noarlunga, S. Aust.

Selected specimens: Cowaramup Bay, W. Aust. (Norris 1976, 17.111.1959; AD, A26314). Near
Coffin I., Albany, W. Aust., I m deep (Huisman, 4.iv.1993; Murdoch). Cape Riche, W. Aust.
(Harvey, Alg. Aust. Exsicc. 352; AD, AI8260). Barker Rocks, Yorke Pen., S, Aus!., on Cystophora
spp., upper sublittoral (Womersley, 25.iii.l967; AD, A31378 -"Marine Algae of southern Australia"
No, 73, originally distributed in error as L. codii), Marino, S. Aust., drift (Womersley, 21.v.1953; AD,
A18634). Port Noarlunga, S, Aus!., 6 m deep inside reef (Kraft, 15.iii.l973, AD, A43048).
Liagora preissii Ktitzing 1858: 45, pI. 93e-k, from W. Aust. (Preiss, type in MEL,
8587), is probably a synonym of L. farinosa.

3. Liagora harveyana Zeh 1912: 270. Chapman 1969: 62, pI. 7. Fuhrer et al. 1981: pI. 12.
Guiry 1990: 353, figs 1-14. Levring 1953: 501, figs 32E-F, 33. Lucas & Perrin
1947: 134. Womersley 1965: 480, figs 63-69, pI. 7 fig. 1.
L. viscida (ForssUI)C. Agardh sensu Harvey 1855a: 552; 1859b: 317; 1863,
synop.: xxxviii. Sonder 1846: 153.
FIGS 24C, 26A-F
Thallus (gametophyte) (Fig. 24C) brownish red with a whitish crust, especially on lower
parts, fairly strongly calcified (mainly in the inner cortex) but not rigid, 3-9 (-14) cm high
with one to several axes, dichotomously branched every 2-4 (-8) mm, forming a dense
rounded tuft; branches terete to slightly compressed; occasionally small proliferations may
occur near the base, possibly following damage to the thallus; lower branches 1-2 mm in
diameter, tapering gradually to 0.2-0.5 mm below apices. Holdfast discoid, 1-5 mm across;
epilithic or on Amphibolis stems. Structure of a medulla of straight, moderately stout
filaments 15-20 (-50) 11m in diameter, with relatively few rhizoids from the outer medullary
cells or occasionally from innermost cortical cells, and a cortex (Fig. 26A) 120-200 (-300)
11m broad, of branch systems usually 6-8 cells long, dichotomously branched usually at
every cell, often trichotomous above; cortical cells (3-) 5-10 (-15) 11m in diameter, elongate
below, ovoid-moniliform, LID 1.5-3 above, with smaller ovoid terminal cells; rhodoplasts
(Fig. 26F) more or less stellate with a central pyrenoid; hairs often common.
Tetrasporophyte minute, largely prostrate, filamentous, irregularly branched (Guiry
1990).
Reproduction. Sexual thalli dioecious or monoecious. Carpogonial branches (Fig.
26A,B) borne laterally on inner cells of cortical filaments, usually curved, of 4 (occasionally
3 or 5) cells with a conical carpogonium. Zygote dividing transversely once or twice (Fig.
26C), the upper cell segmenting obliquely to form rather erect, branched, gonimoblast
filaments (Fig. 26D). Carposporophyte hemispherical, just within or when mature protruding
slightly from the cortex, 200-350 11m across in surface view; carposporangia ovoid, (10-)
15-30 (-36) 11m long by (6-) 8-15 11m in diameter, when mature often divided horizontally
or irregularly cruciately, with new carposporangia developing latemlly from below,
sometimes giving a group of 4 or 5 at the apex of each gonimoblast filament. Following
fertilization the pit-connections of the carpogonial branch enlarge, and ultimately a fusion
cell involving the carpogonial branch and lowest gonimoblast cells is formed (Fig. 26E).
Sterile post-fertilization filaments (Fig. 26C, D) develop from cortical cells above and below
the supporting cell, sometimes from the supporting cell, forming a loose tangle around the
carpogonial branch. These later produce numerous erect filaments, which closely resemble
the cortical filaments and form an involucre around the carposporophyte; involucre
conspicuous when young, less so when mature. Spermatangia (Fig. 26F) produced at apex of
cortical filaments in a digitate arrangement; spermatangia ovoid to spherical, 2-3 11m in
diameter, cut off from elongate spermatangial initials borne polychotomously on the end
cortical cells.
Tetrasporophytes forming monosporangia or cruciately divided tetrasporangia.
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Fig. 26. A-F. Liagora harveyana (AD, A4443). A. Cortical filaments with a carpogoniaJ branch. B.
Carpogonial branch. C. First zygote division and young sterile filaments. D. Older gonimoblasl and
sterile filaments. E. Mature carposporophyte with some divided carposporangia. F. Cortical filaments
with spermatangia. G. Tetrasporophyte with tetrasporangia. H-M. Liagora wi/saniana (AD, AI0784).
H. Cortical filaments with a carpogonial branch. I. CarpogoniaJ branch. J. First zygote division and
young sterile filaments. K. Young gonimoblast and sterile filaments. L. Almost mature
carposporophyte and involucre of sterile filaments. M. Spermatangial branches. [A-E, H-M after
Womersley 1965; G after Guiry 1990, fig.!!. J
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Type locality: Four localities were given by Zeh (1912, p. 270), and the most suitable
specimens from which to select a lectotype are those of Harvey from King George Sound,
W. Aust. These were distributed by Harvey in Alg. Aust. Exsicc. 354.
Distribution: New Zealand.
Nanarup, W. Aust., to Walkerville, Vic., and the north coast of Tasmania.

Selected specimens; Nanarup, 36 Ian E of Albany, W. Aust., upper sublittoral (Woelkerling,
19.xi.l968; AD, A33997). Point Sinclair, S. Aus!., mid eulittoral pool (Womers[ey, 7.ii.l954; AD,
A19585). Wanna, S. Aus!., in low pools (Womersley, 19.ii.l959; AD, A22466). Marino, S. Aust., on
Amphibolis antarctica, 3 m deep (Owen, 27.i.1972; AD, A47231). Yilki, Victor Harbor, S. Aust., drift
(Womersley, 7.ii.1988; AD, A58622). Emu Bay, Kangaroo f., S. Aust., upper sublittoral (Womersley,
15.i.1965; AD, A28955). Pennington Bay, Kangaroo f., S. Aust .. lower eulittoral (Womersley,
22.i.1947; AD, A4443). Robe, S. Aust.. upper sublittoral pools (Womersley, 29.i.1964; AD, A27298).
Port Fairy, Vic., upper sublittoral pools (Womersley, 24.ii.1967; AD, A3l736 -"Marine Algae of
southern Australia" No. 74a). Walkerville, Vic., in intertidal pools (Sinkora A2367, 17.iiU977; AD,
A48426). Guyton Point, Robbins I., Tas., upper sublittoral pools (Wollaston & Mitchell, 23.ii.1964;
AD, A28031-"Marine Algae of southern Australia" No. 74b).

Uagora harveyana is a common species in shallow water on rough-water rock
platforms and occasionally on Amphibolis in deeper water. Guiry (1990) has shown that the
carposporangium divisions are not meiotic, but a minute filamentous tetrasporophyte
recycles itself by monospores and reforms the macroscopic gametophyte via tetraspores.

4. Liagora wilsonian a Zeh 1912: 269. Levring 1953: 500, figs 31, 32A-D. Lucas & Perrin
1947: 134. Womersley 1965: 483, figs 70-75, pI. 7 fig. 2.
L. pulverulenta C. Agardh sensu Sonder 1846: 153. Kiitzing 1858: 42, pI. 89a, b.
Harvey 1863, synop.: xxxviii.
L. distenta (Roth)Lamouroux sensu Harvey 1855a: 552; 1863, synop.: xxxviii.
Sonder 1846: 153.
L. albicans Lamouroux sensu KUtzing 1858: 43, pI. 89c-e.
FIGS 24D, 26H-M
Thallus (gametophyte) (Fig. 24D) brownish red with a grey calcareous cover but often
mucilaginous, moderately to heavily calcified, 5-15 cm high, with one to numerous terete
axes; axes subdichotomously branched at fairly long intervals (2-5 cm), more closely
dichotomous near the apices, clothed with short lateral branches throughout their length but
which are often lost near the base of the thallus; laterals 0.5-1.5 (-3) cm long, simple to
subdichotomously branched a few times; axes 1-2 mm in diameter below, laterals 0.3-0.6
(-I) mm in diameter. Holdfast discoid, 1-5 mm across; epilithic. Structure of a medulla of
filaments of long cells, mostly 10-12 11m in diameter near apices, becoming 40-50 11m in
diameter in older parts, interspersed with slenderer rhizoids, and a cortex (Fig. 26H)
150-250 11m broad, often lost from oldest parts of thallus, consisting of subdichotomously
branched filaments [7-11 (-14) 11m in diameter] of ovoid cells commonly highly vacuolate,
branched every 1-2 cells in young laterals, often less branched on older parts of thallus;
filaments on young branches strongly moniliform (Fig. 26H), less so on older parts of
thallus; central cells LID 1.5-2.5 (-3), shorter near apices of filaments and longer near the
base; basal cells of filaments producing rhizoids; rhodoplasts (Fig. 26M) stellate to
reticulate, with a central pyrenoid; hairs present on terminal cortical cells near branch apices.
Tetrasporophyte unknown.
Reproduction. Sexual thalli dioecious. Carpogonial branches (Fig. 26H, I) curved,
lateral on basal to mid cells of cortical filaments, 3- or 4-celled with a conical carpogonium.
Zygote dividing more or less transversely once (Fig. 26J) or rarely twice, the upper cell
developing erect' branched gonimoblast filaments (Fig. 26K) forming a dense, hemispherical
carposporophyte (100-150 11m across in surface view) with terminal ovoid carposporangia
12-20 11m in length and 6-10 11m in diameter. Pit-connections of the carpogonial branch
broadening as the carposporophyte develops, ultimately forming a distinct fusion cell (Fig.
26L) involving also the lower gonimoblast cells and sometimes the supporting cell. Sterile
filaments (Fig. 26J, K) develop immediately after fertilization from cortical cells adjacent to
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the supporting cell, forming a prominent loose mass around the old carpogonial branch;
these sterile filaments develop a prominent involucre of slender, curved filaments of
elongate cells around the carposporophyte, remaining distinct from the cortical filaments
(Fig. 26L); involucra! filaments usually branched both near their bases and apices.
Spermatangia (Fig. 26M) produced abundantly in capitate clusters at apices of cortical
filaments; terminal cortical cells cutting off from their upper ends several elongate
spermatangial initials, each forming several spermatangia; spermatangia ovoid, 2-3 11m in
diameter.

Type from Western Port, Vic. (1.B. Wilson, 1896); in BM.
Distribution: Western Australia (probably near Perth, possibly as far north as Dongara)
around southern Australia to Walkerville, Vic; not known from Tasmania.

Selected specimens: "Nov. HolL occid." (Preiss. MEL 8588. as L albicans?). Catherine Bay,
Rottnest I., W. Aus!.. 15 m deep (Huisman. 20.xii.1992; Murdoch, J.H. 274). Chinaman Hat 1. bay,
Yorke Pen., S. Aust., upper sublittoral (Woelkerling, l7.Ll968; AD, A32129). Marino, S. Aust., upper
sublittoral (Brock. 24.ii.l984; AD, A55089). Pennington Bay, Kangaroo 1., S. Aust., low eulittoral
(Womersley, 6.L1949; AD, A10784). Robe, S. Aus!., in shallow pools (Womersley, 20.xii.l953; AD,
AI9l27). Newfield Bay (2 km E of Peterborough), Vic., lower eulittoral pools (Womersley,
lO.xiL1969; AD, A34807 -"Marine Algae of southern Australia" No. 75). Walkerville, Vic .• at low
tide level (Sinkora A1784, 21.xi.J973; AD, A53486).
FAMILY GALAXAURACEAE Parkinson 1983: 608
by 1.M. Huisman & H.B.S. Womersley

Thallus (gametophyte, and sporophyte in some taxa) erect, usually subdichotomous,
cylindrical or compressed, muItiaxial with a filamentous medulla and filamentous to
pseudoparenchymatous cortex, in some taxa becoming hollow; calcified in Galaxaura.
Tetrasporophytes filamentous or crustose, or similar to gametophytes but dimorphic in
Galaxaura.
Life history triphasic and heteromorphic (or dimorphic in Galaxaura).
Reproduction. Carpogonial branches 3-celled, with the hypogynous cell and basal cell
bearing sterile filaments, those from the latter forming a distinct filamentous involucre;
involucre in Galaxaura formed from gonimoblast filaments. Gonimoblast filaments
developing from the fertilized carpogonium and producing carposporangia terminally, singly
or in short chains; cystocarps within the outer medulla, ostiolate. Spermatangia produced
from surface or hypodermal cortical cells, or within conceptacles.
Tetrasporangia cruciately divided, formed terminally or laterally on cortical filaments or
on the filamentous or crustose sporophytes.
A family of some 7 genera, characterised by lack of an auxiliary cell and direct
development of the gonimoblast from the fertilized carpogonium, and separated from the
Helminthocladiaceae by the presence of a well-developed involucre formed either from the
sterile filaments on the basal cell of the carpogonial branch, oc from the gonimoblast
filaments themselves, and an ostiole.
Galaxauraceae was proposed by Parkinson (1983, p. 608) to replace Chaetangiaceae, the
type genus of which (Chaetangium KOtzing) was based on Fucus ornatus Linnaeus and is a
synonym of Suhria 1. Agardh ex Endlicher. The species credited to Chaetangium are now
referred to Nothogenia Montagne.

KEY TO GENERA OF GALAXAURACEAE
1.

Thallus soft, terete, with a dense slender core of entwined longitudinal medullary
filaments producing an outer medulla of radiating filaments and a small-celled cortex,
with or without colourless utcicles; gonimoblast filaments with chains of
carposporangia .................................................................................................................. 2
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1.

Thallus soft or finn and drying cartilaginous, calcified or not, medulla of slender or
coarse filaments but not differentiated into a longitudinal core and outer radiating
filaments; cortex of short filaments of slender or larger cells but without utricles;
gonimoblast filaments with single terminal carposporangia ............................................. 3
2.
2.

3.
3.

Scinaia

Outer cortical layer entirely or largely formed of colourless, inflated utricles
................................................................................................................ SCINAIA
Outer cortical layers of progressively smaller cells, without colourless inflated
utricles ......................................................................................... GLOIOPHLOEA

Thallus not calcified; medullary and cortical filaments slender; gametophyte erect,
tetrasporophyte crustose and discoid ........................................................ NOTHOGENIA
Thallus calcified within the medulla andlor cortex; medullary filaments usually coarse,
with a relatively large-celled, often pseudoparenchymatous cortex; gametophyte and
tetrasporophyte thalli of similar size but dimorphic in structure, or with a minute
filamentous sporophyte ..................................................................................................... 4
4.

4.

Innennost cortical cells firmly laterally attached (often fusing in the
gametophyte). remaining attached after decalcification; cystocarp without a
sterile involucre, the wall being formed from gonimoblast filaments;
tetrasporophyte and gametophyte of similar size but dimorphic .... GALAXAURA
Cortical cells not laterally attached, separable into filaments after decalcification;
cystocarp with a sterile involucre arising from the basal cell of the carpogonial
branch; tetrasporophyte minute, filamentous ............................ TRICLEOCARPA
Genus SCINAIA Bivona-Bernardi 1822: 232

Thallus (gametophyte) erect, terete to slightly compressed, subdichotomously branched,
multi axial, with a medullary core of numerous, slender, branched, filaments usually less than
20% of the thallus diameter in width, producing numerous radiating, branched filaments
forming an outer medulla and a cortex 2-4 cells broad, with an outer layer of large,
colourless, utricles, with or without rhodoplastic ovoid cells between them.
Tetrasporophyte (in S. forcellata, S. complanata and S. confusa) minute, filamentous,
branched; unknown in other species.
Life history triphasic with heteromorphic gametophyte and sporophyte.
Reproduction. Sexual thalli usually monoecious. Carpogonial branches 3-celled with
the hypogynous cell bearing 2-4 sterile filaments and the basal cell producing filaments
which fonn a distinct involucre around the carposporophyte. Gonimoblast filaments arising
from the fertilized carpogonium, producing carposporangia in short tenninal chains, with a
basal fusion cell usually present. Cystocarp urceolate, ostiolate, lying within the outer
medulla. Spennatangia cut off from short, branched filaments which penetrate between the
cortical utricles, or on the vegetative filaments in this position.
Tetrasporophytes reproducing by cruciately divided tetrasporangia.

Type species: S.forcellata Bivona-Bernardi 1822: 232 (see Silva 1992, p. 167).
Scinaia is characterised by the presence of colourless, ovoid to angUlar, utricles fonning
the surface layer of the thallus. Huisman (1985) refers both Pseudoscinaia Setchell (1914, p.
120) and Pseudogloiophloea Levring (1953, p. 505; 1955, p. 420) to Scinaia and (Huisman
1985, 1986) includes some 25 species in the genus.
Only three species have been investigated in culture. Boillot (1968, 1969) has shown
that the carpospores of S. forcellata genninate to fonn a filamentous sporophyte bearing
cruciately divided, tetrasporangia and a similar situation was shown by Ramus (1969, p. 7)
for S. confusa (as Pseudogloiophloea) and by van den Hoek & Cortel-Breeman (1970, p.
457) for S. complanata.

Scinaia

GALAXAURACEAE

101

KEY TO SPECIES OF SCINAIA
1.
1.

Branches regularly moniliform with ovoid segments 6-15 (-17) mm long and 3-5 mm
in diameter .............................................................................................. 1. S. moniliformis
Branches terete or only occasionally constricted, usually 1-3 mm in diameter. ............... 2
2.
2.

3.
3.

Outer cortex largely composed of truncated, closely adjacent utricles with very
few smaller cells reaching the surface ................................................................... 3
Outer cortex with large ovoid utric1es intermixed with rows of smaller cells
giving a rosette appearance in surface view ......................................................... .4

Thallus usually 5-20 cm high with branches 1.5-3 (-4) mm in diameter; hypogynous
cell with four sterile branches ...................................................................... 2. S. aborealis
Thallus 3-10 cm high with branches 0.5-2 mm in diameter; hypogynous cell with two
sterile branches, one I-celled and one 2-celled ..................................... 3. S. tsinglanensis
4.

4.

Thallus soft, usually (5-) 10-20 cm high, regularly subdichotomous, only two
sterile branches on hypogynous cell ................................................. .4. S. australis
Thallus cartilaginous, 4--6 cm high, proliferous from lower parts, 2-3 sterile
branches on hypogynous cell ......................................................... 5. S. proliferata

1. Scinaia moniliform is J. Agardh 1885: 72. Setchell 1914: 105, figs 31, 32. Huisman 1986:
272, figs 1-12. Levring 1953: 511, fig. 41. Millar 1990: 309, fig. 7D-F,
FIGS 27 A-C, 28A, B
Thallus (Fig. 27A) medium brown-red, (5-) 10-22 cm high, subdichotomously
branched usually from each segment, regularly constricted into ovoid segments 6-15 (-17)
mm long and 3-5 mm in diameter. Holdfast discoid, 1-2 mm across; epilithic. Structure
multiaxial, developing a central axial core of slender entwined filaments 2-3 (-10) Jlm in
diameter, of very long cells, from which radiate numerous dichotomous medullary filaments,
with a cortex of 1-2 layers of ovoid assimilatory cells (10-) 15-30 Jlm in diameter (and
which produce rhizoids) and an outer layer of colourless utricles (Fig. 27B), truncated
outwardly and polygonal in surface view, 25-50 IJm long and 17-30 IJm in diameter.
Reproduction. Monosporangia (?) cut off from hypodermal cortical cells. Carpogonial
branches (Fig. 28A) 3-celled, developed on outermost medullary cells close to branch apices,
with the hypogynous cell producing two sterile branches, I-celled and 2-celled, and the basal
cell producing numerous sterile filaments which form the involucre after fertilization.
Fertilized carpogonium producing 3-4 initials and the gonimoblast filaments (Fig. 28B)
forming chains of ovoid carposporangia 10--15 11m long and 5-8 IJm in diameter; fusion cell
present. Cystocarps (Fig. 27C) 120-200 (-250) IJm in diameter, ostiolate, with a welldeveloped involucre. Spermatangia in sori on upper segments (Kajimura 1992a, p. 283).

Type from Port Phillip Heads, Vic. (Wilson, 28,ii.l882); holotype in Herb. Agardh, LD,
32207. [Specimen 32208 in LD was collected on 5.i.1888, after the description.]
Distribution: India; Japan.
Cape Catastrophe, S. Aust., around Victoria to Coffs Harbour, N.S.W.; Lord Howe I.

Selected specimens: Cape Catastrophe, S. Aust., 40 m deep (Baldock, 2.i.1964; AD, A27310).
Daly Head, Yorke Pen., S. Aust., drift (Gordon, 26.iii.l967; AD, A31382). Botany Bay, N.S.W.
(Lucas, June 1903; NSW, A3614). Korffs 1., Coffs Harbour, N.S.W., 20 m deep (Millar & Gabriel.wn,
22.i.1982; MELU, AM909). Pipeclay Point, Arrawarra, N.S.W. (May, 15.i.1961; NSW, A3612).

2. Scinaia aborealis Huisman 1986: 278, figs 23-35. Millar 1990: 307, fig. 7A-C
FIGS 27D-F, 28C, D
Thallus (Fig. 27D) medium grey-red to dark red, sometimes brownish, 5-20 (-38) cm
high, subdichotomously branched every 1-3 (-11) cm usually with constrictions at points of
branching, segments 1.5-3 mm in diameter below, 3-4 mm in diameter above, ultimate
segments tapering to a point. Holdfast discoid, 1.5-2 mm across; epilithic. Structure
multi axial, with a central core of slender, entwined filaments 2-3 (-6) Jlm in diameter, from
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Fig. 27. A-C. Scinaia moniliformis (A, LD, 32207; B, C, MELU, AM909). A. Habit of holotype. B.
Cross section of cortex with unifonn utric1es. C. Section of cystocarp. D-F. Scinaia abo rea lis (D,
MELU, 24357; E, F, MELU, AM918). D. Habit. E. Cross section of cortex with spennatangial
branches. F. Section of cystocarp. G-I. Scinaia tsinglanensis (G, MELU, 23965; H, I, MELU, 24299).
G. Habit. H. Cross section of cortex. I. Section of cystocarp. [A-I after Huisman 1986.]

Scinaia
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which radiate medullary filaments giving rise to a cortex (Fig. 27E) of 1-2 layers of ovoid,
rhodoplastic, cells 10-15 Ilm in diameter and an outer layer of colourless utricles, polygonal
in surface view, 25-40 Ilm long and 18-25 (-30) Ilm in diameter.
Reproduction. Sexual thalli monoecious. Carpogonial branches (Fig. 28C) 3-celled,
developed on outer medullary cells near the apices, with the hypogynous cell producing four
sterile branches, usually a 3-celled branch, two 2-celled branches and a I-celled branch, and
the basal cell producing several lateral branches which form the involucre after fertilization.
Fertilized carpogonium producing 3-4 initials with the gonimoblast filaments (Fig. 28D)
developing chains of ovoid to pyriform carposporangia 15-20 Ilm long and 5-7 Ilm in
diameter; fusion cell present. Cystocarps (Fig. 27F) 200-250 Ilm in diameter, ostiolate, wjth
a well developed involucre. Spermatangiai branches (Fig. 27E) arising from hypodermal
cortical cells and projecting between surface utricles, 2-3 cells long, producing 2-3
spermatangial initials each with 1-3 ovoid spermatangia 2-3 flm in diameter.

Type from Ocean Reef Marina, Sorrento, W. Aust. (O'Brien & Millar, 9.xii.l980); holotype
in MELU, 24309.

Distribution: Greenough Point (10 km S of Geraldton), W. Aust., around southern
Australia (not Tasmania) to Coffs Harbour, N.S.W.; Norfolk I.
Selected specimens (see also Huisman 1986, p. 279): Point Clune, Rottnest I., W. Aust., 13-15 m
deep (Kraft & Ricker, 5.xii.1980; MELU, 24308). Point Sinclair, S. Aust., drift (Humphrey, Feb. 1954;
AD, A56759). Daly Head, Yorke Pen., S. Aust., drift (Gordon, 26.iii.1967; AD, A31579). Marino, S.
Aust., drift (Womersley, 2I.v.1953; AD, AI8633). Port Elliot, S. Aust., drift (Kraft 3518, 30-iv.1971;
AD, A45969). Warrnambool, Vic., drift (Kraft, 1l.ii.l984; MELU, 24357). Aireys Inlet, Vic., drift
(Kraft, 21.ii.1976; MELU, 23231). Collaroy, N.S.W., drift (May 2028. 22.i.I946; NSW). Korffs I.,
Coffs Harbour, N.S.W., 20 m deep (Millar & Gabrielson, 22.i.1982; MELU, AM918).
3. Scinaia tsinglanensis Tseng 1941: 106, fig. 11, pI. 9; 1983: 64, pI. 35 fig. 2. Huisman
1986: 282, figs 36-47.
FIGS 27G-I, 28E, F
Thallus (Fig. 27G) medium red to red-brown. 3-10 cm high, subdichotomously
branched every (2-) 5-20 mm, constricted or not at the branchings, branches 0.5-2 mm in
diameter, cylindrical, with bluntly pointed apices. Holdfast discoid, 1-2 mm across;
epilithic. Structure multi axial, developing a central core of slender. branched, entwined
filaments 2-4 (-8) flm in diameter, from which radiate dichotomous medullary filaments
terminating in 2-3 ovoid rhodoplastic cells 8-12 Ilm in diameter, with an outer layer (Fig.
27H) of colourless utricles, polygonal in surface view, 25-35 flm long and 18-25 llm in
diameter.
Reproduction. Sexual thalli monoecious. Monosporangia cut off from elongate
rhodoplastic cells penetrating between the hypodermal cells. Carpogonial branches (Fig.
28E) 3-celled, developing on outer medullary filaments, with the hypogynous cell cutting off
two sterile branches, I-celled and 2-celIed, and the basal cell producing 3-4 sterile branches
which form the involucre after fertilization. Fertilized carpogonium cutting off several
initials forming branched gonimoblast filaments (Fig. 28F) with chains of ovoid to clavate
carposporangia 10-15 Ilm long and 4-7 !lm in diameter; fusion cell present. Cystocarps
(Fig. 27 I) 200-300 flm in diameter, ostiolate, with a well developed involucre.
Spermatangial filaments scattered or in dense sori, arising from hypodermal cells and
penetrating between the utricles, with terminal ovoid spermatangia 2-4 flm in diameter.

Type from Tsinglan-Kang, Wenchang, Hainan. China (Tseng 792. 7.iv.1934); in Herb.
Tseng.

Distribution: China.
On all Australian coasts with moderate to slight water movement, usually 3-30 m deep.
Selected specimens (see also Huisman 1986, p. 282): Pearson I., S. Aust., 28 m deep (Shepherd,
9.i.l969; AD. A3400 1). Snapper Rock, Port Lincoln, S. Aust., 7-8 m deep (Baldock, l.i.1964; AD,
A27082). Marino, S. Aust.. drift (Womersley, 26.x.1975; AD, A46641). Muston, American R. inlet,
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Fig. 28. A, B. Scinaia moniliformis (MELU, AM909). A. Carpogonial branch with a one-celled sterile
branch (left) and a two-celled sterile branch (right) on the hypogynous cell. B. A later stage than A with
a developing gonimoblast. C, D. Scinaia aborealis (MELU, AM918). C. Carpogonial branch with 3
sterile branches on the hypogynous cell. D. Developing gonimoblast. E, F. Scinaia tsinglanensis
(MELU, 24299). E. Carpogonia\ branch with sterile branches on the hypogynous and basal cells. )<'.
Developing gonimoblast. G-I. Scinaia australis (MEL, 612903). G. Surface view of cortex. H. Mature
carpogonial branch. I. Developing gonimoblast. J. Scinaia proliferata (MELU, GK 4932). Mature
carpogoniaJ branch with several cells derived from the hypogynous cell. [A-J after Huisman 1986.]
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Kangaroo I., S. Aust., 4-5 m deep (Shepherd, 29.xii.1977: AD, A48963). Cape Northumberland, S.
Aust., 15 m deep 1.3 km off shore (Shepherd, l.ii.l978; AD, A55039). Lonsdale Bay, Vic., 6-7 m
deep (Huisman & O'Brien, 20.x.1981; MELU, A24299). Popes Eye, Port Phillip, Vic., 18 m deep
(Millar & Huisman, 20.iii.l98 I ; MELU, 23965). Marion Bay, Tas., 6 m deep (Shepherd, 13.ii.1970;
AD, A35633).

4. Scinaia australis (Setchell)Huisman 1985: 417; 1986: 284, figs 48-58. Millar 1990: 308,
fig.7G-1.
Pseudoscinaia australis Setchell1914: 121. fig. 62. Levring 1953: 511, fig. 42.
FIGS 28G-I, 29A-C
Thallus (Fig. 29A) medium red to red-brown, (5-) 10-20 cm high, subdichotomously
branched every 0.4-3.5 cm, not constricted, branches 1-1.5 (-2) mm in diameter, apices
pointed. Holdfast discoid, 1-2.5 mm across; epilithic. Structure multiaxial, developing a
central core of entwined filaments 2-3 Ilm in diameter, from which radiate branched
medullary filaments 2-4 flm in diameter, terminating in a cortex (Fig. 29B) of 2--4 ovoid,
rhodoplastic, hypodermal cells 10-15 11m in diameter, and an outer layer of ovoid to
pyriform colourless utricles, 18-30 11m in diameter, with numerous smaller utricles
surrounding the larger ones in a rosette surface pattern (Fig. 28G).
Reproduction. Sexual thalli monoecious. Carpogonial branches (Fig. 28H) 3-celled,
developing just below the hypodermal cells, with the hypogynous cell cutting off two sterile
branches, I-celled and 2-celled, and the basal cell producing sterile filaments which form the
involucre after fertilization. Fertilized carpogonium cutting off initials which form a compact
gonimoblast (Fig. 28 I) with terminal chains of ovoid to pyriform carposporangia 10-14 Ilm
long and 7-10 Ilm in diameter; fusion cell present. Cystocarps (Fig. 29C) 160-275 Ilm in
diameter, ostiolate, with a well developed involucre. Spermatangial branches 2-4-celled, cut
off from hypodermal cells with elongate cells penetrating between the utricles and cutting
off clusters of ovoid spermatangia 2-3 flm in diameter, occurring in surface sori.

Type from Port Phillip Heads, Vic. (Wilson, 17.i.1893); holotype in UC, 74793.
Distribution: Port Stanvac, S. Aust., to Woolgoolga Headland, northern N.S.W., and
around Tasmania.

Selected specimens: Port Stanvac, S. Aust., drift (Clarke & Engler, 6.iii.l980; AD, A50882). Port
Elliot, S. Aust., drift (Gordon, 3.iii.1964; AD, A27451). Warrnambool, Vic .• drift (Kraft, ll.ii.l984;
MELU, 22999). Port Phillip Heads, Vic. (Wilson, 9.i.1886; MEL, 612903). R. Derwent, Tas. (Rodway,
Jan. 1911; NSW, A3617). Collaroy, N.S.w., drift (May 1180, 1181, 8.xii.l945; NSW).

5. Scinaia proliferata Huisman 1986: 289, figs 72-81.
FIGS 28J, 29D
Thallus (Fig. 29D) red-brown, 4-6 cm high, subdichotomously branched every 3-11
mm with proliferous growth from older cut-off branches, branches 0.7-1.5 (-2) mm in
diameter, with pointed apices. Holdfast discoid, 1-2 mm across; epilithic. Structure
multiaxial, developing a central core of entwined filaments 2-13 /Jm in diameter, from
which radiate medullary filaments 2-3 /Jm in diameter, with a cortex of 1-2 layers of ovoid
rhodoplastic hypodermal cells 10-20 11m in diameter, and an outer layer of ovoid to
pyriform utricles 20-30 Ilm in diameter; numerous smaller cells or utricles surround the
larger ones in a rosette surface pattern.
Reproduction. Sexual thalli monoecious. Carpogonial branches (Fig. 28J) 3-celled,
developing on outer medullary filaments, with the hypogynous cell producing 2 or 3 sterile
branches, usually two I-celled and one 2-celIed, which may divide further, and the basal cell
producing 3--4 sterile branches which form the involucre after fertilization. Fertilized
carpogonium forming a basal fusion cell and gonimoblast filaments with terminal chains of
ovoid carposporangia 5-12 11m in diameter. Cystocarps 150-220 J.lm in diameter, ostiolate,
with a well-developed involucre. Spermatangial branches arising from hypodermal cells,
penetrating between the utricles, and producing terminal, ovoid, spermatangia 3-4 Ilm in
diameter.
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Fig. 29. A-C. Scinaia australis (A, UC, 74793; B, C, MELU, 22999). A. Ho)otype, habit. B. Cross
section of cortex. C. Section of young cystocarp. D. Scinaia proliferata (MELU, OK 4932, ho)otype).
Habit. E-G. Gloiophloea scinaioides. (E, LD, 32112; F, G, MELU, 22994). E. Ho!otype, habit. F.
Cross section of cortex. G. Section of cystocarp. [A-D as in Huisman 1986; E-G as in Huisman
1985.]
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Type from Nora Creina, S. Aust., 4-6 m deep on small stones (Kraft 4932, 18.ii.1974);
holotype in MELU, isotype in AD, A46012.
Distribution: Only known from the type collection.
S. proliferata resembles S. australis in branch diameter, in structure and in most aspects
of reproduction. It differs in having proliferations from older branches, possibly following
grazing, and in having 2-3 branches from the hypogynous cell instead of two in S. australis.
More collections are clearly desirable to support recognition of this species as distinct from
S. australis.

Genus GLOIOPHLOEA J. Agardh 1872: 28

Thallus (gametophyte) erect, terete, subdichotomously branched, multi axial, with a
medullary core of numerous, slender, branched filaments less than 20% of the thallus
diameter in width, producing numerous radiating branched filaments with an assimilatory
cortex 2-5 cells broad, smaller celled outwardly and without colourless utricles.
Tetrasporophyte of dense tufts or mats of slender branched filaments, to I cm across.
Life history triphasic with heteromorphic gametophyte and sporophyte.
Reproduction. Carpogonial branches 3-celled, the hypogynous cell with 3 sterile
branches and with the basal cell producing filaments which form a distinct involucre around
the carposporophyte. Gonimoblast filaments arising from the fertilized carpogonium,
producing carposporangia in short terminal chains, with a basal fusion cell. Cystocarp
urceolate, ostiolate, lying within the outer medulla. Spermatangia borne on the outer cortical
cells.
Tetrasporophytes bearing cruciately divided tetrasporangia terminally or laterally,
sessile or pedicellate, on the filaments; tetraspores germinating to form a filamentous
gametophyte from which the erect gametophytes arise as buds.

Type species: C. scinaioides 1. Agardh 1872: 29.
Huisman (1985, p. 407) studied the type species which differs from Scinaia in having
no colourless utricles in the outer cortex. The genus has been further surveyed and the life
history followed by Huisman (1987).

KEY TO SPECIES OF CLO/oPHLOEA
1.

1.

Thallus subdichotomous, branches 1.5-2 mm in diameter, without short laterals
................................................................................................................. 1. C. scinaioides
Thallus with numerous short laterals 0.5-1 mm in diameter ............................ 2. C. rosea

1. Gloiophloea scinaioides 1. Agardh 1872: 29. Huisman 1985: 407, figs 17-27; 1987: 168,
figs 1-6,9-16. Levring 1953: 504, figs 35, 36.
C. perriniae Levring 1953: 508, figs 37, 38.
FIG. 29E-G
Thallus (Fig. 29E) (gametophyte) red. 5,-10 cm high, subdichotomously branched every
3-10 (-15) mm below, often 1-2 (-3) cm apart above, not constricted, branches 1.5-2 mm in
diameter, apices rounded. Holdfast discoid, t -3 mm across; epilithic. Structure multi axial,
developing a central core of entwined filaments 2.5-10 11m in diameter, from which radiate
medullary filaments 3-5 11m in diameter, with the cortex (Fig. 29F) 2-3 (-4) cells thick, of
globose to pyriform rhodoplastic cells 5-12.5 11m long and 5-7.5 11m in diameter, outwardly
smaller, and without any colourless utricles.
Tetrasporophyte filamentous, cells 2-8 11m in diameter, LID 5-8 (only known from
culture Huisman 1987, p. 171).
Reproduction. Outer cortical cells released as monosporangia 5-6 11m in diameter.
Sexual thalli monoecious. Carpogonial branches 3-celled, developing on outer
medullary cells, with the hypogynous cell forming three sterile branches, I-celled, 2-celled
and 3-celled (plus a further cell from its base) and the basal cell producing sterile filaments
which form the involucre after fertilization. Fertilized carpogonium cutting off initials which
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form the gonimoblast with terminal chains of ovoid carposporangia 12-15 11m long and
7-10 11m in diameter; a basal fusion cell present. Cystocarps (Fig. 29G) 110-225 11m in
diameter, ostiolate, with a well developed involucre. Spermatangia cut off from outer
cortical cells as a surface layer, ovoid, 3-4 11m in diameter.
Tetrasporangia borne terminally or laterally, sessile or pedicellate, cruciately divided,
10-11 11m in diameter and 15-20 11m long.
Type from Western Port, Vic.: in Herb Agardh, LD, 32112.
Distribution: From Eucla, W. Aust., to Walkerville, Vic., and the north coast of Tasmania.
Selected specimens (see also Huisman 1987, p. 168): Eucla, W. Aust., drift (Womersley, 2.ii.1954;
AD, AI9377). Ward I., S. Aust., 18-23 m deep (Shepherd, 3.iii.1980; AD, A50917). Troubridge Light,
off Edithburg, S. Aust., 17 m deep (Shepherd, 4.ii.\969; AD, A33434). Marino, S. Aust., drift
(Womersley, 21.v.l953; AD, AI 8640). Pennington Bay, Kangaroo 1., S. Aust., drift (Womersley,
ll.ii.1956; AD, A20126).walkerville, Vic., drift (Sinkora, 9.iii.l972; AD, A43242). Guyton Point,
Robbins I., Tas. (Wollaston & Mitchell, 23.ii.1964; AD, A27622). Devonport, Tas., 10 m deep
(Chidgey, April 1980; MELU, 22994).

2. Gloiophloea rosea (1. Agardh)Huisman & Womersley, comb. nov.
Helminthiopsis (?) rosea 1. Agardh 1899: 98. Setchell1912: 248.
FIG.30A, B
Thallus (Fig. 30A) rose-red, about 3 cm high, much branched with short, irregular
laterals 2-5 mm long and 0.5-1 mm in diameter on more or less fUfcate main branches.
Holdfast small, discoid. Structure multiaxial, developing a central core (becoming 300-350
11m in diameter) of filaments 10-20 11m in diameter (with slender hyphae 2-3 11m in
diameter), and from which radiate di- or trichotomously branched medullary filaments 4-6
11m in diameter, inner cells LID 4-10, with a cortex (Fig. 30B) of smaller, loosely
aggregated, rhodoplastic, more or less ovoid, outer cells 3-4 11m in diameter and LID (1-)
2-3, without any colourless utricles.
Reproduction. Sexual thalli monoecious. Carpogonial branches and their development
unknown. Cystocarps (Fig. 30B) 60-100 11m in diameter, urceolate, lying within the cortex,
with a slight involucre of filaments within a gelatinous sheath; carposporophyte densely
branched (carposporangia immature). Spermatangia cut off from outer cortical cells in small
clusters, ovoid, 1-2 /lm in diameter.
Type from Port Phillip Heads, Vic. (Wilson 33, 23.i.1886); holotype in Herb. Agardh, LD,
31989.
Distribution: Only known from the holotype specimen.

This taxon was placed by Levring (1953, p. 508) as a synonym of Gloiophloea
scinaioides, but it is quite different in form from the latter species. Further understanding of
its structure, reproduction and relationships must await study of more material, but for the
time being it seems best placed in Gloiophloea.
Genus NOTHOGENIA Montagne 1843: 302
Thallus (gametophyte) erect, simple or terete to compressed and furcately branched or
proliferous, often becoming hollow, with a loose filamentous medulla and a relatively
compact cortex of small-celled anticlinal filaments. Not calcified. Rhodoplasts discoid to
elongate, few per ceiL
Tetrasporophyte crustose, discoid, with a basal layer producing erect filaments.
Life history triphasic with heteromorphic gametophyte and tetrasporophyte.
Reproduction. Carpogonial branches 3-4-celled, borne on inner cortical filaments with
the hypogynous and basal cells producing short lateral branches. Gonimoblast developing
from the fertilized carpogonium, branched, with terminal carposporangia, surrounded by a
dense involucre of sterile filaments developed from the sub-carpogoniaJ cells and forming an
ostiolate cystocarp. Spermatangia cut off from filaments within surface pits (Martin 1936).
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Fig. 30. A, B. Gloiophloea rosea (LD, 31989, holotype). A. Outline of habit of the type specimen. B.
Medullary and cortical filaments and 'cystocarp (from the dried type). C-F. Nothogenia !astigiata.
(AD, A56468). C. Carpogonial branch with sterile filaments from hypogynous and basal cells. D. An
older stage of C. E. Young gonimoblast developing from fertilized carpogonium, hypogynous cell with
sterile filaments. F. Older gonimoblast. G-J. Galaxaura obtusata. G. Section of cortex of gametophyte
[Cairns, Qld., 1 m deep (Harada, l.xiU976; AD, A52450; Murdoch, R2217)]. H. Section of cortex of
sporophyte (Murdoch, l.H. 179W). I. Carpogonia\ branch with sterile filaments on hypogynous and
basal cells (as for G above). J. Terminal tetrasporangia on outer cortical cells [Red Bluff, Kalbarri,
W.Aust., 7-10 m deep (Kraft & Ricker, 15.xii.l980; MELU, A35329)]. [C-F after Huisman &
Womersley 1992; G-J after Huisman & Borowitzka 1990.]
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The tetrasporophyte reproducing by cruciately divided tetrasporangia borne laterally on
the erect filaments of the crust.

Type species: N. variolosa (Montagne)Montagne 1843: 302 [=?N.fastigiata (Bory)ParkinsonJ.
A genus of about 5 species in southern hemisphere cool temperate and subantarctic
waters, with one species reaching south-east Australia.
Parkinson (1983) reviewed the confusion over the name Chaetangium Ktitzing, which
Papenfuss (1952, p. 173) had shown was based on a plant now referred to Suhria vittata, and
adopted the earliest correct name of Nothogenia. Other Australian species previously
ascribed to Chaetangium are C. corneum J. Agardh which is now Adelophycus corne us (1.
Agardh)Kraft and C. jlahellatum Harvey which is Polyopes constrictus (Turner)]. Agardh.
The type species of Nothogenia, N. variolosa from the Auckland Is, as illustrated by
Montagne (1845, fig. 3) is a much branched plant with narrow branches. Chapman (1969, p.
70) comments on the extreme variability of the New Zealand taxon, and Ricker (1987, p.
168) also doubts whether this material (and the type of N. variolosa) is the same as N.
fastigiatum from the Falkland Is and other subantarctic islands; clearly further study is
needed.
Nothogenia rastigiata (Bory)Parkinson 1983: 608.
Halymeniafastigiata Bory 1826: 594.
Chaetangium fastigiatum (Bory)J. Agardh 1852: 460. Cribb 1956: 186. Delepine et
al. 1979: 595, fig. 1. Delepine & Lambert 1981: 127, figs 1-18. Huisman &
Womersley, 1992: 359, figs 1-10. Levring 1945: 13, fig. 5; 1953: 512. Papenfuss
1964: 26. Ricker 1987: 166, fig. 71.
C. lingula Harvey 1859b: 316.
FIGS 30e-F, 31
Thallus (gametophyte) (Fig. 31A, B) grey-red to red-purple, mucilaginous, (1-) 2-6 (-8)
cm high, erect, 1-4 times furcate from near the base, tapering above in larger plants, apices
rounded to contracted, branches terete to compressed, 2-5 mm broad. Holdfast discoid, \-2
mm across; epilithic. Structure multiaxial, with a loosely filamentous medulla (Fig. 31C)
with cells I-211m in diameter and un 4-10, becoming hollow, surrounded by a cortex of
anticlinal filaments 2-4 cells long where unbranched, 2-3 11m in diameter, cells un
1.5-2.5.
Tetrasporophyte crustose, discoid, with a basal layer bearing erect filaments 10-20 cells
long (Delepine et at. 1979).
Reproduction. Sexual thalli dioecious. Carpogonial branches (Fig. 30C, D) 3-4 cells
long, with the cells below the carpogonium bearing short lateral branches. Gonimoblast (Fig.
30E, F) arising from the fertilized carpogonium, developing branching filaments which
extend around the lower part of the pericarp and produce terminal carposporangia, with the
carposporophyte surrounded by a dense filamentous involucre derived from the basal cell of
the carpogonial branch; cystocarps (Fig. 31D) sunken, 250-400 11m across, ostiolate.
Spermatangia not recorded.
Tetrasporophyte (Delepine et al. 1979) with cruciately divided tetrasporangia borne
laterally on the erect filaments of the discoid crust.

Type from Isles Malouines (Falkland Is); in Pc' fragments in Herb. Agardh, LD, 32591.
Distribution: Sub-antarctic islands, southern S. America.
In southern Australia, from Lady Bay, Southport, to Eaglehawk Neck, Tas., and
Ulladulla, N.S.W. (Millar & Kraft 1993, p. 9).

Selected specimens: Lady Bay, Southport, Tas., mid euliltoral (Parsons & Womersley, 28.x.1982;
AD, A56539). Ninepin Point, D'Entrecasteaux Ch., Tas., mid eulittoral (Parsons & Womersley,
I.xi.1982; AD, A56468 -"Marine Algae of southern Australia" No. 317). Tesselated Pavement,
Eaglehawk Neck, Tas., lower eulittoral (Wollaston, 20.ii.1986; AD, A57076 -"Marine Algae of
southern Australia" No. 317a). Ulladulla, N.S.W., on rocks emergent at low tide (May, 14.xi.l978;
NSW; AD, A58690).
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This subantarctic species occurs in Australia mainly in south-east Tasmania, with a
record from Ulladulla in southern N.S.W. The record of DeToni & Forti (1923, p. 15, as C.
variolosum) from Geraldton, W. Aust., is clearly in error, being well outside the range of this
species.
Levring (1953, p. 512) considered C. lingula Harvey not distinct from C. fastigiatum,
and the type of the former from Browns R. (near Kingston), Tas., as well as the above
specimens, agree well with Falkland Is plants as illustrated by Delepine & Lambert (1981,
fig. 1).
The origin of the gonimoblast and the sterile involucral filaments of the involucre has
been clarified by Huisman & Womersley (1992) who showed that the gonimoblast originates
from the fertilized carpogonium and the involucre from the filaments on the basal cell, as in
other taxa of the Galaxauraceae.

B
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Fig. 31. Nothogenia jastigiata.(A, C, D, AD, 56468; B, AD, A57076). A. Liquid preserved specimen.
B. Habit of large plants. C. Cross section of thallus (by 1.M. Huisman). D. Section of mature cystocarp.
[A, B, D as in HUlsman & Womersley 1992.]
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Galaxaura

Genus GALAX AURA Lamouroux 1812: 185
Thallus erect, 3-25 cm high, much branched more or less subdichotomously, soft to
firm, surface superficially smooth to tomentose, with a prominent holdfast and terete,
branched, stipes bearing flat or terete and often jointed branches. Structure multiaxial,
usually with a slight apical depression, developing a medulla of coarse, branched, filaments
and a cortex of relatively large cells often becoming pseudoparenchymatous and 2-3 cells
thick, sometimes smooth-surfaced but in most species bearing specialized assimilatory
surface cells or filaments; cortex of gametophyte with three layers, the inner 1-2 layers of
large colourless cells that often fuse laterally, the remaining layers consisting of
progressively smaller and more densely rhodoplastic cells; cortex of tetrasporophyte of two
types, either essentially filamentous with or without inflated basal cells supporting
assimilatory filaments, or pseudoparenchymatous, of 3-6 layers, the inner cortex of 1-3
layers of large colourless cells, the cells of the outer layer borne on smaller rhodoplastic
supporting cells with calcification filling the gaps between the supporting cells. Rhodoplasts
stellate, campanulate, with long arms and a central pyrenoid.
Life history triphasic with isomorphic tetrasporophytes and gametophytes (but
structurally dimorphic).
Reproduction. Sexual thalli usually dioecious with scattered, ostiolate, male or female
conceptacles. Female gametophytes with 3-celled carpogonial branches, with the fertilized
carpogonium developing gonimoblast filaments which form the cystocarpic conceptacle and
produce centripetally sessile or shortly pedicellate carposporangia; cells on the hypogynous
cell appear to be nutritive and do not divide further after fertilization (as in Scinaia), while
filaments on the basal cell divide further but do not form an involucre. Male conceptacles
with inwardly directed branch systems from peripheral filaments on the conceptacle wall,
producing terminal and lateral spermatangia.
The tetrasporophytes with cruciately divided tetrasporangia borne terminally or laterally
on the long or the short filaments on the cortex.

Lectotype species: G. rugosa (Ellis & Solander)Lamouroux 1816: 263, designated by
Schmitz (1889, p. 439).
Galaxaura is a genus of perhaps 15-20 species, widely distributed in tropical to warm
temperate seas, with only one species (G. marginata) widespread along the southern
Australian coast and a second species (G. obtusata) found on the south-west coast as far
south as Albany. The structural dimorphism and vague habit differences led Kjellman (1900)
to recognise some 62 species, but this number has been greatly reduced, especially by
Papenfuss et al. (1982) who reviewed the history of the genus and by Huisman &
Borowitzka (1990).
KEY TO SPECIES OF GALAXAURA
1.
1.

Thallus terete throughout, with moniliform branches .................................. 1. G. obtusata
Thallus with flattened branches, occasionally arising from a terete stipe. 2. G. marginata

1. Galaxaura obtusata (Ellis & Solander)Lamouroux 1816: 262. Harvey 1862: pI. 228;
1863: synop.: xxxviii. Huisman & Borowitzka 1990: 161, figs 28-33, 35-38.
Levring 1953: 514. Millar 1990: 303, fig. 5D, E.
Corallina obtusata Ellis & Solander 1786: 113, pI. 22 fig. 2.
Galaxaura dolicarthra Kjellman 1900: 85, pI. 18 figs 33-44, pI. 20 fig. 55.
Galaxaura robusta Kjellman 1900: 85, pI. 18 figs 19-32, pI. 20 fig. 42.
Galaxaura tumida Kjellman 1900: 86, pI. 19 figs 1-7, pI. 20 fig. 49. Lucas 1935:
217.
Galaxaura umbellata Lamouroux 1816: 262. Bailey 1913: 822. Lucas 1931: 53.
May 1965: 359. Sonder 1881: 25.
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FIGS 30G-J, 33A
Thallus (Fig. 33A) dark red to chalky grey-red, 5-14 cm high, subdichotomously
branched and clearly segmented, segments ovoid to elongate, rounded at both ends, 7-19
mm long, 3-5 mm broad. Holdfast discoid, 2-10 mm across; epilithic. Structure of
gametophyte cortex (Fig. 30G) three layered, the inner two layers of large, colourless cells
that may fuse laterally, the outer layer of pigmented cells 20-30 11m in diameter. Cortex in
tetrasporophyte (Fig. 30H) of three layers: an inner layer of inflated, laterally adherent,
colourless cells; a middle layer of smaller, rhodoplastic cells which supports the outer layer
of densely rhodoplastic, hemispherical cells, usually 2 per supporting cell. Rhodoplasts
campanulate with a central pyrenoid.
Reproduction. Sexual thalli dioecious. Carpogonial branches (Fig. 30 I) 3-ceIled, borne
near apices in place of a cortical filament, with the hypogynous cell producing four largecelled branches and the basal cell 3-4 smaller-celled branches. Cystocarps 300-600 J..lm in
diameter with gonimoblast filaments forming the cystocarp wall and producing inwardly
directed obovoid carposporangia 35-45 J..lm long and 18-20 J..lm in diameter. Male
conceptacles 270-400 J..lm in diameter with spermatangia (8-9 11m long and 5-6 J..lm in
diameter) produced terminally and laterally from filaments projecting into the cavity.
The tetrasporophyte with subspherical to ovoid, cruciately divided tetrasporangia (Fig.
30J), 30-35 11m long and 25-35 J..lm in diameter, borne in surface sori on the outer cortical
layer. After spore release the initial elongates slightly and produces further tetrasporangia
within the old sporangial wall, which remains as a collar around the initial.

Type from the Bahama Is, West Indies; lost, lectotypified by Ellis & Solander 1786, pI. 22
fig. 2 (see Papenfuss et al. 1982).
Distribution: Tropics in general, occasionally in temperate areas.
In Australia from Albany, W. Aust., around northern Australia to Lake Macquarie,
N.S.W.

Selected specimens: (see also Huisman & Borowitzka 1990, p. 162). Green I., near Rottnest I., W.
Aust. (Huisman, 6.ii.l989; Murdoch, lH179W). Hamelin Bay, W. Aust., 10 m deep (Huisman &
Sparkes, 8.xi.l988; AD, A59812). Albany, W. Aus!., 20 m deep at Cheynes III wreck site, Michaelmas
I. (Huisman, S.iv.1993; Murdoch lH273).

Galaxaura obtusata is more commonly found in subtropical and tropical regions, but
extends as far south as Albany on the Western Australian coast. Two other moniliform
species of Galaxaura have been described from Australian waters by Kjellman (1900)
(Galaxaura dolicarthra from Lake Macquarie, N.S.W. and Galaxaura tumida from
"Habrone Bay", Qld). These have been placed in synonymy with G. obtusata by Huisman &
Borowitzka (1990).

2. Galaxaura marginata (Ellis & Solander)Lamouroux 1816: 264. Harvey I860b: pI. 136.
Howe 1918: 193, figs 1,2, pis 3, 4 fig. 1. Huisman & Borowitzka 1990: 157, figs
14~27. Kjellman 1900: 77, pI. 20 fig. 44. Millar 1990: 304, fig. 6A-G. Papenfuss
etal. 1982: 411, figs 7-9, 24, 36, 37.
Corallina marginata Ellis & Solander 1786: 115, pI. 22 fig. 6.
G. arborea Kjellman 1900: 72, pI. 11 figs 1-11, pI. 20 fig. 39.
G. taxa Kjellman 1900: 71, pI. 10 figs 15-22, pI. 20 fig. 22. Levring 1953: 514.
G. spathulata Kjellman 1900: 74, pI. 12 figs 5-12, pI. 20 fig. 35.
Brachycladia marginata (Ellis & Solander)Schmitz 1889: 438. Womersley 1948:
161.
FIGS 32A-F, 33B-D
Thallus (Fig. 33B) dark red-brown, often grey-red above, 4-15 (-20) cm high, much
branched subdichotomously usually every 0.5-2 cm, branches flat, superficially smooth
surfaced, (1-) 1.5-2.5 (-3) mm broad, 300-500 J..lm thick, not jointed but often with
transverse banding and a thicker margin forming a ridge on drying; such branch systems
arising from branched, terete, tomentose stipes 0.2-3 cm long and 1-3 mm in diameter,
often with a tuft of longer filaments at the stipe apices (Fig. 32C) and below the flat

114

GALAXAURACEAE

H

~
20pm

Fig. 32. A-F. Galaxaura marginata (A, C, Murdoch JH 177W; B, F, MELU, A37842). A. Section of
cortex of gametophyte, with fused inner cortical cells. B. Section of cortex of sporophyte. C. Section of
cortex of hirsute basal part. D. Carpogonial branch with carpogonium transversely divided and sterile
filaments on hypogynous and basal cells. [Mutton Bird I., Coffs Harbour, N.S.W., 5 m deep (Huisman
& Millar, 6.xii.l987; MELU, wet collection)]. E. Gonimoblast filaments arising from fertilized
carpogonium (as for D). F. Tetrasporangia arising laterally on smaller cortical cells. G-I. Tricleocarpa
cylindrica. G. (Murdoch, JH178W). Section of cortex of gametophyte . H. Young carpogonial branch
[South Passage, Lord Howe I., N.S.W., 1-3 m deep (Kraft, 2.iii.1976; MELU, wet collection)]. L
Mature carpogonial branch with sterile filaments on hypogynous and basal cells (as for H). [A-I after
Huisman & Borowitzka 1990.]
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branches. Holdfast discoid, 0.5-2 cm across; epilithic. Structure (Fig. 32A, B) of a
pseudo parenchymatous cortex 2-3 cells thick, cells more or less isodiametric to ovoid,
30-45 11m across, with a central medulla of coarse filaments to-15 11m in diameter with
cells mostly LID 4-8. Cortex in tetrasporophytes (Fig. 32B) bearing a surface layer of 2 or 3celled filaments, separated and with calcification between them on the
pseudoparenchymatous surface, the outermost cells more or less pyriform, outwardly
truncated, 20-30 11m in diameter and 30-40 11m long; in gametophytes (Fig. 32A), outer
cortical layer compact, of isodiametric cells, polygonal in surface view and outwardly
truncated, (12-) 15-20 11m across, usually (especially in female plants) each bearing a
clavate cell 2{}-25 11m long and 10-14 11m in diameter, with rounded to slightly apiculate
ends; calcification in gametophytes in the outer medulla. Rhodoplasts campanulate with a
central pyrenoid.
Reproduction. Sexual thalli dioecious. Carpogonial branches 3-celled (Fig. 32D), borne
in the young cortex, with the hypogynous cell cutting off four large-celled branches and the
basal cell four branches of smaller cells. Gonimoblast filaments (Fig. 32E) from the
fertilized carpogonium curve towards the surface to form the cystocarp wall. Cystocarps
(Fig. 33C) 300-600 11m in diameter, ostiolate, producing sessile or shortly pedicellate
carposporangia, clavate when young, ovoid when mature, (25-) 40-60 )1m long and (12-)
20-40 )1m in diameter. Male conceptacles (Fig. 33D) 200-400 11m in diameter, with tufts of
branched filaments projecting inwards from the wall, with terminal and lateral ovoid
spermatangia 4-6 11m in diameter and 6-8 11m long.
The tetrasporophyte with cruciately divided tetrasporangia (Fig. 32F), subspherical,
3{}-40 11m in diameter, borne laterally below the terminal cell of the short filaments on the
cortex.

Type from the Bahama Islands; lost, lectotypified by Ellis & Solander 1786, pI. 22 fig. 6
(see Papenfuss et at. 1982, p. 411).
Distribution: Widespread in tropical and subtropical seas.
Extending from western and eastern Australian coasts around southern Australia and
Tasmania.

Selected specimens: Parakeet Bay, Rottnest

I., W. Aus!., 6 m deep (Mercer, 7.xii.1984; AD,
A56643, female). Gnarabup Beach, W. Ausl., reef pools (Womersley, l.ix.1979; AD. A50686, sexual
and sporangiai). Hamelin Bay, W. Aus!., 10 m deep (Huisman, 8.xi.l986; Murdoch, JHI80W).
Augusta, W. Aust., (Huisman, 3.v.1986; Murdoch, JH177W). Scott Bay, S. Ausl., in shaded pools
(Womersley, 27 .i.1951; AD, A13849, sporangial). Masillon I., Isles of St Francis, S. Aus!., 1-4 m deep
(Shepherd, 5.1.1971; AD, A37920, sporangia!). Waterloo Bay, S. Aust., 3-5 m deep (Shepherd,
l.xi.l981; AD, A52745, sporangial); II m deep (Shepherd, 19.iv.1970; AD, A35866, male); 13 m
deep (Shepherd, 26.ii.l978; AD, A55024, cystocarpic), and 6-9 m deep (Branden, 14.ii.l985; AD,
A56669, with extensive basal terete parts). Pondalowie Bay, S. Aust., 5-8 m deep (Shepherd,
14.iv.1963; AD, A26587). Pennington Bay, Kangaroo I., S. Aust., drift (Womersley, 27.i.I946; AD,
A2882). Point Lonsdale, Vic. (Kraft, 20.i.1975; MELU, A37842). Bastion Point, Mallacoota, Vic"
drift (Womersley, 11.viii.l959; AD, A23126, cystocarpic). Bluestone Bay, Freycinet Pen., Tas., 10-13
m deep (Brown, McGeary & Womersley, 4.xi.1982; AD, A5625l, male and tetrasporangial). Kurnel,
N.S.W., drift (Womersley, 26.xii.l962; AD, A26379, sporangial). Batteau Bay, TerrigaJ, N.S.W., 4-6
m deep (Taaffe, 14.1.1974; AD, A44846,sporangial).

The southern Australian specimens of this subtropical to temperate species are
moderately common in many areas and known from as far south as the Freycinet Peninsula
in Tasmania. Occasional specimens (eg. AD, A56669) have extensive terete basal parts 3-8
cm long, much branched, with only very short, flat, upper branches; such basal parts
superficially resemble G. lapidescens (Ellis & Solander)Lamouroux.
Papenfuss et at. (1982, p. 411) placed 5 of Kjellman's species in synonymy under G.
marginata, and three further Kjellman species were included by Huisman & Borowitzka
(1990, p. 157). Southern Australian synonyms only are listed in the species synonymy above.
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Tricleocarpa

Genus TRICLEOCARPA Huisman & Borowitzka 1990: 164
Thallus (gametophyte) erect, 3-7 cm high, subdichotomously branched, firm to brittle,
surface smooth, with terete, often jointed, branches. Structure multiaxial, with an apical
depression developing a medulla of branched, elongate, filaments and a cortex 3-4 cells
thick, with inward large cells grading to smaller outer cortical cells. Calcification present
within the cortex. Rhodoplasts campanulate.
Tetrasporophyte (in T. cylindrica) minute, filamentous, branched.
Life history triphasic with heteromorphic gametophyte and sporophyte.
Reproduction. Gametophyte monoecious or dioecious. Carpogonial branches 3-celled,
the hypogynous cell with 3-4 sterile branches and the basal cell producing a distinct
involucre around the carposporophyte. Gonimoblast filaments arising directly from the
fertilized carpogonium and growing towards the surface of the plant and laterally, partially
or completely lining the involucre, producing terminal carposporangia. Cystocarp urceolate
to subspherical, ostiolate, lying within the outer medulla. Spermatangia borne in
conceptacles, terminal or lateral on inwardly directed filaments.
Tetrasporophytes with cruciately divided tetrasporangia borne terminally or laterally
(Magruder 1984).
Type species: T. cylindrica (Ellis & Solander)Huisman & Borowitzka 1990: 164.
Tricleocarpa was recently segregated from Galaxaura on the basis of its welldeveloped sterile involucre arising from the basal cell of the carpogonial branch and its
minute filamentous tetrasporophyte (Huisman & Borowitzka 1990, p. 164). The genus
includes two species widely distributed in tropical and subtropical waters, with only T.
cylindrica reaching as far south as Hamelin Bay on the coast of Western Australia.
Tricleocarpa cylindrica (Ellis & Solander)Huisman & Borowitzka 1990: 164, figs 40-45,
50-52. Millar 1990: 306, fig. 5A-C.
Corallina cyUndrica Ellis & Solander 1786: 114, pI. 22 fig. 4.
Galaxaura cylindrica (Ellis & Solander)Lamouroux 1821: 22. May 1965: 359.
FIGS 32G-I, 33E, F
Thallus (Fig. 33E) (gametophyte) pale red to grey-red, 3-7 cm high, subdichotomously
branched every 0.3-2.5 cm, branches terete, glabrous, 0.5-1.5 mm broad, occasionally
regularly jointed. Holdfast discoid, 1-3 mm across; epilithic. Structure of a medulla of
longitudinal filaments (3-15 11m in diameter) giving rise to radiating, dichotomously
branched filaments that form the cortex (Fig. 32G) of 3-4 layers of inflated cells, innermost
18-36 11m in diameter, somewhat longer than broad, grading to outer cortical cells 9-21 11m
diameter, 5-6 sided in surface view. Rhodoplasts campanulate with a central pyrenoid.
Calcification present in the cortex.
Tetrasporophyte filamentous, the filaments approximately 25 11m in diameter (Magruder
1984).
Reproduction. Sexual thalli usually dioecious. Carpogonial branches (Fig. 32H)
3-celled, arising near apices in place of vegetative filaments, with the hypogynous cell (Fig.
32 I) producing four large-celled branches and the basal cell four small-celled branches
which develop into the involucre. Cystocarps (Fig. 33F) subspherical, 200-300 11m in
diameter, gonimoblast filaments directed both towards the surface of the plant and laterally,
lining the involucre and intermixing with the involucral filaments, producing terminal,
obovoid, carposporangia (25-30 11m long and 10-15 11m in diameter) from all faces of the
involucre. After the release of carpospores, further sporangia are produced within the old
sporangial wall. Male thalli with subspherical cavities 250-300 11m in diameter, with
filaments bearing terminal or lateral, obovoid, spermatangia (6-8 11m long and 4-6 J..lm in
diameter) projecting into the cavity. After release, further spermatia are produced within the
old spermatangial walls.
The tetrasporophyte with terminal or lateral, cruciately divided tetrasporangia,
approximately 40 by 30 11m (Magruder 1984, fig. 24).
Type from the West Indies; lost, lectotypified by Ellis & Solander 1786, pI. 22 fig. 4 (see
Papenfuss etat. 1982, p. 416).
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Distribution: Common in warmer waters. In Australia, from Hamelin Bay, W. Aust.,
around northern Australia to Dee Why. N.S.W.
Selected specimens (see also Huisman & Borowitzka 1990, p. 167): Fish Hook Bay, Rottnest L, W.
Aus!., 7 m deep (Kraft & Huisman, l.xii.1980; MELU, A37776-37797). Parakeet Bay, Rottnest I., W.
Aust., 4 m deep (Huisman, 18.i.1986; Murdoch, JH178W). Hamelin Bay, W. Aust., 10 m deep
(Huisman & Sparkes, 8.xi.1988; AD, A59811).
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Fig. 33. A. Galaxaura obtusata (AD, A59812). Habit. D-D. Galaxaura marginata (D, AD, A37920;
D, Murdoch, JH108W). D. Habit. C. Section of cystocarp (as for Fig. 32D). D. Section of
spermatangial cavity. E, F. Tricleocarpa cylindrica (E, AD, A59811; F, MELU, wet collection, as for
Fig. 32H). E. Habit. F. Section of cystocarp. [C, D, F as in Huisman & Borowitzka 1990.]
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Until recently, the taxa Tricleocarpa cylindrica and T. oblongata (the latter not found in
southern Australia) were considered to represent a single species of Galaxaura, G.
oblongata. Huisman & Borowitzka (1990) found that the two species could be recognised on
reproductive features and that they represented a genus distinct from Galaxaura. T.
cylindrica is commonly found in tropical and sUbtropical seas, and extends as far south as
Hamelin Bay in Western Australia.

ORDER GELIDIALES Kylin 1923: 132
by H.B.S. Womersley & M.D. Guiry

Thallus usually much branched bi- or tripinnately or irregularly, with a basal discoid,
hapteroid or stoloniferous holdfast, branches terete to (usually) flat, cartilaginous. Cell walls
containing agar; pit-plugs with a single cap layer. Growth by transverse division of a single
apical cell, with each axial cell bearing two opposite periaxial cells producing lateral secondorder filaments, which in tum produce opposite pairs of third-order filaments more or less at
right angles to the axial and second-order filaments. Structure of a central axis and usually
rows of second-order cells, surrounded by a core of elongate medullary cells derived from
the apical and inner cortical cells, with numerous secondary pit-connections, in many species
also with hyphae, and in all genera (none or very few in Gelidiella) with thick-walled (very
narrow lumen) rhizines in the medulla (often dense in the outer medulla and/or inner cortex);
cortex 2-5 cells thick, with anticlinal rows of ovoid cells, each with several small
rhodoplasts without pyrenoids.
Life history triphasic with isomorphic gametophytes and tetrasporophyte, or
heteromorphic and diphasic without the carposporophyte generation (Capreolia).
Reproduction. Sexual plants dioecious, rarely monoecious. Carpogonia and
spermatangia usually formed on small branchlets or ramuli, or near the ends of branches.
Carpogonia lateral and sessile, or intercalary, on inner cortical celis, usually with short,
branched, nutritive t1laments of ovoid cells developed from adjacent cells. Following
fertilization the carpogonium enlarges, becomes multinucleate, and usually forms processes
producing uninucleate gonimoblast initials and the much-branched gonirnoblast forming
carposporangia singly or in short chains; fusions occur between cells of the gonimoblast and
the nutritive t1laments, but in many species darkly staining nutritive filaments are visible in
mature cystocarps. Cystocarps swollen, unilocular with 1 (-4) ostioles or bilocular with a
central partition and an ostiole on each side; sterile inner cortical ("arachnoid") filaments of
elongate cells usually extend through the cavity of the cystocarp; pericarp wall several cells
thick. In Capreolia, stellate structures on the surface of female plants after fertilization
develop directly into tetrasporophytes. Spermatangial initials replacing or cut off from
surface cortical cells, elongate, dividing terminally to form one or more spermatangia,
formed in sori on smaller branches or ramuli.
Tetrasporangia (rarely quadrinuc1eate bisporangia) borne laterally on cells of cortical
filaments, becoming embedded in inner cortex or outer medulla, regularly or irregularly
cruciately or decussately divided. Rhizines absent or rare in stichidia.
The Gelidiales has included two families, the Gelidiaceae and the Gelidiellaceae Fan
(1961, p. 317). The latter family contains Gelidiella only and is distinguished by lack of (or
very few) rhizines. Maggs & Guiry (1987) have shown this feature to be inadequate for
recognition of a separate family for Gelidiella, but Santelices (1990) and Norris (l992b)
prefer keeping both families.
Dixon (1961) and Dixon & Irvine (l977b, p. 125) include the Gelidiales within the
Nemaliales, but the studies of Pueschel & Cole (1982), Hommersand & Fredericq (1988)
and Santelices (1990) support recognition of it as a separate order; the latter authors review
the order. Norris (1992a) discusses the phylogeny of the order, based largely on vegetative
features.
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Two new genera of Gelidiales have been described recently by Akatsuka:
Pterocladiastrum Akatsuka (1986a), based on a new species segregated from the forms of
Pte rocladia Lucida in New Zealand, and Onikusa Akatsuka (1986b), with the type species O.
pristoides (furner)Akatsuka from South Africa, and o. japonica (Harvey)Akatsuka from
Japan. Both these genera are segregated on vegetative features, especially the persistence of
surface cells in "tetrads" (essentially in rows) as seen in surface view. This feature however
is seen, to a variable extent, in other genera and species and scarcely warrants recognition at
generic level (see also Santelices 1990, p. 181); in the case of Pterocladiastrum, separation
from Pterocladia Lucida is unjustified. Gelidium pristoides (Turner)Kiitzing and G.
japonicum Okamura are probably the most striking species of the genus, with marginal
fertile ramuli on flattened fronds, but differ in this respect only in degree from other species
of Gelidium (e.g. G. asperum).
The above recent studies of members of the Gelidiales indicate that further generic
revisions within the order are likely.
FAMILY

GELIDIACEAE Kiitzing 1843: 390,405

With the characters of the order and including the family Gelidiellaceae Fan (1961, p.
317).
KEY TO GENERA OF GELIDIACEAE
1.
1.

Thallus lacking rhizines (rarely very few in the holdfast or lower axes) ..... GELIDIELLA
Thallus with many rhizines running lengthwise through the medulla andlor inner cortex
..........................................................................................................................................2
2.
2.

3.

3.

Ramuli proliferous from the surface of the thallus; inner cortex of large
parenchymatous cells ..................................................................... PTILOPHORA
Ramuli or branchlets arising from the margins of the thallus; inner cortex of
relatively small cells .............................................................................................. 3

Generations heteromorphic, thallus mat-like with branches decumbent to more or less
erect; tetrasporangia in rows of similar age; female gametophytes producing carpogonia
which when fertilized form tetrasporophytes directly (without carposporophytes)
...................................................................................................................... CAPREOLIA
Generations isomorphic, largely erect; tetrasporangia usually scattered and of various
ages; female gametophytes producing carposporophytes in cystocarps .......................... .4
4.
4.

Cystocarps bilocular, with a central placenta and one or more small ostioles on
each surface; carposporangia single, terminal; apical cell usually slightly
protruding ............................................................................................. GELIDIUM
Cystocarps unilocular (rarely unequally bilocular), with a basal placenta and
ostiole(s) on only one surface; carposporangia in short chains; apical cell usually
in a slight notch ............................................................................ PTEROCLADIA
Genus GELIDIELLA Feldmann & Hamel 1934: 529

Thallus usually less than 2 cm high, with prostrate stolons attached by rhizoidal clumps,
bearing simple or irregularly pinnate, erect, cartilaginous branches; usually epilithic.
Structure uniaxial, with a relatively conspicuous apical cell, differentiating into a medulla of
numerous longitudinal filaments and a (1-) 2-3 cell thick cortex of ovoid cells each with
several small rhodoplasts; the axial filament and lateral rows of the first order remaining
visible, or not, in transverse section; rhizines absent or very few (in the holdfast of G.
calcitola Maggs & Guiry and in some axes of G. minima).
Life history probably triphasic with isomorphic gametophytes and tetrasporophytes;
most species known only with tetrasporangia.
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Fig. 34. A-C. Gelidiella ramellosa (L, 941, 11...11, isotype fragment). A. Branch system with
stichidia. 8. Transverse section of thallus. C. Stichidium with apical cell and tetrasporangia, cortical
cells shown below. D-J. Gelidiella minima (AD, A60496, holotype). D. Thallus with a stichidium. E.
Apex of a male branch showing cortical cell arrangement and spermatangia (below, central). F.
Transverse section of an erect branch with five rhizines. G. Transverse section of a male branch,
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Reproduction. Sexual plants known only from Sreenivasa Rao & Trivedi (1986) and
Guiry & Womersley (1992). Cystocarps unilocular with a single ostiole; carposporangia in
short chains. Spermatangia in subterminal sori, cut off from outer cortical cells.
Tetrasporangia formed in small stichidioid lateral ramuli, or in terminal stichidia on
erect branches, lying within the inner cortex and outer medulla, decussately cruciately or
irregularly divided.
Lectotype species: G. acerosa (Forsskfl\) Feldmann & Hamel 1934: 534.

A genus of some 22 species (Maggs & Guiry 1987, p. 429; Guiry & Womersley 1992),
in need of monographic revision, differing from Gelidium in the virtual absence of rhizines
in the vegetative thallus. G. calcicola Maggs & Guiry (1987) possesses rhizines in the
holdfasts and G. minima (see below) possesses very few, thus obscuring this previously clear
distinction between the two genera.
Most species of Gelidiella occur in warm temperate and tropical waters, a few in cold
temperate regions. Fertile material of G. antipai and G. minima has been found in southern
Australia, other sterile specimens of Gelidiella are present in AD, and G. ramellosa from
Western Australia is described below since it may occur on the south coast.
Beanland & Woelkerling (1982, p. 96) recorded Gelidiella nigrescens (Feldmann)
Feldmann & Hamel and G. tenuissima Feldmann & Hamel from mangrove pneumatophores
in Spencer Gulf. Their specimens of the former are Capreolia implexa and those of the latter
are, at least mostly, slender forms of Gelidium pusillum.

KEY TO SPECIES OF GELlDlEUA
1.

1.

Thallus about I em high, erect branches 250-300 !lm broad; stichidia lateral, with
whorls of 8-15 tetrasporangia ................................................................... 1. G. ramellosa
Thallus 0.5-3 mm high, erect branches less than 200 !lm broad; stichidia terminal with
whorls of 4 or double rows of 4-7 tetrasporangia ............................................................ 2
2.
2.

Thallus 0.5-1.5 mm high, erect branches 50-150 (-200)!lm broad; stichidia with
double rows of (4-) 6 (-7) tetrasporangia in regular acropetal rows ... 2. G. minima
Thallus }-3 mm high, erect branches 40-75 11m broad; stichidia with whorls of
four tetrasporangia .............................................................................. 3. G. antipai

1. Gelidiella ramellosa (Ktitzing) Feldmann & Hamel 1934: 534; 1936: 98, figs 8-lO(?)
Acrocarpus ramellosus Kiitzing 1843: 405; 1849: 762; 1868: 12, pI. 34d-g. Sander
1848: 174.
Echinocaulon ramellosum (Kiitzing) Feldmann 1931: 8, figs 1-3.
FIG. 34A-C
Thallus (Fig. 34A) red-brown, growing as a sparse turf amongst coralline algae, with
prostrate stolons producing occasionally branched erect branches about 1 cm high. Erect
branches terete, 250-300 !lm in diameter below, laterals relatively long, sparse to clustered,
140-200 !lm in diameter, branch tips tapering abruptly to the apical cell. Holdfast unknown,
reported on shells. Structure of a cortex 3-4 cells thick, with the outer cortical cells in
surface view in vague rows, slightly elongate [UB (1-) 1.5-3] and often angUlar, 3-6 !lm
broad; medulla (Fig. 34B) of uniform elongate cells, lO-18 !lm in diameter, without
rhizines; axial cell and periaxial derivatives not apparent in cross section.
Reproduction. Sexual plants unknown.
Tetrasporangial stichidia (Fig. 34C) on the erect branches and laterals near their bases,
irregularly radial but tending to be on two sides, short stalked to sessile, 25(}-600!lm long
showing axial cell, secondary transverse row and cortical cells; spermatangia on upper surface. H.
Section of a cystocarp, showing carposporangia, elongate arachnoid cells and ostiole. I. Surface view of
a stichidium with tetrasporangia. J. Cross section of a stichidium. K-N. Gelidiella antipai (AD,
A59079). K. Thallus with stolon and erect branches. L. Cross section of branch showing axial cell,
secondary row, and cortical cells. M. A stichidium (segments omitted at dashes) showing
tetrasporangial whorls and cortical cells (below). N. Cross section of stichidium with a whorl of four
tetrasporangia. [D, E, G-J also used in Guiry & Womersleyl992.]
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and 150-250 Ilm in diameter, developing more or less at right angles to the parent branch.
Tetrasporangia developed in regular sequence, more or less in whorls (of 8-15) around the
stichidium, ovoid, 18-221lm in diameter, decussately cruciately divided.

Type from W. Aust (Preiss); holotype in L, 941, 11...1 L
Distribution: Only known with certainty from the type material. Other records need
substantiation.
The above description is based on the type material, the precise collection locality of
which is uncertain.
G. ramellosa was well illustrated by Kiitzing, and appears to be a distinctive species
with its terete branches, elongate and angular cortical cells in surface view, and the short,
lateral, stichidia with whorls of 8-15 tetrasporangia. The descriptions of Feldmann (1931),
Feldmann & Hamel (1936) and Boudouresque (1967, p. 152, figs 1-7) are doubtfully of the
same species, since the plants from Tunisia are recorded as having compressed or flat
branches, the branching as pinnate, and the tetrasporangia as tetrahedrally divided.
Comments by Maggs & Guiry (1987, p. 429) that G. ramellosa has the tetrasporangia in
"chevrons" apply to Mediterranean plants. Records from Japan (Yoshida et ai. 1990, p. 290)
also need substantiation.
2. Gelidiella minima Guiry & Womersley 1992: 166, figs 1-17.

FIG. 34D-J
Thallus (Fig. 34D) red-brown, forming thin entangled mats 1-2 cm across, with
prostrate, arching, branched stolons bearing erect axes 0.5-1.5 mm high; stolons and erect
branches terete to compressed, 50-150 (-200) Ilm broad and 40-100 Ilm thick. Holdfasts
peg-like, of massed rhizoids, 80-160 11m long and 40-80 Ilm in diameter, situated opposite
a branch; epiphytic on crustose calcareous algae. Structure uniaxial with a slightly
protruding apical cell (Fig. 34E). Outer cortical cells (Fig. 34E) more or less isodiametric,
rounded to angular, more or less in lengthwise rows, protoplast (5-) 6-10 11m across with the
wall 1.5-2.5 Ilm thick, rhodoplasts few per cell, discoid to laminate; hairs present near
apices of erect branches. Cortex 2-3 cells thick, with inner cells in fairly regular lines
lengthwise and slightly elongate; axial and secondary cells (Fig. 34F, G) forming a distinct
transverse row of (5-) 6-11, thick walled cells, (2.5-) 4-6 Ilm in diameter and 30-40 11m
long; rhizines absent (Fig. 34G) or very few (Fig. 34F) in some axes.
Reproduction. Reproductive organs subterminal on erect branches (300-) 800-1100 11m
long. Sexual thalli monoecious and protandrous. Carpogonial branches unknown. Cystocarps
(Fig. 34H) mature 200-250 11m from apices of erect branches, single, 240-320 Ilm across,
unilocular, with a branched basal system of small cells forming chains of 2-3 sporangia
maturing termil'tally, carposporangia ovoid to slightly angular, 20-35 Ilm in diameter, with a
central stellate rhodoplast; slender arachnoid cells traverse from the base of the
carposporophyte to the pericarp; ostiole prominent, 40-50 11m across. Spermatangia (Fig.
34E, G) formed in subterminal sori, initials replacing outer cortical cells in groups of 2 or 4,
elongate, 1-2 11m in diameter, frequently persisting at base of mature cystocarps.
Tetrasporangia (Fig. 34 I, 1) in subterminal sori (160-) 200-250 (-300) Ilm broad and
300-500 (-1000) Ilm long, in regular acropetally developed rows of (4-) 6 (-7) sporangia of
similar age, cut off on both sides of the axial cells and thus in two rows, subspherical to
slightly ovoid, (23-) 30-45 Ilm in diameter, cruciately to irregularly divided, rhodoplast
stellate.

Type from Point Lonsdale, Vic., 2.5-4 m deep (Kraft & van Amerongen, Liii.1989;
holotype in AD, A60496, isotype in GALW, 8059).
Distribution: Topgallant I., S. Aust., to Point Lonsdale, Vic.
Selected specimens: Topgallant I., S. Aust., 10 m deep on crustose coralline (0' Leary, 20.i.1992;
AD, A61674). Wedge I., S. Aust.. 8 m deep (0' Leary, 23.i.1992; AD, A61664). Cable Bay, Yorke
Pen., S. Aust., 5-10 m deep (0' Leary, 22.vii.l992; AD, A61740).
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This inconspicuous but distinctive species occurs on calcareous substrata (dead shells
and living crustose coralline algae) in a similar manner to G. calcicola Maggs & Gulry
(1987) from the British Isles and northern France, and like the latter shows very few rhizines
in some sections. The only previous account of cystocarps in Gelidiella is that of Sreenivasa
Rao & Trivedi (1986, p. 255) who illustrate the cystocarp of an unnamed species as
unilocular with a single ostiole. The affinities of G. minima must await more comprehensive
studies on generic distinctions in the Gelidiales.
3. Gelidiella antipai Celan 1938: 78. Boudouresque 1972: 1, figs \-10. Maggs & Guiry
1987: 429. Norris 1992b: 35, fig. 21.
G. stichidiospora Dawson 1953: 84, pi. 12 figs 4,5.
FIG. 34K-N
Thallus (Fig. 34K) medium red-brown, growing within a turf of other algae, with
prostrate stolons producing simple erect branches 1-2 (-3) mm high. Stolons terete, 50-70
J-lm in diameter, tapering to the apical cell, attached by a fringe of rhizoids (single from each
cell) along much of their length, clumped below erect branches; cortical cells isodiametric to
transversely slightly elongate, 8-10 J-lm across. Erect branches subterete to slightly
compressed, closely adjacent to separated on the stolons, simple (rarely once branched),
40-75 J-lm broad, tapering to a conspicuous apical cell. Holdfast of clumped rhizoids;
epilithic or on limpets or abalone. Structure uniaxial, with a fairly prominent axial filament
(Fig. 34L, M) cutting off 2-4 periaxial cells which cut off further cells laterally resulting in a
compressed branch (Fig. 34L), and fonning a medulla 2-3 cells broad of elongate cells 4-6
J-lm in diameter and a cortex 1-2 cells thick, the outer cells (Fig. 34M) more or less in rows
in surface view, quadrangular, lengthening to IJB 1-1.5 (-2) and 5-8 J-lm across, each with
several small rhodopJasts; rhizines absent.
Reproduction. Sexual plants unknown.
Tetrasporangial stichidia (Fig. 34M) tenninating erect branches, 70-90 f..lm in diameter
and (150-) 200-600 J-lm long, terete; tetrasporangia fonned in regular sequence from the
apex, 4 per segment (Fig. 34N), cut off from each of 4 periaxial cells and with two layers of
cortical cells, the outer layer of small cells with gaps through which the tetraspores escape;
tetrasporangia subspherical, 25-35 f..lm in diameter, irregularly decussately divided.

Type from Cape Caliacra, Black Sea, Romania; in ?
Distribution: Apart from the type, known from the Mediterranean (VerJaque 1990a, p. 82);
from Isla Cedros, Baja California (Dawson) on Haliotis; and from Natal, South Africa
(Norris).
In southern Australia, from Topgallant I. to Vivonne Bay, Kangaroo I., S. Aust.

Known specimens: Topgallant I., S.Aust., on Haliotis laevigata, 10 m deep (0' Leary, 22.i.l992,
AD, A61654). Wedge I., S. Aust., 8 m deep (0' Leary, 23.i.1992; AD, A61663). Stenhouse Bay, S.
Aust., 3-4 m deep on a crustose coralline (Cannon, 15.x.1988; AD, A59183). Sellicks Reef, S. Aust.,
5 m deep on shell (0' Leary, 16.ii.l992; AD, A61603). Vivonne Bay, Kangaroo 1., S. Aust., in a large,
lower eulittoral pool, just covered at low water, S side of Point Ellen (Prud'homme van Reine,
29.ix.1988; AD, A59079) growing within a turf of Sphacelaria, Gelidium pusillum, Audouinella,
Polysiphonia, etc,
The Australian collections of this minute turf species agree very well with the
description by Boudouresque, and extend further its distribution; it may well be widely
distributed but overlooked in most turf collections. The only apparently related species listed
by Maggs & Guiry (1987, p. 429) is G. adnata Dawson (1954, p. 422, fig. 330 from
Vietnam, which has tetrasporangia in tiers of 4, but in stichidia borne directly on the stolon;
Dawson's figure lacks detail. Norris (1992b, p. 35) considers G. adnata a synonym of G.
antipai. Cribb (1983, p.31) placed both G. adnata and G. stichidiospora under G. pannosa,
but the latter shows 4-5 sporangia in surface view and hence has whorls of 8-10 sporangia
(Feldmann & Hamel 1936, fig. 12B, as G. tenuissima).
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Genus PTILOPHORA KOtzing 1847: 25
Thallus erect, 10-50 cm high, much branched from compressed to flat cartilaginous
blades. Main branches irregularly branched from the margins or surface, usually with a
prominent midrib and in some species with wings, and in most species with small surface or
marginal determinate proliferations below the apical parts. Plants are generally associated
with sponges which cover the blades except near actively growing apices; holdfast fibrous,
often hapteroid. Structure uniaxial, with an indistict apical cell giving rise to an outer cortex
of small cells with many rhodoplasts, a mid cortex of anticlinal filaments of elongate cells
separating dense groups of rhizines, and an inner cortex of relatively large, isodiametric,
rounded cells; medulla of longitudinal filaments of cells often with a few rhizines;
proliferations and young blades with few rhizines.

c

Fig. 35. A. Ptilophora prolifera (MELU, K8460). Habit. B. Gelidium asperum (AD, A55007). Habit.
C. Gelidium australe (AD, A35859). Habit. D. Gelidium crinale (AD, A60836). Habit. E. Gelidium
pusillum (AD, A59203). Habit.
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Life history triphasic with isomorphic tetrasporophytes and gametophytes, the latter
usually dioecious.
Reproduction. Cystocarps in marginal or surface proliferations, swollen, with an ostiole
on each side and a central placenta, with terminal carposporangia. Spermatangia formed in
surface patches on proliferations.
Tetrasporangia in sori on proliferations, lying in the cortex, cruciately divided.

Type species: P. spissa (Suhr) Kiitzing 1847: 25.
A genus of some 12 species, in which Norris (1987b) includes Beckerella Kylin (1956,
p. 139) on the basis that the surface proliferations are at least in part a response to the
presence of sponges. Ptilophora normally has the branches associated with sponge and
Beckerella does not.

Ptilophora prolifera (Harvey) 1. Agardh 1876: 555. De Toni 1897: 156. Fan 1961: 323,
327, pIs 36a, 40b, 46. Papenfuss 1940: 215.
GelidiumproliferumHarvey 1855a: 551; 1862: pI. 204. Kiitzing 1869: 9, pI. 25a.
FIGS 35A, 36
Thallus (Fig. 35A) red-brown, 10-40 cm high, robust, irregularly branched below from
the margins or surface of flat blades, usually largely covered with sponge between small
surface proliferations, alternately pinnately branched and free of sponge for 1-5 cm below
the apices; lower axis thickened, compressed to more or less terete at its base. Lower
branches 5-10 (-20) mm broad, tapering gradually to complanate pinnate terminal blades
1--4 cm long, with pinnae 2-5 mm long and 1-2 (-3) mm broad, bare of both surface
B

Fig. 36. Ptilophora prolifera (A, B, AD, A15475; C-E, AD, A31045). A. Upper branch of female
plant with cystocarps on branchlets and sponge on lower thallus. B. Cross sectton of cystocarp (not
through ostioles). C. Cross section of thallus. D. Upper branch of tetrasporangial plant, with sponge on
left side of main branch. E. Transverse section of branch with tetrasporangia.

126

GELIDIACEAE

Capreolia

proliferations and sponge. Surface proliferations profuse except on young pinnate blades,
usually emergent from the sponge cover, flat, irregularly to subpinnately branched, 1-2 (-3)
mm long, sometimes themselves proliferous. Holdfast branched, hapteroid, 1-6 cm across
and 1-3 cm high; epilithic. Structure (Fig. 36C). Cortex 3-15 cells thick, with outer cortical
cells in branched anticlinal rows (increasing in number in older branches) with the outermost
cells 3-5 11m across in surface view and more or less in rows, then the inner 5-8 cells which
become elongate and separated by abundant masses of rhizines; the innermost cortex
comprises a zone 2-4 cells broad of distinctly larger, rounded and isodiametric cells;
medulla of longitudinal filaments of moderately broad cells with thick walls, and few
rhizines.
Reproduction. Cystocarps (Fig. 36A) formed in surface proliferations which are usually
slender and unbranched, with a single, swollen, bilocular cystocarp (Fig. 36B) with a central
placenta and an ostiole on each side; carposporangia terminal, elongate-ovoid to clavate,
15-20 11m in diameter. Spermatangia unknown.
Tetrasporangia (Fig. 36E) developed in surface proliferations (Fig. 36D), ovoid, 50-60
IJ-m long and 20-30 11m in diameter, cruciately or decussately divided.

Type from Fremantle, W. Aus!. (Harvey); in Herb. Harvey, Trav. Set 244, TCD (also Alg.
Aust. Exsicc. 336).
Distribution: Flat Rocks, S of Geraldton, to Albany, W. Aust.
Selected specimens: Flat Rocks, 40 km S of Geraldton, W. Aust., drift. (Mitchell, 17.ix.1966; AD,
A31045). Yanchep, W. Aust., drift (Kraft & Herrington, 5.ix.1990; MELU, K8437). Point Clune,
Rottnest 1., W. Aust., 14 m deep (Kraft & Millar, 6.xii.l984; MELU, 38184). Cottesloe, W. Aust., drift
(Smith, Aug. 1964; UWA). Penguin I., W.Aust., 7-8 m deep (Kraft & Huisman, 6.ix.1990; MELU,
K8460). Safety Bay, W. Aust. (May 1150, 12.xi.1942; NSW). Torpedo Rocks, S of Yallingup, W.
Aust., drift (Royce 577, without date; AD, AI5475). Albany, W. Aust. (Lucas, Oct. 1928; NSW).

Genus CAPREOLIA Guiry & Womersley 1993: 267

Thallus mat-like, stoloniferous and much branched with largely decumbent branches,
some becoming erect, firm and cartilaginous, attached by fascicles of rhizoids. Structure
uniaxial with a more or less conspicuous apical cell, differentiating into a reticulate medulla
with numerous rhizines and a compact cortex of ovoid cells.
Life history diphasic, essentially heteromorphic.
Reproduction. Sexual thalli dioecious. CarpogoniaJ branches intercalary on suprabasal
cells of third-order filaments, without nutritive filaments, with the zygote developing directly
to form a more or less stellate vegetative thallus on the surface of the female plant, which
subsequently attaches to the substratum and forms a tetrasporophyte, the carposporophyte
generation being absent. Spermatangia in superficial sori, cut off from surface cortical cells.
Tetrasporophytes with more-or-Iess erect stichidia, compressed, elongate; tetrasporangia
acropetally developed in double rows ("chevrons") of similar age, cmciately or decussately
divided.
Type (and only) species: C. implexa Guiry & Womersley 1993: 267.
Capreolia differs from other genera of the Gelidiales in the absence of a
carposporophyte and probably of nutritive cells, features demonstrated only by culture
studies since virtually all field collections are tetrasporangial.
Capreolia implexa Guiry & Womersley 1993: 267, figs 1-7,9-18.
PLATE 2 fig. 3; FIG. 37
Thallus (Fig. 37 A) brown to dark red-brown, forming thin to compact entangled mats,
}-3 (-5) mm thick and usually 1-10 cm in spread, with prostrate stolons bearing semi-erect
to repent, irregularly branched, branches; epilithic or on mussels or limpets in the mid
eulittoral on rough-water to sheltered coasts. Stolons terete, 200-400 IJ-m in diameter, main
branches usually 3-6 (-10) mm long, arising irregularly from the upper side of the stolons,
irregularly branched, terete to compressed (Fig. 37B) and 150-350 (-500) 11m broad,
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I
Fig. 37. Capreolia implexa (A, F, G, AD, A58701; D, AD, A59205; C-E, AD, A61472). A. Thallus
showing branching and stichidia. D. Transverse section of a branch showing axial cell, secondary row,
cortex and distribution of rhizines. C. Apex of female plant with carpogonia. D. Surface view of male
branch with spermatangia. E. Longitudinal section of male branch with spermatangia and spermatia. F.
Apex of tetrasporangial branch. G. Transverse section of tetrasporangial branch. [A-G also used in
Guiry & Womersley 1993.]
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sometimes with subdistichous branches near their ends; lesser branches terete to compressed,
100-150 ~m in diameter, tapering gradually to a protruding apical cell; distinct erect axes
absent. Holdfasts of massed rhizoids (often terminating short branches) 250-600 ~m across,
from the lower sides of the stolons and commonly opposite an "erect" branch; epilithic or on
Avicennia. Structure. Outer cortical cells rounded in surface view, protoplast 4-6 ~m across,
wall thick; medulla of a network of elongate cells, some almost rhizoidal; rhizines few to
abundant, mainly in the outer medulla (Fig. 37B).
Reproduction. Female plants known only in culture, 5-20 mm across, much branched,
with carpogonia (Fig. 37C) intercalary and the zygote developing stellate protuberances on
the female thallus which develop directly into tetrasporophytes. Male thalli 5-20 mm across,
much branched, with surface sori (Fig. 37D) of elongate spermatangial initials 1.5-2.5 ~m in
diameter (Fig. 37E), cutting off spermatangia terminally.
Stichidia (Fig. 37A,F) on terminal or lateral branchlets, compressed, shortly stipitate,
apices rounded, (0.5-) 1-2.5 mm long, 250-1 000 ~m across. Tetrasporangia in regular,
acropetally developed rows ("chevron-like"), lying in two layers (Fig. 37G) in the outer
medulla, with all sporangia in a row of similar age and few (if any) of varying age, ovoid,
(20-) 25-45 ~m in diameter, regularly or irregularly decussately or cruciately divided.

Type from Sandringham, Port Phillip, Vic., near high tide, shaded (Guiry, 14.v.1988;
holotype in MELU, A37758; isotype in AD, A58701).
Distribution: New Zealand.
Wittelbee Point, S. Aust., to Broken Bay, N.S.W., and around Tasmania.

Selected specimens: Wittelbee Point, Ceduna, S. Aust., lower eulittoral (Womersley, 22.i.1951;
AD, AI5060). Venus Bay, S. Aust., mid eulittoral, shaded (Womersley, 17.i.1951; AD, A14950). Port
Lincoln, S. Aust., upper sublittoral on tidal flats near town (Womers[ey, 23.ii.l959; AD, A22571).
Opposite Bird Is, 10 km SW of Wallaroo, S. Aust., mid eulittoral on Avicennia pneumatophores,
shaded (Womersley, 23.xi.l991; AD, A61505 -"Marine Algae of southern Australia" No. 339a).
Barker Rocks, Yorke Pen., S. Aust., mid eulittoral (Womersley, 17.x.1989; AD, A59909 -"Marine
Algae of southern Australia" No. 339). Edithburg, S.Aust., mid eulittoral (Prud'homme van Reine &
Womersley, 14.x.1988; AD, A59205). Aldinga, S. Aust., mid eulittoral (Womersley, 17.vii.l988; AD,
A587!1). Rocky Point, Kangaroo 1., S. Aust., upper eulittoral (Womersley, 23.i.1947; AD, A46403).
Shag Rock, American R. inlet, Kangaroo 1., S. Aust., upper eulittoral (Womersley, 6.ix.1946; AD,
A4143). Cape Willoughby, Kangaroo 1., S. Aust., upper sublittoral (Womersley, 16.i.1946; AD,
A4227). Robe, S. Aust., mid eulittoral (Guiry, 4.vii.l988; AD, A58704). Lome, Vic., mid eulittoral
(Womersley, 23.v.1988; AD, A58696). Cape Lannes, S. Aust., lower to mid eulittoral (Womersley,
17.ix.1993; AD, A62999). Point Lonsdale, Vic., mid eulittoral (Womersley, 23.v.1988; AD, A58694).
Blairgowrie, Vic., upper eulittoral, "back beach" (Guiry, culture 701, l.v.1988; AD, A6l472).
Walkerville, Vic., mid eulittoral (Bennett, lO.xi.l949; AD, AI5242). Cape Sorell, Tas., mid eulittoral
(Bennett, 4.ii.l955; AD, A20599). Bicheno, Tas., mid eulittoral (Bennett, 6.ii.l955; AD, A20667).
Dover, Tas., lower eulittoral (Wollaston & Mitchell, 27.ii.1964; AD, A27720). Long Reef, Collaroy,
N.S.W. (Philson & Earle, 23.xii.1934; Tilden, "South Pacific Plants" Ser.2, No. 273; AD, A49886).
Pearl Beach, Broken Bay, N.S.W., mid eulittoral (Pope, Aug. 1950; AD, A15275).
Capreolia implexa is the common mat-forming, usually mid eulittoral, gelidioid species
on south-eastern Australian coasts, and most records (e.g. Fuhrer et ai. 1981: pis 55,56; May
1949b, p. 198) of Gelidium pusillum at this intertidal level are likely to apply to C. implexa.
lt occurs on both rough-water and sheltered coasts, usually in slightly to moderately shaded
areas, and often on mussels or Galeolaria.
Capreolia implexa is distinctive in its mat-like habit of entangled branches, with few if
any becoming erect, and in the regular rows of tetrasporangia of similar age developing from
the branch apices backwards. In young sori of rough-water plants the rows are particularly
regular, but in older sori and in calm-water plants the rows are less regular and some younger
sporangia appear adjacent to older ones in the sori. Pterocladia melanoidea (Schousboe ex
Bornet) Dawson 1962: 38; Fredriksen & Rueness 1990, p. 182, fig. 4, also has tetrasporangia
in regular rows but has very few rhizines.
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Genus GELIDIUM Lamouroux 1813: 128, nom. cons.

Thallus 0.2-30 cm long, usually much branched, with a discoid or hapteroid holdfast
and often with prostrate stolons attached by rhizoidal clumps, bearing erect branches; firm
and cartilaginous. Structure uniaxial with a more or less conspicuous apical cell,
differentiating into a medulla of numerous, similar, longitudinal filaments and often hyphae,
sometimes forming a reticulum, and a compact cortex 2-5 cells thick of small, ovoid cells
(inner cells becoming radially elongate) each with several small rhodoplasts; rhizines usually
abundant in the outer medulla and inner cortex, between the elongate inner cortical cells.
Life history triphasic with isomorphic tetrasporophytes and gametophytes, the latter
usually dioecious; sexual plants rare or unknown in some species.
Reproduction. Carpogonia sessile on inner cortical cells or intercalary, arising near
branch apices, accompanied by short filaments of small nutritive cells; carposporophyte
developing on both sides of the central placental layer of cells and thus within a bilocular
chamber, forming terminal carposporangia, with the pericarp developing a small ostiole on
each side of the swollen cystocarp. Spermatangia formed in surface patches near ends of
ramuli, from spermatangial initials replacing or cut off from outer cortical cells.
Tetrasporangia formed in sori near the ends of ramuli or small branch lets (sometimes
stichidioid), cut off laterally from cortical cells and when mature lying in the inner cortex or
outer medulla, usually decussately cruciately divided (often irregularly so).
Type species: G. corneum (Hudson) Lamouroux 1813: 129, typo cons. [= Gelidium
sesquipedale (Clemente)Thuret in Bornet & Thuret 1876: 61].
A genus of numerous species, widely distributed in temperate oceans. Gelidium and
Pterocladia are basically separated on cystocarp structure, on the number of ostioles, and on
the position of the placenta (Santelices 1991). Rodriguez & Santelices (1988) have
suggested that two vegetative characters are useful: species of Gelidium have slightly
protruding apical cells in acute apices whereas the broad apices of Pterocladia have the
apical cell slightly sunken in a shallow apical notch. In Gelidium the cortical cells in surface
view are rounded and irregular in arrangement near the base of axes, whereas in Pterocladia
they are slightly elongate and more or less in lines. The situation of the apical cell is
probably correlated with the degree of flattening of the branch just below the apex. These
vegetative differences are not considered significant by Norris (l992a).
KEY TO SPECIES OF GELlDIUM
1.
1.

Thallus 5-30 cm high, erect, much branched, with axes 0.5-2.5 mm broad .................... 2
Thallus 0.2-3 cm long, erect and turf-like or mat-like, sparingly to much branched, with
axes or branches 100-500 (-1500) Ilm thick or broad ...................................................... 3
2.
2.

3.

3.

Branching irregular and distant (not pinnate); stichidia on all surfaces (or tending
to two sides) of terete to slightly compressed branches, crowded .... 1. G. asperum
Branching regularly pinnate for 3-4 (-5) orders; stichidia largely marginal as
terete to compressed ramuli ............................................................... 2. G. australe

Erect branches terete, 100-200 (-300) Ilm in diameter, slightly branched; tetrasporangial
sori terminal or on short laterals near branch apices, compressed, occasionally becoming
intercalary by further growth of the branch apices; outer cortical cells 4-8 (-10) Ilm
across in surface view ..................................................................................... 3. G. crinale
Erect branches compressed to flat above, 200-1000 (-1500) Ilm broad, simple to subpinnately branched; outer cortical cells 3-5 Ilm across ............................... 4. G. pusillum

1. Gelidium asperum (C. Agardh) Greville 1830: Iviii (as G. asper). 1. Agardh 1852: 475;

1876: 551. Ktitzing 1849: 764. Sonder 1853: 685.
Sphaerococcus asper C. Agardh 1822: 288; 1824: 228.
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Fig. 38. A-D. Gelidium asperum (A-C, AD, A58711; D, AD. Al I 129). A. Branch with cystoc~ic
ramuli. B. Transverse section of cystocarp with carposporangia, elongate arachnoid cells and nutritive
cell chains (not through ostioles). C. Branch with tetrasporangial stichidia. D. Transverse section of
tetrasporangial stichidium. E-I. Gelidium australe (AD. A57055). E. Branch with cystocarpic ramuli.
F. Transverse section of branch showing distribution of rhizines. G. Transverse section of cystocarp
through the ostioles. with carposporangia. elongate arachnoid cells and nutritive cell chains. H. Branch
with tetrasporangial stichidia. I. Transverse section of tetrasporangial stichidium.
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Gelidium glandulaefolium Hooker & Harvey 1847: 406. J. Agardh 1852: 474;
1876: 551. Fuhrer et al. 1981, pI. 53. Harvey 1858: pI. 18; 1859b: 315. Kiitzing
1849: 766; 1868: 16, pI. 45a-c. Sonder 1853: 685; 1855: 520.
FIGS 35B, 38A-D
Thallus (Fig. 35B) dark red-brown, cartilaginous, forming erect, usually densely
branched tufts 10-30 (-40) cm high, with one to several irregularly branched axes. Axes
tapering only slightly from base to upper parts, slightly compressed, 1-2 (-3) mm across
(BIT 1.5-2) below and often thickened, 750-1250 11m across in mid parts, (200-) 400-600
11m across near apices; branching usually fastigiate, sometimes spreading, of 2-3 orders,
laterals subterete to slightly compressed, 0.5-2 (-7) cm apart, often more or less
subdistichous, alternate to subopposite, linear and slightly contracted basally and terminally,
usually with simple ends several cm long, occasionaJly with clumped proliferous branches.
Holdfast 0.5-2 cm across, of slender haptera and with short stolons; epilithic. Structure.
Cortex 3-5 cells thick, outer cortical cells more or less in surface longitudinal rows, with the
protoplast 3-5 11m across in surface view, walls thin, inner cells becoming radially elongate;
medulla of longitudinally elongate cells, with few hyphae except in older axes; rhizines
scattered through medulla in younger branches, also dense in inner cortex in older parts.
Reproduction. Fertile ramuli scattered, borne all around the branches or often tending to
two sides. Cystocarps (Fig. 38A, B) in ramuli 600-1200 11m long, one (rarely two) per
ramulus forming a central swelling 150-250 11m across, bilocular with a distinct ostiole
(occasionally slightly raised) on each side; carposporangia elongate-ovoid to clavate, 20-30
11m in diameter; nutritive cell chains and elongate arachnoid filaments present.
Spermatangial sori covering most of clavate to tapering ramuli 0.5-1.2 mm long and
250-350 11m in diameter, with the outer cortical cells replaced by elongate spermatangial
initials from which subspherical to ovoid spermatangia 1-1.5 11m in diameter are cut off
terminally.
Stichidia (Fig. 38C) short-stalked, terete to compressed, more or less clavate, 500-1000
(-1500) 11m long and 120-250 flm broad, with only slight medulla, usually on small branch
systems. Tetrasporangia (Fig. 38D) ovoid, 20-30 11m in diameter, lying in the inner cortex,
decussately cruciately divided.

Type from "Cape van Diemen", S Tas. (Labillardiere); in Herb. Agardh, LD, lectotype
33216.
Distribution: West I., S. Aust., to Walkerville, Vic. and around Tasmania.
Selected specimens: Lands End, West I., S. Aust., 16-20 m deep (Shepherd, 2.i.l967; AD,
A31612). Port Elliot, S. Aust., drift (Womersley, 24.vii.1949; AD, All129). Cape Lannes, S. Aust.,
3-4 m deep (Kraft, 14.v.1972; AD, A58711). Cape Northumberland, S. Aust., 2-3 m deep (Edyvane,
5.vi.1982; AD, A55007). Lady Julia Percy I., Vic., 20 m deep (Shepherd, 4.1.1968; AD, A32428).
Point Roadknight, Vic., drift (Sinwra A1424, 29.xi.l971; AD, A43143). Cat Bay, Phillip I., Vic., drift
(Womers/ey, lO.iv.1959; AD, A22723). Walkerville, Vic., drift (Sinkora A1599, 23.ii.1972; AD,
A43250). Deal I., Bass Str., 5 m deep (Shepherd & Lewis, 3.v.1974; AD, A45220). Fluted Cape, Bruny
I., Tas., 7-10 m deep (Shepherd, 1O.ii.1972; AD, A4l455).

G. asperum is a subtidal species, known from 3-20 m deep and in shaded deep pools. It
is the most robust of the terete or slightly compressed branched species, distinguished by the
often distant branching (especially near the apices) and the fringing fertile ramuli which
frequently tend to be on two sides of the branches; the fertile ramuli are usually simple, but
in some tetrasporangial plants they develop into short, branched systems.
Type material in LD includes the lectotype labelled "Fucus asper M, d. Labillardiere"
and a second syntype specimen labelled "Gelidium ciliatulum Lamour. herb. Labill. e Cap. v.
Diemen dedit Labill." Both are similar and probably from the same collection. They are
depauperate specimens, with bases only of fertile ramuli, but are recognisable as the laterdescribed G. glandulaefolium [type from Circular Head, N Tas. (Smith); in BM, ex K].
There is also a specimen in MEL (547621) from "a litt. Nova Hollandia" named "Fucus
asper" by Mertens, but in view of the different locality this is probably not type material.
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The record by KOtzing (1868, p. 15, pI. 43a,b) from South Africa of G. asperum clearly
applies to a different species.
2. Gelidium australe J. Agardh 1872: 30; 1876: 550. May 1949b: 197.
G. corneum sensu Harvey 1859b: 314. Sonder 1853: 685; 1855: 520?
FIGS 35C, 38E-I
Thallus (Fig. 35C) medium to dark red-brown, cartilaginous, fonning erect, densely
branched tufts (5-) 10-25 (-30) cm high, with several to numerous bipinnate axes. Axes
tapering only slightly from base to upper parts, subterete to compressed, relatively straight,
0.7-2 mm broad near the base, 400-700 (-1000) 11m broad above, distichously branched
every (0.5-) 1-3 mm from base to near apices, rarely with unbranched ends 0.5-2 cm long,
sometimes partly denuded below; laterals usually crowded and displaced from being strictly
distichous. Pinnae 2-8 (-12) cm long and 200-400 11m broad, subterete to slightly
compressed, Btr 1.5-2. Pinnules every (0.5-) 1-3 mm on pinnae, irregularly alternate, 2-5
cm long and 100-200 11m broad. Holdfast 2-10 mm across, of slender haptera 200-300 Jlm
in diameter, arising from the base of the axis, and with short stolons; epilithic. Structure
(Fig. 38F). Cortex 2-4 cells thick, outer cells in surface view in slight longitudinal rows with
the protoplast 3-5 (-6) Jlm across, wall relatively thin, inner cells becoming radially
elongate; medulla of elongate cells with hyphae; rhizines profuse in inner cortex, rare in
central medulla.
Reproduction. Fertile ramuli all around or (usually) tending to be on two sides of the
pinnules, (0.4-) 1-2.5 (-3) mm long, 60-160 (-200) 11m thick, subterete to slightly
compressed. Cystocarps (Fig. 38E) single per ramulus, usually just in the basal half with the
ramulus tapering above, 200-500 11m across, bilocular (Fig. 38G) with a distinct ostiole on
each side; carposporangia clavate, 10-25 Jlm in diameter; elongate arachnoid cells and
nutritive cell chains present. Spermatangial sori covering short, basally sterile, ramuli which
become branched subdistichously or proliferous, 1-2 mm long and 200-300 Jlm in diameter,
with the outer cortical cells replaced by elongate spermatangial initials from which
subspherical spennatangia I-211m in diameter are cut off terminally.
Stichidia (Fig. 38H) clavate to tapering above, with a short to medium stalk, the fertile
region 300-800 (-1200) Jlm long, 150-250 Jlm broad. Tetrasporangia (Fig. 38 I) derived
from cortical cells, mixed, lying in the outer medulla all around the stichidia, ovoid,
irregularly or regularly decussately or cruciately divided, 30-45 11m in diameter.
Lectotype from Port Phillip, Vic. (Mueller); in Herb. Agardh, LD, 33188.
Distribution: W. Aust. (Preiss) to Walkerville, Vic. [possibly to southern Queensland (May
1949b, p. 197)] and around Tasmania.
Selected specimens: Point Sinclair, S. Aus!., in deep upper sublittoral crevice (Womersley,
8.ii.l954; AD, A19618). Elliston, S. Aus!., 11 In deep (Shepherd, 19.iv.l970; AD, A35859). Wanna, S.
Aust., drift (Wamersley, 19.ii.1959; AD, A22360). Althorpe Is, S. Aust., 10-13 In deep N side
(Baldock, 4.i.1964; AD, A27226). Dubious Rock. West 1., S. Aus!., 13 m deep (Shepherd, 3.i.1966;
AD, A30347). Nora Creina, S. Aus!., 3-8 In deep (Owen, 3.ix.1971; AD, A39580). Lawrence Rock,
Vic., in rock pools (Beauglelwle, 13.1.1954; AD, A2054S). Point Roadknight. Vic., drift (Sinkora
AI423, 29.xi.I971; AD, A43194). Walkerville, Vic., drift (Sinkora A1597, 23.ii.1972; AD, A43232).
Hunter L, NW Tas., upper sublittoral (Bennett, 14.1.1954; AD, AI965J). Safety Cove, Port Arthur,
Tas., 1-2 m deep (Gordon-Mills, 16.ii.1986; AD, AS7055).

G. australe is essentially a south-eastern Australian species and its western and northeastern limits are uncertain. May (1949b, p. 197) recorded it from "southern Queensland",
and her specimens from N.S.W. (in NSW) are more likely to be G. cautacantheum.
G. allstrate hQ,s been recorded from New Zealand (see Chapman 1969, p. 100) but it is
doubtfully the same as the Australian species.
G. australe is superficially similar to Pterocladia capil/acea but is a more slender
species with narrower axes.
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3. Gelidium crinale (Turner) Lamouroux 1825: 191. Feldmann & Hamel 1936: 116, fig. 22,
pI. 1 fig. 1.
Fucus crinalis Turner 1819: pI. 198.
G. corneum var. crinalis Greville 1830: 145. Harvey 1846: pI. 53, fig. 5.

FIGS 35D, 39A-D
Thallus (Figs 35D, 39A) dark red-brown, forming dense turfs or masses 1-2 (-3) cm
high and 1-3 cm in spread, with basal stolons, usually short and much branched, bearing
erect, slender branches; stolons terete, 100-200 /lm in diameter. Erect branches (Fig. 39A)
numerous, terete to slightly compressed, of similar dimensions throughout, 100-200 (-300)
/lm in diameter apart from narrower regenerating branches (after grazing?), rather distantly
and irregularly branched usually at intervals of 3-10 (-15) mm; branch tips tapering fairly
abruptly to a point, with a clear apical cell when active. Holdfast of clumped rhizoids from
the lower side of stolons, 100-300 !lm across; epilithic. Structure (Fig. 39C). Outer cortical
cells rounded in surface view, protoplast 4-8 (-10) /lm across, wall relatively thin, cortex
3-4 cells thick, medulla 3-6 cells across; rhizines throughout medulla in younger branches,
in outer medulla in older branches.
Reproduction. In Australia sexual plants only known in culture (see below). Cystocarps
subterminal in clustered branchlets, 500-600 /lm across (Feldmann & Hamel 1936, p. 118,
fig. 22B).
Stichidia (Fig. 39B) terminal on erect branches or on short laterals near the branch
apices, occasionally furcate, slightly to distinctly compressed, 0.5-1.5 (-2) mm long.
200-400 (-500) /lm broad, occasionally with small lateral lobes; in some specimens the
branch has continued growth and the stichidium becomes intercalary. Tetrasporangia (Fig.
39D) of varying ages in mixed sori, all around the stichidia, derived from inner cortical cells,
ovoid, 20-30 (-35) /lm in diameter, decussately cruciately divided.

Type from England (see Dixon & Irvine 1977a, p. 140); lectotype in BM (ex K).
Distribution: British Isles, Europe, and probably widespread in temperate regions.
In southern Australia, from Cape Leeuwin, W. Aust., to Point Lonsdale, Vic.

Selected specimens: Sarge Bay, Cape Leeuwin, W. Aust., upper sublittoral on granite (Gordon,
16.xU968; AD, A34207). Kellidie Bay, Coffin Bay, S. AusL, 1-2 m deep (Womersley, 5.xiL1975;
AD, A46786). West Bay, Kangaroo L, S. AusL, mid eulittoral (Womersley, 6.i.1945; AD, A9456).
Vivonne Bay, Kangaroo I., S. Aust., lower eulittoral, sandy, N side Ellen Point (Womers[ey, 4.i.1990;
AD, A60127-"Marine Algae of southern Australia" No. 345). Pennington Bay, Kangaroo I., S. Aust.,
in upper eulittoral pools on terraced reef (Womers[ey, 16.U945; AD, A2457 and 20.xiLl990; AD,
A60836). Robe, S. Aust., mid eulittoral in bay (Guiry, 4.viU988; AD, A58710). Cape Bridgewater,
Vic., in high-level pool at "The Blowholes" (Womers[ey, 21.viiU953; AD, A19066). Point Lonsdale,
Vic., in mid eulittoral pools (Womers[ey, 23.v.1988; AD, A58692).
G. crinale forms dense turfs where covered by frequent wave-wash or in pools, on
coasts of moderate to strong wave action and often subject to sandy conditions.
Tetraspores from plants collected at Point Lonsdale gave rise in culture to dioecious
gametangial plants. Female plants formed cystocarps which released carpospores that gave
rise to further tetrasporangial plants, thus demonstrating a triphasic life history for G. crinale
in Australia (Guiry, unpubL obs.).
The above specimens agree well with Turner's original description and illustrations.
Dixon & Irvine (l977b, p. 126) regarded G. crinale as a form of G. pusillum, but the type of
G. crinale and the Australian specimens appear to be distinct from the type of G. pusillum.
The Australian specimens agree well with descriptions of plants from the Hawaiian Islands
(Santelices 1977, p. 67, fig. 2) and from China (Santelices 1988, p. 96, fig. 5).
4. Gelidium pusillum (Stackhouse) Le Jolis 1863: 139. Santelices 1988: 102, fig. 9. Hatta &
Prud'homme van Reine 1991: 364, fig. 8 (for var. pusillum).
Fucus pusillus Stackhouse 1795: 16; 1816: 9, pI. 6 upper right.
Gelidium spathulatum (Ktitzing) Bornet 1892: 268. Feldmann & Hamel 1936: 115,
fig. 21.
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Fig. 39. A-D. Gelidium crinale (AD, A60127). A. Thallus with erect branches from basal stolons, and
terminal stichidia. B. A terminal stichidium. C. Transverse section of thallus showing secondary cell
row and distribution of rhinnes. D. Transverse section of compressed stichidium. E-K. Gelidium
pusillum (AD, A60167). E. Cystocarps on erect branches from a basal stolon. F. Transverse section of
thallus showing secondary cell rows, cortex and distribution of rhizines. G. Cross section of cystocarp
with carposporangia, elongate arachnoid cells, nutritive cell chains, and one (of two) ostioles. H.
Branches with spermatangial sori. I. Transverse section of spermatangial sorus. J. Plant with basal
stolon and erect spathulate branches with tetrasporangial sari. K. Cross section of tetrasporangial soms.
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Acrocarpus spathulatus Ktitzing 1868: 13, pI. 36d-g.
FIGS 35E, 39E-K
Thallus (Figs 35E, 39J) medium to dark red-brown, cartilaginous, forming sparse to
dense turfs, (2-) 5-20 (-30) mm thick and commonly }-4 cm in spread, with prominent
prostrate stolons bearing simple to irregularly marginally branched, compressed, erect
branches; stolons terete to slightly compressed, prominent, frequently branched, (80-)
200-400 J.lm in diameter. Erect blades (Fig. 39E, J) at first simple, becoming basally
branched to form clusters of simple to subdistichous, flat, blades, (2-) 5-20 (-25) mm high,
200-1000 (-1500) J.lm broad and 50-100!-lm thick [BfT 4-8 (-to)], broadening upwards to a
rounded, sometimes slightly depressed apex with a slightly protuberant apical cell, margins
of blades straight to slightly undulate. Holdfasts of massed rhizoids 200-600 J.lm across,
sessile or terminating short branches and often below an erect blade; epilithic or on molluscs
in pools or subtidally. Structure (Fig. 39F). Outer cortical cells crowded, tending to lie in
rows splaying outwards, more or less isodiametric with the protoplast 3-5 ).lm across in
surface view, wall relatively thin; medulla narrow in the flat blades; rhizines present
throughout the medulla, mainly in the outer medulla in older branches.
Reproduction. Sexual thalli dioecious. Cystocarps (Fig. 39E) usually single in the mid
to upper part of erect blades, round to ovate, 300-400 !-lm across, with small ostioles on both
surfaces. Carposporangia (Fig. 390) single, pyriform to ovoid, 30-45 ).lm long and 15-25
).lm in diameter; elongate arachnoid cells and nutritive cell chains present. Spermatangia
covering the surface of upper parts of relatively narrow erect blades (Fig. 39H), with 4-8
initials replacing each outer cortical cell, cutting off terminally ovoid spermatangia 1-2 J.lm
in diameter (Fig. 39 I).
Tetrasporangial sori (Fig. 39J) in upper part of erect blades or laterals, ovate to elongate,
200-500 !-lm across and 250-1200 (-1500) ).lm long, with a sterile margin. Tetrasporangia
(Fig. 39K) of various ages forming mixed sori, derived from the inner to mid cortical cells in
two layers, ovoid, 20-35 !-lm in diameter, irregularly cruciately (mainly decussately) divided;
rhizines confined to edges of tetrasporangial branchlets.

Type from Sidmouth, Devon, England; lectotype in BM (see Dixon & Irvine 1977a, p. 139).
Distribution: Widely distributed.
In southern Australia, from Rottnest 1., W. AUSL, to Collaroy, N.S.W., and around
Tasmania.
Selected specimens: Green I. reef, Rottnest I., W. Aust., uppennost sublittoral (Parsons,
11.xi.1968; AD, A59550). Point Sinclair, S. Aust., in shaded cavern (Womersley, 25.i.l951; AD,
Al5037 and 7.ii.1954; AD, A19561). Edithburg, S. Aust., lower eulittoral in swimming pool
(Prud'homme van Reine & Womersley, l4.x.1988; AD, A59203, A59204). Billy Lights Point, Port
Lincoln, S. Aust., mid eulittoral (Womersley, 12.i.1984; AD, A54733 -"Marine Algae of southern
Australia" No. 305). Off Grange, S. Aust., on Amphibolis, 6 m deep (Shepherd, 8.xii.1968; AD,
A33318). Off Snapper Point, Aldinga, S. Aust., 4-6 m deep (U.R.G.S.A., 23.xi.1958; AD, A22011,
sexual and tetrasporangial). Pennington Bay, Kangaroo I., S. Aust., on sides of upper eulittoral pools on
terraced reef (Womersley, 16.i.1945; AD, A58700). Pelican Lagoon, American R. inlet, Kangaroo I., S.
Aust., upper sublittoral (Womersley, 12.1.1950; AD, AI2600). Robe, S. Aust., mid eulittoral on sandy
rocks near lighthouse (Guiry, 5.vii.1988; AD, A58703). Apollo Bay, Vic., low eulittoral on chitons, S
side Point Bunbury (Womersley, 6.ii.1990; AD, A60l67 -"Marine Algae of southern Australia" No.
305a). Point Lonsdale, Vic., mid eulittoral pools (Womersley, 23.v.1988; AD, A58693). Crawfish
Rock, Westernport Bay, Vic., 2 m deep (Shepherd, 31.i.1970; AD, A35194). Walkerville, Vic., mid
eulittoral (Bennett, Nov. 1949; AD, AI5241). Curries R. mouth, Tas., low eulittoral CWomersley,
28.i.l949; AD, AI0327). Long Reef, Collaroy, N.S.W. CA. & V. Nash, 26.xii.l934; AD, A49896
Tilden "South Pacific Plants", Series 2, No. 308).

G. pusillum has been recorded from most countries of the world, and there has been
considerable confusion over the limits of this species. In selecting a "provisional lectotype",
Dixon & Irvine (1977a, p. 139) did not comment on whether the specimen agreed well with
the original figure, and this needs clarification in relation to the placing of material referred
to other species under G. pusillum by Dixon & Irvine (1 977b, p. 126). Hawaiian forms
placed under G. pusillum have been discussed by Santelices (1977, p. 71).
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The original Stackhouse illustration of G. pusillum shows a plant with small, only
slightly branched, erect, spathulate branches; this, on southern Australian coasts, appears to
be a young stage which becomes larger and more branched when older or under better
conditions. This latter form corresponds well to G. spathulatum (Kiitzing) Bornet, the type
of which is from the Adriatic Sea. Southern Australian specimens do not, however, approach
the size and habit of G. pulchellum (Turner) Kiitzing which Dixon & Irvine (l977b, p. 126)
place under G. pusillum.
Genus PTEROCLADIA J. Agardh 1851: xi; 1852: 482
Thallus 5-30 cm long, cartilaginous, complanately and more or less pinnately branched,
branches compressed to flat, often with basal stolons, attached by fibrous holdfasts.
Structure uniaxial, with a more or less conspicuous apical cell, differentiating into a medulla
of numerous longitudinal filaments and a compact cortex 2-6 cells thick of ovoid cells,
smaller outwardly, each with several small rhodoplasts; rhizines usually abundant
throughout the medulla.
Life history triphasic with isomorphic tetrasporophytes and gametophytes, the latter
usually dioecious.
Reproduction. Carpogonia sessile on inner cortical cells, arising near branch apices,
accompanied by short filaments of small nutritive cells; carposporophyte developing on one
side only of the basal placenta and the cystocarps thus unilocular (or with unequallocules in
P. capillacea), with a single (rarely more) ostiole on one side only of the swollen pericarp;
carposporangia in short chains. Spermatangial initials formed in patches near ends of lateral
leaflets, cut off from outer cortical cells, producing ovoid spermatangia.
Tetrasporangia scattered (or in some species in regular rows) in ultimate leaflets of
branches, cut off laterally from cortical cells and when mature lying in the inner cortex or
outer medulla, usually decussately cruciately divided.
Type species: P. Lucida (Turner) J. Agardh 1852: 483.

A genus of numerous described species [several of which have been placed under P.
capillacea by Stewart (1968, p. 83)], distinguished from Gelidium by the unilocular
cystocarp usually with a single ostiole. A new genus and species, Pterocladiastrum
robustum Akatsuka (1986a), has been distinguished from New Zealand forms of P. lucida;
this taxon is discussed below under P. lucida and rejected.
Santelices (1991) clarified the differences in cystocarp structure between P. capil/acea
and P. lucida, suggesting that these two species probably differ generically, the former
having a central placenta separating two unequallocules whereas in the latter the placenta is
attached to the bottom of the cystocarp with only a single locule.
Norris (1992a) considered that separation of Pterocladia from Gelidium was not
justified.
KEY TO SPECIES OF PTEROCLADlA

1.
1.

Thallus irregularly pinnate, axes 3-4 mm broad in mid thallus, pinnae and pinnules
usually 2-5 mm apart, pinnae usually more than 2 mm broad; reproductive organs in
compressed pinnules ........................................................................................ 1. P. Lucida
Thallus regularly pinnate, axes 0.6-2.5 mm broad, pinnae and pinnules more or less
linear, less than 2 mm broad, often 1-2 mm apart (becoming more in P. capillacea);
reproductive organs in slightly compressed pinnules or subterete ramuli fringing the
pinnules ............................................................................................................................ 2
2.
2.

Axes relatively thin, pinnae 2-5 (-10) mm apart, reproductive organs in
compressed pinnules ...................................................................... 2. P. capillacea
Axes relatively thick, pinnae and pinnules close set, positioned almost at right
angles, 0.5-1 mm apart, reproductive organs in subterete ramuli fringing the
pinnules ..................................................................................... 3. P. rectangularis
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1. Pterocladia lucida (Turner) J. Agardh 1852: 483; 1876: 545. Fuhrer et al. 1981: pI. 41.
Gepp & Gepp 1906: 253. Harvey 1863: pI. 248. Millar 1990: 313, fig. 8E. Moore
1945: 338, figs 5-10, pis 47-49. Santelices 1991: 9, figs 19-22.
Fucus lucidus Turner 1819: 98, pI. 238.
Gelidium lucidum (Turner) Sonder 1848: 174. KOtzing 1849: 763; 1868: 15, pI. 42
b-d.
PLATE 2 fig. 4; FIGS 40A, B, 41A-E
Thallus (Fig. 40A) red-brown to dark red, 8-40 cm long, cartilaginous, with few to
several erect, bi- to tripinnate, complanate fronds (Fig. 41A) from a fibrous to hapteroid,
stoloniferous base. Axes flat, 3-4 mm broad centrally and above, with a thicker midrib
below, with broad apices when actively growing but tapering in some plants, alternately
distichously branched at intervals of (1-) 2-5 (-10) mm, pinnae with rounded axils, not or
partly denuded below. Pinnae flat, 2-10 cm long and 1-3 (-4) mm broad, thicker centrally,
slightly basally constricted, usually with broad apices. Pinnules alternate, flat, 2-5 mm long
and 0.3-1 mm broad, basally slightly constricted. Holdfast discoid, becoming stoloniferous;
epilithic. Structure (Fig. 4IB). Cortex 3-5 cells thick, outer cells in surface view in rows
spreading outwards, rounded with the protoplast 3-5 !lm across; medulla 7-12 cells thick
with hyphae in older (midrib) parts; rhizines profuse, especially in outer medulla in older
parts.
Reproduction. Cystocarps (Fig. 41C) single, lying near the end of pinnules, round to
ovate, 600-1000 11m across, unilocular with 1-4 ostioles in the raised pericarp;
carposporophyte (Fig. 40B) broad-based, with carposporangia in short chains, maturing
apically, clavate to ovoid, 14-22 11m in diameter. Spermatangial sori on pinnuJes,
spermatangial initials (Fig. 41D) cut off from outer cortical cells, elongate, 1.5-2.5 J.l.m in
diameter.
Tetrasporangial sori (Fig. 41A) in small pinnules or on ovate to elongate compressed
ramuli on margins of pinnae or pinnules, 1-2 (-3) mm long and 300-800 J.l.m broad; medulla
slight; tetrasporangia (Fig. 4lE) in regular arrangement near apex of sori, becoming mixed,
derived from cortical cells and lying in the inner cortex, ovoid, 20-30 11m in diameter,
cruciately divided (usually decussately).

Type from "5 coast of N. Holl." (Brown); holotype in BM.
Distribution: New Zealand.
Murchison R. mouth (Kalbarri), W. Ausl., around southern Australia and Tasmania to
Coffs Harbour, N.S.W.

Selected specimens: Murchison R. mouth, W. Aust., drift (Levring, 24.vi.l948; AD, A59045). Flat
Rocks, 40 km S of Geraldton, W. Aust., drift (Mitchell, 17,ix.1966; AD, A31085). Whitford Beach,
Perth, W. Aust., 4 m deep on onshore reef (Cook, 20.viiU979; AD, A50559) and 6 m deep on offshore
reef (Cook, 20.viii.1979; AD, A50574). Point Sinclair, S. Aust., upper sublittoral (Womersley.
9,ii.l954; AD, A19550). Wedge I., S. Aust., 22-38 m deep, 7 km SE (Baldock, 4.1.1964; AD,
A27189). Aldinga, S. Aust., 4-6 m deep (URGSA, 23.xi.l958; AD, A22024). West 1., S. Aus!., 19 m
deep (Shepherd, 17.viii.l968; AD, A32644 -"Marine Algae of southern Australia" No. 79). Stanley
Beach, Kangaroo I., S. Aust., drift (Womersley, 6.ii.1957; AD. A209\6). Nora Creina, S. Aust., 3-8 m
deep (Owen, 3,ix.1971; AD, A39591). Lady Julia Percy I., Vic., 5-8 m deep (Shepherd, 3,i.1968; AD,
A32401). Walkerville, Vic., drift (Sinkora A2281, 6.iiL1976; AD, A48454). West Point, Erith I., Bass
Strait, 15 m deep (Shepherd & R. Lewis, 7.v.1974; AD, A45215). Gabo I., Vic., 24 m deep
(Shepherd, 14.ii.l973; AD, A43317). Marrawah, Tas. (Perrin, Mar. 1950; AD, A49718). Green Cape,
N.S.W., 16 m deep (Shepherd, 13.ii.1973; AD, A43034).
P. Lucida is a common subtidal species on rough-water coasts, but nowhere in southern
Australia has it been observed, either in situ or drift, in quantities sufficient to permit
harvesting as a source of agar, as in New Zealand.
A New Zealand robust form of P. lucida was segregated by Akatsuka (1986a) as a new
genus and species, Pterocladiastrum robustum, with surface cell arrangement in tetrads
(actually more in rows) and anticlinal in section, the subsurface cells being oblique to the
surface. Such features scarcely warrant generic distinction and are found variably in
specimens from southern Australia. They probably result from the state of growth of the
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Fig. 40. A, B. Pterocladia lucida (A, B, AD, A32644). A. Habit. B•. Section through cystocarp
showing entangled filaments forming a broad base to the carposporophyte, carposporangia and one
ostio1e. C. Pterocladia capillacea (AD, A22897). Habit. D-F. Pterocladia rectangularis (0, AD,
A34231; E, F, AD, AS9041). D. Habit. E. Cystocarps with prominent ostioles. F. CarposporophylC
with secondary cell row and carposporangia (upper pericarp wall displaced).
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surface layer and outer cortex, which thickens in older parts of the thallus. Similar variation
is shown in P. capillacea. Nelson & Adams (1987, p. 29) also state that in New Zealand they
"are unable to distinguish Pterocladiastrum from Pterocladia Lucida".
2. Pterocladia capillacea (S.G. Gmelin) Bornet in Bornet & Thuret 1876: 57, pI. 20 figs
1-7. Dixon 1960: 302. Dixon & Irvine 1977b: 134, fig. 50. Feldmann & Hamel
1936: 130, fig. 30, pI. 6 fig. 1. Gepp & Gepp 1906: 251. May 1947: 276; 1949a:
294. Millar 1990: 312, fig. 8C, D. Moore 1945: 336, figs 1-4, pI. 46. Santelices
1977: 80; 1988: 103, fig. 11; 1991: 6, figs 11-18. Stewart 1968: 83.
Fucus capillaceus S.O. Omelin 1768: 146, pI. 15 fig. 1.
Gelidium corneum sensu Sonder 1848: 174.
FIGS 40C, 41F-J
Thallus (Fig. 40C) dark red, 4-15 (-20) cm long, cartilaginous, forming densely
branched tufts or masses, with few to numerous erect, bi- to tripinnate fronds from an
entangled stoloniferous base 2-20 mm across. Axes linear and relatively straight, flat,
600-1000 (-1500) 11m broad throughout. apices tapering to spathulate, complanately and
distichously branched every 1-2 mm, usually denuded below. Pinnae (1-) 2-5 cm long and
0.6-1 mm broad, compressed. Pinnules subopposite to alternate, 0.5-3 (-5) mm long and
200-400 Ilm broad, basally constricted. Holdfasts of clumped rhizoids; epilithic. Structure
(Fig. 41H). Cortex 3-5 cells thick, outer cells in surface view more or less in rows, ovoid,
with the protoplast 2-4 11m across; medulla of elongate cells; rhizines profuse throughout
the medulla.
Reproduction. Cystocarps (Fig. 41F) single or possibly compound, more or less
centrally positioned in each pinnule, round to elongate-ovate, 200-500 11m across,
unilocular, with 1 (-3) ostioles in the raised pericarp; carposporophyte (Fig. 410) elongate
and tufted from a restricted transverse base around the axial cell but several axial cells in
length, carposporangia developing in short chains and maturing apically, ovoid, 15-25 11m
in diameter. Spermatangial sori (not seen) on pinnules, ovate to elongate.
Tetrasporangial sori (Fig. 41 I) ovate to elongate, 1-2 (-3) mm long, in compressed
pinnules with only slight medulla; tetrasporangia (Fig. 411) of mixed age, derived from
cortical cells and lying in the inner cortex, ovoid, irregularly decussately cruciately divided,
25-40 11m in diameter.

Type from the Mediterranean; lost, but lectotypified by the original illustration of Gmelin
(1768, pI. 15 fig. 1).
Distribution: Widespread in temperate seas, extending into the sUbtropics.
In Australia, from Cottesloe, W. Aust. (probably from further north) around southern
Australia and Tasmania to Stradbroke I., Qld., on coasts of rough to moderate water
movement.
Selected specimens: Cottesloe, W. Aust., drift (Levring, 18.vi.l948; AD, A59057). Point Peron, W.
Aust., reef surface (Mitchell, 22.ix.1966; AD, A30750). Point Sinclair, S. Aust., upper sublittoral,
shaded (Womersley, 9.ii.l954; AD, A19601). Pearson I., S. Aust., upper sublittoral (Specht, 17.ii.l960;
AD, A24517). Edithburg, S. Aust., 1 m deep (Johnson, 31. v .1984; AD, A55529). Cape du Couedic,
Kangaroo I., S. Aust., upper sublittoral (Womersley, 17.i.1950; AD, AI2668). Redbanks, Kangaroo I.,
S. Aust., upper sublittoral (Womersley, 28.xii.l949; AD, A12877), Lady Julia Percy I., Vic., 8-12 m
deep (Shepherd, 5.i.1968; AD, A32338). Warrnambool, Vic., upper sublittoral (Womersley,
13.iv.1959; AD, A22897). Popes Eye, Port Phillip Heads, Vic., 0-3 m deep (Womersley, 7.iv.1959;
AD, A22755). Gabo I., Vic., 3-4 m deep (Shepherd, 19.ii.1973; AD, A43526). Three Hummocks I.,
Tas., lower eulittoral (Bennett, l7.i.1954; AD, A19691). Bicheno, Tas., upper sublittoral pools
(Wollaston & Mitchell, 2.iii.l964; AD, A27866). Green Cape, N.S.w., 16 m deep (Shepherd,
13.ii.l973; AD, A43035). Tamarama, N.S.W., lower eulittoral (Madgwick, 16.iv.1969; AD, A35085).
Jumpin Pin, Stradbroke I., Qld (McKeon, 4.i.1949; AD, A16630).

Dixon (1960, p. 302) discusses the name of this species, rejecting the suggestion of
Papenfuss (1950, p. 192) that P. pinnata (Hudson)Papenfuss is the correct name.
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Fig. 41. A-E. Pterocladia lucida (AD. A32644). A. Habit, with tetrasporangial sori. B. Transverse
section of thallus. C. Cystocarp with four ostioles. D. Transverse section with elongate spermatangial
initials. E. Transverse section of tetrasporangial sorus. F-J. Pterocladia capillacea (AD, A22897). F.
Branch with elongate cystocarps. the central one with two ostioles. G. Cross section of cystocarp, with
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Sterile plants are superficially similar to Gelidium australe, but usually have broader
and more compressed axes. Old records by Harvey and Sonder of Gelidium corneum apply
to either Pterocladia capillacea (in the west) or Gelidium australe (in the east).
The carposporophyte differs somewhat from that of P. lucida in that it arises along
several axial cells, being elongate with tufted gonimoblast filaments; in transverse section of
the branch the central axial cell appears with a one-sided tuft of gonimoblasts and a single
ostiole, but in longitudinal section the elongate carposporophyte is associated with several
axial cells and the pericarp commonly has two, rarely three, ostioles.
3. Pterocladia rectangularis (Lucas)Womersley & Gulry, comb. nov.
Gelidium rectangulare Lucas 1931: 407, pI. 23 fig. 1. Lucas & Perrin 1947: 144.
FIGS 40D-F, 41K
Thallus (Fig. 400) medium to dark red, cartilaginous, forming erect tufts (5-) 10-25
(-30) cm high, with one to several pinnate to bipinnate (rarely tripinnate) axes, with pinnae
and pinnules arising in close, regular series almost at right angles to the parent branch,
becoming denuded below. Axes strongly compressed, linear, 1.5-25 mm broad throughout
their length, thickened near the thallus base and above 600--800 J..lm thick, with occasional
adventitious pinnae from the face of the lower axes. Pinnae 5-15 mm long, 0.5-1 (-1.5) mm
broad (Brr 4-8), slightly constricted basally with some becoming indefinite laterals to 10 cm
long. Pinnules similar to young pinnae, (3-) 5-8 mm long and 400--800 J..lm broad, basally
constricted and usually tapering above, in regular close series separated usually by 0.7-1.5
times their basal width. Holdfast discoid-conical, 1-5 mm across, becoming fibrous;
epilithic. Structure. Cortex 2-3 cells thick, outer cortical cells with the protoplast 3-5 J..lm
across in surface view, walls moderately thick; medulla of elongate cells with many hyphae
in older parts; rhizines profuse, mainly in outer medulla in young and mid thallus,
throughout medulla in older axes.
Reproduction. Fertile ramuli borne on margins of pinnuJes. Cystocarps (Fig. 40E)
single, subterminal on ramuli, swollen, 250-350 J..lm across, unilocular with a single
prominent ostiole, 60-100 11m in diameter, in the raised pericarp; carposporophyte (Fig.
40F) broad-based with carposporangia in short chains maturing apically, clavate to ovoid,
18-25 J..lm in diameter. Spermatangial sori covering ends or upper halves of terete to slightly
compressed ramuli 1-1.5 mm long and 150--250 J..lm in diameter, spermatangia cut off
directly from outer cortical cells, 4-6 J..lm long and about 1 11m in diameter, forming terminal
subsphericaJ spermatia about 1 J..lm in diameter.
Tetrasporangial stichidia (Fig. 41 K) short-stalked, terete to slightly compressed,
becoming swollen terminally or centrally, 0.5-1.5 mm long and 100--150 (-200) J..lm broad.
Tetrasporangia arising acropetally, derived from cortical cells and lying in the outer medulla
and inner cortex, ovoid, 60--100 J..lm in diameter, decussately cruciately divided.

Type from Flinders Bay, W. Aust. (Lucas, Sept. 1928); lectotype in Herb. Lucas, NSW.
Distribution: Safety Bay, W. Aust., to the Isles of St Francis, S. Aust., usually in deep water
or shaded pools.

Selected specimens: Safety Bay, W. Aust., drift (Levring, 14.vii.l948; AD, A59041). Wyadup (S
of Yallingup), W. Aust., drift (Royce 625, 4.vi.1950; AD, A15474). Eyre, W. Aust.. drift (Woelkerling,
22.xi.1968; AD, A34231). Point Fowler, S. Aust., 2.5 m deep (Shepherd, 28.iii.1980; AD, A52239).
Port Le Hunte (Point Sinclair), S. Aust. (COOmbers, Nov. 1929; Herb. Lucas, NSW; AD, A 12224).
Point Sinclair, S. Aust., in deep pools (Womersley, 26.i.l951; AD, A14009 -"Marine Algae of
southern Australia" No. 78) and (Womersley, 8.ii.l954; AD, A 19549). Near Isles of St Francis, 37 m
deep (Symonds, 23.x.1973; AD, A44250).

P. rectangularis is a distinctive species with its strict complanate pinnate branching, in
the carposporophyte tufted around the axial cell, elongate cells connecting to the pericarp, and single
ostiole. H. Transverse section of thallus. I. Branch with tetrasporangiaI sori. J. Cross section of
tetrasporangial sorus. K. Pterocladia rectanguiaris (AD, AI4009). Branch with tetrasporangial
stichidia.
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the size of the compressed axes, pinnae and pinnules, their branching at slightly less than
right angles, and the marginal series of fertile ramuli. The first cystocarpic plant known (AD,
A59041) has the distinctive unilocular, single ostioles characteristic of Pterocladia, so this
species is here transferred to this genus.
ORDER HILDENBRANDIALES Pueschel & Cole 1982: 718
Thallus crustose, with or without erect branches, cartilaginous, surface smooth or
tuberculate. Structure of a basal layer of laterally adherent, branched, filaments, with each
cell producing an erect, laterally coherent filament of small cuboidal cells, and in erect taxa
developing a medulla of anastomosing filaments and a cortex of appressed anticlinal
filaments; rhizoids absent. Pit-connections primary and secondary, pit-plugs with a single
cap layer.
Reproduction. Sexual reproduction unknown.
Tetrasporangia (apomeiotic at least in some taxa) formed in subspherical to urceolate,
ostiolate, conceptacles (which enlarge with age), arising from any wall cell, zonately or
irregularly divided, with or without paraphyses.
This order is based on the genus Hildenbrandia and was separated by Pueschel & Cole
(1982, p. 718) largely on the basis of the single layered pit-plugs; this was re-affirmed by
Pueschel (1989, p. 632).
A second genus from New Zealand, Apophloea Harvey (see Hawkes 1983) has similar
conceptacies and pit-plugs (Pueschel 1989, p. 632, fig. 15) to Hildenbrandia and is usually
placed in the Hildenbrandiaceae and Hildenbrandiales. Its erect, branched habit differs from
the crusts of most species of Hildenbrandia, but H. lecannellieri with its tuberculate
excrescences has an intermediate form.
FAMILY

HILDENBRANDIACEAE Rabenhorst 1868: 408

There is only one family, the Hildenbrandiaceae Rabenhorst (see Silva 1993a, p. (22),
with the characters of the order.
Genus HILDENBRANDIA Nardo 1834:676, nom. & orth. cons.

Thallus crustose, usually thin, firm and cartilaginous, surface smooth or in one species
with irregular excrescences. Structure of a basal layer of tightly adherent, radiating, branched
filaments with each cell producing an erect, laterally coherent, simple or occasionally
branched erect filament of small cuboidal cells; rhizoids absent. Pit-connections primary and
secondary, plugs with a single cap layer.
Reproduction. Sexual reproduction unknown.
Tetrasporangia (apomeiotic) formed in subspherical to urceolate ostiolate conceptacles,
clavate, arising from any wall cell, zonately or irregularly divided, with or without
paraphyses.
Type species: H. prototypus Nardo 1834: 675 [= H. rubra (Sommerfelt) MeneghiniJ.
Hildenbrandia is credited with 9 species by DeCew & West (1977, p. 32), all of which
are tightly adherent crustose algae (without rhizoids) in the intertidal or subtidal, often very
thin but up to 1 mm thick in some species, with protuberances to 5 mm high in H.
lecannellieri. All reproduce by tetrasporangia formed within conceptacles opening to the
surface, the tetrasporangia being transversely or obliquely zonate orirregularIy divided;
sexual reproduction is unknown, and De Cew & West (1977) have shown two species to be
apomeiotic.
KEY TO SPECIES OF HILDENBRANDIA
1.

1.

Thallus thin (80-240 /lm thick), on intertidal rock ....................................................... ,... 2
Thallus thick (300 /lm to 5 mm thick), in pools or subtidal ............................................. 3

Hildenbrandia

2.
2.
3.
3.
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Tetrasporangia irregularly divided ........................................................ 1. H. rubra
Tetrasporangia zonately and usually obliquely divided .................... 2. H. crouanii

Thallus including the profuse, more or less erect, knobby protrusions, usually 3-6 mm
thick ....................................................................................................... 3. H. lecannellieri
ThaJlus surface smooth, mostly 300-500 /lm thick ..................................... .4. H. expansa

1. Hildenbrandia rubra (Sommerfelt)Meneghini 1841 :10. Dethier 1987: 1842, fig. 8.
Pueschel 1982: 333, figs 1,2; 1988: 17, figs 1-6. Scagel et al. 1989: 195.
Verruca ria rubra Sommerfelt 1826: 140.
H. prototypus Nardo 1834: 675. DeCew & West 1977: 31, figs 3-5,8,9. Denizot

1968: 199, fig. p. 196. Rosenvinge 1917: 202, figs 121-125.
FIG.42A
Thallus medium to dark red, (1-) 5-20 cm across, very thin [80-150 (-240) /lm thick]
and tightly adherent to rock, usually intertidal. Structure (Fig. 42A). Basal layer of
irregularly radiating branched filaments 3-5 /lm in diameter, cells (within margin) un 1-2,
becoming several cells thick with subspherical to ovoid cells 5-7 !lm in diameter. Erect
filaments 40-100 /lm and 12-30 (-40) cells long, 3-5 /lm in diameter with cells angular,
.I1D 0.6-1; rhodoplasts single per cell, often with inclusions; secondary pit-connections
present.
Reproduction. Conceptacles (Fig. 42A) subspherical, 70-100 /lm in diameter, with an
ostiole 15-30 !lm across; tetrasporangia 8-14 /lm in diameter and 20-35 !lm long, mostly
irregularly divided with intersecting cross walls; paraphyses absent, old sporangial walls
persistent.

Type from Venice, Italy; in O?
Distribution: Widespread on temperate and tropical coasts on intertidal rock.
Selected specimens: Lipson Cove, N of Tumby Bay, S. Aust., uppennost sublittoral (Ricci,
28.xU990; AD, A60783). Outer Harbor, S. Aust., mid eulittoral on breakwater (Womersley,
16.vii.l9S0; AD, A 13294). Vivonne Bay, Kangaroo t, S. Aus!., in shaded pool, S side Point Ellen
(Womersley, 29.viii.i9S0; AD, A1S336). Carpenter Rocks, SE S. Aust., in low eulittoral pools
(Womersley, 8.xii.l991; AD, A61S1S). Lome, Vic., mid eulittoral in runnels subject to fresh water
(Womersley, 22.viiLI984; AD, ASS720).
Both H. rubra and H. crouanii form very thin crusts on intertidal rock, and are
distinguished only by the division of the tetrasporangia, which in the former are irregularly
divided. However, some obliquely zonate ones are often present along with the majority
showing irregular divisions, as illustrated by U mezaki (1969, fig. 1) and Pueschel (1982, figs
1,2).
2. Hildenbrandia crouanii J.Agardh 1852: 495; 1876: 379. Denizot 1968: 199, fig. p. 196.
Rosenvinge 1917: 207, fig. 126.
FIG.42B
Thallus medium to dark red, (1-) 3-12 mm across, very thin (80-240 /lm thick) and
tightly adherent to rock, usually intertidal. Structure (Fig. 42B). Basal layer of irregularly
radiating, branched, filaments 3-5 /lm in diameter, cells (within margin) I1D 1-2, becoming
several cells thick with rounded cells 5-7 /lm in diameter. Erect filaments 40-200 !lm and
15-40 cells long, 3-6 !lm in diameter with cuboidal cells, un 0.6-1.5; rhodoplasts single
per cell.
Reproduction. Conceptacles (Fig. 42B) subspherical to ovoid, 50-80 !lm in diameter
with an ostiole 20-45 /lm across~ tetrasporangia 6-10 !lm in diameter and 15-20 /lm long,
zonately divided with oblique cross walls; paraphyses absent but old sporangial walls
remaining.

Type from Brest, France (Crouan); in Herb. Agardh, LD.
Distribution: Widespread on temperate coasts.
In southern Australia, from Point Drummond to Cape Willoughby, Kangaroo I., S.
Aust., but probably more widespread.
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Fig. 42. A. Hildenbrandia rubra (AD, A60783). Cross section of thallus with a conceptacle and
irregularly divided tetrasporangia. B. Hildenbrandia crouanii (AD, AI2966). Cross section of thallus
with a conceptacle with tetrasporangia divided by obliquely zonate walls. C. Hildenbrandia
lecannellieri (AD, A12986). Cross section of thallus and conceptacle (in part) with zonately and
irregularly divided tetrasporangia. D. Hildenbrandia expansa (AD, A60088). Cross section of thallus
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Selected specimens: Point Drummond, S. Aust., mid euliuoral in shade (Womersley, 11.i.l951;
AD, A 15068). Middle R., Kangaroo 1., S. Aust., lower eulittoral (Womersley, 21.i.1948; AD, AI2973).
Ballast Head, Kangaroo I., S. Aus!., low eulittoral (Womers[ey, 3.i.l948; AD, A 12965). Cape
Willoughby, Kangaroo I., S. Aust., mid eulittoral (Womersley, 8.i.I950; AD, A 12966).

H. crouanii differs from H. prototypus essentially in having obliquely zonate division of
the tetrasporangia, but these are somewhat variable and further study is needed of such
differences.

3. Hildenbrandia lecannellieri Hariot 1887: 72. Askenasy 1888: 31, pI. 2 figs 11-14.
Chapman & Parkinson 1974: 164, fig. 51. Denizot 1968: 200, fig. p. 197. Ricker
1987: 186, fig. 78.
FIGS 42C, 43A-C
Thallus (Fig. 43A)dark red-brown to purplish, several cm across, marginally thin but
becoming 0.5-1 mm thick and developing profuse surface verrucose to tuberculate
excrescences to a total thickness of 3-6 mm, the crust tightly adherent when young but older
parts readily separable from the rock substratum. Structure (Figs 42C, 43B). Basal layer of
irregularly radiating rows of cells, 3-5 Ilm in diameter and un 1-2, producing erect
filaments which in older parts differentiate to a medulla of subspherical to polygonal cells,
irregularly arranged or in vague rows (in older parts with areas of rows of cells separating
slightly), 6-10 Ilm in diameter, with a cortex of erect, simple, filaments, laterally closely
coherent, of small, cuboidal to slightly ovoid cells 3-4 Ilm in diameter and un 1-1.5.
Rhodoplasts minute, a few per cell.
Reproduction. Conceptacles (Figs 42C, 43C) subspherical to ovoid, 100-160 Ilm in
diameter and 1OG-200 (-250) Ilm long, with an ostiole 15-25 Ilm across; tetrasporangia
8-10 (-12) Ilm in diameter and 25-30 (-40) Ilm long, zonately to irregularly divided with
transverse to oblique cross walls, old walls usually remaining; paraphyses plentiful, 15-20
Ilm and 3-5 (-7) cells long, 3-4 mm in diameter.

Type from Orange Bay, Fuegia; in PC.
Distribution: Subantarctic.
In southern Australia, recorded only from Cape Willoughby, Kangaroo 1, S. Aust., in a
high-level rock pool, S side of Cape (Womersley, 25.i.1948; AD, A7018, and 8.i.l950; AD,
AI2986).
The above specimens agree well with this subantarctic species which differs from others
in its distinctive tuberculate form. It may occur on SE Tasmanian coasts but has been
overlooked.
4. Hildenbrandia expansa Womersley, sp. nov.
PLATE 3 fig. 1; FIGS 42D, 43D
Thallus medium to dark red-brown, sometimes yellowish, covering extensive areas of
smooth rock (5-20 cm across in the type and to 80 cm across in A60083), tightly adherent;
surface smooth, thallus (250-) 400-700 (-800) Ilm thick. Structure (Figs 42D, 43D). Basal
layer (becoming several cells thick) of irregularly radiating branched filaments, cells 4-7 Ilm
diameter and un )-2 (-2.5), each upper cell producing 1-2 erect filaments, mostly simple
and laterally closely coherent, of small, cuboidal to slightly elongate, angular cells 3-5 Ilm in
diameter and 3-6 Ilm long, with horizontal to inclined layers (Figs 42D, 43D) of clearer cells
8-10 Ilm long alternating with 2-4 layers of shorter cells, possibly indicating growth
periods. Rhodoplasts small, central in each cell.
and conceptacle (in part) showing regular horizontal and vertical rows of cells, with horizontal layers of
larger cells (arrows), and zonately divided tetrasporangia with paraphyses. E-H. Rhodopeltis australis
(E, AD, A15518; F, AD, A8320; G, AD, A34997; H, AD, A38735). E. Section of female
nemathecium with a carpogonial branch and an auxiliary cell branch among paraphyses. F. Section of a
female nemathecium with a carposporophyte borne on an auxiliary cell. G. Section of a male
nemathecium with spennatangiai branches. H. Section of outer cortex (with inner stellate cells) with
tetrasporangia among short paraphyses.
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Reproduction. ConceptacIes (Figs 42D, 43D) subspherical to ovoid, 40-60 11m in
diameter and 80-120 11m long, with an ostiole 25-40 11m across; tetrasporangia 7-10 11m in
diameter and 20-30 11m long, zonately divided with almost transverse cross walls;
paraphyses abundant, 3-5 cells and 6-10 11m long, 2-3 11m in diameter.

A

Fig. 43. A-C. Hildenbrandia lecannellieri (AD, A 12986). A. Thallus, showing surface with verrucose
to tuberculate excrescences. B. Cross section of thallus with an area (darker) of slightly separated rows
of older cells. C. Cross section of thallus with conceptac1es. D. Hildenbrandia expan.m (AD, A60088).
Cross section of thallus showing horizontal layers of cells and conceptacles.
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Thallus moderate vel fusee rubiginosus, vel fusee rubiginosus, vel flavidus, 5-20 (-80)
em latus, fortiter adhaerens, superficies laevis, thallus (250-) 400-700(-800) Jlm cmssus.
Stratum basale ad plures cellulas cmssum, filamentorum mmosorum irregularitar
radiatoroum compositum; cellulae 4-7 Jlm diametro et lJD 1-2 (-2.S), et cellulae omnes
supemae 1-2 filamenta erecta, plerumque simplicia et lateraliter cohaerentia efferentes.
Cellulae parvae, cubiformes vel paulatim elongatae, angulosae, 3-5 Jlm diametro et 3-6 Jlm
longae; strata horizontalia vel inelinata cellularum pellucidarum 8-10 Jlm longarum et 2-4
strata cellularum breviorum altemantia. Rhodoplasta parva, in media cellula unaquaque.
Conceptiacula subglobosa vel ovoidea, 40-60 Jlm diametro et 8(}-120 11m longa,
ostiolo 25-40 11m lato; tetrasporangia 7-10 11m diametro et 20-30 Jlm longa, parietibus
transversis zonatim divisa; paraphyses copiosae, 3-5 cellulas et 6-10 11m longae, 2-3 11m
diametro.

Type from Apollo Bay, Vic., in low eulittoral and uppermost sublittoral pools, shaded, on
the S side of Point Bunbury (Womersley, 6.11.1990); in AD, A60088.
Distribution: Apollo Bay to Cape Woolamai, Vic., and Southport, Tas.
Known specimens: The type. Gloucester Reserve Reef, Williamstown. Vic., 2-3 m deep (Kraft.
26.vii.1990; AD. A60586). Flinders, Vic .• 3 m deep (Goldsworthy, 15.ii.l990; AD, M0213). Cape
Woolamai, Vic., 13 m deep on NE side (Riddle, 17.ii.1990; AD, A60083). Lady Bay, Southport, Tas.,
7 m deep (Brown & Kenchington, 14.x.1986; AD, A57700).
The Hildenbrandia from Victoria illustrated by Kraft & Woelkerling (1981, fig. 4.lOE;
1990, fig. 3.11E) is clearly this species.
Denizot (1968, p. 198) records three species with zonate tetrasporangia having
transverse walls; H. lecannellieri Hariot from the subantarctic (see above), H. occidentalis
Setchell from Pacific N. America, and H. canariensis Boergesen from the Canary Islands;
varieties of the latter two are known from other regions. H. lecannellieri is markedly
different in form from H. expansa. and H. occidentalis and H. canariensis differ in not
having paraphyses in the tetrasporangial conceptacles. H. expansa also covers much larger
areas and is characterised by the inclined layers of larger cells within the thallus. A further
species, H. dawsonii (Ardre)Hollenberg (1971, p. 286) from Pacific N. America, differs in
having long, slender, apparently non-cellular paraphyses.
ORDER GIGARTINALES Schmitz in Engler 1892: 18, emend. Kraft & Robins 1985: 75
Thallus macroscopic, crustose or erect and frondose to much branched, a few taxa
minute and parasitic; branches terete to compressed or flat, not calcified (with very few
exceptions), cartilaginous to mucilaginous. Structure uniaxial or multiaxial, loosely
filamentous to pseudo-parenchymatous. Cells varying in shape, uni- to multinucleate;
rhodoplasts discoid, numerous per cell, without pyrenoids; pit-plugs without cap layers.
Growth of branches and tilaments apical.
Life history usually triphasic, with isomorphic or heteromorphic gametophytes and
tetrasporophytes.
Reproduction. Sexual thalli monoecious or dioecious; procarpic or non-procarpic.
Carpogonial branches usually situated on inner cortical cells, 3 to several cells long, straight
or curved, inwardly or outwardly projecting, with the supporting cell mono- or
poJycarpogonial, with one or more connecting tilaments from the fertilized carpogonium or
other cells after fusion. Auxiliary cells in special accessory systems or branches or
transformed from ordinary vegetative cells. Carposporophytes within the cortex, in
protuberant cystocarps, or in surface nemathecia, with or without a tilamentous enveloping
tissue or pericarp. Spermatangia cut off from surface cortical cells.
Tetrasporophytes crustose or erect, tetrasporangia derived from cortical cells or within
nemathecia, usually terminal but intercalary in a few taxa, cruciately, zonately or irregularly
divided.
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The Gigartinales is now considered to include the Cryptonemiales, as advocated by
Kraft & Robins (1985) who have shown that separation of the Cryptonemiales as having
auxiliary cells in accessory systems within the thallus, in contrast to transformation of
vegetative cells into auxiliary cells in the Gigartinales, is not satisfactory. There are also
several families of the older Gigartinales which vary from this definition, e.g. Polyidaceae
and Peyssonneliaceae where the auxiliary cells are only formed in special reproductive
nemathecia, and families such as the Plocamiaceae, Phacelocarpaceae and Nizymeniaceae
where auxiliary cells (and carpogonial branches) are formed in special short shoots in branch
axils or on the surface, and are not present on or in sterile thalli. This results in a very large
order of some 40 families, and keying and identification within the order is far from easy
without detailed studies on good reproductive material. Many of the families however have a
highly distinctive female reproductive system from which they can be recognised. Taxa
which have recently been separated as orders include the Corallinales by Silva & Johansen
(1986), the Ahnfeltiales (not known in Australia) by Maggs & Pueschel (1989, p. 349) and
the Gracilariales by Fredericq & Hommersand (1989, p. 225).
KEY TO FAMILIES OF GIGARTINALES
1.
1.

Thallus more or less prostrate, or erect, segmented and heavily calcified; sexual (and
usually tetrasporangial) reproduction within special surface nemathecia ......................... 2
Thallus generally erect, simple and foliose to much branched, with a small basal
holdfast, in a few taxa minute and parasitic; structure filamentous, loosely compacted,
sometimes pseudoparenchymatous; carposporophytes usually within filamentous
involucres or pericarp walls, swelling the thallus or forming globular cystocarps;
tetrasporangia scattered or in sori, within the outer cortex ............................................... 3
2.

2.
3.
3.

Auxiliary cells terminal or intercalary in special branches arising laterally from inner
cortical or outer medullary cells ....................................................................................... 4
Auxiliary cells transformed from ordinary vegetative cells of the thallus, or from
vegetative cells in special reproductive short shoots formed on the thallus surface ......... 6
4.
4.

5.

5.

Thallus prostrate, orbicular to lobed or variously divided in a horizontal plane,
not segmented, closely adherent to largely free from the substratum, attached by
rhizoids from a basal layer of radiating filaments or the ends of downwardly
assurgent filaments; with or without internal calcification; basal or mid filaments
producing simple or branched, erect or assurgent filaments with apical growth.
Reproduction (sexual and tetrasporangial) in superficial nemathecia on the
thallus surface .................................................... PEYSSONNEUACEAE (p. 150)
Thallus erect, segmented, internodes flat and heavily calcified, with surface
nemathecia when reproductive ....................................... POLYlDACEAE (p. 165)

Carpogonial branches (2-4-celled) and auxiliary cells in accessory ampullae of
short, sterile filaments within the cortex; non-procarpic
................................................................................ HALYMENIACEAE (p. 167)
Carpogonial branches (3-10 cells long) and auxiliary cell branches accessory
within the cortex but not within ampullae ............................................................. 5

Non-procarpic. Carpogonial branches single, carpogonia terminal on curved 5-10celled branches, auxiliary cells 1-4 cells from the end of 5-12-celled auxiliary cell
branches; fertilized carpogonium connecting with a subterminal cell of the carpogonial
branch, then producing connecting filaments which fuse with auxiliary cells prior to
formation of carposporophytes; tetrasporangia zonately or cruciately divided
............................................................................................... DUMONTIACEAE (p. 218)
Procarpic or non-procarpic. Carpogonial branches one to several per supporting cell,
carpogonia terminal on 3-celled branches, with characteristic, usually lobed, basal and
hypogynous cells; connecting filaments present (except in Callophyllis); auxiliary cell
groups usually distinct, with the basal auxiliary cell bearing several subsidiary cells, or
the supporting cell acting as the auxiliary cell; carposporophyte developing from the
auxiliary cell or from the adjacent connecting filament; tetrasporangia cruciately divided
.......................................................................................... KALLYMENIACEAE (p. 230)
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6.
6.
7.
7.

8.

9.

Thallus multi axial, erect (a few taxa with a crustose tetrasporophyte) or parasitic
and pulvinate ......................................................................................................... 7
Thallus uniaxial, erect or parasitic and pulvinate ................................................ 13

Thallus pseudoparenchymatous and of uniform ovoid cells, or with a lax filamentous
medulla of elongate cells; tetrasporangia cruciately divided (zonate in crustose phase of
Schizymenia) ..................................................................................................................... 8
Thallus usually with a lax to dense filamentous medulla of elongate cells and a cortex of
ovoid cells or anticlinal filaments; tetrasporangia zonately divided ............................... 10
8.

9.
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Thallus pseudoparenchymatous throughout; tetrasporangia formed in chains. in
nemathecia or pustules ....................................... PHYLLOPHORACEAE (p. 259)
Thallus with a lax medulla of filaments of elongate cells; tetrasporangia scattered
or in small subsurface sori. .................................................................................... 9

Thallus soft, often gelatinous; cortical filaments in discrete branch systems without
secondary pit-connections; non-procarpic with separate supporting and auxiliary cells;
all cells of gonimoblast filaments forming carposporangia; pericarp absent or slight;
tetrasporangia scattered (zonate and terminal on filaments of crustose sporophyte in
Schizymenia) ................................................................ NEMASTOMATACEAE (p. 270)
Thallus firm; cortical filaments with secondary pit-connections; procarpic with the
supporting cell acting as the auxiliary cell; carposporophyte with small groups of
carposporangia within a filamentous matrix, with enveloping tissue usually present;
tetrasporangia in small subsurface sori ................................. GIGARTINACEAE (p. 285)
10. Carpogonial branches directed outwards with relatively straight trichogynes .... II
10. Carpogonial branches directed inwards, with reflexed trichogynes .................... 12

11. Carpogonial branches usually curved laterally, fusion cell with a single, outwardly
directed gonimoblast initial; carposporophyte with a narrow base and the cystocarp
cavity floor often lined with darkly staining nutritive tissue, with downward growing
nutritive filaments from the gonimoblasts to the cystocarp floor; carposporophyte
without early admixture of gonimoblast and vegetative cells; spermatangia in surface
sori, cut off from outer cortical cells ...................................... SARCODIACEAE (p. 314)
11. Carpogonial branches usually straight, fusion cell with multiple gonimoblasts;
carposporophyte with a reticulate persistent fusion cell composed of auxiliary cell and
adjacent gametophytic cells; spermatangia in isolated, sunken, clusters in the outer
cortex ............................................................................. DICRANEMATACEAE (p. 321)
12. Non-procarpic, with connecting filaments between (often distant) carpogonia
and auxiliary cells; carposporophyte with a large central fusion cell or a placenta
of intermixed gametophytic and carposporophytic cells, with outwardly radiating
gonimoblasts bearing single rows or clusters of carposporangia; spermatangia
clustered on surface cortical cells .......... ARESCHOUGIACEAE (in part) (p. 330)
12. Procarpic; gonimoblasts connecting with nutritive or pericarpic gametophytic
cells and coming to line a cavity formed by breakdown of the auxiliary cell, with
inwardly radiating filaments bearing terminal or short rows of carposporangia;
spermatangia in sunken ampulliform clustersACROTYLACEAE (in part) (p. 363)
13. Thallus regularly pinnately branched, in a few genera pulvinate and parasitic; medulla
entirely or largely of ovoid cells, with no or few slender filaments (apart from filaments
surrounding the axial filament in Phacelocarpus) .......................................................... 14
13. Thallus irregularly radially or complanately branched; medulla entirely or largely of
slender til aments, or with numerous filaments surrounding larger cells ........................ 17
14. Thallus distichously branched, with regularly arranged lateral pinnules or
branchlets; auxiliary cells in special short shoots in axils of lateral ramuli... ...... 15
14. Thallus complanately but not regularly distichously branched, or terete and
radially branched; auxiliary cells usually normal cortical cells of the vegetative
thallus .................................................................................................................. 16
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15. Thallus branches with alternating series of 2, 3 or 4-5 laterals, tetrasporangia zonate in
axillary stichidia ..................................................................... PLOCAMIACEAE (p. 376)
15. Thallus branches pinnate with short, regularly arranged, spinous ramuli; tetrasporangia
zonate, borne within channels in axillary or marginal ovoid receptacles
..................................................................................... PHACELOCARPACEAE (p. 391)
16. Thallus usually complanately branched, branches slightly compressed to flat,
cortical cells usually forming rosettes in surface view; carposporangia in chains
on more or less erect and tufted gonimoblast filaments; tetrasporangia scattered
............................................................................ CYSTOCLONIACEAE (p. 409)
16. Thallus radially branched, branches terete to slightly compressed, outer cortical
cells uniform; carposporangia single and terminal on small cells in scattered
clusters throughout the reticulate gonimoblast; tetrasporangia usually in
nemathecia around the base of short lateral branches ..... HYPNEACEAE (p. 436)
17. Thallus with surface tufts of uniseriate filaments bearing spermatangia or cruciately
divided tetrasporangia; medulla densely filamentous, cortex pseudoparenchymatous
.............................................................................................. NIZYMENIACEAE (p. 402)
17. Thallus bearing spermatangia and zonately divided tetrasporangia on or in the cortex
........................................................................................................................................ 18

18. Carpogonial branches directed inwards, with reflexed trichogynes (except
Melanema in the Areschougiaceae) .................................................................... 19
18. Carpogonial branches directed outwards with relatively straight trichogynes .... 20
19. Non-procarpic (procarpic in Melanema), with connecting filaments between (often
distant) carpogonia and auxiliary cells; carposporophyte with a large central fusion cell
or a placenta of intermixed gametophytic and carposporophytic cells, with outwardly
radiating gonimoblasts bearing single rows or clusters of carposporangia; spermatangia
clustered on surface cortical cells ..................... ARESCHOUGIACEAE (in part) (p. 330)
19. Procarpic; gonimoblasts connecting with nutritive or pericarpic gametophytic cells and
coming to line a cavity formed by breakdown of the auxiliary cells, with inwardly
radiating filaments bearing terminal or short rows of carposporangia; spermatangia in
sunken ampulliform c1usters .................................... ACROTYLACEAE (in part) (p. 363)

20. Medulla of lax, separated filaments .................. CAULACANTHACEAE (p. 448)
20. Medulla with a central core of slender filaments surrounded by large ovoid cells
(and filaments), then a small-celled cortex ............... MYCHODEACEAE (p. 450)
FAMILY PEYSSONNELIACEAE Denizot 1968: 86

Thallus prostrate, completely to partly adherent, usually epilithic, often with hypobasal
calcification between the attachment rhizoids; growth marginal on thallus and terminal on
erect filaments. Structure of radiating filaments, either forming a basal layer of branched
rows producing erect to assurgent filaments above, or a central (nearer the lower side) region
of few to numerous filaments with assurgent filaments both upwards and downwards.
Assurgent to erect filaments simple to branched, tightly coherent laterally or somewhat loose
in a gelatinous matrix; internal calcification of aragonite present or absent; pit-plugs without
cap layers; rhodoplasts numerous, discoid.
Reproduction. Sexual plants (where known) monoecious or dioecious, with superficial
nemathecia (with paraphyses); carpogonial branches and auxiliary cell branches 3-6 cells
long, non-procarpic, carposporophytes consisting of short, simple or branched, chains of
carposporangia; male nemathecia with clustered spermatangial filaments.
Tetrasporangia in superficial nemathecia, cruciately divided, with slender multicellular
paraphyses.
A family of probably four or five genera (see Denizot 1968 and Irvine & Maggs 1983,
p. 52), of which two occur in southern Australia.
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KEY TO GENERA OF PEYSSONNELIACEAE
1.

I.

Thallus robust, orbicular, largely free from the substratum; RVS showing filaments
assurgent from an ill-defined layer in the lower thallus. with shorter filaments assurgent
to the lower side and producing rhizoids; tetrasporangial nemathecia without
paraphyses, the whole nemathecium readily lost.. ............................... SONDEROPELTA
Thallus totally to partially adherent to the substratum. orbicular or becoming irregularly
divided or lobed; RVS showing a distinct basal layer of radiating or polyflabellate
filaments next to the substrate, producing rhizoids below and above producing
assurgent to erect filaments a few to many cells long, closely adjacent or relatively
separate and in a gelatinous matrix; tetrasporangia usually formed within superficial
nemathecia of slender filaments on the thallus surface. cruciately divided
............................................................................................................... PEYSSONNELIA
Genus SONDEROPELTA Womersley & Sinkora 1981: 85

Thallus uncalcified. with a short, thick, felt-like stipe of entangled rhizoids and a broad,
relatively thick and cartilaginous, lamina extending eccentrically from the stipe position,
with concentric growth zones, simple to variously lobed and lacerate. Lamina in section
composed of spreading filaments to both the underside and to the upper (light-facing) side;
terminal cells of underside filaments producing rhizoids forming a felt, not or only weakly
attached to the substratum; upper filaments curving to the surface, then producing a layer of
short-celled erect filaments.
Reproduction. Carposporangia in nemathecia, with sterile paraphyses and branched
chains of carposporangia.
Tetrasporangial nemathecia without sterile paraphyses, tetrasporangia elongate.
cruciately divided.
Sonderopelta is a monotypic genus, the name replacing Sonderophycus australis
(Sonder)Denizot (1968, pp. 260, 307) when it was found that the type specimen of
Peyssonnelia australis Sonder (1853, p. 685) was identical to P. gunniana 1. Agardh (=P.
capensis Montagne) and not the plant well known as Ethelia australis (Sonder)Weber-van
Bosse or Sonderophycus australis (Sonder)Denizot. The latter entity was renamed
Sonderopelta coriacea by Womersley & Sinkora (1981).
Sonderopelta differs from other genera of the Peyssonneliaceae in that the RVS shows
filaments assurgent to the upper surface and to the lower side from an undifferentiated
region several filaments thick, and in that the tetrasporangial nemathecia lack sterile
paraphyses.
Sonderopelta coriacea Womersley & Sinkora 1981: 86, fig. I.
Ethelia australis (Sonder)Weber-van Bosse 1921: 300, excl. type.
Sonderophycus australis (Sonder)Denizot 1968: 260, 307, figs 224-227, excl.
type.
[non Peyssonnelia australis Sonder 1853: 685 (=P. capens;s Montagne).]
PLATE 3 fig. 2; FIGS 44A, 4SA-C
Thallus (Fig. 44A) eccentrically peItate, spreading from a short (0.5-2 em long and
0.5-1.5 em broad) fibrous stipe of interwoven multicellular rhizoids. with the lamina usually
separated from the substratum by 0.5-2 em. Lamina simple to lobed and often becoming
split, 5-20 (-25) cm long and 5-15 cm broad, cartilaginous, 0.5-1 (-1.5) mm thick, with
concentric growth zones and often slight ridges, margin smooth and relatively thick.
Structure (Fig. 45A). Growth of thallus marginal, with the assurgent filaments extending
apically; rhizoids produced terminally from the lower assurgent filaments, multicellular,
8-12 11m in diameter, cells LID 3-6, not or only weakly adherent to the substrate. Assurgent
filaments (Fig. 45A) spreading to both surfaces from a broad common region of longitudinal
filaments, the upper filaments distinctly longer, 3-6 (-8) 11m in diameter with cells UD 4-8,
shorter above, with occasional sideways growing filaments present; uppermost erect
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Fig. 44. A. Sonde rope Ita coriacea. (AD, A52035, holotype). Habit. B. Peyssonnelia capensis (AD,
A32505). Habit. C. Peyssonnelia novae-hollandiae (AD, A54367). Habit, tetrasporangiaI specimen. D.
Peyssonnelia foliosa (AD, A59300, holotype). Habit. E. Peyssonnelia boudouresquei (AD, A59916).
Habit, on Pleuroploca. F. Rhodopeltis australis (AD, A26588). Habit.
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filaments 60-100 11m and 6-12 cells long, 5-8 Jlm in diameter, cells LID 0.5-1.5.
Rhodoplasts discoid, forming a reticulum in larger cells.
Reproduction rarely observed, the nemathecia being caducous leaving virtually no
remnants on the surface. The only known fertile collections are from Point Lonsdale, Vic.,
and from Long Gully, S of Robe, S. Aust. Carposporangial nemathecia irregularly covering
thallus, raised and with defined edges, 200-350 11m thick, carposporangia in branched
chains (Fig. 45B), ovoid to angUlar, 7-10 Jlm in diameter. Spermatangia unknown.
Tetrasporangial nemathecia (Fig. 45C) shallow, irregularly covering extensive areas of
thalli, without paraphyses, tetrasporangia 40-60 Jlm long, 10-12 Jlm in diameter, cruciatety
divided; pellicle (Fig. 45C) of nemathecium firm, showing wall pattern of sporangia.

Type from Pondalowie Bay, S. Aust., 2-3 m deep in heavy shade (Clarke, 14.ii.1981;
holotype in AD, A52035 isotypes in "Marine Algae of southern Australia" No. 214).
Distribution: Three Kings Islands, New Zealand (Adams & Nelson 1985, p. 18).
D'Entrecasteaux Reef, S. Aust., to Walkerville, Vic., and the east coast of Tasmania, in
1-25 m depths.

Selected specimens: D'Entrecasteaux. Reef, Head of Great Australian Bight, S. Aust., IS-20 m
deep (Shepherd, 27.iii.l980; AD, AS2155). Masillon 1., Isles of St Francis, S. Aust., 22 m deep
(Shepherd, 5.LI971; AD, A37890). Hopkins 1., S. Aust., 33 m deep (Branden, 8.i.1989; AD, A59997).
Amphitheatre Rock, West I., S. Aust., 13 m deep (Shepherd, l.i.l969; AD, A33252). Long Gully, S of
Robe, S. Aust., drift (0' Leary, l8.viii.1991; AD, A6l477, tetrasporangial). Nora Creina, S. Aust., 12
m deep (Mitchell, 26.v.1963; AD, A26500). Cape Northumberland, S. Aus!., 2-3 m deep (Edyvane,
5.vi.1982; AD, A55504). Portland, Vic., 8-11 m deep, N side Lawrence Rock (Larkum, 2.ix..I97 I ; AD,
A39629). Point Lonsdale, Vic., 3-4 m deep at base of Lighthouse Reef (Kraft & La Feria, 31.v.1990;
MELU, A38213, (AD, A60395), tetrasporangial, and MELU, A38214 (AD, A6(394), female.
Walkerville, Vic., drift (Sinkora A2120, l.iiL1975; AD, A48401). West Point, Erith I., Bass Strait,
15 m deep (Shepherd & R. Lewis, 7.v.1974; AD, A45218). Stapleton Point, Prosser Bay, Tas., 10 m
deep (Olsen, 28.viLI966; AD, A30636). Lady Bay, Southport, Tas., 3-5 m deep (Brown & Womersley,
28.x.1982: AD, A56502).
Sonderopelta coriacea is a distinctive alga, often abundant in shaded overhangs and
caverns or in deeper water. The collections of fertile plants show that while Sonderopelta
belongs to the Peyssonneliaceae, it differs from other genera in lacking sterile paraphyses in
the tetrasporangial nemathecia.
Genus PEYSSONNELIA Decaisne 1841: 168

Thallus completely to largely prostrate, crustose and tightly adherent to loosely attached,
thin to relatively thick, simple and rounded to much divided essentially in the one plane,
often with concentric growth zones from the marginal thallus meristem, usually with a
hypobasal layer of aragonite calcification between the rhizoids. Structure of a single basal
layer of branched filaments, lying almost parallel or forming many flabellules, producing
unicellular or multicellular rhizoids below and above with each cell cutting off centrally or
anteriorly a single cell which forms two chains of assurgent to erect cells which may branch
further and remain laterally coherent, or be relatively free, separating on squashing, and
mucilaginous; internal calcification (cystoliths) often present in cells of erect filaments.
Reproduction. Sexual thalli monoecious or dioecious, gametangia in superficial
nemathecia (usually with sterile paraphyses) on the upper surface. Carpogonial branches
3-6-celled, the fertilized carpogonium forming connecting filaments to auxiliary cells in
adjacent to more remote auxiliary cell filaments, with the carposporophytes consisting
largely of carposporangia in short rows. Spermatangia produced in dense clusters on cells of
erect filaments.
Tetrasporangia in superficial nemathecia, usually terminal on the erect filaments and
lying among slender multicellular paraphyses, cruciately divided.

Lectotype species: P. squama ria (S.G. Gmelin)Decaisne 1842: 360.
Peyssonnelia is credited with over 40 species (see Denizot 1968) some of which are
common in subtidal to deep-water situations; collections of tightly adherent species are not
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easily made and are often lacking in herbaria. Probably at least one or two further species
exist in southern Australia apart from those described below, but adequate material is not
available. Sexual plants are generally rare.
The structure and reproduction of the genus are reviewed by Maggs & Irvine (1983), but
reproductive data on many species is lacking. Following Yoneshigue (1984), Cruoriella is
considered not generically distinct from Peyssonnelia. If the former genus were recognised,
P. boudouresquei would belong to it.
KEY TO SPECIES OF PEYSSONNELIA
I.
I.

HypothalJial cells in RVS un (2-) 3-4, with the basal cell of assurgent filaments
arising at < 50° to the hypothallial layer, connected to the distal end of the hypothallial
cells; rhizoids multicellular ............................................................................................... 2
Hypothallial cells in RVS LID
pit-connected centrally to the basal cell of erect
filaments arising at > 55° to the hypothallial layer; rhizoids unicellular ......................... .4
2.

2.

3.

3.

Thallus medium to dark red, (2-) 5-15 cm long or broad, becoming much branched with
most branches 5-15 mm broad, irregular in width; assurgent filaments 15-20 cells long
with some sideways-growing filaments present; calcification within thallus absent,
hypobasal calcification prominent; tetrasporangial nemathecia prominent, tetrasporangia
160-200 11m long and 95-130 11m in diameter .............................. 2. P. novae-hollandiae
Thallus dark brown-red, 2-5 em long or broad, usually much branched with branches
3-7 mm broad, often terminally flabellate, arising from a prominent stipe; assurgent
filaments 10-12 cells long, with cystoliths present in isolated, elongate-ovoid, lower
cells of the filaments; hypobasal calcification absent to very slight; hypobasal cells
present within the thallus sheath, then producing rhizoids; tetrasporangial nemathecia
low, tetrasporangia 3D-50 11m long and 10-18 11m in diameter ...................... 3. P.foliosa
4.

4.

5.

5.

Thallus orbicular to lobed with broad margins, mostly to partly adherent, with
clusters of ovoid calcified cells (cystoliths) in the mid (to upper) thallus;
hypobasaJ cells producing rhizoids, angled forward through the thallus sheath,
usually bent on emergence and with the basal part within the sheath
.......................................................................................................... 1. P. capensis
Thallus divided or lobed, largely free from substrate and often slightly erect;
internal calcification absent or confined to isolated cells; rhizoids more or less at
right angles to hypothallial cells, hypobasaJ cells absent ...................................... 3

Thallus completely adherent to rock or shells, with few, short, rhizoids;
vegetative thallus 120-400 11m thick, with erect filaments 11-30 cells long,
firmly united or relatively free and mucilaginous; tetrasporangial nemathecia low
.............................................................................................................................. 5
Thallus completely adherent to slightly or largely free from substrate, rhizoids
frequent; vegetative thallus (60-) 80-120 (-160) 11m thick, erect filaments 3-8
(-12) cells long; tetrasporangial nemathecia raised ............................................... 6

Thallus 1-6 cm across, sometimes extending to 5-30 cm long and 3-10 em across,
yellow-red, mostly completely adherent to rock with only few, short, rhizoids; thallus
160-400 11m thick, erect filaments 15-30 cells long, firmly united laterally
.................................................................................................................... 4. P. splendens
Thallus 1-3 (-5) em across, red, on larger molluscs, completely adherent; thallus
120-320 !Jm thick, erect filaments 11-18 cells long, easily separable and mucilaginous
............................................................................................................ 5. P. boudouresquei
6.
6.

Basal layer filaments forming small flabellules as seen from below, thallus
completely adherent ............................................................................... 6. P. dubyi
Basal layer filaments more or less parallel as seen from below; thallus
incompletely adherent, free at least marginally ............................... 7. P. inamoena
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L Peyssonnelia capensis Montagne 1847: 177. Chapman & Parkinson 1974: 158, fig. 48,
pI. 51A. Denizot 1968: 123, figs 47-51, lOS, 107(?). De Toni 1905: 1704. MarcotCoqueugniot 1988: 30 I, figs 3-13. Millar 1990: 331, fig. lSD, E.
P. australis Sonder 1853: 685. De Toni 1905: 1699. Womersley & Sinkora 1981:
85.
P. australis Areschoug 1854: 352.
P. rubra sensu Harvey 1859b: 314 (in part).
P. gunniana J. Agardh 1876: 387. De Toni 1905: 1698. May 1965: 355.
FIGS 44B, 45D-F
Thallus (Fig. 44B) pale to medium red or grey-red, (1-) 2-5 (-12) cm across,
cartilaginous, orbicular or becoming divided into 2-5 broad lobes, 230-450 f.lm thick,
usually radially striate and with more or less concentric growth zones and granular inclusions
apparent in surface view (magnified), epilithic and closely attached apart from free margins
(or upper parts of larger plants) which often roll upwards on drying. Structure (Fig. 45D, E).
Basal layer of radiating lines of cells, each cell 4-8 (- 10) Jlm in diameter and un 2-4,
producing from their lower side multicellular rhizoids (Fig. 45E) with their first cell (the
hypobasal cell) inclined forwards and usually bent where it emerges from the thallus sheath
(calceolate), sometimes cut off as a short, broad. hypobasal cell lying within the thallus
sheath; hypobasal calcification present. Erect filaments (Fig. 45E) assurgent at 20-30 (-40)°,
attached to the anterior upper side of the basal layer cells, 8-10 (-12) Jlm in diameter with
cells LID 2-4 below, branching from some to most of the tirst 4 cells, erect above and 6-8
Jlm in diameter with uppermost cells more or less isodiametric; cystoliths in small to
relatively large clusters (Fig. 45D) of few to several adjacent cells in the mid to upper thallus
region; surface calcitication occasionally present.
Reproduction. Sexual plants with low, somewhat diffuse nemathecia, with slender
paraphyses 200-250 Jlm and 8-10 cells long: carpogonial branches 3-4 cells long, lateral
from basal cell of paraphyses: gonimoblasts (Fig. 45F) forming branched systems of
elongate-ovoid cells 6-8 Jlm in diameter.
Tetrasporangial nemathecia superficial, low, medium yellow to dark red, 1-2 mm across
and ovate to elongate, more or less in concentric lines; paraphyses 90-140 Jlm and 5-6 cells
long; tetrasporangia (Fig. 45E) 50-60 Jlm long and 9-15 Jlm in diameter, decussately
cruciately divided.

Type from Port Natal, S. Africa (Drege); in Herb. Montagne, PC.
Distribution: S. Africa; Madagascar: New Zealand; Brazil.
In southern Australia, from Rottnest L, W. Aust., to northern N.S.W. and around
Tasmania.
Selected specimens: Parakeet I., Rottnest I., W. Aus!., 1.5 m deep under ledge (Coleman 17,
18.i.1972; AD, A42358). Point Sinclair, S. Aus!., low eulittoral pools (Womersley, 25.i.1951; AD,
AI3895). Port Moorowie, Yorke Pen., S. Aus!., 2-3 m deep (Cannon, 7.i.l989; AD, A59846). West
Beach, S. Aust., 8 m deep (Shepherd, 8.vi.1968; AD, A32505). Vivonne Bay, Kangaroo L, S. Aus!.,
0-5 m deep on jetty piles (Kraft & Min-Thein, 4.xii.l971; AD, A41399). N side Pelican Lagoon,
Kangaroo I., S. Aust., low eulittoral under ledge (Womersley, 16.i.1950; AD, AI2680). Oedipus Point,
West 1., S. Aust., 16 m deep (Shepherd, Dec. 1966; AD, A31143). 1.3 km off Middle Point, Cape
Northumberland, S. Aus!., 13 m deep (Shepherd, 19.iii.l974: AD, A44905). Koonya Bay, Mornington
Pen., Vic., upper sublittoral pools (Womersley, 15,i.1974; AD, A44622). Crawfish Rock, Westernport
Bay, Vic., 5 m deep (Watson, 26.iv. 1969; AD, A34320, female) and at low tide level, shaded
(Berthold, 14.ii.l990; AD, A60216 -"Marine Algae of southern Australia" No. 348). Tortoise Head,
French 1., Western Port, Vic., 2-3 m deep (Berthold, 15.ii.1990; AD, A60217, female). Walkerville,
Vic., under overhang just above low tide (Sinkora A1522, 2l.ii.1972; MEL 661576; AD, A42290).
Hunter I., NW Tas., upper sublittoral pools (Bennett, 14.i.I954; AD, A!9664). N point of Stewarts
Bay, Port Arthur, Tas., 1-2 m deep (McGeary-Brown, 29.x.1986; AD, A57387). Woody I.,
D'Entreeasteaux Ch., Tas., 10 m deep (Shepherd, 18,ii.l 972; AD, A41686). Byron Bay, N.S.W., 16 m
deep (Silvester, I 8.viii.l 973; AD, A43976).
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Fig. 45. A-C. Sonderopella mriacea (A, C, AD, A60395; B, AD, A60394). A. RVS (diagrammatic)
of tetrasporangial thallus. B. Carposporangial filaments in a female nemathecium. C. Tetrasporangia
with the pellicle shown in surface view above. O-F. Peyssonnelia capensis (0, E, AD, A32505; F,
AD. A34320). O. RVS with cystoliths, hypobasal calcification, and young tetrasporangia. E. RVS
showing rhodoplasts in cells of erect filaments and rhizoids, ealeeolate first rhizoidal cells, and mature
tetrasporangia. F. Carposporangial filaments in a female nemathecium. G-I. Peyssonnelia novaeholiandiae (G, AD, A55508; H, AD. A44893; I, AD. A59945). G. RVS of tctrasporangial thallus
showing sideways growing filaments and telrasporangia. H. A female nemathecium with a carpogonial
branch, probable auxiliary cell, and mature earposporangium. I. Spermatangial filaments in a male
nemathecium.
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P. capensis is a common species, from low tide level (in shaded situations) to 38 m
deep, and can be found fertile in most months but especially in winter to early summer. It is
characterised by its habit, the presence of clusters of cystoliths in the mid to upper part of the
thallus, and the rhizoids. The density and size of the cystolith clusters varies considerably but
they are invariably present; in some specimens a second layer of cystoliths occurs in the
upper thallus, and in specimens from Byron Bay, N.S.W., extra surface or just subsurface
calcification occurs in a layer. The rhizoids also vary considerably in the shape of their first
cell, but invariably it is inclined forward, basally swollen, and bent where it emerges from
the sheath (i.e. calceolate in shape); in South African and south-east Australian specimens
from rough-water coasts the base is usually cut off as a separate (hypobasal) cell within the
sheath.
Specimens recorded from tropical-subtropical waters but lacking cystoliths (e.g. Webervan Bosse 1921, p. 272; Womersley & Bailey 1970, p.306; Cribb 1983, p.39) are doubtfully
of P. capensis. They are more similar to P. squama ria (S.G. Gmelin)Decaisne as described
by Boudouresque & Denizot (1975, p. 14, figs 4-13) and Nozawa (1972, p. 2, figs 1,2) who
includes P. caulifera Okamura as a synonym. Yoshida (1975) regards P. caulifera as a
distinct species, but illustrates cystolith granules and rhizoids which are typical of P.
capensis.

P. capensis differs from P. squamaria in not always having the hypothallial rhizoidal
cell cut off and in possessing cystoliths in clusters, P. squama ria being uncalcified; in other
features, including the carposporophytes (cf. Nozawa 1972, figs IF, 2) they are very similar.
Harvey confused two species under P. rubra in his Exsiccatae. His Trav. Set 316 from
Western Port, Vic. (MEL, 676108) is P. capensis, but his Alg. Aust. Exsicc. 327 from Port
Jackson, N.S.W. (MEL, 676109) is not this species but of the P. rubra structure.
2. Peyssonnelia novae-hollandiae Ktitzing 1847: 33. J. Agardh 1876: 385. Chapman &
Parkinson 1974: 161. Denizot 1968: 107, fig. 92. De Toni 1905: 1695. Harvey
1859b: 314; 1863: under pI. 269. Millar 1990: 331, fig. 15A-C.
P. squama ria B novae-hollandiae Kiitzing 1849: 693.
P. multifida Harvey 1863: pI. 269. J. Agardh 1876: 389. Denizot 1968: 105, fig.
91. De Toni 1905: 1702.
Haematocelis australis J. Agardh 1852: 499.
FIGS 44C, 4SG-I
Thallus (Fig. 44e) medium to dark red, (2-) 5-15 cm long or broad, cartilaginous, more
or less orbicular when young, becoming much divided into irregular, lacerate branches 5-15
mm broad with broader f1abellate ends, (180-) 250-450 !-1m thick, with more or less
concentric growth zones and faint radial striae, epilithic and basally attached but most of the
thallus largely free from the solid substrate. Structure (Fig. 45G). Basal-layer of radiating
lines of cells, each cell 10-18 f.lm in diameter and LID 2-4, producing from their lower side
multicellular rhizoids with the first cell cylindrical and more or less at right angles to the
basal-layer cell; hypobasal calcification present. Erect filaments (Fig. 45G) assurgent at
35-45°, attached to the distal end of the basal-layer cells, 15-20 cells long, 8-12 J.lm in
diameter with cells LID (2-) 3-4 below, branching from the lower 1-3 cells, erect above and
6-10 (-12) !-1m in diameter with uppermost cells isodiametric to LID 0.5; sideways growing
filaments (Fig. 45G) occasional to common in the lower to mid thallus; internal calcification
absent.
Reproduction. Sexual plants dioecious, with slightly raised nemathecia. Female
nemathecia 2-4 mm across, with slender paraphyses 240-320 !-1m and 10--15 cells long, with
a firm, patterned, pellicle; carpogonial branches (Fig. 45H) 3-4 cells long, borne on the same
basal cell as 3-4-celled auxiliary cell branches; carposporangia (Fig. 45H) in pairs, the pair
ovoid,45--65 11m in diameter and 80-145 !-1m long. Male nemathecia (Fig. 45 I) pale, 0.5-2
mm across, 80--120 !-1m high with a prominent pellicle, with very numerous, closely adjacent
rows of 10-12 tiers each of 3-5 spermatia 2-3 J.lm across, without paraphyses.
Tetrasporangial nemathecia (Fig. 45G) raised, dark red, in scattered to more or less
concentric patches 1-3 (-6) mm across, paraphyses 160-320 J.lm and 10-15 cells long;
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tetrasporangia (120-) 160-200 f.Im long and (80-) 95-130 f.Im in diameter, decussately
cruciately divided.

Type from "Nova-Hollandia"; in Herb. Binder, HBG.
Distribution: New Zealand.
Flat Rocks, S of Geraldton, W. Aus!., around southern Australia to Coffs Harbour,
N.S.W., and around Tasmania.

Selected specimens: Flat Rocks, 40 km S of Geraldton, W. Aus!., drift (Mitchell, 17.ix.1966; AD,
A31083). Point Clune, Rottnest I., W. Aus!., 13-14 m deep (Kraft & Ricker, 2.xii.1980; MELU,
35384). Ward t, W of Flinders I., S. Aust., 18-23 m deep (Shepherd, 3.iii.l980; AD, A50918).
Pondalowie Bay, S. Aus!., 5-8 m deep (Shepherd, 14.iv.1963; AD, A26584). South West R., Kangaroo
t, S. Aus!., 6 m deep (Mitchell, 24.viii.1963; AD, A26824). Amphitheatre Rock, West I., S. Aust.,
20-22 m deep (Shepherd, l.i.1969; AD, A33249). 2 km off Middle Point, Cape Northumberland, S.
Aus!., 24 m deep, female (Shepherd, 19.iii.1974; AD, A44893). Cape Northumberland, S. Aus!., 2-3 m
deep (Edyvane, 5.vi.1982; AD, A55508). Lady Julia Percy I., Vic., 8-11 m deep (Shepherd, 3.i.l968;
AD, A32466). Point Lonsdale, Vic. (Ducker, 5.ii.1965; MELU, 2044). Cat Bay, Phillip I., Vic., drift
(Womer.dey, lO.iv.l959; AD, A22724). Ninepin Point, D'Entrecasteaux Ch., Tas., 8 m deep
(Sanderson, 30.viii.1983; AD, A54367). Collaroy, N.S.W., drift (Lucas, May 1922; NSW, 5279-5286)
and (May 468, 24.xLl944; NSW, 5203; AD, A59945). Green Point, Broken Bay, N.S.W., 5-7 m deep
(Larkum, Baker & Martin, 17.xii.l972; NSW, 528, 529). Newcastle, N.S.W. (Harvey, Alg. Aust.
Exsicc. 329, type of P. mulIlJida). Richmond R. mouth, N.S.W. (Hodgkinson; MEL, 676112).

Ktitzing (1847) first described P. novae-hollandiae as a species but later (1849, p, 693)
he referred to it as a variety of P. squamaria, without reference to his first description.
Harvey (1859b, p. 314 and 1863, under pI. 269) clearly regarded it as a species. This name
pre-dates P. multifida Harvey (1863, pI. 269) from Newcastle, N.S.W. Specimens from New
South Wales are variable in form, with Harvey's P. multifida being divided into more regular
narrow branches, but all show the structural features of P. novae-hollandiae, including the
sideways-growing filaments and large tetrasporangia.
No specimens of Haematocelis australis were found in Herb. Agardh, LD, but an unnamed sheet under P. multifida is labelled "e nov. Hollandia. Sieb. in Hb. Diesing." This
may be the type of H. australis, and is identical to P. multifida (= P. novae-hollandiae).
P. novae-hollandiae is essentially a deep water species, known from shaded pools to
48 m deep, mainly on south-eastern Australian coasts (and north to the Richmond R. mouth);
collections from Rottnest 1. are small (2-4 cm high) but otherwise typical of the species. It is
fertile in most months but especially in winter, and is distinguished by its branched habit,
robustness, absence of internal calcification, direct emergence of rhizoids, presence of sideways growing filaments, and especially by the very large tetrasporangia. In habit it varies
considerably, but becomes much branched with age; the N.S.W, and W. Aust. (Flat Rocks)
specimens have narrower and more linear branches (the "multifida" form) than Victorian and
Tasmanian specimens.
The sideways growing filaments amongst the lower to mid erect filaments appear to be
characteristic of only this species amongst those in southern Australia, Similar filaments are
reported in P. crispata Boudouresque & Denizot by Athanasiadis (1985, p. 455, figs 5, 6)
and illustrated for P. atropurpurea by Maggs & Irvine (1983, fig. 24), but these are only
adjacent to the basal layer.
3. Peyssonnelia foliosa Womersley, sp. nov.
FIGS 44D, 46A, B
Thallus (Fig. 44D) dark brown-red, 2-5 cm long, with a basal, usually branched, stipe
1-3 cm long and 2-4 mm in diameter, arising from a conical, densely rhizoidal, holdfast 3-5
mm across; epilithic, Fronds much branched more or less complanateiy, with irregular
branches 3-7 mm broad, often terminally flabellate, 160-200 (-240) f.Im thick, lying free
from the substrate but more or less horizontal. Structure (Fig. 46A). Basal layer of radiating
lines of cells, each cell 12-20 I.Hn in diameter and LID 2-5, producing from their lower side
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multicellular rhizoids (often branched) with dome shaped. hypobasal cells (Fig. 46A) lying
within the thallus sheath, then with cylindrical cells more or less at right angles to the basal
layer cells; hypobasal calcification absent or very slight. Erect filaments (Fig. 46A) assurgent
at 30-40 attached to the distal end of the basal layer cells, 8-12 11m in diameter and un
4-6 below, branching mainly from the lower 1-3 cells. erect above and 6-10 11m in diameter
with cells isodiametric to un 0.5; fusiform cystoliths (Fig. 46A) present in individual cells
of the lower erect filaments, mostly 80-120 !lm long and 16-25 11m in diameter; rhodoplasts
ovoid to elongate, tending to form a reticulum in lower cells.
Reproduction. Sexual plants with low, inconspicuous nemathecia, with slender
paraphyses 120-200 11m and 8-12 cells long; carposporophytes (Fig. 46B) numerous within
the nemathecia, simple or branched, with rows of ovoid to subspherical carposporangia 8-14
11m in diameter.
Tetrasporangial nemathecia inconspicuous, low, dark red, 0.2-1 mm across, scattered;
paraphyses 80-100 11m and 5-8 cells long; tetrasporangia (Fig. 46A) 30-50 !lm long and
10-18 11m in diameter, decussately cruciately divided.
0

,

Thallus fusco-rubiginosus, 2-5 em longus, stipite ramoso 1-3 cm longo et 2-4 mm in
diametro, ex haptero eonieo rhizoidaeeo 3-5 mm lato ortus; epilithicus. Frondes complanate
ramosae, rami 3-7 mm lati, in extremis saepe flabellatae, 160-200 (-240) 11m crassae,
substrato appositae sed non adhaerentes. Stratum basale cellularum radians, cellulis 12-20
!lm in diametro et un 2-5, rhizoidea multicellularia cum cellulis tholiformibus
hypobasaJibus producens; caIcificatio hypobasalis debiliter evoluta vel absens. Filamenta
erecta in 30-40° assurgentia, in stratum basale cellularum distaliter affixa, 8-12 11m in
diametro et un 4-6 inferne, superne erecta et 6-10 11m in diametro, cellulis LID 0.5-\;
cystolithi fusiformes in cellulis discretis filamentorum inferiorium erectorum. Plantae
sexuales nemathecibus humilibus, et paraphysibus tenuibus 120-200 11m et 8-12 cellulas
longis; carposporophyta numerosa, simplicia vel ramosa; carposporangia seriatim disposita,
ovoidea vel subglobosa, 8-14 !lm in diametro. Nemathecia tetrasporangialia inconspicua,
0.2-1 mm lata, dispersa; paraphyses 80-100 J.lm et 5-8 cellulas longae, tetrasporangia
30-50!lm longa, 16-18 11m in diametro decussate cruciatim divisa.

Type from "The Hotspot", W of Flinders I., S.Aust., 32 m deep (Branden, 21. vi.J988);
holotype in AD, A59300.
Distribution: Islands off the west coast of Eyre Peninsula, S. Aust., in deep water; off De
Mole R., Kangaroo I., S. Aust.

Selected specimens: The type. Ward I., S. Aus!., 20 m deep (Graske, 22.vi.J988; AD, A59250).
Topgallant I., S. Aus!., 6-13 m deep (Rowland, 5.iv.1988; AD, A58662). Pearson I., S. Aus!., 20-25 m
deep (Shepherd, 7.i.I969; AD, A33629); 22 m deep (Shepherd, 10.i.1969; AD, A34004): 30 m deep
(Shepherd, lO.i.I969; AD, A34050); 36 m deep (Shepherd, 1O.i.1969; AD, A34115); 30-35 m deep
(Shepherd, 7.i.1969; AD, A34146); and 20-23 m deep (Shepherd & Turner, 29.iii.1982; AD,
A53048). Off DeMole R., N coast Kangaroo I., S. Aus!., 9-11 m deep (Mitchell, 18.ii.l960: AD,
A24047).
P. foliosa is a distinctive species known only from deep water around islands off the
west coast of Eyre Peninsula and one locality off the N coast of Kangaroo I. It was recorded
as P. novae-ho[{andiae in Shepherd & Womersley (1971, pp. 161, 165),
P. foliosa is characterised by its habit, presence of hypothallial rhizoidal cells, and the
shape and position of the cystoliths. It is superficially similar to P. replicata Ki.ltzing 1849:
694; 1869: 32, pI. 89a-c; Denizot 1968: 136. figs 35-38, from South Africa but the latter
has the lower cell of erect filaments pit-connected centrally to each hypo basal cell and it also
lacks cystoliths. The only other species with single, not clustered, cystoliths appears to be P.
rubra (Greville)J. Agardh from the Mediterranean, but this species differs in habit and
structure,

160

PEYSSONNEUACEAE

, A.B.D-G,I
50pm

Peyssonnelia

!

I

,~~%r
Fig. 46. A, B. Peyssonnelia foliosa (A, AD, A59300; B, AD, A58662). A. RVS of thalIus with two
cystoliths, rhodoplasts shown in one basal celI, and tetrasporangia. B. Section of a female
nematheeium, with rows of carposporangia from 3 carposporophytes (two carposporangia stippled to
show rhodoplasts). C-l Peyssonnelia splendens (C, n, G, AD, A60021; E, F, H, I, AD, A57377).
C. Section of thalIus showing regions of clustered cystoliths and patches of hypobasal calcification.
D. Detailed sectional view of clustered cystoliths. E. RVS of growing apex of thallus. F. RVS of
mature thallus. G. Branching pattern of basal layer. H. Diagrammatic view of RVS with tetrasporangial
nemathecium. I. Tetrasporangia and paraphyses.
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4. Peyssonnelia splendens Womersley, sp. nov.
FIG. 46C-I
Thallus yellow-red to red-brown, rounded and 1-6 cm across or under wave flow
extending as elongate patches 5-30 cm long and 3-10 cm across, completely adherent to
rock and with an even margin and irregular radial streaks; 160-400 (-500) 11m thick.
Structure. Basal layer (Fig. 460) of radiating lines of cells or vague flabellules, each cell
8-16 11m in diameter and LiD 1.5-2.5, producing short unicellular rhizoids from the lower
side of occasional cells; hypobasal calcification present. Erect filaments (Fig. 46E, F)
assurgent at 50-80°, 15-30 cells long, with the lowest cell of similar dimensions to the cells
of the basal layer but more erect (14-20 J.lm diameter and LID 1.2-2) and centrally pitconnected to it, then branching from 1-4 lower cells and occasional upper cells, becoming
4-8 11m in diameter with cells LID 1-2 for many rows below the surface; surface cells
mostly not in rows; cystoliths (Fig. 46C, D) usually present in dense and extensive clusters in
lower to mid parts of young thalli, forming oval patches (as seen from the surface) 1-4 cells
thick, sometimes rare in some areas of thalli and in older thalli; on decalcification such
cystolith cells are usually elongate and distinct.
Reproduction. Sexual plants unknown.
Tetrasporangial nemathecia (Fig. 46H) inconspicuous, low, 0.5-1.5 mm across,
scattered; paraphyses modified from upper thallus cells, 60-80 11m and 6-8 cells long;
tetrasporangia (Fig. 46 I) 50-80 J.lm long and 20-30 J.lm in diameter, decussately cruciately
divided.
Thallus aureo-roseus vel fusco-rubiginosus 1-6 (-30) cm latus, globosus vel elongatus,
substrato omnino adhaerens, margine glabro, superficie radiatim striata, 160-400 (-500) 11m
crassus. Stratum basale radiatim lineatum vel dubie flabellatum, cellulae S-16 !Jm in
diametro et LiD 1.5-2.5, rhizoideis brevi bus unicellularibus ex cellulis interdum ortis.
Filamenta erecta ad 50-S0° assurgentia, 15-30 cellulas longa, cellula infima simili strato
basali cellularum, et in centro connexa, cellulis supemis 4-8 11m in diametro et LID 1-2;
cystolithi in partibus inferioribus vel centralibus thallorum juvenium plerumque dense
aggregati, sed interdum rari. Plantae sexuales ignotae. Nemathecia tetrasporangialia
inconspicua, 0.5-1.5 mm lata, dispersa, paraphyses 60-S0 11m et 6-8 cellulas longae,
tetrasporangia 50-80 J.lm longa et 20-30 11m in diametro, decussate cruciatim divisa.

Type from Wanna (W of Port Lincoln), S. Aust., uppermost sublittoral (Womersley,
15.i.1987); holotype in AD, A57377.

Distribution: Cape Carnot, S. Aust., to Flinders, Vic.
Known specimens: Cape Camot, S. Aust., in pool in shaded cavern (Womersley, 8.i.1951; AD,
A15JOO). Abalone Cove, West I., S. Aust., 2 m deep (Gordon-Mills, 24.vii.1987; AD, A57528) and
3 m deep (Shepherd, 28.xii.l989; AD, A60021). Apollo Bay, Vic., mid eulittoral pool outside Point
Bunbury (Womersley, 6.iU990; AD, A6010l). Point Lonsdale, Vic., 2 m deep near jetty (Battershill,
5.ii.l990; AD, A60094). Flinders, Vic., 3 m deep (Goldsworthy, 15.ii.l990; AD, A60212).
P. splendens is a striking species and probably the most expansive of the completely
adherent ones; the colour and form are distinctive, as are the extensive patches of closely
grouped cystoliths and the shallow nemathecia. The type material from Wanna occurred on
smooth rock just below low tide level under strong wave wash, and extended lengthwise in
slight depressions where water streams down the rock after waves at very low tide. Cystolith
clusters were present in some parts of the young thallus but not in other regions. The
Abalone Cove collections had more abundant sheets of cystoliths. The basal layer in the type
was essentially of parallel filaments, but in smaller specimens from Abalone Cove small
flabellules were present near the margins.
The tetrasporangial nemathecia consist of only very slightly raised patches with
tetrasporangia lying among upper thallus filaments which are only a few cells longer than the
upper vegetative filaments; this situation is similar to P. immersa Maggs & Irvine (1983)
from Britain, but the tetrasporangia are terminal on paraphyses in the latter.
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Fig. 47. A-E. Peyssannelia boudauresquei (A, B, D, E, AD, A19608; C, AD, AI5184). A. RVS of
thallus with separated cortical filaments and tetrasporangia. B. Basal filaments near margin. C. Basal
filaments in mature thallus. D. Thallus with carposporangia. E. Two spermatangial heads. F-H.
Peyssonnelia dubyi (F, G, AD, A1507!; H, AD, A61151). F. RVS of thallus. G. Basal filaments with
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P. splendens differs from other species of similar habit and structure [e.g. P.
meridionalis Hollenberg & Abbott (1968, p. 1244) and P. hairii Hollenberg & Abbott (1968,
p. 1244) from California] in possessing grouped cystoliths (though Maggs & Irvine 1983, p.
230 state the thallus of P. meridionalis is slightly calcified, in contrast to the original
description) and also in the size and form of tetrasporangia.

5. Peyssonnelia boudouresquei Yoneshigue 1984: 136, figs 1-23.
P. atlantica Schneider & Reading 1987: 176, figs 1-15.
FIGS 44E, 47A-E
Thallus (Fig. 44E) medium to dark red or red-brown, 1-3 (-5) cm across, orbicular or
broadly lobed, completely adherent to the substrate (molluscs or rock), 120-320 !Jm thick,
without growth zones but with a wrinkled surface (largely due to the substrate). Structure.
Basal layer (Fig. 47B, C) of radiating lines of cells in broad flabellules, each often with a
central filament of slightly broader cells 10-14 !Jm in diameter and UD 2-3, with the other
cells from below 8-12 !Jm broad and UD 2-4, from the side (in RVS) 15-30!Jm high and
LID 1-2 (-3), producing below occasional, short, unicellular rhizoids, usually with a short
basal cell within the thallus sheath; hypobasal calcification slight. Erect filaments (Fig. 47 A)
assurgent at 60-80 0 , attached centrally or slightly anteriorly to the basal layer cells, the
lowest cell conical with a truncated top, (15-) 20--30 !Jm in diameter and UD 1-2, furcate
occasionally for the lower 1-4 cells and tapering to 6-12 !Jm in diameter, then to a long
slender filament (simple or occasionally fmcate) easily separable in its gelatinous matrix but
with the filament apices held in the surface pellicle; filaments 100-200 flm and 11-18 cells
long, mid cells 3-7 !Jm in diameter and LID 2-5, upper 3--4 cells 5-8 !Jm in diameter and
LID (0.5-) 1-1.5.
Reproduction. Sexual plants monoecious. Carpogonial branches in shallow nemathecia,
terminating short branches, carposporangia (Fig. 47D) in short chains or clusters, within
nemathecia, each isodiametric to ovoid, 15-20 !Jm in diameter. Spermatangia (Fig. 47E)
borne in ovoid heads.
Tetrasporangia (Fig. 47 A) borne terminally on 2-5-celled lateral branches of the erect
slender filaments, lying within this region, 30-60 !Jm long and 24-30 11m in diameter,
cruciately (more or less decussately) divided.

Type from Ponta Leste, Arraialdo Cabo, Brazil; holotype YY4053F in Herb. Instil.
Pesquisas da Marinha, RJ, Brazil.
Distribution: Brazil; North Carolina, U.S.A.
In southern Australia, from the Head of the Great Australian Bight to Louth Bay, S.Aust.;
probably more widely distributed. It occurs mainly on shells of molluscs but is also epilithic.

Selected specimens: Head of the Great Australian Bight, S. Ausl., epilithic in shaded pool
(Womers[ey, 4,ii,1954; AD, AI9321). Scotts Bay, S.Ausl., reef pools on Turbo (Womersley, 27,i.l95 I ;
AD, A15070). Point Sinclair, S. Aust., upper sublittoral on Turbo (Womers[ey, 9,ii.1954; AD,
AI9608). Elliston, S. Aus!., in upper sublittoral pool, inner reef, on the mollusc Pleuroploca
australasia (Womersley, 15,i.l951: AD, A59916). Topgallant I., S. Aus\., 10 m deep on Halioti.l
laevigata (O'Leary. 22.i.l992; AD, A61653). Louth Bay, S. Aust., upper sublittoral on Thnis
(Womersiey, 5.i.1951; AD, AI5184).

The above specimens agree well with descriptions of P. boudouresquei Yoneshigue
from Brazil, and have been checked by Dr Christine Maggs, who pointed out that P.
atlantica Schneider & Reading is a synonym.
6. Peyssonnelia dubyi Crouan & Crouan 1844: 368, pI. II figs 6-10. Boudouresque &
Denizot 1975: 51, figs 92-96. Denizot 1968: 112, fig. 96. Irvine & Maggs 1983:
57, figs 18C, 19B. Kylin 1928: 35, fig. 18.
Cruoriella dubyi (Crouan & Crouan)Schmitz. Dawson 1953: Ill, pI. 7 figs 2, 3.
Rosenvinge 1917: 193, figs 115-117.
flabellules. H, RVS of thallus with tetra sporangia. 1-0. Peyssonnelia inamoena (AD, A59853). I.
RVS of thallus. J. Surface (upper) pattern of erect filaments. K. Basal filaments. L. Carpogonial
branch. M. Young carposporangia from connecting filament. N. Carposporangia in a female
nemathecium. O. Mature carposporangia.
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FIG 47F-H
Thallus medium red, (0.5-) 1-3 cm across, orbicular to irregularly spreading,
completely adherent, without superficial growth zones, 60-100 11m thick, epilithic or
epiphytic on crustose coralline algae. Structure. Basal layer (Fig. 470) of filaments arranged
in flabellate systems, rows branching, spreading and mostly not parallel, cells from below
(10-) 12-18 (-20)!Jm in diameter and IJD (1-) 1.5-2.5, 12-16 11m in height and IJD 1-2,
producing occasional short unicellular rhizoids; hypobasal calcification slight. Erect
filaments (Fig. 47F) 3-7 cells long, almost vertical (60-80°), the lowest cell similar in shape
and dimensions to the basal layer cell and pit-connected centrally to it, then branched, upper
cells 10-14 11m in diameter and IJD 0.5-1, reflecting the flabellules in surface arrangement;
internal calcification absent.
Reproduction. Sexual sori superficial, mucilaginous; carpogonial and auxiliary cell
branches lateral, 4-5 cells long, carposporangia in branched rows of 2-5, each 30-40 !Jm
across; spermatangia (Irvine & Maggs 1983, p. 57) in terminal groups.
Tetrasporangial sori (Fig. 47H) shallow, 0.5-1 mm across, tetrasporangia terminal or
lateral, 40-60 !lm long and 15-30 !lm in diameter, cruciately divided.

Type from Brivatem (Brest, France see Irvine & Maggs 1983, p. 57); in CO.
Distribution: Europe, Britain, Mediterranean, Baha California.
In southern Australia, from Pearson I., S. Aust., to Point Lonsdale, Vic. Probably far
more widespread.

Known specimens: Pearson I., S. Aus!., 10 m deep (0' Leary, 19.i.1992; AD, A61659). Point
Westall, S. Aus!., in shaded lower eulittoral pool (Womersley, 19.i.1951; AD, A15073). Elliston, S.
Aust., upper sublittoral pool, inner reef (Womersley, l5.i.l95l; AD, A1507l) and outer reef surface
(Womersley, l4.i.1951; AD, A61151). 30 km SE of Cape Willoughby, Kangaroo I., S. Aust., 37 m
deep (Bone, 13.iii.l989; AD, A59834). Point Lonsdale, Vic., 2 m deep near jetty (Battershill, 5.ii.1990;
AD, A60095).
These specimens agree reasonably well in the polyflabellate arrangement of the basal
layer, in thallus structure and thickness, and in the tetrasporangial sori with P. dubyi. Several
closely related species have been described (see Denizot 1968, pp. 112-114) and some at
least are doubtfully distinct.
7. Peyssonnelia inamoena Pilger 1911: 311, figs 24, 25. Boudouresque & Denizot 1975:
58, figs 107-115. Cribb 1983: 41. Denizot 1968: 97, figs 78-82. Schneider & Reading
1987: 185, figs 29-40.
FIGS 47 1-0
Thallus medium to dark red, (0.5-) 1-2 cm across, orbicular, incompletely adherent to
varying extents, with faint concentric growth zones and radial striae, 70-100 11m thick,
epilithic or epiphytic. Structure. Basal layer (Fig. 47K) of essentially parallel filaments,
12-18 !lm in diameter from below with cells IJD 1.5-2 (-4), 12-16 !lm in height and IJD
1-1.5 (-2), often rhomboidal in RVS, with many cells producing unicellular rhizoids 8-12
!lm in diameter; hypobasal calcification present. Erect filaments (Fig. 47 I) 3-6 (-12) cells
long, at (50-) 60-85°, the lowest cell usually more erect but similar (or slightly smaller) in
dimensions to the basal layer cell and pit-connected centrally to it, then with two branches
(and occasional upper ones), upper cells (8-) 10-12 11m in diameter and IJD 0.5-1, arranged
in surface view in distinct rows (Fig. 47J) of square to polygonal cells; internal calcification
absent.
Reproduction. Female nemathecia (Fig. 47N) superficial, with paraphyses 8-12 cells
long, lower and mid cells 4-6 !lm in diameter, UD 2-5; carpogonial (Fig. 47L) and auxiliary
cell branches 3-5 cells long; carposporangia (Fig. 47M-O) in rows of 2-3 on a small
gonimoblast cell arising from the fusion cell, more or less isodiametric and 25-35 11m
across. Spermatangia unknown (reported on dioecious thalli by Denizot 1968, p. 97).
Tetrasporangia in shallow sori among 5-6-celled paraphyses, 45-60 !Jm long and
18-30 !lm in diameter, cruciately divided.
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Type from Gross-Batanga, Cameroon, West Africa, 2-3 m deep; in B?
Distribution: Widely distributed in tropical to warm temperate seas.
In southern Australia, known from the Head of the Great Australian Bight, S. Aust. to
D'Entrecasteaux Ch., Tas., in heavily shaded pools to deep water.

Known specimens: Head of the Great Australian Bight, S. Aus!., shaded pool (Womers[ey,
4,ii.1954; AD, A59917). Point Sinclair, S. Aus!., shaded pools (Womersley, 25.i.1951; AD, AI5072).
Wedge L, S. Aus!., 10 m deep (0' Leary, 23,i.1992; AD, A6l685). Aldinga, S. Aust., on Ecklonia
holdfasts in upper sublittoral pools (Shepley, 7.iii.1954; AD, A20195). 24 kIn S of Cape Hart,
Kangaroo L, S. Aus!., 58 m deep (Bone, 13.iii.1989; AD, A59835). 34 kIn S of Cape Willougl}by,
Kangaroo I., S. Aust., 45 m deep (Bone, 13.iiU989; AD, A59853). 30 kIn SE of Cape Willoughby,
Kangaroo I., S. Aust, 37, 38 and 41 m deep (Bone, 13.iii.l989; AD, A59839, A59872 and A59841,
A59843 resp.). 35 kIn NW of Robe, S. Aus!., 47 m deep (Bone, 15.iii.1989; AD, A59827). 2 kIn N of
Woody I., D'Entrecasteaux Ch., Tas., 15 m deep on Maoricolpus (Shepherd, 17.ii.1972; AD, A41623).
The above collections are provisionally placed under P. inamoena. The thallus structure,
the usually weak adherence to the substrate, and the regular rows of both the basal layer cells
and the upper cells as seen in surface view, all agree with this species and the
carposporangial and tetrasporangial nemathecia are very similar to those illustrated by
Schneider & Reading (1987, fig. 40).
FAMILY

POLYIDACEAE Kylin 1956: 166, nom. cons.

Thallus erect, much branched with furcate terete branches or flat, calcified, internodal
segments and uncaIcified nodes. Structure multi axial, with a dense filamentous medulla and
a cortex of subspherical to ovoid cells in anticlinal rows.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual organs in superficial nemathecia on upper branches or the flat
segments, uncalcified. Carpogonial branches erect, several cells long, amongst multicellular
paraphyses; auxiliary cells intercalary in nemathecial filaments, united by connecting
filaments; carposporophytes lying between paraphyses, with most cells becoming
carposporangia. Male nemathecia with tufts of spermatangia borne laterally on upper cells of
paraphyses.
Tetrasporangia borne in outer cortex or in shallow nemathecia, elongate-ovoid,
cruciately divided.

A family with two genera, Polyides (from the N. Atlantic) and Rhodopeltis, which
Papenfuss (1966, p.2S1) transferred from the Cryptonemiales to the Gigartinales, on the
basis that the auxiliary cell is "an undifferentiated intercalary cell of a nemathecial
(vegetative) filament". However, the nemathecia are only formed associated with
reproductive organs and are not strictly vegetative, and it seems best to place this family with
the closely allied family Peyssonneliaceae.
Genus RHODOPELTIS Harvey 1863: pI. 264
Thallus much branched, with flat, ovate to elongate, internodal calcified segments
connected by uncalcified nodes, branching from the apex of internodes, attached by small
discoid hold fasts. Structure multiaxial, with a densely filamentous medulla and a cortex of
anticlinal rows of subspherical to elongate cells; calcification within the cortex.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. All reproductive organs formed in uncalcified, superficial, nemathecia on
the surface of segments. Sexual thalli dioecious; carpogonial branches 3-8 cells long, erect,
straight, lying between paraphyses; auxiliary cell branches 3-12 cells long, similar but
separate from carpogonial branches, with post-fertilization fusion of the carpogonium to a
hypogynous cell and then by connecting filament to an auxiliary cell; gonimoblast filaments
much branched, with the end cells, or most, forming carposporangia, the carposporophytes
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lying within the nemathecia. Spermatangia in lateral tufts from nemathecial filaments or cut
off from outer cortical cells.
Tetrasporangia in shallow nemathecia, formed on outer cortical cells or on branched
nemathecial filaments, irregularly zonately to cruciately divided.
Type species: R. australis Harvey 1863: pI. 264.
A genus of 5 species, the type from southern Australia and 4 other species from Japan
(Nozawa 1963; 1970). Rhodopeltis australis was described by Harvey (1863, pI. 264) as a
new genus and species, applied to the fertile nemathecia which Harvey considered a parasite
on Amphiroa australis Sonder. Harvey cited "Cruoria? australis Harvey mss" in his
description, apparently forgetting that he had described this in 1855a (p. 551). This earlier
name (and Amphiroa australis Sonder) must give way to Harvey's use of australis as a new
species in describing Rhodopeltis in 1863. Weber-van Bosse (1904, p. 104) established the
genus Litharthron, based on sterile material of Amphiroa australis Sander, and placed it in
the Corallinaceae.
Rhodopeltis australis Harvey 1863: pI. 264. De Toni 1905: 1671. Nozawa 1963: 35, fig.
12C-H; 1970: 121, fig. 14C-H. Schmitz & Hauptfleisch 1897: 530.
Amphiroa australis Sander ]845: 55; 1848: 188. J. Agardh 1852: 537. Harvey
1849a: 98; 1859a: pI. 77. Ki.itzing 1849: 703; 1858: 24, pI. 50a-d.
Cruoria australis Harvey 1855a: 551.
Litharthron australis (Sonder)Weber-van Bosse 1904: 104, pI. 15 figs 16, 17.
Yendo 1905: 16.
FIGS 42E-H, 44F
Thallus (Fig. 44F) dark red-brown, fading to yellow-grey, 5-12 cm high and in spread,
developing a terete to compressed, uncalcified stalk 1-3 mm in diameter, 1-7 em long,
knobby with branch remnants, bearing branches of 3-8 flat, ovate-elongate, heavily calcified
segments, each bearing 2-4 branches terminally, separated by short, uncalcified nodes 0.5-1
mm in diameter; segments brittle, when mature 10-20 (-25) mm long, (3-) 4-8 mm broad
and 200-600 !Jm thick, decreasing in size near branch apices; segments with an apical and
basal indentation adjacent to nodes and usually with two longitudinal lines corresponding to
the thinner marginal cortical regions. Holdfast discoid-conical, 2-10 mm across; epilithic.
Structure multi axial, with a dense filamentous medulla and a cortex (Fig. 42H) of
subspherical cells, the inner 40-50 !Jm in diameter, decreasing to the outer 3-4 Ilm in
diameter; innermost cortical cells often stellate. Calcification (aragonite*) in the cell walls
throughout the cortex, not the medulla, with numerous large starch grains in cortical cells.
Reproduction. Reproductive organs in uncaIcified, ovate nemathecia on both sides of
thallus segments. Sexual thalli dioecious. Female nemathecia 160-200 Ilm thick, with dense
paraphyses 12-15 cells long, lower cells elongate, 2-3 Ilm in diameter, upper cells ovoid,
broadening to 4-6 !Jm in diameter. Carpogonial branches (Fig. 42E) 6-8 cells long, cells
6-10 Ilm in diameter, UD 1-2. Auxiliary cells apparently intercalary in filaments (Fig. 42E)
similar to carpogonial branches. Gonimoblast filaments branched, carposporophytes (Fig.
42F) ovoid to elongate or lobed, 150-200 Ilm long and 60-100 Ilm in diameter, developing
densely massed carposporangia, carposporangia more or less isodiametric, 6-10 !Jm in
diameter. Male nemathecia (Fig. 42G) 80-120 Ilm thick with slender multicellular
paraphyses branching laterally to form tufts of ovoid spermatangia each I-211m in diameter.

Tetrasporangial nemathecia (Fig. 42H) shallow, 30-40 Ilm thick, with short, unicellular
paraphyses 15-20 Ilm long and 3-5 Ilm in diameter; tetrasporangia clavate to ovoid, 20-25
!Jm long and 8-10 Ilm in diameter, irregularly cruciately divided.
Type from Rottnest I., W. Aust. (Harvey); in Herb. Harvey, TCD.
Distribution: Cottesloe and Rottnest 1., W. Aust. to Point Roadknight, Vic.
Selected specimens: Strickland Bay, Rottnest I., W. Aust., 1-2 m deep (Clarke & Engler, 5.ix.1979; AD,

* Analysed by Mr John Stanley, Dept of Geology and Geophysics, University of Adelaide.
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A51115). N Point Reef, Rottnest I., W. Aust. (Baird, Nov. 1945; AD, A4566). Waldegrave I., S. Aust.,
23 m deep (Shepherd, 11.v.1971; AD, A38735). Elliston, S. Aust., 10-11 m deep in bay (Shepherd,
20.x.1969; AD, A34997). Pondalowie Bay, S. Aust., 5-8 m deep (Shepherd, 14.iv.l963; AD, A26588).
Rapid Head, S. Aust., 10 m deep (Shepherd, March 1966; AD, A30482). Port Willunga, S. Aust., drift
(Womersley, 24.iv.1948; AD, A8320). Cape du Couedic, Kangaroo I., S. Aust., 10 m deep (Shepherd,
24.x.1967; AD, A31970). Port Elliot, S. Aust., drift (Womersley, 24.vii.1949; AD, AIII04). Point
Roadknight, Vic., drift (Davis, l.ii.l946; AD, AI5518).

Rhodopeltis australis is the only segmented southern Australian red alga which is
heavily calcified, apart from the geniculate Corallinaceae, and superficially resembles a
broad Amphiroa. The structure and reproduction clearly separate it from the Corallinaceae.
FAMILY HALYMENIACEAE* Bory 1828: 158
by H.B.S. Womersley & 1.A. Lewis

Thallus erect, foliose to much branched, soft and mucilaginous to firm and
cartilaginous, with or without a distinct stipe. Structure multiaxial with a medulla of slender
to robust, sparse to dense, filaments and a cortex of ovoid cells in anticlinal filaments or
pseudoparenchymatous, medulla with or without stellate or refractive ganglioid cells (which
have darkly staining and refractive contents). Rhodoplasts discoid to elongate, few to many
per cortical cell.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monoecious or dioecious, non-procarpic. Carpogonial
branches 2-celled, on a primary ampulla filament (in the inner cortex) which develops
secondary filaments which surround the carpogonial branch, or in Zymurgia 4-celled without
an ampulla; connecting filaments developing from the fertilized carpogonium. Auxiliary cell
ampullae arising in the inner cortex, with the auxiliary cell within or on a primary filament
which develops secondary filaments and in some genera up to five orders of filaments, with
the auxiliary cell lying at or near the base of the ampulla with the filaments either converging
above or remaining cupulate (in the outer cortex). Carposporophyte developed from the
diploidized auxiliary cell towards the thallus surface, with most cells becoming
carposporangia usually within gonimolobes, surrounded by a slight to conspicuous involucre
derived from the ampullary filaments or also including medullary filaments; ostiole present
or not. Spermatangia cut off from surface cortical cells.
Tetrasporangia scattered in the outer cortex, sometimes in sori, or between paraphyses
in slightly raised nemathecia, cruciately divided.
A family of about 20 genera, well represented on southern Australian coasts with some
II genera. The family is clearly characterised by its thallus structure and sexual
reproduction, involving carpogonial branches and auxiliary cells borne in filamentous
ampUllae. However, separation of many of the genera requires further study and, hopefully,
recognition of better features for their separation. The family is clearly in need of further
study and generic placement of several species described below is tentative.
This family has been known as the Cryptonemiaceae Harvey (l849b, p. 132) and the
Grateloupiaceae Schmitz in Engler (1892, p. 18), but Guiry (1978, p. 192) has pointed out
that Halymeniaceae Bory 1828 is the earliest valid name.

KEY TO GENERA OF HALYMENIACEAE
1.

1.

Surface of thallus smooth, without minute excrescences; reproductive organs borne in
the normal thallus ............................................................................................................. 2
Surface of thallus rough and covered with minute excrescences or of fibrils forming a
meshwork often with associated sponge; reproductive organs borne in small (less than 1
cm long) flat leaflets on the upper thallus, free from sponge ......................................... 10

* This account of the Halymeniaceae has been greatly assisted by discussions with Dr G.T. Kraft, to
whom appreciation is expressed.
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2.
2.

3.
3.

Thallus subdichotomously to irregularly branched or foliose, branches usually more
than 4 mm broad; tetrasporangia scattered in the cortex ........................ CRYPTONEMIA
Thallus repeatedly subdichotomously to alternately branched, branches usually 1-6 mm
broad, ovate in section or strongly compressed; tetrasporangia in sori or in slightly
raised nemathecia on upper branches .............................................................................. .4
4.

4.

5.

5.

6.

7.

8.

9.

Thallus slender, densely radially branched, branches terete. CarpogoniaJ
branches 4-ceIled, borne on inner cortical cells, without ampUllae; auxiliary cell
ampullae with few branches, cupulate ............................................... ZYMURGIA
Thallus slender to robUst, usually largely complanately branched. Carpogonial
branches 2-celled, within an ampulla; auxiliary cell ampullae cupulate or
converging; involucre present ............................................................................... 7

Medulla in young parts with sparse filaments mostly transverse, becoming dense with
irregular filaments in older parts; refractive ganglionic cells usually present; auxiliary
cell ampullae broad, not converging above; thallus foliose or complanate and pinnate
.................................................................................................................... HALYMENIA
Medulla of sparse, loosely entwined filaments; refractive ganglionic cells absent;
auxiliary cell ampullae with few or many branches, usually converging above; involucre
slight to prominent; thallus usually much branched, in some species slightly branched
and proliferous or foliose ........................................................................ GRATELOUPIA
8.

9.

Thallus complanately branched, branches 1-6 (-8) mm broad, often with a slight
lower midrib; medulla less than one third of the thallus in thickness; outer cortex
pseudoparenchymatous, with or without distinct anticlinal filaments of elongate
cells; one species with a thick cover of sponge ............................. CARPOPELTIS
Thallus slightly compressed, 1-2.5 mm broad, subdichotomous or proliferous;
medulla more than half the thallus in thickness, outer cortex of anticlinal
filaments of elongate cells; sponge absent .......................................... POL YOPES

Medulla in young and mid thallus lax, with sparse filaments, becoming denser in older
parts; auxiliary cell ampullae relatively simple in most taxa, with few secondary or
tertiary tilaments (or more elaborate in some species of Grateloupia); ampullary
involucre slight to prominent. ........................................................................................... 6
Medulla throughout of moderately to densely entwined filaments; auxiliary cell
ampullae much branched and bushy; ampullary involucre prominent.. ............................ 8
6.

7.

Thallus subdichotomous or laterally branched, branches 0.1-2 (-40) cm broad,
firm, drying cartilaginous (not mucilaginous), with or without a perennial
thickened stipe or prominent midrib; not or partly adhering to paper on drying ... 3
Thallus much branched with narrow branches or broad and foliose, soft to firm,
surface mucilaginous, without a perennial thickened stipe or prominent midrib,
usually not cartilaginous and adhering to paper on drying .................................... 5

Thallus complanately branched, pinnate to bipinnate, with prominent axes 1-2
cm broad and tapering laterals ............................................................ GELINARIA
Thallus foliose to irregularly lobed, 5-30 cm across ............................................ 9

Cortex of anticlinal filaments of 4-10 elongate cells, branched every 2-5 cells; medulla
dense, filaments of two thicknesses; auxiliary cell ampullae with short basal cells and
numerous branches of small ovoid cells; involucre dense, becoming compact; holdfast
basal, stipe prominent ............................................................................... PACHYMENIA
Cortex of anticlinal filaments of 2-4 ovoid to elongate cells, branched every 1-2 cells;
medulla moderately dense, filaments of uniform thickness, auxiliary cell ampullae with
ovoid cells, much branched, involucre thick, of short cells; holdfast submarginal, stipe
very slight ........................................................................................................... AEODES

to. Thallus branches 1-4 (-10) mm broad, bearing short, irregular, surface
excrescences; medulla dense, cortex densely pseudoparenchymatous
............................................................................................ THAMNOCLONIUM

Carpopeltis

HALYMENIACEAE

169

10. Thallus branches 4-8 (-11) cm broad, formed of intermeshing filiform laterals;
holdfast and lower stalks massive ............................................ CODIOPHYLLUM
Genus CARPOPELTIS Schmitz 1895: 168

Thallus cartilaginous, complanately and alternately branched, branches compressed to
flat, with one to several axes from a discoid holdfast, usually developing a midrib on lower
axes. Structure multiaxial, with rounded apices and broad axils, developing a broad cortex
with small surface cells, larger and rounded inner cells, forming a pseudoparenchymatous
inner cortex without stellate cells, and a narrow medulla (one quarter to one eighth of branch
thickness) of densely entwined filaments, without refractive ganglionic cells.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monoecious, with sexual organs clustered in groups or sori
near ends of branches. Carpogonial branch ampullae in inner cortex, relatively simple with
1-6 elongate secondary filaments, converging above. Auxiliary cell ampullae larger, with
numerous simple or once branched secondary filaments of ovoid to elongate cells.
Carposporophyte arising from the auxiliary cell, with a slight to moderate involucre of
ampuJlary filaments and a small ostioIe. Spermatangia forming a surface layer in a
subterminal sorus on branches of the female plant.
Tetrasporangia in slightly raised nemathecia near branch ends, together with numerous
multicellular paraphyses, cruciately divided.

Type species: C. phyllophora (Hooker & Harvey)Schmitz 1895: 168.
A genus with three species in southern Australia and 8 others from warmer waters of
the Indian and Pacific Oceans; the non-Australian species, especially those from Japan and
the eastern Pacific, need detailed comparison with the type species.
C. phyllophora is common along southern Australia, especially in the east, C.
spongeaplexus is largely western in distribution, while C. elata and C. decipiens occur on
the west coast, with C. elata (but not C. decipiens) just extending to southern Australia. C.
spongeaplexus is a new name for Codiophyllum decipiens (J. Agardh)Schmitz, which is
transferred to Carpopeltis.

Carpopeltis appears to be a monoecious genus with subterminal sori of sex organs,
cystocarps and tetrasporangial nemathecia. The southern Australian species are also
characterised by a pseudoparenchymatous cortex and narrow medulla.

KEY TO SPECIES OF CARPOPELTIS
1.

1.

Thallus branches covered with a tightly adherent layer of sponge, 2-10 mm thick, with
only upper, dichotomous branch systems free of sponge ................... 3. C. spongeaplexus
Thallus free of sponge throughout.. .................................................................................. 2
2.
2.

Thallus branches 3-5 mm broad, basally constricted, often proliferous
.................................................................................................... 1. C. phyllophora
Thallus branches 1-2 (-3) mm broad, lower axes becoming slightly flexuous and
usually denuded ...................................................................................... 2. C. elata

I. Carpopeltis phyllophora (Hooker & Harvey)Schmitz 1895: 168. Chiang 1970: 66, fig.
32, pI. 9b. De Toni 1905: 1604. Schmitz & Hauptfleisch 1897: 514.
Acropeltis phyllophora Hooker & Harvey 1847: 407. Harvey 1863: pI. 283.
Kiltzing 1869: 13, pI. 35a, b.
Rhodymenia (Acropeltis) phyllophora Harvey 1855a: 554; 1859b: 319.
Cryptonemia phyllophora (Hooker & Harvey)J. Agardh 1876: 163.
FIGS 48A, 49A-C, 50A, B
Thallus (Fig. 48A) dark red-brown, cartilaginous, 4-25 cm high, complanately and
alternately branched, upper branches 2-4 mm broad in small forms, 3-5 mm broad in robust
forms, 80-120 11m thick above, 150-200 flm thick below, apices broad and rounded, axils
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usually rounded, becoming denuded below with a thickened midrib. Holdfast discoid, 1~5
mm across; epilithic. Structure (Fig. 50A) of a pseudoparenchymatous cortex 4-8 cells thick,
outer cells 2-4 11m across, slightly elongate in section, inner cells subspherical to ovoid,
10-15 11m across, stellate cells absent. Medulla relatively thin (one third to one sixth of the
thickness of thallus), of densely entwined filaments; refractive ganglionic cells absent.
Rhodoplasts discoid to elongate, several per cell.
Reproduction. Sexual thalli monoecious, with sexual organs in separate sori in terminal
branches. Carpogonial branch ampullae (Fig. 49A) with a few (4-6) simple or once
branched secondary filaments and a 2-celled carpogonial branch with the trichogyne reflexed
just outside the thallus surface. Auxiliary cell ampullae (Fig. 49B) with numerous elongate,
simple or once branched secondary filaments extending almost to and sometimes through the
thallus surface, converging above. Carposporophytes (Fig. 50A) clustered in thickened
branch ends (300-500 11m thick), with a fairly prominent involucre, ostiolate. Spermatangia
in sari, cut off from outer cortical cells, 1.5-2.5 11m in diameter.
Tetrasporangia (Fig. 49C) in nemathecia (Fig. 50B) near ends of branches 200-250 11m
thick, amongst paraphyses 3-5 cells long and 2-3 11m in diameter, 15-30 11m long and 6-9
11m in diameter, cruciately divided.

Type from Port Arthur, Tas. (Jeannerett); in BM (ex K).
Distribution: Geraldton, W. Aust., to Phillip I., Vic., and around Tasmania.
Selected specimens: Geraldton, W. Aust. (While, Nov. 1898; MEL, 44861). Cathedral Rocks,
Rottnest I., W. Aust., 11-13 m deep (Kraft & Ricker, 3.xii.l980; MELU, A39784). Fremantle, W.
Aust. (Harvey, Alg. Aust. Exsicc. 379A; MEL, 668689). Nuyts Reef, Great Australian Bight, S. Aust.,
28-30 m deep (Shepherd, 26.iii.1980; AD, A52313). Masillon 1., Isles of St Francis, S. Aust., 1-3 m
deep (Shepherd, 5.i.1971, AD, A38128). Pearson Is, S. Aus!., 30--32 m deep (Shepherd, 7.i.1969; AD,
A33686). Vivonne Bay, Kangaroo I., S. Aust., drift (Womersley, 2.i.l949; AD, A10652). Whale Point,
West)., S. Aust., 13 m deep (Shepherd, June 1966; AD, A30579). Encounter Bay, S. Aust., drift
(Womersley, 4.vi.l943; AD, A 1763). 1.35 kID off Middle point, Cape Northumberland, S. Aust., 15 m
deep (Johnson, 13.vii.1974; AD, A45478). 9 kID off Cape Northumberland, S. Aust., 38 m deep
(Shepherd, 12.iii.l975; AD, A46169). 1.3 kID off Cape Northumberland, S. Aust., IS m deep
(Shepherd, l.ii.1978; AD, A55120). Lady Julia Percy I.. Vic., 19 m deep (Shepherd. 4.i.1968; AD.
A32452). Point Roadknight, Vic., drift (Sinkora AI447, 29.xi.l971; AD, A43209). Point Lonsdale,
Vic., 2.5--4 m deep (Kraft, l.iii.l989; MELU, A38172-38174). Phillip I., Vic., drift at Penguin Parade
(Kraft K5660, 19.x.1975; MELU, A39780). Little Squally Cove, Deal!., Tas., 36 m deep (Shepherd &
Lewis, 5.v.1974; AD, A45209). Marion Bay, Tas., 10 m deep (Shepherd, 13.ii.1970; AD, A35667).
Lady Bay, Southport, Tas., 7 m deep (Brown & Kenchington, 14.x.1986; AD, A57703). George III
Reef, 6 kID S of Southport, Tas., 10-12 m deep (Sanderson, 7.v.1987; MELU, A38262).

Harvey (1855a, p. 554) in describing Rhodymenia (Acropeltis) phyllophora from
Rottnest L, W. Aust., referred to it as "n.sp.", but stated that it is "probably the same as
Acropeltis phyllophora H. & H." Recent surveys at Lord Howe I. (Kraft, pers. comm.) have
not confirmed the record of Lucas (1935, p. 227).

C. phyllophora occurs on rough-water coasts from shaded shallow situations to 37 m
deep. Plants vary considerably in width of branches but all show similar habit and cross
section; the latter separates them from the superficially similar Rhodymenia australis.
2. Carpopeitis elata (Harvey)Schmitz 1895: 168. De Toni 1905: 1605.
Rhodymenia elata Harvey 1855a: 554.
Acropeltis elata (Harvey)Harvey 1860b: pI. 122. Ktitzing 1869: 13, pI. 35c-e.
Cryptonemia elata (Harvey)J. Agardh 1876: 164.
FIGS 48B, 49D-F, SOC
Thallus (Fig. 48B) dark red-brown, 10-30 (-80) cm high, cartilaginous, complanately
and alternately branched, becoming denuded below and thickened, often slightly flexuous,
with one to several axes. Holdfast discoid, 2~8 mm across; epilithic. Axes and main
branches compressed, 1.5-2 mm broad, 200-400 11m thick, decreasing slightly to 0.5-1 mm
broad near the rounded apices, axils rounded. Structure (Fig. 5OC) of a compact,
pseudoparenchymatous cortex 6-12 cells thick, outer cells 2-4 11m across and slightly
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elongate in section, inner cells increasing in size to 15-30 11m across, subspherical to ovoid,
stellate cells absent. Medulla relatively thin (0.3 to 0.1 of thallus thickness), of densely
entwined filaments, refractive ganglionic cells absent. Rhodoplasts discoid, several to many
per cell.
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Fig. 48. A. Carpopeltis phyllophora (AD, A38128). Habit. B. Carpopeltis elata (AD, A50795). Habit.
C. Carpopeltis spongeap/exus (AD, A52165). Habit. D. Polyopes constrictus (AD, A61546). Habit. E.
Polyopes tenuis (AD, A3590l). Habit.
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Reproduction. Sexual thalli probably monoecious, with sexual organs in sori in branch
ends, arising in mid cortex. Carpogonial branch ampullae (Fig. 49D) with a few (1-3)
secondary filaments and a 2-celled carpogonial branch. Auxiliary cell ampullae (Fig. 49E)
larger, with several long secondary and tertiary filaments, converging above and reaching
almost to the surface. Carposporophytes (Fig. SOC) clustered in thickened (400-700 ).1m)
branch ends, 120-160 ).1m across, with moderate involucres derived from the ampullary
filaments and inner cortical cells, and small ostioles. Spermatangia cut off from surface cells,
2-3 !lm across, spermatia subspherical, 1-2).1m across.
Tetrasporangia (Fig. 49F) in slightly raised nemathecia near branch ends, among
paraphyses 2-3 cells long and 2-3 ).1m in diameter, 2S-30 !lm long and 8-12 ).1m in
diameter, cruciately divided.
Type from Rottnest I., W. Aust. (Harvey, Trav. set 233); in TCD.
Distribution: Geraldton to the Recherche Arch., W. Aust.
Selected specimens: Tarkoola Beach, Geraldton, W. Aus!., drift (Kraft, 9.x.1990; MELU,
A39808). Avalon Beach, Miami. W. Aust., drift (Kraft K6579, 1O.iii.l978; MELU, A39788). King
Head, Rottnest I., W. Aust., 3-6 m deep (Clarlw & Engler. 6,ix.1979; AD, A50795 -"Marine Algae
of southern Australia" No. 203). Point Peron, W. Aust., (Kraft, July 1966; MELU, A39787). Penguin
I., Safety Bay, W. Aust., 7-8 m deep (Kraft & Huisman, 6.ix.1990; MELU, A39761). Safety Bay, W.
Aust., drift (Womersley, 18.viii.l979; AD, A50765). Wyadup, Yallingup, W. Aust. (Royce 619,
3.vi.l950; AD, AI5487). N. Twin Peak 1., Recherche Arch., W. Ausl., drift (Willis, 20.xi.l950; AD,
A15900).

The carpogonial branch ampullae are relatively simple, with often only one secondary
filament.

Carpopeltis elata (Okamura)Okamura (1909, p. 71, pI. 69) from Japan is distinct from
the earlier described Australian species and has been returned to Prionitis by Kawaguchi
(1989, p. 210).
3. CarpopeItis spongeaplexus Womersley & Lewis, nom. nov.
Thamnoclonium decipiens J. Agardh 188S: 20.
Codiophyllum decipiens (1. Agardh)Schmitz 189S: 145. Scott, Wetherbee & Kraft
1984: 293, figs 18-23.
FIGS 48C, 49G-I, SOD, E
Thallus (Fig. 48C) dark red-brown to grey-brown, 3-1S (-18) cm high, cartilaginous,
with most of the thallus irregularly branched, with flattened to flanged axes l.S-3.S mm
broad, completely covered by tightly adherent sponge to a diameter of 0.5-1 (-2) cm, with
lower axes developing a secondary cortex with up to 9 growth rings; uppermost branch
systems free of the sponge, 1-2 (-6) cm long, mostly subdichotomously branched, branches
0.7-1.S (-2) mm broad and 80-1S0 11m thick (more when fertile), with rounded apices.
Holdfast divided, fibrous, S-IS mm across; epilithic. Structure (Fig. SOD) of upper branch
systems of a pseudoparenchymatous cortex 25-40 ).1m and 4-6 cells thick (thicker in fertile
parts), outer cells 2-3 ).1m in diameter and UD 2-3, becoming larger inwardly, and a dense
and compact filamentous medulla 30-40 11m across; stellate and refractive ganglionic cells
absent. Rhodoplasts discoid, few per cell.
Reproduction. Reproductive structures confined to upper parts of terminal branches
extending beyond the sponge investment.
Sexual thalli with ampullae and cystocarps in oval sori just below branch apices.
Carpogonial branch ampullae (Fig. 49G) simple, with 1-2 secondary branches, borne on
inner cortical cells. Auxiliary cell ampullae (Fig. 49H) arising in inner cortex, 30-40 Ilm
across, with numerous erect secondary and some tertiary filaments of elongate cells,
converging slightly above in the outer cortex. Carposporophytes (Fig. SOD) closely adjacent,
swelling branches to 250-3S0 !lm thick, subspherical, compact, 100-160 !lm across, with
the basal auxiliary cell remaining; carposporangia ovoid to angular, 6-10 !lm across.
Involucre slight to moderate, formed from compacted ampullary filaments and inner cortical
cells; ostiole present. Spermatangia not observed.

Carpopeltis
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Tetrasporangia (Figs 49 I, 50E) in oval nemathecia near branch apices, among
paraphyses 2-3 cells long, cut off from ovoid cells at the base of the paraphyses, 20-30 J.lm
long and 6-10 flm in diameter, cruciately divided.

Type from Geographe Bay, W. Aust., lectotype in Herb. Agardh, LD, 23065; iso!ectotype in
MEL,606034.

Fig. 49. A-C. Carpope/tis phyllophora (A, B, AD, A52313; C, AD, A46169). A. Carpogonial branch
ampulIa*. B. Auxiliary cell ampulla. C. Section of cortex with tetrasporangia. D-F. Carpopeltis elata
(D, E, AD, A50765; F, MELU, A39787). D. Carpogonial branch ampUlla. E. Auxiliary cell ampulla.
F. Section of cortex with tetrasporangia (by I.A. Lewis). G-I. Carpopeltis spongeaplexus (G, H, AD,
A51083; t, AD, A34162). G. Carpogonial branch ampUlla. H. Auxiliary cell ampulla with first
gonimoblast cell. I. Section of cortex with tetrasporangia.
* Drawings of ampullae generally show half the ampulla filaments, and the cells are shown with dots
inside the wall.
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Fig. 50. A, D. Carpopeltis phyllophora (A, MELU, A38262; D, AD, A46169). A. Transverse section
of thallus with cystocarps (Photo: 1.A. Lewis). D. Transverse section of thallus with tetrasporangia. Co
Carpopellis elata (AD, A50765). Transverse section of thallus with cystocarps. D, E. Carpopeltis
spongeaplexus (D, AD, A51083; E, AD, A34162). D. Transverse section of thallus with cystocarps. E.
Transverse section of thallus with tetrasporangia. F, G. Po/yopes constrictus (F, AD, A701O; G, AD,
A41752). F. Transverse section with auxiliary cell ampullae. G. Longitudinal section of nemathecial
thallus with tetrasporangia.
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Distribution: Geraldton, W. Aust., to Port Elliot, S. Aust., on rough-water coasts, 2-30 m
deep.

Selected specimens:

Tarkoola Beach, Geraldton. W. Aus!., drift (Kraft, 9.x.l990; MELU,
A39803). Point Clune, Rottnest I., W. Aus!., 12-13 m deep (Kraft & Millar, 6.xii.1984; MELU,
A38192). Strickland Bay. Rottncst 1., W. Aus!., 2 m deep. shaded (Engler & Clarke, 5.ix.1979; AD.
A51083). D'Entrecasteaux Reef, E of Head of the Great Australian Bight. S. Aust., 15-20 m deep
(Shepherd, 27 .iii.1980; AD. A52165). Nuyts Reef, S. Au.!., 28-30 m deep (Shepherd, 26.iii.1980; AD,
A52317). Daly Head, Yorke Pen., S. Aus!., drift (Woelkerling, 22.iv.l969; AD, A34162). Port Elliot,
S. Aus!., drift (Woelk.erling. 8.v.1968; AD, A32288).

C. spongeaplexus is clearly allied to Carpopeltis and not to Codiophyllum, and is
characterised by the thick sponge cover over most of the thallus. A new name is required
since C. decipiens (Harvey)Schmitz has previously been applied to a separate species in
Western Australia. G.T. Kraft (pers. comm.) reports that thalli generally occur where
strongly shaded and are either pendulous or sprawling.

The name is based on the sponge investment which is invariably present.
Genus POLYOPES J. Agardh 1849: 85
Thallus cartilaginous, densely tufted, with numerous narrow, subdichotomous, fronds
from a discoid hold fast, branches slightly to moderately compressed. Structure multiaxial
with rounded apices, developing a cortex several cells thick with outer anticlinal filaments,
surface cells small, innermost cells slightly stellate, and a medulla of mostly longitudinal and
anastomosing filaments; refractive ganglionic cells absent.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli dioecious. Carpogonial branch ampullae relatively simple,
with short secondary filaments and occasional tertiary filaments. Auxiliary cell ampullae
considerably larger, with numerous secondary and up to five orders of filaments, composed
of small ovoid cells; auxiliary cell prominent, remaining distinct at base of carposporophyte,
without a fusion cell. Involucre prominent, derived from ampullary filaments; ostiole slight.
Spermatangia forming a surface layer near branch apices.
Tetrasporangia in nemathecia near branch ends, amongst numerous multicellular
paraphyses, cruciately divided.

Lectotype species: P. constrictus (Turner)J. Agardh 1849: 86.
A genus of about 5 species (Kajimura 1990, p. 130) characterised by the densely
branched habit, subdichotomous branching, and slightly raised tetrasporangial nemathecia
near branch ends. Polyopes differs from the superficially similar Prionitis in having much
branched auxiliary cell ampullae, in contrast to sparingly branched ones in the latter genus
(Kawaguchi 1989, p. 251), and from Carpopeltis in having bushier ampullae and cystocarps
scattered rather than clustered in thickened branch ends.

KEY TO SPECIES OF POLYOPES
1.
1.

Thallus usually 4-16 cm high, branches 0.5-2 (-2.5) mm broad; medulla dense
.................................................................................................................. 1. P. constrictus
Thallus 1-3.5 cm high, branches less than 0.5 mm broad; medulla lax ........... 2. P. tenuis

1. Polyopes constrictus (Turner)J. Agardh 1849: 86; 1851: 239; 1876: 148; 1879: 108, pI.
6. Chiang 1970: 40, t1gs 18, 19, pI. 8. De Toni 1905: 1595. Millar & Kraft 1993:
19.
Fucus constrictus Turner 1811: 40, pI. 152.
Sphaerococcus constrictus (Turner)C. Agardh 1822: 252; 1824: 217.
Gelidium constrictum (Turner)KUtzing 1849: 767.
Sphaerococcus microcarpus C. Agardh 1822: 255; 1824: 218.
Chondrus microcarpus (C. Agardh)Kiitzing 1849: 737.
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Prionitis microcarpa (c. Agardh)J. Agardh 1851: 187; 1876: 157. De Toni 1905:
1587.
Chaetangiumjlabellatum Harvey 1859b: 316. 1. Agardh 1876: 540. De Toni 1897:
119.
FIGS 48D, 50F, G, 51A-C
Thallus (Fig. 48D) dark red-brown to olive-brown, 4-16 cm high, cartilaginous, with
dense, spreading to fastigiate tufts of numerous fronds. Fronds individually more or less
complanately branched, irregularly subdichotomous at intervals of 3-10 mm (longer near the
base), linear, compressed and 0.5-2.0 (-2.5) mm broad, apices rounded, branches with
occasional constrictions above. Holdfast discoid, 2-5 (-15) mm across; epilithic. Structure
(Fig. SOF) of a firm cortex of anticlinal rows of dichotomous filaments 5-8 (-12) cells long
above, becoming longer in lower parts, outer cells 1.5-3 fJm in diameter in surface view,
elongate-ovoid in section, becoming larger to the inner cortex, and a dense medulla of
longitudinal and anastomosing filaments 3-6 11m in diameter; some inner cortical cells
slightly stellate, refractive ganglionic cells absent. Rhodoplasts discoid, becoming ribbon
shaped and branched, few per cell.
Reproduction. Sexual thalli dioecious. Carpogonial branch ampullae (Fig. 51 A) situated
in the inner cortex, relatively simple with a few short secondary filaments, carpogonial
branches 2-celled. Auxiliary cell ampullae (Figs SOF, SIB) situated in the inner cortex but
protruding into the outer medulla, larger and much branched, with moderately long
secondary and tertiary filaments (up to 5 orders) of ovoid cells, often becoming profusely
branched, and a basal auxiliary cell, later forming a moderately prominent involucre (with
lower cells becoming elongate) around the carposporophyte which lies in the outer medulla
and inner cortex; carposporangia subspherical to ovoid, 8-12 11m in diameter; ostioles small
and narrow, formed by separation of cortical filaments. Spermatangia forming a surface layer
on upper branches, elongate, 0.S-1.5 flm in diameter, with subspherical spermatia.
Tetrasporangia in oval to elongate nemathecia (Figs 5OG, SIC) on upper branches,
borne among paraphyses 40-60 f.lm and 4-8 cells long, lower cells 2-4 fJm in diameter and
LID 4-6, upper cells isodiametric and similar to outer cortical cells. Tetrasporangia elongate,
24-30 11m long and 6-10 flm in diameter, cruciately divided.

Type from Kent Is, Bass Strait (R. Brown); lectotype in BM.
Distribution: South Africa.
Sleaford Bay, S. Aust. to Twofold Bay, N.S.W., and around Tasmania.

Selected specimens: Sleaford Bay, S. Aust., in heavily shaded pool (Womers[ey, 22.ii.1959; AD,
A22499). Cape du Couedic, Kangaroo I., S. Aust., lower eulittoral (Womersley. 12.i.194S; AD,
A701O). Port Elliot, S. Aust., drift (Womersley, 23.v.1953; AD, AI8707). Margaret Brock Reef, Cape
Jaffa, S. Aus!., 10 m deep (R. Lewis, 15.ii.l974; AD, A45032). Evans Cave, Cape Lannes, S. Aust..
uppermost sublittoral (Womersley, 7.xii.1991; AD, A61546). Point Lonsdale, Vic., 0.5 m deep (J.
Lewis, 13.ii.l979; MELU, A40575). Cape Woolamai, Vic., IS-IS m deep (Goldsworthy & Berthold,
16.ii.l990; AD, A60l93). Gabo I., Vic., 1-3 m deep (Shepherd, 15.ii.l973; AD, A43376). Remine,
Tas., reef pools (Wollaston & Mitchell, 25.ii.l964; AD, A27511). Cape Surville, Forestier Pen., Tas.,
12 m deep (Goldsworthy, 28.ii.l990; AD, A60435). Taroona, Tas., low eulittoral (Sanderson,
24.xi.1991; AD, A61531). Fluted Cape, Bruny I., Tas., 1-5 m deep (Shepherd, ll.ii.l972; AD,
A41752). Green Cape, N.S.W., upper sublittoral and lower eulittoral pools (Ducker & King,
14.xi.1970; MELU, A20760).

The types of Sphaerococcus microcarpus C. Agardh from "Nov. Holl.", in Herb.
Agardh, LD, 22858, and of Chaetangium jlabellatum Harvey from Port Arthur, Tas., in
TeD, are both typical P. constrictus.

P. constrictus is moderately common from shallow but often shaded situations to 20 m
deep, distinguished by its dense wiry tufts of slightly compressed, subdichotomous branches.
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Fig. 51. A-C. Po/yopes constrictus (A, B, AD, A61531; C, AD, A41752). A. CarpogoniaJ branch
ampulla. B. Auxiliary cell ampulla. C. Section of cortex with tetrasporangia. D-F. Polyopes tenuis (D,
E, AD, A35901, type; F, MELD, A39818). D. Carpogonial branch ampulla. E. Auxiliary cell ampulla.
F. Section of cortex with tetrasporangia. G, H. Cryptonemia digitata (G, AD, A5083 I ; H, AD,
A21 ]51). G. CarpogoniaJ branch ampulla. H. Section of cortex with tetrasporangia.
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2. Polyopes tenuis Womersley & Lewis, sp. nov.
FIGS 48E, SID-F, S2A
Thallus (Fig. 48E) dark red-brown, 1-3.5 cm high, cartilaginous, densely tufted with
numerous subdichotomous branches. Fronds individually more or less complanately
branched, fairly regularly subdichotomous at intervals of 2-5 mm (longer near the base),
linear, compressed and (200-) 300-500 !lm broad, apices pointed and constricted about
f1 mm below when fertile. Holdfast discoid, 1-3 mm across; epiphytic on Amphibolis or
epilithic. Structure (Fig. 52A) of a firm cortex 80-150 !lm thick of anticlinal rows of 5-7
small ovoid celis, dichotomous every ]-2 cells, outer cells 1-2 !lm across, inner ones 4-5
!lm across, not becoming stellate, and a lax medulla of slender, mainly longitudinal but
interlinked filaments 2-4 f.lm in diameter.
Reproduction. Sexual thalli dioecious. Carpogonial branch ampullae (Fig. 51D) with a
few secondary filaments of ovoid cells and a 2-celled carpogonial branch. Auxiliary cell
ampullae (Figs 51E, 52A) originating in inner cortex, lying largely in medulla when mature,
subspherical and 40-65 f.lm across with numerous, curved, secondary and tertiary filaments
of small subspherical cells, the upper cells sometimes connected to inner cortical cells.
Carposporophyte subspherical, (70-) 100-240 f.lm across, lying in the medulla (Fig. 52A),
carposporangia ovoid to angular, 6-8 f.lm across; involucre loose, moderately conspicuous,
several filaments broad, derived from the ampullary filaments which branch further; ostiote
small, surrounds often protruding slightly.
Tetrasporangia (Fig. 51F) in slightly swollen terminal nemathecia 0.5-2 mm long and
500-6oo!lm in diameter, tetrasporangia between cortical cells, basally pit-connected, 15-30
!lm long and 6-14 f.lm in diameter, cruciately divided.
Thallus 1-3.5 cm altus, cum ramis numerosis subdichotomisque ex haptero discoideo,
dense caespitosus; epiphyticus in Amphibolis vel epilithicus. Frondes plus minusve
complanate ramosi intervallis 2-5 mm, !ineares, compressi (200-) 300-500 f.lm lati, apicibus
fere 1 mm infra partem fertilem acutis et constrictis. Cortex solidus, 80-150 f.lm crassus,
subdichotomus cum seriebus 5-7 cellulis ovoideis et medulla molli filamentorum gracilium,
longitudinalium concatinatorumque. Ampullae ramorom carpogonialium filamentis paucis
secundariis et ramo carpogoniali duarum cellularum. Ampullae cellulae auxiliaris ex cortice
interiori ortae, plerumque in medulla ubi maturae, subglobosae, 40-65 f.lm latae, numerosis
filamentis secundariis et tertiariis quorum cellulae supernae ad cellulas interiores interdum
adiunctae sunt. Carposporophyticum subglobosum (70-) 100-240 !lm latum, in medulla
locatum; involucrum laxum, pluria filamenta lata, ex filamentis ampullariis quae plus ramosa
sunt, formatum; ostiolum parvum. Tetrasporangia in nematheciis terminalibus 0.5-2 mm
tonga et 500-600 !lm in diametro, basaliter coniuncta, 15-30 !lm long a et 6-14 f.lm in
diametro, cruciatim divisa.

Type from Outer Harbor, S. Aust., drift on Amphibolis (Min-Thein, 6.vi.l970); holotype in
AD, A35901; isotype in MELU, A39828.
Distribution: Venus Bay, S. Ausl., to Jervis Bay, N.S.W., and SE Tasmania.
Selected specimens: Venus Bay, S. Aust.. in upper sublittoral reef pools (Wamersley, 17.i.l951;
AD, AI5156). Glenelg, S. Aust., 4.5 m deep on sponge on the "blocks" (Cannon, 4.vi.l987; AD,
A57547). Point Lonsdale, Vic., 1-2 m deep (Kraft & La Feria, 13.vii.l990; MELU, A39818).
Williamstown, Port Phillip, Vic., 2.5 m deep (Kraft, 26.vii.1990; MELU, A38250). Kingston Beach,
Tas., 1-3 m deep (Kraft, 12.v.l976; MELU, A38251). Jervis Bay (just W of Green I.), N.S.W.o 8 m
deep (Millar & Richards, 7.vU990; NSW, A9722).

P. tenuis is similar in habit, structure and sexual reproduction to other species of
Polyopes, differing from P. constrictus in size, much slenderer branches and a laxer medulla,
and in tetrasponmgial nemathecia surrounding the branch tips. The name reflects the slender
habit of the species.

Cryplonemia
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Genus CRYPTONEMIA J. Agardh 1842: 100

Thallus foliose or with flattened, often crispate, blades, usually with a basal,
cartilaginous, branched, perennial stalk (often derived from the midrib). Structure multiaxial,
developing a relatively thin cortex and medulla of entwined filaments; refractive ganglionic
cells present.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli usually dioecious. CarpogoniaJ branch ampullae relatively
simple with few secondary filaments. Auxiliary cell ampullae larger, with numerous
secondary filaments, converging above. Carposporophyte of densely aggregated
carposporangia, with a basal auxiliary cell, slight involucre, and small ostiole. Spermatangia
cut off from outer cortical layer.
Tetrasporangia scattered in outer cortex which usually proliferates slightly to form
irregular filaments 2-3 cells long, cruciately divided.
Lectotype species: C. lactuca (c. Agardh)J. Agardh 1842: 100 [=
Agardh 1851: 227].

c. lomation (Bertoloni)J.

A genus of some 30 species, widespread in tropical and temperate seas, with one
common species and two rare species in southern Australia, a further species in Western
Australia and just reaching southern Australia, and another on SE Australian coasts.
KEY TO SPECIES OF CRYPTONEMIA

1.
1.

Basal stalk slight, not extending into the blades ............................................................... 2
Basal stalk thick and prominent, often extending into the blades as a midrib .................. 3
2.
2.

3.
3.

Thallus sparsely branched, branches with slender bases, 5-15 (-40) mm broad
above, then tapering to the apices ...................................................... 1. C. wilsonii
Thallus frequently and subdichotomously branched, branches linear, 5-10 mm
broad, with rounded apices ................................................................ 2. C. digitata

Blades undulate, 5-10 mm broad, offairly uniform width with a well developed midrib
becoming denuded below ............................................................................ 3. C. undulata
Blades flat and smooth, tapering above or foliose, arising from the apex of branched,
cartilaginous, basal stalks ................................................................................................. 4
4.
4.

Basal stalk coarse, 4-10 (-20) mm thick, bearing foliose blades with indented
lobes, 5-30 cm broad; outer cortical cells not tapering outwardly
................................................................................................ 4. C. kallymenioides
Basal stalk slender, 1-2 mm in diameter, bearing branched blades mostly 4-10
mm broad; outer cortical cells tapering outwardly ................... 5. C. nitophylloides

1. Cryptonemia wilsonii J. Agardh 1885: 25; 1890b: 489.
Blastophye wi/sonii (J. Agardh)J. Agardh 1892: 72. De Toni 1905: 1618.
FIGS 52B, C
Thallus (Fig. 52B) medium to dark red, membranous, 5-17 cm high, complanately and
irregularly proliferously but sparsely branched, branches elongate-ovate, 5-15 (-40) mm
broad, tapering apically and basally, (50-) 75-170 ~m thick (margins 160-240 ~m thick),
usually with broad, rounded apices. Holdfast discoid, 1-4 mm across; epilithic. Structure
(Fig. 52C) of a compact cortex 3-4 (-5) cells and (17-) 20-45 ~m thick, outer cells
isodiametric and 2-5 (-8) ~m across, inner cells subspherical to ovoid, becoming angular
and slightly stellate and 8-15 ~m across, with a medulla (20-) 50-1 00 ~m thick (0.2-{}.5 of
thallus thickness), of entwined filaments 3-6 ~m in diameter and a network of connected
refractive ganglioid cells with evenly staining contents, slightly swollen to ovoid central
regions and long slender arms (with occasional swellings) remaining pit-connected to arms
of other ganglioid cells. Rhodoplasts discoid to irregular, few per cell.
Reproduction. Carpogonial branch ampullae relatively simple with few secondary
filaments. Auxiliary cell ampullae also with few secondary filaments. Carposporophytes
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Fig. 52. A. Polyope.~ tenuis (AD, A35901). Longitudinal section with auxiliary cell ampullae and
carposporophyte chambers. B, C. Cryptonemia wilsonii (AD, A28026). B. Habit. C. Transverse section
of thallus and cystocarp (Photo: l.A. Lewis). »-G. Cryptonemia digitata (D, E, AD, A24434; F, AD,
A21151; G, MEL, 502411). D. Habit. E. Refractive ganglionic cells in surface (squash) view. F.
Transverse section of thallus. G. Section of thallus with young carposporophyte and lax involucral
filaments (Photo: l.A. Lewis).

Cryptonemia
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(Fig. 52C) subglobose, 120-200 11m across, centrally situated in the medulla, with basal
auxiliary cell, slight involucre and small ostiole. Spermatangia not seen.
Tetrasporangia scattered in the outer cortex, cruciately divided.

Type from Port Phillip Heads, Vic; lectotype (Wilson 75, 5.ii.1883) in Herb. Agardh, LD,
24812. The lectotype was selected from several Port Phillip Heads specimens of Wilson, in
Herb. Agardh, being collected prior to the publication date. The branches are generally
narrower than in most specimens of this species.
Distribution: Port Phillip Heads, Vic., and SE Tasmania.
Selected specimens: South Channel, Port Phillip, Vic. (Wilson, 26.i.l884; MEL, 1005805). Port
Phillip Heads, Vic. (Wilson, 11.i.1883; MEL, 1005803). South Arm, Tas., on cockles, drift (Wollaston
& Mitchell, 28.ii.l964; AD, A28026). Ninepin Point, SE Tas., 10-13 m deep (Kraft, 3.i.1993; MELU,

A40411 - 40413).

C. wilsonii was first described by J. Agardh (1885, p. 25) and subsequently used to
typify his new genus Blastophye (J. Agardh 1892, p. 72). However, the vegetative structure
and reproduction in this species appears similar to other Cryptonemia species. Although c.
wilsonii lacks the well-developed stipe andlor midrib often used to characterise the latter
genus, a number of other species presently ascribed to Cryptonemia also lack these
characters, for example C. obovata J. Agardh (Guiry & Irvine 1974, p. 234), C. papenjussii
Chiang (Chiang 1970, p. 54, figs 25, 26, pI. 6b) and C. [imensis (Ktitzing)Lewis (Lewis
1990). Further studies are warranted to clarify the relationship between these and the generic
type, c. lomation (Bertolini)J. Agardh from the Mediterranean, and to characterise better the
genus Cryptonemia as a whole. In the interim, the broader generic concept of Cryptonemia is
accepted and C. wilsonii is returned to that genus.

Blastophye phyllophora (J. Agardh)1. Agardh (1892, p. 72) from Vancouver 1., Canada,
appears to need re-investigation; it may be the same as Opuntiella californica (Farlow)Kylin
(pers. comm. RE Scagel).

2. Cryptonemia digitata (1. Agardh)Womersley & Lewis, comb. nov.
Halymenia digitata 1. Agardh 1892: 54. Wilson 1892: 184.
Dactylymenia digitata (J. Agardh)J. Agardh 1899: 52. Parkinson 1980a: 10.
Callymenia digitata (1. Agardh)Kylin 1956: 233. Womersley & Norris 1971: 41,
fig. 107 (as Kallymenia.)
FIGS 51G, H, 52D-G
Thallus (Fig. 52D) medium to dark red, membranous to cartilaginous, 10-25 cm high,
complanately and subdichotomously branched at intervals of usually 1-5 cm, often with
marginal proliferations 2-30 mm long, branches elongate with linear margins and rounded
apices, basally not or slightly constricted, 5-10 (-15) mm broad below, 3-4 mm broad near
apices, (75-) 100-250 (-350)]lm thick. Holdfast discoid, 1-3 mm across; probably epilithic.
Structure (Fig. 52F) of a cortex 3-5 (-6) cells and 10-45 (-60) 11m thick, outer cells
isodiametric to slightly elongate and 2-4 (-7) 11m across, inner cells subspherical to ovoid,
becoming slightly stellate and 6-10 (-12) 11m across with a medulla 50-200 (-250) 11m thick
and usually 0.6-0.8 of the branch thickness, of entwined filaments (2-) 4-6 Ilm in diameter
and a network of connected refractive ganglionic cells (Fig. 52E) with long, slender arms.
Rhodoplasts discoid, few to several per cell.
Reproduction. Sexual thalli dioecious. Carpogonial branch ampullae (Fig. 51G) lying in
the inner cortex and outer medulla, with a 2-celled carpogonial branch and 6-8 simple, 5-6celled, secondary filaments, converging above. Auxiliary cell ampullae very similar to
carpogonial branch ampullae, also with about 6 simple, 5-6-celled, secondary filaments and
tertiary filaments. Carposporophytes (Fig. 52G) lying in the outer medulla, 100-150 11m
across, with subspherical to angular carposporangia 8-12 11m in diameter and a slight
involucre of ampullary and medullary filaments. Spermatangia cut off from outer cortical
cells in groups, forming small clusters of fertile cells, spermatia isodiametric, 2-3 11m across.
Tetrasporangia (Fig. 51H) scattered in the outer cortex, ovoid, 12-18 11m in diameter,
cruciately divided.
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Type from Port Phillip Heads, Vic. (Wilson 30, 31.xii.1886); lectotype in Herb. Agardh, ill,
22327, with two isolectotypes (LD, 22324, 22326).
Distribution: Port Elliot, S. Aust., to Port Phillip Heads, Vic.
Selected specimens: Port Elliot, S. Aust., drift (Warners[ey, 1O.viii.l957; AD, A21151). Robe, S.
Aust., drift (Wornersley, 24.viii.l960; AD, A24434). Port Phillip Heads, Vic. (Wilson, 22.xii.1887;
MEL, 502379 and 3D.U888; MEL, 502411, slide in AD, A5083 1).

Considerable confusion has surrounded the circumscription of the genus Dactylymenia.
J. Agardh (1892, p. 54) first described Dactylymenia as a subgenus of Halymenia with H.
digitata the only species, based on sterile specimens from Port Phillip, Vic. He had initially
considered the taxon to be a species of Blastophye, but subsequently published it as a
subgenus of Halymenia because of differences in both habit and structure. Subsequently, in
1899, 1. Agardh (p. 52) described Dactylymenia as a "genere novo", relating it to
Kallymenia, and adding two New Zealand species, D. berggrenii (formerly Kallymenia
berggrenii J. Agardh) and D. laingii. In this account, D. digitata was also credited to New
Zealand but, as no New Zealand specimens appear to exist in the Agardh Herbarium in ill,
this reference seems erroneous. 1. Agardh's descriptions of reproductive stages for the genus
appear to be based on observations of the two New Zealand species.
Kylin (1956. p. 233) returned D. digitata to Kallymenia and seemingly included D.
laingii as a synonym. However, it appears likely that a printing error in this publication
resulted in the omission of one line of text which should have included the basionym D.
berggrenii J. Agardh for Callymenia berggrenii. and the new combination Callymenia
Laingii (1. Agardh)Kylin for D. laingii. Chapman & Parkinson (1974, p. 210) retained D.
berggrenii in Kallymenia, but (p. 233) referred D. laingii to Cirrulicarpus.
J. Agardh (1899) described zonate tetraspores for this genus, but the source of this
observation is unclear. Womersley & Norris (1971. p. 41) considered that it must be based
on the New Zealand material, but this is denied by Chapman & Parkinson (1974, p. 232)
who claim that D. laingii has never been found with tetraspores, and that those of D.
berggrenii are cruciate to irregular but not zonate.
Numerous specimens of D. digitata were collected by J. Bracebridge Wilson toward the
end of the last century in the vicinity of Port Phillip Heads in Victoria, but the plant has only
rarely been collected since. The lack of recently-collected fertile material has prevented the
detailed investigation of reproductive stages necessary to clarify the affinities of this taxon
and it seems best to place it in Cryptonemia for the present.
3. Cryptonemia undulata Sonder 1855: 516. De Toni 1905: 1610. Harvey 1862: pI. 205.
Ktitzing 1869: 11, pI. 31c, d. Scott, Wetherbee & Kraft 1982: 249, figs 27-35.
Phyllophora obtusa var. crispata Sonder 1848: 172.
FIGS 53A, B, 54A-C
Thallus (Fig. 53A) medium red to red-brown fading to greenish-yellow, membranous
and cartilaginous. 5-22 cm high, with strongly undulate upper branches, irregularly laterally
branched. 5-10 mm broad, 80-180 Ilm thick, with rounded apices and more or less smooth
margins. with branched stalks 1-10 cm long and 1-2 mm broad formed by loss of the lamina
from the midrib which extends into the lower part of the fronds; proliferations from midrib
common. Holdfast discoid to conical, 2-6 mm across; epilithic. Structure (Fig. 53B) of a
relatively narrow cortex 4-6 cells thick. outer cells 3-4 11m across and slightly elongate in
section, inner cells ovoid and up to 10-14 /Jm across, stellate cells absent or rare; midrib
formed by development of vertical rows of cells from the outer cortical cells. Medulla broad,
of densely entwined filaments 4-6 11m in diameter, with prominent refractive ganglioid cells
with relatively straight arms. Rhodoplasts discoid, several per cell.
Reproduction. Sexual thalli probably dioecious, female ampullae in upper branches,
arising in Quter medulla. Carpogonial branch ampullae (Fig. 54A) small, with 1-5 secondary
filaments. Auxiliary cell ampullae (Fig. 54B) larger, with several long secondary filaments
reaching almost to the thallus surface. Carposporophytes 80-160 /Jm across, with a
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Fig. 53. A, B. Cryptonemia undulata (AD, A18754). A. Habit. B. Transverse section of tetrasporangial
thallus. C. Cryptonemia kallymenioides (AD, A51043). Habit. D. Zymurgia chondriopsidea (D, AD,
A47028). Habit. E-H. Cryptonemia nitophylloides (E, MELU, A39915; F, MELU, A39629; G, NSW,
A7036; H, MELU, A3%35). E. Habit. F. Transverse section of thallus. G. Transverse section of
thallus with an auxiliary cell ampulla. H. Section of thallus with a young carposporophyte. (E-H,
Photos: 1.A. Lewis).
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persistent basal auxiliary cell, slight involucre and small ostioies. Spermatangia not
observed.
Tetrasporangia (Fig. 53B, 54C) sparsely scattered in the outer cortex in an irregular
tissue 3-4 cells thick developed from the original outer cortical cells, 20-30 11m long and
8-12 (-15) 11m in diameter, irregularly cruciately divided.

Type from Port Phillip, Vic., Sept. 1852; lectotype in MEL, 696599.
Distribution: India (?) (Boergesen 1932, p. 125).
Geraldton, W. Aust., to Westernport Bay, Vic.

Selected specimens: Tarkoola Beach, Geraldton, W. Aust., drift (Kraft. 9.x.1990; MELU.
A39799). Elliston. S. Aust., 7-8 m deep (Shepherd, 27.x.l971; AD, A42440). Port Victoria, S. Aus!..
sublittoral (Gibson. 25.ix.l949; AD, A1l244). D' Estrees Bay. Kangaroo I.. S. Aust., reef pool
(Womersley, 11.i.l950; AD, A12682). Victor Harbor, S. Aust., drift (Womersley, 23.v.1953; AD,
A18754). Point Lonsdale, Vic., 1-2 m deep (1. Lewis, 15.ii.l979; MELU, A40576). Queenscliff, Vic.,
drift (Womersley, 8.iv.1959; AD. A22836). Portsea, Vic., 3-5 m deep near jetty (Kraft & Saunders.
24.iii.1992; MELU, A40611, A40613). Crawfish Rock, Westernport Bay, Vic., 4-5 m deep (Watson.
26.iv.l969; AD, A34315).

Sonder (1855, p. 516) gave two collection dates with his type description, Sept. 1852
and Nov. 1853. A Sept. MEL specimen, with Sonder's notes, is selected as lectotype. MEL
contains no Mueller specimens of Nov. 1853 but has several of Jan. 1853, and Mrs Doris
Sinkora (pers. comm.) believes the Nov. 1853 is an error since Mueller was on an inland trip
from 1 Nov. 1853 to mid April 1854.
C. undulata is similar in habit to the type species and appears to agree generally in
structure and reproduction, as far as the type is known (Chiang 1970, p. 52, pI. 6a). The type
species appears to have a thinner thallus than C. undulata, which occurs from about 1 m
deep (shaded) to 38 m deep, on coasts of moderate wave action.

Harvey distributed this species as Cryptonemia luxurians (a Brazilian species) in his
Alg. Aust. Exsicc. 402F from Port Phillip, Vic. The holotype of Phyllophora obtusa vaL
crispata Sonder from W. Aust. (Preiss) is in MEL, 501414, and is conspecific with C.
undulata
4. Cryptonemia kaIlymenioides (Harvey)Kraft in Scott, Wetherbee & Kraft 1982: 246, figs
2-25.
Halymenia kallymenioides Harvey 1855a: 556.
Sebdenia kallymenioides (Harvey)De Toni 1900: 533.
Halymenia cliftoni; Harvey 1859a: pI. 103; 1863: xlvi (in part). Kiitzing 1866: 33,
pI. 93c, d.
FIGS 53C, 54D, E
Thallus (Fig. 53C) medium red-brown, with a perennial, branched, basal stalk,
becoming relatively massive and showing growth rings in older parts, (2-) 5-15 cm high and
4-10 (-20) mm thick, compressed above, bearing 1-5 fronds from the apex of each branch.
Fronds probably seasonal, expanding rapidly from the stalk apices, 5-26 em long and 5-30
cm broad, 120-300 )Jm thick, complanate, foliose and variously branched with the margin
usually becoming deeply indented and lobed, with the surface conspicuously mottled.
Holdfast 2-10 (-30) mm across; epilithic. Structure of a relatively thin cortex 2-5 cells thick,
outer cells 3-5 11m across and slightly elongate in section, with ovoid inner cells (becoming
separated and slightly stellate), and a lax filamentous medulla of transverse and irregular
filaments 2-4 11m in diameter, becoming moderately dense in older parts and with numerous
prominent refractive ganglionic cells, Rhodoplasts discoid to elongate, several per cell.
Reproduction. Carpogonial branch ampullae not seen. Auxiliary cell ampullae (Fig.
540) in the inner cortex, subspherical, with numerous fairly long secondary filaments
forming a prominent ampulla, converging above. Carposporophyte with a persistent basal
auxiliary -cell and 2-3 lobes of carposporangia, with a slight ampullary involucre and small
ostia Ie. Spermatangia unknown.

Cryptonemia
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Tetrasporangia (Fig. 54E) scattered, cut off from outer cortical cells which divide to
form irregular rows of 1-3 cells surrounding the sporangia, 16-25 ~m long and 10-16 ~m
in diameter, cruciately divided.

Type from Fremantle, W. Aust. (Harvey, Trav. set 174); holotype in TCD; slide in AD,
A18513.
Distribution: Oeraldton to Hamelin Bay, W. Aust., and Cannan Reefs, S. Aust.
Selected specimens: Geraldton, W. Aust., drift (Borowitzka, 22.iv.1979; MELU, A39615). Port
Denison, W. Aust., drift (Kraft 3969, I 4.xii.197 I ; AD, A41790). Cape Vlamingh, Rottnest I., W. Aus!.,
14 m deep (AIMS-NCr, Q66C 2703-F, 15,iii.1989; AD, A59774). Green I., Rottnest I., W. Aust., 5 m
deep (Engler, 6.ix.1979; AD, A51043). Hamelin Bay, W. Aus!., 6 m deep (Kraft & Ricker,
13.viii.1979; MELU, K6969). Seamount off Cannan Reefs, S. Aust.. 22-30 m deep (Branden,
22.i.1991; AD, A61203).
The morphology and structure of C. kallymenioides have been described by Scott et at.
(1982), emphasising the perennial woody stalks (rarely collected except with SCUBA) which
grow vertically or horizontally from the roofs or sides of undercuts (Kraft, pefs. comm.).
While the structure and reproduction agree with Cryptonemia, the thallus is more foliose and
more mucilaginous than the more typical species (e.g. the type and C. undulata). C.
kallymenioides reaches the southern Australian region in a probable (but sterile) specimen
from Cannan Reefs, S of the Isles of St Francis, S. Aust. Records of Chapman (1979, p. 289)
from Borneo and New Zealand are clearly incorrect.
5. Cryptonemia nitophylloides (J. Agardh)Lewis, comb. nov.
Kallymenia nitophylloides J. Agardh. 1885: 33; 1892: 69. De Toni 1897: 302.
Lucas 1909: 26. May 1965: 405. Millar & Kraft 1993: 21. Womersley & Norris
1971:41,fig.106.
FIG. 53E-H
Thallus (Fig. 53E) pinkish-red to dark red-brown, 2-5.5 cm high, firm to cartilaginous,
sometimes with distinct, concentric, widely spaced whitish bands across the breadth of the
fronds; fronds arising from a simple or branched, cartilaginous stipe (Fig. 53E),
complanately branched, subdichotomous to irregular, branches flat, mostly 2-4 mm broad
above, 8-10 mm broad below divisions, axils rounded, apices acute to rounded, sometimes
proliferous when damaged. Stalk terete, 0.5-6 em long, 1-2 mm in diameter, often
extending into blades up to 8 mm as a raised, evanescent midrib. Holdfast discoid, 2-8 mm
across; epilithic. Structure. Blades (Fig. 53F, 0) 100-130 !lm thick; medulla filamentous,
5(}-65 ~m thick, the filaments longitudinally aligned near branch apices, becoming less
regularly aligned, but remaining mostly periclinal below; refractive ganglioid cells (Fig. 53F)
present; cortex of branched anticlinal files of 4-5 cells (Fig. 530), the inner cells rounded,
5-6 !lm in diameter, becoming outwardly smaller, the surface cells elongate, tapering, (5-)
7.5-lO!lm long and 2-3!lm in diameter at the base.
Reproduction. Sexual thalli dioecious. Carpogonial branch ampullae not seen. Auxiliary
cell ampullae (Fig. 530) extending into the medulla, the auxiliary cell being the fifth or sixth
cell of a curved primary ampullary filament arising from an inner cortical cell, cells of the
primary filament bearing sparingly branched secondary filaments which converge towards
the surface and divide subdichotomously into short chains of cells close to the thallus
surface. After presumed fertilization the auxiliary cell cuts off a gonimoblast initial toward
the thallus surface which in tum cuts off gonimoblast filaments (Fig. 53H); cells of the
ampulla filaments to the sides and base of the gonimoblast elongate to form a slight
involucre and continue to proliferate near the thallus surface; mature gonimoblast 12(}-150
!lm across and 85-125 ~m high, with several distinct gonimolobes, swelling the thallus to
230-275 !lm thick; ostiole absent. Cystocarps often in sorus-like aggregations near branch
apices but they also occur scattered over the thallus surface. Male gametophytes with ovoid
spermatangia, 2-2.5 ~m in diameter and 4-5 ~m long, cut off from the outer cortical cells
over the thallus surface.
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Tetrasporophytes isomorphic with gametophytes; tetrasporangia scattered, attached
basally or sub-basally to inner cortical cells, 18-23 11m long and 12-15 11m in diameter,
cruciately or decussately divided.

Type from the mouth of the Richmond River, N.S.W. (Hodgkinson); lectotype in Herb.
Agardh, LD, 24800; isotypes in Herb. Agardh, 24801, 24802 and MEL, 501417.
Distribution: South-eastern Australia, from Port Phillip Heads, Vic., to the mouth of the
Richmond River, northern New South Wales.
Selected specimens: The lectotype and isotypes. Point Lonsdale, Vic., 2-3 rn deep under heavily
shaded overhang on Lighthouse Reef (Kraft, 14.1i.1977; MELU, A39631-A39638; AD, A54151; van
Amerongen, I 6.ii.l 990; MELU, A38235; Kraft & Saunders, 27.1i.l992; MELU, A39893, A39915,
A39916). Queenscliff, Vic., 15 rn deep off Shortlands Bluff (La Feria, 26.ii.l989; MELU, A39639,
A39640). Sydney Harbour, N.S.W., 17 rn deep on large round graze;:! boulders west of North Head
(Millar & Riclmrds, 2l.ii.l990; NSW, A77I?, A7719); 18 rn deep on sandstone boulders at base of
South Head (Millar & Riclmrds, 19.1.1990; NSW, A7034, A7036). Muttonbird I., Coffs Harbour,
N.S.W.,5 rn deep on sand-covered rock (Millar & Huisman, 8.vii.l981; MELU, A39623, A39630);
12 rn deep (Millar & Gabrielson, 16.viii.l982; MELU, A39621, A39622, A39624 39629).

Until recently, this species was known only from Miss Nina Hodgkinson's type
collection of Kallymenia nitophylloides J. Agardh from the mouth of the Richmond River in
northern New South Wales, which Womersley & Norris (1971, p. 41) recognised as
probably belonging to the Halymeniaceae. It has now been found subtidally at a number of
locations in south-eastern Australia and examination of these specimens has shown the
species to belong in Cryptonemia. C. nitophylloides can be readily distinguished from other
southern Australian Cryptonemia species by the subdichotomous to irregularly branched
fronds arising from the ends of branched stipes and the distinctive outwardly tapering outer
cortical cells. Lewis (1994) discusses further the relationship of this species.
Genus ZYMURGIA Lewis & Kraft 1992: 286

Thallus much branched irregularly radially for 2-4 orders, branches terete, slender,
tapering; holdfast discoid, with one to several fronds. Structure multiaxial, from a group of
discrete apical cells with the subapical cells producing single periaxial cells in orthostichous
rows, developing a cortex 3-4 cells thick, the inner cells ovoid, not becoming stellate, and a
lax medulla of irregularly orientated filaments with outer stellate cells; refractive ganglionic
cells absent.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli dioecious. Carpogonial branches borne on inner cortical
cells, 4-ceUed, the subhypogynous cell largest, without ampullary filaments; connecting
filaments robust, arising from the carpogonium. Auxiliary cell ampullae simple, with 4-5
secondary filaments, cupulate. Carposporophyte with basal auxiliary cell and slight involucre
from ampullary filaments with enlarged cells; ostioles present. Spermatangia cut off from
outer cortical cells.
Tetrasporangia scattered in the cortex, cruciately divided.
Type species: Z. chondriopsidea (J. Agardh)Lewis & Kraft 1992: 286.
Zymurgia has auxiliary cell ampullae typical of the Halymeniaceae but differs from
most other genera of the family in the absence of ampullae around the carpogonial branches.
The fonn of the carpogonial branch, with its large subhypogynous cell, and the unusual
thallus apex, make the genus unique in the family.
Zymurgia chondriopsidea (J. Agardh)Lewis & Kraft 1992: 286, figs 2-31.
Halymenia? chondriopsidea J. Agardh 1892: 57. De Toni 1905: 1546.
FIGS 53D, 54F-M
Thallus (Fig. 53 D) light to medium red-brown, 5-20 (-30) em high, much branched
irregularly radially for 2-4 orders, more or less pyramidal in fonn, branches terete and
tapering; main axes (1-) 2-3 (-4) mm in diameter, primary laterals 1-2 mm in diameter,
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Fig. 54. A-C. Cryptonemia undulata (A, MELU, A40611; B, MELU, A40613; C, AD, A!8754). A.
Carpogonial branch ampulla (by I.A. Lewis). B. Auxiliary cell ampulla (by J.A. Lewis). C. Section of
cortex with tetrasporangia. D, E. Cryptonemia kallymenioides (D, AD, A!85!3; E, AD, A59774). D.
Auxiliary cell ampul\a, with a possible connecting filament passing left. E. Section of cortex with
tetrasporangia. F-M. Zymurgia chondriopsidea (MELU, K3039). F. Transverse section of cortex and
outer medulla. G. Mature carpogonia\ branch, with the basal ceIl bearing a sterile cortical branch. H.
Fertilized carpogonium with four connecting filaments. I. Mature auxiliary cell ampUlla. J. Young
gonimoblast following fusion of connecting filament with an auxiliary cell. K. Surface view of ostiole
with surrounding 1-2-celled chains of cells. L. Spermatangia borne on outer cortical ceIls. M. Section
of outer cortex with a tetrasporangium and hair. [F-M after Lewis & Kraft 1992.)
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basally constricted and generally acropetally curved, covered with short, fusifonn ramuli
0.2-1 mm in diameter. Holdfast discoid, 1-3 (-5) mm across, with one to several erect axes;
epilithic. Structure multi axial with 6-tO discrete apical cells, the subapical cells cutting off
single periaxial cells in orthostichous rows, cortex (Fig. 54F) becoming 3-4 cells thick, the
outer cells isodiametric to slightly elongate and 3-7 (-to) J.lm across, with occasional hairs
(Fig. 54M), the inner cells ovoid, to-IS 11m across, not becoming stellate; medulla lax,
originating from the 6-10 apical filaments and branches thereof, filaments irregularly
orientated; outer cells often becoming stellate; refractive ganglionic cells absent.
Rhodoplasts elongate, often branched.
Reproduction. Sexual thalli dioecious. Carpogonial branches (Fig. 54G) arising from
inner cortical cells, 4-celled with the subhypogynous cell the largest, without ampullary
filaments but with a once or twice branched sterile lateral on the basal cell of the branch;
connecting filaments (Fig. 54H) arising from the fertilized carpogonium, robust, 6-10 J.lm in
diameter. Auxiliary cell ampullae (Fig. 54 I) with a 4 (-5)-ceUed primary branch borne on an
inner cortical cell, the auxiliary cell at first terminal, with each cell of the branch (including
the auxiliary cell) issuing a simple or sparingly branched 7-8-celled secondary filament
towards the surface. Connecting filaments uniting with auxiliary cell (Fig. 54J) and
continuing growth. Carposporophyte with several gonimolobes of carposporangia, the basal
auxiliary cell not fusing with other cells; involucre slight, consisting only of persistent
ampullary filaments around the base of the carposporophyte which is encased in a distinct
gelatinous sheath; ostiole (Fig. 54K) distinct, with cortical cells fonning short chains around
the pore. Spermatangia (Fig. 54L) cut off from outer cortical cells, with ovoid spermatia 3-5
J.lm in diameter.
Tetrasporangia (Fig. 54M) scattered, borne on inner cortical cells, ovoid, 20-30 J.lm
long and 13-22 J.lm in diameter, cruciately divided.

Type from Tasmania (Oldfield); holotype in Herb. Agardh, LD, 22222.
Distribution: Cape du Couedic, Kangaroo I., S. Aust. to Flinders, Vic., and SE Tasmania.
Selected specimens: Cape du Couedic, Kangaroo 1., S. Aust., rear reef pools (Womersley,
16.i.1965; AD, A28963). Rocky R. mouth, Kangaroo I., S. Aust., mid eulittoral pools (Womersley,
14.i.1965; AD, A28991). Pennington Bay, Kangaroo I., S. Aust., upper sublittoral on reef (Womersiey,
7.i.l948; AD, A6677). Petrel Cove, Victor Harbor, S. Aust., lower eulittoral pools (Womersley,
20.xii.1964; AD, A28525 and 3I.xii.1975; AD, A47028 -"Marine Algae of southern Australia" No.
351) and at low tide (G. & C. Kraft, 13.xii.l970; MELU, K3039). Robe, S. Aust., upper sublittoral
pools (Womersley, 17.viii.l953; AD, A19049 and 9.x.1972; AD, A42761). Cape Lannes, S. Aust., reef
pool, wave washed (Womers[ey, 7.xii.1991; AD, A61540). Bridgewater Bay, Vic., drift (Beauglehole,
26.xii.1950; AD, A15655). Warrnambool, Vic., drift (Kraft & Herrington, 6.xi.\989; MELU,
A38175). Portselt, Vic., 4-5 m deep (Kraft & Huisman, 18.ix.1980; MELU, K7073). Flinders, Vic.,
6 m deep (Kraft, 23.iv.l993; MELU, A40666). Taroona, Tas., uppermost sublittoral (Sanderson,
24.xi.\991; AD, A61528).

Zymurgia chondriopsidea is usually common where it occurs, but is known only from
limited localities, in low rock pools or just below low tide level under moderate to strong
wave wash. While known until 1948 only from the type from Tasmania, it was re-collected
in 1948 on Kangaroo I. and soon after from Petrel Cove in South Australia and recognised as
a distinctive taxon of the Halymeniaceae.

Genus HALYMENIA C. Agardh 1817: xix
Thallus variously branched, complanate, foliose to bipinnate, soft and mucilaginous,
with a discoid holdfast and short stipe. Structure multi axial, with a relatively narrow cortex
3-6 cells thick, inner cells often stellate, and a lax medulla in young parts with many to most
filaments transversely orientated, dense and irregular in older parts; refractive ganglionic
cells usually present.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli dioecious. Carpogonial branch ampullae with several
simple secondary filaments converging above. Auxiliary cell ampullae larger, with numerous
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secondary filaments and often tertiary filaments, often remammg rather broad.
Carposporophyte with auxiliary cell remaining distinct at base, involucre slight, derived from
elongation of ampullary filaments; ostiole usually present. Spermatangia forming a surface
cortical layer.
Tetrasporangia scattered in the outer cortex, cruciately divided.

Lectotype species: H.floresia (Clemente)c. Agardh 1817: xix.
Balakrishnan (1961 b) has described in detail the structure and reproduction of H.
floresia, based on material from Tuticorin, southern India. The genus is characterised by a
usually thin but variously branched thallus, with a narrow cortex and lax medulla with many
of the sparse filaments passing transversely across the thallus in young parts (denser and less
transverse in old parts), auxiliary cell ampullae usually open and only a slight involucre
around the carposporophyte.
Many species have been credited to Halymenia, with four species on southern
Australian coasts. H. plana and H. muelleri are retained in Halymenia provisionally,
although further studies may show that they represent a distinct genus. However, it is
difficult to separate them on sectional thallus structure or degree of ampulla complexity, and
all the southern Australian species have transverse medullary filaments in young parts at
least, as well as refractive ganglionic cells (stellate only in H. kraftii).
KEY TO SPECIES OF HALYMENIA

1.
1.

Thallus complanately much branched, with an irregular axis 1-3 cm broad and lesser
marginal laterals ultimately tapering to acute apices less than 1 mm broad .. 1. H. floresia
Thallus foliose, simple or with broad lobes several cm across ......................................... 2
2.

2.

3.
3.

Thallus thin, 200-400 (-600) Ilm thick, surface not mottled, medulla with mostly
transverse filaments, with stellate but without refractive ganglionic cells;
carpogonial branch ampullae with a few short secondary filaments of
subspherical cells .................................................................................. 2. H. kraftii
Thallus thin to relatively thick, surface mottled, medulla with transverse
filaments when young but many irregularly orientated filaments in older parts,
with abundant refractive ganglionic cells; carpogonial branch ampullae with
several to numerous secondary filaments of elongate cells, converging above .... 3

Thallus usually with several broad lobes, occasionally entire and ovate, 250-400 (-600)
~m thick, cortex 3-6 cells broad with the outer cortex mostly single layered .. 3. H. plana
Thallus with prominent marginal, unconstricted, lobes, mostly 800-1200 /Jm thick,
cortex (5-) 6-10 (-12) cells broad with the outer cortex of anticlinal filaments of 2-6
elongate cells ................................................................................................ 4. H. muelleri

1. Halymenia floresia (Clemente)C. Agardh 1817: xix. Harvey 1862: pI. 214 (in part).

Balakrishnan 1961b: ]92, figs 11-19. Codomier 1974: 3, figs 1-9.
KEY TO SUBSPECIES OF HALYMENIA FLORESIA

1.
1.

Sexual reproduction and tetrasporangia present .......................................... subsp. floresia
Sexual reproduction unknown. bisporangia present ............................... subsp. harveyana

Halymenia floresia subsp. floresia.
FIG.56A
Thallus rose-red to medium red, 10-40 cm high, mucilaginous, complanately much
branched for 4-5 orders; axes 1-3 cm broad, laterals (2-) 5-10 mm broad, tapering to acute
apices. Holdfast discoid, 2-5 mm across; epilithic or on mollusc shells. Structure of a
relatively thin cortex 3-5 cells broad, with outer anticlinal filaments, inner cells ovoid and
becoming stellate; medulla with most filaments transverse, refractive ganglionic cells
present.
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Reproduction. Sexual thalli monoecious. Carpogonial branch ampullae in the mid
cortex, with 2-5-celled secondary branches and 2-celled carpogonial branches. Auxiliary cell
ampulla similarly situated but more branched. Carposporophytes with several gonimolobes
and slight involucre, immersed in the medulla, ostiolate. Spermatangia in small patches on
the outer cortex.
Tetrasporangia scattered in the cortex, cruciately divided.

Fig. 55. A-C. Halymeniafloresia subsp. harveyana (A, AD, A46963; B, C, AD, A60292). A. Habit.
B. Transverse section of young thallus. C. Refractive ganglionic cells in surface view (squash). D, E.
Halymenia krajtii (AD, A60297). D. Habit. E. Carposporophyte within slight involucre.
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Type from the Mediterranean; in MA.
Distribution: Widespread in tropical and sUbtropic oceans, and southward to Point Peron
on the West Australian coast, also known from Esperance, W. Aust.

Selected specimens: Occan Reef Marina, Perth., W. Aus!., 6 m deep (O'Brien

& Millar, 9.xii.l980;
MELU, A39486; AD, A61638, female). Esperance, W. Aust., drift (Firman, Dec. 1952; AD, A18945,
tetrasporangial) .

Subsp. floresia is known from sexual plants from Point Peron north, but from only a
single tetrasporangial plant from southern Australia (from Esperance).
Halymenia floresia subsp. harveyana (1. Agardh)Womersley & Lewis, stat. nov.
H. harveyana J. Agardh 1892: 55. De Toni 1905: 1539.
H.floresia sensu Harvey 1862: pI. 214 (in part).
FIGS 5SA-C, 56B
Thallus (Fig. 55A) light to medium red or red-brown, 10-45 cm high, soft and
mucilaginous (adhering strongly to paper), complanately and profusely branched with 4-5
orders of tapering laterals, occasionally with small surface leaflets; axes 1-3 em broad, main
laterals (0.5-) 1-2 cm broad and 300-400 flm thick, lesser laterals 3-10 mm broad, ultimate
ones 1-2 mm broad and tapering to an acute apex. Holdfast discoid, 1-3 mm across, stipe
1-5 cm long, cuneate; epilithic. Structure (Fig. 55B) of a relatively thin cortex 5-6 cells
broad, with an outer layer of 2-3 anticlinal cells 3-4 flm in diameter and un 1.5-3 (-4), cut
off from ovoid cells, with the inner cortical cells 20-40 flm across and becoming stellate;
medulla lax with widely spaced filaments, most crossing transversely; refractive ganglionic
cells (Fig. 55C) present, only slightly thickened. Rhodoplasts elongate, becoming ribbon
shaped and branched.
Reproduction. Sexual reproduction unknown.
Bisporangia (Fig. 56B) scattered, on mid cortical cells, ovoid, 14-20 j..lm long and
12-16 j..lm in diameter, with a single transverse division.

Lectotype from Port Phillip Heads, Vic. (Harvey, Alg. Aust. Exsicc. 435E); in Herb.
Agardh, LD, 22337.

Distribution: Isles of St Francis, S. Aust., to Walkerville, Vic.
Selected specimens: St Francis I., Isles of St Francis, S. Aust., 10-13 m deep (Shepherd, 6.i.1971;
AD, A37984). Elliston, S. Aust., drift (Womersley, 27.ii.l959; AD, A2221O). Port Moorowie, Yorke
Pen., S. Aust., 3 m deep (Kald, 27.i.1969; AD, A33899). Pennington Bay, Kangaroo L, S. Aust., drift
(Kraft & Min Thein, 3.xii.l971; AD, A4l389). Encounter Bay, S. Aust., drift (Womersley, l.ii.l976;
AD, A46963). Nora Creina, S. Aust., 4-5 m deep (Kraft 4715, 18.ii.l974; AD, A46015). Queenscliff,
Vic., 14 m deep (AIMS-NCI, Q66C 3338-T, 9.1i.1990; AD, A60292). Walkerville, Vic., drift (Sinkora
A2296, 7.iii.l976; AD, A48421).

Halymenia floresia is apparently widespread in the tropical Indo-Pacific; sexual plants
are known from as far south as Perth, W. Aust. (MELU, A39446), and a plant with
tetrasporangia from Esperance on the south coast (AD, A18945). J. Agardh separated H.
harveyana from H. floresia by its more profuse branching and its thicker and more densely
cellular thallus. These characters, however, are variable. and the southern Australian plants
cannot be separated vegetatively from the type variety. Sexual plants have not been collected
on southern Australian coasts and bisporangia appear to be the only means of reproduction.
This life history variation warrants retention of harveyana as a subspecies of H. floresia, but
further studies are clearly needed.
H. harveyana is superficially similar to Gelinaria ulvoidea, but is thinner, more
branched, and has a much laxer medulla than the latter.
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2. Halymenia kraftii Womersley & Lewis, sp. nov.
FIGS 55D, E, 56C-F
Thallus (Fig. 55D) medium red, fading to yellow-red, even in colour with only slight
mottling, 10-25 em high and 20-30 em broad, foliose and variously split or lobed, 200-400

A

B

Fig. 56. A. Halymenia floresia subsp. floresia (AD, A18945). Transverse section of thallus with
tetrasporangia. B. Halymenia floresia subsp. harveyalUl (AD, A60292). Transverse section of thallus
with bisporangia. C-F. Halymenia kra/fii (C, AD, A41636; D, AD, A60297; E, AD, A60468; F, AD,
A61374). C. Carpogonial branch ampUlla. D. Auxiliary cell ampulla, spread laterally. E. Transverse
section of cortex with spermatangia. F. Transverse section of cortex with tetrasporangia.
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(-600) 11m thick, margin smooth to irregular; stipe 0.5-1 cm long, cuneate above and usually
spreading fairly rapidly to the broad frond. Holdfast discoid, 1-4 mm across; epilithic or on
mollusc shells. Structure (Fig. SSE) of a cortex 2-4 cells thick, outer cells 4-6 (-10) Jlm in
diameter, isodiametric to slightly elongate, with small, scattered groups of surface hairs,
inner cells ovoid to subspherical, 12-18 11m across, with stellate cells (not becoming
refractive and ganglionic) internal to the cortex, and a lax medulla of mostly transverse
filaments. Rhodoplasts one to a few per cell, ribbon shaped, branched.
Reproduction. Probably dioecious. CarpogoniaJ branch ampullae (Fig. 56C) small,
situated in the inner cortex, with a few short secondary filaments of subspherical cells and a
2-celled carpogonial branch. Auxiliary cell ampullae (Fig. 56D) with 10-12 relatively long
secondary and tertiary filaments of ovoid cells, converging above and reaching almost to the
outer cortex. Carposporophytes (Fig. SSE) lying within the medulla, 120-200 11m across,
carposporangia more or less isodiametric, (4-) 6-10 11m across, auxiliary cell present at base;
involucre slight, formed from ampullary filaments which branch further near their apices,
leaving a slight ostiole. Spermatangia (Fig. S6E) cut off from outer cortical cells, 2-3 11m in
diameter, with subspherical spermatia I-211m in diameter.
Tetrasporangia (Fig. S6F) scattered in the outer cortex, ovoid, 13-22 11m long and 8-14
11m in diameter, cruciately divided.
Thallus porphyreus uniformiter, 10-25 cm altus et 20-30 cm latus, foliosus vel divisus
vellobatus, 200-400 (-600) Jlm crassus, margine laevi vel irregulari; stipes 0.5-1 cm longus,
cuneatus et plerumque ad frondem latum factus. Bapteron discoideum, 1-4 mm latum;
epilithicus vel in conchis. Cortex 2-4 cellulas crassus, cellulae exteriores 4-6 (-10) Jlm in
diametro, cellulae interiores ovoideae, 12-18 11m latae, cellulis interioribus stellatis, medulla
laxa fiilamentis plerumque transversis.
Thalli sexuales probabiliter dioecii. Ampullae rami carpogonialis parvae, filamentis
paucis brevibus secundariis cellularum subglobosarum et ramo carpogoniali bicellulari in
cortice interiori. Ampullae cellulae auxiliaris 10-12 longis filamentis secundariis
tertiariisque cellularum ovoidearum. Carposporophytica in medulla, 120-200 11m lata,
carposporangia isodiametrica (4-) 6-10 11m lata, cellula basali auxiliari; involucrum
exiguum, ex filamentis ampullariis formatum; ostiolum exiguum. Spermatangia ab cellulis
exterioribus abscissa. Tetrasporangia dispersa, ovoidea, 13-22 11m longa et 8-14 11m in
diametro, cruciatim divisa.

Type from Port Arthur, Tas., 18 m deep (AIMS-NCI Q66C 3836-L, l.iii.1990); holotype in
AD, A60297.
Distribution: SE Tasmania and Jervis Bay, N.S.W.
Selected specimens: Port Arthur, Tas., 10-12 m deep (McCauley, 2.iii.1990; AD, A60468). SW of
Sloping I., Frederick Henry Bay, Tas., 10 m deep (AIMS-NCI, Q66C 5023-Z, 12.ii.1991; AD,
A61374). 2 km N of Satellite I., D'Entrecasteaux Ch., Tas., 12 m deep (Shepherd, 17.ii.l972; AD,
A41636). Tinderbox, D'Enlrecasteaux Ch., Tas. (Huisman, 13.ii.l991; MELU, A38665). Off Simpson
Bay, Bruny I., Tas., II m deep (Shepherd, Il.ii.l972; AD, A41597). Jervis Bay, N.S.w., 16 m deep on
shells I km W of Bindijine Beach jetty (Millar & Richards, 2.vi.l990; NSW, A9512) and 45 m deep
off "hole in the wall" (Millar & Richards, 7.iii,1990; NSW, A8957).

H. kraftii is based on a specimen with abundant auxiliary cell ampullae and
carposporophytes. Specimen A41636 has abundant carpogonial branch ampUllae with
subsphericaJ cells, at first appearing specifically distinct from the auxiliary cell ampullae of
the type, but linked by occasional intermediates. A60468 (male) and A61374 (tetrasporic)
are similar in form to the type specimen.
H. kraft;i differs from other foliose species of Halymenia in the relatively simple
ampUllae, especially those with carpogonial branches. It is named in honour of Dr G.T.
Kraft.
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Fig. 57. A-C. Halymenia plana (A, AD, A60757; B, C, AD. A60l96). A. Habit. B. Squash showing
refractive ganglionic cells and cystocarps. C. Transverse section of thallus with a cystocarp. D-G.
Halymenia muelleri (D, E, AD, A60589; F, AD, A59159; G, AD, A22984). D. Habit. E. Transverse
section of young thallus. F. Refractive ganglionic cells in surface squash. G. Transverse section of
thallus with a carposporophyte (with lobes) and involucral filaments (branched around the slight
ostiole).
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3. Halymenia plana Zanardini 1874: 503. De Toni 1905: 1550.
PLATE 3 fig. 3; FIGS 57A-C, 58A-C
Thallus (Fig. 57A) medium red, foliose, 10-30 em high, becoming irregularly divided
into broad lobes (2-) 4-6 (-10) em across, 250-400 (-600) J.lm thick, with rounded axils and
apices, surface smooth and mottled with darker red, irregularly shaped, areas 1-5 mm across,
often aggregated into patches 4-8 mm across, margin smooth to slightly irregular, stipe 2-10
mm long, narrow-cuneate, with one to several fronds. Holdfast discoid, 2-6 mm across;
epilithic. Structure (Fig. 57C) of a cortex 3-6 cells broad with a single (-2) outer layer of
isodiametric cells 3--4 (-7) 11m across and LID 1-2 in thallus section, inner cells closely
packed and pseudoparenchymatous, 15-22 11m across, mostly not becoming stellate; medulla
lax to moderately dense with mostly irregular filaments (many transverse in young parts),
becoming dense in older parts with no or few rhizoids, and with prominent refractive
ganglionic cells (Fig. 57B). Rhodoplasts discoid to elongate and lobed, becoming ribbon
shaped and branched in inner cells.
Reproduction. Sexual thalli probably dioecious. Carpogonial branch ampullae (Fig.
58A) with 3-5 secondary (and occasional tertiary) filaments, converging above and
extending almost to thallus surface, and a 2-celled carpogonial branch. Auxiliary cell
ampullae (Fig. 58B) with several long secondary and tertiary filaments, converging above in
the outer cortex, with a prominent, large, auxiliary cell. Carposporophyte lying within the
medulla, 80-160 J.lm across with dense, ovoid, carposporangia 8-12 J.lm across. Involucre
slight, derived from the ampullary filaments, the lower cells of which elongate and the upper
cells cut off short lateral chains around the small ostiole. Spermatangia not observed.
Tetrasporangia (Fig. 5SC) scattered, on mid cortical cells, 15-25 11m long and 10- I2
J.lm in diameter, cruciately divided.

Type from Port Phillip, Vic. (F. Mueller); holotype in Herb. Zanardini, Museo Civico di
Storia Naturale, Venice.
Distribution: 16 km E of Eucla, S. Aust., to Walkerville, Vic., and around Tasmania.
Selected specimens: 16 km E of Euc\a, S. Aust., drift (Womersley, 3.ii.1954; AD, AI9299).
Pearson r., S. Aust., 20-23 m deep (Shepherd & Turner, 29.iii.1982; AD, A53034). 15 km S of
Southend. S. Aust., 4-6 m deep (Edyvane, 28.ix.1982; AD, A60757). South West R., Kangaroo 1., S.
Aust., 6 m deep (Mitchell, 24.viii.1963; AD, A26811). Amphitheatre Rock, West I., S. Aust., 18 m
deep (Branden, 3.x.1972; AD, A42902). Port Elliot, S. Aus!., drift (Womersley, 12.iv.1958; AD,
A2137!). Margaret Brock Reef, Kingston, S. Aust., 3 m deep (AIMS-NCl, Q66C 2469-Y, 18.ii.1989;
AD, A597 13). Baudin Rocks, Guichen Bay, S. Aust., 2-3 m deep (Shepherd, 15.ii.1975; AD.
A46JOl). Stinky Bay, Nora Creina, S. Aus!., drift (Womersley, 19.viii.1957; AD, A21208). 15 km S of
Southend, S. Aus!., 4-6 m deep (Edyvane, 28.ix.1982; AD, A60757). Point Lonsdale, Vic., 2-3 m
deep under overhang (O'Brien, Kraft & J. Lewis, 19.ii.1976; MELU, A23241). Cape Woolamai, Vic.,
15-18 m deep (Goldsworthy & Berthold, 16.ii.1990; AD, A60196). Walkerville, Vic., drift (Sinkora
A2313, 7.iii.1976; AD, A48485). Cape Rochon, Three Hummock t, Tas., 14 m deep (Huisman,
1O.ii.1991; MELU, A38664). Granville Harbour, Tas. (Sanderson, Il.xii.1987; MELU, A38238). Isle
des Phoques, Great Oyster Bay, Tas., 15 m deep (McCauley, 27.ii.l990; AD, A60461).
Halymenia plana occurs from 2-23 m depth on open coasts, under heavily shaded
ledges at shallow depths, and is present throughout the year.

H. plana has a denser and more irregular medulla than most other species, though in
young parts many transverse filaments occur. The auxiliary cell ampullae are also more
branched, with short lateral branches around the ostiole, but the lower ampulla cells elongate
as they do in other species of Halymenia.
4. Halymenia muelleri Sonder 1853: 677. J. Agardh 1876: 142. De Toni 1905: 1553.
Ktitzing 1866: 34, pI. 95.

FIGS 57D-G, 58D-F
Thallus (Fig. 57D) medium to dark red or red-brown, fading to yellow-brown, surface
mucilaginous, foliose with the surface usually mottled with small darker and lighter patches,
smooth to becoming rugose or bullate, (I 0-) 15-60 cm high and (5-) 10-25 (-30) cm across,
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Fig. 58. A-C. Halymenia plalUl (A, D, AD, A60196; C, AD, A59713). A. Carpogonial branch
ampulla. D. Auxiliary cell ampulla. C. Transverse section of cortex with tetrasporangia. D-F.
Halymenia muelleri (D, E, AD, A60589; F, AD, A27090). D. Carpogoniai branch ampulla. E.
Auxiliary cell ampulla, spread laterally. F. Transverse section of cortex with tetrasporangia.
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mostly 800-1200 11m thick, divided near the stipe into a few lobes when young, when
mature broadly lobed to much divided with 2-3 orders of marginal lobes, margin smooth to
slightly undulate and with small tapering ultimate branchlets; stipe cuneate. Holdfast discoid,
2-6 mm across; epilithic. Structure (Fig. 57E) of a cortex (5-) 6-10 (-12) cells broad, the
outer in anticlinal rows of 2-5 cells, 2-4 11m in diameter and un 3-4 in thallus section,
inner cells separated from each other and becoming stellate, mostly 8-16 11m across; medulla
lax when young with many filaments crossing transversely and others irregularly; older
medulla becoming dense, refractive ganglionic cells (Fig. 57F) common and conspicuous,
often with large swellings in the arms. Rhodoplasts discoid to elongate, becoming lobed in
inner cells.
Reproduction. Sexual thalli probably dioecious. Carpogonial branch ampullae (Fig.
58D) small, with several secondary filaments, erect to converging above, with a 2-celled
carpogonial branch. Auxiliary cell ampullae (Fig. 58E) prominent, becoming cup-shaped to
spreading, 60-160 11m across, with numerous secondary filaments, branches of 3-5 orders
and the lower cells of the filaments elongating; auxiliary cell prominent; ampullae separating
the cortical filaments and thus producing an ostiole. Carposporophyte (Fig. 57G) lying
largely within the medulla, 100-140 11m across, with 2-3 lobes, carposporangia more or less
isodiametric, 4-6 11m across. Involucre slight to moderate, with prominent upper laterals
from the ampuUary filaments surrounding a distinct ostiole. Spermatangia not observed.
Tetrasporangia (Fig. 58F) scattered, on mid cells of the outer cortex, 25-35 11m long
and 15-20 11m in diameter, cruciately divided.

Type from Lefevre Pen., S. Aust. (Mueller, July 1852); lectotype in MEL, 502396;
isolectotype MEL, 502397.
Distribution: Elliston, S. Aust., to Cape Woolamai, Vic.
Selected specimens: Elliston, S. Aust., 9 m deep (Shepherd, 27.x.1971; AD, A42435). Snapper
Point, Port Lincoln, S. Aust., 6-8 m deep (Baldock, 1.i.1964; AD, A27090). Wedge I., S. Aust., II m
deep (Baldock, 28.xii.l963; AD, A27234). Cable Hut Bay, Yorke Pen., S. Aust., drift (Womersley,
IS.x.1988; AD, AS91S9). Stenhouse Bay, S. Aust., 3-7 m deep (Kraft, 18.ix.1973; AD, A44S60). Off
Troubridge Light, S. Aust., 17 m deep (Shepherd, 4.ii.l969; AD, A33442). Marino, S. Aust., drift
(Womersley, 26.x.1975; AD, A46640). Port Stanvac, S. Aust., drift (Womersley, 14.x.1972; AD,
A42769). Victor Harbor, S. Aust., drift (Womersley, 22.ix.1990; AD, A60S89). Vivonne Bay,
Kangaroo I., S. Aust., drift (Womersley, 19.xii.l990; AD, A60812). Port MacDonnell, S. Aust., drift
(Womersley, lS.iv.1959; AD, A22984 and 20.viii.1984; AD, A55717). Dutton Bay, Portland, Vic.,
drift (Womersley, 13,iv.1959; AD, A22676).

Halymenia muelleri appears to be a deep-water alga, superficially resembling H. plana
but more lobed and branched than the latter. It also differs in the anticlinal outer cortex, the
less pseudoparenchymatous cortex and the broad, open, auxiliary cell ampUllae.
Halymenia muelleri Sonder was described from two collections now in MEL, made in
July 1852 and Dec. 1847 by F. Mueller. The description referred to both collections, to their
colour roseus (1852 collection) which soon became pale (1847 collection), and "fructus
deest" (the 1852 collection), the faded 1847 collection being cystocarpic. The 1852
collection is hence chosen as lectotype and isolectotype (a MEL specimen which Sonder did
not see), and the 1847 collection (MEL, 502394) as syntypes.

Genus GRATELOUPIA C. Agardh 1822: 221, nom. cons. prop.
Thallus usually much branched complanately to irregularly, or foliose and variously
divided, usually mucilaginous when young. Structure multiaxial, with a relatively thin cortex
of small outer cells and larger inner cells, becoming stellate adjacent to the medulla; medulla
lax, of relatively sparse, irregularly orientated filaments; refractive ganglionic cells absent,
some cells slightly refractive.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monoecious or dioecious. Carpogonial branch ampullae
simple, with few secondary filaments, converging above, and a 2-celled carpogonial branch.
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Auxiliary cell ampullae with a few, moderately long, secondary filaments, converging above.
Carposporophyte compact, with the basal auxiliary cell remaining prominent or fusing with
other cells, with a moderate involucre derived from medullary as well as ampullary
filaments, and a small ostiole. Spermatangia derived from the outer cortical cells, scattered
or in small sori.
Tetrasporangia scattered, in the outer cortex, cruciately divided.

Lectotype species: G.filicina (Lamouroux)C. Agardh 1822: 222.
The authorship of Grateloupia and typification of G. filicina have been discussed by
several authors, notably Dixon (1959, p. 348), Silva (1980, p. 133) and Parkinson (1980b;
1981, p. 315).
The type species was described in detail by Kylin (1930, p.19, figs 9-21) and the genus
was discussed by Chiang (1970, p. 71) who emphasised the simple auxiliary cell ampullae.
Grateloupia differs from Halymenia in that the lax medulla is composed of irregularly
orientated (not transverse) filaments, and the auxiliary cell ampullae are relatively simple and
conical, with the filaments converging above in contrast to the open, spreading ones of
Halymenia. G. intestinalis, G. tasmanica and G. ovata (see below) do, however, differ in
having more elaborate auxiliary cell ampullae and involucres.
Australian species incorrectly referred to Grateloupia include:
G. gigartinoides Sonder (1855, p. 517) [= Rhodoglossum gigartinoides (Sonder)Edyvane &
Womersley (1993, p. 238)].
G.? dubia Zanardini (1874, p. 503) = Solie ria robusta (Greville)Kylin.
G. australis J. Agardh ex Gepp & Gepp (1906, p. 260) [lectotype from Capel Sound, Port
Phillip, Vic. (Wilson, 26.xii.1885; in BM)] Kallymenia tasmanica Harvey; other taxa are
included under G. australis in BM, MEL and LD.

KEY TO SPECIES OF GRATELOUPIA
1.
1.

Thallus foliose and more or less ovate, not or rarely divided ........................... 4. G. ovata
Thallus with several to numerous terete to slightly compressed branches ....................... 2
2.
2.

3.
3.

Thallus relatively slender, much branched pinnately for several orders with
slender, distichous, usually closely set laterals; auxiliary cell ampullae with 3-4
secondary filaments, involucre slight, ostiole present.. ....................... I. G. filicina
Thallus relatively robust, with long, prominent main axes either largely bare or
densely covered on all sides with simple to slightly branched laterals 5-30 (-70)
mm long; auxiliary cell ampullae densely branched, involucre prominent, ostiole
absent or slight ...................................................................................................... 3

Thallus with long axes, usually branched near their apices, densely covered throughout
on all sides with short, fusiform ramuli or tapering laterals mostly 1-3 cm long; ostiole
small .......................................................................................................... 2. G. tasmanica
Thallus with long, mostly bare, axes, irregularly and occasionally branched below,
usually with occasional to clustered branches above; ostiole absent.. ...... 3. G. intestinalis

1. Grateloupia filicina (Lamouroux)c. Agardh 1822: 223. Kylin 1930: 19, figs 9-11.
var.luxurians Gepp & Gepp 1906: 259. Farnham 1980: 892. Irvine 1983: 27, fig.
7B, C. Millar & Kraft 1993: 18.
FIGS 59A, B, 60A-C
Thallus (Fig. 59A) yellow-brown to dark red-brown, 10-25 cm high, soft and
mucilaginous (adhering strongly to paper), becoming cartilaginous (and less adherent to
paper) when old, largely complanately branched, bi- to tri-pinnate, with closely set laterals
and occasional proliferous branchlets on the surfaces of axes; axes compressed, (1-) 2-3 (-5)
mm broad centrally, narrower near the holdfast and tapering above; main laterals 5-15 cm
long, }-2 (-3) mm broad and ovate in section, closely set with alternate to irregular
distichous ramuli 2-15 (-25) mm long and 0.2-1 mm broad. Holdfast discoid, 0.4-2 (-3)
mm across, with one to several fronds; epilithic. Structure (Fig. 59B) of a cortex 5-8 cells
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broad, with an outer layer of filaments of 2-3 elongate cells, 2-4 11m across and un 2-4,
inner cells more or less ovoid, 6-12 11m across, becoming separated and the innermost
slightly stellate; medulla lax, denser just inside cortex, of irregularly entwined and widely
spaced filaments; refractive ganglionic cells absent.

A

c
fi

Fig. 59. A, B. Grateloupia filicilla (AD, A51378). A. Habit. B. Transverse section of thallus with
carposporophyte and involucre. C-E. Grateloupia tasmanica (C, E, AD, A61532; D, AD, A61523). C.
Habit of fertile plants. D. Habit of well-developed sterile plants. E. Carposporophyte with lobes from
the auxiliary cell (on right), and slight involucre.
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Fig. 60. A-C. Grateloupia JUicina (AD, A51378). A. Carpogonial branch ampulla in the cortex. B.
Auxiliary cell ampulla in the cortex. C. Transverse section of cortex with tetrasporangia and a hair.
D-F. Grateloupia tasmanica (AD, A61532). D. CarpogoniaJ branch ampulla in the cortex.
E. Auxiliary cell ampulla (slightly squashed, with about half the branches, some connected to inner
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Reproduction. Sexual thalli dioecious. Carpogonial branch ampullae (Fig. 6OA) arising
in the inner cortex, with 2-3 secondary filaments and a 2-celled carpogonial branch.
Auxiliary cell ampullae (Fig. 60B) in the inner cortex, with 3-4 secondary filaments,
converging above and reaching to the surface, and a moderately prominent auxiliary cell.
Carposporophyte (Fig. 59B) 120-160 Ilm across, with a small basal fusion cell giving rise to
sterile filaments bearing ovoid carposporangia 10-18 Ilm across; involucre prominent,
derived largely from medullary filaments, ostiole present. Spermatangia cut off from outer
cortical cells.
Tetrasporangia (Fig. 60C) on mid cortical cells, scattered, elongate-ovoid to clavate,
25-361lm long and 8-15 Ilm in diameter, cruciately divided.

Type (of var. luxurians) from Farm Cove, Sydney, N.S.W. (Lucas 6, July 1901); holotype in
BM. The type of vaL filicina was from the Adriatic, lectotypified by the original illustration
of Wulfen (1789, pI. 15 fig. 2) - see Dixon 1959, p. 349.
Distribution: Southern England, Mediterranean, Africa, Caribbean, Indo-Pacific.
Cottesloe, W. Aust., to Wybury Head, Qld, and around Tasmania.

Selected specimens: Cottesloe, W. Ausl., on reef (Smith, April 1945; AD, A2139). Middleton
Beach, Albany, W. Ausl., low eulittoral (Womersley, 29.viii.1979; AD, A51378 -"Marine Algae of
southern Australia" No. 202). Outer Harbor, S. Ausl., low eulittoral (Womersley, 16.vii.1950; AD,
AI3286). Port Stanvac, S. Ausl., 1 m deep on jetty pylons (R. Lewis, 2.x.1972; AD, A49109).
Portarlington, Vic., just below low tide level (Sinkora A1475, 29.xi.1971; AD, A43175).
Williamstown, Vic., 1-2 m deep (J. Lewis, 6.iii.l975; MELU, A21956). San Remo, Vic., at low tide
level (Womersley, 16.ii.1990; AD, A60295). Ulverstone, Tas., drift (Gordon & Bowen, IS.i.1966; AD,
A29977). Low Head, Tas., at low tide (Perrin, 20.viii.1947; AD, AS470). Dover, Tas., upper
sublittoral (Wollaston & Mitchell, 27.ii.1964; AD, A27725). Pittwater, N.S.W., drift (Harada,
21.x.1975; AD, A52495). Wybury Head, Qld (Harada, 22.vii.1975; NSW, 7824).

All southern Australian specimens are to be placed under var. luxurians Gepp & Gepp,
differing from the European type variety in their greater size. They are confined largely to
the vicinity of harbours and sheltered coasts, where they can occur in abundance in shallow
water or just above low tide level.
2. Grateioupia tasmanica Womersley & Lewis, sp. nov.
FIGS 59C-E, 60D-F
Thallus (Fig. 59C, D) medium to dark red-brown to yellow-brown, 10-30 cm high,
cartilaginous and only slightly adherent to paper, with percurrent compressed axes either
with margins and faces covered with short, fusiform ramuli or bearing elongate, tapering
laterals covered with such ramuli; axes (1-) 2-4 mm broad, 0.5-1 mm thick, laterals 2-7 cm
long, 0.5-1 mm broad, ramuli (0.5-) 1-2 (-3) cm long, 0.5-1 mm broad, tapering. Holdfast
discoid, 1-4 mm across, with several crowded axes; epilithic. Structure (Figs 59E, 60D) of a
cortex 40-180 Ilm and 8-20 cells thick, outer cortex of branched anticlinal filaments 4-7
cells long with the outer 3-4 cells isodiametric to slightly elongate in section, 2-3 (-4) Ilm in
diameter, inner cortical cells ovoid to angular, becoming separated and slightly stellate.
Medulla of sparse irregular filaments with thick sheaths, refractive ganglionic cells absent
Reproduction. Sexual thalli probably dioecious. Carpogonial branch ampullae (Fig.
60D) arising in inner cortex, with 3-4 short secondary and occasional tertiary filaments of
sub-spherical cells, and a 2-celled carpogonial branch. Auxiliary cell ampullae (Fig. 60E) in
inner cortex, much branched but not converging above, with 4--6 secondary filaments each
with short tertiary filaments of small cells, the end cells often pit-connected to cortical cells.
Carposporophyte (Fig. 59E) ovoid with the basal elongate auxiliary cell having two lateral
connections to bushy ampuUary filaments which cut off further short chains of small ovoid
cells around the base of the carposporophyte; all except the basal cells of the
carposporophyte become ovoid to angular carposporangia, 6-10 Il m across; involucre
prominent, derived largely from medullary filaments, with a small ostiole. Spermatangia not
eortical cells). F. Transverse section of cortex with tetrasporangia. G-I. Grateloupia intestinalis (AD,
A61524). G. Carpogonial branch ampulla in the cortex. H. Auxiliary cell ampulla, with filaments
connected to inner cortical cells. I. Transverse section of cortex with tetrasporangia.
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observed.
Tetrasporangia (Fig. 60F) scattered in the cortex of the small ramuli or near the apices
of laterals, occasionally on the axes, arising from mid cortical cells at the base of the
anticlinal filaments, elongate ovoid, 25-35 /lm long and 8-12 !lm in diameter, cruciately
divided.
Thallus pallidus vel obscure porphyreus, 10-30 cm altus, cartilagineus, axibus
compressis et percurrentibus, marginibus et superficiebus ramulis brevi bus et fusiformibus
obtectis, vellaterales elongatos angustatos ramulis obtectis ferentibus; axes (1-) 2-4 mm lati,
0.5-1 mm crassi, laterales 2-7 cm iongi, 0.5-1 mm lati, ramuli (0.5-) 1-2 (-3) mm iongi,
0.5-1 mm lati. Hapteron discoideum, 1-4 mm latum, axibus pluribus, epilithicum. Cortex
40-180 !lm et 8-20 cellulas crassus, exterior cortex filamentorum ramosorum anticlinalium
4-7 cellulas longus, exteriores cellulae 2-3 (-4) !lm in diametro, interiores cellulae ovoideae,
vel paulatim stellatae. Medulla filamentorum sparsorum irregularium, cellulae refractivae
ganglioneae absentes. Thalli sexuales probabiJiter dioecii. Ampullae ramorum
carpogonialium in cortice interiori, 3-4 filamentis brevi bus secundariis et tertiariis
cellularum subglobosarum et rami carpogonialis bicellularii. Ampullae cellulae auxiliaris in
cortice interiori, cupulatae ramosae, 4-6 filamentis secundariis et brevi bus filamentis
tertiariis. Carposporophyticum ovoideum in quo cellula basalis, elongata, auxiliaris et
filamenta ampullaria catenas breves cellularum ovoidearum in base abscindunt; involucrum
prominente ostiolo parvo. Tetrasporangia in cortice ramulorum parvorum vel prope apices
lateralium dispersa, ad cellulas medio-corticales affixa, elongata-ovoidea, 25-35 !lm longa et
8-12/lm in diametro, cruciatim divisa.

Type from Taroona, Tas., low eulittoral (Sanderson, 24.xi.1991); holotype and isotype in
AD, A61532.
Distribution: Eastern Tasmania.
Selected specimens: Musselroe Bay, Tas., on rocks at low tide (Perrin, l.vi.1940; AD, A8499) and
drift (Perrin, March 1950; AD, A16411 and A49725; BM). Coles Bay, Tas., 0-1 m deep (Kraft,
16.xii.l992; MELU, A40488). Swansea, Tas., low intertidal (Kraft, 15.xii.1992; MELU, A4045 I).
Orford, Tas. (Meredith; MEL, 502374). Eaglehawk Neck, Tas., on intertidal boulders (Kraft,
26.ii.l983; MELU, A37995-38000). Kangaroo Point, Derwent R., Tas. (Gulliver, Dec., 1871; MEL,
668721, 668722). Adventure Bay, Bruny I., Tas. (Perrin, 16-20.ix.1948; AD, A49726). Kingston,
Tas., low eulittoraJ (Sanderson, 24.xi.l991; AD, A61523). Taroona, Tas., upper sublittoral (Wollaston
& Mitchell, 28.ii.1964; AD, A27935).

In habit, Grateloupia tasmanica is most similar to forms of G. filicina which bear short
lateral branches, but it differs from the latter in being more robust and cartilaginous, in the
abundance of fultiform ramuli, and in the more elaborate auxiliary cell ampullae with a well
developed involucre.
The first description of Grateloupia prolifera by J. Agardh (1876, p. 150) included
specimens of Meredith from Tasmania (from Orford, e.g. LD, 22596) and of Travers from
the Chatham Is. J. Agardh's description (especially 1879, p. Ill, pi. 7 figs 1-8) of
reproductive stages was based on the Chatham Is specimens and Chapman & Parkinson
(1974, p. 242) selected one of these (LD, 22594) as lectotype of G. prolifera, which they
placed as a synonym of G. prolongata J. Agardh (1848, p. 10).
The Tasmanian and Chatham Is plants are clearly different, as Chapman & Parkinson
(1974, p. 243) realised, and the Tasmanian taxon is here described as a new species. It is
only known from the east coast of Tasmania, near low tide level on coasts of moderate wave
action.
3. Grateloupia intestinalis (Harvey)Setchell ex Parkinson in Chapman & Parkinson 1974:
246, fig. 70, pi. 86. Kraft 1977c: 43, figs 1-8, 10-21.
Nemastoma intestinalis Harvey 1855b: 254.
FIGS 60G-I, 61A, B
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Fig. 61. A. B. Grateloupia intestinalis (AD, A61524). A. Habit. B. Transverse section with
carposporophyte from auxiliary cell and extensive small-celled involucre. C-G. Grateloupia ovata
(AD, A55540). C. Habit. D. Transverse section of thallus with a carposporophyte (displaced from
ampullary filaments). E. Auxiliary cell ampulla. F. Auxiliary cell ampUlla with young gonimoblast. G.
Transverse section of thallus with a mature carposporophyte.
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Thallus (Fig. 61A) medium to dark red-brown, 10-50 cm high, soft and mucilaginous
(adhering strongly to paper), the base of older plants often drying cartilaginous, with several
long main branches with occasional laterals but often proliferous at any position; lower parts
often with short (1-2 cm long) laterals; main branches 3-5 mm broad, slightly compressed.
Holdfast discoid, small; epilithic. Structure (Fig. 61B) multiaxial, developing a more or less
hollow medulla filled with mucilage, with stellate cells at the periphery, and a cortex 5-9
cells thick, inner cells subspherical, 8-12 11m in diameter, grading to isodiametric outer cells
in anticlinal rows, the outermost slightly elongate, 2-4 11m in diameter. Refractive
ganglionic cells absent.
Reproduction. Sexual thalli dioecious. Carpogonial branches 2-celled, borne in
relatively simple ampullae (Fig. 6OG) in the inner cortex. Auxiliary cell ampullae (Fig. 60H)
densely branched, cupulate, within the inner cortex or outer medulla. Carposporophyte (Fig.
61B) coming to lie in the hollow medulla, dense, 60-120 11m across, ovoid to conical, with a
basal fusion cell and ovoid carposporangia 6-10 11m in diameter; involucre prominent,
derived from ampullary filaments by their proliferation, cells ovoid; ostiole absent.
Spermatangia cut off from outer cortical cells.
Tetrasporangia (Fig. 60 I) on mid cortical cells and lying in the outer cortex, scattered,
elongate-ovoid, 20-35 /lm long and 10-25 11m in diameter, cruciately divided.

Type from Preservation Harbour, southern N.Z. (Lyall); in BM.
Distribution: Throughout New Zealand.
SE Tasmania.

Selected specimens: Swansea, Tas., mid-low intertidal (Kraft, 15.xii.l992; MELU, A40456).
Taroona, Hobart, Tas., in low eulittoral pools (Womersley, 13.i.1949; AD, AlO142) and low eulittoral
(Sanderson, 24.xi.l991; AD, A61533). South Arm, Hobart, Tas., on littoral rock (Levring, 24.i.l948;
AD, A61274). Kingston, Tas., lower eulittoral (Sanderson, 24.xi.l991; AD, A61524).
The original publication of this name according to Chapman & Parkinson (1974, p.246)
is by Hooker & Harvey (1845, p. 521), but the "Algae Novae Zelandiae" paper of Hooker &
Harvey does not mention this species, which was described as new by Harvey in 1855b.
Kraft (l977c) has described the structure and reproduction of G. intestinalis and pointed
out that in the densely branched auxiliary cell ampullae and the well-developed involucre
derived from continued branching of the ampullary filaments, this species is atypical of
Grateloupia. However, the habit and vegetative structure ally it with Grateloupia and it
seems best to leave it in this genus.
The Australian plants, known only from SE Tasmania, agree well with those from New
Zealand.
4. Grateionpia ovata Womersley & Lewis, sp. nov.

FIG. 61C-G
Thallus (Fig. 61 C) medium to dark red-brown, foliose, more or less ovate, 30-40 em
high and broad, 0.7-1 mm thick, mucilaginous and adhering strongly to paper, with a short
stipe 1-3 cm long and a cuneate base broadening rapidly to the single, initially entire,
smooth-margined frond, sometimes slightly lacerate. Holdfast discoid, 1-4 mm across;
epilithic. Structure (Fig. 61D) of a cortex 20-35 (-45) /lm and 4-6 cells thick, of
subdichotomous chains of ovoid cells 2-3 11m in diameter, inner cells of similar diameter or
slightly thicker, distant from each other, some becoming stellate, and a lax medulla of
irregular filaments of very long cells 8-10 /lm in diameter, with occasional cells developing
refractive contents but not becoming ganglionic. Rhodoplasts discoid to elongate, few per
cell.
Reproduction. Sexual thalli probably dioecious. Carpogonial branch ampullae arising in
the inner cortex but situated in the outer medulla, with a few secondary and tertiary filaments
6-9 ovoid cells long and a 2-celled carpogonial branch. Auxiliary cell ampullae (Fig. 6lE, F)
in the inner cortex, protruding into the medulla and reaching almost to the surface,
converging above, with numerous branched secondary and tertiary filaments of elongateovoid cells. Carposporophyte (Fig. 6lD, G) ovoid, 200-350 11m across, developing 2-3

Gelinaria

HALYMENIACEAE

205

lobes from the base, carposporangia ovoid and 6-9 11m in diameter, with the ampullary
filaments remaining as a moderate involucre; ostiole slight. Spermatangia unknown.
Tetrasporangia unknown.
Thallus pallidus vel obscure porphyreus, ovatus, 30-40 cm altus et latus, 0.7-1 mm
crassus, mucilaginosus; stipes }-3 cm longus, cuneatus prope singularem frondem laeviter
marginatum. Hapteron discoideum, 1-4 mm latum; epilithicum. Cortex 20-35 (-45) 11m et
4-6 cellulas crassus, catenarum subdichotomarum cellularum ovoidearum, quarum cellulae
interiores similares sed remotae sunt, et nonnullae, medulla taxa, cellulis perpaucis
refractivis stellatae sunt. Thalli sexuales probabiliter dioecii. Ampullae rami carpogoniaJis in
medulla exteriori, filamentis perpaucis secundariis tertiariisque 6-9 cellulas longae, ramo
carpogoniaJi bicellulari. Ampullae cellulae auxiliaris in cortice interiori in medullam
protusae, filamentis numerosis ramosis secundariis tertiariisque. Carposporophyticum
ovoideum, 200-350 11m tatum, 2-3 lobis, carposporangia ovoidea; involucrum exiguum,
filamentorum ampullarium formatum, ostiolum exiguum. Spermatangia et tetrasporangia
ignota.

Type from Stinky Bay, Nora Creina, S. Aust., drift (Womersley, 16.v.1982); holotype and
isotype in AD, A55540.
Distribution: Margaret Brock Reef, S. Aust., to Warmambool, Vic.
Selected specimens: The type. Margaret Brock Reef, Cape Jaffa, S. AUSL, 3-5 m deep (R. Lewis,
29.xi.l972; AD, A42908). Wright Bay (N of Guichen Bay), S. Aust., drift (Shepley, 29.iii.l959; AD,
A22973). N of Cape Thomas, S. Aust., drift (Womersley, 24.viii.1960; AD. A24382). Robe, S. AusL,
drift (Womersley, lS.xii.1970; AD, A37821). Port MacDonnell, S. Aust.. drift (G. & L Kraft.
30.x.1986; MELU, A35237). Warrnambool, Vic., drift (Kraft, Nov. 1987; MELU, A37470).
Grateloupia ovata is provisionally placed in this genus largely on the thallus structure,
with a relatively thin cortex and a broad medulla of lax, irregularly orientated, slender
filaments. The carpogonial branch ampullae are relatively simple with few filaments, but the
auxiliary cell ampullae are more branched with numerous filaments, even more so than those
in G. intestinalis (see Kraft 1977c). While species with branched or proliferous foliose thalli
are known in Grateloupia (e.g. G. comorinii Boergesen and G. indica Boergesen from India
see Balakrishnan 1961a), G. ovata appears to be the only species with a single, entire,
ovate frond (often somewhat lacerate).

The type sheets of G. ovata are heavily infected with a fungus producing black
pycnidia.
Genus GELINARIA Sonder 1845: 55

Thallus complanately and pinnately branched for 2-3 orders, mucilaginous, axes 2-4
(-6) cm broad, laterals 1-2 cm broad, ramuli a few mm broad, older parts becoming
relatively thick, with a discoid holdfast and cuneate stipe. Structure of a broad cortex, outer
part of anticlinal branched filaments becoming 6-8 cells long and an inner cortex of ovoid to
angular cells; medulla moderately to densely filamentous, with prominent refractive
ganglionic cells.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli probably dioecious, with carpogonial branch ampUllae of
few secondary and tertiary filaments, converging slightly above. Auxiliary cell ampullae
much branched, broad and only slightly converging above, branching above around the
ostiole. Carposporophyte compact, lying within the medulla, with a moderate to dense
involucre.
Tetrasporangia borne on mid cells of the outer cortex, scattered, cruciately divided.

Type species: G. ulvoidea Sonder 1845: 55.
G. ulvoidea is the only species of Gelinaria, characterised by the complanate, bi- to tripinnate thallus with broad axes tapering to narrow ramuli, the broad cortex, moderate to
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densely filamentous medulla, and auxiliary cell ampullae with much-branched filaments
scarcely converging above.
Gelinaria ulvoidea Sonder 1845: 55; 1848: 172. J. Agardh 1851: 197; 1876: 582; 1890a:
11. Harvey 1855a: 556; 1859a: pI. 85. De Toni 1897: 311.
Halymenia ulvoidea (Sonder)Kiitzing 1849: 718. Parkinson 1980a: 13.
Nemastoma? gelinarioides Harvey 1855a: 557. J. Agardh 1876: 131.
Halymenia speciosa Zanardini 1874: 504. De Toni 1905: 1549.
Gelinaria harveyana J. Agardh 1890a: 14; 1897: 36. De Toni 1897: 311.
FIGS 62A-C, 63A-C
Thallus (Fig. 62A) medium to dark red, fading to yellow-red or grey-red, mucilaginous
and adhering to paper on drying, (10-) 20-50 (-75) cm high, complanately branched and
usually bipinnate, often becoming tripinnate; axes 2-4 (-6) cm broad, main laterals basally
constricted, usually 1-2 cm broad and 1-2 mm thick, lesser laterals usually 2-4 cm long and
3-6 mm broad with ultimate ramuli (1-) 2-6 (-10) mm long, }-2 mm broad, tapering to a
point. Holdfast discoid, 2-5 mm across, with a thick cuneate stipe; epilithic. Structure (Fig.
62C) of a cortex 80-200 Ilm thick with an outer cortex of anticlinal t1laments soon
becoming 80-120 !lm and 4-8 cells long, branching at most cells, cells 2-4 !lm in diameter,
elongate, and an inner cortex of ovoid to angular cells 15-25 Ilm across, becoming only
slightly stellate; medulla of moderate to dense irregular filaments 4-8 (-10) !lm in diameter,
usually with prominent refractive ganglionic cells (Fig. 62B) with large central bosses and
long slender arms linking with arms of other such cells when young.

Fig. 62. A-C. Gelinaria ulvoidea (A, AD, A22674; B, C, AD, A60180). A. Habit. B. Ganglionic cells
in surface (squash) view. C. Transverse section of thallus with carposporophyte (2 lobed) and
surrounding involucre.
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Fig. 63. A-C. Gelinaria ulvoidea (A, B, AD, A60180; C, AD, A22674). A. Carpogonia\ branch
ampulla within the cortex. B. Auxiliary cell ampulla. C. Transverse section of cortex with
tetrasporangia. D-F. Pachymenia orbicularis (D, E, AD, A61237; F, AD, Al 1130). D. Carpogonial
branch ampulla within the cortex. E. Auxiliary cell ampulla within the cortex. F. Transverse section of
cortex with tetrasporangia.
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Reproduction. Sexual thalli probably dioecious. Carpogonial branch ampullae (Fig.
63A) arising in inner cortex, with 4-8 secondary and tertiary filaments converging somewhat
above, and a 2-celled carpogonial branch. Auxiliary cell ampullae (Fig. 63B) arising in inner
cortex, with numerous secondary and tertiary filaments forming a broad ampulla slightly
converging above and reaching to the outer cortex, with a prominent auxiliary cell.
Carposporophytes (Fig. 62C) 180-220 11m across, lying within the medulla, with a dense
mass of ovoid to angular carposporangia each 8-12 11m across; involucre moderate to dense,
derived largely from ampullary filaments which branch further around the distinct ostiole.
Spermatangia not observed.
Tetrasporangia (Fig. 63C) arising from mid cells of the outer cortex, elongate-ovoid,
30-40 11m long and 10-15 11m in diameter, cruciately divided. usually with prominent
refractive ganglionic cells (Fig. 62B) with large central bosses and long slender arms linking
with arms of other such cells when young.

Type from W. Aust. (Preiss); HGB holds a Preiss specimen, and in MEL, 668412, are two
pieces on mica, one 5 em long, plus Sonder's notes and drawing of the larger specimen in
HBG.
Distribution: Yanchep, W. Aust., to Walkerville, Vic., and the north coast of Tasmania.
Selected specimens: Yanchep, W. Aust., drift (Womers[ey, 22.ix.1979; AD, AS1271). Point Clune,
Rottnest I., W. Aust., 12-IS m deep (Kraft & Millar, 7.xii.1984; MELU, A40403). Esperance, W.
Aust., drift (Firman, Dec. 1951; AD, A18900). Ward I., S. Aust., 30 m deep (Graske, 22.vi.J988; AD,
AS925S). Between Hopkins and Thistle Is, S. Aust., 6-9 m deep (Baldock, l.i.I964; AD, A27140).
Cable Hut Bay, Yorke Pen., S. Aust., drift (Womersley, IS.x.1988; AD, AS9162 -"Marine Algae of
southern Australia" No. 318). Redcliff Point, Upper Spencer Gulf, S. Aust., 14 m deep (Shepherd,
1O.iv.1980; AD, A51050). Marino, S. Aust., drift (Womersley, 11. viii.1966; AD, A30652). Vivonne
Bay, Kangaroo I., S. Aust., drift (Womers'ley, 2.i.1949; AD, A10661). Cape Jaffa, S. Aust., drift
(Womersley, 31.viii.l949; AD, A10855). Dutton Bay, Portland, Vic., drift (Womersiey, 13.iv.19S9;
AD, A22674). Portsea, Vic., 15-18 m deep (Frost, 12.x.1985; MELU, A40404). Cape Woolamai, Vic.,
13 m deep (Riddle & McKenna, 17.ii.l990; AD, A60180, A60181). Walkerville, Vic., drift (Sinkora
A2039, 20.ii.l975; AD, A48339). West Point, Erith 1., Bass Strait, 28 m deep (Shepherd & Lewis,
lO.v.1974; AD, A45239).
G. ulvoidea is a distinctive species with some habit similarity to Halymeniafloresia var.
harveyana, but it is thicker and tougher, with a thicker cortex and denser medulla.
Nemastoma? gelinarioides Harvey was based on his Travelling Set No.84 from King
George Sound, W. Aust. (holotype in TCD) and agrees well with G. ulvoidea. On the basis
of Alg. Aust. Exsicc. 433 (in Herb. Agardh, LD, 22166) of N. gelinarioides, also from King
George Sound, J. Agardh transferred the species to Gelinaria and renamed it G. harveyana.
Halymenia speciosa Zanardini, from Georgetown, Tas. (Goodwin), ho!otype in Museo
Civico di Storia Naturale, Venice, also agrees with G. ulvoidea.
Genus PACHYMENIA J. Agardh 1876: 143
Thallus foliose, split or lobed, relatively thick, mucilaginous to cartilaginous, expanding
gradually or suddenly from a short to cuneate stipe, with a discoid holdfast. Structure
multiaxial with broad to tapering apices, developing a thick cortex with outer anticlinal
filaments of ovoid to elongate cells, usually 8-25 cells long and branched every 2-5 cells,
and an inner cortex of isodiametric cells, often slightly stellate and separated (apart from pitconnections), in some species pseudoparenchymatous. Medulla dense, of irregular filaments
of two thicknesses, with or without refractive ganglionic cells.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli dioecious. Carpogonial branch ampullae originating in the
inner cortex, with several secondary and tertiary filaments (sometimes to 5 orders) of short
cells, converging above, and a 2·celled carpogonial branch. Auxiliary cell ampullae in the
inner cortex, profusely branched with many filaments, up to 5 orders, broad below, slightly
converging above and extending through the outer cortex. Carposporophytes compact,
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usually with a basal fusion cell; involucre prominent, derived from the ampullary filaments
which cut off numerous further short chains of celis, forming a loose surround several
filaments thick to the carposporophyte, becoming more compact as the latter matures; ostiole
present or absent. Spermatangia derived from surface cortical cells.
Tetrasporangia scattered, cut off from mid cells of the outer cortex and lying just below
the surface, cruciately divided.

Lectotype species: P. carnosa (J. Agardh)J. Agardh 1876: 145.
A genus of 5 or 6 species, confined to South Africa, southern Australia and New
Zealand. The very robust fronds are characterised by the thick outer cortex of anticlinal
filaments branched every 2-5 cells, the medullary filaments of two thicknesses, and the
much-branched auxiliary cell ampullae of small ovoid cells, with further small-celled
filaments cut off to form the prominent involucre. Simons & Hewitt (1976) consider
elongate cells ("rays") radiating from the basal parts of the auxiliary cell, below the
carposporophyte, are also characteristic of Pachymenia.
Pachymenia orbicularis (Zanardini)Setchell & Gardner 1934: 134.
Gigartina orbicularis Zanardini 1874: 501. J. Agardh 1876: 205. De Toni 1897: 227.
Pachymenia stipitata J. Agardh 1890a: 16. De Toni 1905: 1577.
P. apoda J. Agardh 1890a: 14. De Toni 1905: 1576.
P. sessilis J. Agardh in Wilson 1892: 184 (nomen nudum).
Epiphloea grandifolia J. Agardh 1890a: 20. De Toni 1905: 1578.
FIGS 63D-F, 64A, B
Thallus (Fig. 64A) medium to very dark red to red-brown, fading to yellow-red, usually
uniformly coloured but sometimes mottled, drying cartilaginous and partly to largely
adhering to paper, 20-90 cm high, foliose, complanate and usually divided to near the base
with cuneate to ovate fronds 5-30 cm broad, 0.5-1 mm thick above, 1-2 mm thick below,
with the margin smooth to irregularly indented or slightly spinous, occasionally with
marginal proliferations usually 2-8 cm long and 0.5-2 cm broad, basally constricted; stipe
usually long and tapering, occasionally short below a broad frond. Holdfast discoid, robust,
2-8 mm across; epilithic. Structure (Fig. 64B) of a thick cortex 10-20 cells broad, with an
outer cortex 8D-120 !lm thick of compact anticlinal rows of 8-15 elongate cells, outer cells
3-4 !lm in diameter and un 3-4 (the inner ones slightly broader), branched every 2-5 cells,
and an inner cortex of irregularly lobed, separated, cells 10-15 !lm across, becoming slightly
stellate. Medulla broad, densely and irregularly filamentous with broader and slenderer
(rhizoidal) filaments, refractive ganglionic cells present or absent.
Reproduction. Sexual thalli dioecious. Carpogonial branch ampullae (Fig. 63D) in the
outer cortex, with few, more or less erect, secondary filaments. Auxiliary cell ampullae (Fig.
63E) prominent, 60-100 !lm across, with numerous secondary and tertiary filaments of
ovoid cells, converging above and cutting off from their mid and upper cells short to
medium chains of ovoid cells of fourth and fifth orders. Carposporophytes largely within the
medulla, 150-200 J.lm across, compact, carposporangia ovoid 8-12 !lm across. Involucre
moderate to dense, 30-40 J.lm and several filaments thick, at first lax but becoming
compacted, with the ampullary filaments separating the outer cortical filaments and leaving
an ostiole. Spermatangia not observed.
Tetrasporangia (Fig. 63F) scattered in the outer cortex, cut off from cells 3-6 deep and
lying just below the surface, 15-25 J.lm long and 8-12 J.lm in diameter, cruciately divided.

Type from Port Phillip, Vic. (Mueller); ho)otype in Herb. Zanardini, Museo Civico di Storia
Naturale, Venice.
Distribution: Garden I., W. Aust. to Cape Woolamai, Vic., and around Tasmania.
Selected specimens: Garden I., W. Aust., 21 m deep (Kirkman, 28.iv.1980; AD, A51074). Safety
Bay, W. Aust., drift (Womersley, 18.viii.1979; AD, A50768). Elliston, S. Aust., 17 m deep outside bar
(Shepherd, 12.v.1971; AD, A38675). Cable Hut Bay, Yorke Pen., S. Aust., drift (Womersley,
15.x.1988; AD, A59160). Tiparra Reef, S. Aust., 15 m deep (Shepherd, ll.i.l978; AD, A49418). Port
Elliot, S. Aust., drift (Womersley, 24.viU949; AD, AII130). Vivonne Bay, Kangaroo I., S. Aust., drift
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Fig. 64. A, B. Pachymenia orbicularis (A, AD, A61384, B, AD, A61237). A. Habit. B. Transverse
section of thallus WIth a mature auxiliary cell ampulla. C-F. Aeodes nitidissima (AD, A27934). C.
Habit. D. Transverse section of thallus with several auxiliary cell ampullae and one (on right) young
cystocarp. E. Transverse section with an auxiliary cell ampulla with a 3-celled gonimoblast. F.
Transverse section of cortex with tetrasporangia.
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(Womersley, 2.i.1949; AD, AI0677) and 3 m deep onjelty piles (Kraft & Min Thein, 4.xii.l971; AD,
A41398). Pelorus 1., S of Kangaroo I., S. Aust., 25 m deep (Branden, 19.vi.1991; AD, A61384). 400 m
off Cape Buffon, S. Aust., 5 m deep (Collings, 25.1.1991; AD, A61237). Orf Middle Point, Cape
Northumberland, S. Ausi., 24 m deep (Shepherd, 19.iii.1974; AD, A44953). Port MacDonnell, S.
Aust., drift (Womers[ey, 15.iv.1959; AD, A22982). Dutton Bay, Portland, Vic .• drift (Wamersley,
13.iv.1959; AD, A22682). Cape Woolamai, Vic., 16 m deep (Watson, 30jii.1970; AD, A35837).
Adventure Bay, Bruny 1.. Tas .• drift (Wollaston & Mitchell, 28.ii.1964; AD, A27884).

P. orbicularis is very similar in habit to the type species. P. carnosa, from South Africa,
but differs in that the anticlinal cortical filaments are of elongate cells (ovoid in the latter)
and the inner cortical cells are larger. "Rays" from the base of the carposporophyte, as
described by Simons & Hewitt (1976) for P. carnosa, have not been observed in P.
orbicularis.
P. orbicularis appears to be the earliest name for this rather variable species, with AD,
A22682 agreeing well in form with the type. It is, however, desirable that detailed studies be
carried out on the type in Venice. P. stipitata J. Agardh (type from "Adelaide", holotype in
Herb. Agardh, LD, 22485) is a more elongate form with a tapering cuneate stipe, while P.
apoda J. Agardh [type from Puebla Bay (NE of Torquay), Vic. (Wilson 101, 18.ix.1886; in
Herb. Agardh. LD, 22427)] was given the ms. name of P. sessilis 1. Agardh and is similar to
P. orbicularis in form; Epiphloea grandifolia J. Agardh [type from Port Phillip Heads, Vic.
(Wilson; Herb. Agardh, LD, 22493)] is an elongate, broad, form a metre or so long. All these
are within the range of form of P. orbicularis.
P. orbicularis is a deep water and fairly common alga on south-east Australian coasts,
being variable in form, especially in the degree of frond broadening from the stipe, and also
in the development of the cortex and the presence or not of refractive ganglionic cells. Plants
from the western part of its range (e.g. Kangaroo L and Western Australia) tend to be thinner
and have more marginal foliose proliferations than plants from south-eastern coasts.

Genus AEODES J. Agardh 1876: 678
Thallus foliose, lobed or divided above, relatively thick, mucilaginous, spreading more
or less horizontally from just above the discoid holdfast and thus with only a very short stipe
which appears submarginal. Structure multiaxial with broad apices, developing a cortex
several to many cells thick, the outer cortex of anticlinal rows of elongate cells and the inner
cortex of ovoid cells, in general not becoming stellate; medulla sparse to moderately dense,
of irregular filaments of ovoid to elongate cells, without refractive ganglionic cells.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli dioecious. Carpogonial branch ampullae with a 5-8-cel\ed
primary filament and several secondary (with a few tertiary) filaments and a 2-celled
carpogonial branch. Auxiliary cell ampullae with longer primary and secondary filaments,
developing up to 5 orders of filaments of small ovoid cells, with a large, basal, auxiliary cell.
Carposporophyte dense, lying largely within the medulla, with a basal fusion cell and a
prominent involucre developed from the ampullary filaments and small cells derived from
them. Spermatangia developed from surface cortical cells.
Tetrasporangia scattered, attached to mid cells of the cortex, cruciately divided.

Type species: A. nitidissima 1. Agardh 1876: 680.
A genus of 4 species (see Chiang 1970, p. 6), characterised by the habit, with a broad
thallus spreading laterally from the holdfast with very little stipe, a medulla with few slender
rhizoids and a relatively thick but loose involucre. It is most closely related to Pachymenia
which differs in the above features.

Aeodes nitidissima 1. Agardh 1876: 680. Chapman & Parkinson 1974: 254, fig. 73. Chiang
1970: 6, figs 1,2, pI. 1. Kraft 1977c: 47, fig. 9.
FIGS 64C-F, 6SA-C
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Fig. 65. A-C. Aeodes nitidissima (AD, A27934). A. Carpogonial branch ampulla within the cortex. B.
Auxiliary cell ampulla with a 2-celled gonimoblast and possible connecting filament. C. Transverse
section of cortex with tetrasporangia. D-F. TJw:mnoc/onium dichotomum (D, E, AD, A22672; F, AD.
A24872). D. Carpogonial branch ampulla within the cortex. E. Auxiliary cell ampulla within the cortex.
F. Transverse section of cortex with tetrasporangia. G, H. Codiophyllum flabelliforme (MELU, 24075). G.
Section of cortex with a carpogonial branch. H. Section of cortex with a tetrasporangial nemathecium.

Thamnoclonium

HALYMENIACEAE

213

Thallus (Fig. 64C) medium to dark red, fading to yellow-red, uniformly coloured to
mottled, foliose, 5-15 cm high with lobes 3-S cm broad and smaller convolute marginal
lobes 0.S-1.5 cm broad, surface usually shiny when dried, margin smooth, 400-600 !lm
thick, adhering to paper when young but often not when older; stipe short. Holdfast discoid,
1-3 mm across, epilithic. Structure (Fig. 64D) with a cortex 45-100 !lm and 10-14 cells
thick, consisting of an outer cortex 30-40 !lm thick of 6-8 cells branched every 2-4 cells,
outer cells I-211m in diameter and liD 2-3, and an inner cortex of relatively few widely
separated cells, irregular in shape and 5-10 !lm across, not becoming stellate. Medulla lax,
of widely separated irregularly arranged filaments 3-4 !lm in diameter, with some slenderer
(rhizoidal) filaments; refractive ganglionic cells absent.
Reproduction. Sexual thalli probably dioecious. Carpogonial branch ampullae (Fig.
6SA) in the inner cortex, with a few secondary filaments more or less erect. Auxiliary cell
ampullae (Figs 64D, E, 65B) very numerous, in the inner cortex, 20-45 !lm across, with
numerous secondary filaments of 10-15 short cells and some shorter tertiary filaments, with
the filaments relatively loose and open above (not converging). Carposporophyte (Fig. 64D)
compact, rounded, 50-100 !lm across, with the basal auxiliary cell laterally elongate and
ovoid to angular carposporangia 6-10 11m across; involucre conspicuous, 20-25 /lm thick,
of several lax filaments, derived from the ampullary filaments which develop many further
short branches; ostiole absent. Spermatangia not observed.
Tetrasporangia (Figs 64F, 6SC) cut off from mid cells of the outer cortex and lying just
within the surface, elongate, 20-27 /lm long and 6-8 /lm in diameter. cruciately divided.

Type from Tauranga, New Zealand (Berggren); holotype in Herb. Agardh, LD, 22363.
Distribution: New Zealand.
SE Tasmania.

Selected specimens: Blackmans Bay, S of Hobart, Tas., lower eulittoral (Sanderson, 24.xi.l991;
AD, A61521). Taroona, Tas., lower eulittoral (Womersley, 13.i.1949; AD, A10141; Cribb, 17.ii.l951;
AD, A16192; and Sanderson, 24.xi.l991; AD, A61525) and upper sublittoral (Wollaston & Mitchell,
28.ii.l964; AD, A27934). Kingston Beach, Tas., 2-3 rn deep (Kraft, 12.v.1976; MELU, A3993l).

The above Tasmanian collections agree well with specimens of Aeodes nitidissima from
New Zealand and with Chiang's description.
Genus THAMNOCLONIUM Ktitzing 1843: 392
Thallus much branched irregularly to subdichotomously, branches terete to compressed,
covered throughout with short, irregularly branched excrescences and coated with a thin
layer of sponge, attached by a discoid-conical holdfast. Structure of branches and
excrescences of a pseudoparenchymatous cortex and a compact filamentous medulla, with a
thick secondary cortex with numerous growth rings developing below.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Reproductive structures borne in special small fertile leaflets (lacking
sponge cover) clustered at the branch apices or laterally, with a relatively lax filamentous
medulla.
Sexual thalli dioecious. Carpogonial branch ampullae arising in inner cortex, with a few
short, erect filaments and a 2-celled carpogonial branch. Auxiliary cell ampullae with
numerous secondary filaments of elongate cells, slightly converging above, developing more
lateral filaments post-fertilization. Carposporophytes crowded, involucre prominent,
developed from branched ampullary filaments; a narrow ostiole present. Spermatangia cut
off from outer cortical cells.
Tetrasporangia in nemathecia on fertile leaflets, cut off from subsurface cells and with a
thicker cortex developing, cruciately divided.

Type species: T. hirsutum Ktitzing 1843: 392 [= T. dichotomum (J. Agardh)J. AgardhJ.
A genus of about five species (Scott, Wetherbee & Kraft 1984, p. 288) with one species
(with several synonyms) common on southern Australian coasts and a second species (T.
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lemannianum Harvey) from south-western Western Australia but not extending to southern
Australia. Another species occurs in South Africa and three little known species are credited
to Indonesia (Weber-van Bosse 1921, p. 250).
Thamnoclonium dichotomum (J. Agardh)J. Agardh 1876: 168. Chiang 1970: 62, figs 30,
31. DeToni 1905: 1615. Millar 1990: 329, fig. 12C, D. Scott, Wetherbee & Kraft
1984: 288, figs 1-9.
Polyphacum dichotomum J. Agardh 1841: 3.
Thamnoclonium hirsutum KOtzing 1843: 392; 1849: 793; 1869: 17, pI. 47a-e.
Harvey 1859b: 295; 1863: pI. 293. Sonder 1853: 696.
Thamnoclonium proliferum Sonder 1845: 56; 1848: 186. 1. Agardh 1876: 169;
1879: 108, pI. 9 figs 8-12. De Toni 1905: 1616. Ktitzing 1849: 794; 1869: 17, pI.
47 f, g.
Thamnoclonium claviferum J. Agardh 1876: 168. Chapman & Parkinson 1974:
267. De Toni 1905: 1614.
Thamnoclonium codioides J. Agardh 1876: 168. De Toni 1905: 1615.
Thamnoclonium seminerve J. Agardh 1885: 18. De Toni 1905: 1616.
FIGS 65D-F. 66
Thallus (Fig. 66A) dark brown-red, 10-30 cm high, cartilaginous, much branched
irregularly to subdichotomously at intervals of (0.5-) 1-4 cm, branches linear, terete to
compressed, 1-3 (-10) mm broad and 1.5-3 mm thick, covered throughout with short,
irregularly branched excrescences and coated with a thin layer of sponge, often denuded near
the base. Holdfast discoid-conical, 8-20 mm across; epilithic. Structure (Fig. 66B) of a
pseudoparenchymatous cortex 50-120 J.lm and 4-7 cells thick, outer cells rounded, more or
less isodiametric, 6-10 J.lm across, inner cells subspherical, reaching 20-30 J.lm across;
medulla of dense and compact filaments, 20-60 J.lm across; refractive ganglionic cells
absent. Secondary cortex present on lower axes with a surface meristem developing vertical
rows of cells and up to 18 growth rings. Rhodoplasts laminate, discoid to elongate, few per
cell, becoming ribbon shaped and branched in inner cells.
Reproduction. Reproductive structures borne in small, fertile leaflets clustered at the
apices and upper margins or sometimes laterally, 2-5 (-8) mm long and 500-800 J.lm thick,
irregularly lobed or flanged and smooth-surfaced (without sponge), and with a relatively lax
filamentous medulla with some stellate cells.
Sexual thalli dioecious. Carpogonial branch ampullae (Fig. 65D) arising in inner cortex,
with 3-6 erect secondary filaments each 2-8 cells long and a 2-celled carpogonial branch
with a relatively robust trichogyne. Auxiliary cell ampullae (Figs 65E, 66C) in the inner
cortex, with numerous secondary filaments of 4-8 (-12) elongate cells and occasional
tertiary filaments (pre-fertilization), slightly converging above in the outer cortex, filaments
reaching to the outer cortex of elongate cells. Carposporophytes (Fig. 66D) subspherical,
compact, 120-200 J.lm across, usually crowded in the leaflets, with carposporangia ovoid to
angular, 8-10 J.lm across; involucre prominent, developed by branching of the ampullary
filaments; ostiole small. Spermatangia cut off from outer cortical cells, spermatia ovoid, 2-3
J.lm across.
Tetrasporangia (Figs 65F, 66E) in nemathecia on fertile leaflets, cut off from subsurface
cells but with the surface cells dividing to form filaments of 2-3 elongate cells, 20-30 11m
long and 7-10 J.lm in diameter, cruciately divided.

Type from "Nov. Hoi!." (Sieber); lectotype in Herb. Agardh, LD, 23051; isolectotype in
MEL, 606050. Sieber collected from the Sydney region, N.S.W., not in W. Aust. as stated by
Chiang (1970, p. 62).
Distribution: Nichol Bay, W. Ausl., to Richmond R. mouth, N.S.W., and around Tasmania.
Selected specimens: Nichol Bay, W. Aust. (1880; MEL, 606031). Emu Beach, King George
Sound, W. Aust., drift (Mitchell. 27.ix.1966; AD, A30814). "The Hotspot", W of Flinders I., S. Aust.,
32 m deep' (Branden, 21.vi.1988; AD, AS9298). Port Stanvac, S. Aust., 4 m deep (Clarke, 24.ii.1981;
AD, AS3964). Toad Head, West 1., S. Aust., 16 m deep (Shepherd, lS.i.1966; AD, A30188). Kingston,
S. Aust., drift (Womersley, 9.viii.1961; AD, A24872). Dutton Bay, Portland, Vic., drift (Womersley,
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Fig. 66. Thamnoclonium dichatomum (A, AD, A22830; B, AD, A30814; C, D, AD, A22672; E, AD.
A24872). A. Habit. B. Transverse section of thallus showing dense filamentous medulla, cellular
cortex, and lateral appendages, with sponge (black). C. Transverse section with an auxiliary cell
ampulla. D. Transverse section of fertile leaflet with two cystocarps. E. Transverse section of a
tetrasporangial leaflet.
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13.iv.1959; AD, A22672) and 8-12 m deep on E side of breakwater (Kraft, 27.iv.1990; MELD,
A40405). Queenscliff, Vic., drift (Womersley, 8.iv.1959; AD, A22830). Tortoise Head, French I.,
Western Port, Vic., 3 m deep (McCauley, 13.ii.l990; AD, A60206 -"Marine Algae of southern
Australia" No.347). Crawfish Rock, Westernport Bay, Vic., 1 m deep (Goldsworthy, 14.ii.1990; AD,
A60208). Gabo I., Vic., 28 m deep (Shepherd, 14.ii.1973; AD, A43349). Low Head, Tas. (Perrin,
Sept. 1948; AD, A9053). Stapleton Point, Prosser Bay, Tas., 4-10 m deep (Shepherd, 1O.ii.1970; AD,
A35719). Jervis Bay, N.S.W., 20 m deep (Millar & Richards, 6.vi.l990; NSW, A9625). Jibbon Head,
N's.W. (Watson, Sept. 1976; MELU, A23393).

The types of T. hirsutum Kiitzing (from "Nov. Holl." (Sieber) in L, isotype in MEL,
606048), T. proliferum Sonder [from W.Aust. (Preiss), holotype in MEL, 606057J, T.
claviferum J. Agardh [lectotype from Port Phillip, Vic. (Mueller), in Herb. Agardh, LD,
23047J, T. codioides 1. Agardh [from "Nov. Holl.", (Haswell), holotype in Herb. Agardh,
LD, 23049J and T. seminerve J. Agardh [from Richmond R. mouth, N.S.W. (Hodgkinson),
holotype in Herb. Agardh, LD, 23060] are all considered conspecific with T. dichotomum
(Scott, Wetherbee & Kraft 1984, p. 288; Millar 1990, p. 329).

T. dichotomum (as T. proliferum) has been recorded from South Africa by Papenfuss
(I 968a, p. 283), who considered T. latifrons Endlicher & Diesing was conspecific. Norris

(pers. comm. in Scott, Wetherbee & Kraft 1984, p. 288) apparently considers T. latifrons to
be a distinct species.

Genus CODIOPHYLLUM Gray 1872: 140

Thallus with a thick, hard, basal stalk (developing annular growth rings) and lower
branches, much branched above with ultimate filiform branchlets forming one to several
broad laminae composed largely of a meshwork of branchlets; holdfast massive, divided. An
encrusting sponge often grows within the meshwork or over most of the thallus. Structure
multiaxial, with a pseudoparenchymatous cortex of ovoid cells and a medulla of more or less
parallel filaments, with occasional refractive ganglionic cells. Secondary cortical
development prominent on the lower stalk and branches. and filling the interstices between
the older filiform branchlets.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction confined to the special, small, furcate leaflets free from sponge cover,
arising on upper parts as extensions of the filiform branchlets.
Sexual thalli monoecious. Carpogonial branch ampullae with a few secondary (and
tertiary) filaments and a 2-cel\ed carpogonial branch. Auxiliary cell ampullae with 6-10
secondary and tertiary filaments, slightly converging above. Carposporophytes lying largely
within the medulla, with a small basal fusion cell and a distinct involucre derived largely
from the ampullary filaments which have elongate cells; ostiole absent.
Tetrasporangia scattered, cut off from inner cortical cells, cruciately divided.
Type species: C. natalense Gray 1872: 140.
Five species of Codiophyllum from Western Australia have been described, but these
have been reduced to one (c. flabelliforme) by Scott. Wetherbee & Kraft (1984, p. 291).
With removal of C. decipiens to the genus Carpopeltis as C. spongeaplexus, this leaves only
two species in Codiophyllum, the type from South Africa and C. flabelliforme.

CodiophyUum flabelliforme (Sonder)Schmitz 1895: 146. De Toni 1905: 1603. Scott,
Wetherbee & Kraft 1984: 291, figs to-17.
Thamnocloniumflabelliforme Sonder 1845: 56; 1848: 185. J. Agardh 1876: 171.
Harvey 1859a: pI. lB.
Thamnoclonium bunburyense J. Agardh 1876: 170; 1879: 108, pI. 9 figs 1-7;
1885: 24.
Codiophyllum bunburyense (J. Agardh)Schmitz 1889: 455; 1895: 146. Kylin 1956:
223.
Thamnoclonium spongioides J. Agardh 1876: 170; 1879: pI. 9 figs 13-\5; 1885:
24.
Codiophyllum spongioides (J. Agardh)De Toni 1905: 1603.
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Thamnoclonium marchesettioides J. Agardh 1885: 21.
Codiophyllum marchesettioides (1. Agardh)De Toni 1905: 1601.
Thamnoclonium squama rio ides 1. Agardh 1885: 22.
Codiophyllum squamarioides (J. Agardh)De Toni 1905: 1601.
Thamnoclonium harveyanum Sonder 1881: 14 (nomen nudum).
PLATE 3 fig. 4; FIGS 65G, H, 67
Thallus (Fig. 67A) medium to dark red-brown, 10-30 cm high, with one to several
subterete to flat or flanged woody stalks 5-17 cm long and 0.5-2.5 cm broad, irregularly
branched above with flabellate lamellar meshworks 5-12 cm long, 4-8 (-II) cm broad and
1-2.5 mm thick, composed of 4-10 (-12) separated, irregular layers of subparallel filiform
branchlets, producing an uneven or wavy surface resulting from changes in numbers of
layers. Holdfast massive, woody, 1-5 cm across, divided; epilithic. Structure of filiform
branchlets and stalks of a pseudoparenchymatous cortex 4-8 cells thick of isodiametric cells
and a dense medulla of elongate filaments with occasional refractive ganglioid cells.

Fig. 67. Codiophyllumflabelliforme (A, MEL, 606041; B-D, MELU, 24075). A. Habit. B. Section of
thallus with two auxiliary cell ampullae, that on the right a median section with the auxiliary celL C.
Section of a cystocarp with slight involucre and basal auxiliary cell. D. Section of cortex with a
spermatangial sorus.
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Secondary cortication of stalks extensive, with up to 38 growth rings, and the interstices
between the filiform branchlets becoming filled by the secondary growth. A thin layer of
sponge usually (but not always) covers the filiform branchlets and the upper stalks, but not
the lower stalks.
Reproduction. Reproductive structures confined to special, small, compressed leaflets,
4-8 mm long, 2-4 mm broad and 500-600 Ilm thick, produced as extensions of the filiform
branch lets mainly from the upper edges of fronds and largely free of sponge; cortex broad
(5-10 cells) and medulla narrow (50-100 Ilm across).
Sexual thalli monoecious with the female structures on thicker central parts of the
leaflet and male in sori nearer the margins. Carpogonial branches (Fig. 65G) situated on
inner cortical cells, 2-celled, with no or indistinct ampullary filaments. Auxiliary cell
ampullae (Fig. 67B) situated in outer medulla with branched secondary and tertiary filaments
extending through the cortex, auxiliary cell elongate; carposporophyte (Fig. 67C) ovoid, with
the basal auxiliary cell remaining, carposporangia ovoid, 6-9 !lm in diameter, with the
ampullary filaments remaining as a slight to moderate involucre. Spermatangia (Fig. 67D) in
distinct sori with elongate initials 1 (-2) cells long and \-2 Ilm in diameter and ovoid
spermatangia.
Tetrasporangia (Fig. 65H) in nemathecia with paraphyses 40-50 Ilm and 3-4 cells long,
3-4 Ilm in diameter, tetrasporangia elongate-ovoid, 25-35 Ilm long and 8-10 !lm in
diameter, cruciately divided.

Type from W. Aus!. (Preiss); lectotype in Herb. Sonder, MEL, 606035.
Distribution: Dongara to King George Sound, W. Aust.
Selected specimens: Dongara, W. Aust., drift (Smith 2161, Aug. 1964; MELU, A39932). Yanchep,
W. Aust., drift (Kraft, 5.ix.1990; MELU, A39934). Cathedral Rocks, Rottnest I., W. Aust., 13 m deep
(Scott & Huisman, 3.xii.1980; MELU, A24075). Green I., Rottnest I., W. Ausl., 21 m deep (Scott &
Millar, 4.xii.1980; MELU, A24076). Geographe Bay, W. Aust. (1880; MEL, 606041). Hamelin Bay,
W. Aust., 3-5 m deep on offshore island (Kraft & Ricker, 13.viii.l979; MELU, K6963). Breaksea I.,
Albany, W. Aust., 20-25 m deep (Huisman, 3.iv.1993; Murdoch). King George Sound, W. Aust.
(types of C. marchesettioides and C. squamarioides in Herb. Agardh, LD, 23072 and 23078 resp.).
Codiophyllumflabelliforme typically grows horizontally or is pendulous from the roofs
and sides of shaded reef undercuts, and only fragments are usually found in the drift (pers.
comm. G.T. Kraft).
FAMILY DUMONTIACEAE Bory 1828: 197

Thallus USQlllly erect, branched, terete or compressed, often soft and mucoid, uniaxial
with 4 (-6) periaxial cells or multi axial, with a lax or usually a compact cortex and a medulla
with filaments of slender or swollen cells and usually with additional descending rhizoids.
Cortical cells larger inwardly, outermost cells often bearing hairs; rhodoplasts discoid.
Life history triphasic with gametophyte and tetrasporophyte isomorphic, or
heteromorphic with the tetrasporophyte prostrate and usually crustose.
Reproduction. Sexual thalli dioecious, in some taxa monoecious, non-procarpic. Female
gametophyte with carpogonial branches and auxiliary cell branches on separate and often
distant periaxial or medullary cells, both of numerous cells and unbranched or bearing short
laterals. CarpogoniaJ branches usually reflexed over the terminal 3-4 cells, with several
larger cells below; fertilized carpogonium dividing or not, usually connecting to a lower
nutritive cell in the carpogonial branch, with the carpogonium or the lower cell developing
connecting filaments to auxiliary cells, but in some genera (with non-functional auxiliary
cells) producing gonimoblast cells directly. Auxiliary cell branches straight or curved, with
or without short laterals, with the auxiliary cell terminal or intercalary and usually smaller
than adjacent cells. Carposporophytes developing from the auxiliary cell or adjacent
connecting filament, remaining attached to the auxiliary cell branches, with radiating
gonimoblast filaments and all cells becoming carposporangia apart from the basal fusion
cell, situated within the inner cortex or outer medulla with the adjacent cortex swollen or
not. Spermatangia cut off from outer cortical cells, scattered or in groups.
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Tetrasporophytes similar to gametophytes or prostrate and usually crustose.
Tetrasporangia zonately or cruciately divided, often irregularly divided in crustose
sporophytes, produced from cortical cells.
A family of some 16 genera (Kylin 1956, p.148; Shepley & Womersley 1983; Kraft
1986), three of which have been placed in the segregate family Weeksiaceae (Abbott 1968).
The reproductive features have been reviewed by Lindstrom (1984) who (Lindstrom 1987)
has also established a separate family for Acrosymphyton. The largest number of genera (8)
occur on Pacific North American coasts (Abbott & Hollenberg 1976, pp. 354-368, including
Weeksiaceae), and the family is apparently only known in the southern hemisphere from
Australia, apart from Leptocladia peruviana Howe (1914, p. 176) from northern Peru. The
southern Australian species have been described by Mitchell (1966) and Shepley &
Womersley (1983), and the type and Australian species of Dudresnaya by Robins & Kraft
(1985).
KEY TO GENERA OF DUMONTIACEAE
L
1.

Thallus irregularly laterally branched, uniaxial with prominent axial cells bearing whorls
of periaxial cells ............................................................................................................... 2
Thallus subdichotomously to irregularly furcately branched, multiaxiaL ....................... 4
2.

2.

3.
3.

Carpogonial branches bearing short lateral branches, with fusion between the
fertilized carpogonium and cells of these laterals; auxiliary cell terminal on
auxiliary cell branch; heteromorphic with a prostrate, filamentous
tetrasporophyte (unknown in A. taylorii) ............................. ACROSYMPHYTON
Carpogonial branches generally without laterals, fertilized carpogonium fusing
with cell(s) 3-5 of the branch; auxiliary cell intercalary in auxiliary cell branch;
isomorphic gametophytes and tetrasporophytes .................................................... 3

Cortex compact; persistent, acicular, unicellular hairs present on outer cortical cells;
carposporophytes in small numbers, each causing localized swelling of the thallus
.................................................................................................................. DASYPHLOEA
Cortex lax; acicular unicellular hairs not present on outer cortical cells;
carposporophytes numerous, scattered, not causing swelling of thallus
................................................................................................................. DUDRESNAYA
4.
4.

Thallus epiphytic on Amphibolis, 1-3 em high, subdichotomous; outer cortical
cells bearing thick-walled hyaline hairs; lateral connections between filaments
absent; tetrasporophyte crustose ............................................................ KRAFI1A
Thallus epilithic (or on jetty piles), with a basal stalk and irregularly furcate
branches (3-) 10-48 em long, outer cortical cells without thick-walled hyaline
hairs; lateral connections between cortical and medullary filaments present;
generations isomorphic, tetrasporangia cruciately divided .............. GIBSMITHIA
GennsACROSYMPHYTON Sjostedt 1926: 8

Thallus (gametophytes) erect, much branched, branches terete, usually mucilaginous.
Structure uniaxial, with whorls of four periaxial cells per axial cell and laterals of several
orders, the inner ones forming a loose medulla with descending rhizoids and the outer cells
forming a lax to coherent cortex. Rhodoplasts numerous per cell, discoid to elongate.
Tetrasporophytes (known only in A. purpuriferum) prostrate, of branched filaments
[Cortel-Breeman & van den Hoek (1970)].
Life history triphasic with heteromorphic gametophytes and tetrasporophytes.
Reproduction. Sexual plants monoecious or dioecious. Carpogonial and auxiliary cell
branches scattered in younger branches, borne on periaxial or inner medullary cells.
Carpogonial branches several cells long, with mid cells bearing lateral branches 1-4 cells
long, with post-fertilization fusions to these cells prior to formation of connecting filaments.
Auxiliary cell branches 5-16 cells long, auxiliary cell terminal. Carposporophytes compact,
with all cells becoming carposporangia. Spermatangia clustered on outer cortical cells.
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Tetrasporophyte (where known) producing tetrahedrally divided tetrasporangia, or
"seriate tetrasporangia" which re-cycle the tetrasporophyte.

Lectotype species: A. purpurijerum (1. Agardh) Sjostedt 1926: 9.
A genus of 5 species, the type from the Mediterranean, A. caribaeum (J. Agardh)
Sjostedt from Bermuda and Florida, A. faylorii Abbott from the Hawaiian Islands and
Australia, A. firmum Hawkes from New Zealand, and A. tenax Millar & Kraft (1984, p. 140,
figs 11-26) from northern N.S.W.
Acrosymphyton is distinguished by post-fertilization connection of the carpogonium to
cells of the laterals on the carpogonial branch, from which connecting filaments issue, by the
auxiliary cells being terminal, and by heteromorphic gametophytes and tetrasporophytes
(where known). Lindstrom (1987) has erected the family Acrosymphytaceae on the basis of
pinnately branched carpogonial branches, with filaments from the fertilized carpogonium
contacting terminal cells of the laterals, terminal auxiliary cells, and other reproductive
features. Some of these features differ only in degree from the Dumontiaceae, e.g. sterile
laterals occur on the carpogonial branches in Dudresnaya and Kraftia, and auxiliary cells
may be terminal to fourth in Neodilsea natashae (Lindstrom 1984, p. 34). For the present,
Acrosymphyton is kept within the Dumontiaceae.

Acrosymphyton taylorii Abbott 1962b: 845, figs 1-9. Millar & Kraft 1984:135, figs 2-10.
Shepley & Womersley 1983: 202, figs lA, B, 3.
FIGS 68A, 69A-D
Thallus (Fig. 68A) medium red, 4-21 cm high, with an axis 2-5 mm broad producing
laterals 2-8 mm in diameter bearing slender tapering branches for 3 or 4 orders, soft and
mucilaginous. Holdfast small, discoid; epilithic. Structure uniaxial with each axial cell
bearing 4 periaxial cells (and sometimes adventitious filaments) which produce lateral
filaments (Fig. 69A) with several orders of cells, the outer forming a lax cortex and with
many inner medullary cells producing descending rhizoids.
Reproduction. Sexual thalli dioecious or monoecious. Carpogonial branches (Fig. 69B)
developing from periaxial cells or from second or third order cells of the lateral filaments,
replacing one of the vegetative filaments on their bearing cell, 9-10 cells long with the
carpogonium sharply reflexed towards cells 4 and 5 (Fig. 69B, C) and a long and usually
basally coiled trichogyne. One to four cells nearest the base of the carpogonial branch
produce no laterals but the next 5-6 cells form distichous lateral branches 2-4 cells long
(Fig. 69B), which may further cut off 1-2-celled side branches towards the recurved
carpogonium; the cell below the carpogonium does not cut off lateral cells. Post-fertilization
fusion occurs Iletween the carpogonium and terminal cells of these lateral branches, usually
those from cells 4 and 5 of the carpogonial branch, while the cell below the carpogonium
remains densely cytoplasmic. Following this fusion, several connecting filaments with basal
pit-connections develop (Fig. 69C). Auxiliary cell branches (Fig. 69B) develop in similar
positions to the carpogonial branches, and are 5-9 cells long without lateral cells and with a
larger, subspherical, terminal auxiliary cell, with which a connecting filament fuses and
initiates gonimoblast cells (Fig. 69D); each connecting filament usually continues to further
auxiliary cells. Carposporophytes (Fig. 69D) globular, scattered in the outer medulla, 80-100
!lm in diameter, with nearly all cells becoming sub-spherical carposporangia 12-20 flm in
diameter. Male gametophytes (Hawaiian plants) smaller than female gametophytes, with
small clusters of spermatangia on outer cortical cells.
Tetrasporophytes unknown.

Type from Hauula, Oahu, Hawaiian Islands; holotype (Abbott 1461) in BISH. Isotypes in
UC (912181) and BISH.
Distribution: Oahu, Hawaiian Islands.
In Australia known from isolated records from Rottnest I., W. Aust., Coffs Harbour,
N.S.W. (Millar & Kraft 1993, p. 15), Queensland and Lord Howe I. (Millar & Kraft 1984, p.
135).
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Fig. 68. A. Acrosymphyton taylorii (AD, A38045). Habit. B. Da.~yphloea insignis (AD, A43343).
Habit. C. Dudresnaya australis (AD, A33469). Habit. D, E. Kraftia dichotoma (D, AD, A52844; E,
AD, A43937). D. Habit. E. An erect multiaxial axis arising from the crustose base on Amphibolis stem.
F. Gibsmithia womersleyi (MELU, K7654, holotype). Habit. [A-E as in Shepley & Womersley 1983;
F as in Kraft 1986.]
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Southern Australian record: Egg I., Isles of St Francis, S. Aust., 32-38 m deep
(Shepherd, Il.i.l971; AD, A38045).

A. taylorii is essentially a tropical species, with the above single specimen known from
southern Australia.

Fig. 69. A-D. Acrosymphyton taylorii (AD, A38045). A. Cortical branch system with a young
auxiliary cell branch. B. Mature carpogoniaJ branch and adjacent auxiliary cell branch. C. A
carpogonial branch with a terminal lateral cell acting as an auxiliary cell with a connecting filament and
2-celled gonimoblast. D. A Ioung carposporophyte surmounting an auxiliary cell branch. E-J.
Dudresnaya australis (E-H, ,AD, A30830; I, AD, A33861). E. Mature carpogonial branch with
spermatia on trichogyne. F. Post-fertilization carpogonial branch producing connecting filaments. G.
Auxiliary cell with connecting filaments and first gonimoblast cell. H. Mature carposporophyte on
auxiliary cell filament. I. Spermatangial branch in sectional view. J. Tetrasporangia on cortical
filaments. [A-J after Shepley & Womersley 1983.]

Dasyphloea
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Genus DASYPHLOEA Montagne 1842: 8; 1845: 102, pI. 8 fig. 3

Thallus erect, much branched, branches terete, mucilaginous. Structure uniaxial, with
whorls of four periaxial cells producing several orders of cells with a medulla becoming
densely rhizoidal and a compact cortex of 4-5 layers of small cells, the outermost bearing a
tomentum of acicular, thick-walled, hyaline hairs as well as normal hairs.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli dioecious, carpogonial and auxiliary cell branches scattered,
borne on periaxial and inner medullary cells. Carpogonial branches 5-6 cells long,
carpogonium reflexed and fusing post-fertilization with a lower cell, then producing
connecting filaments. Auxiliary cell branches 12-15 cells long, the auxiliary cell 3-5 cells
from the apex. Carposporophytes prominent, swelling the thallus, with a large basal fusion
cell and each gonimoblast cell becoming a carposporangium. Spermatangia cut off from
outermost cortical cells.
Tetrasporangia zonately divided, prominent, borne on inner cortical cells.
Type (and only) species: D. insignis Montagne 1842: 8.
Dasyphloea is characterised by the uniaxial thallus, compact cortex bearing prominent
acicular hairs, carpogoniaJ and auxiliary cell branches without lateral cells, and by the zonate
tetra sporangia on isomorphic tetrasporophytes.
Dasyphloea insignis Montagne 1842: 8; 1845:102, pI. 8 fig. 3. Mitchell 1966: 210, pis
22-26. Shepley & Womersley 1983: 206, fig. IC, D.
D. tasmanica Hooker & Harvey 1847: 406. Harvey 1859a: pI. 115; 1859b: 320.
Chylocladia multiramea Sonder 1853: 681.
Dasyphloea gigartinoides Sonder 1881: 105 (nomen nudum).
FIGS 68B, 70
Thallus (Fig. 68B) erect, 5-20 (-40) cm high, with one or more axes radially and
irregularly branched to several orders, branches tapering from base to apices. Holdfast
discoid, 1-3 mm across; epilithic or epiphytic on Amphibolis. Structure (Fig. 70A, B)
uniaxial, with whorls of 4 periaxial cells each producing several orders of 3-4 elongate cells,
then 2-3 layers of ovoid cells and 4-5 layers of small cells forming a compact cortex with
the outermost forming a tomentum of acicular, thick-walled, hyaline hairs (Fig. 70A, C) as
well as normal floridean hairs; periaxial and elongate medullary cells producing descending
rhizoids (Fig. 70B), with the mature thallus differentiated into a filamentous medulla and
pseudoparenchymatous cortex.
Reproduction. Sexual thalli dioecious, male gametophyte with fewer acicular hairs.
Carpogonial and auxiliary cell branches scattered throughout the young thallus, borne on the
lower side of periaxial and inner medullary cells. Carpogonial branches (Fig. 70D) 5-6 cells
long, reflexed with the carpogonium lying adjacent to cell 4, and cells 4, 5 and 6 larger than
cells 2 and 3. Following fertilization (Fig. 70E), the carpogonium fuses with cell 4
(sometimes with cells 5 and 6) and the fusion cell produces several connecting filaments
each with a basal pit-connection. Auxiliary cell branches (Fig. 70F) 12-15 cells long,
curved, with the auxiliary cell usually 4 (3-5) cells from the apex and slightly smaller and
less densely staining than other cells. Carposporophytes (Fig. 70G) prominent, swelling and
distorting the thallus, with radiating gonimoblast filaments each cell of which becomes a
carposporangium, and developing a comparatively large basal fusion cell. Spermatangia cut
off from the outermost cortical cells in groups of 2-3, elongate.
Tetrasporophytes more robust and less branched than gametophytes, producing large,
zonately divided tetrasporangia (Fig. 70H) from inner cortical cells.

Type probably from Tasmania (rather than Akaroa, N.Z. - see Mitchell 1966, p.2IO); in
Herb. Montagne, PC.
Distribution: Wanna, Eyre Pen., S. Aust., to Walkerville, Vic., and around Tasmania;
sublittoral, 2-17 m deep.
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Fig. 70. Dasyphloea ins ignis (A-G, AD, A27699; H, AD, A24370). A. Transverse section of a branch
showing axial cell, a whorl of four periaxial cells, cortex and medulla with rhizoids. B. Axial cells in
longitudinal view, with four branched periaxial cells and rhizoids. C. Cortex with acicular hairs. D.
Axial cell and two periaxial cells each with a carpogonial branch. E. Fusion of the carpogonium and
fifth and sixth cells of the carpogonial branch, with two connecting filaments. F. Fusion of a connecting
filament with the auxiliary cell and formation of a gonimoblast initial. G. Mature carposporophytc on
an old auxiliary cell filament. H. Cortex with tetrasporangia. [A-II after Mitchell 1966.]

Dudresnaya
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Selected specimens: Wanna, S. Aus!., drift (Womersley, 19.ii.l959; AD, A22373). Aldinga, S.
Aust., drift on Amphibolis (Womersley, 23.iv.1973; AD, A43343 -"Marine Algae of southern
Australia" No. 154). Stanley Beach, S coast Kangaroo I., S. Aust., drift (Womersley, 27.i.1956; AD,
A20380). Port Elliot, S. Aust., drift (Womersley, 17.v.1960; AD, A24370). Walkerville, Vic., drift
(Sinkora A2165, 7.iii.l975; AD, A48554). Dover, Tas., drift (Wollaston & Mitchell, 27.ii.l964; AD,
A27699).

Genus DUDRESNAYA Crouan & Crouan 1835: 98, pI. 2 figs 2, 3, nom. cons.

Thallus erect, mucilaginous, usually much branched with terete or flattened branches,
sometimes with a slight annular appearance. Structure uniaxial, with whorls of 4 (-6)
periaxial cells when mature, each producing 2-4 elongate cells for several orders, with the
outermost forming a loose to moderately compact cortex bearing floridean but not acicular
hairs; descending rhizoids usually developed from medullary cells.
Life history triphasic with isomorphic or heteromorphic gametophytes and
tetrasporophytes.
Reproduction. Sexual thalli usually dioecious. Carpogonial and auxiliary cell branches
scattered, borne on periaxial or inner medullary cells. CarpogoniaJ branches several cells
long, simple or rarely with laterals, straight or terminally reflexed, usually with the
carpogonium fusing with cells 4 or 5 of the carpogonial branch, followed by production of
several connecting filaments from the fusion cell, each with a basal pit-connection. Auxiliary
cell branches of numerous cells (10-20), with the smaller auxiliary cell in the middle or
lower half of the branch. Carposporophytes compact, globular, situated within the outer
medulla often with ones of different ages intermixed, scarcely swelling the thallus, with all
cells becoming carposporangia. Spermatangia cut off in clusters from outer cortical cells.
Tetrasporophytes similar to gametophytes, with large zonately divided tetrasporangia
cut off terminally from cells of the outer medulla or inner cortex, or crustose with irregularly
cruciately divided tetrasporangia.
Type species: D. coccinea (c. Agardh) Crouan & Crouan 1835: 98 (typ. cons.) [=D.
verticillata (Withering) Le Iolis].
A genus of ]4 species (Kajimura 1993, p. 47), with the type species from Europe and
the other species from the tropical American Atlantic or the Pacific. The single species
(D. australis I. Agardh 1899) from southern Australia is one of the earliest described species
of the genus. Notoya & Aruga (1989) have clarified the heteromorphic species with a
crustose tetrasporophyte.
Dudresnaya australis 1. Agardh ex Setchell 1912: 245, pI. 27, fig. 9. 1. Agardh 1899: 85.
De Toni 1924: 559. Mitchell 1966: 215. Robins & Kraft 1985: 11, figs 16-43.
Shepley & Womersley 1983: 207, figs 2A, 4.

FIGS 68C, 69E-J
Thallus (Fig. 68C) rose-red to dark red-brown, 5-16 cm high, erect and much branched,
spreading, variable in robustness, mucilaginous, with a main axis 2-3 mm in diameter
bearing irregularly radially arranged laterals to 3 or 4 orders, terete and tapering and 0.5-1
mm in diameter in lesser branch lets which are alternate to opposite. Holdfast discoid, 1-3
mm across; epiphytic on Amphibolis, Heterozostera or larger algae, or possibly epilithic.
Structure uniaxial, with an apical cell dividing transversely and producing a row of discoid
cells which become cylindrical axial cells 300-400 J..Im long and 50-250 flm in diameter
when mature, with 4 (-6) periaxial cells each bearing tufted fascicles basally divided at each
or most cells below, then unbranched and when mature gently tapering, usually 12-16 cells
long with cells (5-) 8-14 J..Im in diameter and UD 2-3 (-5). The outer medulla grades to the
cortex and the outer cortical cells near branch apices bear long, slender, floridean hairs.
Lateral branches arising from periaxial or inner cortical cells, first developing as unbranched
primordia of 15-20 (-40) discoid cells. Young thallus branches usually show slight
annutations corresponding to the periaxial whorls. Each periaxial cell also produces a
descending rhizoid of elongate cells, each cell of which may produce a lateral branch system
similar to and lying between the periaxial whorls, and resulting in a more continuous
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medulla and cortex. The descending rhizoids pass down over two or three axial cells and
thus each axial cell becomes surrounded by 12-18 rhizoids, which ultimately enlarge to
similar diameter as the axial cells and tend to obscure the latter. In the mature thallus,
numerous secondary descending rhizoids develop from other cells of the periaxial laterals,
forming an interwoven filamentous medulla.
Reproduction. Sexual thalli usually dioecious. Carpogonial branches (Fig. 69E) develop
usually on periaxial cells of lateral thallus branches, 6-10 cells long with the upper 3 cells
reflexed and cells 2 and 3 smaller; the basal or sub-basal cell frequently bears a single lateral
cell (Fig. 69F). Following fertilization, an extension from the carpogonium fuses with cell 4
(Fig. 69F) and frequently extends to cell 5, and the resultant large fusion cell produces
several connecting filaments each with a basal pit-connection. Auxiliary cell branches (Fig.
69G) develop from periaxial cells and also from basal cells of lateral branch systems
developed from the descending rhizoids, and thus considerably outnumber the carpogonial
branches. Auxiliary cell branches 11-20 cells long, with 3-5 mid cells larger and the central
of these (often fifth from the base) is the smaller, compressed, auxiliary cell (Fig. 69G); the
terminal 6-8 cells often taper and a sterile lateral cell may occur on the basal cell as in
carpogonial branches. Nearly all auxiliary cells are contacted by connecting filaments (Fig.
69G) and two gonimoblast initials develop opposite the fusion side of the auxiliary cell.
Carposporophytes (Fig. 69H) compact (initially two lobed), of different ages, scattered
profusely in the outer medulla but scarcely swelling the thallus, 100-175 Jlm in diameter
with most cells forming rounded to angular carposporangia 10-27 Jlm in diameter. Male
gametophytes with spermatangia formed in dense clusters (Fig. 69 I) from 1-4 terminal and
subterminal cells of the outer cortex.
Tetrasporophytes have denser rhizoidal development than gametophytes, and this
obscures the basic whorled branch pattern to a greater extent. Tetrasporangia large, zonateiy
divided (Fig. 691), 25-45 (-50) Jlm long and 12-20 /lm in diameter, terminal or lateral on
outer medullary cells of both the periaxial branch systems and those arising from the
descending rhizoids. Further tetrasporangia may arise from short branches originating below
the earlier tetrasporangia.

Type from Port Phillip, Vic. (Wilson 28, 23.i.l888); lectotype in Herb. Agardh, LD, 34730;
isolectotypes in MEL, 504444 and BM.
Distribution: King George Sound, W. Aust., to Western Port, Vic., and the N coast of
Tasmania.

Selected specimens: King George Sound, W. Aust. (Harvey, Trav. Set. 325). Pearson I., S. Aust.,
15 m deep (Shepherd, 8.i.1969; AD, A33940). Point Avoid, S. Aust., drift (Christophel, 7.xii.l976;
AD, A47821). Tiparra reef, Spencer Gulf, S. Aust., 6 m deep on Amphibolis (Shepherd, 29.i.1972; AD,
A41865). Investigator Strait, S. Aust., 33 m deep (Watson, 20.i.l971; AD, A38583). Northern Spencer
Gulf, S. Aust., 8 m deep (Shepherd, 4.ix.1973; AD, A44148). Off Troubridge I., S. Aust., 24 m deep
(Shepherd, 5.ii.1969; AD, A33861, male). Inside Tapley Shoal, S. Aust., 10 m deep (Shepherd,
2.ii.1969; AD, A33469). American R. inlet, Kangaroo I., S. Aust., drift at jetty (Womersley, 31.x.1966;
AD. A30830). Western Port. Vic. (Wilson, 5.ii.1894; MEL, 5333). Hinders. Vic., drift (Womersley &
Mitchell, 18.i.1967; AD, A31501). Low Head, Tas. (Perrin 325 & Lucas, Jan. 1930; BM).

D. australis is a sublittoral species known from 5 to 33 m deep and is commonly
epiphytic on the seagrass Amphibolis, but also on the brown alga Caulocystis.
D. australis was first recognised but not formally described by J. Agardh (1899, p. 85,
footnote). It is closely related to the type species (D. verticillata) but differs (Robins & Kraft
1985, p. 13) in the nature of the indeterminate axis primordia and details of the branch
fascicles.
Genus KRAFTIA Shepley & Womersley 1983: 209
Thallus (gametophyte) erect, subdichotomous from a prostrate base (around the stems
of Amphibolis); branches slightly compressed, tapering slightly. Structure multiaxial with a
filamentous medulla and compact cortex with surface hairs.

Kraftia
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Life history triphasic with heteromorphic erect gametophytes and crustose
tetrasporophytes.
Reproduction. Sexual thalli monoecious, with carpogonial and auxiliary cell branches
scattered in outer medulla. Carpogonial branches 9-12 cells long with carpogonium
reflexed, cells 4 and 5 larger and densely cytoplasmic, and single sterile lateral cells on lower
cells; post·fertilization fusion between the carpogonium and cell 4 produces an enlarged
fusion cell from which several connecting filaments develop. Auxiliary cell branches 9-14
cells long, with the auxiliary cell 4 or 5 cells from the apex and adjacent cells forming short
lateral branches. Carposporophytes developing 3-4 groups of gonimoblast cells, then
becoming globular, with most cells forming carposporangia, scattered in outer medulla and
not distending the cortex. Spermatangia cut off from outer cortical cells.
Tetrasporophyte crustose on Amphibolis stems, with zonate tetrasporangia.

Type (and only) species: K. dichotoma Shepley & Womersley 1983: 209.
Kraftia and Gibsmithia are the only multiaxial genera of the Dumontiaceae in southern
Australia, and differ in habit (Kraftia subdichotomous from the holdfast on Amphibolis,
Gibsmithia with a cartilaginous basal stalk and upper gelatinous irregular branches) and in
that Gibsmithia has isomorphic gametophytes and tetrasporophytes while in Kraftia
gametophytes are erect and the genus is heteromorphic with a crustose tetrasporophyte.
Kraftia dichotoma Shepley & Womersley 1983: 209, figs 2B, C, 5.
FIGS 68D, E, 71A-G
Thallus (Fig. 68D) erect, 1-3 em high, subdichotomous, branches slightly compressed,
2-3 mm across near the base and tapering to about I mm in diameter near the rounded
apices. Hold fast crustose, 1--4 mm across; epiphytic on Amph ibolis. Structure multiaxial
(Fig. 68E), with a filamentous medulla and a narrow, compact cortex, with the outer cortical
cells bearing hyaline, thick·walled and terminally rounded hairs (Fig. 7lA) bent towards the
branch apex.
Reproduction. Sexual thalli monoecious, with carpogonial and auxiliary cell branches
scattered in the outer medulla. Carpogonial branches (Fig. 71B) 9-12 cells long with the
carpogonium sharply reflexed, cells 2 and 3 small and cells 4 and 5 larger and densely
cytoplasmic, with post·fertilization fusion between the carpogonium and cell 4, resulting in
an enlarged fusion cell producing several connecting filaments with basal pit·connections;
lower cells of the carpogonial branch may bear single sterile cells laterally (Fig. 71B).
Auxiliary cell branches (Fig. 71C, D) 9-14 cells long, with the auxiliary cell usually fourth
or fifth from the apex and slightly laterally displaced, with all the cells below and often
above the auxiliary cell forming short lateral branches. Carposporophytes (Fig. 71E) initially
with 3--4 groups of gonimoblast cells, becoming globular (130-360 flm across) with most
cells forming subspherical to ovoid carposporangia lO-13 flm in diameter, scattered in the
outer medulla and not distending the cortex. Spermatangia (Fig. 71F) cut off from the outer
cortical cells.
Tetrasporangia (Fig. 71G) terminal on filaments of a crustose pad on Amphibolis stems,
ovoid, 25-36 11m long and 9-12 11m in diameter, zonately divided.

Type from Victor Harbor, S. Aust., 6 m deep (Clarke, 30.xii.1981); holotype in AD,
A52844. Isotypes ("Marine Algae of southern Australia" No. 238) distributed to MEL,
NSW, PERTH, UC, BM, PC, L, LD and other herbaria.
Distribution: Port Denison, W. Aust. to Walkerville, Vic., always on lower stems of
Amphibolis (A. antarctica and A. griffithii).
Selected specimens: Port Denison, W. Aus!., drift (Kraft 4136, 14.xii.1971; AD, A50319). Venus
Bay, S. Aus!., drift (Womersley, 12.ii.l954; AD, AI9501). Elliston, S. Aus!., 7 m deep (Shepherd,
25.x.1971; AD, A42590). Tiparra reef, S. Aus!., 5 m deep (Shepherd, lO.xii.l973; AD, A44596) and
11 m deep (Shepherd, 23.xii.l970; AD, A38254). Port Victoria, S. Aust., 3-4 m deep (Kraft,
20-ix.1973; AD, A44547). Stenhouse Bay, S. Aust., 3-7 m deep (Kraft, 18.ix.1973; AD, A44561).
D'Estrees Bay, Kangaroo I., S. Aust., drift (Kraft, 16.i.l974; AD, A45064). Victor Harbor, S. Aust.,
5-7 m deep (Clarke, 23.xii.1981; AD, A52822). Robe, S. Ausl., 1-2 m deep near jetty (Mitchell,
16.ii.1974; AD, A44664 -"Marine Algae of southern Australia" No. 238a) and upper sublittoral near
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jetty, crust with tetrasporangia (Womersley, 26.viii.1973; AD, A43937, A43939). Queenscliff, Vic.,
drift (Norris, 21.i.l963; AD, A27481). Cats Bay, Phillip 1., Vic. (Norris, 20.i.1963; AD. A27482).
Walkerville, Vic., drift (Sinkora A2259, 2.iii.1976; AD, A485 14).

Kraftia dichotoma occurs on Amphibolis, probably anywhere within the distribution of
this seagrass, in areas of moderate water movement. It is usually confined to the lower sterns
in lower light intensity within the leafy canopy. Only one tetrasporangial field-collected
specimen is known, but M.D. Guiry has shown that carpospores germinate to crustose
tetrasporophytes (pers. comm. G.T. Kraft).

Genus GmSMITHIA Doty 1963: 458
Thallus erect from a crustose holdfast and in most species a simple or branched
cartilaginous stalk bearing several mucilaginous fronds. Structure multiaxial, medulla of
slender filaments anc1a rhizoids, frequently cross-linked by lateral processes; cortex of
anticlinal, much branched filaments of ovoid-elongate cells, often with floridean hairs.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monoecious or dioecious. Carpogonial and auxiliary cell
branches scattered, carpogonial branches several cells long, often with sterile laterals on
lower cells, carpogonium partly reflexed, hypogynous cell large. Post-fertilization
carpogonium connecting with cells 3-5, then producing several connecting filaments.
Auxiliary cell branches terminating in sterile vegetative cells similar to cortical filaments,
with an intercalary auxiliary cell and adjacent lower cells bearing sterile laterals.
Gonimoblast initials arising from auxiliary cell at site of fusion with a connecting filament,
with 2-3 gonimolobes and the mature carposporophyte surrounded by lax cortical filaments,
not bulging the cortex. Spermatangia cut off from distal cells of cortical filaments.
Tetrasporophytes bearing decussately cruciately divided tetrasporangia on cortical
filaments.
Type species: G. hawaiiensis Doty 1963: 458, figs 1-17.

A genus of four species (Kraft 1986), distributed in the central and western Pacific,
eastern Australia, and with one species on southern Australian coasts.
Gibsmithia is a multiaxial genus differing from Kraftia in habit, presence of lateral
connections between medullary and cortical filaments, lack of thick-walled hyaline hairs,
and in having isomorphic generations with cruciately divided tetrasporangia.

Gibsmilhia womersleyi Kraft & Ricker ex Kraft 1986: 441, figs 59-69.
FIGS 68F, 71H-K
Thallus (Fig. 68F) red-brown, fading to grey-brown, erect, 3-48 cm high, with a short,
cartilaginous stalk 4-11 mm broad bearing terete to compressed, linear to irregularly
branched mucilaginous branches 2-30 mm in diameter, branched at intervals of 2-20 cm,
ends rounded. Holdfast crustose to conical, cartilaginous, 4-11 mm across; epilithic or on
jetty piles. Structure multiaxial, with a filamentous medulla of long cells 7-10 Jlm in
diameter, producing numerous rhizoids 4-5 JIm in diameter; the latter may fuse laterally
with other filaments, or medullary filaments may fuse directly; cortical filaments
pseudodichotomous, 9-15 cells long, cells 4-6 f.lm in diameter and un 4-7 below, apical
cells 3-4 JIm in diameter and un 3-6, with occasional hairs; rhodoplasts parietal, becoming
dissected in inner cells.
Reproduction. Sexual thalli dioecious. Carpogonial branches (Fig. 7lH) 6-8 (-11) cells
long, with the mid and upper cells enlarged, the hypogynous cell largest and excentric; short,
sterile, lateral filaments (Fig. 7tH) occasionally present. Auxiliary cell branches (Fig. 71 I)
9-19 cells long, terminating as vegetative cells, and the basal 3-4 cells bearing 1-5 usually
unbranched latetals; auxiliary cell smaller than adjacent cells, trapezoidal in shape.
Carposporophytes at first with discrete gonimolobes, when mature 120-250 Jlm in diameter,
with ovoid to angular carposporangia 8-15 f.lm in diameter and 10-35 JIm long.
Spermatangia (Fig. 711) clustered, cut off from initials at ends of cortical filaments.
Tetrasporophytes with clustered tetrasporangia (Fig. 71K) on ends of cortical filaments,
cruciately (usually decussately) divided, ovoid, 15-25 f.lm in diameter.
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Type from Esperance, W. Aust., 11-12 m deep at "Long Jetty" (Kraft et at., 20.xii.1980;
MELU, K7654).
Distribution: Only known from the type collection, Hopetoun, W. Aust., 4 m deep (Kraft &
Ricker, 16.viii.1979; MELU, K6983), and Waterloo Bay (Elliston), S. Aust., 3-5 m deep on
bar (Shepherd, l.xi.l981; AD, A52746).
G. womersleyi is regarded by Kraft (1986, p. 445) as the most robust of the species of
Gibsmithia, characterised also by the very short stalk, the distinctively shaped auxiliary cell,
and the filaments bearing tetrasporangia differentiated from the surrounding cortex.
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Fig. 71. A-G. Kraftia dichotoma (A-F, AD, A52844; G, AD, A43939). A. Young cortical branch
with terminal, thick-walled, hyaline curved hairs. B. Carpogonial branch with trichogyne and
spermatia. C. Cortical branch with a young auxiliary cell branch and floridean hairs. D. Mature
auxiliary cell branch with lateral branches from most cells except the auxiliary cell. E. Young
carposporophyte developing from connecting filament fused to the auxiliary cell. F. Cortical branch
with spermatangia. G. Upper part of filaments of crust with zonate tetrasporangia. H-K. Gibsmithia
womersleyi (MELU, K7654). H. Carpogonial filament. I. Auxiliary cell filament. J. Cortical filament
with spermatangia. K. Cortical filaments bearing tetrasporangia. [A-F after Shepley & Womersley
1983; H-K, after Kraft 1986.]
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KALLYMENIACEAE (1. Agardh)Kylin 1928:

56

Thallus erect, foliose and solid or perforate, to much branched and compressed (usually
in one plane), or parasitic and pulvinate. Structure multiaxial, with a medulla of ovoid,
closely packed cells or of lax to compact slender filaments (often with stellate or refractive
cells), usually accompanied by slender rhizoidal filaments, and a thin to moderate cortex of
short to medium length anticlinal filaments. Rhodoplasts discoid, numerous per cell.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli dioecious, procarpic or (usually) non-procarpic.
Carpogonia\ branches borne on a supporting cell in the inner cortex, mono- or
polycarpogonial and accompanied by subsidiary cells of similar morphology to the large,
often lobed, lower two cells of the 3-celled carpogonial branches; a fusion cell formed after
fertilization, involving the supporting cell and lower cells of the carpogonial branches, then
producing connecting filaments in non-procarpic genera. Auxiliary cell systems distinct and
distant from the carpogonial systems (except in Callophyllis where the supporting cell acts
as the auxiliary cell), with an auxiliary cell bearing 1-2-celled chains of sterile, ovoid,
subsidiary cells. Gonimoblast developing from the auxiliary cell or adjacent connecting
filament, forming slender filaments which develop groups of intermixed carposporangia
(often appearing in loculi), with or without a slight filamentous involucre. Cystocarps
prominent, usually immersed in but slightly to distinctly swelling the thallus, in some taxa
protruding, ostiolate or not. Spermatangia cut off from surface cortical cells.
Tetrasporangia lying within the outer cortex, scattered, cruciately divided.
A family of some 18 genera, characterised by the very distinctive female reproductive
systems with the supporting cell bearing one to several carpogonial branches and sterile
subsidiary cells, with the latter and the lower two carpogonial branch cells large and often
prominently lobed. The auxiliary cell systems in non-procarpic genera are also distinctive,
with several 1-2-celled chains of subsidiary cells. Many taxa have refractive, darkly staining,
usually branched cells in the medulla, somewhat similar to those in the Halymeniaceae but
not so "ganglioid" in form.
The family name as cited above was proposed for conservation by Silva (1980, p. 84)
but withdrawn (Silva 1993a, p. 122).
KEY TO GENERA OF KALL YMENIACEAE

I.
I.

Medulla largely of filaments of elongate cells, without compactly arranged large ovoid
cells though lightly staining stellate cells may occur... ..................................................... 2
Medulla of compactly arranged, large, isodiametric to ovoid cells with intermixed
rhizoidal filaments ............................................................................................................ 5
2.
2.

3.
3.

Cortex with large inner cells and smaller outer cells; cystocarps with groups of
carposporangia separated by gonimoblast filaments ................................ KALLYMENIA
Cortex of slender filaments and without larger inner cortical cells; cystocarps with
carposporangia formed from a central mass of gonimoblast filaments
.......................................................................................................... GLAPHYRYMENIA
4.
4.

5.
5.

Thallus foliose, simple or with marginal lobes ..................................................... 3
Thallus branched, sublinear or moniliform ........................................................... 4

Thallus irregularly branched, not constricted, 0.5-2 (-4) cm broad; tetrasporangia
usually with oblique divisions ................................................. CIRRULICARPUS
Thallus subdichotomous, upper branches consisting of constricted, ovoidmoniliform segments, each less than I cm long; tetrasporangia cruciately divided
.................................................................................................... HORMOPHORA

Medulla with a single regular layer of large cells, with slender filaments between them
and forming a broad cortex ........................................................................ POLYCOELIA
Medulla with several layers of irregularly arranged large cells with intermixed filaments
of cells and a cortex of smaller cells ................................................................................ 6

Kallymenia

6.
6.
7.
7.

KALLYMENIACEAE

231

Thallus foliose but subdivided; medulla not very compact and filaments tending
to fonn a central layer; massive darkly staining refractive and often ganglioid
cells present; non-procarpic ................................................... THAMNOPHYLLIS
Thallus much branched; medulla compact, filaments irregularly placed; stellate
and refractive cells absent; procarpic or non-procarpic ........................................ 7

Non-procarpic, with distinct auxiliary cell systems ............................ AUS1ROPHYLLIS
Procarpic, with the fusion cell developing gonimoblast filaments ........ CALLOPHYLLIS
Genus KALL YMENIA J. Agardh 1842: 98

Thallus foliose with an entire or variously lobed margin, perforate or not, sometimes
spinose, usually almost as broad as high. Structure. Medulla becoming largely filamentous,
but with stellate and usually larger medullary cells remaining, and with a cortex usually 2-4
cells broad, the outer cells smallest.
Reproduction. Non-procarpic. Carpogonial branch systems mono- or polycarpogonial
with the supporting cell, first cell of the carpogonial branch, and subsidiary cells either
rounded or variously lobed, fusion cell usually massive and much lobed, producing several
to many connecting filaments. Auxiliary cell systems with 3-8 subspherical to ovoid
subsidiary cells on an ovoid auxiliary cell. Carposporophyte consisting of numerous
carposporangia intennixed with filaments, within the medulla. Spermatangia scattered over
the thallus.
Tetrasporangia scattered, cruciately (rarely irregularly) divided, connected to inner or
middle cortical cells and lying in the outer cortex.

Lectotype species: K. reniformis (Turner)J. Agardh 1842: 99.
A genus of about 20 species, with 5 known from southern Australia and two further
species from N.S.W. (see Womersley & Norris 1971, pp. 9, 11). The type species has been
studied in detail by Norris (1957, p. 257) and by Hommersand & Ott (1970).

KEY TO SPECIES OF KALLYMENIA
1.
1.

Thallus with numerous subcircular perforations .............................................................. 2
Thallus without numerous regular perforations ................................................................ 3
2.

2.

3.
3.

Monocarpogonial with lobed subsidiary cells; stellate cells lightly staining and
with irregular anns mostly shorter than body of cell; outer cortical cells mostly
4-6 jJm across in surface view; perforations mostly remaining small (under 0.5
cm across) ......................................................................................... 1. K. cribrosa
Polycarpogonial, with a rounded to ovoid first cell of the carpogonial branch;
stellate cells lightly staining with slender anns commonly 1-2 (or more) times as
long as body of cell; outer cortical cells mostly 6-9 11m across in surface view;
perforations of thallus increasing in size fairly regularly from the margin, to
1 (-2) cm across in larger plants, ................................................. 2. K. cribrogloea

Thallus large (15-30 em high when mature), foliose with overlapping lobes,
monocarpogonial with carpogonial branch systems acting as auxiliary cell systems
................................................................................................................... 3. K. tasmanica
Thallus smaller (usually under 15 em high), foliose but without overlapping lobes,
monocarpogonial and with small auxiliary cell systems (without carpogonial branches)
.......................................................................................................................................... 4
4.
4.

Thallus surface without spines, sometimes with small irregular excrescences;
outer cortical cells elongate in section and subpalisade-like, medullary filaments
coarse .................................................................................................... 4. K. rubra
Thallus or at least the margin covered with branched spines 1-2 mm long; outer
cortical cells isodiametric in section, medullary filaments slender .... 5. K. spinosa
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Fig. 72. A. Kallymenia cribrosa (AD, A61121). Habit. B, C. Kallymenia cribrogloea. (B, AD,
A35158; C, AD, A35824). B. Habit. C. Fusion cell with several old tricho~ynes and numerous young
connecting filaments. D, E. Kallymenia tasmanica (AD, A33060). D. HabIt. E. Transverse sectIOn of
cystocarp. [B-E as in Womersley & Norris 1971.]
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1. Kallymenia cribrosa Harvey 1855a: 555; 1859a, pI. 73; 1860a: 324; 1863, synop.: xliii.
J. Agardh 1876: 219; 1892: 63. Lucas & Perrin 1947: 161, figs 33, 35. Womersley
& Norris 1971: 7, figs 1-5,77.
FIGS 72A, 73A-E
Thallus (Fig. 72A) rose-red, foliose, subsessile or shortly stipitate, usually undivided,
with a smooth margin, 10-30 cm across and high, with numerous perforations scattered
fairly evenly over most of the thallus except at the base; larger and smaller perforations
intermixed, larger 3-5 mm in diameter, smaller usually 1-2 mm in diameter; substance
gelatinous but fairly firm when fresh, disintegrating rapidly in the drift. Holdfast discoid,
1-3 (-5) mm across; epilithic. Structure. Thallus 200-500 (-1000) ~m thick, consisting of
3-4 layers of cortical cells (Fig. 73E) and a central medulla of fairly densely to loosely
arranged filaments, produced from lightly staining stellate cells, (4-) 6-10 ~m in diameter;
outer cortical cells (3-) 4-6 (-7) ~m across in surface view, rounded or isodiametric to
elongate; stellate cells (Fig. 73A) subspherical, (40-) 90-160 ~m in diameter, with numerous
irregular (both in length and thickness) radiating arms.
Reproduction. Sexual thalli dioecious. Carpogonial branch systems (Fig. 73B)
monocarpogonial, with 3-5 subsidiary cells; these together with the supporting cell and
often the first cell of the carpogonial branch are elongate and much lobed. Fusion cell much
lobed, 100-180 11m across, compact, producing numerous connecting filaments. Auxiliary
cell systems (Fig. 73C) 30-40 11m across, consisting of an auxiliary cell and 3-4 (-5)
spherical subsidiary cells; following fusion with a connecting filament, the auxiliary cell
produces numerous gonimoblast filaments ultimately cutting off carposporangia. Cystocarps
400-600 ~m across in surface view, within the medulla, consisting of a dense mass of
intermixed filaments and subspherical to ovoid carposporangia, each (10-) 14-20 ~m in
greatest dimension. Male thalli with spermatangia (Fig. 730) 1-2 ~m in diameter, covering
the surface, cut off from the outer cortical cells.
Tetrasporangia scattered in the outer cortex (Fig. 73E), cruciately divided, ovoid, 20-28
11m long by 17-19 ~m in diameter.

Type from Fremantle, W.Aust.; lectotype in Herb. Harvey, TCD.
Distribution: Abrolhos Is, W. Aust., to Flinders, Vic., and around Tasmania, in depths of
3-40 m on moderate to rough-water coasts.

Selected specimens: Abrolhos Is, W. Aust., drift (Lucas, Nov. 1915; UWA, A1212). Cottesloe, W.
Aust., drift (Kraft, July 1966; AD, A34853). Twin Rocks, Head of Great Australian Bight, S. Aust.,
20-22 m deep (Branden, 19.i.1991; AD, A61121). Waldegrave I., S. AusL, 22 m deep (Shepherd,
17.iv.1970; AD, A35825, A35826, A35829). Elliston, S. Aust.. drift (Womersley. 13.i.1951; AD,
A 13499). Off Troubridge I., S. Ausl., 23 m deep (Shepherd, 4.ii.l969; AD. A33529). Muston,
American R. inlet, Kangaroo I., S. AnsL, 2-3 m deep (Kraft. 7.iv.1972; AD, A42405). Cape
Northumberland, S. Aust., 15 m deep (Shepherd, l.ii.1978; AD, A55131). Flinders, Vic. (Lucas, Feb.
1932; NSW). Musselroe Bay, Tas. (Perrin, 15.iii.l950; AD, AI6427).

K. crib rosa is the earliest described perforate species of Kallymenia, followed by K.
perforata J. Agardh from the tropics, K. pertusa SetcheH & Gardner from the Gulf of
California, K. papenfussii Norris from South Africa, and K. cribrogloea Womersley &
Norris from southern Australia (see Womersley & Norris 1971, pp. 5, 7). K. cribrosa is
characterised by monocarpogonial systems, whereas K. penusa and K. papenfussii are
poJycarpogonial; K. perforata is inadequately known.

2. Kallymenia cribrogloea Womersley & Norris 1971: 7, figs 6-12, 78-80. Millar & Kraft
1993: 21. Womersley 1973: 253.
FIGS 728, C,73F-J
Thallus (Fig. 72B) rose-red to red-brown or yellowish-brown, foliose, expanded
laterally from a short stipe, undivided or somewhat lobed above, 10-50 cm high and across,
with small perforations near the margin and large and small ones irregularly scattered over
most of the thallus; larger perforations to 1(-2) cm in diameter, smaller usually 1-2 mm in
diameter; substance gelatinous, firm when fresh. Holdfast discoid, 1-3 mm across; epilithic
or on shells. Structure. Thallus (Fig. 73J) mostly 250-700 ~m thick, consisting of 2-4 layers
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Fig. 73. A-E. Kallymenia cribrosa (A-C, AD, A35829; D, AD, A35825; ~. AD, A35826). A. Stellate
cell with irregular arms. B. Carpogonial branch system with lobed subsidiary cells and a single
carpogonial branch. C. Auxiliary cell system. D. Transverse section of cortex of a male plant with
sperrnatan.z;ia. E. Transverse section of cortex with tetrasporangia. F-J. Kallymenia cribrogloea.
(F, G, I, J, AD, A35158; H, AD, A35824). F. Stellate cell. G, Auxiliary cell system. H. Fusion of a
connecting filament with an auxiliary cell. I. Surface view of a sperrnatangial thallus. J. Transverse
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of cortical cells and a central medulla of lightly staining stellate cells with loosely arranged
filaments, 4-10 (-14) flm in diameter and often irregularly swollen; outer cortical cells 5-9
(-12) flm across in surface view, isodiametric to elongate and usually angular, usually
separated by as much as or more than their diameter; stellate cells (Fig. 73F) subspherical,
50-100 flm across with several radiating arms which often become long and slender.
Reproduction. Sexual thalli dioecious. Carpogonial branch systems polycarpogonial
with 8-16 carpogonial branches, the first cells of which (and the supporting cell) are
spherical to ovoid. Fusion cell (Fig. 72C) lobed, 100-180 flm across, producing numerous
connecting filaments. Auxiliary cell systems (Fig. 73G) 40-50 flm across with about 8
subsidiary cells on the supporting cell, some subsidiary cells occasionally producing a
daughter cell; following fusion of the auxiliary cell with a connecting filament (Fig. 73H) the
adjacent parts of the connecting filament produce numerous gonimoblast filaments which
cut off carposporangia. Cystocarps scattered over the thallus, convex to hemispherical, 0.5-1
mm across in surface view, circular to somewhat irregular in outline, lying within the
swollen medulla and consisting of a dense mass of filaments and subspherical
carposporangia 14-30 !-1m in diameter. Male thalli with spermatangia covering the surface
(Fig. 73 I), about 2 !-1m in diameter, cut off from the outer cortical cells.
Tetrasporangia scattered in the outer cortex (Fig. 73J), cruciately divided, ovoid, 22-36
/Am long and 17-25 11m in diameter.

Type from Great Taylor Bay, Bruny I., Tas., 10-16 m deep (Shepherd, 7.ii.1970); holotype
in AD, A35158. Isotypes distributed in "Marine Algae of southern Australia" No. 82.
Distribution: Waldegrave I., S. Aust., to Jervis Bay, N.S.W., and SE Tasmania.
Selected specimens: Waldegrave 1., S. Aust., 22 m deep (Shepherd, 17.iv.1970; AD, A35824,
A35827). Pearson I., S. Aust., 30 m deep (Shepherd, 1O.i.l969; AD, A34044). West Point, Eyre Pen.,
S. Aust., 15-25 m deep (Shepherd, 25.x.1969; AD, A34764). TroubJidge 1., S. Aust., 23 m deep
(Shepherd, 4.iLI969; AD, A33803). Muston, Kangaroo I., S. Aust., 5-7 m deep (Owen, 7.iii.1971; AD,
A38171). Port Phillip Heads, Vic. (Wilson, 15.i.l883; MEL, lOO5775).lervis Bay, N.S.W., 18 m deep
(Shepherd, 15.viiL1972; AD, A 42614).

K. cribrogloea is a deep water species, 7-40 m deep. In contrast, K. crib rosa is often
found in shallower water (3 m down) though it does occur to 40 m deep.

K. cribrogloea shows remarkable habit and structural similarity to K. cribrosa, and can
only be clearly separated on the structure of the carpogonial branch systems, and the
auxiliary cell systems which have more subsidiary cells in K. cribrogloea. However, in welldeveloped plants of K. cribrogloea, the perforations enlarge fairly rapidly and regularly from
very small near the margins to larger a few centimetres within the margin and to large
perforations 1-2 cm across in old central parts. In K. crib rosa the perforations generally
remain smaller and the regular enlargement for a few centimetres from the margin is not so
apparent.
3. Kallymenia tasmanica Harvey 1860a: 325; 1863, synop.: xliii. J. Agardh 1876: 220, 686.
Lucas & Perrin 1947: 162, fig. 34. Womersley & Norris 1971: 12, figs 21-25, 84,
85.
Grateloupia australis J. Agardh ex Gepp & Gepp 1906: 260. De Toni 1924: 546.
FIGS 72D, E, 73K-O
Thallus (Fig. 72D) dark red, often paler above, foliose, arising from a slender stipe
0.2-1 cm long, 5-30 cm high and across, often with numerous large, marginal lobes which
are often overlapping and themselves lobed; substance firm and tough, adhering to paper on
drying. Holdfast discoid, 1-3 mm across; epilithic. Structure. Thallus 25D-500 /Am thick
(Fig. 73 0), consisting of 3-4 layers of cortical cells and a medulla of fairly loosely arranged
filaments 3-8 !-1m in diameter; outer cortical cells 5-10 11m across and isodiametric to
section of a tetrasporangia\ thallus. K-O. Kallymenia tasmanica (K, L, AD, A33060; M, N, AD,
A34362; 0, AD. A34270). K. Young carpogonia\ branch. L. Mature carpogonia\ branch. M. Fusion
cell with old trichogyne and young connecting filaments. N. Auxiliary eell system with fused
connecting filament and developing gonimoblasts. O. Transverse section of tetrasporangial thallus.
[A-O after Womersley & Norris 1971.]
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elongate in surface view; medulla with darkly staining refractive cells (Fig. 73 0) with
several long slender arms.
Reproduction. Sexual thalli probably dioecious. Carpogonial branch systems (Fig. 73K,
L) monocarpogonial, the supporting cell bearing 2 elongate (terminally swollen but not
lobed), subsidiary cells and a 3-celled carpogonial branch, the first and second cells of which
become elongate. Fusion cell lobed (Fig. 73M) producing relatively few connecting
filaments. Auxiliary cell systems very similar to carpogonial branch systems; following
fusion with a connecting filament (Fig. 73N), the auxiliary cell elongates and develops lobes
from which gonimoblast filaments are produced, with the subsidiary cells remaining
virtually intact. Cystocarps (Fig. 72E) 0.5-1 mm in diameter, swollen, consisting of a dense
mass of groups of carposporangia intermixed with filaments; carposporangia subsphericaJ to
ovoid, 12-18 !lm in greatest dimension. Male thalli not observed.
Tetrasporangia scattered in the outer cortex (Fig. 73 0), ovoid, cruciately to irregularly
divided, 18-35!lm long by 11-16!lm in diameter.

Type from Georgetown, Tas. (Alg. Aust. Exsicc. 418); lectotype in Herb. Harvey, TCD.
Distribution: Gulf St Vincent, S. Aust., to Western Port, Vic., and around Tasmania. A
sublittoral species ranging from just below low tide level to 10 m deep in Western Port.

Selected specimens: Gulf St Vincent, S. Aust., 40 m deep (AD, A16142). Port Elliot, S. Aust., drift
(Womersley, 24.vii.1949; AD, AII122). Crawfish Rock, Westernport Bay, Vic., 5-10 m deep (Watson,
1O.x.i.l968; AD, A33060), 4-5 m deep (Watson, 26.iv.1969; AD, A34270) and 10 m deep (Watson,
25.iv.1969; AD, A34362). Great Taylor Bay, Bruny I., Tas., 19 m deep (Shepherd, 14.ii.1972; AD,
A42155).

K. tasmanica, the second species of Kallymenia described from Australia, differs from
other Australian species in its large, smooth, and often lobed thallus, of fairly tough
consistency. It is also distinctly separated from other species by being monocarpogonial with
simflle, elongate subsidiary cells and by the absence of differentiated auxiliary cell systems
(these being very similar to carpogonial branch systems). All other known species of
Kallymenia have distinct aux.iliary cell systems with small, subspherical subsidiary cells.
1. Agardh (1890a, p. 17) described a var. laciniata, without locality. The specimen
concerned has not been studied, but K. tasmanica is variable in form and laciniate plants are
not worth distinguishing as a variety. Comparison of the specimen should, however, be made
with Thamnophyllis lacerata.

Grateloupia australis J. Agardh ex Gepp & Gepp (1906, p. 260) is K. tasmanica. The
species was based on Wilson material in BM, from Port Phillip, Vic., and although not
recognised by the Gepps, one specimen from Capel Sound, Port Phillip Bay (Wilson,
26.xii.1886) is sparsely cystocarpic.
4. Kallymenia rubra Womersley & Norris 1971: 13, figs 26-31,86.
FIGS 74A, 75A-F
Thallus (Fig. 74A) dark red, foliose, with a short stipe (to 0.5 em long), irregularly
lobed or dissected with an erose-undulate margin and in some surface areas small
excrescences, 4-12 cm high and as much across; thallus robust and tough, adhering to paper.
Holdfast discoid, 1-2 mm across; epilithic. Structure. Thallus (Fig. 75A) 150-400 11m thick,
consisting of 3-4 compact layers of cortical cells (many with ovoid, highly refractive
inclusions) and a central medulla of dense filaments 4-10 !lm in diameter, with conspicuous
moderately staining refractive cells with long arms (Fig. 7SB); outer cortical cells densely
arranged, 4-6 flID across and irregular in shape in surface view, palisade-like in cross section
of thallus.
Reproduction. Carpogonial branch systems monocarpogonial (Fig. 75C), with a
somewhat lobed supporting cell bearing two elongate, simple, subsidiary cells and a
carpogonial branch with a similar basal cell and a smaller but similar second cell. Fusion cell
(Fig. 75E) about 100 11m across, relatively slender with numerous branched lobes, producing
several connecting filaments directly from the lobes. Auxiliary cell systems (Fig. 75D)
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Fig. 74. A. Kallymenia rubra (AD, A22164). Habit. B. Kallymenia spinosa (AD, A33660). Habit. C,
D. G/aphyrymenia pustulosa (AD, A35823). C. Habit. D. Transverse section of thallus with cystocarp.
[B, D as in Womersley & Norris 1971.]
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relatively small, 11-24 11m across, consisting of an auxiliary cell bearing 3-4 subsidiary
cells which are at first spherical but later elongate to twice as long as thick; gonimoblast
tissue formed from auxiliary cell following fusion with a connecting filament (Fig. 75F).
Cystocarps unknown.
Male and tetrasporangial thalli unknown.

Type from Elliston, S. Aust., drift (Norris 1665 & Womersley, 27.ii.1959); holotype in AD,
A22164.
Distribution: Only known from the type and a probable specimen from Waldegrave 1. (near
Elliston), S. Aust., 22 m deep (Shepherd, 17.iv.1970; AD, A35870).
K. rubra is related to K. tasmanica in its form and monocarpogonial nature but differs
in its more compact, tougher thallus with an erose-undulate margin and more densely
filamentous cortex, in possessing distinct auxiliary cell systems, and in the morphology of
the carpogonial branch systems and fusion cells. Further study of the relationships of K.
rubra is desirable.

5. Kallymenia spinosa Womersley & Norris 1971: 15, figs 32-36, 87.
FIGS 74B, 7SG-K
Thallus (Fig. 74B) light to medium red, foliose, 3-7 cm high and 3-6 cm across,
gradually to broadly cuneate from a short stipe, with the rounded upper margin becoming
irregularly lobed; margin and usually the surface (except basal part) densely covered with
short, branched spines 1-2 mm long (Fig. 75G); thallus fairly firm, adherent to paper.
Holdfast discoid, 1-2 mm across; epilithic. Structure. Thallus (Fig. 75H) 200-350 \.lm thick,
consisting of 3-4 layers of cortical cells and a central medulla of dense, slender filaments
2-5 (-8) \.lm thick, often lying parallel to the surface in young parts but denser and with
many filaments crossing the medulla in older parts; large, darkly staining refractive cells
with long arms are common and prominent in the medulla, occasionally remaining joined as
a partial network; outer cortical cells compact, in surface view isodiametric to elongate and
7-11 11m across, isodiametric in sectional view of thallus.
Reproduction. Carpogonial branch systems (Fig. 75 I, J) monocarpogonial with the
mature supporting cell broader at its upper end and bearing 2 (-3) elongate, slightly clavate
subsidiary cells and a carpogonial branch with first and second cells elongate. Auxiliary cell
systems (Fig. 75K) relatively small (about 20 \.lm across), consisting of a subspberical
auxiliary cell and three subsidiary cells. Post-fertilization stages and cystocarps not observed.
Male plants unknown.
Tetrasporangia scattered over the thallus in the cortex, 30-38 \.lm long and 20-26 \.lm in
diameter, cruciately divided,

Type from Pearson I., S. Aust., 33 m deep (Shepherd, 7.i. 1969); ho)otype in AD, A33660.
Distribution: Known from the type and Pearson I., S. Aust., 22 m deep (Shepherd,
12.i.1969; AD, A34057), and from St Francis I., Isles of St Francis, S. Aust., 55 m deep
(Shepherd, 9.i.1971; AD, A38079, tetrasporangial).
K. spinosa resembles K. rubra in being monocarpogonial with simple subsidiary cells
but is strikingly characterised by its densely spiny edge and surface (edge only in the St
Francis I. specimens) as well as in details of cortex and medulla. The refractive cells are also
larger and much more strongly developed in K. spinosa.

Genus GLAPHYRYMENIA J. Agardh 1885: 52
Thallus foliose, entire, with a smooth to undulate margin. Structure. Medulla of slender,
loosely arranged filaments in a gelatinous matrix, with slender stellate cells, and a thin cortex
of small cells derived directly from the medullary filaments.
Reproduction. Carpogooial branch systems mono- or bicarpogonial, with small,
subspherical cells; fusion cell relatively slender. Auxiliary cell systems with 3-4
subspherical subsidiary cells. Carposporophyte with a central mass of filaments producing
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masses of carposporangia not intermixed with filaments. Spermatangia scattered over the
thallus.
Tetrasporangia scattered in the cortical layer.

Type (and only) species: G. pustulosa 1. Agardh, 1885: 52.
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Fig. 75. A-F. Kallymenia rubra (AD, A22164). A. Transverse section of thallus with young
carpogonial branch system. B. Stellate cell. C. Mature carpogonia\ branch system. D. Auxiliary cell
system. E. Fusion cell producing connecting filaments. F. Fusion of connecting filament with auxiliary
cell and formation of gonimoblast cells. G-K. Kallymenia spinosa (AD, A33660). G. Surface of
thallus with spines. H. Transverse section of thallus. I. Young carpogonia\ branch system. J. Mature
carpogonial branch system. K. Auxiliary cell system. L-O. Glaphyrymenia pustulosa (AD, A35823).
I" Transverse section of thallus with tetrasporangia. M. Stellate cell. N. Carpogonia\ branch system. O.
Auxiliary cell system. [A-M after Womersley & Norris 1971.]
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Glaphyrymenia is distinguished from other genera of the Kallymeniaceae by the
virtually totally filamentous medulla and cortex and by the carposporophyte in which a
central mass of gonimoblast filaments produces a surrounding mass of carposporangia. The
small, rounded cells of the carpogonial branch and auxiliary cell systems provide a further
distinction from other Australian species of the family.

Glaphyrymenia pustulosa J. Agardh 1885:52, pI. I fig. 4. Norris 1957:301, fig. 21, pI. 40;
1961: 262, figs 1-10. Womersley & Norris 1971: 17, figs 37, 38, 88, 89.
FIGS 74C, D, 7SL-O
Thallus (Fig. 74C) pale rose-red to medium red, foliose, 10-60 cm high and usually
broader than high, blade rounded when young and often becoming irregularly lobed or
sometimes laciniate, with a smooth to markedly undulate margin which may be slightly
dentate; substance gelatinous and firm when living, adhering strongly to paper on drying and
disintegrating fairly quickly on wetting. Holdfast discoid, 1-2 mm across; epilithic.
Structure. Thallus (Fig. 75L) 300-700 (-1000) /Jm thick, filamentous throughout with a
loose network of medullary filaments 3-5 /Jm in diameter, and a dense cortex of similar
branched filaments becoming anticlinal, with short chains of ovoid outer cortical cells, each
2-3 /Jm across; small, lightly staining stellate cells present in the medulla (Fig. 75M).
Reproduction. Sexual thalli dioecious. Carpogonial branch systems (Fig. 75N) formed
from inner cortical filaments, mono- or bicarpogonial, with a rounded supporting ceH
producing 2-4 subspherical subsidiary cells, 1 or 2 of which develop into normally 3-celled
carpogonial branches. Fusion cell lobed but relatively simple, producing several connecting
filaments. Auxiliary cell systems (Fig. 7S 0) 30-45 /.tm across, the auxiliary cell bearing 3-4
subsidiary cells. Cystocarps (Fig. 74D) scattered over most of the thallus, 220-600 /Jm
across, embedded in the thallus but protruding somewhat when fully developed, consisting
of a central mass of slender gonimoblast filaments producing outwardly numerous
subspherical carposporangia (Fig. 74D) each 14-20 /Jm across and mostly not intermixed
with gonimoblast filaments; a loose surrounding involucre of filaments present. Male thalli
with minute spermatangia (about I /.tm in diameter) cut off from the outer cortical cells.
Tetrasporangia (Fig. 75L) scattered in the cortex, ovoid, 16-22 /.tm long by 12-15 ~m
broad, cruciately divided.
Type from Port Phillip, Vic. (Wilson 88, 25.i.l884); lectotype in Herb. Agardh, LD, 27153.
Distribution: New Zealand (Nelson & Adams 1987, p. 37).
Waldegrave I., S. Aust., to Port Phillip, Vic., and SE Tasmania; known from depths of 3
-22m.
Selected specimens: Waldegrave I., S. Aus!., 22 m deep (Shepherd. 17.iv.l970; AD, A35823).
Topgallant I., Investigator Gr., S. Aust., 27 m deep (Turner, 29.iii.l982; AD, A53066). Off Cape
Northumberland, S. Aust., 15 m deep (Shepherd, l.ii.l978; AD, A55132). Marion Bay, Tas., 15 m
deep (Shepherd, 13.ii.1970; AD, A35169). Taroona, Tas., 3-6 m deep (Shepherd, 4.ii.l970; AD,
A35163). Great Taylor Bay, Bruny I., Tas., 6 m deep (Shepherd, 7.ii.l970; AD, A35538).
Genus CIRRULICARPUS Tokida & Masaki 1956: 70
Thallus flat, usually cartilaginous, subdichotomously to irregularly branched. Structure.
Medulla fairly densely filamentous, with stellate cells, and a cortex of larger inner and
smaller outer cells.
Reproduction. Carpogonial branch systems mono- or polycarpogonial with elongate,
simple or lobed supporting and first cells of the carpogonial branch; fusion cell present.
Auxiliary cell systems similar to carpogonial branch systems but usually without mature
carpogonial branches. Carposporophyte consisting of numerous groups of carposporangia
intermixed with slender gonimoblast filaments; cystocarps often clustered on the thallus,
sunken.
Tetrasporangia with oblique divisions, scattered over the thallus in the outer cortex,
terminal or intercalary.
Type species: C. gmelini (Grunow)Tokida & Masaki 1956: 70.

PLATE 1 fig. 1. Coast at Cape Lannes, S. Aust., with a mid euliltoral zone of Porphyra columbina.
fig. 2. Coast at Evans Cave, Cape Lannes, S. Aust., at low tide with various emergent
Rhodophyta in the lower culitloral zone.

PLATE 2 fig. 1. Porphyra columbina at Cape Lannes, S. Aust. (AD, A62998).

fig. 2. Liagora farinosa near Coffin I., Albany, W. Aust. (in Murdoch). Photo:
I.M. Huisman.
fig. 3. Capreolia implexa (mat) and Hormosira banksii at Cape Lannes, S. Aust. (AD,
A62999).
fig. 4. Pterocladia lucida at Erith I., Bass Strait. (AD, A45215). Photo: S.A. Shepherd.

PLATE 3 fig. 1. Hildenbrandia expansa at Point Bunbury, Apollo Bay, Vic. (AD, A6(088).
fig. 2. Sonderopelta coriacea at Erith I., Bass Strait (AD, A45218). Photo: S.A. Shepherd.
fig. 3. Halymenia plana at West I., S. Aust. (AD, A42902). Photo: K. Branden.
fig.4. Codiophyllum flabelliforme at Breaksea I., Albany, W. Aust. (in Murdoch). Photo:
I.M. Huisman.

PLATE 4 fig. I. Tsengia comosa (AD, A61774).

fig. 2. Sarcothalia radula (AD, A62995).
fig.3. Gigarlina muelleriana at Evans Cave. Cape Lannes, S. Aust. (AD, A62993).
fig.4. Plocamium mertensii at Breaksea I., Albany, W. Aust. (in Murdoch). Photo:
I.M. Huisman.
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A genus of five species. Cirrulicarpus gmelini (Grunow)Toldda & Masaki, C.
carolinensis Hansen, C. (?) laingii (1. Agardh)Parldnson and the two species below are
similar to Kallymenia in thallus structure and most reproductive features but differ in their
much-divided thallus. Most species (see, however, Codomier 1971) ascribed to Kallymenia
are foliose, with no more than marginal lobes, whereas the species of Cirrulicarpus are
much branched and usually cartilaginous. The type species of Cirrulicarpus and C. nanus
have tetrasporangia with oblique. intersecting cross walls, and this may be a useful character
to separate the genus from Kallymenia (though in K. tasmanica they may be irregularly
divided). C. gmelini also has intercalary tetrasporangia, bearing outer cortical cells, but in C.
nanus they appear to be terminal.
KEY TO SPECIES OF CIRRUUCARPUS

I.
1.

Thallus cartilaginous, branches 0.5-1 cm broad .............................................. 1. C. nanus
Thallus soft, not cartilaginous. branches mostly 1-1.5 cm broad ....... 2. C. polycoelioides

1. Cirrulicarpus nanus (J. Agardh)Womersley 1973: 256.
Meredithia nana J. Agardh 1892: 76. De Toni 1897: 308. Lucas 1909: 26. May
1965: 404. Wilson 1892: 182.
Kallymenia nana (1. Agardh)TisdaIl1898: 504.
Cirrulicarpus australis Womersley & Norris 1971: 19, figs 39--43, 90.
FIGS 76A, 77A-F
Thallus (Fig. 76A) dark red, flattened, irregularly alternately to subdichotomously
branched, sometimes proliferous to polychotomous, 5-15 em high, stipitate at the base;
branches with rounded apices, often basally constricted, varying in breadth and broadest
either in their mid or apical regions, with a smooth to slightly irregular margin, mostly (0.2-)
0.5-1 cm broad, occasionally with older parts to 3 cm broad; substance firm and somewhat
cartilaginous, only slightly adherent to paper on drying. Holdfast discoid, 2-6 (-8) mm
across; epilithic. Structure. Thallus (Fig. 77A) 220--450 (-600) !lm thick, consisting of 4-6
layers of cortical cells and a moderately dense medulla of filaments 2-6 !lm thick; outer
cortical cells in surface view 2-5 !lm across, compactly arranged and irregularly
isodiametric, in sectional view isodiametric; medulla with some lightly staining stellate cells
(Fig. 77B).
Reproduction. Sexual thalli dioecious. Carpogonial branch systems (Fig. 77C) arising in
the inner cortex, polycarpogonial with 2-5 carpogonial branches; supporting cell elongate
and often somewhat dumb-bell shaped or basally swollen, sometimes once lobed, bearing up
to 6 elongate and clavate (rarely lobed) subsidiary cells or first cells of the carpogonial
branches; second cells of carpogonial branches elongate, carpogonia with prominent. coarse
trichogynes. Fusion cell unknown. Auxiliary cell systems (Fig. 77D) apparently similar to
carpogonial branch systems but with fewer, smaller and shorter cells and without a
carpogonium. Cystocarps large, 1-2 mm in diameter, scattered in groups on the surface of
upper branches, hemispherical and ostiolate; carposporophyte consisting of small groups of
spherical to ovoid carposporangia (1(}-15 flm across) interspersed with slender gonimoblast
filaments. Male thalli with spermatangia (Fig. 77E) covering the ends of branches, cut off
from elongate outer cortical cells, ovoid, 1.5-2 !lm in diameter.
Tetrasporangia (Fig. 77F) scattered, cut off from mid cortical cells and lying just below
the surface, 25-38 flm long and 10--15 flm in diameter, obliquely divided with intersecting
walls.

Type from Port Phillip Heads, Vic. (Wilson, 4/89, 27.i.1883, female); lectotype in Herb.
Agardh, LD, 24831, isolectotype in MEL, 1005814.
Distribution: Pearson I., S. Aust. to Port Phillip Heads, Vic.
Selected specimens: Pearson I., S. Aust., 50 m deep (Shepherd, 9.i.1969; AD, A33913). Marion
Bay, S. Aust., drift (Kraft, 18.ix.1973; AD, A44537). Aldinga, S. Aust., 2 m deep (Kraft, 16.i.1972;
AD, A41232). Port Elliot, S. Aust., drift (Womersley, 26.xi.1961; AD, A25434). 11 Ian off Cape
Northumberland, S. Aust., 48 m deep (Shepherd, 6.v.1975; AD, A46339). Seal Bay, Kangaroo I., S.
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Aust., drift (Kraft, 6.iv.1972; AD, A42423). Pennington Bay, Kangaroo I., S. Aust., drift (Kraft & Min
Thein, 3.xii.l971; AD, A41372).

C. australis Womersley & Norris was placed as a probable synonym of C. nanus by
Womersley (1973, p. 256). This was refuted by Hansen (1977, p. 32) who considered that
the holotype of Meredithia nana J. Agardh was probably a member of the Gigartinales.
However, re-examination of a slide (squash) made from the type shows 4 typically
kallymeniaceous carpogonial branch systems, and the synonymy suggested previously can be
re-affirmed. The illustration of Hansen (1977, fig. 23) of "gonimoblast development" from a
vegetative cell is probably of an auxiliary cell system, with branched subsidiary cells which
may be producing young gonimoblast filaments; such branched subsidiary cells are typical of
C. nanus.
Female specimens of C. nanus are readily recognised by the large cystocarps, and the
tetrasporangia are distinctive in their oblique divisions with intersecting walls, but sterile
plants are very similar in form and transverse section to some taxa of the Halymeniaceae; the
latter generally have a denser filamentous medulla, in some cases with thick-walled
refractive ganglionic cells.
2. Cirrulicarpus polycoelioides (J. Agardh)Womersley, comb. nov.
Kallymenia polycoelioides J. Agardh 1876: 687. Sonder 1881: 15. Womersley
1973: 255, figs 2-7. Womersley & Norris 1971: 42, fig. 108.
Meredithia polycoelioides (J. Agardh)J. Agardh 1892: 76. Guiler 1952: 89. Lucas
1929a: 17.
FIGS 76B, 77G--I
Thallus (Fig. 76B) dark red to brown-red, complanate, subdichotomous, to 12 em high,
arising from a short stipe 1-4 mm long; thallus cuneately to broadly expanded to 1-4 em
across at a few em above the stipe, developing subdichotomous branches 1-1.5 em broad,
and 1-2 em between dichotomies, with broad, rounded apices or lobes 3-6 mm across; in
some plants new subdichotomous lobes arise proliferously from older basal parts; substance
fairly soft, adhering closely to paper on drying. Holdfast discoid, 1-3 mm across; epilithic.
Structure. Thallus (Fig. 77G) 400-600 flm thick with a cortex 5-7 cells thick and a broad
medulla of fairly loosely arranged filaments mostly 7-15 /lm in diameter; outer cortical cells
fairly compact, 2-4 /lm across and isodiametric in surface view, inner cortical cells large;
medulla with stellate cells (Fig. 77H) often with numerous arms and lightly to moderately
staining.
Reproduction. Carpogonial branch systems (Fig. 77G) monocarpogonial, the supporting
cell lobed and usually bearing four lobed subsidiary cells and a 3-celled carpogonial branch,
the first cell of which is lobed and the second elongate. Fusion cell lobed. Auxiliary cell
systems (Fig. 771) relatively small, 25-50 flm across, consisting of an auxiliary cell bearing
about 8 subspherical subsidiary cells each of which often bears one further cell. Cystocarps
scattered, about 2 mm in diameter (in the type).
Male and tetrasporangial thalli unknown.

Type from Orford, Tas. (Meredith); holotype in Herb. Agardh, LD, 24843.
Distribution: South-eastern Tasmania. As well as the type, two further Tasmanian
collections are known, from Fluted Cape, Bruny I., 23 m deep (Shepherd, 12.ii.1972; AD,
A41925), and Great Taylor Bay, Bruny 1.,2-5 m deep (Shepherd, 14.ii.1972; AD, A42131).
This species was previously placed in Kallymenia, but the subdichotomous thallus is
more indicative of Cirrulicarpus. However, the texture is not cartilaginous as in other
species of Cirrulicarpus but soft as in most species of Kallymenia; the relationships of these
two genera need further study, but since some species of Kallymenia are subcartilaginous
(e.g. K. tasmanica) it seems best to use the thallus branching of Cirrulicarpus as the main
generic feature. Division of the tetrasporangia, when known, may clarify the generic
position.
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Fig. 76. A. Cirrulicarpus nanus (AD, A33913). Habit. B. Cirrulicarpus polycoelioides (AD, A41925).
Habit. C, D. Hormophora australasica (C, AD, A46592; D, AD, A49150). C. Habit. D. Cross section
of a cystocarp. E. Polycoelia laciniata (AD, A19401). Habit. [E as in Womersley & Norris 1971.]
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cells, one of which may cut off a filament of 1-3 cells. Carposporophyte with prominent
groups of carposporangia surrounded by gonimoblast filaments; cystocarps scattered, not to
partly protuberant. Spermatangia scattered over the thallus.
Tetrasporangia ovoid, cruciately divided, scattered in the outer cortex.

Type (and probably the only) species: P. laciniata J. Agardh 1849: 88.
Polycoelia laciniata 1. Agardh 1849: 87; 1851: 305; 1876: 228. Harvey 1863, synop.: xliii.
Kylin 1956: 230. Lucas & Perrin 1947: 161, fig. 32. Norris 1957: 217, fig. 7A-D,
pI. 33. Womersley 1950: 169. Womersley & Norris 1971: 22, figs 47,92,93.
P. /astigiata Harvey 1860a: 324, pI. 192B.
P. australis J. Agardh 1879: 114, pI. 13, figs 1-4.
P. chondroides J. Agardh 1896: 69.
FIGS 76E, 77M-O
Thallus (Fig. 76E) medium to dark red, flat, arising from a short stipe, usually 5-20 cm
high and as much across, much branched essentially in one plane in an irregularly alternate
to di- or polychotomous manner, in older thalli often with marginal proliferations which may
develop into foliose laterals; margin smooth in young thalli to irregular in older thalli; lower
parts (0.3-) 1-2 cm broad, to 4 cm broad in old thalli, usually as wide in median parts,
tapering gradually or abruptly to (1-) 2-4 mm broad near apices in young thalli but such
tapering apices commonly lost from older plants; substance firm when fresh but becoming
gelatinous, usually adhering to paper on drying and tending to disintegrate on wetting.
Holdfast discoid, 1-3 mm across; epilithic or epiphytic on larger algae. Structure. Thallus
(Fig. 17M) 0.5-1 mm thick in median parts, consisting of a medulla of a single layer of
large, thick-walled, isodiametric to slightly elongate cells which in median parts of the
thallus comprise one-half to two-thirds of the thickness, and an inner cortex of a lax network
of slender filaments of relatively short cells, which also grow between the medullary cells,
and which produce an outer cortex of erect, branched chains of 2-5 small cells, the
outerinost of which are isodiametric and about 3 ~m across; stellate cells absent.
Reproduction. Sexual thalli dioecious. Carpogonial branch systems (Fig. 77N)
monocarpogonial, scattered in the mid cortex, consisting of an elongate and often terminally
lobed supporting cell bearing 2-4 elongate, irregularly clavate, subsidiary cells, one of which
forms the carpogonial branch. Fusion cell lobed, producing several connecting filaments.
Auxiliary cell systems (Fig. 17 0) scattered in the mid cortex, about 30 ~m across, consisting
of an enucleate auxiliary cell bearing 3-6 multinucleate, isodiametric to slightly elongate,
subsidiary cells, one (rarely 2) of which may form a 1-3-celled chain. Cystocarps scattered,
0.5-1 mm across, non-ostiolate and slightly protruding, with an involucre of denser
filaments and with numerous groups of subspherical carposporangia (18-26 ~m across)
surrounded by gonimoblast filaments. Spermatangia cut off from the outer cortical cells,
1.5-2 ~m in diameter.
Tetrasporangia scattered in the outer cortex (Fig. 17M), elongate-ovoid, cruciately
divided, 32-45 ~m long by 17-25 ~m in diameter.

Type from "Occid. Novae Hollandiae" (probably south-west Western Australia); lectotype in
Herb. Agardh, LD, 24922.
Distribution: South-west Western Australia to Flinders, Vic., and around Tasmania.
Selected specimens: Waldegrave I., S. Aust., 23 m deep (Shepherd, 11.v.1971; AD, A38734).
Elliston, S. Aust., drift (Womersley, 14.ii.l954; AD, A19401). Topgallant I., S. Aust., 35 m deep
(Branden, 2.vii.l987; AD, A57570). Stenhouse Bay, S. Aust., drift (Womersley, 9.iv.1950; AD,
AI3238). Vivonne Bay, Kangaroo I., S. Aust., drift (Womersley, 2.i.l949; AD, A106 10). Margaret
Brock Reef, Cape Jaffa, S. Aust., 10 m deep (Lewis, 15.ii.l974; AD, A45040). Stinky Bay, Nora
Creina, S. Aust., drift (Womersley, 19.viii.l957; AD, A21209). Port MacDonnell, S. Aust., drift
(Womersiey, 28.i.1964; AD, A27404). Flinders, Vic., drift (Womersley, 25.x.1986; AD, A57843).
Musselroe Bay, Tas. (Perrin, Mar. 1950; AD, A49742). Adventure Bay, Bruny I., Tas. (Perrin 471,
16.ix.1948; AD, A49747).

P. laciniata is a sublittoral species, found mainly on rough-water coasts; at Pearson 1,
S. Aust., slender plants have been collected between 30 and 50 m deep, but broader forms
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are known from elsewhere in much shallower depths. It is very variable in form, depending
on its age, degree of regrowth from old parts, and its habitat. Forms with broad thalli and
relatively large proliferous laterals have probably lasted through two seasons and the
proliferous laterals represent the second season's growth.
Polycoelia is most closely allied to Pugetia, having comparable reproductive systems,
but is strikingly characterised by the well-defined single-layered medulla of large cells and a
network of very slender cortical filaments. Whereas Polycoelia has a much-branched thallus,
Pugetia is typically a foliose genus.
Genus THAMNOPHYLLIS Norris 1964: 104

Thallus foliose to divided or marginally proliferous. Structure. Medulla of large ovoid
cells with conspicuous filaments of relatively short and thick cells between them and tending
to be massed in the central medullary region in older parts; darkly staining refractive cells
prominent.
Reproduction. Carpogonial branch systems mono- or polycarpogonial with numerous
clavate subsidiary cells. Auxiliary cell systems with numerous subsidiary cells which may
cut off further cells. Carposporophyte with groups of carposporangia surrounded by
gonimoblast filaments.
Tetrasporangia cruciately or irregularly divided, scattered in the outer cortex.
Type species: T. pocockiae Norris 1964: 105.
Thamnophyllis includes three species and resembles Callophyllis in thallus structure,
having a large-celled medulla intermixed with smaller filaments. It differs in the presence of
prominent refractive cells and the tendency for aggregation of the filaments in the central
region of the medulla in older parts of the thallus. It also differs from Callophyllis in being
non-procarpic and having distinct auxiliary cell systems, and in being foliose rather than
much branched; in these respects it is related to Kallymenia.
Tbamnopbyllis lacerata Womersley & Norris 1971: 25, figs 48-52,94-96.
FIGS 7SA-C. 79A-C
Thallus (Fig. 78A) red-brown to dark red, foliose, 5-15 (-20) cm high and 10-25 cm
across, usually deeply divided into several irregular parts or lobes 1-5 cm broad, with a
smooth to irregularly undulate or ruffled margin, arising from a very short stipe; thallus
robust and fairly tough, usually adhering well to paper on drying. Holdfast discoid, 1-3 mm
across; epilithic or on shells. Holdfast discoid, 1-3 mm across; epilithic or on shells.
Structure. Thallus (Fig. 79A) mostly 200-500 11m thick, consisting of 2-3 layers of small
cortical cells grading to a central medulla of irregularly arranged large ovoid cells
accompanied by relatively coarse filaments and very prominent darkly staining refractive
ganglioid cells; medullary filaments formed from large medullary cells, 5-12 (-15) J.lm thick,
of ovoid to elongate cells, tending to be more densely grouped in the centre of the medulla in
older parts of thallus; refractive cells (Fig. 78B) formed in series from the growing apex,
frequently connected, with or without a swollen central region and with 6-12 arms, each
8-20 11m thick, irregular in form, and often scarcely tapering along their length (though the
arms often basally constricted); outer cortical cells in surface view ovoid to irregular, 3-5
("7) J.lIlllong, ovoid in sectional view of thallus.
Reproduction. Carpogonial branch systems (Fig. 79B) monocarpogonial with an ovoid
to clavate supporting cell bearing 10-14 elongate and often once-lobed subsidiary cells some
of which may bear a second (and rarely a third) cell; only one carpogonial branch is formed.
Fusion cell (Fig. 78C) many-lobed, 120-200 11m across, forming several connecting
filaments. Auxiliary cell systems (Figs 78C. 79C) 50-70 11m across, consisting of an ovoid
auxiliary cell bearing 6-10 ovoid subsidiary cells, most of which usually cut off a second
cell (and rarely a third); rarely a (probably) non-functional carpogonium may occur;
connecting filament fusing with an auxiliary cell (Fig. 78C) prior to gonimoblast
development. Cystocarps 0.5-1 mm across, scattered, ostiolate, protruding somewhat on one
side of the thallus, with spherical to ovoid carposporangia 10-15 11m across intermixed with
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Fig. 78. A. Thamnophyllis lacerata (A, D, AD, A35159; C, AD, A24819). A. Habit. D. Chains of
refractive ganglionic cells. C. Fusion cell (right) with a connecting filament passing to an auxili~ cell
system (left). D, E. Austrophyllis aicicornis (D, AD, A39389; E, AD, A33935). D. Habit. E.
Transverse section of thallus with cystocarp. [A-C, E as in Womersley & Norris 1971.]
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gonimoblast filaments and medullary cells. Male thalli doubtfully observed; spermatangia
apparently cut off from the outer cortical cells.
Tetrasporangial thalli not observed.

Type from Great Taylor Bay, Bruny I., Tas., 10-16 m deep (Shepherd, 7.ii.1970); holotype
in AD, A35159. Isotypes distributed to various herbaria.
Distribution: Head of the Great Australian Bight to Gulf St Vincent, S. Ausl., and the east
coast of Tasmania.

Selected specimens: Twin Rocks, Head of Great Australian Bight, S. Aust., 20-22m deep
(Branden, 19.i.l991; AD, A61144). Egg I., Isles of St Francis, S. Ausl., 32-38 m deep (Shepherd,
11.Ll971; AD, A38054). Pearson 1., S. Aust., 30 m deep (Shepherd, 10.1.1969; AD, A34048). Elliston
Bay, S. Aust., 7 m deep (Shepherd, 21.x.1970; AD, A37553). Investigator Strait, S. Aus!., 43 m deep
(35° 26' S, 137 0 07' E) (Watson, 27.1.1971; AD. A38147). Orontes Bank, Gulf St Vincent, S. Aust..
10m deep (Thomas, 28.iii.l961; AD, A24819). Great Taylor Bay, Bruny I., Tas., 6 m deep (Shepherd,
7.ii.l970; AD, A35536).

T. lacerata agrees well structurally with Thamnophyllis but differs from both South
African species in being monocarpogonial and in the form of the thallus. The auxiliary cell
systems in T. lace rata show well the likely derivation of such systems from carpogonial
branch systems by reduction through non-functional carpogonial branches to their absence,
but with common retention of second or even third cells on the subsidiary cells. The
refractive cell system in T. lacerata is remarkably prominent and permits ready recognition
of this species in the sterile state. The series of refractive cells are clearly derived from some
of the conspicuous and first-formed medullary cells very close to the growing apex of the
branches.

Genus AUSTROPHYLLIS Womersley & Norris 1971: 27

Thallus divided into numerous compressed branches, lying essentially in one plane.
Structure. Medulla of large, ovoid cells with filaments of elongate cells between them, and a
smaller-celled cortex; stellate and refractive cells absent.
Reproduction. Carpogonial branch systems monocarpogonial with 2-5 elongate or
lobed subsidiary cells. Auxiliary cell systems with an ovoid auxiliary cell and 2-9 ovoid
subsidiary cells which occasionally bear 1 or 2 further cells. Fusion cell forming connecting
filaments to auxiliary cells. Carposporophyte with dense masses of carposporangia and
intermixed filaments, protruding slightly to distinctly above the thallus surface and then with
a thick, ostiolate pericarp forming a hemispherical-conical cystocarp.
Tetrasporangia cruciately divided, scattered on upper branches.

Type species: A. alcicomis (J. Agardh)Womersley & Norris 1971: 27.
Austrophyllis is named for its southern distribution and superficial similarity to
Callophyllis. In habit and structure the two species are similar to Callophyllis but differ in
having separate auxiliary cell groups and thus being non-procarpic. In general thallus
structure and reproduction Austrophyllis is also similar to Pugetia, but the latter genus is
always foliose and essentially undivided.
KEY TO SPECIES OF AUSTROPHYLLlS
1.
1.

Thallus much branched, branches mostly 1-4 mm broad; cystocarps hemisphericalconical, confined to lesser branches ........................................................... 1. A. alcicomis
Thallus with branches 1-2 cm broad below, (1-) 3-5 mm broad near their apices;
cystocarps swollen, scattered over most of the thallus .............................. 2. A. harveyana

1. Austropbyllis alcicornis (J. Agardh)Womersley & Norris 1971: 27, figs 53-59, 97-99.

Rhodomenia alcicomis J. Agardh 1841: 447.
Callophyllis alcicomis (1. Agardh)J. Agardh 1848: 13; 1851: 299; 1876: 229;
1901: 16. Harvey 1863. synop.: xliii. Lucas 1909: 26.
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Sphaerococcus(?) alcicornis (1 Agardh)Kiitzing 1849: 779.
Hymenocladia ceratoclada J. Agardh 1894: 57. Kylin 1931: 33, pI. 19, fig. 46.
Callophyllis ceratoclada (J. Agardh) Womersley 1956: 83; 1966: 146.
Callophyllis coccinea var. crinalis J. Agardh 1876: 234.
FIGS 780, E, 790-H
Thallus (Fig. 78D) pale to medium red or brownish, 5-25 cm high, much branched in
an irregularly alternate manner and essentially in one plane when young, with branches
tapering gradually from 3-5 mm broad near the base of the thallus to usually just less than
0.25 mm broad near the acute branch tips; upper parts of well-developed specimens are often
multifid and very slender for several centimetres from their apices; stipe virtually absent;
texture firm when fresh, adhering fairly well to paper on drying. Holdfast discoid, 1-3 mm
across; epilithic. Structure. Thallus (Fig. 79D) mostly 200-400 !lm thick, consisting of a
medulla of large, subsphericaJ to ovoid cells (usually not more than two across the thallus)
with filaments of ovoid to elongate cells between them, grading to a relatively thin cortex
with outer cells ovoid to irregular and 4-9 11m long in surface view, ovoid to slightly
elongate in sectional view of thallus; surface view of thallus often showing a slight rosette
appearance, with the next inner cells not completely covered by outermost cortical cells;
medullary filaments relatively sparse near the apices, more frequent in older parts, 4-9 11m
thick.
Reproduction. Sexual thalli dioecious. Carpogonial branch systems (Fig.79D, E) formed
in the outer medulla, relatively small and simple, mostly 30-40 !Jm across, monocarpogonial
with an elongate supporting cell bearing 2-4 elongate subsidiary cells and a 3-celled
carpogonial branch; supporting and subsidiary cells often becoming somewhat lobed when
older. Fusion cell relatively simple, 40-50 /lm across with 4-6 lobes, producing a few
connecting filaments. Auxiliary cell systems (Fig. 79F) mostly 20-30 11m across, consisting
of an enucleate auxiliary cell and 3-4 small, ovoid, subsidiary cells, one of which may bear
1-2 further cells. Gonimoblast of much-branched filaments developed from the auxiliary cell
following fusion with a connecting filament, forming a carposporophyte consisting of a
dense, globular mass of subspherical to ovoid carposporangia (15-22 11m long), usually
intermixed with few filaments when mature. Cystocarps (Fig. 78E) single or sometimes in
small groups, usually protruding above the thallus, hemispherical-conical, ostiolate, with a
distinct pericarp, usually situated on upper slender branches but occasionally on older
branches. Male thalli with scattered spermatangia (1-2 !Jm across) cut off from the outer
cortical cells (Fig. 79G) and sometimes tending to be in patches or sori on young branches.
Tetrasporangia (Fig. 79H) scattered in the outer cortex, elongate-ovoid, 28-34 11m long
by 14-25 11m broad, cruciately divided.

Type from "Nova Hollandia, ded. Diesing"; holotype in Herb. Agardh, LD, 24992.
Distribution: Nuyts Reef, S. Aust., to Western Port, Vic., and around Tasmania. Growing at
15-35 m depth at Pearson I. and common in tidal channels at American River Inlet on
Kangaroo Island and in Western Port, Vic.

Selected specimens: Nuyts Reef, Great Australian Bight, S. Aust., 20 m deep (Shepherd,
26.iii.19S0; AD. A522S6). Masillon 1., Isles of St Francis, S. Aust., 32 m deep (Shepherd, 5.i.l971;
AD, A37912). Pearson l., S. Ausl., 15 and 20-25 m deep (Shepherd, S.i.1969; AD, A33935 and
A33871 resp.) Port Turton, Yorke Pen., S. Ausl., 8-10 m deep (Kald, 5.ix.1970; AD, A37258).
Glenelg, S. Aust., 5 m deep on "blocks" (Cannon, 12.ii.l987; AD, A58583). Muston, Kangaroo I., S.
Aust., 2-3 m deep (Womersley, 21.xi.l968; AD, A32943). Robe, S. Aust., 8 m deep (P. Womersley,
24.viii.1973; AD, A43956). Crawfish Rock, Westernport Bay, Vic., 5-10 m deep (Watson,
29.viii.1971; AD, A39389 -"Marine Algae of southern Australia" No. 81). Great Taylor Bay, Bruny
l., Tas., 6 m deep (Shepherd, 7 .ii.1970; AD, A35530).
A. alcicornis is similar to slender specimens of Callophyllis rangiferina in appearance
and in thallus structure. It differs essentially in being non-procarpic, having distinct though
relatively small and simple carpogonial and auxiliary cell systems. It also differs in that
while the carposporangia develop in groups from gonimoblast filaments, the latter are
relatively inconspicuous in the mature carposporophyte, which appears to consist of a dense
mass of carposporangia with few filaments. The small, largely external and ostiolate
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cystocarps also help to distinguish it from Australian species of CallophyUis, in particular
from slender forms of C. rangiferina, though some specimens of the latter have largely
external cystocarps. Sterile plants may be distinguished from C. rangiferina by their
slenderer, much-branched apices and by their thinner thallus and less continuous layer of
outer cortical cells; in C. rangiferina this layer is usually even and complete whereas in

Fig. 79. A-C. Thamnophyllis lace rata (AD, A35159). A. Transverse section of thallus. B. Carpogonial
branch system. C. Auxiliary cell system. D-H. Austrophyllis alcicornis (D-G, AD, A33935; H, AD,
A33871). D. Transverse section of thallus with a carpogoniaJ branch system. E. Carpogonial branch
system. F. Auxiliary cell system. G. Transverse section of cortex with spermatangia. H. Transverse
section of cortex WIth tetrasporangia. I-K. Austrophyllis harveyana (I, MEL, 1005976; J. K. MEL,
1005977). I. Transverse section of thallus with tetrasporangia. J. Carpogonial branch system. K.
Auxiliary cell system. [A-K after Womersley & Norris 1971.]
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Austrophyllis a slight rosette appearance is often visible, with a ring of outer cells not
covering the lower cell from which they were derived.

2. Austropbyllis barveyana (1. Agardh)Womersley & Norris 1971: 30, figs 60-62, 100.
Callophyllis harveyana J. Agardh 1876: 230; 1901: 16. Lucas & Perrin 1947: 158.
Womersley 1966: 147.
Callophyllis obtusifolia sensu Harvey 1862: pI. 193 (NON J. Agardh).
Meristotheca tasmanica J. Agardh 1876: 583. De Toni 1897: 329. Kylin 1932: 29,
pI. 12 fig. 29.
FIGS 79 I-K, 80A
Thallus (Fig. 80A) pale to medium rose red, 10-30 cm high, subdichotomously to
laterally branched at distances of usually 1-3 cm, with markedly rounded axils; branches
\-2 cm broad in lower or median parts, usually somewhat narrower near the branch base,
then tapering gradually to (1-) 3-5 mm broad near the rounded apices; outline of branches
smooth, normally without short or spinous laterals but older specimens (second year growth)
often with proliferous leaflets from the margin; stipe virtually absent; thallus membranous,
partially adhering to paper on drying. Holdfast discoid, 1-2 mm across; epilithic or
epiphytic. Structure. Thallus (Fig. 791) mostly 200-700 ~m thick, with a medulla of large
ovoid cells and relatively few slender filaments of ovoid cells between them, grading to the
cortex with outer cells ovoid to irregular, 3-5 ~m long in surface and sectional view,
forming a fairly continuous outer layer.
Reproduction. Carpogonial branch systems (Fig. 79J) in outer medulla, about 100 ~m
across, monocarpogonial with several-lobed supporting and 3-5 subsidiary cells, an elongate
to slightly lobed first cell and elongate-ovoid second cell of the carpogonial branches. Fusion
cell compact in the few seen. Auxiliary cell systems (Fig. 79K) about 25 11m across,
consisting of an enucleate auxiliary cell and 5-9 subspherical to ovoid subsidiary cells, the
latter occasionally bearing one further cell. Gonimoblast of much-branched filaments,
forming a carposporophyte with groups of ovoid carposporangia (20-30 lAm long) separated
by filaments and including medullary cells. Cystocarps usually scattered over all parts of the
thallus, sometimes in small clusters, prominent, slightly protruding, 0.5-1 mm across, with a
small ostiole. Male thalli unknown.
Tetrasporangia (Fig. 79 I) scattered in the outer cortex, elongate-ovoid, 25-35 lAm long
and 16-20 11m broad, irregularly cruciately divided.

Type from Orford, Tas. (Meredith); ho!otype in Herb. Agardh, LD, 34170.
Distribution: Margaret Brock Reef, Cape Jaffa, S. Aust., to Western Port, Vic., and eastern
Tasmania.

Selected specimens: Margaret Brock Reef, Cape Jaffa, S. Aust., 10 m deep (Lewis, 15.ii.l974;
AD, A45024). 1.3 kIn off Cape Northumberland, S. Aust., 15 m deep (Shepherd, 13.ii.1976; AD,
A55033).Port Phillip, Vic. (Wilson, 30.xii.1887; MEL, 1005976 and 23.xii.l895; MEL, 1005977). Port
Phillip Heads, Vic., (Wilson, 22.xii.1889; MEL, 1005978) and 8 m deep (Macpherson, 4.iv.1963; AD,
A34438). Musselroe Bay, Tas. (Perrin 468; BM). Lady Bay, Southport, Tas., 3-5 m deep (Brown &
Womers!ey, 28.x.1982; AD, A56524).

A. harveyana is clearly distinguished by its form and structure and the presence of
scattered cystocarps over virtually the whole thallus. Most specimens have upper branches
3-5 mm broad, but in AD, A56524 they are narrower (1-2 mm broad).
Genus CALLOPHYLLIS Ktitzing 1843: 400
Thallus much divided into flat, subdichotomous to irregular branches lying essentially
in one plane, often flabellate in habit. Structure. Medulla of large ovoid cells separated by
filaments of small cells, and a smaller-celled cortex; stellate and refractive cells absent.
Reproduction. Carpogonial branch systems mono- or polycarpogonial, usually with
lobed supporting cell, first cell of the carpogonial branch, and subsidiary cells. Separate
auxiliary cell systems absent, with the carpogonial branch system after fertilization
developing into a fusion cell from which gonimoblast filaments develop directly.
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Fig. 80. A. Austrophyl/is harveyana (MEL, 1005978). Habit. B. Callophyllis cervicornis (AD,
A27853). Habit. C. Callophyllis lambertii (AD, A35173). Habit. D, E. Callophyflis rangiferina. (D,
AD, A35635; E, AD, A34855). D. Habit. E. Transverse section of thallus and cystocaq>. [A-E as in
Womersley & Norris 1971.]
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Callophyl/is

Carposporophyte of dense groups of carposporangia separated by intermixed filaments and
large medullary cells, forming a sunken (but often becoming protuberant) cystocarp. with or
without an ostiole. Spermatangia cut off from outer cortical cells.
Tetrasporangia cruciately divided, scattered in the outer cortex on the branches.

Lectotype species: C. variegata (Bory) Kiitzing 1843: 401.
Callophyllis is the only Australian genus of the Kallymeniaceae which lacks separate
auxiliary cell systems and so can be regarded as procarpic. The fusion cell can sometimes be
recognised in the centre of relatively young carposporophytes. Reproductive cells in
Callophyllis are relatively uniform and. as Abbott & Norris (1965) found for species of this
genus in Pacific North America. it has not been possible to separate the Australian species
on reproductive features. All Australian species are monocarpogonial with lobed cells, the
degree of lobing depending largely on the age of the system. Cystocarps of C. rangiferina in
particular vary considerably in size, degree of protrusion, and development of the ostiole,
depending largely on the maturity of the carposporophyte.
Carpogonial branch systems are often profusely developed close to the apices in female
plants. In the absence of fertilization, the cells of the systems enlarge, become lighter
staining, and are usually digested by vegetative filaments from the medulla. In the Australian
species no carpogonial branch systems have been observed more than a few millimetres from
the apices. Cytocarps are also found only within a few millimetres of the apices; those
formed on short branches are probably lost when the branch is lost. but it seems likely that
carposporophyte tissue, after loss of the carposporangia, may be similarly digested by
vegetative filaments.
Considerable variation in form occurs in both C. lambertii and C. rangiferina, probably
depending on the ecological habitat and on the age of the plant. In particular, some plants of
both species apparently last for a second season and show prominent proliferous growth
from the older axes which have been largely denuded following the first season growth.
Only three Australian species of Callophyllis are recognised here. Two of these, C.
rangiferina and C. lambertii. are very common on coasts with moderate to strong wave
action and they are both variable species with intergrades in form betweeen those considered
typical of each species. The specimens placed under the third species, C. cervicornis, are
relatively few, and, though apparently distinct, small plants approach forms of C. rangiferina
in habit. Further studies of variation within the genus are desirable.
In determining species of Callophyllis, relatively mature plants are necessary. Young
plants may often be fertile, but the characteristic form of the apices is best seen in larger and
older plants.

KEY TO AUSTRALIAN SPECIES OF CALLOPHYLLIS
1.
1.

Thallus margins above smooth, with few if any spinous or proliferous laterals; terminal
segments lanceolate and basally narrower, often apically furcate; normal laterals often
1 em or more apart, lower axes usually under 3 mm broad ...................... L C. cervicornis
Thallus margins often irregular with short and often spinous. or long, laterals; terminal
segments slender and lanceolate but usually not basally constricted, or broad and
spathulate; normal laterals usualJy less than 1 cm apart; lower axes often over 3 mm
broad ................................................................................................................................. 2
2.
2.

Thallus robust, commonly over 15 cm high; apices not lanceolate, usually broad
and basally narrower, often spathulate with upper, marginal prongs, usually over
1 mm and commonly over 2 mm broad close to apices ................... 2. C. lambertii
Thallus slender, usually less than 20 cm high; apices profusely branched,
terminal segments lanceolate, usually acute and less than 1 mm broad for some
millimetres from apex .................................................................. 3. C. rangiferina

Callophy/lis
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1. Callophyllis cervicornis Sonder 1853: 678. Harvey 1863, synop.: xliii. Lucas & Perrin
1947: 158. Womersley 1950: 168. Womersley & Norris 1871: 33, figs 63, 64, 101.
FIGS 80B, 81A, B
Thallus (Fig. 80B) medium to dark red, 4-15 (-25) cm high, much divided in an
irregularly lateral to subdichotomous manner, with branches mostly 1-3 mm broad; apices of
branches (Fig. 81A) usually lanceolate and basally narrow, often shortly fUfcate and about
1 mm broad just behind the acute apices; branch margins smooth above, with few if any
spinous Of proliferous laterals, smooth to sparsely dentate in older parts; laterals often 1 cm
or more apart; substance cartilaginous, usually not adhering to paper on drying. Holdfast
discoid, 1-3 mm across; epilithic. Structure. Thallus mostly 300-500 11m thick, consisting of
a medulla of medium to large subspherical to ovoid cells, the larger ones with thick walls,
irregularly arranged, with intermixed filaments of relatively short cells (irregular in size but
mostly 1-4 times as long as broad and 4-10 11m thick); larger medullary cells often circled
or separated by a ring of small oval cells as seen in sectional view of thallus; cortex of
several layers of ovoid to elongate cells, smaller outwards, with the outermost cells in
surface view rounded to elongate, 3-6 11m across.
Reproduction. Carpogonial branch systems (Fig. 81B) formed in the outer medulla,
about 50 11m across when mature, monocarpogonial with the supporting cell, first cell of the
carpogonial branch and 1-3 subsidiary cells bearing one to several lobes and the second cell
of the carpogonial branch ovoid. Carposporophyte with numerous groups of subspherical to
ovoid carposporangia (10-17 J-lm long) separated by gonimoblast filaments; cystocarps
0.7-1.5 mm in diameter (Fig. 81A), slightly to moderately swollen and with a small ostiole,
usually situated at the base of the furcations of a branch or near a short lateral, up to several
millimetres from the apices. Male thalli unknown.
Probable tetrasporangial plant with tetrasporangia scattered in outer cortex, irregularly
cruciately divided, 25-35 !lm long by 18-25 11m broad.

Type from Encounter Bay, S. Aust.; ho!otype in MEL, 1005962.
Distribution: Elliston, S. Aust., to Warmambool, Vic.
Selected specimens: Elliston, S. Aust., drift (Womersley, 13.i.1951; AD, A 13470). West Bay,
Kangaroo I., S. Aust., drift (Womersley, 6.i.1946; AD, A3204). Pennington Bay, Kangaroo I., S. Aust.,
drift (Womersley, 4.i.1948, AD, A6639). Robe, S. Aust., drift (Womersley, 18.v.1964; AD, A27853).
Nora Creina, S. Aust., drift (Gordon, 26.i.1967; AD, A31635). Warrnambool, Vic., drift (Womersley,
13.iv.1959; AD, A22929).

C. cervicornis is not a well-known species and distinctions between it and C.
rangiferina are not always clear. Mature plants referred to C. cervicornis are, however,
marked by the less profuse, more distant branching, smooth margins, distinctly lanceolate
and basally constricted terminal segments, and cystocarps often more distant from the apices.
2. Callophyllis lambertii (Tumer)J. Agardh 1851: 300; 1876: 233; 1901: 19. Fuhrer et ai.
1981: pI. 43. Harvey 1860a: 324; 1863, synop.: xliii. Lucas & Perrin 1947: 159,
fig. 30. Womersley 1950: 168. Womersley & Norris 1971: 38, figs 72-76. 105.
Fucus lambertii Turner 1819: 96, pI. 237.
Sphaerococcus lambertii (Turner)C. Agardh 1822: 302; 1824: 232.
Rhodomenia lambertii (Turner) Greville 1830: p. xlviii.
Rhodymenia (Callophyllis) lambertii (Turner) Greville ex Hooker & Harvey 1847:
405.
Rhodocladia lambertii (Turner) Sonder 1853: 679. Ktitzing 1869: 12. pI. 32d, e.
FIGS 80C, 81C-G
Thallus (Fig. 80C) dark red, mostly 15-40 cm high, robust, usually much branched in
one plane with one to several strongly developed and often basally denuded axes, branching
irregularly lateral, occasionally subdichotomous, with fastigiate to flabellate tufts above and
with numerous short, irregular, often spinous laterals on the axes and branches; branching
mostly at intervals of less than 1 cm; denuded or damaged axes or branches commonly
proliferous, especially in second season growth; lower axes (2-) 4-10 (-15) mm broad,
thickened in older plants, tapering gradually to the ultimate branchlets (Fig. 81C) which are
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commonly basally constricted and over 1 (normally over 2) mm broad within 1 mm of the
apex, being somewhat spathulate but often with several marginal prongs or divisions;
substance cartilaginous, only slightly adhering to paper on drying. Holdfast discoid, 2-10
mm across; epilithic. Structure. Thallus (Fig. 810) usually 300-400 11m thick near the
apices, 500-800 11m thick below and becoming about 1 mm thick near the base, consisting
of a medulla of large, often thick-walled, ovoid cells, 3-5 across the thallus, with intermixed
smaller ovoid to elongate cells; cortex of several layers of irregularly subspherical to ovoid
cells, smaller outwards, with the outermost cells in surface view fairly closely packed,
isodiametric to elongate and 2-4 11m long.
Reproduction. Sexual thalli dioecious. Carpogonial branch systems (Fig. 8lE) formed in
the outer medulla, 60-100 11m across when mature, monocarpogonial with 2-3 subsidiary
cells and all cells much lobed except the elongate second cell of the carpogonial branch.
Fusion cell (Fig. 81F) developing gonimoblast filaments directly. Carposporophyte with
numerous groups of subspherical to ovoid carposporangia (14-20 11m in diameter) separated
by gonimoblast filaments; mature cystocarps 1-1.5 mm in diameter (Fig. 81 C), usually
moderately swollen but not protruding, becoming ostiolate, situated a few millimetres below
the apices. Male thalli (Fig. 81 G) with spermatangia forming sori on the flat surface of
young branches, 1.5-3 J.lm across in surface view.
Tetrasporangia (Fig. 810) scattered in the outer cortex, 35-40 11m long and 17-25 11m
in diameter, cruciately divided.

Type from "Coast of New Holland" (King); type not located in K or BM.
Distribution: New Zealand (?).
Head of the Great Australian Bight, S. Aust., to Walkerville, Vic., and around
Tasmania.
Selected specimens: Head of Great Australian Bight, S. Aust., drift (Womersley, 4.ii.l954; AD,
A19211). Elliston, S. Aust., drift (Womersley, 27.ii.l959; AD, A22197). Topgallant I., S. Aust., 35 m
deep (Branden, 2.vii.l987; AD, A57570). Pearson I., S. Aust., 35 m deep (Shepherd, 7.i.l969; AD,
A34012). Pondalowie Bay, S. Aust., drift (Kraehenbuehl, 4.i.l963; AD, A59545). Seal Bay, Kangaroo
1., S. Aust., drift (Womersley, 22.xi.l968; AD, A32989). Port Elliot, S. Aust., drift (Womersley,
24.vii.1949; AD, Al1097). Robe, S. Aust., drift (Womersley, 7.ii.l970; AD, A35173). Garden Beach,
Portland Bay, Vic., drift (Beauglehole, 18.viii.l95!; AD, A21716). Walkerville, Vic., drift (Sinkora
A1538, 23.ii.1972; AD, A42277). Low Head, Tas. (Perrin 426, Aug. 1928; AD, A49721). Eddystone,
Tas. (Perrin 432, Nov. 1949; AD, A49737). Lady Bay, Southport, Tas., 3-5 m deep (Brown &
Womers[ey, 28.x.1982; AD, A56527).

Typical, well-developed plants of C. lambertii are readily recognised as distinct from
typical C. rangiferina. Young plants, however, are less readily separated, and intergrades
between the typical plants of these species are common. While it is possible that only one
very variable taxon should be recognised, it seems best on present knowledge to recognise
the two species with fairly frequent intergrades.
Although no type specimen has been located, Turner's original figure is fairly typical of
the species.
C. lambertii was recorded with doubt from New Zealand by Laing (1927, p. 153; 1939,
p. 146), and by Chapman & Parkinson (1974, p. 218) with two forms; f. lambertii is
doubtfully the same as the Australian species and f. calliblepharoides (J. Agardh)Parkinson
is probably specifically distinct.
3. Callophyllis rangiferina (Turner)Womersley 1973: 256. Fuhrer et at. 1981: pI. 44.
Fucus rangiferinus Turner 1811: 114, pI. 183.
CallophYllis coccinea (Harvey in Hooker & Harvey) Kiitzing 1849: 746; 1867: 27,
pI. 92d, e. J. Agardh 1851: 301; 1876: 234; 1901: 19. Harvey 1855a: 555; 1860a:
324; 1863, synop.: xliii. Lucas & Perrin 1947: 159, fig. 31. Womersley 1950: 168.
Womersley & Norris 1971: 35, figs 65-71, 102-104.
Rhodymenia (Callophyllis) coccinea Harvey in Hooker & Harvey 1847: 405.
Sphaerococcus australis Harvey 1844: 445.
Callophyllis coccinea var. corymbosa J. Agardh 1876: 234.
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Fig. 81. A, B. Callophyllis cervicornis (MEL, 1005962). A. Branch apices with cystocarps. B.
Carpogonial branch system. C-G. Callophy/lis lambertii (C-E, AD, A35173; F, AD, A22197; G, AD,
A34012). C. Branch apices with cystocarps. D. Transverse section of thallus with tetrasporangia. E.
Carpogonial branch system. 1<'. Fusion cell developing gonimoblast filaments. G. Transverse section of
cortex with spermatangia. H-M. Callophyllis rangiferina (H, AD, A34855; I, K, M, AD, A35631; J, AD,
A35635; L. AD, A33975). H. Branch apices with cystocarps. I. Branch apices with cystocarps, robust plant. J.
Branch apices with tetrasporangia. K. Transverse section of thallus with tetrasporangia. L. Carpogonial branch
system. M. Transverse section of cortex with spermatangia. [A-M after Womersley & Norris 1971.]
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Callophyllis carnea J. Agardh 1849: 87; 1851: 301; 1885: 37; 1901: 19. Harvey
1863, synop.: xliii.
C. coccinea var. carnea (1. Agardh) 1. Agardh 1876: 234.
Callophyllis hooker; KUtzing 1867: 26, pI. 90a, b.
Callophyllis microcarpa Zanardini 1874: 501.
Callophyllis gigartinoides J. Agardh 1896: 73; 1901: 19. Kylin 1931: 33, pI. 19 fig
47.
Callophyllis lingulata J. Agardh 190 I: 21.
FIGS 80D, E, 81H-M
Thallus (Fig. 80D) medium to dark red, 5-20 (-25) cm high, with branches essentially in
one plane but often displaced, with one to several axes profusely branched in an irregularly
lateral to flabellate or subdichotomous manner, usually with much-branched clusters of
slender lateral branches in the upper parts; lower axes (2-) 3-6 mm broad and in old plants
often denuded and marginally proliferous if regrowth occurs, most branches 1-3 mm broad,
tapering fairly evenly (or more abruptly in corymbose forms) to slender, lanceolate, usually
acute apices (Fig. 81H-J) less than 0.5 mm broad close to the apex and usually less than
1 mm broad for several millimetres back from the apex; all axes and branches normally subbranched or with small outgrowths or proliferations at intervals of less than 0.5 (-1) cm;
substance cartilaginous, slightly to moderately strongly adhering to paper on drying. Holdfast
discoid, 2-5 mm across: epilithic. Structure. Thallus (Fig. 81K) usually 200-300 11m thick
near apices, 400-500 11m below and 700-800 (-1000) 11m thick near the base, consisting of a
medulla of large, ovoid, and usually thick-walled cells, irregularly arranged and with
intermixed small ovoid to elongate cells; cortex of several layers of irregularly ovoid cells,
smaller outwards, with the outermost cells in surface view closely packed, isodiametric to
ovoid and 3-4 11m across.
Reproduction. Sexual thalli dioecious. Carpogonial branch systems (Fig. 81L) formed in
the outer medulla, 60-100 11m across when mature, monocarpogonial with the supporting
cell, first cell of the carpogonial branch, and 2-3 subsidiary cells all much lobed and the
second cell of the carpogoniai branch elongate-ovoid and simple or slightly lobed. Fusion
cell 60-90 11m across, producing gonimoblast filaments. Carposporophyte with numerous
groups of subspherical to ovoid carposporangia (12-22 11m in diameter) separated by
gonimoblast filaments; cystocarps (Figs 80E, 81H, I) 400-700 11m in diameter, scarcely to
moderately swollen and sometimes distinctly protuberant, becoming ostiolate (occasionally
with a projecting ostiole in well-developed protuberant cystocarps), situated a few
milJimetres from the apices. Male thalli with spermatangia (Fig. 81M) cut off from the outer
cortical cells, 1.5-2 11m across in surface view, covering young branches and occasionally
forming indefinite sari.
Tetrasporangia (Fig. 81K) scattered in the outer cortex, cruciately divided, 30-40 11m
long by 17-21 11m broad, occasionally aggregated in the form of sori.
Type from Georgetown, Tas. (Gunn 1279); ho!otype in TCD.

Distribution: Recorded from the Chatham Is and New Zealand by Laing (1927, p. 152;
1939, p. 146).
Champion Bay, W. Aust., to Tathra, N.S.W. (Millar & Kraft 1993, p. 20) and around
Tasmania.

Selected specimens: Champion Bay. W. Aust. (Gale, 1880; MEL, 1006435). Esperance, W. Aust.,
drift (Firman, Dec. 1951; AD, AJ8926). Elliston Bay, S. Aus!., 6 m deep near entrance (Shepherd,
24.x.1969; AD, A34793). Topgallant I., S. Aust., 27 m deep (Turner, 29.iii.l982; AD, AS3056).
Pearson 1., S. Aust.. 5 m deep (Shepherd, 8.i.l969; AD, A33975). Seal Bay, Kangaroo I., S. Aust., drift
(Womersley, 21.i.1965; AD, A28659). Port Elliot, S. Aus!., drift (Womersley, 17.x.1948; AD, A9360).
Margaret Brock Reef, Cape Jaffa, S. Aus!., 10 m deep (Lewis, 15.ii.1974; AD, A45026). 1.3 km off
Cape Northumberland, S. Aus!., 14 m deep (Shepherd, 13.iii.l975; AD, A46168). Point Lonsdale, Vic .•
drift (Womersley, 1O.xiU969; AD, A34855). Walkerville, Vic., drift (Sinkora A2255, 2.iii.l976; AD,
A48513). Gabo I., Vic., 24 m deep (Shepherd, 14.ii.l973; AD, A43309). Guyton Point, Robbins I.,
Tas., drift (Wollaston & Mitchell, 23.ii.l964; AD, A27716). Low Head, Tas., (Perrin, June J 943; AD,
A8957). Marion Bay, Tas., 6 m deep (Shepherd, 13.ii.1970; AD, A35631, A35635). Lady Bay,
Southport, Tas., 3-5 m deep (Brown & Womersley, 28.x.l982; AD, A56538).
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The numerous synonyms of this variable species were discussed by Womersley &
Norris (1971, p. 37), and the earliest name was clarified by Womersley (1973, p. 256). While
many specimens appear distinct from the broader C. lambertii, others appear to be
intergrades and detailed studies may show it is difficult to distinguish these two species.
Relationships with C. cervicornis are also not always clear.
FAMILY PHYLLOPHORACEAE Nageli 1847: 248
by J.A. Lewis & RB.S. Womersley

Thallus erect (or tetrasporophyte crustose), firm, subdichotomously to irregularly
branched, sometimes proliferous, branches terete to compressed or flat. Structure multiaxial,
pseudoparenchymatous throughout with a medulla of compact ovoid cells and a small-celled
cortex, often in anticlinal rows.
Life history triphasic with isomorphic or heteromorphic gametophytes and
tetrasporophytes, biphasic with tetrasporangia occurring on the female gametophyte, or
apomictic.
Reproduction. Sexual thalli monoecious or dioecious. Carpogonial branches situated in
the inner cortex, 2- or 4-celled, directed outwards, procarpic with the supporting cell serving
as the auxiliary cell. Carposporophytes discrete or forming a central line along the branches,
carposporangia usually in clusters separated by sterile filaments; non-ostiolate. Spermatangia
cut off from outer cortical cells.
Tetrasporangia formed in catenate rows in nemathecia or pustules on the surface of, or
surrounding, branches, produced from outer cortical cells, cruciately divided.

Silva (1980, p. 86) has pointed out that Phyllophoraceae Nageli (1847, p. 248) is the
correct name for this family, since Tylocarpaceae KOtzing (1843, p. 390) is not available as it
is based on Tylocarpus which is a superfluous and hence illegitimate name.
A group of 9 genera (Maggs 1990, p. 120) of which 4 occur in southern Australia, held
together by their multiaxial pseudo parenchymatous thalli of larger medullary cells with a
small-celled cortex, by their procarpic 2- or 4-celled carpogonial branches, and especially by
the catenate rows of cruciately divided tetrasporangia formed in superficial nemathecia or
pustules.
Ahnfeltia, in which tetrasporangia are zonate in a crustose phase, has now been elevated
to its own family and order (Maggs & Pueschel 1989).

1.
1.

KEY TO GENERA OF PHYLLOPHORACEAE
Branches compressed to flat, 2-15 mm broad; carposporophytes forming a central
longitudinal line, often interrupted, along the branches; tetrasporophytes isomorphic
with scattered tetrasporangial nemathecia ............................................ STENOGRAMME
Branches terete or compressed, 1-5 mm broad; carposporophytes ovoid, scattered on
upper parts of the thallus; tetrasporangia in nemathecia or pustules on branch surfaces
of separate tetrasporophytes or on female plants .............................................................. 2
2.
2.

3.
3.

Branches compressed, 2-5 mm broad, with basal stolons and often with
proliferations; tetrasporophytes isomorphic with gametophytes, producing
tetrasporangial nemathecia in bands on thallus surface ................... SCHOTTERA
Branches terete or compressed, 0.5-1.5 mm broad (2-4 mm broad in
Gymnogongrus crenulatus); gametophytes and tetrasporophytes heteromorphic
with tetrasporangia in pustules on or around the branches or in free-living crusts
.............................................................................................................................. 3

Gametophytes erect, terete or compressed; carposporophytes with clusters of
carposporangia in a filamentous matrix; tetrasporophytes crustose with tetrasporangia
formed in superficial nemathecia ......................................................... AHNFELTIOPSIS
Gametophytes erect, usually compressed; gonimoblast filaments growing through the
cortex to form pustules with catenate rows of tetrasporangia .......... GYMNOGONGRUS
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Genus STENOGRAMME Harvey 1840: 408
Thallus erect, 5-20 cm high, subdichotomously branched, occasionally marginally
proliferous, branches flat, 2-12 mm broad, more or less linear with rounded axils and apices.
Structure of ovoid cells throughout, medulla large-celled, cortex small-celled. Cells with
numerous rhodoplasts.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli dioecious. Female thalli with a medial line along the
branches of procarps and carposporophytes, carpogonial branches 3-4-celled with the
supporting cell becoming the auxiliary cell. Carposporophytes embedded, with clusters of
carposporangia; ostioles absent but specialised pores (carpostomes) often present.
Spermatangia borne in pockets within surface sori.
Tetrasporophytes with scattered nemathecia of numerous, adjacent, catenate chains of
cruciately divided tetrasporangia.

Type species: S. californica Harvey 1840: 408 [= S. interrupta (c. Agardh)Montagnel
A genus of 4 species, characterised by the medial lines of procarps and carposporangia
on female plants. S. phyllophoroides (1. Agardh)Millar (1990, p. 354, fig. 24B, C) is known
from northern N.S.W.
Stenogramme was spelled with a terminal 'a' in Harvey's original description, but with a
terminal 'e' in Harvey 1848, pI. 157, then reverting to 'a' in 1853 and an 'e' in 1863. The
derivation was from -gramme (a line) rather than -gramma (a written character), and most
authors have used Harvey's later spelling of Stenogramme.
KEY TO SPECIF..8 OF STENOGRAMME
l.
l.

Thallus branches (3-) 4-10 (-15) mm broad ............................................... l. S. interrupta
Thallus branches 2-3 mm broad .............................................................. 2. S. leptophylla

1. Stenogramme interrupta (C. Agardh)Montagne ex Harvey 1848: pl. 157. J. Agardh
1876: 225; 1885: 32. Chapman 1979: 357, fig. 97. Dixon & Irvine 1977b: 232, fig.
85. Harvey 1859b: 319; 1862: pI. 220. Ktitzing 1866: 8, pI. 2Ia-c. Kylin 1928: 52,
figs 31,32. Millar 1990: 354, fig. 24A. Schotter 1968: 36, figs 13-19.
Delesseria interrupta C. Agardh 1822: 179.
FIG. 82A-D
Thallus (Fig. 82A) light to dark red-brown, fading to yellow-grey, 5-15 cm high,
complanately and subdichotomously branched at intervals of 1-4 cm, branches flat, (3-)
4-10 (-15) mm broad and 150-400 Ilm thick, slightly to strongly basally constricted, with
rounded axils and apices. Holdfast discoid, 1-8 mm across, with one to several fronds each
with a simple or branched slender stipe 2-10 (-20) mm long; epilithic. Structure multiaxial,
with a medulla 3-5 cells thick, cells large, ovoid, 60-90 Ilm diameter, grading into a cortex
2-4 cells thick, outer cells small, ovoid, 4-6 !-1m in diameter.
Reproduction. Sexual thalli dioecious. Carpogonial branches (Fig. 82B) numerous, 3-4celled, situated in the thicker median cortex (10-15 cells thick), each with a large supporting
cell which becomes the auxiliary cell. Carposporophytes (Fig. 82C) developing inwardly and
in mass forming an interrupted median line, with massed carposporangia each 12-15 !Jm in
diameter, with a pericarp formed by cortical proliferation and an obscure ostiole.
Spermatangia in surface sari, cut off from outer cortical cells.
Tetrasporophytes (Fig. 820) with scattered ovate nemathecia on upper branches, formed
by divisions of outer cortical cells giving rows of 4-6 cruciately divided, ovoid
tetrasporangia 8-12 !Jm in diameter, lying within a surface pellicle.

Type from Cadiz, Spain (Cabrera); lectotype in Herb. Agardh, LD, 24295.
Distribution: Widespread in the cold temperate Northern Hemisphere; New Zealand.
In southern Australia, from Nuyts Reef, S. Aust., to Crawfish Rock, Westernport Bay,
Vic., and SE Tasmania; Arrawarra, N.S.W. (Millar 1990, p. 354).
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Selected specimens: Nuyts Reef, S. Aust., 30 m deep (Shepherd, 26.iii.1980; AD, A52342).
Hopkins I., S. Aust., 33 m deep (Branden, 8,i.l989; AD, A59996). Robe, S. Aust., upper sublittoral
pools (Womers[ey, 29.i.l964; AD, A27302), Nora Creina, S. Aust., 5-6 m deep (R, LewiJ & Kraft,
13.v.1972; AD, A42217), Queenscliff, Vic., 14 m deep (AIMS-NCI, Q66C 3337-S, 9.ii.l990; AD,
A60319), Crawfish Rock, Westernport Bay, Vic., 8 m deep (Watson, 2.xi.J971; AD, A41203),
Crayfish Point, Taroona, Tas" 5 m deep (Brown, 24.x.1982; AD, A55775). 2 km N of Satellite L,
D'Entrecasteaux Ch" Tas., 12 m deep (Shepherd, l7.ii.l972; AD, A41638).

Southern Australian specimens of S. interrupta are very similar in morphology,
structure and reproduction to those from the Northern Hemisphere.

Fig. 82. A-D. Stenogramme inrerrupta (A, B, AD, A41203; C, AD. A27302; D, AD, A42217). A.
Habit of cystocarpic (left) and male plants, B. Transverse section of thallus with carpogoniaJ branches
on central line of thallus. C. Transverse section of line of cystocarps, D. Transverse section of
tetrasporangial thallus.
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2. Stenogramme leptophyUa 1. Agardh 1885: 32. De Toni 1897: 239.
FIG. 83A,B
Thallus (Fig. 83A) medium to dark red-brown, fading to light grey-red, 5-20 cm high.
more or less complanately and subdichotomously branched at intervals of 0.5-2 (-3) cm,
branches flat, 2-3 mm broad, 120-200 fJm thick, not or slightly basally constricted, with
rounded apices and axils. Holdfast discoid, thin, 2-8 mm across with several to numerous
fronds each with a very short compressed stipe 200-300 fJm thick; epiIithic. Structure
multiaxial, with a medulla 2-3 cells thick of large ovoid cells 30-60 fJm in diameter,
decreasing suddenly to a small-celled cortex 2 (-3) cells thick, outer cells ovoid, 4-6 fJm in
diameter.
Reproduction. Carpogonial branches 3-4-celled with a large supporting cell, situated on
a median line in the thickened cortex. Carposporophytes and spermatangia not seen.
Tetrasporophytes (Fig. 83B) with scattered ovate nemathecia on upper branches with
divisions of outer cortical cells forming rows of 5-8 cruciately divided, ovoid to elongateovoid, tetrasporangia 8-12 fJm in diameter, lying within a surface pellicle.

Type from Port Phillip Heads, Vic. (Wilson, 31.i.l880); lectotype in Herb. Agardh, LD,
24313.
Distribution: Redcliff Point, N Spencer Gulf, S. Aust., to Wilsons Prom., Vic.
Selected specimens: Redcliff Point, N Spencer Gulf, S. Aust., 13 m deep (Shepherd, 9.iv.l980;
AD, A51051). 1 km off Pullen I., Port Elliot, S. Aus\., 18 m deep (Shepherd, 22.xii.1982; AD,
A52029). 24 km SE of Granite I., S. Aust., 36 m deep (Bone, 12.iii.1989; AD, A59696). Margaret
Brock reef, Cape Jaffa, S. Aust., 10 m deep (R. Lewis, 15,ii.l974; AD, A45029). Port Phillip, Vic.,
14 m deep inside Heads (Womersley, 7.iv.1959; AD, A22800). Norman Bay, Wilsons Prom., Vic., drift
(Woodruff, 8.viii.l963; MELU, A1590).

The above specimens of S. leptophylla are consistently narrower than those of S.
interFupta and appear specifically distinct. The structure and reproduction of both species
however are very similar.
Genus SCHOTTERA Guiry & Hollenberg 1975: 152

Thallus firm and cartilaginous, with simple to little branched erect ligulate fronds
arising from slender, terete, branched, stolons. Structure multiaxial, with a medulla of large,
ovoid, thick-walled cells and a cortex of small cells.
Life history triphasic with isomorphic sexual and tetrasporophyte generations.
Reproduction. Sexual plants dioecious. Carpogonial branches arising in inner cortex, 4celled, supporting cell acting as auxiliary cell, with the gonimoblast filaments penetrating the
medulla with large widely-spaced celJs with radiating processes producing short rows of 2-4
carposporangia; cystocarps protruding on both sides of frond, non ostiolate. Spermatangia
cut off from outer cortical cells in superficial sori.
Tetrasporophytes with bands of tetrasporangia on both surfaces of young fronds, in
catenate rows, cruciately divided.

Type (and only) species: S. nicaeensis (Lamouroux ex Duby)Guiry & Hollenberg 1975: 153.
Schottera was segregated from other genera of the Phyllophoraceae on the basis of the
distinctive reproductive structures - the carposporophytes with large, thick-walled cells
around which the slender filaments and short chains of carposporangia develop, and the
bands of catenate rows of tetrasporangia. The carposporophyte structure, on the basis of figs
3 and 4 in Lewis & Kraft (1979), appears little different from that in Australian specimens of
Ahnjeltiopsis jastigiatus and A. humilis, where large cells throughout the carposporophyte
give rise to rows or clusters of carposporangia on radiating gonimoblast processes; Schotter's
illustrations (e.g. 1968, fig. 50) appear rather diagrammatic. However, Schottera has
isomorphic gametophytes and tetrasporophytes whereas in Ahnjeltiopsis they are
heteromorphic.
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Schottera nicaeensis (Lamouroux ex Duby)Guiry & Hollenberg 1975: 153, figs 4-9, 11-15.
Lewis & Kraft 1979: 226, figs 2-7. Dixon & Irvine 1977b: 230, fig. 84. Millar &
Kraft 1993: 23. Norris & Aken 1985: 58, fig. 8.
Petroglossum nicaeense (Lamouroux ex Duby)Schotter 1968: 75, figs 46-50.
FIGS 83C-F
Thallus (Fig. 83C, D) light to medium brown-red, with flat, simple to subdichotomous
or irregularly laterally proliferous fronds 1-4 cm high and 2-4 mm broad, arising from
slender, branched stolons (often within sponge or sediment), apices of main blades rounded
(or with terete proliferations), proliferations basally constricted and terete to 2 mm broad.
Structure multiaxial, with a medulla 4-8 cells thick, cells ovoid, 20-40 11m in diameter, and
a cortex 2-3 cells thick, outer cells isodiametric, 4-6 11m across.
Reproduction. Sexual thalli dioecious. Carpogonial branches 4-celled, arising in the
inner cortex, with the supporting cell acting as the auxiliary cell; carposporophyte (Fig. 83E)
with several widely spaced large cells from which elongate gonimoblast processes radiate
and bear short chains of ovoid carposporangia 7-10 11m in diameter, forming a swollen
cystocarp with the thickened cortex forming a pericarp, non ostiolate. Spermatangia (Guiry
& Hollenberg 1975, p. 152) in sori level with the thallus surface, cut off from surface
cortical cells.
Tetrasporophytes (Fig. 83F) with sori of tetrasporangia near frond apices, with catenate
rows of ovoid to elongate-ovoid tetrasporangia, 6-10 11m in diameter, cruciately divided.
Lectotype from Marseilles, France; in STR (see Guiry & Hollenberg 1975, p. 153).
Distribution: Mediterranean, Europe, Britain, South Africa.
In southern Australia, Apollo Bay, Vic., to Jibbon Reef, off Port Hacking, N.S.W., and
SE Tasmania, often on or near jetty piles.
Selected specimens: Glenelg, S. Aust., drift on Amphibolis (Kraft, 22.xii.l970; MELU, K3056;
AD, A61719). Portland, Vic., 5-7 m deep on boulders (Kraft, 27.iv.1990; MELU, K8284; AD,
A61720). Apollo Bay, Vic., 2-3 m deep in shade under jetty (Riddle, 6.ii.1990; AD, A60173).
Queenscliff, Vic., 1.5 m deep on piles under MSL jetty (McCauley, 1O.ii.l990; AD, A60152).
Gellibrand Pile Light, Port Phillip Bay, Vic., 5-7 m deep on mussels (O'Brien & Kraft, 30.x.1975;
MELU, A39480), 5-9 m deep at base of light (Kraft & Lewis, 28.i.l976; MELU, A23162) and 5-7 m
deep on rocks and mussels (J. Lewis, 19.v.1976; MELU, A39482). Portsea, Port Phillip Bay, Vic., 3-5
m deep on jetty piles (O'Brien & Kraft, l6.iii.1979; MELU, A39479). Jibbon Reef, off Port Hacking,
N.S.W., 23 m deep on sandstone (Watson, Sept. 1976; MELU, A23396). Orford, Tas., 4-5 m deep
(Kraft, 15.xii.l992; MELU, A40590).

This probable adventive was first recognised by Lewis & Kraft (1979), and appears to
have established itself on SE Australian coasts, often under jetties etc.
Genus AHNFEL TIOPSIS Silva & DeCew 1992: 576
Thallus erect, much branched more or less complanately, branches terete or compressed,
subdichotomous, apices usually rounded, with a crustose holdfast. Structure multiaxial,
medulla pseudoparenchymatous with medium to large ovoid to angular cells, and a cortex of
2-3 layers of smaller isodiametric cells in anticlinal rows.
Life history triphasic or diphasic, heteromorphic with erect gametophytes and freeliving crustose tetrasporophytes, or apomictic with carpospores from internal
carposporophytes developing directly into female gametophytes.
Reproduction. Sexual thalli monoecious or dioecious. Carpogonial branches 2- or 4celled, supporting cell acting as auxiliary cell with the gonimoblasts developing into
immersed carposporophytes with clustered carposporangia, protruding on one or both sides
of the branch, with or without carpostomes through the thickened cortex. Spermatangia in
superficial sori.
Free-living tetrasporophytes are known in only a few species, with surface nemathecia
of numerous anticlinal catenate rows of cruciately divided tetrasporangia, terminated by one
to several sterile cells.
Type species: Ahnfeltiopsis linearis (C. Agardh)Silva & DeCew 1992: 578.
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The genus Ahnfeltiopsis was erected by Silva & DeCew (1992) to accommodate species
with internal cystocarps and heteromorphic life histories that had previously been assigned to
Ahnfeltia. The type species of Ahnfeltia, A. pUcata (Hudson)Fries, has compound external
carposporophytes and the unique nature of its reproductive development and pit-plug
structure led to its transfer from the Phyllophoraceae to its own family and order (Maggs &

Fig. 83. A, B. Stenogramme leptophylla (A, AD, A52029; B, AD, A22800). A. Habit. B. Transverse
section of tetrasporangiai thallus. C-F Schottera nicaeensis (C, F, MELU, A23162; D, MELU,
A39482; E, MELU, A39480). C. Habit of plant with sub-apical tetrasporangial nemathecia. D. Habit
of late summer frond with proliferations. E. Transverse section of mature carposporophyte. F.
Transverse section of thallus with nemathecia of catenate chains of tetrasporangia. IC-F, as in Lewis &
Kraft 1979.]
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Pueschel 1989). Species previously assigned to Gymnogongrus, but with internal cystocarps
were also transferred to AhnJeltiopsis by Silva & DeCew, as the type species of
Gymnogongrus, G. griffithsiae (Turner)Martius, forms tetrasporangia in pustules
("tetrasporoblasts") on female plants without the intermediate formation of a cystocarp. Silva
& DeCew assigned 15 species to AhnJeltiopsis and Masuda (1993) a further 9. This number
is likely to grow as the life history of the 30 or so species left in Gymnogongrus is
elucidated. Masuda (1993) has recently placed 9 Japanese species in AhnJeltiopsis.
In southern Australia, two of the four species formerly attributed to Gymnogongrus
form internal cystocarps and these therefore belong in AhnJeltiopsis.
KEY TO SPECIES OF AHNFELTIOPS1S

I.
1.

Thallus tufted, 1-4 cm high, branches terete to very slightly compressed, (150-)
200-400 (-700) ~m broad ........................................................................... 1. A. Jastigiata
Thallus complanately branched, usually 1-2 (-4) cm high, branched mainly above,
branches compressed, (0.5-) l-I.S mm broad ................................................ 2. A. humilis

1. AhnfeItiopsis fastigiata Lewis & Womersley, nom. nov.

GymnogongrusJastigiatus Harvey 1860a: 322; 1863: pI. 290. J. Agardh 1876: 209.
De Toni 1897: 242.
FIG. 84A, B
Thallus (Fig. 84A) dark red-brown, tufted, 1-4 cm high, cartilaginous,
subdichotomously branched at intervals of 2-10 mm, sometimes irregularly branched or
with frequent laterals (following damage?), branches terete (to slightly compressed), (150-)
200-400 (-700) ~m broad, tapering only slightly to rounded apices. Holdfast thin, crustose,
1-4 mm across, with several to numerous fronds; epilithic. Structure multiaxial, with ovoid
cells throughout, cortical cells in anticlinal branched chains of 3-8 cells, 3-5 ~m in
diameter, cells LID 1-2; medullary cells 20-40 J.lm in diameter and LID 3-6, often tiered in
longitudinal section and with numerous secondary pit-connections. Rhodoplasts discoid, few
in cortical cells, several in medullary cells.
Reproduction. Carpogonial branches unknown. Cystocarps (Fig. 84B) in the upper
branches, swollen, 250-650 ~m across, the carposporophyte lying in the medulla and
consisting of numerous separated, stellate, gonimoblast cells cutting off around them short
chains or clusters of ovoid carposporangia 4-6 ~m in diameter; peri carp absent; ostiole
slight.
Spermatangia and tetrasporangia unknown.

Type from (Great) Foresters R, N coast Tas. (Gunn); lectotype in Herb. Harvey, TCD.
Distribution: Point Lonsdale to Wilsons Prom., Vic., and the N coast of Tasmania.
Selected specimens: Point Lonsdale, Vic., intertidal pool (Lewis, 14.viii.l983; MELU, A39459).
Walkerville, Vic., low intertidal (Kraft, 18.x.1975; MELU, A39458) and just below low tide level
(Sinkora A2331, 12.iii.l976; AD, A48387). Leonards Bay, Wilsons Prom., Vic., in rock pool (Ducker,
3.xii.l963; MELU, AllOl). Mouth of Arthur R, W coast. Tas., upper sublittoral on reef (Wollaston &
Mitchell, 24,ii.1964; AD, A27731).
Although tetrasporangial plants are unknown, the vegetative structure and
carposporophyte are similar to other species assigned to Ahrifeltiopsis. In habit, A. Jastigiata
is similar to Gymnogongrus griffithsiae but is distinct reproductively and consistently more
terete than the latter.
Gymnogongrus Jastigiatus Harvey (1860a, p. 322) is a later homonym of
Gymnogongrus Jastigiatus (Endlicher)Ruprecht (1850, p. 326). Since illegitimate names
cannot serve as basionyms, AhnJeltiopsis Jastigiata Lewis & Womersley is proposed as a
new name.
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Fig. 84. A, B. Ahnfeltiupsis fastigiata (A, MELU, A39459; B, AD, A27731). A. Habit. B. Transverse
section of cystocarp. C-F. Ahnfeltiupsis humilis (C, E, F, AD, A61516; D, AD, A21294). C. Habit,
mature plants. D. Habit of larger, much branched, plant. E. Transverse section of cystocarp. F.
Transverse section of thallus with surface pustule. G, H. Gymnogungrus griffithsiae (AD, A20336). G.
Habit. H. Longitudinal section of thallus with tetrasporoblast pustules.

PHYLLOPHORACEAE

Gymnogongrus

267

2. Ahnfeltiopsis humilis (Lindauer)Lewis & Womersley, comb. nov.
Gymnogongrus humilis Lindauer 1947 (Alg. Nova-ZeL Exsicc. 145). Chapman
1979: 362, fig. 98B, pI. 147.
FIG.S4C-F
Thallus (Fig. 84C, D) dark red-brown, 1-2 (-4) cm high, drying cartilaginous, more or
less complanately branched and subdichotomous at intervals of 5-15 mm, margins smooth
or with small proliferations, sometimes proliferous above (following damage?), branches
flat, (0.5-) 1-1.5 mm broad (narrower near their bases), with rounded to somewhat truncate
apices. Holdfast thin, crustose, 1-4 mm across, with one to numerous erect fronds; epilithic.
Structure multiaxial with ovoid cells throughout, cortical cells in short anticlinal rows of 2-3
cells, outer cells 2-4 Jlm in diameter and UD 1.5-2, medullary cells 20-60 (-80) Jlm in
diameter and LID 1.5-3 (-6), often tiered in longitudinal section and with numerous
secondary pit-connections. Rhodoplasts discoid, becoming elongate in inner cells, few to
several per cell.
Reproduction. Carpogonial branches unknown. Cystocarps (Fig. 84E) in the upper
branches, slightly to moderately swollen, 3{){)-800 !lm across, the carposporophyte lying in
the medulla and consisting of numerous separated gonimoblast cells producing clusters of
ovoid carposporangia 6-10 !lm in diameter; pericarp and ostiole absent. Spermatangia
unknown.

Type from Ngaere Bay, Northland, New Zealand, at low water (Lindauer 145, 25.ii.1940);
lectotype in Herb. Lindauer, CHR; isolectotypes distributed in Alg. Nova-Zel. Exsicc. 145.
Distribution: New Zealand.
In southern Australia, from Robe, S. Aust., to Aireys Inlet, Vic.

Known specimens: Robe, S. Aust" low intertidal near jetty (Kraft, 4.ix.1971; MELU, A39450) and
lower eulittoral on outer coast (Womers[ey, l8.viii.l957; AD, A2 I 294). Long Gully, S of Robe, S.
Aust.; in partly shaded rear reef pool (Womersley, 9.xii.l991; AD, A6l5l6). Aireys Inlet, Vic., low
intertidal (Kraft, 15.x. 1978; MELU, A39453).
G. humilis becomes fertile when only 1-2 cm tall and with only a few branches, and
under better conditions reaches 3 cm high with proliferous branching above, possibly
following damage. Plants in the MELU, A39450 collection from Robe match the type well
and other collections of A. humilis from New Zealand [e.g. Ahipara, New Zealand, low
intertidal (Kraft, 14.x.1972; MELU, A40409)] but other collections are slenderer and have
more rounded apices than the New Zealand plants. The vegetative and carposporophyte
structure observed in both the type and Australian specimens is consistent with
Ahnfeltiopsis, but further studies on its reproduction and life history are needed. Some plants
have ovate, raised pustules (Fig. 84F) of erect filaments, each arising from an outer cortical
ceJl, filaments 5-8 Jlm in diameter, cells UD 1-2, simple or occasionally branched and with
numerous lateral secondary pit-connections; the function of these pustules is unknown.
Genus GYMNOGONGRUS Martius 1833: 27
Thallus erect, much branched more or less complanately, with a crustose hold fast,
branches terete or (usually) compressed, subdichotomous, apices usually rounded. Structure
multiaxial, medulla pseudoparenchymatous with medium to large ovoid to angular cells, and
a cortex of 2-3 layers of smaller isodiametric cells in anticlinal rows.
Life history biphasic with erect gametophytes and crustose tetrasporophytes, the latter as
pustules ("tetrasporoblasts") on the surface of female gametophytes.
Reproduction. Sexual thalli dioecious. Carpogonial branches 2 or 4-celled, supporting
cell acting as auxiliary cell with the gonimoblasts growing out through the cortex to form a
pustule with surface nemathecia of catenate rows of cruciately divided tetrasporangia,
terminated by one to several sterile cells.

Type species: G. griffithsiae (Tumer)Martius 1833: 27.
A genus of some 30 species after the transfer of cystocarpic species to Ahnfeltiopsis by
Silva & DeCew (1992), Masuda (1993) and herein. Further species are likely to be
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transferred as life histories are studied. Of the species still assigned to Gymnogongrus, only
5 are known to produce tetrasporoblastic pustules: G. chiton (Howe)Silva, G. crenul.atus (furner)J.
Agardh, G. dilatatus (Turner)J. Agardh, G. griffithsiae (Turner)Martius, and an undescribed South
African species known as G. tetrasporiferus (Anderson & Bolton 1990, p. 383).

Fig. 85. A-C. Gymnogongrus crenulatus (A, MELU, A39454; B, C, AD, A61543). A. Habit. B.
Transverse section of tetrasporangial pustule. C. Outer filaments of pustule with chains of
tetrasporangia. D-F. Adelophycus corneus (D, E, MELU, K2102; F, AD, A13489). D. Habit,
cystocarpic specimen. E. Transverse section with cortical gland cells and an auxiliary cell rhizoid
(arrow) I!'. Transverse section with two carposporophytes. [E, as in Kraft 1975.]

Gymnogongrus
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KEY TO SPECIES OF GYMNOGONGRUS
1.
1.

Branches terete to slightly compressed, 200-400 (-900) 11m broad ......... 1. G. griffithsiae
Branches flattened, 2-4 mm broad ........................................................... 2. G. crenulatus

1. Gymnogongrus griffithsiae (Turner)Martius 1828: 27. Dixon & Irvine 1977b: 219, fig.

79. Gregory 1934: 532, figs 1-11. Harvey 1847: pI. 108. Schotter 1968: 62, figs
35,36.
Fucus griffithsii Turner 1808: 80, pI. 37.
FIG. 84G,H
Thallus (Fig. 84G) dark red-brown, densely tufted, 1.5-4 cm high, cartilaginous,
subdichotomously and more or less complanately branched at intervals of 1-10 mm,
branches terete to slightly compressed above, 200-400 (-900) 11m broad throughout with
slightly slenderer rounded apices; holdfast thin, crustose, 1-5 mm across, with numerous
erect fronds; epilithic. Structure multiaxial, with ovoid cells throughout, cortical cells in
short anticlinal rows (3-) 4-5 11m in diameter and lJD 1-2; medullary cells 1(}-20 /.1m in
diameter and lJD 4-8 (-10), often tiered in longitudinal section and with numerous
secondary pit-connections. Rhodoplasts laminate and few per cortical ceil, becoming ribbon
shaped and branched in medullary cells.
Reproduction. Only female thalli known, bearing pustules containing nemathecia of
tetrasporangia. Carpogonial branches arising in the inner cortex, with a large, ovoid,
supporting cell bearing a 3-celled carpogonial branch. Gonimoblast filaments 4-5 /.1m in
diameter, cells lJD 1-2, arising from a fusion cell and ramifying between the cortical cells,
then spreading to form a broad pustule ("tetrasporoblast") (Fig. 84H) on the branch surface
situated part way from the apices and often near a dichotomy. Pustules partIy to completely
surrounding the branch, 150-250 11m thick, with a basal layer of branched radiating
filaments, with each cell forming an erect to assurgent filament 5-7 (-10) 11m in diameter,
cells lJD (1-) 2-3, with the rows of upper cells (terminated by 1-2 sterile cells) maturing to
ovoid tetrasporangia 10-12 11m in diameter, cruciately divided shortly before release.

Type from Sidmouth, Devon, England; lectotype in BM.
Distribution: British Isles, Western Europe, Mediterranean, Eastern U.S.A. to Uruguay.
In southern Australia, known from the south coast of Kangaroo I., S. Aust., and Barwon
Heads, Vic., in pools near low tide level.

Known specimens: Vivonne Bay, Kangaroo I.. S. Aust., lower eulittoral inside bay (Womersley,
30.i.l9S6; AD, A20336). Pennington Bay, Kangaroo 1., S. Aust., rear eulittoral pool (Womersley,
23.viiU950; AD, AIS412) and upper sublittoral pool (Kraft & Min Thein, 4.xiU971; AD, A41308).
Harwon Heads, Vic., intertidal pools near river mouth (J. Lewis, 18.vi.1983, 20.ii.1983, 14.viii.l983;
MELU, A39447 A39449).
The southern Australian specimens agree well with those from the British Isles and
Europe, and occur in similar ecological situations.
2. Gymnogongrus crenulatus (Turner)J. Agardh 1851: 320. Dixon & Irvine 1977b: 217,
fig. 78. Maggs 1990: 121.
Fucus crenulatus Turner 1802: 130, pI. 8 figs 3,4.
FIG. 85A-C
Thallus (Fig. 85A) medium to dark red-brown, 3-8 cm high, cartilaginous,
subdichotomous at intervals of 0.5-3 em, more or less complanately branched, branches flat,
2-4 mm broad, margins straight to slightly crenuiate, slightly narrower basally, axils broad,
apices rounded, often with small proliferous leaflets from lower parts; holdfast small,
discoid, with one to a few fronds; epilithic. Structure multiaxial with ovoid cells throughout,
cortical cells in anticlinal chains of 3-4 cells when young, becoming 7-10 cells long in older
parts, 3-6 11m in diameter, cells lJD 1-2 (-3), developing secondary lateral pit-connections.
Medulla 3-6 cells thick, cells 100--250 11m in diameter, lJD 2-3, with thick walls (15-25
11m), more or less in tiers in longitudinal section, with numerous secondary pit-connections.
Rhodoplasts discoid to elongate, few per cell.
Reproduction. Sexual reproduction unknown in Australian plants.
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Tetrasporangiai pustules (Fig. 8SB) usually on lower branches, 1-3 mm across and 1-2
mm high, also with long filaments extending from adjacent cortical cells, simple to slightly
branched, filaments 6-9 11m in diameter with cells LID 1.5-2.5 below, with numerous lateral
secondary pit-connections, tapering to 2.5-4 !Jm in diameter with cells un 3-5 above and
developing chains (with 1-2 terminal sterile cel/s) (Fig. 85C) of 5-10 ovoid tetrasporangia
8-11 !Jm in diameter, cruciately divided.

Type from Oporto, Portugal; lectotype in BM.
Distribution: British Isles, eastern Europe, Mediterranean, eastern N. America.
In southern Australia, from Topgallant I., S. Aust., to Port Phillip, Vic., and Port
Jackson, N.S.W.
Selected specimens: Topgallant I., S. Aus!., 10 m deep (0' Leary, 20.i.1992; AD, A61673). Henley
Beach, Adelaide, S. Aust .. drift (C & G. Kraft, 6.iii.197I; MELU, A39475). Port Noarlunga, S. Aus!.,
lowest eulittoral, shaded, just N of jetty (Ricci & Womersley, 8.ii.l993; AD, A61799). Robe, S. Aus!.,
pool near jetty (Womersley, 7.xii.1991; AD, A61543). Portarlington, Vic., sublittoral (King, l6.x.1969;
MELU, 4733). Werribee, Vic. (Brown, 20j.1982; MELU, A39455). Altona, Vic., 2 m deep (Brown,
6.ix.1983; MELU, A39454). Williamstown, Vic., 2 m deep (Brown, I3.viii.1974; MELU, A2I8I5;
AD, A46028). St Kilda, Vic., 3 m deep (by diver, 23.ii.l976; MELU, A22272). Botanic Gardens,
Sydney (Port Jackson), N.S.W., low intertidal (Kraft, 21.xi.1983; MELU, A39469).

Further studies are needed on the reproduction and life history of G. crenulatus. Dixon
& Irvine (1977b, p. 218) refer to sexual reproduction preceding the pustules of
tetrasporangia, but this has yet to be confirmed in Austmlian material; also many of the
pustule filaments appear to arise directly from outer cortical cells. Dixon & Irvine also refer
to "occasionally produced immersed cystocarps ... containing normal carposporangia", but
these cystocarpic plants are now known to be a separate species, Ahnfeltiopsis devoniensis
(Greville)Silva & DeCew (1992, p. 577).
Australian specimens agree well with British material and may be adventives, since
most collections are from near harbours.
FAMILY

NEMASTOMATACEAE Schmitz 1892: 22, nom. cons.
by H.B.S. Womersley & G.T. Kraft

Thallus erect, simple and foliose to much branched subdichotomously to irregularly
with terete to compressed branches, not calcified except for Titanophora. Structure
multiaxial with a cortex of subdichotomous branch systems of ovoid to elongate cells,
lacking secondary pit-connections between laterally adjacent cells of the cortex; medulla
laxly filamentous; rhizoidal filaments occasionally present from cells of inner cortex and
outer medulla. Cells uninucleate.
Life history triphasic with isomorphic or heteromorphic gametophytes and
tetrasporophytes (the latter unknown in many species, and crustose in Schizymenia).
Reproduction. Sexual thalli monoecious or dioecious. Carpogonial branches borne on
inner cortical cells, (2-) 3-4 (-5) cells long, outwardly directed with a straight or coiled
trichogyne. Auxiliary cells intercalary as inner cortical cells (the adjacent cells bearing small
round cellules in Predaea) or near the end of long rhizoidal filaments (in Adelophycus),
connecting filaments relatively long. Gonimoblast developing from the auxiliary cell or
adjacent connecting filament, with a single initial, usually outwardly (inwardly in
Adelophycus), with all cells becoming carpospomngia; fusion cell, involucre or pericarp
absent, a pore or ostiole between the cortical filaments present or absent. Spermatangia cut
off from outer cortical cells.
Tetrasporophytes (where known) isomorphic with gametophytes, with tetrasporangia
borne in the oute,r cortex, cruciately or obliquely divided, or crustose with zonately divided
tetrasporangia (in Schizymenia).

This family has been generally known as the Nemastomataceae Schmitz (1892, p. 22),
rather than the Gymnophlaeaceae Kiitzing (1843, p. 389) and the former has been
recommended for conservation (Silva 1993b, p. 708).

Adelophycus
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A family of 7 genera of which 5 occur on southern Australian coasts. It is characterised
by the discrete subdichotomous cortical branch systems, due to lack of secondary pitconnections between cells in adjacent filaments, the non-procarpic sexual reproduction with
3 (-4)-celled outwardly directed carpogonial branches, the outwardly (usually) directed
gonimoblast with all cells becoming carposporangia, and the lack of an involucre or peri carp
around the carposporophyte.
The Nemastomataceae contains two generic groups. Group 1 is characterised by
connecting filaments that issue directly from carpogonia and grow to auxiliary cells
(Nemastoma, Adelophycus, Tsengia and Predaea). Tetrasporophytes are either unknown,
isomorphic, or more-or-Iess disorganised minute filaments. Group 2 (Schizymenia, Platoma
and Titanophora), has connecting filaments that first fuse with the nutritive auxiliary cells
borne immediately on the supporting cell, then give rise to secondary connecting filaments.
No member of this group has an isomorphic tetrasporophyte; where known, they seem to be
Hematocelis-type crusts.
While Predaea is well characterised by having small nutritive cells on cells adjacent to
the auxiliary cells and Adelophycus by habit and anatomical features (e.g. cortical gland
cells), Tsengia, Schizymenia and Platoma are not so well defined. Previous discussions by
Feldmann (1942), Kraft & John (1976), Kraft (1975; 1981, p. 29), West & Hommersand
(1981, p. 167) and others, and study of southern Australian taxa, shows that the family is in
urgent need of generic revision.
KEY TO GENERA OF NEMASTOMATACEAE
1.

1.

Thallus firm, drying cartilaginous, subdichotomous with compressed branches 1-2 (-3)
mm broad; subspherical to pyriform gland cells present in cortex; auxiliary cells
subterminal in a rhizoidal filament, with the gonimoblast developing thallus inwards
............................................................................................................... ADELOPHYCUS
Thallus more or less mucilaginous, foliose or branched with compressed branches;
gland cells present and elongate, or absent; inner cortical cells becoming auxiliary cells,
with the gonimoblast developing thallus outwards .......................................................... 2
2.
2.

3.
3.

Cells adjacent to the auxiliary cells bearing small nutritive cells .......... PREDAEA
Cells adjacent to the auxiliary cells without small nutritive cells ......................... 3

Thallus subdichotomous or laterally much branched, or with few flat branches; cells
adjacent to carpogonial branches not darkly staining; tetrasporophytes isomorphic with
gametophytes, tetrasporangia cruciately to obliquely divided ........................... TSENGIA
Thallus foliose, simple to marginally lobed; cells adjacent to carpogonial branches
darkly staining; tetrasporophytes crustose with zonate tetrasporangia, or unknown ........ 4
4.
4.

Gland cells usually (but not always) present in cortex; cortex with a depressed
ostiole above each carposporophyte ............................................. SCHIZYMENIA
Gland cells absent; cortex with only slight pores or gaps above each
carposporophyte ................................................................................... PLATOMA

Genus ADELOPHYCUS Kraft, nom. nov. *
Adelophyton Kraft 1975: 280, figs 1-22, non Adelophyton Renault 1901: 424.
Thallus erect, subdichotomous, branches more or less linear, slightly compressed,
drying cartilaginous. Structure multiaxial, with a cortex of branched filaments (with
pyriform gland cells) lacking secondary pit-connections between the cells of adjacent
filaments; medulla of entangled filaments; occasional uniseriate rhizoidal filaments present.
Reproduction. Sexual thalli dioecious. Carpogonial branches of 3-4 cells, connecting
filaments issuing from the fertilized carpogonium, simple but becoming branched. Auxiliary
cell subterminal in an unbranched rhizoidal filament, clear before fertilization. Gonimoblast

* Renamed by Kraft in view of the earlier Adelophyton Renault 1901.
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Ade/ophycus

initial arising from connecting filament adjacent to its point of fusion to the auxiliary cell,
developing mainly thallus-inwardly, all cells becoming carposporangia; connecting filament
continuing growth to other auxiliary cells. Pericarp and ostiole absent. Spermatangia cut off
from outer cortical cells near branch tips.
Tetrasporangia unknown.

Type (and only) species: A. corneus (J. Agardh)Kraft, comb. nov.
Adelophycus is closest in anatomy to the type species of the genus Nemastoma, N.
dichotomum. In both, the fronds are cartilaginous, the cortex is compact and with prominent
gland celis, and the auxiliary cell is intercalary toward the distal end of an unbranched
rhizoid that bends outward from the medulla and terminates in the cortex. The clear
illustrations of Berthold (1884, pI. 6 figs 9-15) depicting these features have been long
overlooked but are confirmed by Athanasiadis (1988) and Robins (pers. comm.). Most, if not
all, species of Nemastoma other than the type may need to be transferred to other genera.
Nemastoma dichotomum differs from Adelophycus primarily in its carpogonial
branches, which are restricted to supporting cells that are intercalary in rhizoids. In
Adelophycus, in contrast, supporting cells are intercalary within normal pseudodichotomous
filaments of the cortex. Although they were illustrated by Berthold, Athanasiadis found no
evidence of connecting filaments in N. dichotomum, the cystocarps being apparently the
result of apomixis. Carposporophytes in N. dichotomum are globular and orientated outward,
in contrast to those of Adelophycus which are wedge-shaped and orientated toward the
thallus interior. A final difference lies in the rhizoids themselves, which are branched distally
in N. dichotomum but are unbranched in Adelophycus.

Adelophycus corneus (J.Agardh)Kraft, comb. nov.
Adelophyton corneum (J. Agardh)Kraft 1975: 280, figs 1-22.
Chaetangium corneum J.Agardh 1899: 106. Chapman 1969: pI. 12. DeToni 1924:
147.
FIGS 85D-F, 86A-E
Thallus (Fig. 85D) dark red-brown, 8-16 cm high, cartilaginous with softer branch tips,
much branched subdichotomously at intervals of (2-) 5-10 (-15) mm, branches linear or
slightly constricted (Fig. 86A) every 1-3 mm, slightly compressed, 1-2 (-3) mm broad.
Holdfast discoid-conical, 1-4 mm across, with a short terete stipe 1-3 mm in diameter;
epilithic. Structure multiaxial, developing a moderately dense medulla of entangled
filaments and a cortex (Fig. S5E) of more or less anticlinal filaments in discrete branch
systems, lax in the inner cortex and becoming compact in the outer cortex where the cells
become isodiametric, in 3-5-celled rows, 3--4 J.lm in diameter; pyriform gland cells
prominent in the mid to outer cortex, 12-18 J.lm in diameter; some inner cortical and outer
medullary cells produce rhizoidal filaments. Rhodoplasts discoid, becoming elongate in
inner cells.
Reproduction. Sexual thalli dioecious. Carpogonial branches (Fig. 86B) borne on outer
ends of inner cortical cells, 3--4 cells long, directed outwards, with a single post-fertilization
connecting filament which branches. Auxiliary cells subterminal in long, unbranched
rhizoidal filaments (Figs 85E, S6C) borne on outer medullary cells, terminating in the inner
cortex. Gonimoblast initial arising from the connecting filament adjacent to the auxiliary cell
(Fig. 86D), forming a single (often lobed) cluster of gonimoblast filaments directed mainly
inwards, with all cells of the carposporophyte (Fig. 85F) forming subspherical
carposporangia 20-25 Ilm in diameter. Spermatangia (Fig. 86E) cut off from outer cortical
cells near branch tips, elongate, producing ovoid spermatia 2-3 J.lm in diameter.
Tetrasporophytes unknown.

Type from Port Elliot, S. Aust. (Hussey, Feb. 1898); holotype in Herb. Agardh, LD, 32571.
Distribution: Cockburn Sound, W. Aust. to Point Lonsdale, Vic.
Selected specimens: Cockburn Sound, W. Ausl., drift

(Kraft, 3.ix.l966; MELU, K2102; AD,
A32132). Head of Great Australian Bight, S. Aust., drift (Woelkerling, 3.xi.J968; AD, A34126).
Elliston, S. Aust., drift (Womersley, 13.i.1951; AD, A13489). Cape Carnot, S. Ausl., in overhung pool
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(Kraft, lO.xi.l971; MELU, K4500; AD, A46027). Sou 'West R .• Kangaroo I.. S. Aust., 6 m deep
(Mitchell. 24.viii.1963; AD, A26837). Seal Bay, Kangaroo I., S. Aus!., drift (Womersley, 22.xi.J968;
AD, A32982). Point Lonsdale, Vic., drift (Osborne, 26.v.1964; MELU. 2520).

Genus PREDAEA G. De Toni 1936: [5].
Thallus (gametophytes) mucilaginous, flabellate or variously lobed, compressed,
attached by a short stipe and holdfast. Structure of a laxly filamentous medulla with cortical,
subdichotomous, branch systems, in some species with longer exserted cortical tufts, without
secondary pit-connections.
Life history (where known) heteromorphic, with crustose tetrasporophytes producing
terminal cruciately or zonately divided tetrasporangia and also monosporangia (see Millar &
Guiry 1989, p. 418) .
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Fig. 86. A-E. Adelophycus corneus (A, MELU, K2102; B-D, AD, A34126; E, MELU, K4500). A.
Branches with constrictions and cystocarps (on right). B. Transverse section with cortical gland cells
and 3-celled carpogonial branches. C. Transverse section with auxiliary cell rhizoids. D. Lower
carposporangia from an auxiliary cell. E. Transverse section of cortex with spermatangia. F, G.
Predaea huismanii (AD, A53054). F. Cortical filaments with a carpogonial branch. G. Terminal group
of spermatangia. [A-E after Kraft 1975.J
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Tsengia

Reproduction. Sexual thalli monoecious or dioecious. Carpogonial branches usually 3celled (2-5-celled), borne on inner cortical cells near the basal dichotomy, occasionally
elsewhere. Auxiliary cells intercalary near the base of a cortical system, with the adjacent
cells above and below (and others in some species) bearing short (l-5-celled) simple or
branched chains of subspherical nutritive cellules. Gonimoblast initial arising from auxiliary
cell or connecting filament, with most or all cells becoming carposporangia in an ovoid to
lobed carposporophyte lying within the cortex; pericarp absent. Spermatangia cut off from
outer cortical cells, clustered or digitate, producing subspherical spermatia.
Tetrasporophytes (only known in culture) filamentous, much branched, becoming
crustose, with erect tllaments producing cruciately or zonately divided tetrasporangia.

Type species: P. masonii (Setchell & Gardner)G. De Toni 1936: [5].
A genus of some 13 species (Millar & Guiry 1989, p. 419), mainly subtropical (Kraft &
Abbott 1971, p. 200) with five Australian species (Kraft 1984a), one of which just reaches
southern Australia. This species, and an undescribed species (sterile and male plants only
from Vivonne Bay, Kangaroo t, and Portsea, Vic.) are characterised by cortical tufts of two
lengths, and the undescribed species also has intercalary gland cells.
Predaea is characterised by the presence of small, subspherical, nutritive cells on the
cells just above and below the auxiliary cells, in some species on other adjacent cells.
Predaea huismanii Kraft 1984a: 7, figs 15-24. Millar & Guiry 1989: 420. Verlaque 1990b:
499.
FIGS 86F, G, 87A-C
Thallus (Fig. 87A) erect, mucilaginous, compressed and cleft into lobes 1-2 cm long,
4-9 mm broad and 3-5 mm thick, with rounded margins. Holdfast discoid; epilithic.
Structure of a cortex of fascicles (Fig. 87B) of simple (basally branched) filaments 20-35
cells and 700-1000 11m long, 4-6 11m in diameter with cells LID 3-6 (-8), protruding
beyond shorter cortical systems 5-12 cells and 100-200 11m long, and a broad, laxly
filamentous, medulla. Rhodoplasts several per cell, discoid.
Reproduction. Sexual thalli monoecious. Carpogonial branches (Fig. 86F) 3-ceIled,
borne on inner cells of cortical system. Auxiliary cells (Fig. 87C) intercalary in nearby inner
cortical systems, with 1-3-celled chains of nutritive cellules on the adjacent cells.
Gonimoblast initial (Fig. 87C) developing on connecting filament adjacent to auxiliary cell,
carposporophyte (Fig. 87B) obovoid, 70-75 flm long and 50-60 flm in diameter, consisting
of 1-3 gonimolobes of subspherical carposporangia, each 8-10 11m in diameter.
Spermatangia (Fig. 86G) on short, distichous branches at ends of short cortical systems, 2-3
11m in diameter.
Tetrasporophytes unknown.

Type from Rottnest 1., W. Aust., 12 m deep (Huisman, 5.xii.l980); holotype in MELU,
.K7163.
Distribution: Only known from the type locality and Pearson I., S. Aust., 12 m deep
(Turner, 27 jii.1982; AD, A53054).
The above Pearson I. specimen is fragmentary, 5.5 cm long, 4-6 mm broad, with one
short lateral, but agrees with P. huismanii in structure and reproduction.
Genus TSENGIA Fan & Fan 1962: 191
Thallus erect, subdichotomously or laterally branched with compressed branches to
foliose, mucilaginous. Structure multi axial, with a cortex of discrete subdichotomous branch
systems, without gland cells, and a medulla of entangled filaments.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monoecious or dioecious. Carpogonial branches 3 (-4)celled, borne on inner cortical (supporting) cells, trichogyne straight or coiled; auxiliary cells
in a similar position to the supporting cells. Gonimoblast arising outwardly from the
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Fig. 87. A-C. Predaea huismanii (AD, A53054). A. Habit of the southern Australian record. B.
Fascicles of cortical filaments with two carposporophytes. C. Auxiliary cell with attached bulbous end
of connecting filament producing a carposporophyte, with chains of small nutritive cellules on cells
adjacent to auxiliary cell. D. Tsen.gia feredayae (AD, AI9622). Habit. E. Tsengia comosa (AD,
A29677). Habit. F. Tsengia laingii (AD, A35160). Habit.
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auxiliary cell, carposporophyte with all cells becoming carposporangia, lying between
cortical branch systems with no pore. Spermatangia arising from outer cortical cells.
Tetrasporophytes isomorphic, with cruciate1y to obliquely divided tetrasporangia.

Type species: T. nakamurae (Yendo)Fan & Fan 1962: 191.
Tsengia differs from Nemastoma and Adelophycus in the absence of gland celis, by the
intercalary position of both auxiliary cells and supporting cells in normal cortical filaments,
and in development of the gonimoblast from the auxiliary cell rather than from the adjacent
connecting filament, and is unique in the family in having isomorphic gametophytes and
tetrasporophytes.
As well as the three southern Australian species previously referred to Nemastoma and
described below, N. damaecornis Harvey (l855a, p. 557) was described from Fremantle and
Rottnest I., W. Aust., but is still little known, and N. palmatum Harvey (1863, pI. 262) was
described from Tasmania; the latter is clearly not a Nemastoma but its position is uncertain.

KEY TO SPECIES OF TSENGIA
1.
1.

Thallus furcate 2-3 times with flat branches 2-7 (-15) cm broad ................... .3. T. laingii
Thallus subdichotomous, branches either bare or with numerous slender lateral
proliferations .................................................................................................................... 2
2.
2.

Thallus many times subdichotomous, with no or few proliferations, branches (2-)
3-5 mm broad below ...................................................................... 1. T. feredayae
Thallus with compressed subdichotomous axes 4-15 mm broad, bearing
numerous proliferous laterals 1-4 mm broad from their margins ....... 2. T. comosa

1. Tsengia feredayae (Harvey)Womersley & Kraft, comb. nov.
Nemastoma feredayae Harvey 1860a: 327, pI. 195A. 1. Agardh 1876: 126; 1899:
75. Chapman 1979: 282, fig. 76, pIs 95, 96. De Toni 1905: 1663. Fuhrer et al.
1981: pI. 61. Kylin 1932: 7.
FIGS 87D, 88A-D
Thallus (Fig. 87D) blue-green to brownish (in shallow water plants) to red-brown (in
deeper water plants), mucilaginous. 4-35 em high, subdichotomously and more or less
complanately branched at intervals of (2-) 5-20 (-40) mm, often densely branched above,
with slightly compressed linear branches (2-) 3-5 mm broad below, tapering to (0.5-) 1-2
(-3) mm broad near the apices, some plants with small proliferations below (or following
damage?). Holdfast discoid, 1-5 mm across, bearing one to several fronds; epilithic.
Structure of a cortex (Fig. 88A) 150-250 11m thick, of discrete but adjacent branch systems
with several basal subdichotomies, cells elongate to ovoid, 4-6 (-8) 11m in diameter in
shallow water plants to 12-16 (-20) 11m in diameter in deeper water plants, and an outer
cortex of subdichtomous filaments, the inner cells 4-6 (-10) 11m in diameter, UD 2-4 (-6),
tapering to outer unbranched rows of cells (2-) 3-4 11m in diameter and UD 1-2 (-3).
Medulla broad, of longitudinal and entangled filaments 3-6 11m in diameter, with some
becoming 10-15 11m in diameter. Rhodoplasts discoid to elongate, few per cell.
Reproduction. Carpogonial branches (Fig. 88A) 3 (-4)-celled with a more or less coiled
trichogyne, borne on inner cortical cells. Auxiliary cells (Fig. 88B) in mid cortex below a
subdichotomy, following union with a connecting filament producing outwardly a
subspherical to conical carposporophyte (Fig. 88C) 120-180 11m across, lying between the
cortical filaments; carposporangia ovoid, 8-14 ).1m in diameter; pericarp and pore absent.
Spermatangia unknown.
Tetrasporangia (Fig. 88D) borne on mid cortical cells, elongate-ovoid, 16-30 11m long
and 6-16 11m in diameter, cruciately to obliquely divided.

Type from Georgetown. Tas. (Fereday); lectotype in Herb. Harvey. TCD.

Distribution: New Zealand (North Island).
Nuyts Reef, S. Aust., to Walkerville, Vic., and the N, E and S coasts of Tasmania.
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Fig. 88. A-D. Tsengia feredayae (A, AD, A43955; B, C, AD, A19833; D, AD, A31774). A.
Transverse section of cortex with two carpogoniaJ branches. B. Young carposporophyte arising from
the auxiliary cell, with end of a connecting filament. C. A carposporophyte. D. Transverse section of
cortex with tetrasporangia. E-G. Tsengia cOl1Wsa (E, F, AD, A59157; G, AD, A29677). E. Transverse
section of cortex with carpogonial branches. F. Carposporophyte. G. Transverse section of cortex with
a tetrasporangium (with an irregularly divided one on right). H-K. Tsengia laingii (AD, A35160). H.
Carpogonial branch on an inner cortical cell. I. Auxiliary cell producing a young gonimoblast, with a
connecting filament on the right. J. Cortex with a mature carposporophyte. K. Cortex with a
tetrasporangium (two irregularly divided ones on right).
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Selected specimens: Nuyts Reef, S. Aust., 30 m deep (Shepherd, 26.iii.l980; AD, A52212). Point
Sinclair, S. Aust., in shallow pools, rough-water reefs (Womersley, 8.ii.1954; AD, A19622). Vivonne
Bay, Kangaroo I., S. Aust., drift (Womersley, 2.i.1949; AD, A10615). Pennington Bay, Kangaroo I., S.
Aust., reef edge (Womersley, 5.i.l947; AD, A4341). Robe, S. Aust., 8 m deep inside Baudin Rocks (P.
Womersley, 24.viii.l973; AD, A43955). 1.3 km off Middle Point, Cape Northumberland, S. Aust.,
14 m deep (Shepherd, 13.iii.1975; AD, A46184). Bridgewater Bay, Vic., upper sublittoral (Womersley,
25.i.I967; AD, A31774). Walkerville, Vic., drift (Sinkora A1638, 23.ii.1972; AD, A43l63). Cape
Portland, Tas. (Levring, 8.ii.l948; AD, A61269). Safety Cove, Port Arthur, Tas., 7 m deep (Brown &
Kenchington, 16.x.1986; AD, A57726). Tasman 1., Tas., upper sublittoral (Bennett, 28.vi.l954; AD,
A19833). Crayfish Point, Taroona, Tas., 0-6 m deep (Sanderson, 29.v.1992; AD, A61742 -"Marine
Algae of southern Australia" No. 369). Dover, Tas., 4-6 m deep under Macrocystis (Kraft 7844 &
Sanderson, 8.iv.1988; MELU, 40368 - 40370). Southport, Tas., upper sublittoral on platform
(Wollaston & Mitchell, 27.ii.l964; AD, A27708).

T. ferednyae is characterised by its habit, with subdichotomous, complanately branched,
branches mostly 3-5 mm broad, but varies in colour, size, density of branching, and
dimensions of inner cortical cells depending on the depth. Plants from near low tide level in
rough-water conditions are smaller, more densely branched, yellow-brown in colour and
have narrow inner cortical cells compared to larger, less branched, red-brown plants from
deeper water which usually have ovoid, relatively large, inner cortical cells packed with
starch grains.
T. feredayae is similar in habit and dimensions to the type species, T. nakamurae, but
differs in that the carpogonial branches are straight instead of bent at right angles and the
tetrasporangia are less regularly cruciately divided than in the type species.
2. Tsengia comosa (Harvey)Womersley & Kraft, comb. nov.
Nemastoma comosum Harvey 1859a: pI. 109. J. Agardh 1899: 76. De Toni 1905:
1664. Kylin 1932: 7.
PLATE 4 fig. 1; FIGS 87E, 88E-G
Thallus (Fig. 87E) medium to dark red-brown, fading to grey-red, mucilaginous, 20-80
cm high, with the main axes 4-15 times furcate, compressed, 4-15 mm broad, bearing
mainly from the margins (a few from the surface) crowded, slightly compressed, laterals,
simple or several times furcate, mostly 1-6 (-15) cm long and 1-4 mm broad; main axes
denuded near their base and bare within 5-10 cm of their apices. Holdfast discoid, 4-8 (-10)
mm across; epilithic. Structure of a cortex (Fig. 88E) 150-250 11m thick, of discrete branch
systems with an inner cortex of ovoid cells (12-) 15-30 /lm in diameter, with 3-4
subdichotomies, decreasing in size to the outer cortex of elongate cells, the inner 8-10 /lm in
diameter and I4> 2-3, the outer with unbranched rows of cells 4-6 /lm in diameter and un
1-2; gland cells absent; rhizoids produced by innermost cortical cells; medulla of entangled
filaments of long cells 6-10 /lm in diameter. Rhodoplasts few per cell, discoid to elongate.
Reproduction. Carpogonial branches (Fig. SSE) 3-celled, borne on inner cortical cells,
with a coiled trichogyne; auxiliary cells also inner cortical cells, producing a subspherical to
ovoid carposporophyte 60-120 /lm in diameter with each cell becoming a carposporangium
12-16 /lm in diameter; carposporophyte (Fig. 88F) lying within the cortex, scarcely
separating the cortical branch systems. Spermatangia unknown.
Tetrasporangia (Fig. 88G) scattered, borne on mid cortical cells, ovoid, 35-70 /lm long
and 15-30 /lm in diameter, cruciately (slightly obliquely) divided.

Type from Phillip 1., Western Port, Vic. (Harvey); lectotype in Herb. Harvey, TCD.
Distribution: Elliston, S. Aust., to Phillip 1., Vic.
Selected specimens: Elliston, S. Aust., 4-8 m deep outside bar (Shepherd, 25.x.1971; AD,
A4258 I). Cable Hut Bay, Yorke Pen .• S. Aust., drift (Womers[ey, 15.x.1988; AD, A59157). Seal Bay,
Kangaroo I., S. Aust., outer reef pool, shaded (Womers[ey, 29.x.1966; AD, A31114). Victor Harbor, S.
Aust., drift (Womersley, 14.xL1965; AD, A29677). 2 km NW of Blackfellows Caves, SE S. Aust., drift
(Womers[ey, 24.xi.1992; AD, A61774). Port MacDonnell, S. Aust., drift (0. & L. Kraft 7671,
30.x.l986; MELU, 37182, mixed phase).
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T. comosa is a distinctive species in habit, confined to deeper water or shaded situations
on rough-water coasts. Young plants, however, can appear very similar to T. feredayae prior
to development of the marginal laterals, but mature plants are usually distinct; a few plants
appear to be intergrades.

3. Tsengia laingii (Kylin)Womersley & Kraft, comb. nov.
Nemastoma laingii Kylin 1932: 8, fig. IC, pI. 2 fig. 4. Chapman 1979: 284, fig. 77,
pis 97, 98, 101.
FIGS 87F, 88H-K
Thallus (Fig. 87F) medium red-brown, slightly mottled, 15-50 cm high, flat, furcately
branched 2-3 times, broadening gradually or rapidly from a slender stipe 2-4 cm long to the
mid thallus 2-7 (-15) cm broad and 400-800 (-1000) J.lm thick, decreasing above to 1-3 cm
broad, margin strongly ruffled with occasional small to moderate marginal proliferations.
Holdfast discoid, 1-2 mm across; epilithic. Structure of a cortex 80-120 J.lm thick, of
discrete branch systems, with an inner cortex of 2-3 subdichotomies of ovoid cells 8-14 J.lm
in diameter, and outer cortex of mostly unbranched rows of 4-5 cells, each 6-8 J.lm in
diameter and LID 1.5-2; gland cells absent; medulla broad, of entangled filaments of long
cells 4-6 J.lm in diameter. Rhodoplasts few per cell, elongate.
Reproduction. Sexual thalli monoecious. Carpogonial branches (Fig. 88H) 3-celled,
borne on innermost cortical cells, trichogyne relatively straight; inner cortical cells acting as
auxiliary cells, connecting filaments stout, branched, continuing beyond an auxiliary cell
(Fig. 88 I). Carposporophyte (Fig. 881) developing from the auxiliary cell, elongate to
conical, 80-120 J.lm across, with all cells becoming ovoid to angular carposporangia 10-15
J.lm across, lying within the cortex without a pore between the filaments. Spermatangial
heads(?) dense, subspherical, situated on cortical filaments, consisting of a dense mass of
spermatangia.
Tetrasporangia (Fig. 88K) borne on inner cortical cells, ovoid, 40-50 J.lm long and
20-30 Iffi1 in diameter, cruciately divided.

Type from Brighton (Christchurch), New Zealand (Laing, 23.x.1930); holotype in LD.
Distribution: South and Stewart Is, N.Z.
Port MacDonnell, S. Aust., to Warmambool, Vic., and SE Tasmania.

Known specimens: Port MacDonnell, S. Aust., drift (Womersley, 27.ix.1992; AD, A61778,
A61779). Warrnambool, Vic., drift (G. & L. Kraft & Herrington, 18.xi.1989; MELU, 40379).
Tesselated Pavement, Eaglehawk Neck, Tas., 7 m deep (Brown & Kenchington, 16.x.1986; AD,
A57614). Taroona, Tas., 4-6 m deep (Shepherd, 4.ii.l970; AD, A35160).

The Tasmanian specimens agree well with those from New Zealand, being distinctive in
habit, in the enlargement of inner and mid cortical cells around the carposporophyte, and in
the cruciate tetrasporangia. Some specimens (e.g. AD, A61778) become broadly foliose
(10-15 cm broad) as collected in the drift.
Genus SCHIZYMENIA 1. Agardh 1851: 169

Thallus erect, foliose, mucilaginous. Structure multiaxial, with a cortex of discrete,
subdichotomous, branch systems, usually (but not always) with gland cells, and a medulla of
entangled filaments.
Life history triphasic with heteromorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monoecious or dioecious. Carpogonial branches 3-celled,
borne on inner cortical cells with adjacent cells darkly staining; following fertilization the
carpogonium connects with a "nutritive" auxiliary cell borne on the supporting cell, then
producing several connecting filaments; non-procarpic, with auxiliary cells similarly situated
to supporting cells. Gonimoblast developing outwardly from auxiliary cells, all cells of
carposporophyte forming carposporangia; a distinct ostiole surrounded by modified outer
cortical filaments present outside carposporophyte. Spermatangia cut off from outer cortical cells.
Tetrasporophyte heteromorphic and crustose in the type species, bearing zonately
divided tetrasporangia on erect filaments. In some other species, tetrasporophytes have been
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reported to be isomorphic (see below), with scattered cruciately divided tetrasporangia, or
unknown.

Lectotype species: S. dubyi (Chauvin)J. Agardh 1851: ]71 ("non designatus" in the ING).
The type species has been investigated by Ardre (1980) who demonstrated a
heteromorphic life history. Other species, such as the Pacific North American species of
Schizymenia monographed by Abbott (1967), with reports of isomorphic tetrasporophytes,
have been shown to be incorrect by DeCew, Silva & West 1992, who suggest that the North
American S. pacifica (Kylin)Kylin is probably not distinct from S. dubyi.
Typification of Schizymenia has been discussed by Parkinson (1981, p. 317).
Schizymenia dubyi (Chauvin ex Duby)J. Agardh 1851: 171. Ardre 1980: ]11, pIs 1-7.
Dixon & Irvine 1977b: 176, fig. 62.
Turnerella atlantica Kylin 1930: 40, figs 27, 28.
FIGS 89A, B, 90A-C
Thallus (Fig. 89A, B) medium to dark red-brown, mucilaginous, foliose, simple to
variously and irregularly lobed, often lacerate from above (sometimes to the base), margin
smooth to somewhat ruffled, 10-60 cm high and 5-15 cm broad with branches (1-) 2-10 cm
broad, 300-600 (-1000) !Jm thick, base cuneate, usually expanding fairly abruptly from a
narrow stipe. Holdfast discoid, 1-3 mm across, with one to a few fronds; epilithic. Structure
of a cortex (Fig. 90A) 60-100 !-1m thick, of discrete branch systems (6-) 8-10 cells long,
inner cells subspherical to ovoid, 6-10 (-14) !-1m in diameter, with tapering to elongate
outermost cells 2-4 !-1m in diameter, LID (1-) 1.5-2. Gland cells usually but not always
present in outer cortex, ellipsoid-ovoid to clavate, 14-30 !-1m long and 6--10 !Jm in diameter,
with granular contents. Medulla of moderately dense entangled filaments 3-5 (-10) !Jm in
diameter. Rhodoplasts several per cell, discoid to elongate.
. Reproduction. Sexual thalli monoecious. Carpogonial branches (Fig. 90A) 3-celled with
a relatively straight trichogyne, borne on an inner cortical cell, with the supporting cell
cutting off a 1-2-celled sterile row; adjacent cells staining darkly and also cutting off sterile
cells. Carposporophyte (Fig. 90B) produced from an inner cortical (auxiliary?) cell, 100-240
!Jm across and more or less ovoid with relatively few ovoid carposporangia 15-20 !Jm in
diameter, protruding into the medulla and with a distinct depressed ostiole through the
cortex. Spermatangia (Fig. 9OC) developed on outer cortex, elongate and tapering outwardly,
2-3 !Jm in diameter and LID 3-4, cutting off ovoid spermatia.
Tetrasporophytes crustose, with erect filaments producing zonately divided
tetrasporangia (unknown in southern Australia).

Type from Cherbourg, France; lectotype in STR.
Distribution: Europe, Mediterranean, Japan.
In southern Australia, Fremantle, W. Aust., and Pondalowie Bay, S. Aust., to Point
Lonsdale, Vic.

Selected specimens: Fremantie, W. Aust., drift (Kraft & Herrington, 2.ix.L990; MELU, 40353).
Pondalowie Bay, S. Aust., drift (Womersley, 24.iv.1955; AD, AI988l). Vivonne Bay, Kangaroo I., S.
Aust.,0-5 m deep on jetty piles (Kraft & Min-Thein, 4.xii.197l; AD, A41400). Robe, S. Aust., drift
(Womersley, 11.xii.1969; AD, A34879) and 0.5-1 m deep, shaded, in bay (Womersley, 19.xii.1971;
AD, A41187 -"Marine Algae of southern Australia" No. 355). Cape Lannes, S. Aust., shaded upper
sublittoral pool (Womersley, 14.v.1972; AD, A42391 -"Marine Algae of southern Australia" No.
355a and 7.xiLI991; AD, A61539-"Marine Algae of southern Australia" No. 355b). 1.3 Ian off Cape
Northumberland, S. Aus!., 15 m deep (Shepherd, 26.x.1977; AD, A55113). Warrnambool, Vic., drift
(G. & R. Kraft & Saunders, 29.xi.199I ; MELU, 40389). Bridgewater Bay, Vic., drift (Womer.sley,
14.iv.1959; AD, A22623). Point Lonsdale, Vic., drift (Womersley, lO.xii.1969; AD, A34856).
Taroona, Tas., uppermost sublittoral (Sanderson, 24.xi.l99 I ; AD, A61526).

The Australian material agrees well with Schizymenia dubyi from Porto (Portugal) in
Hauck & Richter "Phykotheka universalis" No. 309, and is very similar to the description of
Ardre (1980) of the type species; although the full details of the sexual reproduction in
Australian specimens have not been followed, stages observed are closely comparable. Ardre
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showed that the tetrasporophyte of S. dubyi is discoid. producing zonate tetrasporangia. and
corresponds to Haematocelis rubens J. Agardh. The tetrasporophyte of the Australian plants
has not been found.
As usually recorded in European S. dubyi. gland cells are present or not in material
otherwise identical, though Ardre (1980, p. 116) considered them normally present and
DeCew, Silva & West (1992, p. 564) found them abundant in all specimens of S. pacifica.
They are variable in occurrence in plants from the Robe region where the species can occur
in abundance. The short cortical branch systems with subspherical inner cells and the distinct
ostiole outside each carposporophyte are characteristic.
S. novae-zelandiae J. Agardh 1876. p. 677 (see Chapman 1979, p. 288, pI. 100) appears
to differ in habit from S. dubyi, but needs checking in detail with the latter.
Genus PLATOMA Schousboe ex Schmitz 1894: 627

Thallus erect, subdichotomous with compressed branches to foliose. usually
mucilaginous. Structure multiaxial with a cortex of discrete, subdichotomous branch
systems, without gland cells, and a medulla of entangled filaments.

c

Fig. 89. A, B. Schizymenia dubyi (A, AD, A61539; B, AD, A41187). A. Habit, young plants. B. Habit,
old plant. C. Platomafoliosa (AD. A42227). Habit. D. Platoma australiea (AD, A46962). Habit.
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Fig. 90. A-C. Schizymenia dubyi (A, B, AD, A34879; C, AD, A34856). A. Transverse section of
cortex with gland cells and carpogonial branch with adjacent darkly staining cells. B. Transverse
section of cortex and depressed ostiole, with a young carposporophyte. C. Outer cortical cells with
spermatangia. D--F. Platomafoliosa (AD, A42227). D. Section of cortex with carpogoniaJ branch and

Platoma
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Life history: Sexual thalli only known.
Reproduction. Sexual thalli monoecious or dioecious. Carpogonial branches 3-celled,
borne on inner cortical (supporting) cells with adjacent, darkly staining, nutritive auxiliary
cells. Non-procarpic, with the auxiliary cells also inner cortical cells. Gonimoblast
developing outwardly from the auxiliary cell, with all cells of the carposporophyte becoming
carposporangia; an obscure pore or gap between the cortical filaments present above the
carposporophytes. Spermatangia cut off from outer cortical cells.
Tetrasporophytes unknown.
Type species. P. cyclocolpa (Montagne)Schmitz 1894: 627.
Platoma, with 8 known species, is distributed from the tropics to subarctic waters
(Norris & Bucher 1977, p. 155) so the two species described below from southern Australia
are the first from the southern hemisphere.
The genus is closely related to Schizymenia, differing in having neither gland cells nor a
distinct ostiole above the carposporophyte, but is similar in having cells of the cortical
filaments adjacent to the carpogonial branches becoming darkly staining and acting as
nutritive auxiliary cells. Platoma differs from Nemastoma and Adelophycus where the
gonimoblast develops from the connecting filament and gland cells also occur. The three
species placed above in Tsengia differ from Platoma in having isomorphic gametophytes
and tetrasporophytes whereas in Platoma tetrasporophytes are unknown.
The Western Australian Nemastoma damaecornis Harvey (1855a, p. 557) needs
investigating. It is known from Fremantle and Rottnest I., and has been collected from 3-16
m depths in the Perth region and possibly also from Lord Howe 1.
Norris & Bucher (1977, p. 161) discuss the valid publication of the name Platoma, and
also conclude that the generic name should be accepted as a feminine noun.
KEY TO SPECIES OF PLATOMA
1.

1.

Thallus with small marginal lobes; cortex (80-) 120-160 !lm thick, branch systems
8-12 cells long, with cortical filaments borne on the supporting cell shorter than normal
cortical filaments ............................................................................................. 1. P. foliosa
Thallus without small marginal lobes; cortex 60-80 !lm thick, branch systems 6-8 cells
long, with cortical filaments borne on the supporting cell of normal length
.................................................................................................................... 2. P. australica

1. Platoma foliosa Womersley & Kraft, sp. nov.

FIGS 89C, 90D-F
Thallus (Fig. 89C) medium to dark red-brown, slightly mucilaginous, (10-) 20-65 cm
high and across, foliose and simple or with several large lobes, and with small marginal
lobes 1-3 cm across giving an irregular outline, 300-600 !lm thick, usually with "deltaic"
markings for 5-10 cm above the base, broadening markedly from a short stipe 1-4 mm long.
Holdfast discoid, 2-5 mm across; epilithic. Structure of a cortex (80-) 120-160 !lm thick, of
discrete branch systems 8-12 cells long, subdichotomous every 1-2 cells, inner cells ovoid
to elongate, (4-) 8-12!lm in diameter and UD 1.5-2 (-3), outer cortex of relatively straight
filaments 3-4 /.1m in diameter, cells UD 1.5-3 (-5); gland cells absent. Medulla of relatively
lax longitudinal and entangled filaments 4-{) !lm in diameter. Rhodoplasts several per cell,
discoid to elongate.
Reproduction. Sexual thalli monoecious. Carpogonial branches (Fig. 90D) 3-celled,
borne on an inner cortical (supporting) cell with adjacent ceIls often darkly staining, and
with the cortical filaments borne on the supporting cell shorter than adjacent cortical
adjacent darkly staining cells. E. Cortex with auxiliary cell and connecting filament, and
carposporophyte. F. Outer cortex with spennatangia. G-I. Platoma australica (G, AD, A46962; H. I,
AD, A45120). G. Transverse section of cortex with a carpogonial branch and adjacent darkly staining
cells (two cells with rhodoplasts). H. Carposporophyte. I. Outer cortex with spermatangia.
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filaments (Fig. 90D); a sterile cell on the supporting cell or first cell of the carpogonial
branch. Auxiliary cells in a similar position to supporting cells, bearing shorter cortical
filaments, producing the carposporophyte directly following union with a connecting
filament. Carposporophyte (Fig. 90E) lying between cortical filaments, ovoid to conical,
60-100 11m across, with all cells becoming ovoid to angular carposporangia 8-10 11m across.
Pore above carposporophyte absent to slight, due only to separation of cortical filaments by
the carposporophyte or the slight depression due to shorter cortical filaments from the
auxiliary cell. Spermatangia (Fig. 90F) cut off outermost cortical cells, ovoid, 1.5-2.5 11m in
diameter.
Tetrasporangia unknown.
Thallus leviter mucosus, (10-) 20-65 cm altus et latus, foliaceus, simplex vel lobatus,
parvis lobis marginalibus 1-3 cm latis, 300-600 11m crassis, stipite brevi; hapteron
discoideum, 2-5 mm latum, epilithicum. Cortex (80-) 120-160 11m latus, systematum
ramorum discretorum subdichotomorum formatus, 8-12 celluJas longus, cellulae interiores
(4-) 8-12 11m in diametro et LID 1.5-2 (-3), cortex exterior filamentorum rectorum 3-4 11m
in diametro, cellulae LID 1.5-3 (-5); medulla filamentorum laxorum longitudinalium
intricatorumque.
Thalli sexuales monoecii. Rami carpogoniales tri-cellulares, in cellulis interioribus
corticalibus portati, cellulis contiguis fusce tinctis, et filamentis in cellula sustinente
brevioribus quam filamenta contigua corticalia; cellula sterilis in cellula sustinente vel in
cellula prima rami carpogonialis. Cellulae auxiliares in cellulis sustinentibus similiter
superpositae, gonimoblastum directe producentes filamento connectivo conjunctae.
Carposporophyticus in cortice ovoideus vel conicus, 60-100 IJm latus, cellulis totis
carposporangia ferentibus; porus absent vel laevis. Spermatangia ab cellulis extimis
corticalibus abscissa. Tetrasporangia ignota.

Type from Nora Creina, S. Aust., 5-6 m deep (R. Lewis & Kraft, 13.v.l972); holotype in
AD, A42227; isotype in MELD, A4038 1.
Distribution: Nuyts Reef, S. Aust., to Phillip 1., Vic., and Currie R., N. Tasmania.
Selected specimens: Nuyts Reef, S. Aust., 9-10 m deep (Shepherd, 26.iii.l980; AD, A523 10).
Elliston, S. Aust., drift (Womersley, 27.ii.1959; AD, A22168). Topgallant I., Investigator Group, S.
Aust., 27 m deep (Turner, 29.iii.1982; AD, A53063). Pelorus I., S of Kangaroo I., S. Aust., 10-30 m
deep (Branden, 19.vi.l991; AD, A61389). Granite I., Victor Harbor. S. Aust., 4 m deep inside
breakwater (Colling.~, 12.viii.l991; AD, A61475). Robe, S. Aust., drift (Womersley, 5.viii.1961; AD,
A25490). Port MacDonnell, S. Aust., drift (Womersley, 17.v.1983; AD, A54515). Point Lonsdale, Vic.,
drift (G., L. & J. Kraft, 26.iv.1992; MELU, 40382). The Nobbies, Phillip 1., Vic., 15 m deep (Huisman,
8.vi.l980; MELU, 40350). Currie R., Tas. (Perrin 457 & Lucas. April 1934; AD, A49744).

Platomafoliosa differs from the superficially similar Schizymenia dubyi in habit, having
an irregular margin usually with numerous small lobes, a broader cortex with branch systems
with longer cells (especially in the outer cortex), only slight pores above the shorter
filaments on the auxiliary cells, and in having the carposporophyte lying within the cortex.
The medulla of P. foliosa is also laxer and the deltaic markings on the lower thallus are more
prominent.
The several other foliose species of Platoma differ (on limited information available)
from P. foliosa in branching and details of the cortical branch systems (see Norris & Bucher
1977, p. 160). P.foliosa appears to be closest to P. incrassata Schousboe (Bornet 1892, p.
343: De Toni 1905, p. 1646) in the Mediterranean, but does not have the thickened margins
of the latter.
2. Platoma australica Womersley & Kraft, sp. nov.
FIGS 89D, 90G-I
Thallus (Fig. 89D) medium red, fading to yellow-red, slightly mucilaginous, (10-)
15-35 em high and 15-25 cm across, foliose with a few major lobes and a smooth to
somewhat irregular margin, surface slightly mottled and with slight furrows on the lower
thallus, 300-600 (-1000) 11m thick, broadening markedly from a short stipe 3-8 mm long
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and 2-3 mm in diameter. Holdfast discoid, 2-4 mm across; epilithic. Structure of a cortex
(Fig. 90G) 60-80 11m thick, of discrete branch systems 6-8 cells long, inner cortex
subdichotomous at each cell, cells ovoid to subspherical, 10-12 11m in diameter, tapering to
the outer cortex of slightly separated filaments 2-4 (-5) flm in diameter, cells cylindrical,
l1D (1-) 2-3, unbranched for tenninal 2-3 cells; medulla of lax filaments 4-6 11m in
diameter, some traversing from cortex to cortex. Rhodoplasts few per cell, discoid to elongate.
Reproduction. Sexual thalli monoecious. Carpogonial branches (Fig. 9OG) 3-celled,
borne on an inner cortical (supporting) cell with adjacent cells becoming swollen and darkly
staining, the branch systems borne on the supporting cell of normal corticallength. Auxiliary
cells in a similar position to the supporting cell, becoming swollen and subspherical and with
adjacent cells darkly staining, producing the gonimoblast directly following union with a
connecting filament. Carposporophyte (Fig. 90H) lying between the cortical systems but
protruding into the outer medulla, ovoid to conical, 60-80 11m across, all cells becoming
ovoid carposporangia 6-10 J.lm in diameter. Cortical filaments around the carposporopbyte
with enlarged cells but only a slight pore in the outer cortex above the carposporophyte.
Spermatangia (Fig. 90 I) cut off from the outer cortical cells, ovoid, I-211m in diameter.
Tetrasporangia unknown.
Thallus paulatim mucilaginosus, (10-) 15-35 cm altus et 15-25 cm latus, foliosus, lobis
perpaucis majoribus, superficies leviter maculatus et in thallo inferiori sulcatus, 300-600
(-1000) 11m crassus, stipite brevi. Hapteron discoideum, 2-4 mm latum; epilithicum. Cortex
60-80 J.lm crassus, systematum ramorum discretorum 6-8 cellulas longus, cortex interior
subdichotomus in cellula omni, cellulae ovoideae, 10-12 11m in diametro, cortex exterior
filamentorum paulatim segregatarum, 2-4 (-5) J.lm in diametro, cellulae l1D (1-) 2-3,
ultimae 2-3 cellulae simplices; medulla filamentorum laxorum.
Thalli sexuales monoecii. Rami carpogoniales tri-cellulares, in cellula interiori corticali
portati, cellulae contiguae tumidae, obscure tinctae, systemata ramorum in cellula sustinente
longitudinis usualis. Cellula auxiliaris cellulae sustinenti similiter locatus, cellulae contiguae
tumidae et obscure tinctae, producentes gonimoblastum quum filamento connectivo
coniunctae. Carposporophyticum in cortice, ovoideum vel conic urn, 60-80 J.lm latum,
cellulae totae carposporangia sunt, et filamenta corticalia cellulis tumidis sed tantum poro
laevi cingunt. Spermatangia ab cellulis corticalibus exterioribus abscissa. Tetrasporangia
ignota.

Type from Encounter Bay, S. Aust., drift (Womersley, Iji.1976); in AD, A46962.
Distribution: Waldegrave I., S. Aust., to Kent Group, Bass Strait, and SE Tasmania.
Selected specimens: Waldegrave I., S. AuSL, 22 m deep (Shepherd, 17.iv.1970; AD, A35890).
Elliston, S. Aust., drift (Woelkerling. 28.xii.1976; AD, A47863). Victor Harbor, S. Aust.. drift
(Womersley, 22.ix.1990; AD, A60587). Vivonne Bay, Kangaroo I., S. Aust., 5-6 m deep on jetty piles
(Kraft 4709, 19.i.1974; AD, A47280). Victor Harbor, S. Aust., drift (Womersley, 22.ix.1990; AD,
A60587). Baudin Rocks, Guichen Bay, S. Aust., 6 m deep (Owen & Lewis, 16.ii.l974; AD, A47226).
Stinky Bay, Nora Creina, S. Aust., drift (Womersley, 14.iii.l991; AD, A61171). Port MacDonnell, S.
Aust., drift (Womersley, 23.viii.l988; AD, A59244). West Point, Erith I., Kent Group, Bass Strait,
28 m deep (Shepherd & Lewis, 1O.v.1974; AD, A45120). Taroona, Tas., uppermost sublittoral
(Sanderson, 24.xi.l991; AD, A61534).

P. australica is a deep water species on rough-water coasts. It is superficially similar to
both P. foliosa and Schizymenia dubyi, differing from the former in lack of marginal lobes,
in baving a narrower cortex, and in the cortical filaments on the supporting cell being of
normal length. The cortex of Schizymenia dubyi is of similar thickness but is more compact,
with the branch systems separating less easily on squashing, and also differs in having a
distinct ostiole surrounded by modified cortical filaments outside the carposporophyte.

FAMILY GIGARTINACEAE Kutzing 1843: 389
by K.S. Edyvane & H.B.S. Womersley
Thallus erect, occasionally prostrate, foliose to much branched subdichotomously or
pinnately to irregularly, branches terete to compressed. finn and drying cartilaginous;
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holdfast usually discoid. Structure multiaxial, growth apical and subapical, developing a lax
filamentous medulla of elongate cells and a cortex of anticlinal filaments of small cells, with
secondary pit-connections in the inner cortex of ovoid cells, in a firm gelatinous matrix; pitplugs with no cap layers.
Life history triphasic with isomorphic gametophytes and tetrasporophytes, occasionally
with mixed phases.
Reproduction. Sexual thalli monoecious or dioecious, procarpic. Carpogonial branches
3-celJed, situated on a supporting cell which is an inner cortical cell and which bears a sterile
cortical branch. Auxiliary cell transformed from the supporting cell, developing gonimoblast
filaments primarily thallus inwardly and forming an entangled mass of slender filaments
mixed with small clusters of carposporangia; filamentous enveloping tissue usually present
around the carposporophyte. Mature cystocarps embedded or protuberant; ostiole absent,
though cortex often depressed outside the carposporophyte, carpospores usually released by
breakdown of cortical filaments. Spermatangia cut off from outer cortical cells in irregular
patches.
Tetrasporangia formed in inner cortical or medullary sori by transformation of inner
cortical or medullary cells or by apical and lateral divisions of these cells, cruciately divided.
The family Gigartinaceae has been restricted and unified by separation of heteromorphic
taxa [with a crustose tetrasporophyte (Petrocelis)] to Mastocarpus in the family
Petrocelidaceae. Recognition of seven genera is proposed by Hommersand et al. (1993), but
some of these are probably of subgeneric status within Gigartina (see below). Based on this
proposed scheme, no species of Iridaea, Chondrus, Chondracanthus, or Mazzaella are
known in southern Australian waters.
KEY TO GENERA OF GIGARTINACEAE
1.
1.

Thallus foliose, simple or lobed, submembranous; cystocarps immersed in the thallus;
tetrasporangia developed by apical divisions of cortical cells, remaining in rows
radiating inwards from just inside the outer cortex ........................... RHODOGLOSSUM
Thallus foliose or much branched subdichotomously to laterally, cartilaginous;
cystocarps protuberant, in emergent papillate outgrowths or branchlet ends;
tetrasporangia developed by transformation or lateral divisions of inner cortical or outer
medullary cells or from inward-growing clusters of cells in the mid medulla, not in
distinct rows radiating inwards from the subsurface ........................................................ 2
2.

2.

Thallus foliose or much branched pinnately to subdichotomously; tetrasporangia
developed by transformation or lateral divisions of inward-growing clusters of
secondary filaments in the mid medulla; tetrasporangial sori small, maculate,
located in the medulla; tetraspores released by gelatinous extrusion through a
central pore (ie. "non-erosive" sorus) .......................................... SARCOTHALIA
Thallus much branched subdichotomously to laterally or radially; tetrasporangia
developed by transformation of or by lateral divisions of inner cortical or outer
medullary cells; tetrasporangial sori in surface view irregular to elliptical or
linear, located at the boundary between inner cortex and medulla; tetraspores
released by excision and gelatinous extrusion of the sorus (ie. "erosive" sorus)
.......................................................................................................... GIGARTINA

Genus RHODOGLOSSUM J. Agardh 1876: 183
Thallus erect, 5-60 em high, foliose, simple or lobed or with flat lanceolate branches
with narrow to broad marginal proliferations, relatively thin, usually membranous, usually
not mucilaginous. Structure multi axial, with a compact cortex of anticlinal, subdichotomous
filaments of small cells, larger inwardly, and a medulla of slender anastomosing filaments.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monoecious. Carpogonial branches 3-celled, borne on inner
cortical (supporting) cells which also bear a sterile cortical branch. Procarpial, with the
supporting cell acting as auxiliary cell following fertilization, and producing numerous
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gonimoblast initials of which only the inwardly orientated ones produce further gonimoblast
cells; gonimoblast filament cells producing laterally 1-2 carposporangial initials, which
divide and enlarge to fonn 1-2 ovoid carposporangia. Mature cystocarps embedded in the
medulla, only slightly protruding, with compact enveloping tissue surrounding the
carposporophyte, absorbing filaments present and traversing the enveloping tissue, and the
enlarged auxiliary cell remaining only in young carposporophytes. Spermatangia in
inconspicuous sori, cut off from outer cortical cells.
Tetrasporangial sori small, maculate, with rows of cruciately divided tetrasporangia
derived from divisions of the surface cortical cells, radiating inwardly from the subsurface
region.

Type species: R. lanceolatum (Harvey)J. Agardh 1876: 186 [= R. gigartinoides
(Sonder)Edyvane & Womersley].
Edyvane & Womersley (1993) have shown that Rhodoglossum is characterised by
tetrasporangial sori with rows of sporangia resulting from apical divisions of the surface
cortical cells. The type species is very variable in frond morphology and is probably the only
species of Rhodoglossum.
Rhodoglossum gigartinoides (Sonder)Edyvane & Womersley 1993: 238, figs 1-27.
Grateloupia gigartinoides Sonder 1855: 517.
Gigartina lanceolata Harvey 1860a: 326; 1863: pI. 288, synop.: xliii.
Rhodoglossum lanceolatum (Harvey)J. Agardh 1876: 186; 1885: 26. Kim 1976: 12.
figs 27-36, 53, 54. 126.
Iridaeafoliifera Harvey 1860a: 326; 1863, synop.: xliv.
Rhodoglossumfoliiferum J. Agardh 1876: 186; 1879: pI. xi figs 4-8; 1885: 26.
Iridaea polycarpa Harvey 1860a: 326; 1863. synop.: xliv.
Rhodoglossum polycarpum J. Agardh 1876: 186; 1879: pI. xi figs 1-3.
RhodoglossumpurpureumJ. Agardh 1876: 188; 1885: 27.
Rhodoglossum tasmanicum J. Agardh 1879: pI. xii figs 1-4.
Rhodoglossum proliferum 1. Agardh 1885: 27. Fuhrer et al. 1981: pI. 21.
Iridaea prolifera (1. Agardh)De Toni 1897: 190. Lucas] 909: 24; 1929a: 16.
Gigartina prolifera (J. Agardh)Kim 1976: 46.
FIGS 91, 93A, B
Thallus (Fig. 91A-C) medium to dark red or red-purple, often bleached to yellowbrown, surface usually slightly lustrous when dry, erect to decumbent, (5-) 15-40 (-60) em
high, relatively thin, foliose and ovate-Ianceolate or with several broadly ligulate fronds
mostly 2-10 cm broad, often with marginal proliferations 5-20 mm broad and 1-4 cm long,
margin entire, apices usually tapering, arising from a slender, compressed stipe, cuneate
above. Holdfast small, discoid, 1-2 mm across; epilithic. Structure of a compact cortex of
subdichotomous anticlinal filaments, the outer cells 1-2 flm in diameter and LID (1-) 2-4,
and a medulla of slender anastomosing filaments.
Reproduction. Sexual thalli monoecious. Carpogonial branches (Fig. 93A) 3-cel1ed,
borne on inner cortical (supporting) cells which also bear 1-2 sterile cortical branches.
Auxiliary cell derived from the supporting cell, developing the carposporophyte (Fig. 91D)
from numerous gonimoblast filaments (Fig. 93B) which cut off laterally small groups of
carposporangia (10-18 flm in diameter) , with distinct filamentous enveloping tissue which
forms a translucent zone around the dark red carposporophyte; mature cystocarps globose,
2-3 mm in diameter, scattered and slightly protruding; ostiole absent. Spermatangia in
inconspicuous, irregular, scattered sori, cut off from surface cortical cells.
Tetrasporangial sori (Fig. 91E) maculate, 0.5-1 mm in diameter, situated just within the
cortex and outer medulla, with the outer surface more or less level with the cortical surface,
with rows of tetrasporangia radiating inwards from the surface, the outer 2-3 cells sterile,
tetrasporangia 30-40 flm in diameter, cruciately divided.

Type from Port Philip, Vic. (Mueller); holotype in MEL, 5014]5.
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Fig. 91. Rhodoglos5um gigartinoides (A, AD, A24429; B, AD, A43241; C, E, AD, A55441; D, AD,
A57129). A. Habit of cystocarpic plants, moderate water movement. B. Habit of cystocarpic plant from
calm water. C. Habit of tetrasporangial plant, strong water movement. D. Section of cystocarp. E.
Transverse section of thallus with young tetrasporangiaJ soms. [A-E as in Edyvane & Womersley 1993.]
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Distribution: New Zealand (Wellington to Auckland Is).
Hamelin Bay, W. Aust., and Stenhouse Bay, S. Aust., to San Remo, Vic., and around
Tasmania, in the lower eulittoral and upper sublittoral under slight to moderate wave action.

Selected specimens: Hamelin Bay, W. Aust., drift (White, July 1898; MEL, 652203). Stenhouse
Bay, S. Aust., lower eulittoral (Womersley, 9.iv.1950; AD, AI3197). Pennington Bay. Kangaroo I., S.
Aust., sublittoral fringe (Womersley, 16.i.1948; AD, A6531). Robe, S. Aust., drift (Edyvane, 6.ix. I 984;
AD, A55441); upper sublittoral pools, sJipway reef (Womersley, 24.viii.l960; AD, A24429); and lower
eulittoral near jetty (Womersley, 8.xii.l991; AD, A61520 -"Marine Algae of southern Australia" No.
360). Cape Lannes, S. Aust., lower eulittoral (Edyvane, 2I.vii.1984: AD, A57129). Portarlington, Vic.
(Sinkora A1474, 29.ii.l971; AD, A43241). Point Lonsdale, Vic., lower eu1ittoral (Womersiey.
13.v.1982; AD. A57130). San Remo, Vic., drift (Sinkora A667, I I. vi i.I 970; MEL. 652161). Bombay
Rock, Tamar Est., Tas., upper sublittoral (Womersiey. 27.i.l949; AD. AI0362). Orford, Tus.
(Meredith; Herb. Agardh. LD, 23282, 23286. 23344).

Rhodoglossum gigartinoides and its synonyms have been discussed in detail by
Edyvane & Womersley (1993).

Genus SARCOTHALIA Kiitzing 1849: 739
Thallus much branched pinnately to subdichotomously, in some species foliose, 2-100
cm high, branches compressed, somewhat mucilaginous and drying cartilaginous. Structure
multi axial, with a compact cortex of anticlinal, subdichotomous filaments of small cells,
larger inwardly, and a medulla of anastomosing filaments orientated at random or with the
central ones more or less longitudinal and interlinked.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monoecious or dioecious. Carpogonial branches 3-celled,
borne on inner cortical (supporting) cells of lesser branches or in surface papillae. Procarpic,
with the supporting cell acting as auxiliary cell following fertilization, producing numerous
gonimoblast initials which develop mainly thallus inwardly, with the cells cutting off
laterally small clusters of carposporangia; enveloping tissue present, sometimes with
transverse absorbing gonimoblast filaments. Cystocarps swollen, appearing stalked in lesser
branches or in papillae on foliose thalli. Spermatangia in inconspicuous sori, cut off from
outer cortical cells.
Tetrasporangial sori maculate, lying deep in the medulla, developing tetrasporangia in
short chains of 2-4 cells from clusters of inward growing medullary filaments, cruciately
divided. Tetraspores released by gelatinous extrusion through a central pore in the wall.

Type species: S. burmannii (C. Agardh)Kiitzing 1849: 739 [= S. stiriata (Turner)Leister in
Hommersand et al. 1993: 112].
Sarcothalia is restricted to the cold temperate oceans of the Southern Hemisphere
(Australia, New Zealand and South Africa) and has only recently been resurrected as a genus
within the Gigartinaceae (Hommersand et al. 1993). It is characterised by emergent
cystocarps, whether in papillae on foliose species or in lesser branches in branched species,
and by the location of the tetrasporangial 80rus deep within the medulla with the
tetrasporangia derived from clusters of inward growing medullary filaments.

Hommersand et al. (1993) in circumscribing Sarcothalia identified the distinctive
nature of tetrasporangial development. Tetrasporangia typically occur in small, maculate sori
within the mid medulla, with the tetrasporangia developing as chains of 2-4 cells cut off
from a small cluster of inward growing secondary filaments, the cells of which link
progressively with adjacent (mainly inwards) medullary cells. In contrast to species of
Gigartina, the tetrasporangial sorus is not liberated as a unit on maturity, with the tetraspores
generally being released by gelatinous extrusion through a central pore in the wall. Erosional
surfaces are generally absent.
Hommersand et at. (1993) further characterised carposporophyte development in
Sarcothalia, emphasising the compact nature of the enveloping tissue, and the enlarged cells
of the inner gonimoblast filaments which may become linked by secondary pit-connections
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at maturity. These gonimoblast filaments displace the envelope which forms a distinct
boundary penetrated only by tubular gonimoblast cells. Carposporophyte development is
essentially similar in southern Australian species of Sarcothalia, with S. insidiosa and S.
crassifolia agreeing very well with the generic description. However, S. radula appears
distinctive in possessing a diffuse enveloping tissue without transverse gonimoblast filaments.
KEY TO SPECIES OF SARCOTHALIA
I.
1.

Fronds foliose, broadly lanceolate to irregularly ovate, usually branched only from a
short stipe; cystocarps in simple or branched papillae scattered over the surface and
margins ............................................................................................................ 1. S. radula
Thallus non-foliose, pinnately or irregularly branched; branches basally constricted;
cystocarps subterminal or marginal in branchlets, involucrate or not .............................. 2
2.

2.

Thallus entangled, clumped or pulvinate, 2-6 (-10) em high and 2-10 cm across,
with some erect branches, alternately pinnate, axes 2-4 (-5) mm broad, often
arched, tapering to slender apices; apices forming haptera attaching to the
substratum ......................................................................................... 2. S. insidiosa
Thallus erect, 8-30 em high, branches strongly compressed, alternately pinnate,
axes (3-) 5-15 mm broad, 1-1.5 mm thick, tapering to pinnules 4-12 mm long
and 1-2 mm broad ......................................................................... 3. S. crassifolia

L Sarcothalia radula (Esper)Edyvane & Womersley, comb. nov.
Fucus radula Esper 1802: 3, pI. 113.
Sphaerococcus radula (Esper)C. Agardh 1822: 268.
Gigartina radula (Esper)J. Agardh 1848: 10; 1851: 278; 1876: 202; 1899: 28.
Fuhrer et al. 1981: pI. 22. Harvey 1863, synop.: xliii. Parkinson 1981: 21. Setchell
& Gardner 1933: 296.
Gigartina gigantea J. Agardh 1885: 31; 1899: 37, 42. Lucas & Perrin 1947: 152.
Setchell & Gardner 1933: 296.
Iridaea gigantea J. Agardh 1899: 42. May 1965: 403. Parkinson 1981: 18. [NON I.
gigantea Kiitzing 1843: 396 from the Atlantic Ocean?]
Iridaea australasica 1. Agardh 1892: 60. Kim 1976: 47. May 1965: 404.
lridophycus australasica (1. Agardh)Lucas & Perrin 1947: 149.
Gigartina nitens J. Agardh 1899: 40. Setchell & Gardner 1933: 296.
PLATE 4, fig. 2; FIGS 92A-C, 93C, D
Thallus (Fig. 92A) dark red to brown-red, foliose, erect but often decumbent, 15-40 cm
long, drying cartilaginous, fronds simple or with 1-3 branches from the short (2-8 mm long)
stipe, 5-20 cm broad, expanding gradually from the stipe, lanceolate when young, ovate and
tapering or broad apically when mature, occasionally with elongate laterals to 10 cm long
from the lower margins. Surface and margin with short spinous papillae 1-2 mm long,
occasionally with leaflets 7-10 mm long and 1-2 mm broad, usually with a bare
intramarginal zone; margin usually sinuate, entire when young, ciliate to dentate in some
plants. Holdfast discoid, 1-3 mm across; epilithic. Structure of a compact cortex of
anticlinal, subdichotomous, filaments, outer cells (1-) 2-3 11m in diameter and LID (1-)
1.5-2, and a medulla of (at tIrst) slender anastomosing filaments, 3-5 I-lm in diameter, later
becoming 8-14 I-lm in diameter.
Reproduction. Sexual plants dioecious. Procarps grouped near tips of young papillae,
carpogonial branches (Fig. 93C) 3-celled, borne on a relatively large inner cortical
(supporting) cell. Cystocarpic papillae simple or branched, 2-3 mm long and 1-3 mm in
basal diameter, capitate to clavate with a single (rarely 2 or 3) cystocarp, occurring on both
sides of thallus but not opposite each other, covering the fronds apart from a sterile
intramarginal zone 3-5 mm wide. Cystocarps (Fig. 92B) with diffuse enveloping tissue of
ovoid to elongate cells without transverse filaments from the gonimoblast, a thick cortex
with a distinct depression outside the carposporophyte, and a filamentous carposporophyte
matrix with scattered larger cells with many pit-connections and numerous small clusters
(Fig. 93D) of ovoid carposporangia each 5-10 /lm in diameter, liberated by disintegration of

Sarcothalia

GIGARTINACEAE

291

Fig. 92. A-C. Sarcothalia radula (A, C, AD, A61542; B, AD, A53207). A. Habit of cystocarpic
(upper left, part only) and tetrasporangial plants. B. Section of cystocarp (cortex bent over at top). C.
Section of mature (on right) and young (on left) tetrasporangial sori. D-F. Sarcothalia insidiosa (D,
Holotype in LD; E, AD, A56934; F, AD, A39606). D. Habit of holotype. E. Habit of tufted plant. :1".
Section of cystocarp.
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Fig. 93. A, B. RhodogluS\um gigarlinoides (AD, A57129). A. Cortical filaments with a supporting cell
and a 3-celled carpogonial branch. B. Gonimoblast filaments bearing groups of carposporangia. C, D.
Sarcothalia radula (AD, A58290). C. Cortical filaments with a supporting cell and a 3-celled
carpogonial branch. D. Gonimoblast filaments with carposporangia. E-G. Sarcothalia insidiosa (E, G,
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the cortical depression. Spermatangial sori ovate, 2-5 mm across, on the frond surface or on
spinous papillae.
Tetrasporangiai sori (Fig. 92C) immersed deep within the medulla, scattered, maculate,
single or in groups of 2-5, often in depressions when thallus ruffled, with a sterile thallus
intramarginal zone 2-4 mm wide; tetrasporangia in short, simple or branched, chains of 1-4,
cut off laterally from clusters of inward growing secondary filaments in the mid medulla,
ovoid, 18-30!Jm in diameter, cruciately divided.

Type from "Australia"; in Herb. Esper, ER? (not in BM).
Distribution: New Zealand, South Africa (?).
Robe, S. Aust., to San Remo, Vic., and around Tasmania, uppermost to deeper
sublittoral in regions of slight to moderate water movement, mainly on rough-water coast.

Selected specimens: Robe, S. Aust., I m deep on slipway reef (Steer, 16.i.1974; AD, A44663) and
drift (Womersley, Il.xii.l969; AD, A34871). Cape Lannes, S. Aust., uppermost sublittoral
(Womersley, 16.v.1982; AD, A53113) and (Edyvane, 21.vii.l984; AD, A56938). Blackfellows Caves,
SE S. Aust., 0-\ m deep, shaded (Womersley, 8.xii.1991; AD, A61542 -"Marine Algae of southern
Australia" No. 365 and 18.ix.1993; AD, A62995). Port MacDonnell, S. Aust., 1-2 m deep (Edyvane,
5.vi.1982; AD, A53207) and drift (Edyvane, 26.vii.1982; AD, A58290). Bridgewater Bay, Vic., drift
(Womersley, 14.iv.1959; AD, A22625). Port Phillip Heads, Vic. (Wilson, 8.ii.l889; MEL, 652106).
San Remo (outer beach), Vic., drift (Sinkora A1974, 27.xi.1974; MEL, 504388). Musselroe Bay, Tas.
(Perrin, Jan. 1947; AD, AI0839). Tesselated Pavement, Eaglehawk Neck, Tas., drift (Wollaston &
Mitchell, l.iii.l964; AD, A27797). Quiet Corner, Adventure Bay. Bmny 1., Tas., drift (Shepherd,
16.ii.1972; AD, A41534).
The type specimen (in ER?) of S. radula was sent to Esper by Dawson Turner. from the
Banks Herbarium. Unfortunately there is no collector or data other than "Neuholland" on the
type sheet. Parkinson (1981, p. 22) considered this locality in error and New Zealand the
more likely type locality. since the specimen (described in 1802) must have been collected
on Cook's first voyage (1768-71) and Cook did not visit SE Australia where S. radula
occurs. Six years after Esper's description, Turner (1808, p. 54), in describing Fucus
bracteatus Gmelin (based on specimens from S. Africa and the west coast of N. America)
referred to "specimens lately brought to England by Mr Brown" (i.e. from Flinders 1801-5
expedition) and referred to "F. radula which is given to the present plant in the Banksian
herbarium". However, several other individuals collected in Australia for Banks before 1800,
and the type specimen cannot be excluded from Australia on the present evidence, and some
Australian specimens agree well with Esper's illustration.
S. radula is variable in form, depending largely on age and the degree of water
movement in its habitat.
Gigartina gigantea J. Agardb (1885, p. 31) from Orford, Tasmania (Meredith),
lectotype in Herb. Agardh, LD, 23925 (a possible isolectotype in MEL, 652098), is a larger,
calm-water, form intermediate between typical S. radula and the very large calm-water form
found in south-east Tasmania (e.g. AD, A41534 which when collected measured 90 cm by
110 em) and which has sparse but longer surface papillae, some like small leaflets.
Iridaea gigantea 1. Agardh (1899, p. 42) is represented in Herb. Agardh by several
specimens of Meredith from Tasmania, all of which 1. Agardh had previously referred to
Gigartina gigantea; all appear to be tetrasporangial plants of S. radula. No sheet is named
Iridaea gigantea, but LD, 23207 is here designated as lectotype.
Iridaea australasica 1. Agardh (1892, p. 60) is based on two collections one from
Tasmania (Meredith), including four small cystocarpic plants and two sterile ones (which
may be different), and a single tetrasporangial plant from Port Phillip Heads, Vic. (Wilson,
AD, A56932; F, AD, A16198). E. Branchlets with cystocarps. F. Cystocarps with involucral pinnules.
G. Branchlets with attachment haptera and tetrasporangiat sori. H-J. Sarcothalia crassifolia (AD,
A55439). H. Branch with cystocarps. I. Cystocarp with involucral ramuli. J. Branch with maculate
tetrasporangial sori.
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28.i.1891; Herb. Agardh, LD, 23184). The latter is chosen as lectotype in view of the
importance of the tetrasporangial phase. This plant is without surface papillae and has only
slight marginal papillae, as is common in tetrasporangial thalli of S. radula, and as J. Agardh
noted the tetrasporangial sori are in the central part of the frond (i.e. deep in the medulla).
The folder in LD of Gigartina nitens J. Agardh (1899, p. 40) contains several
specimens, all previously named G. gigantea and without G. nitens on the sheets. A
specimen from Port Phillip Heads, Vic. (Wilson, 30.i.1883(?); Herb. Agardh, LD, 23939) is
selected as lectotype, being a cystocarpic specimen with well-developed surface and marginal
papillae, agreeing well with J. Agardh's description. It is indistinguishable from S. radula.
Plants seemingly identical with the Australian ones do occur in New Zealand, and have
generally been known as G. circumcincta J. Agardh (1876, p. 202). Other foliose New
Zealand species appear distinct in form but need investigating in detail.
2. Sarcothalia insidiosa (J. Agardh)Edyvane & Womersley, comb. nov.
Gigartina insidiosa J. Agardh 1899: 22. De Toni 1924: 181. Setchell & Gardner
1933: 294; 1934: 136.
FIGS 92D-F, 93E-G, 94A, B
Thallus (Fig. 92D, E) dark brown-red, forming more or less pulvinate or clumped
masses 2-6 (-10) cm high and 2-10 cm across, much branched with entangled, pinnate,
main branches (Fig. 92D) and laterals, some branches often arched and with branch apices
forming attachment haptera (Fig. 93G) to the substrate. Main branches compressed, 2-4 (-5)
mm broad, lesser branches terete to slightly compressed, 1-3 mm broad, basally attenuate,
broader above and tapering apically, often curved. Holdfasts numerous in clumped plants,
small and discoid; epilithic. Structure of a compact cortex of anticlinal, subdichotomous
filaments, outer cells I-211m in diameter and LID 1-2 (-3), and a medulla of slender
anastomosing filaments.
Reproduction. Carpogonial branches 3-celled, on inner cortical (supporting) cells within
small branchlets which later bear 1-6 swollen cystocarps. Cystocarps (Fig. 93E, F) borne on'
short laterals on lower parts of main branches, 1-1.3 mm across, becoming involucrate with
3-5 pinnu\es, with moderate enveloping tissue of elongate cells (with some transverse
absorbing filaments) and a carposporophyte (Fig. 92F) with a filamentous matrix and
numerous groups of ovoid carposporangia, developed in clusters of 2-4, each 12-20 11m in
diameter. Spermatangia not observed.
Tetrasporangial sori (Fig. 93G) maculate, scattered over lesser branchlets, 0.5-1 mm
across, developed from a cluster of branched, inward-growing, secondary filaments (Fig.
94A) originating in the mid medulla, with the earlier-formed cells of the filaments (plus
some cut off laterally) transformed into tetrasporangia forming a globular mass (Fig. 94B) in
the mid to inner medulla. Tetrasporangia ovoid, 20-28 11m in diameter, irregularly
cruciately divided.

Type from Port Elliot, S. Aust. (Hussey); holotype in Herb. Agardh, LD, 23742.
Distribution: Pearson I., S. Aust., to Port MacDonnell, S. Aust., and from Port Arthur,
Tasmania, forming mats or clumps under moderate wave action just above and below low
tide level.

Selected specimens: Pearson I., S. Aus!., upper sublittoral (Specht, 17.ii.l960; AD, A24504,
A24541). Middle R., Kangaroo I., S. Aus!., lower eulittoral (Womersley, 19.i.l947; AD, A4273). Robe,
S. Aust., upper sublittoral pools on slipway reef (Womersley, 24.viii.l960; AD, A24426). Cape Lannes,
S. Aust., near low tide level (Edyvane, 2 I. vii. 1984; AD, A56932). Nora Creina, S. Aust.. 3-8 m deep
(Owen, 3.ix.1971; AD, A39606). Port MacDonnell, S. Aus!., drift (Womersley, 20. viii.1984; AD,
A56934). Port Arthur, Tas., lower eulittoral (Cribb 117.10, 26.i.l951; AD. AI6198).

Sarcothalia insidiosa is distinguished by development of the tetrasporangia from cells
of clusters of inward-growing filaments (many of which have their end cells pit-connected
with medullary cells), resulting in sori deep within the medulla. In tetrasporangial
development it is related to S. crassifolia and S. radula but clearly distinct in habit and
dimensions. The characteristic low, entangled, habit is a result not only of the curved
pinnules and pinnae, but also of the apices of the pinnules forming attachments or secondary

Sarcothalia

GIGARTINACEAE

295

c

Fig. 94. A, B. Sarcothalia insidiosa (AD, A56932). A. Cluster of inward-growing tetrasporangial
filaments in the mid medulla. B. Tetrasporangial sorus developed from the cluster of inward-growing
filaments. C-F. Sarcothalia crassifalia (C, AD. A41188; D-F, AD. A37801). C. Habit of
tetras,P0rangial (on left) and cystocarpic (on right) plants. D. Section of cystocarp. E. Cluster of inwardgrowmg tetrasporangial filaments in the mid medulla. F. Section of part of tetrasporangial soms in the
mid medulla.
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holdfasts to the substratum. In this latter respect it resembles S. crassifolia, but is clearly
different in being much more slender with juvenile plants low and entangled. The cystocarps
are borne on short laterals on lower parts of the main branches, and develop 3-5 prominent
involucral pinnules. The type specimen has well-developed percurrent branches, whereas
most specimens form clumps with erect branches less well developed than in the type.
The New Zealand Gigartina Laing;i Lindauer (1939; Alg. Nova-ZeL Exsicc. 49) is
similar morphologically to S. insidiosa and occupies a similar ecological niche. It may prove
to be specifically identical.
3. Sarcothalia crassifolia (C. Agardh)Edyvane & Womersley, comb. nov.
Sphaerococcus crassifolius C. Agardh 1822: 273; 1824: 224.
Gigartina crassifolia (C. Agardh)J. Agardh 1842: 104
Gigartina crassicaulis (C. Agardh)Setchell & Gardner 1933: 294; 1934: 136.
Lucas & Perrin 1947: 151.
Gigartina livida (Turner)Greville sensu J. Agardh 1851: 270; 1876: 196. Harvey
1860a: 325; 1863, synop.: xliii. Hooker & Harvey 1847: 40. Lucas 1909: 24;
1929a: 16. Wilson 1892: 183. [NON G. livida (Turner)J. Agardh 1842: 104 from
New Zealand.]
Gigartina pinnata J. Agardh sensu Harvey 1859a, pI. 68. Ktitzing 1869: 6, pI. 17.

FIGS 93H-J, 94C-F
Thallus (Fig. 94C) dark red to brown-red, fading to yellow-brown, 8-30 cm high,
slightly mucilaginous and drying cartilaginous with several complanately branched fronds
from the holdfast; fronds alternately pinnate, usually relatively bare below with compressed
percurrent axes (3-) 5-15 mm broad, tapering to base and apex, 1-1.5 mm thick; marginal
laterals similarly pinnately branched, 2-5 mm broad, 0.7-1 mm thick, with pinnules 4-12
mm long and 1-2 mm broad, terete to slightly compressed, with rounded apices; older axes
often with surface ramuli. Holdfast discoid, 1-3 mm across, becoming sto1oniferous;
epilithic. Structure of a dense cortex of anticlinal, subdichotomous, filaments, end cells.
0.5-2I-lm in diameter and un 2-4, and a medulla of slender, anastomosing filaments.
Reproduction. Sexual thalli monoecious. Carpogonial branches 3-celled, borne on
relatively large inner cortical (supporting) cells in the ultimate pinnules. Cystocarps (Fig.
93H, I) 1-1.5 mm across, subterminal or marginal in the compressed pinnules, without or
with an involucre of 1-3 short ramuli 1-3 mm long, apices rounded to spinous; enveloping
tissue compact, with numerous transverse filaments from the gonimoblast, carposporophyte
(Fig. 94D) with a filamentous matrix of scattered larger cells with thickened pit-connections
and dense clusters of ovoid carposporangia, each 7-12 Jlm in diameter. Spermatangial sori
near or surrounding developing cystocarps, with the outer cortical cells each cutting off two
spermatangia which produce ovoid spermatia about 1 Jlm in diameter.
Tetrasporangial sori (Fig. 93J) ovate to circular, maculate, 0.5-1 (-1.5) mm across,
scattered over the lateral branches, with tetrasporangia developed from a cluster of inward
growing filaments (Fig. 94E) originating in the mid medulla, with the earlier formed cells
transformed into tetrasporangia (Fig. 94F) and some cut off laterally, giving a deep-seated
medullary sorus; tetrasporangia ovoid, 20-32 I-lm in diameter, cruciately divided.

Type from "Nouv. Holl." (from Desfontaines); lectotype ("Fucus Tt") in Herb. Agardh, LD,
23557 (a smaller fragment 23556); and in PC.
Distribution: South coast of Kangaroo 1., S. Ausl., to Walkerville, Vic., and the east coast
of Tasmania, occurring just sublittoral to 10 m deep on rough-water coasts.

Selected specimens: Cape du Couedic, Kangaroo I., S. Aust., low eulittoral (Womersley, l2.i.1948;
AD, A 7008). Pennington Bay, Kangaroo I., S. AusL, uppennost sublittoral (Kraft & Min-Thein,
l.xii.l971; AD, A41330). Margaret Brock Reef, Cape Jaffa, S. Aus!., 10 m deep (R. Lewis, 15.ii.1974;
AD, A45028). Cape Lannes, S. Aus!., uppennost sublittoral (Womers!ey, 17.xii.1970; AD, A37801 and
20.xii.l971; AD, A41188 -"Marine Algae of southern Australia" No. 88, and Edyvane, 28.iv.1984;
AD, A55437). Blackfellows Caves (S of Carpenter Rocks), S. AuSL, upper sublittoral (Edyvane,
3.ii.1984; AD, A55439). Walkerville, Vic., drift (Sinkora A2588, 27.iii.l979; AD, A60999).
Eddystone, Tas. (Perrin 726, Nov. 1949; AD, A49700). Eaglehawk Neek, Tas., drift (Wollaston &
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Mitchell, l.iii.1964; AD, A27796). Ninepin Point, D'Entrecasteaux Ch., Tas., at low tide (Edyvane,
15.iii.1982; AD, A53112).

S. crassifolia, like S. insidiosa and S. radula, is characterised by deep-seated medullary
sori which originate from a cluster of secondary medullary filaments.
S. crassifolia has relatively thick axes and main branches [1-1.5 mm thick, compared to
500-750 J.lm in the New Zealand G. livida (Turner)J. Agardh which also has maculate sori],
and by the presence of maculate tetrasporangial sori. This contrasts with the elongate, largely
marginal, sori of the morphologically similar G. pinnata (see below). Development of the
tetrasporangial sori in other related but distinct pinnate New Zealand species has not been
recorded.
At the western end of its range, on Kangaroo L, specimens are usually dwarf and less
branched, and in some localities (A55437 and A60999 cited above) the branches are
relatively slender (2-5 mm broad).

Genus GIGARTINA Stackhouse 1809: 55
Thallus usually much branched subdichotomously, laterally or irregularly, complanately
or radially, branches terete to compressed, usually relatively thick, somewhat mucilaginous
and drying cartilaginous. Structure multiaxial, with a compact cortex of anticlinal,
subdichotomous filaments of small cells, larger inwardly, and a medulla of anastomosing
filaments orientated at random or with the central ones more or less longitudinal and
interlinked.
Life history triphasic with isomorphic gametophytes and tetrasporophytes, some species
with mixed phases.
Reproduction. Sexual thalti monoecious or dioecious. Carpogonial branches 3-celled,
borne on inner cortical (supporting) cells of lesser branches. Procarpic, with the supporting
cell acting as auxiliary cell following fertilization, producing numerous gonimoblast initials
which develop mainly thallus inwardly, with the cells cutting off laterally small clusters of
carposporangia; enveloping tissue of varying compactness, present around the
carposporophyte, sometimes with transverse absorbing gonimoblast filaments. Cystocarps
swollen, appearing stalked in lesser branches. Spermatangia in inconspicuous sori, cut off
from outer cortical cells.
Tetrasporangial sori irregular, linear or annular, lying near the boundary between the
inner cortex and the medulla, developing tetrasporangia in short chains of 2-4 cells by
transformation of and lateral divisions of inner cortical and outer medullary cells.
Tetraspores released by excision and gelatinous extrusion of the entire sorus, leaving behind
an eroded surface.

Type species: G. pistillata (Gmelin)Stackhouse 1809: 74.
Gigartina (including Chondracanthus KOtzing) is a large genus, widely distributed on
temperate coasts of Australia, New Zealand, South Africa and most N. Hemisphere coasts. It
is characterised by the cystocarps appearing stalked in lesser branches, and by the location of
the tetrasporangial sori near the boundary between cortex and medulla, with the
tetrasporangia being transformed from, and cut off laterally from, existing vegetative
filaments.

The type species of Gigartina has only recently been investigated in detail, by
Hommersand et al. (1992). The gonimoblast filaments penetrate the enveloping tissue and
gonimoblast cells unite with vegetative cells by fusion or by secondary pit-connections to
form a heterokaryotic placenta. Carposporangial chains derived from both diploid
gonimoblast and heterokaryotic placental cells differentiate in clusters, separated by sterile
placental tissue and surrounded by the enveloping tissue. Tetrasporangial sori occur near the
boundary of cortex and medulla. Both intercalary cells and cells of short lateral chains
differentiate into tetrasporangia which divide cruciately. The sorus tends to be liberated as a
unit on maturity, leaving behind a distinctly eroded surface, which is repaired by the
proliferation of subcortical cells (Hommersand et al. 1992).
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The southern Australian species described below agree as far as known with the
development of the carposporophyte for the type species, though union of diploid
gonimoblast cells with haploid vegetative cells has not been established. While an
enveloping tissue with transverse filaments is present in the type species (Hommersand et at.
1992), the degree of development of the enveloping tissue varies considerably in southern
Australian species, being very slight in G. recurva to very compact in G. brachiata, G.
densa, G. sonderi and G. pinnata. Further, in contrast to the type species, transverse
gonimoblast filaments were not observed in many species. However, G. recurva and to a
lesser extent G. pinnata, do possess numerous tubular gonimoblast filaments which
penetrate between the cells of the enveloping tissue. On this basis the nature of the
enveloping tissue should be disregarded as a generic character in the family.
G. wehliae is similar to G. recurva in the slight to moderate development of an
enveloping tissue, but lacks any transverse gonimoblast filaments. However, until
tetrasporangial sori are observed, the generic status of this species remains uncertain.
Chondrus Stackhouse is separated from Gigartina by having immersed
carposporophytes in the flat branches and by the absence of enveloping tissue. Since the
cystocarps of G. recurva are swollen in branchlets and are more circumscribed than those in
Chondrus, which extend through the whole medulla, G. recurva is retained in Gigartina
though the enveloping tissue is slight.

Release of carpospores in southern Australian species of Gigartina is not through an
ostio\e. The cortex directly outside the carposporophyte is generally shallow or depressed,
and disintegrates when carpospores are liberated. As in the type species, the breakdown of
cortical tissue does not penetrate to the enveloping tissue or carposporophyte. While
Hommersand et at. (1992) refer to this "gap" as an ostiole, it does not constitute an ostiole in
a true sense.
The development of tetrasporangial sori in the southern Australian species of Gigartina
falls into two groups, which form a gradation:
1. Tetrasporangia in short chains of 2-4 cells derived primarily from the transformation of
inner cortical or outer medullary filaments (G. brachiata, G. densa and G. sonderi).
2. Tetrasporangial in short chains of 2-4 cells derived primarily from the lateral divisions
of inner cortical or outer medullary cells. The tetrasporangial sori in this group, while
located near the boundary of the cortex and medulla, tend to extend deeper into the
medulla. Tetrasporangial development in these species is identical to the type species.
The species in this group include G. muelleriana, G. disticha, G. pinnata and G.
recurva.
The prevalence of lateral chains in these species is linked with the depth and extent of
the tetrasporangial sori, with lateral divisions being more prevalent in species with deeper
sori (ie. G. muelleriana, G. disticha, G. pinnata and G. recurva). At this stage the
differences in these two groups are considered to be of no more than subgeneric status.
As in the type species, all southern Australian species appear to lose their tetrasporangia
by disintegration or excision of the sorus, sometimes the entire 80rus, leaving behind a
distinctly eroded surface. No cases have been observed of the release of tetraspores through
pores or an ostiole in the wall.
The southern Australian species are therefore kept in Gigartina and the segregate genus
Chondracanthus (Hommersand et ai. 1993) is considered doubtfully distinct.
KEY TO SPECIES OF GIGARTINA

I.

Fronds forming entangled tufts, sometimes becoming erect, attached by one to several
discoid holdfasts, branches terete to compressed, (0.2-) 0.3-1 (-1.5) mm broad;
branching irregular, subdichotomous to subpinnate, apices apiculate; cystocarps near
apices of spinous branch lets; tetrasporangial sori annular to irregular mottled patches;
epilithic in the upper sublittoral or epiphytic on Posidonia ....................... 1. G. brachiata

Gigartina
1.

2.

3.

4.

5.

6.

7.

Axes and main laterals terete to slightly compressed, usually less than 5 mm
broad; branching irregularly radial, distichous or dichotomous ............................ 5
Axes and main laterals strongly compressed, (3-) 5-15 mm broad; branching
pinnate to irregularly alternate .............................................................................. 7

Branching irregularly radial, all branches terete; cystocarps subapical in simple
branchlets, apices spinous; tetrasporangial sori forming irregular annuli, giving a
mottled appearance ........................................................................................ 4. G. sonderi
Thallus subdichotomous to distichous, axes and branches terete to compressed;
cystocarps in branch lets, apices rarely spinous; tetrasporangial sori linear, marginal or
annular .............................................................................................................................. 6
6.

7.

Mature thallus usually 4-10 cm high, axes and branches compressed, 1-3 mm
broad, often canaliculate, sometimes with dense upper laterals; lower eulittoral
or uppermost sublittoral ........................................................................................ 3
Mature thallus usually (5-) 10-40 cm high, axes and branches either terete and
(0.5-) 1-5 mm broad or compressed and (3-) 5-15 mm broad; uppermost to
deeper sublittoral. .................................................................................................. 4

Thallus usually tufted, with densely branched upper laterals, pinnate to subpinnate,
apices blunt to apiculate in cystocarpic thalli, main axes and laterals terete to slightly
compressed; cystocarps subapical, with the apex sometimes spinous .............. 2. G. densa
Branching unilateral or irregularly distichous, with branch lets clustered at ends of axes,
arising from the inward face of refracto-falcate axes; axes compressed, canaliculate, 2-6
mm broad, apices apicuJate; cystocarps subapical, involucrate on concave side of curved
axes or branch lets .......................................................................................... 3. G. recurva
4.

5.
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Fronds erect usually with percurrent axes from a single holdfast, branching irregular,
dichotomous or pinnate; cystocarps in laterals, with or without involucral papillae;
tetrasporangial sori irregular, marginal, linear or annular; epilithic in shallow or deep
water ................................................................................................................................. 2
2.

3.

GIGARTINACEAE

Thallus subdichotomous, flabellate but with few laterals; branches terete to
slightly compressed; tetrasporangial sori annular and linear near tips of ramuli;
usually just sublittoral ................................................................. 5. G. muelleriana
Thallus with subdichotomous axes bearing numerous distichous laterals; main
axes terete to slightly compressed, laterals commonly compressed;
tetrasporangial sori annular near tips of laterals; usually in the deeper sublittoral .
........................................................................................................... 6. G. disticha

Thallus complanately but irregularly alternately branched, ends of main branches
usually digitate, branches 5-10 (-15) mm broad, not linear, with irregularly placed small
marginal laterals; cystocarps in ultimate branchlets or marginal laterals; tetrasporangia
unknown ........................................................................................................ 7. G. wehliae
Thallus complanately branched with strongly developed, relatively linear axes bearing
pinnate main branches (3-) 5-15 mm broad, with distichous marginal laterals; mature
cystocarps usually non-involucrate; tetrasporangial sori marginal and linear
....................................................................................................................... 8. G. pinnata

1. Gigartina brachiata Harvey 1860a: 325; 1863, synop.: xliv. J. Agardh 1876: 191; 1899:
14.
Fucus corniculatus R. Brown ex Turner 1811: 112, pI. 182 [NON F. corniculatus
Wulfen in Jacquin 1787: 358; Wulfen 1803: 52]. Several references refer to this
species as a Gracilaria, but the type specimen is a Gigartino. (see May 1948, p. 59).
Gigartina binderi Harvey 1863, synop.: xliv. J. Agardh 1876: 191. Setchell &
Gardner 1933: 294.
Gigartina aciculifera Zanardini 1874: 502. 1. Agardh 1876: 205. Millar & Kraft
1993: 16(?). Setchell & Gardner 1933: 294; 1934: 135 (as G. aculeifera, the name
on the type sheet but not the published name).
Gigartino. acicularis var. pinngta Hooker & Harvey 1847: 407.
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FIGS 96A-D, 99D-F
Thallus (Fig. 99D) red-brown, fading to yellow-red, forming somewhat entangled
clumps 5~8 cm high and 4-10 cm across, some fronds more or less erect and subpinnate in
plants from moderate water movement, more irregularly branched and often subdichotomous
below in calmer water plants; axes and larger branches compressed, (0.2-) 0.3-1 (-1.5) mm
broad, laterals linear, terete to compressed, 0.3-0.5 mm broad, slightly basally constricted
and tapering to acute, often bifid or trifid, curved apices. Holdfast discoid, 0.5-1 mm across,
with occasional secondary haptera from branch ends; epilithic or rarely on Posidonia.
Structure of a dense cortex of anticlinal, subdichotomous filaments, with ovoid inner cells
8~15 Jlm in diameter and end cells 2~3 Jlm in diameter and un 2-3, and a medulla of
relatively broad, mainly longitudinal, filaments 4-10 /.1m in diameter, anastomosing by
means of lateral cells, forming a more irregular network in the outer medulla.
Reproduction. Sexual thalli monoecious. Carpogonial branches (Fig. 96A) 3-celled,
situated on an inner cortical (supporting) cell near the apices of branchlets. Cystocarps (Fig.
96B) 0.8-1 mm across, usually single and protruding with the apex of the branchlet spinous,
without involucral pinnules; carposporophyte (Fig. 99E) surrounded by moderate enveloping
tissue without transverse filaments from the gonimoblast, and with a filamentous matrix of
scattered larger cells (with thicker pit-connections) and clusters of ovoid carposporangia
each 7-12 Jlm in diameter. Spermatangial sori occur as scattered patches, initials elongate,
cutting off apically ovoid spermatangia 1-2 Jlm in diameter.
Tetrasporangial sori (Fig. 96C) ovate to elongate or annular on lesser or main branches,
each 0.8-1 mm broad; tetrasporangia (Fig. 96D) derived only by transformation of rows of
inner cortical and outer medullary cells (Fig. 99F) which swell and separate, elongate-ovoid,
20-32 Jlm long and 8-14 Jlm in diameter, decussately cruciately divided.

Type from Georgetown, Tas. (Harvey); lectotype in TCD (Harvey, Alg. Aust. Exsicc. No.
397J). Isolectotypes (2) in NSW and in MEL, 652036,652037.
Distribution: Sleaford Bay, S. Aust., to Sydney, N.S.W., and around Tasmania, in the lower
eulittoral or just sublittoral, usually in moderate to relatively sheltered localities.
(Womer,~ley, 22.ii.1959; AD,
A22496). Billy Lights Point, Port Lincoln, S. Ausl., uppennost sublittoral (Womersley, 12.i.l984; AD,
A55226). Edithburg, S. Ausl., 0-1 m deep (Womersley, 18.ix.l981; AD, A52997). Off St Kilda, S.
Ausl., 1.5 m deep on Posidonia australis (S. Lewis, 23.viii.l972; AD, A42721). Glenelg, S. Aust., 4 m
deep on "blocks" (Branden, 18.vU986; AD, AS7!3l). Grange, S. Ausl., drift (Gordon-Mills,
2.iv.1986; AD, AS7(60). Redbanks, Kangaroo I., S. Aust., low eulittoral (Womersley, 28.xii.l949; AD,
A12880). E side of Ballast Head, Kangaroo I., S. Ausl., lower eulittoral (Womersley, 31.x.1947; AD,
A6105). Pelican Lagoon, Kangaroo I., S. Ausl., 3-4 m deep in channel (Womersley, 7.i.l990; AD,
A60J 12). Blackfellows Caves, S. Ausl., at low tide level (Edyvane, 20.xi.l984; AD, A56928;
13.viii.!984; AD, AS6943; and Womersley, 8.xii.l991; AD, A61537 -"Marine Algae of southern
Australia" No. 368), Williamstown, Vic., I m deep (Macpherson, 17.i.1960; AD, A24646). Wineglass
Bay, Tas., rock pools (Wollaston & Mitchell, 2.iii.l964; AD, A27903). Swansea, Tas., lower eulittoral
(Skinner, 22.ii.l978; AD, A49190). Dover, Tas., just sublittoral (Wollaston & Mitchell, 27.ii.1964;
AD, A27726). Sydney, N.S.W. (MEL, 652034).

Selected specimens: Sleaford Bay, S. Ausl., in shaded eulittoral pool

The earliest name given to this taxon is Fucus comiculatus R. Brown ex Turner (1811,
pI. 182) from Kent Is, Bass Strait (Brown), but this is pre-dated by F. comiculatus Wulfen in
Jacquin (1787, p. 358), soon recognised by Wulfen as a form of F. ericoides (Cystoseira).
The next earliest name is Gigartina brachiata Harvey (1860a), and G. binderi Harvey (1863:
synop. p. xliv) from Hobart, Tas., (lectotype in Herb. Harvey, TCD, probable isolectotypes in
MEL, 652027, 652028) and G. aciculifera (aculeifera) Zanardini (1874, p. 502) also from
Hobart, Tas., are considered synonyms.
An earlier name is Chondroclonium nigritum Ktitzing (1849, p. 740), from Tasmania,
which however was described as "structure perenchymatica". Ktitzing (1867, p. 20, pI. 67a,
b) later illustrated this species, but his illustration corresponds to a specimen now under
Gigartina nigritum (in L, 941, 45 ... 63) of Hohenacker from 'Chiloe', dated 1860, and thus
is not to be associated with the type (which has not been located in L). Ktitzing's illustration
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appears more like a Mychodea than a Gigartina. For the present, C. nigritum is regarded as a
nomen dubium.

Fucus lividus Turner (1819, p. 140, pI. 254) has also been related to G. brachiata, but
the former ["southern Ocean" (Menzies), almost certainly New Zealand] is a much broader,
more pinnate species within the G. crassifolia group.
Gigartina brachiata has been recorded from New Zealand (Chapman 1979, p. 386) but
the illustration of Chapman (pI. 168) is of a much broader and different species. G.
chapmanii Hooker & Harvey in Harvey (1855b, p. 251, pI. 119B); Chapman (1979, p. 389,
fig. 110, pI. 165) appears closely related to G. brachiata but differs in habit and is slenderer;
however detailed comparisons are needed.
G. brachiata is distinguished by its clumped, entangled habit usually without percurrent
axes, narrow compressed branches with subulate apices, the medulla of longitudinal,
relatively broad, filaments with interlinking cells, and the tetrasporangial sori with
tetrasporangia transformed from rows of 4-6 inner cortical and outer medullary cells, with
none or few formed laterally. It is however variable in habit, with more pinnate branching in
specimens subject to moderate water movement and more irregular (often terete) branching
under sheltered conditions; the latter, especially in the Gulf region of South Australia, often
show paler and darker banding or zoning of the branches.
2. Gigartina densa Edyvane & Womersley, sp. nov.
G. congesta Zanardini 1874: 502. J. Agardh 1876: 205. Setchell & Gardner 1934:
135. [NON G. congesta (Turner)Greville 1830: lviii = Areschougia congesta
(Turner)J. Agardh.]
?G. pumila Zanardini 1874: 502 (nomen dubium).

FIGS 9SA-C, 96E-G
Thallus (Fig. 95A) dark red, fading to yellow-brown, erect and rigid, 2-6 (-10) cm high,
cartilaginous, with clumped axes densely branched above. Fronds with a terete to
compressed percurrent axis 1.5-2 (-3) mm in diameter, with a few subdichotomous to lateral
main branches, usually becoming naked below but with crowded pinnate (when well
developed) to radial branches, usually with densely clustered branch ends; upper laterals and
branchlets terete to slightly compressed, 0.5-1 mm broad, with acute apices. Holdfast
discoid, 2-4 (-6) mm across; epilithic or on mussels. Structure of a dense cortex of slender,
anticlinal, subdichotomous filaments, end cells I-211m in diameter and un 2-3, and a
medulla of anastomosing filaments 5-9 (-12) 11m in diameter; the central filaments tend to
be mainly longitudinal and broader.
Reproduction. Sexual thalli monoecious. Carpogonial branches 3-celled, situated on an
inner cortical (supporting) cell. Cystocarps (Fig. 96E, F) 1-1.5 mm across, occurring
laterally and subapically on slender, simple branchlets usually with a spinous apex, without
involucral ramuli; carposporophyte (Fig. 95B) consisting of a filamentous matrix of scattered
larger cells, with pit-connections scarcely enlarged, and numerous clusters of ovoid
carposporangia 11-14 11m in diameter, surrounded by enveloping tissue, with the inner cells
connected to gonimoblast cells but without transverse filaments, with the cortex forming a
distinct depression outside the cystocarp. Spermatangial sori inconspicuous, forming pale
patches near young cystocarps, with elongate cortical cells each cutting off obliquely an
elongate sperrnatangium which produces apically a single ovoid spermatium I-211m in
diameter.
Tetrasporangial sori (Fig. 96G) forming irregular patches on the surface and margins of
branchlets, often as incomplete annuli; tetrasporangia (Fig. 95C) transformed from inner
cortical and outer medullary cells, and also cut off laterally from these cells, ovoid, 15-25
11m in diameter, cruciately divided.
Thallus erectus, rigidus, 2-6 (-10) cm altus, axibus fasciculatis, percurrentibus, superne
dense ramosis; axes teretes vel paulo compressi, 1.5-2 (-3) mm in diametro, rami superne
dense fasciculati, 0.5-1 mm lati, apicibus acutis. Hapteron discoideum, 2-4 (-6) mm latum;
epilithicum vel in Mytilus. Structura corticis densi filamentorum anticlinalium et medulla
filamentorum gracilium, quorum centralia crassioria et praecipue longitudinalia sunt.
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Fig. 95. A-C. Gigartina densa (AD, A61538, type). A. Habit. B. Section of cystocarp with a cortical
depression (on right). C. Section of a sorus with tetrasporangia mostly transformed from medullary
cells. D-G. Gigartina recurva (D-F, AD, A56320, type; G, AD, A41483). D. Habit. E. Section of
young cystocarp with slight enveloping tissue. F. Section of mature cystocarp with very slight
enveloping tissue. G. Section of medullary tetrasporangial sorus.

Gigartina

GIGARTINACEAE

303

Reproductio monoecia; rami carpogonialies tricellulares in interioribus cellulis
corticalibus. Cystocarpia lateralia et subapicalia in ramulis gracilibus simplicibusque, 1-1.5
mm lata, sine ramulis involucratis, conspicuo contextu circumcincto, carposporophytum
ferens carposporangia ovoidea numerosa et aggregata 11-14 !lm in diametro; cortex extra
cystocarpium depressus. Sori spermatangiorum prape cystocarpia juvenilia, spermatangiis
elongatis ab cellulis primis corticalibus elongatis abscissis. Sori tetrasporongiales in
superficie et in marginibus ramulorum vel annuli partiales; tetrasporangia ex cellulis
interioribus corticalibus et exterioribus medullosis et lateraliter abscissa, ovoidea, 15-25 !lm
in diametro, cruciatim divisa.

Type from Robe, S. Aust., uppermost sublittoral on reef edge W of jetty (Womersley,
7.xii.1991); holotype in AD, A61538 - Isotypes in "Marine Algae of southern Australia"
No. 361.
Distribution: Recherche Arch., W. Aust., to Lawrence Rock, Portland, Vic., and the east
coast of Tasmania, growing as small, dense, rigid tufts in the uppermost sublittoral on roughwater coasts.

Selected specimens: Belinda Beach, Middle

I., Recherche Arch., W. Aus!., uppermost sublittoral
(Trudgen 838, 23.xi.l973; AD, A51697). Head of the Great Australian Bight, S. Aust., in shaded pool
(Womersley, 4.ii.l954; AD, AI9322). Point Sinclair, S. Aust., in crevice, upper sublittoral (Womersley,
8.ii.1954; AD, AI9616). Elliston, S. Aust., low euliltoral in bay, shaded (Womersley, 15.i.1951; AD,
A13699). Wanna, S. Aust., lower eulittoral (Womersley, 9.i.1984; AD, A55225). Pennington Bay,
Kangaroo I., S. Aust., sublittoral fringe (Womersley, 22.viii.1954; AD, AI9772). Cape Lannes, S.
Aust., just below low tide level (Edyvane, 28.iv.1984; AD, A55435 and 21.vii.1984; AD, A56941).
Blackfellows Caves, S. Aust., 1-2 m deep (Edyvane, 3.ii.1984; AD, A55440 and 18.ii.l985; AD,
A56942). Lawrence Rock, Portland, Vic., in low pool (Beauglehole, 15.i.1960; AD, A2401O).
Bicheno, Tas., lower eulittoral (Wollaston, 21.ii.1986; AD, A57032).

This species was first described as G. congesta Zanardini 1874, from Tasmania, but this
name is pre-dated by Gigartina congesta (Turner)GreviIle 1830. It is now newly described
as G. den.~a, referring to the very dense upper branching on the axes. The type of G. pumila
Zanardini, from Port Phillip, Vic., in Museo Civico di Storia Naturale, Venice, has not been
available but from the description is a small fragment and probably inadequate. It is
therefore regarded as a nomen dubium.
G. densa is a distinctive, small but rigid, species found near low tide level on roughwater coasts. It is most closely related to G. brachiata, differing in its erect habit from a
single holdfast, usually with clustered upper branches, the more external, protruding
cystocarps, and tetrasporangia formed more from outer medullary cells together with ones
formed laterally.
3. Gigartina recurva Edyvane & Womersley, sp. nov.
G. ancistroclada sensu J. Agardh 1876: 198; 1899: 21. [NON G. ancistroclada
Montagne 1842: 6; 1845: 121, pI. 7 fig. 4.1

FIGS 95D-G, 96H-J
Thallus (Figs 950, 96H) dark brown-purple, fading to yellow-brown, erect and
moderately rigid, 4-10 cm high, cartilaginous, with clumped axes densely and mainly
unilaterally branched above, bare below and sometimes proliferous. Fronds (Fig. 96H) with
percurrent, linear, compressed axes 1-2 (-3) mm broad, often di- to polychotomous in the
upper part (following damage?), with the upper laterals compressed and slightly channelled
on the adaxial surface, 0.5-1.5 (-2.5) mm broad, with ramuli borne from near their margins
and turned towards the concave side; ramuli 0.5-\ mm broad, 2-4 mm long, curved.
Holdfast discoid, 2-5 mm across bearing few to several axes; epilithic. Structure of a dense
cortex of slender, anticlinal, subdichotomous filaments, outer cells 1-2 ",m in diameter and
UD 1-2, and a medulla of slender anastomosing filaments.
Reproduction. Sexual thalli dioecious. Carpogonial branches 3-celled, situated on
scattered inner cortical (supporting) cells near tips of ramuli. Cystocarps (Fig. 96 I) in
branchlets on their concave surfaces (within the channel), naked or with an involucre of up
to 4 ramuli, 0.5-1 mm across with the cortex depressed outside the cystocarp; enveloping
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Fig. 96. A-D. Gigartina brachiata (A, AD, A6105; B, C, AD, A57131; D, AD, A27903). A. Cortical
filaments with a supporting cell and a 3-celled carpogonial branch. B. Cystocarps on a female plant. C.
Sori on a tetrasporophyte. D. Section of cortex with inner cortical cells transformed into tetrasporangia.
E-G. Gigartifla deflsa (E, AD, A55440; F, AD, A55225; G, AD, A56941). E. Branches of a
cystocarpic plant. F. Ditto, more densely branched. G. Sori on a tetrasporophyte. H-J. Gigartifla
recurva (H, AD, A53118; I, AD, A56320; J, AD, A4l483). H. Branch with unilateral and recurved
branchlets. I. Branch with cystocarps. J. Recurved branchlet with tetrasporangial sori.
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tissue (Fig. 95E) lax and slight, with transverse filaments extending from the gonimoblast,
carposporophyte (Fig. 95E, F) reticulate, with scattered larger cells with thickened pitconnections, bearing clusters of ovoid carposporangia 10-25 Jlm in diameter. Spermatangial
sori inconspicuous, on upper branch lets , with outer cortical cells cutting off spermatangia
each producing a single ovoid spermatium about I Jlm in diameter.
Tetrasporangial sori (Fig. 96J) maculate, circular to elongate, situated beneath the apex
of the curved branchlets on their concave side; tetrasporangia (Fig. 95G) derived from rows
of inner cortical and outer medullary cells (with some formed laterally) but lying in the outer
medulla, ovoid to elongate-ovoid, 15-25 Jlm in diameter and 30-55 Jlm long, cruciately
divided.
Thallus erectus, 4-10 cm altus, axibus fasciculatis, dense et praecipue unilateraliter
superne ramosus, inferne nudus; frondes percurrentes, lineares, compressi, axes 1-2 (-3) mm
lati, laterales superni compressi et leviter adaxialiter canaliculati, 0.5-1.5 (-2.5) mm lati,
ramulis prope margines in latere concavo et curvatis portatis. Hapteron discoideum, 2-5 mm
latum axibus pluribus; epilithicum. Structura corticis densi filamentorum anticlinalium et
medulla filamentorum gracilium.
Reproductio dioecia. Rami carpogoniales tricellulares, in cellulis interioribus
corticalibus. Cystocarpia in latere concavo ramulorum, nuda vel involucrata, usque ad 4
ramulos, 0.5-1 mm latos, cortice externe depresso, contextu leviter circumcincto;
carposporophytum ferens carposporangia ovoidea aggregata 10-25 Jlm in diametro. Sori
spermatangiales in ramulis supernis; spermatangia ab cellulis corticalibus in superficie
abscissa. Sori tetrasporangiales maculati vel elongati in latere concavo ramulorum;
tetrasporangia ex seriebus, saepe lateraliter, cellularum interiorum corticalium et exteriorum
medullosarum exorta; sori in medulla exteriori, ovoidei vel elongati, 15-25 Jlm in diametro,
cruciatim divisi.

Type from Bicheno, Tas., lower eulittoral (Womersley, 4.xi.1982); holotype in AD, A56320
-

Isotypes in "Marine Algae of southern Australia" No. 356.

Distribution: East coast of Tasmania, usually in the lower eulittoral on moderate to roughwater coasts.

Selected specimens: Musselroe Bay, Tas., on rocks at low tide (Perrin 724, Mar. 1937; AD,
A49697). The Gardens, 20 krn N of St Helens, Tas., mid eulittoral (Womersley, 21.x.1986; AD,
A57460). Safety Cove, Port Arthur, Tas., at low tide (Edyvane, 16.ii.1986; AD, A60756). Ninepin
Point, D'Entrecasteaux Ch., Tas., at low tide (Edyvane, l5.iii.1982; AD, A531l8). Satellite I.,
D'Entrecasteaux Ch., Tas., 0-2 m deep (Shepherd, l8.ii.1972; AD, A41483 -"Marine Algae of
southern Australia" No. 356a). Gordon, Tas., on jetty piles, lower eulittoral (Skinner, 28.ii.1978; AD,
A49193). Catamaran, Recherche Bay, Tas., upper sublittoral (Wollaston & Mitchell, 27.ii.1964; AD,
A2774l).

This species has been known as G. ancistroclada Montagne (1842, p. 6; 1845, p. 121,
pI. 7 fig. 4), the type of which came from Akaroa, New Zealand (see Chapman 1979, p.
388). This type, in PC, is distinct from the Tasmanian plant in having largely pinnate
branching, without the unilateral branch lets of the Tasmanian species. Parsons (pers. comm.)
considers G. ancistroclada is probably a form of the New Zealand G. decipiens (Hooker &
Harvey)Harvey. Specimens from "Sidney", in MEL, 652025, ex Herb. Sonder, are clearly not
from this locality in N.S.W.
G. recurva is a distinctive species, known only from eastern Tasmania where it is
common in the lower eulittoral on steeply sloping rock. It is characterised by its habit, with
clumped axes which are largely unilaterally branched above with curved to recurved ramuli.
The tetrasporangia are transformed from anticlinal rows of inner cortical and outer medullary
cells, with some lateral divisions. The mature sorus lies in the outer medulla. G. recurva has
very little enveloping tissue, but the carposporophyte is circumscribed in contrast to that of
Chondrus crispus where the gonimoblast filaments and carposporangia extend irregularly
into the medulla (Fredericq et al. 1992, p. 557, fig. 45).
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4. Gigartina sODderi Edyvane & Womersley, sp. nov.
FIGS 97A-C, IOOA, B
Thallus (Fig. 97 A) dark red to brown-red, erect and rigid, cartilaginous, 5-17 em high,
with one to several fronds. Fronds with percurrent, smooth, terete axes, irregularly laterally
branched, O.5-1.S (-2) mm in diameter, bearing irregularly radial (occasionally
subdistichous) terete laterals, lesser ones usually crowded, 2-5 mm long and 0.S-0.8 mm in
diameter, with acute to rounded apices, straight to slightly curved. Holdfast discoid, 2-5 mm
across; epilithic. Structure of a dense cortex of slender, anticlinal, subdichotomous
filaments, outer cells 1-2 /lm in diameter and un 1-2, and a medulla of slender,
anastomosing filaments, the central ones thicker and more longitudinal.
Reproduction. Sexual thalli monoecious. Carpogonial branches 3-celled, borne on inner
cortical (supporting) cells in lesser branchlets. Cystocarps (Fig. lOOA) O.S-1 mm across,
subapical and lateral with a spinous apex to the branchlet, without involucral ramuli, with
prominent enveloping tissue 5-8 cells thick with gonimoblast filaments connecting to the
inner cells but without transverse tilaments, and the carposporophyte (Fig. 97B) consisting
of a filamentous matrix with scattered larger cells and clusters of ovoid carposporangia (10-)
14-18 /lm in diameter, released through a distinct cortical depression enlarged later by
cortical disintegration. Spermatangial sori inconspicuous, often surrounding developing
cystocarps, with elongate spermatangia cut off from surface cortical cells and each
producing a single ovoid spermatium about 1 11m in diameter.
Tetrasporangial sori (Fig. 100B) forming irregular patches on lesser branches, often
forming incomplete annuli 1-3 mm long, tetrasporangia (Fig. 97C) formed only by
transformation of inner cortical and outer medullary cells, ovoid, 12-20 11m in diameter and
22-30 11m long, cruciately divided.
Thallus erectus, rigidus, 5-17 cm altus, axibus percurrentibus, 0.5-1.5 (-2) mm in
diametro; laterales irregulares. teretes, superne plerumque aggregati. 2-S mm longi et
0.5-0.8 mm in diametro. recti vel leviter curvati. Hapteron discoideum. 2-S mm latum,
epilithicum. Structura corticis densi filamentorum anticlinalium et medulla filamentorum
gracilium, quorum centralia crassiora et precipue longitudinalia sunt.
Reproductio monoecia. Rami carpogoniales tricellulares, in cellulis interioribus
corticalibus. Cystocarpia 0.5-1 mm lata, subapicaJia in ramuJis cum apice spinifere, sine
ramulis involucratis, contextu conspicuo circumcincto, et depressione corticali conspicua;
carposporophytum carposporangia ovoidea aggregata ferens, (l 0-) 14-18 /lm in diametro.
Sori spermatangium cystocarpia crescentia cingentia; spermatangia ab celluJis corticalibus in
superficie abscissa. Sori tetrasporangiales in ramulis minoribus, saepe in parte annulares,
tetrasporangia ex cellulis interioribus corticalibus et exterioribus medullosis, saepe lateralia,
ovoidea, 12-20 /lm in diametro, cruciatim divisa, formata.

Type from Dutton Bay, Portland, Vic., drift (Womersiey, 13.iv.19S9); holotype in AD,
A22670.
Distribution: Venus Bay, S. Aust., to Walkerville, Vic., and the east coast of Tasmania,
from low tide level under moderate wave exposure to 10 m deep on rough-water coasts.

Selected specimens: Venus Bay, S. Aust., drift (Womersley, 12.ii.l954; AD, A19497). Off Walker
Rock, Anxious Bay, S. Aust., 8-10 m deep (Edyvane, l.x.1982; AD, A53676). Elliston, S. Aust.,
10-12 m deep in bay (Shepherd, 23.x.1969; AD, A34944). Sleaford Bay, S. Aus!., rear reef pools,
shaded (Womersley, 16.ii.l959; AD, A22502). Port Elliot, S. Aust., drift (Womersley, lO.viii.1957;
AD, A21116). Pennington Bay, Kangaroo I., S. Aust., sublittoral fringe (Womersley, 6.i.l949; AD,
AI0787). Stanley Beach, S coast Kangaroo 1., S. Aust., drift (Womersley, 7.ii.1956; AD, A20107).
Robe, S. Aust., drift (Wollaston, \3.iii.l955; AD, AI991O). Walkerville, Vic., drift (Sinkora A1632,
23.ii.l972; AD, A43221). Swansea. Tas. (Perrin 740, Apr. 1935; AD, A497D7). Fluted Cape, Bruny I.
Tas., 23 m deep (Shepherd, 12.ii.l972; AD, A4191O).

This species was first named Gigartina rubra by Sonder on several herbarium
specimens and used as a nomen nudum (1881, p. 14). It is here named after Sonder, and is
characterised by its terete, largely irregularly radial, rigid branches, with cystocarps terminal
in short branch lets and with a cortical depression, and tetrasporangia transformed mostly
from inner cortical and outer medullary cells.
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Fig. 97. A-C. Cigar/ina sonderi (A, n, AD, A22670. holotype; C, AD, A53676). A. Habit.
cystocarpic plant n. Section of part of cystocarp. C. Transverse section of branch with shallow, outer
medullary tetrasporangial sorus, D-F. Gigortino muelleriono (D, F. AD, A41l89; E, AD, A6I359), D.
Habit E. Section of part of cystocarp, F. Transverse section of medullary letrasporangial sorus.
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G. sonderi is somewhat similar in habit to G. macrocarpa J. Agardh (1876, p. 683)
from New Zealand, but the latter has pinnate and compressed branches.
5. Gigartina muelleriana Setchell & Gardner 1933: 294; 1934: 136. Fuhrer et at. 1981: pI.
25. Kim 1976: 89.
Gigartina chondroides Hooker & Harvey 1847: 407. J. Agardh 1851: 280. Harvey
1860a: 325; 1863, synop.: xliii. [NON G. chondroides Bory 1828: 154 from
Conception, Chile.]
Gigartina flabellata J. Agardh 1851: 265; 1876: 194; 1897: 10. Harvey 1860a:
325; 1863, synop.: xliv. Kiltzing 1869: 6, pI. 16. [NON G.flabellata Kiltzing 1849:
751; 1868: 2, pI. 5a, b from South Africa.]
PLATE 4 fig. 3; FIGS 97D-F, lOOC, D
Thallus (Fig. 97D) dark red to brown-red, fading to yellow-brown, 5-15 cm high, erect
and more or less rigid, fastigiate with several to many fronds from the holdfast, fronds more
or less complanately branched, dichotomous with branching distant below, closer above and
f1abellate, main branches terete to slightly compressed, linear, 3-5 mm broad, apices
rounded, with few to numerous, simple to several times furcate, lateral branchlets 2-3 mm
broad, largely distichously arranged, on the upper branches. Holdfast discoid, 3-15 mm
across; epilithic. Structure of a compact cortex of anticlinal, subdichotomous filaments,
outer cells 1-2 Ilm in diameter and I.JD 1-4, and a medulla of slender anastomosing
filaments 3-6 (-10) Ilm in diameter.
Reproduction. Carpogonial branches 3-celled, arising near the tips of the small lateral
branchlets near branch ends, borne on inner cortical (supporting) cells. Cystocarps (Fig.
l00C) 400-800 Ilm across, subterminal with only a short rounded branch end, without
involucral ramuli, with moderate enveloping tissue (with some connections to gonimoblast
cells but transverse filaments absent or few) surrounding the carposporophyte (Fig. 97E)
with its filamentous matrix (only slightly enlarged cells) and clusters of ovoid
carposporangia to-18 11m in diameter, released by cortical disintegration. Spermatangial sori
not observed.
Tetrasporangial sori (Fig. l00D) forming annuli 2-3 mm broad, or linear marginal sori
7-10 mm long, around upper, slightly compressed, branchlets. Tetrasporangia (Fig. 97F)
developed primarily by transformation of outer medullary cells which also divide laterally,
and partly from inner cortical celis, ovoid to elongate-ovoid, 10-20 Ilm in diameter,
cruciately divided.
Mixed-phase plants with cystocarps and tetrasporangia sometimes occur.

Type from Port Phillip Bay, Vic. (Mueller); holotype in Herb. Sonder, MEL, 652113.
Distribution: Robe, S. Aust., to Port Phillip Heads, Vic., and around Tasmania, just
sublittoral on rough-water coasts.

Selected specimens: Robe, S. Aus!., drift (Womersley, 15.iv.1959; AD, A23002). Cape Lannes, S.
Aust., upper sublittoral, wave washed (Womersley, 20.xii.l971; AD, A41189 -"Marine Algae of
southern Australia" No. 89; Edyvane, J6.v.1982; AD, A53114 and Womersley, 17.ix.1993; AD,
A62993). Blackfellows Caves (S of Carpenter Rocks), S. Aus!., \-2 m deep (Edyvane, 3.iL1984; AD,
A55438). Port Phillip Heads. Vic., drift (Sinkora, AI238, 14.iii.l971; AD, A57308). Bombay Rock,
Tamar Est., Tas., upper sublittoral (Women'ley, 27.i.l949; AD, AI0405). Dover, Tas., drift (Wollaston,
20.viii.l965; AD, A29556). Breaksea 1., Port Davey, Tas., low eulittoral (AIMS-NCI, Q66C 5108-S,
15.ii.1991; AD, A61359).

Gigartina muelleriana is a distinctive species with its complanately and
subdichotomously branched fronds, terete or only slightly compressed branches, and short
lateral (reproductive) branch lets above. Tetrasporangial sori are located between the inner
cortex and medulla, with tetrasporangia transformed from outer medullary (and inner
cortical) cells and also cut off laterally. This taxon was re-named by Setchell & Gardner
(1933, p. 294) since G. flabellata 1. Agardh (1851, p. 265) was pre-dated by G. flabellata
Kiitzing (1849, p. 751) from South Africa. Setchell & Gardner based the name on the
illustration of Kiltzing (1869, pI. 16), which was based (as a part mirror image) on Sonder's
specimen now in MEL. C. chondroides Hooker & Harvey (1847, p. 407) was based on a
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Fig. 98. A-C. Gigartina disticha (AD, A54351). A. Habit, tetrasporangial plant. B. Section of
cystocarp with depressed cortex. C, Transverse section of outer medullary tetrasporangial sorus. D-F.
Gigartina wehliae (D, MEL, 652140, holotype; E, F, AD, A36053). D. Habit. E. Section of cystocarp.
F. Section of part of cystocarp with the central medullary core of longitudinal cells.

310

GIGARTINACEAE

Gigartina

single specimen from Sandy Bay, Tas. (Lyall) in Herb. Hooker, which was not located in
1952, but the name is pre-dated by G. chondroides Bory (1828, p. 154) from Conception,
Chile.
The New Zealand G. clavifera J. Agardh (1876, p. 194) is superficially similar to G.
muelleriana but has slenderer, compressed branches and cystocarps in small laterals with
several involucral pinnules.
6. Gigartina disticha Sander 1845: 55; 1848: 175.1. Agardh 1851: 269; 1876: 194; 1899:
10. Harvey 1863: pI. 297. KOtzing 1849: 750; 1869: 7, pI. 18a, b.
FIGS 98A-C, lOOE, F
Thallus (Fig. 98A) medium to dark red, fading to yellow-red, erect and moderately rigid,
drying cartilaginous, 2D-30 cm high, with one to several fronds. Fronds subdichotomous
(occasionally laterally branched), often subpinnate above, axes compressed, 3-6 (-8) mm
broad, with a terete stipe, above bearing distichous, short, fertile, laterals, alternate to
opposite, 3-10 mm long and (0.5-) 1-1.5 mm in diameter, with a terete lower part, terete or
slightly compressed above, varying from simple to 2 or 3 times furcate, apices rounded to
subacute. Holdfast discoid, 1-6 (-10) mm across; epilithic. Structure of a cortex of
anticlinal, subdichotomous filaments, outer cells I-211m in diameter and UD 2-4, and a
medulla of anastomosing filaments, slender near apices, soon becoming 5-10 (-20) 11m
thick.
Reproduction. Sexual thalli monoecious. Carpogonial branches 3-ceIled, borne on an
inner cortical (supporting) cell, occurring as scattered groups near the apex of the short
laterals. Cystocarps (Fig. lOOE) subterminal in clavate branch lets, usually single, 1-1.5 mm
across, with a distinct cortical depression, without involucral ramuli, with diffuse enveloping
tissue (with inner cells often connected to gonimoblast filaments but without transverse
filaments) and the carposporophyte (Fig. 98B) with a filamentous matrix, numerous scattered
larg~r celis, and clusters of ovoid carposporangia 14-18 J.lm in diameter, liberated by cortical
disintegration. Spermatangial sori inconspicuous, adjacent to developing cystocarps, with
elongate spermatangia cut off from surface cortical cells and each producing a single ovoid
spermatium about 1 flm in diameter.
Tetrasporangial sori (Fig. lOOF) surrounding the upper parts of the lateral branch lets,
2-4 mm long, tetrasporangia (Fig. 98C) transformed primarily from outer medullary cells in
rows of 3-6, with some cut off laterally, ovoid, 25-30 flm in diameter, cruciately divided.
Mixed phase plants (Fig. lOOE) sometimes occur, with cystocarps and tetrasporangia on
the same plant.

Type from Busselton, W. Aust. (Preiss); holotype in Herb. Sonder, MEL, 652078 (the only
Preiss specimen in MEL).
Distribution: Fremantle, W. Aust. (Harvey) to the Fitzroy R. mouth, Vic., usually in the
deeper sublittoral on rough-water coasts.

Selected specimens: Fremantle, W. Aus!. (MEL, 652084). Halls Head, Mandurah, W. Aus!., drift
(Edyvane, 22.v.1983; AD, A54354). Eyre, W. Aus!., drift (Woelkerling, 22.xU968; AD, A34233).
Elliston, S. Aus!., II m deep in bay (Shepherd, 19.iv.1970; AD, A35864) and 5-10 m deep (Shepherd
&: Turner, I.v.1982; AD, A53146). Redbanks, Whalers Way (Port Lincoln), S. Aust., 4-6 m deep
(Hone, 23.v.1990; AD, A60403). Waller Shoals, off Second I., Pondalowie Bay, Yorke Pen., S. Aust.,
20 m deep (Edyvane, l.iv.1983; AD, A54351 -"Marine Algae of so uthern Australia" No. 357, and
2.iv.1983; AD, A54353). Middle R., Kangaroo I., S. Aust., drift (Womersley, 21.i.1948; AD, A6776).
Vivonne Bay, Kangaroo I., S. Aust. drift (Womersley, 2.i.1949; AD, AI0608). Encounter Bay, S. Aust.
(Cleland; AD, A3701). Cape Jaffa, S. Aust., drift (Womersley, 31.viii.l949; AD, A 10856). Robe, S.
Aus!. (Macklin; AD, A854). Glenelg R. mouth, Vic. (Muir, Jan. 1950; AD, AJ571O). E of Fitzroy R.
mouth, Portland Bay, Vic., drift (Beauglehole, 19.iv.l959; MEL, 652074).

G. disticha is a distinctive species, characterised by the basically subdichotomous (to
lateral) fronds with terete to slightly compressed branches mostly 3-6 mm broad, bearing
short distichous laterals which become fertile. It is found mainly in deeper water (10-20 m)
on rough-water coasts and is of western distribution but extends just into Victoria.
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Fig. 99. A-C. Gigartina pinnata (A, AD, A56935; B, AD, A54353; C, AD, AI87l7). A. Habit. B.
Section of a cystocarp. C. Section of sorus with undivided tetrasporangia. D-F. Gigartina brachiata
(D, AD, A56943; E, AD, A12880; F, AD, A49190). D. Habit. E. Section of cystocarp. F. Transverse
section of thallus with a tetrasporangiai sorus.
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G. disticha has been reported incorrectly from New Zealand (see Chapman 1979, p.
408). G. divaricata Harvey & Hooker (1845, p. 187) is somewhat similar but the axes are
less compressed and older parts are more profusely and less distichously branched.
7. Gigartina wehliae Sonder 1871: 62, pI. iv. 1. Agardh 1876: 198; 1899: 11. Fuhrer et al.
1981, pis 23, 24. Setchell & Gardner 1933: 294.
FIGS 98D-F, 100G
Thallus (Fig. 980) dark red to brown-red, erect, 5-15 cm high, drying cartilaginous,
complanately branched and more or less ovate in outline, irregularly alternately branched at
close intervals, main branches compressed, 5-10 (-15) mm broad, with rounded axils,
tapering to 3-5 mm broad, ends more or less digitate with branchlets 1-2 mm broad; main
branches with irregularly placed small marginal laterals, mostly 2-5 mm long, simple or 1-3
times furcate, usually with margins slightly thicker, and sometimes with small surface
proliferations. Holdfast discoid, 2-3 mm across, with a single frond. Structure of a compact
cortex of anticlinal, subdichotomous filaments, outer cells 1-2 Ilm in diameter and LID (1-)
2-4, and a medulla of slender anastomosing filaments with a central core of thicker, mainly
longitudinal filaments (Fig. 98F).
Reproduction. Sexual thalli monoecious. Carpogonial branches 3-celled, borne on inner
cortical (supporting) cells. Cystocarps (Fig. 1000) subterminal in marginal laterals, 0.6-1
mm across, without involucral ramuli, the enveloping tissue slight to moderate, with inner
elongate cells (connected with gonimoblast filaments but without transverse filaments) and
outer ovoid cells surrounding the carposporophyte (Fig. 98E) with its matrix of areas of
massed gonimoblast filaments and large clusters of ovoid carposporangia 5-7 !Jm in
diameter, liberated through a depressed cortical area which disintegrates. Spermatangia in
scattered inconspicuous sori, with spermatangia cut off from surface cortical cells and
producing ovoid spermatia about 1 !Jm in diameter.
Tetrasporangial sori not observed.

Type from Port MacDonnell (Wehl)?; holotype in MEL, 652140.
Distribution: Port Elliot, S. Aust., to Port Phillip Heads, Vic., and Hobart, Tasmania. Only
known from drift specimens.
Selected specimens: "Adelaide", S. Aus!. (MEL, 652146). Port Elliot, S. Aust. (Hussey, May 1898;
AD, A36053). E of Double Corner Beach, Portland Bay, Vic., drift (Beauglehole, 4.vii.l959; MEL,
652142). E of Surry R. mouth, Portland Bay, Vic., drift (Beauglehole, 4.xii.1959; MEL, 652141). Point
Roadknight, Vic., drift (Womersley, 6.vi.1953; AD, AI8787). Hobart, Tas. (Gunn, MEL, 652145).

In his original description, Sonder gave "M'Donnel Bay, Mrs Wehl; Port Phillip Heads,
Dr F.v. Mii11er" as the localities. The plant illustrated by Sonder (MEL, 652140), is without a
locality, but the specimen and Sonder's illustration agree particularly well, hence it is
regarded as the holotype.
G. wehliae is a rare species, known only from drift specimens on rough-water coasts. It
is distinguished by being complanately branched with compressed branches, close, alternate
branching, digitate branch ends, and small, marginal, fertile laterals on the lower to mid
thallus. Tetrasporangial sori are unknown, and it differs from other southern Australian
species of Gigartina in that the carposporangia occur in large clusters separated by masses of
sterile filaments. It may prove not to be a species of the Gigartinaceae.
8. Gigartina pinnata J. Agardh 1851: 270; 1876: 196. Setchell & Gardner 1933: 294; 1934:
136.
Gigartina lanecata 1. Agardh ex Wilson 1892: 183 (nomen nudum).
FIGS 99A-C, 100H, I
Thallus (Fig. 99A) dark red to brown-red, fading to yellow-brown, 15-30 cm high,
drying cartilaginous, with one to a few fronds from the holdfast; fronds complanately
branched, alternately pinnate from close to the base, branching distant to dense, with
percurrent axes (3-) 5-15 mm broad, 0.7-1.5 mm thick, broader axes often with surface
proliferations; marginal laterals similarly pinnate, 2-5 (-10) mm broad and 250-500 !Jm
thick, with pinnules 1-20 mm long and 1-3 mm broad, compressed, basally constricted and
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Fig. 100. A, B. Gigartina sander! (A, AD, A20107; B, AD, A49707). A. Branches with cystocarps. B.
Branches with tetrasporangiai sori. C, D. Gigartina muelleriana (C, AD, A41189; D, AD, .•55438). C.
Upper branchlets with cystocarps. D. Upper branchlets with tetrasporangial sori. E, F. Gigartina
disticOO (AD, A54351). E. Upper branchlets with cystocarps and tetrasporangial sori (mixed phase
plant). F. Upper branch lets with tetrasporangial sori. G. Gigartina wehliae (AD, A36053). Branchlets
with cystocarps. H, I. Gigartina pinnata (H, AD, A54353; I, AD, A56935). H. Upper branchlet with
cystocarps. I. Upper branchlets with tetrasporangial sori.
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with rounded apices; older axes often with compressed surface ramuli 2-12 mm long, simple
or branched. Holdfast discoid, 1-4 mm across; epilithic. Structure of a dense cortex of
anticlinal, subdichotomous, filaments, end cells 1-2 jlm in diameter and LiD 2-4, and a
medulla of anastomosing filaments 4-12 jlm in diameter.
Reproduction. Sexual thalli monoecious. Carpogonial branches 3-celled, borne on inner
cortical (supporting) cells in the ultimate pinnules. Cystocarps (Fig. lOOH) 1-1.5 mm across,
subterminal in compressed pinnules with a rounded (rarely spinous) end, with a depressed
cortex and without involucral ramuli; enveloping tissue compact, without transverse
filaments but some inner cells connected to gonimoblast cells, carposporophyte (Fig. 99B)
with a filamentous matrix and clusters of ovoid carposporangia 12-20 11m in diameter.
Spermatangial sori surrounding developing cystocarps, with the outer cortical cells each
cutting off two initials which produce ovoid spermatangia about 1 11m in diameter.
Tetrasporangial sori (Fig. 100 I) ovoid to linear, mainly on the margins of compressed
ramuli, (0.5-) 2-8 (-10) mm long and 0.5-1 mm broad, with tetrasporangia (Fig. 99C)
primarily transformed from or cut off laterally from outer medullary cells, ovoid, (15-)
20-30 jlm in diameter, cruciately divided.
Mixed phase plants sometimes occur, with cystocarps and tetrasporangia on the same
plant.

Type from Port Phillip, Vic. (misit Maim); holotype in Herb. Agardh, LD, 23536.

Distribution: Wanna, S. Aust., to Port Phillip Heads, Vic., and the E coast of Tasmania, in
deep water on rough-water coasts.
Selected specimens: Wanna, S. Aust., drift (Womersley, 19.ii.l959; AD, A22378). Pondalowie
Bay, S. Aust., 20 m deep (Edyvane, 2,iv.1983; AD, A54353). Port Elliot, S. Aust., drift (Womersley,
23.v.l953; AD, AI8717). Robe, S. Aust., drift (Womersley, 15,iv.l959; AD, A23003). Blackfellows
Caves (S of Carpenter Rocks), S. Aust., 13.5 m deep I km offshore (Edyvane, 27.ix.1982; AD,
A57057). Middle Point, Cape Northumberland, S. Aust., 15 m deep 1.3 km offshore (Shepherd,
13,ii.1976; AD, A47013). Port MacDonnell, S. Aust., drift (Edyvane, 16,ii.1985; AD, A56935).
Glenelg R. mouth, Vic., drift (Beauglehole, 22.i.1950; AD, A 15687). Fluted Cape, Bruny L, Tas., 23 m
deep (Shepherd, 12.ii.1972; AD, A41911).

G. pinnata is very similar to Sarcothalia crassifolia in form, but differs in having
marginal, elongate, shallow tetrasporangial sari, with the tetrasporangia largely derived from
outer medullary cells, in contrast to the maculate, deeper situated, sori on the flat surface of
the latter, where clusters of inward-growing mid medullary filaments form the
tetrasporangia. Cystocarpic plants of G. pinnata do not possess involucral ramuli around the
cystocarps and have few if any transverse filaments passing through the enveloping tissue.
G. pinnata is also a deeper water species compared to the just subtidal S. crassifolia.
G. lanecata is a manuscript name of J. Agardh and specimens from Port Phillip Heads,
Vic. (Wilson, 1O.iv.1890; 8.i.1894; 28.i.l895; MEL, 652109, 652110, 652108 resp.) in MEL
are a laxly branched form of G. pinnata.
FAMILY SARCODIACEAE Kylin 1932: 54

Thallus erect, subdichotomously to irregularly branched, branches terete to flat, usually
firm and cartilaginous. Structure multi axial, medulla narrow to broad, formed of densely
entangled filaments or a core of longitudinal, elongate cells, cortex usually broad,
pseudoparenchymatous, with larger, ovoid inner cells and small outer cells.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli probably dioecious, procarpic or non-procarpic.
Carpogonial branches borne on inner cortical cells, singly or 2-3 per cell, 2-3 cells long
with an outwardly directed trichogyne (sometimes basally reflexed from the carpogonium).
Auxiliary cell formed by the supporting cell or an adjacent cortical cell, with diploidization
via the hypogynous cell or a short connecting filament. Carposporophyte developing a basal
placenta of reticulate cells, with erect, branched filaments producing short terminal chains of
carposporangia. Cystocarps protuberant, ostiolate, with a thick pericarp. Spermatangia cut
off from outer cortical cells in surface sari.
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Tetrasporangia developed on or in the outer cortex in nemathecia, zonately divided.
The Sarcodiaceae includes 3 genera, Sa rcodia , Trematocarpus (including Dicurella
Searles 1969) and the little known Chondrymenia Zanardini. Species of the first two genera
are known from southern Australia.
Herpophyllum australe J. Agardh (1894, p. 63, figs 10-14; 1898, p. 135; 1899, p. 160,
pI. 3 figs 10-16), from Port Phillip Heads, Vic., was placed by J. Agardh in the
Delesseriaceae, by Kylin (1924, p. 97) in the Rhodymeniaceae, and in 1956 (p. 558) Kylin
referred it to the Sarcodiaceae. Its affinities remain uncertain, but (especially from J.
Agardh's illustrations of the cystocarps) it is probably not a member of the Sarcodiaceae.

KEY TO GENERA OF SARCODIACEAE
L

1.

Thallus branches strongly compressed; medulla of entangled filaments; female
reproductive system non-procarpic and polycarpogonial ............................... SARCODIA
Thallus branches terete to slightly compressed; meduHary core of longitudinal
filaments; female reproductive system procarpic and monocarpogoniaJ
.......................................................................................................... TREMATOCARPUS
Genus SARCODIA J. Agardh 1852: 622

Thallus strongly compressed, subdichotomously to irregularly and complanately
branched, with rounded axils and apices, moderately firm. Structure multiaxial, with a fairly
dense filamentous medulla with outer stellate cells and a cortex of ovoid cells, smaller
outwardly with short anticlinal filaments.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli usually dioecious. Carpogonial branches 3-celled, single or
in pairs on inner cortical (supporting) cells, with an adjacent cortical cell becoming an
auxiliary cell, connected by a short filament from the hypogynous cell. Carposporophyte
with a basal reticulum of partly fused cells with erect, branched, gonimoblast filaments
producing short terminal chains of carposporangia. Cystocarps protuberant, basally
constricted, ostiolate with a thick pericarp. Spermatangia formed in surface sori.
Tetrasporophyte with nemathecia of tetrasporangia developed between anticlinal
filaments of the outer cortex, zonately divided.

Type species: S. montagneana (Hooker & Harvey)J. Agardh 1852: 623.
A genus of about 5 species, from the Southern Hemisphere and Japan. The type species
has been described by Rasmussen (1964).
Sarcodia marginata J. Agardh 1892: 98. De Toni 1900: 415. Kylin 1932: 56, pI. 20 fig. 49.
FIGS IOIA-D, l03A
Thallus (Fig. lOlA) medium to dark red, 7-17 cm high, complanately and
subdichotomously branched at intervals of 1-3 (-5) cm, branches flat, 4-10 (-15) mm broad
and 250-600 (-800) !lm thick (margins slightly thicker), increasing in width upwards, with
rounded axils and furcate, rounded and narrower apices. Holdfast crustose, 2-8 mm across,
with one to several fronds; epilithic. Structure (Fig. 101B, D) of a medulla 80-250 !lm broad
of loosely entangled filaments 6-8 !lm in diameter, produced from stellate inner cortical
cells (Fig. IOlB), and a cortex 4-7 cells and 120-250 (-300) !lm thick, composed of large,
inner, ovoid cells 30-70 (-100) !lm in diameter, decreasing to a compact layer of outer
cortical cells 5-10 !lm in diameter, un 1.5-2. Rhodoplasts discoid, several per cell.
Reproduction. Sexual thalli probably dioecious. Carpogonial branches not clearly seen.
Cystocarps (Fig. 101C) marginal, globular but broad-based, 1-2 mm in diameter, the
carposporophyte with a basal reticulum of small cells, then erect, branched, gonimoblast
filaments growing sideways or at right angles to the blade and bearing short chains of ovoid
carposporangia each 15-25 !lm in diameter. Pericarp (Fig. 101C) massive, 300-500 !lm
thick, ostiolate. Spermatangia not observed.

316

SARCODIACEAE

Tetrasporangia (Figs lOID, lO3A) in slightly raised nemathecia among longer anticlinal
cortical filaments, cut off from mid cortical cells, basally attached and lying in the outer
cortex, ovoid, 50-65 11m long and 22-30 11m in diameter, zonately divided.

Type from Port Phillip, Vic. (Wilson); lectotype (to be selected) in Herb. Agardh, LD. A
type label is affixed to LD 29871 (Fig. 49 in Kylin 1932) but this is from Pueb1a Bay (near
Torquay), west of Port Phillip.

Fig. 101. A-D. Sarcodia marginata CA, AD, A41166; B, AD, A60791; C, D, AD, A46370). A. Habit.
B. Transverse section of thallus with filamentous medulla (with outer stellate cells) and
pseudoparenchymatous cortex. C. Section of cystocarp through ostiole. D. Transverse section of thallus
with tetrasporangia. E. Trematocarpus concinnus (AD, A61617). Habit.
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Distribution: Port Elliot, S. Aust., to Port Phillip, Vic.
Selected specimens: Port Elliot, S. Ausl., drift (Womersley, 17.x.1948; AD, A9362). Robe, S.
Ausl., drift (Womersley, 24.viii.1960; AD, A24453 and 24.xi.1990; AD, A60791). Cape Lannes, S.
Ausl., I m deep (Womersley, 20.xii.l971; AD, A41166 -"Marine Algae of southern Australia" No.
87). 1.3 kID off Cape Northumberland, S. AusL, 15 m deep (Shepherd, 3.vii. 1975; AD, A46370). Port
MacDonnell, S. Ausl., drift (Womersley, 21.iv.1984; AD, A55331). Mouth of Glenelg R., Vic., drift
(Muir, Jan. 1950; AD, AI5725).

S. marginata is apparently a deeper water (or in shaded pools) alga on rough-water
coasts of SE South Australia and Victoria.
Genus TREMATOCARPUS Kiitzing 1843: 410

Thallus terete to compressed, narrow, subdichotomously branched with linear branches
and rounded axils and apices, firm and cartilaginous. Structure muItiaxial, with a dense
medulla of longitudinal filaments of long cells and a pseudoparenchymatous cortex of ovoid
cells, smaller outwardly.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli usually dioecious. Carpogonial branches 3-celled, borne on
intercalary cortical cells, often reflexed but with the trichogyne outwardly directed;
supporting cell acting as the auxiliary cell. Carposporophyte with a basal reticulum of partly
fused cells with erect gonimoblast filaments producing short terminal chains of
carposporangia. Cystocarps protuberant, ostiolate, with a thick pericarp. Spermatangia in sori
near tips of branches, cut off from surface cortical cells.
Tetrasporophytes with nemathecia on upper branches, tetrasporangia lying between
anticlinal filaments, zonately divided.
Lectotype species: T. dichotomus Kiitzing 1843: 410.
A genus of about 5 species from South Africa, the South Pacific Ocean and Japan.
Searles (1969) showed that Dicurella Harvey ex J. Agardh (1852, p. 629), which had
been studied by Searles (1968, p. 69), should be considered a synonym of Trematocarpus.
The latter genus differs from Sarcodia in its narrow, slightly compressed branches and in the
compact medulla of longitudinal, long-celled, filaments which form a core of slightly smaller
cells in transverse section, not the entangled filaments of Sarcodia. T. acicularis (J.
Agardh)Kylin from New Zealand, however, has a medulla of entangled filaments and also
differs in form from the type and other species of Trematocarpus.
KEY TO SPECIES OF TREMATOCARPUS
1.
1.

Branches terete to only slightly compressed, 400-600 (-800) 11m broad ... 1. T. concinnus
Branches strongly compressed, 1-2 mm broad ................................................ 2. T. affinis

1. Trematocarpus concinnus (R. Brown ex Tumer)De Toni 1900: 418
Fucus concinnus R. Brown ex Turner 1811: pI. 153.
Sphaerococcus concinnus (R. Brown ex Tumer)C. Agardh 1822: 312; 1824: 234.
Dicurella concinna (R. Brown ex Tumer)J. Agardh 1852: 631; 1876: 406.
Hypneajurcellata Hooker & Harvey 1847: 405.
Dicranema jurcellatum (Hooker & Harvey)Harvey 1859b: 313; 1863, synop.
:xxxiii. J. Agardh 1852: 635. Kiitzing 1869: 14, pI. 38c-e.
FIGS IOtE, I02A-C, I03B-D
Thallus (Fig. lOlE) medium to dark red-brown, fading to yellow-red, 4-15 cm high,
subdichotomously (tending to be complanately) branched at intervals of 1-3 cm,
occasionally proliferous above, branch angles usually 30°-60°, branches terete to slightly
compressed, 400-600 (-800) 11m broad, linear and only slightly tapering to the rounded
apices. Holdfast crustose, 1-5 mm across, with several fronds; epilithic. Structure (Fig.
lO2A, C) of a compact medulla of longitudinally elongate cells, lO-20 11m in diameter and
lJD 6-lO, with a compact pseudoparenchymatous cortex of ovoid cells, the inner ones
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12-20 /.1m in diameter, grading to the outer 4-8 /.1m in diameter; older branches develop a
secondary cortex (Fig, 102A), Rhodoplasts few per cell, discoid to ribbon shaped.
Reproduction. Carpogonial branches (Fig. 103B) 3-celled, situated on mid cortical cells
near branch apices. Cystocarps protuberant, broad based, usually numerous on upper
branches, globular, 0.5-1 mm in diameter, the carposporophyte (Fig. 102B) with a small
basal fusion cell and a reticulum of cells, then erect, branched, gonimoblast filaments with
terminal and lateral clavate to pyriform carposporangia, each 15-20 /.1m in diameter.

Fig. 102. A-C. Trematocarpus concinnus (AD, A61617). A. Longitudinal section of older brancn with
elongate medullary cells and secondary cortex (above). B. Section of a cystocarp throu~h the ostiole,
with reticulate gonimoblast and terminal clavate carposporangia. C. Transverse sectIon of branch
surrounded by a tetrasporangial nemathecium. D, E. Trematocarpus affinis (AD, A31949). D. Habit. E.
Transverse section of branch with tetrasporangial nemathecia on both sides.
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Pericarp (Fig. 102B) massive, 200-250 11m thick, ostiolate. Spermatangia (Fig. 103C) cut off
from surface cortical cells in short chains, ovoid, 2-3 Jlm in diameter.
Tetrasporangial nemathecia (Fig. 102C) largely covering ultimate short branchlets
(often proliferous), with short anticlinal paraphyses 2-3 cells and 50-60 Jlm long and ovoid
tetrasporangia (Fig. 103D) 40-55 Jlm long and 14-22 Jlm in diameter, zonately divided.

Type from Kent Is, Bass Strait (R. Brown); holotype in BM.
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Fig. 103. A. Sarcodia marginnta (AD, A24453). Transverse section of cortex with tetrasporangia.
B-D. Trematocarpus concinnus (AD, A61617). B. Cortical filaments with a 3-celled carpogonial
branch. C. Cortical filaments with spermatangiai chains. D. Cortical filaments with tetrasporangia. E.
Trematocarpus affinis (AD, A31949). Cortical filaments with tetrasporangia. F-J. Dicranema
revolutum (AD, A38408). F. Branch ends with cystocarps. G. Terminal branches with tetrasporangial
nemathecia. H. Longitudinal section of branch apex. I. Transverse section of branch with medullary
core and large inner cortical cells. J. Cortex with deep-seated carpogonial branches. [F-J after Kraft
1977b.]
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Trematocarpus

Distribution: Cape Northumberland, S. Aust., to Bridgewater Bay, Vic., Kent Is, and the
east coast of Tasmania.

Selected specimens: Cape Northumberland, S. Aust., uppermost sublittoral (Womersley, 24.ii.1992;
AD, A61617 -"Marine Algae of southern Australia" No. 364). Bridgewater Bay, Vic., drift
(Beauglehole, 17.vii.l949; AD, A12096). Lawrence Rock, off Portland, Vic., in pools (Beauglehole,
13.1.1954; AD, A20519 and 15.i.196O; AD, A24797). Bicheno, Tas., upper sublittoral (Wollaston,
Il.viii.1965; AD, A29583). Wineglass Bay, Freycinet Pen., Tas., upper sublittoral pools (Wollaston &
Mitchell, 2.iii.l964; AD, A27909). Tesselated Pavement, EagJehawk Neck, Tas., upper sublittoral
(Gordon, 13.1.1966; AD, A30085). Fluted Cape, Bruny I., Tas., 23 m deep (Shepherd, 12.ii.1972; AD,
A41915).

Brown's specimens in BM (2 specimens on one sheet, with "Tum. tab. 153" on it), and
Turner's illustration of Trematocarpus concinnus are distinct from Melanthalia concinna J.
Agardh (see under the latter species), which differs in having more compressed branches,
branch apices with terminal collars, distinctly shorter and more ovoid medullary cells,
different carposporophyte structure and cruciately divided tetrasporangia.

T. concinnus is very similar to the South African T. fragilis (c. Agardh)De Toni in habit
and structure, but differs in having terminal, clavate, carposporangia in contrast to the chains
of small carposporangia in the latter (see Searles 1968, fig. 32).
2. Trematocarpus affinis (J. Agardh)De Toni 1900: 419. Simons 1983: 808, figs 4, 10, 13.
Dicurella affinis J. Agardh 1852: 632; 1876: 407.
Dicurella scutellata (Hering)Papenfuss 1940: 219. Searles 1968: 73, fig. 33 (in
part, see Simons 1983).
FIGS 102D, E, 103E
Thallus (Fig. 102D) medium red to red-brown, (3-) 5-8 cm high, subdichotomously and
complanately branched at intervals of 5-20 mm, less so above with denser branching (upper
branches often grazed and proliferous), branch angles 20°-60" below, narrower above,
branches strongly compressed, 1-2 mm broad, linear throughout or slightly basally narrower.
Holdfast crustose, 1-5 mm across, with several fronds; epilithic. Structure (Fig. t02E) of a
small medullary core of longitudinally elongate cells 6-12 11m in diameter, un 10-20,
surrounded by broader elongate-ovoid cells 12-25 11m in diameter and 50-150 11m long,
decreasing to a pseudo parenchymatous cortex of ovoid cells, the inner ones 8-12 !lm in
diameter, grading to the outer cuboidal cells 4-6 !lm in diameter and un 1-1.5.
Rhodoplasts discoid to elongate in outer cells, becoming ribbon shaped and branched in
inner cells.
Reproduction. Female plants not observed, and not described for S. African plants.
Tetrasporangial nemathecia (Fig. t02E) on one or usually both sides of upper branches,
with the outer cortical cells producing anticlinal paraphyses (2-) 3 cells and 50-70 !lm long,
4-7 11m in diameter, and ovoid tetrasporangia (Fig. 103E) 50-70 11m long and 14-28 11m in
diameter, zonately divided.

Type from Cape Province, S. Africa (Pappe); lectotype(?) in Herb. Agardh, LD, 28695.
Distribution: West coast of S. Africa.
In Australia, only known from West 1., S. Aust.

Known specimens: In southern Australia, from West I., S. Aust., 1-3 m deep (Shepherd, 5.ii.1967;
AD, A32373): 2 m deep (Shepherd, 21.x.1967; AD, A32191); 1-3 m deep (Shepherd, 1O.vi.1967; AD,
A31955); and 6-8 m deep (Shepherd, I Lvi.1967; AD, A31949).
In provision~lIy recording the South African Trematocarpus affinis from southern
Australia, Simons (1983) is followed as to the differences between this species and the
earlier described T. jlabellatus (J. Agardh)De Toni. While female plants are unknown from
West I., the vegetative structure and tetrasporangia are very similar to those described by
Simons.
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DICRANEMATACEAE Kylin 1932: 65
by G. T. Kraft & H.B.S. Womersley

FAMILY

Thallus erect or decumbent, subdichotomously and often complanately branched,
adventitious laterals often present, branches terete to compressed or flat, cartilaginous,
epiphytic or epilithic. Structure multiaxial, pseudo parenchymatous throughout or with a
compact medulla of elongate cells; secondary pit-connections abundant between subsurface
cortical cells, inner cells multinucleate.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monoecious, procarpic or non-procarpic. CarpogoniaJ
branches 2- or 3-celled, borne singly on inner or mid cortical (supporting) cells and directed
outwardly. Auxiliary cell either the supporting cell or an undifferentiated adjacent cortical
cell distal to the supporting cell, diploidization by direct contact between carpogonium and
auxiliary cell; fusion cell usually small, composed of the auxiliary cell and several partly
fused adjacent cells, producing several radiating gonimoblast initials which develop either
towards the branch centre, radially, or to the surface. Fusions of gonimoblast and vegetative
cells form a placenta surmounted by the outer layer of the carposporophyte producing
carposporangia singly or in short chains. Cystocarps slightly to largely protuberant, usually
ostiolate, with a thick pericarp or covered only by the cortex. Spermatangia in sunken,
isolated, clusters between outer cortical cells, terminal or catenate.
Tetrasporangia scattered in the outer cortex or in raised nemathecia, zonately divided.
The Dicranemataceae is a largely Australian family described in detail by Kraft (1977b).
Norris (1987a) has suggested that the Dicranemataceae should be merged with the
Sarcodiaceae. However, there are significant differences between these two families
although the Sarcodiaceae (see Rasmussen 1964; Searles 1968, 1969; Norris 1987a; also
pers. obs. of G.T. Kraft) is less well known than the Dicranemataceae, and it seems best to
keep them separate though possibly related.
In the Sarcodiaceae, the carpogonial branch is 3-celled and curves laterally with the
trichogyne usually reflexed, with a single outwardly directed gonimoblast initial; the
placentation of the carposporophyte is narrow and basal, with downward growing nutritive
filaments connecting the inner gonimoblast tissue to the gametophyte, forming a reticulate
fusion cell region. In the Dicranemataceae, in contrast, the carpogonial branch of 2 or 3 cells
is usually straight, and mUltiple gonimoblasts issue from the fusion cell inwardly, radially or
laterally, with adjacent gametophyte cells becoming involved to form a reticulate base to the
carposporophyte.
An important difference also lies in the arrangement of the spermatangia, which in the
Sarcodiaceae occur in sori, being cut off in short chains from surface cortical cells near
branch apices. In the Dicranemataceae the spermatangia occur in isolated sunken clusters or
pits in the cortex. As well as in this family, spermatangia in such pits are consistent for the
families Acrotylaceae, Mychodeaceae and MychodeophyUaceae (Kraft 1977b) and appear to
give a good family separation from taxa with surface sori of spermatangia.
While details of reproductive development in the Sarcodiaceae are not yet adequately
known, the two families are considered here to be sufficiently distinct to be treated
separately.

KEY TO GENERA OF DICRANEMATACEAE
1.
1.

Thallus branches terete; carposporophyte basally attached, developing towards the
branch centre, carposporangia obovoid, pericarp comprising the branch cortex;
epiphytic on the sea-grass Amphibolis........................................................ DICRANEMA
Thallus branches compressed or flat; carposporophyte basally attached but developing
towards branch surface, carposporangia subspherical, pericarp thick, developed by cell
proliferation; epilithic ....................................................................................................... 2
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2.

2.

Dicranema

Branches 2-3 mm broad, arising from stolons, erect; slender medulla of elongate
cells present; cystocarps and spermatangia on the same blade surface,
carposporophyte surface even, with peripheral cells bearing 1-3 carposporangia;
cystocarps forming sub-terminal knobs ............................................... PELTASTA
Branches 5-12 mm broad, decumbent and basally attached by haptera arising
from the under surface; cystocarps on the under surface, spermatangiai clusters
on the upper surface; periphery of mature carposporophyte undulate, with short
columns of 1-2 cells bearing terminal carposporangia ......................... TYLOTUS
Genus DICRANEMA Sonder 1845: 56

Thallus subdichotomously branched, cartilaginous, branches filiform, divaricate, apices
truncate to rounded. obligately epiphytic on the sea-grass Amphibolis. Structure multiaxial,
with a medullary core of narrow, elongate cells and a broad pseudoparenchymatous cortex of
larger, ovoid, inner cells and smaller outer cells.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monoecious; non-procarpic. Carpogonial branches 2-celled,
straight, borne around branch apices on inner cortical (supporting) cells. with adjacent
cortical cells acting as auxiliary cells; fusion cell forming a reticulum with adjacent cortical
cells, with an inwardly directed inner placental layer of gonimoblast and gametophyte cells,
developing a cavity by autolysis of peripheral gametophyte cells into which gonimoblast
filaments ramify, producing terminal obovoid carposporangia. Cystocarps swelling the
branch, with an ostiole present or absent, differentiating from the inner cortex outwards.
Spermatangia in sunken, isolated, clusters near branch tips, catenate.
Tetrasporangia in nemathecia surrounding upper branches, basally attached, zonately
divided.
Lectotype species: D. grevillei Sonder 1845: 56 [= D. revolutum (c. Agardh)J. Agardh].

A genus with two southern Australian species (Kraft 1977b), other species having been
excluded from the genus by Kraft (1977b, p. 233). D. rosaliae Setchell & Gardner from Baja
California, Mexico, with unknown reproduction, is more likely to be a species of Gelidiopsis
or Wurdemannia.

KEY TO SPECIES OF DlCRANEMA
1.

1.

Thallus 2-5 (-7) em high, openly branched, lower branches erect and straight, only the
upper branches curved or recurved ............................................................ 1. D. revolutum
Thallus 3-5 mm high, densely branched, all of the branches strongly curled
.................................................................................................................. 2. D. cincinnalis

l. Dicranema revolutum (c. Agardh)J. Agardh 1852: 634. Harvey 1859a: pI. 74. Kraft
1977b: 223, figs 1-3, 12, 14 (caption for 13). Kylin 1932: 66.
Sphaerococcus revolutus C. Agardh 1822: 334.
Dicranema grevillei Sonder 1845: 56; 1848: 173. J. Agardh 1852: 634; 1876: 435;
1879: pI. 26 figs 4, 5. Harvey 1855a: 549; 1859a: pI. 120. Kylin 1932: 66.

FIGS l03F-J, l04A-C, l05A, B
Thallus (Fig. 105A) red-brown, fading to yellow-brown, cartilaginous, 2-5 (-7) em
high, with rigid, terete, subdichotomous branches 400-600 11m in diameter, apices rounded,
branched at intervals of mostly 2-10 mm. Holdfast crustose, extending around the host
stems, with one to a few fronds; epiphytic on Amphibolis. Structure multiaxial (Fig. 103H)
with a narrow medullary core (Fig. 103 I) of slender elongate cells and a broad
pseudoparenchymatous cortex of inner ovoid cells 20-40 11m in diameter and a small-celled
outer cortex 2-3 cells thick, outer cells 2-3 11m in diameter. Rhodoplasts discoid to ribbon
shaped, few per cell.
Reproduction. Sexual thalli monoecious; non-procarpic. Carpogonial branches (Fig.
I03J) 2-celled with long straight trichogynes, situated to one side of the branch apices.
Auxiliary cells adjacent to carpogonia and fusing with them, then developing a fusion cell

Dicranema
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(Fig. 104A) which produces gonimoblast filaments mainly thallus-inwardly with terminal
obovoid carposporangia (Fig. 105B) 30-65 11m long and 20-30 11m in diameter. Cystocarps
(Fig. 103F) swelling branches; pericarp consisting of the cortex, usually with an ostiole
developing above the carposporophyte cavity opposite the auxiliary cell, by separation of the
cortical cells. Spermatangia (Fig. 104B) developed in sunken clusters from outer cortical
cells which become buried in the cortex, with chains of 3-6 spermatangia 3-5 /lm in
diameter, released whole.

Fig. 104. A-C. Dicranema revolutum (AD, A38408). A. Young fusion cell with radiating gonimoblast
filaments. B. Cortex with mature, sunken, spermatangial clusters. C. Section of cortex with young to
mature tetrasporangia. D-J. Dicranema cincinnati.> (D, AD, A44737; E-J, AD, A44739). D. Habit of
tetrasporangial thallus. E. Transverse section of young branch. F. Longitudinal section of young
branch. G. Section of cortex with two ca!'J?Ogonial branches and a young fusion cell. H. Section of
mature carposporophyte with reticulate fUSIOn cell and terminal carposporangia. I. Section of cortex
with sunken spermatangial clusters. J. Section of cortex with tetrasporangia. [A-J after Kraft 1977b.]
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Tetrasporangial nemathecia (Fig. 1030) surrounding the apical 1-2 mm of branches,
tetrasporangia (Fig. 104C) basally attached to mid cortical cells, ovoid, 60-90 11m long and
25-35 11m in diameter, zonately divided.

Type from Bay de Chien Marin (Shark Bay), W. Aust.; holotype in Herb. Agardh, LD,
29977.

Distribution: Shark Bay, W. Aust., to Walkerville, Vic., and Flinders I., Bass Str.; an
obligate epiphyte on Amphibolis.
Selected specimens (see also Kraft 1977b, p. 223): Port Denison, W. Aust., drift (Kraft,
14.xii.l971; AD. A44733). Cape Riche, W. Aust. (Harvey, Aig. Aust. Exsicc. 314C; AD, A8295).
Petrel Bay, SI Francis I., Isles of St Francis, S. Aust., 2 m deep (Shepherd, 1O.i.l971; AD, A38408).
Tiparra Reef, S. Aus!., 6 m deep (Owen, 2.iv.1971; AD, A44734). Vivonne Bay, Kangaroo I., S. Aust..
drift (Womersley, 2.i.l949; AD, AI0704). POft Elliot, S. Aust., 3 m deep (Kraft, 15.viii.1973; AD.
A44736). Robe, S. Aust., upper sublittoral near jetty (Womersley, 16.ii.1974; AD. A44665 -"Marine
Algae of southern Australia" No. 159). Double Corner Beach, Portland, Vic., drift (Beauglehole,
22.vi.l952; AD, A21758). Point Lonsdale, Vic., 4-5 m deep (Kraft, 14.ii.1977; MELU, A39566).
Point Franklin, Port Phillip Bay, Vic., 10 m deep (Macpherson, 3.iv.l963; AD, A28687). Walkerville,
Vic., drift (Sinkora A2100, 27.ii.l975; AD, A48399).

D. revolutum was previously better known as D. grevillei until Kraft (1977b, p. 221)
showed that the latter was the same as the type of the former, and the plant often known as
D. revolutum was distinct, renamed as D. cincinnalis. Records of D. revolutum from
elsewhere [e.g. Trono & Oanzon-Fortes (1988, p. 152)] are incorrect.
2. Dicranema cincinnalis Kraft 1977b: 228, figs 4, 5, 13 (caption for 14).
D. revolutum sensu Womersley 1950: 173.
FIGS I04D-J, I05e, D
Thallus (Fig. 105e) red-brown, 3-5 mm high, cartilaginous, forming small, dense,
clumps of rigid, circinnate, subdichotomous branches on stems of Amphibolis, branches
terete, 200-275 11m in diameter. Holdfast discoid, crustose, 1-2 mm across, bearing
numerous fronds; epiphytic. Structure multiaxial, with a medullary core (Fig. l04E, F) of
elongate cells and a pseudoparenchymatous cortex of inner ovoid cells 4{)-80 11m in
diameter and a small-celled outer cortex 2-3 cells thick, outer cells 2-3 11m in diameter.
Reproduction. Sexual thalli monoecious; non-procarpic. Carpogonial branches (Fig.
1040) 2-celled, borne on inner cortical cells near branch tips. Auxiliary cells apparently
adjacent to carpogonia, fusion cell (Fig. 1040, H) diffuse, becoming reticulate, producing
inwardly growing gonimoblast filaments (Fig. 105D) with single, terminal, ovoid
carposporangia 25-40 11m long and 10-20 11m in diameter. Cystocarps slightly swelling
branches, pericarp consisting of the cortex, ostiole absent. Spermatangia (Fig. 104 I)
developed in sunken clusters near branch apices, with cortical cells developing 4-6
spermatangial mother cells each with a chain of 2-3 spermatangia.
Tetrasporangial nemathecia (Fig. 104D) at branch tips, tetrasporangia (Fig. 1041)
basally attached to mid cortical cells, ovoid, 5{)-60 11m long and 25-35 11m in diameter,
zonately divided.

Type from Pennington Bay, Kangaroo I., S. Aust. (Kraft, 3.xii.(971); holotype in AD,
A44737.

Distribution: Elliston, S. Aust., to Flinders, Vic.
Selected specimens (all on Amphibolis): Elliston,

S. Aust., 7 m deep near jetty (Shepherd,
27.x.1971; AD, A42586). Tiparra Reef, S. Aust.. 5 m deep (Shepherd, 19.v.1971; AD, A38580).
Marino, S. Aust., 1.5 m deep (Kraft 4399, 19.i.l973; AD, A44738). D'Estrees Bay, Kangaroo 1., S.
Aust., outer reef pool (Womersley, 11.i.1950; AD. A12697). Port Elliot, S. Aust., drift (Kraft,
30,iv.1971; AD. A44739). Flinders, Vic., upper sublittoral pools (Womersley, 18,i.l967; AD, A31803;
Kraft, 23.xLI976; MELU, A39568). N end Waratah Bay. Vic., upper sublittoral (Sinkora A2419,
3.iii.1978; AD, A53607).

D. cincinnalis differs from D. revolutum in its smaller size, tightly curled and densely
branched habit, and reproductive details of the fusion cell, placenta and lack of an ostiole.
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Fig. 105. A, B. Dicranema revolutum (A, AD, A44665; B, AD, A38408). A. Habit. B. Section of
carposporophyte with fusion cell (arrow). C, D. Dicranema cincinnalis (C, AD, A44737, ho)otype; D,
AD, A44739). C. Habit, on Amphibolis stem. D. Transverse section of branch with a carposporophyte,
E-G. Peltasta australis (E, AD, A46186; F, G, AD, A30343). E. Habit. F. Transverse section of
thallus. G. Section of a mature cystocarp. [B-D. as in Kraft 1977b.]
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Fig. 106. A-G. Peltasta australis (A, B, MELU, A23539; C-F, AD, A44740; G, AD, A8277). A.
Prostrate stolons with erect axes and attaching haptera. B. Cystocarps on damaged branches. C.
Longitudinal section with medullary core of refractive cells and sunken spermatangial clusters in
cortex. D. Section of cortex with carpogonial branches. E. Young fusion cell with gonimoblast
filaments. F. Section of cortex with sunken spermatangial clusters. G. Section of cortex with

Peltasta
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Genus PELTASTA J. Agardh 1892: 102
Thallus erect, subdichotomously branched, cartilaginous, branches compressed, apices
rounded, base stoloniferous, epilithic. Structure multiaxial, with a narrow central medulla of
elongate cells containing yellow refractive material, and a broad pseudoparenchymatous
cortex of larger inner celis, linked by secondary pit-connections and also direct cell fusions,
and a small-celled outer cortex.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monoecious; non··procarpic. Carpogonial branches 3-celled,
straight, borne on mid cortical cells with an adjacent cortical cell acting as the auxiliary cell;
fusion cell small, linked to adjacent vegetative cells and producing gonimoblast filaments
radially, forming a placenta from which surface-directed, parallel, slender filaments each cut
off terminally 1-3 carposporangia. Cystocarps swollen, subterminal on one side of the
branch which then ceases growth; pericarp thick, with a wide ostiole. Spermatangia in
isolated sunken clusters among the outer cortical cells.
Tetrasporangia scattered in surface cortical layers near broader branch tips, zonately
divided.

Type species: P. australis 1. Agardh 1892: 102.
Peltasta (see Kraft 1977b, p. 235) is a monospecific southern Australian genus,
differing from Dicranema in the compressed branches, stoloniferous base, central medullary
layer of cells with refractive material, and in the orientation of the carposporophyte towards
the branch surface.

Peltasta australis J. Agardh 1892: 102. Kraft 1977b: 235, figs 6, 7, IS, 16. Kylin 1932: 69,
pI. 28 fig. 70.
Curdiea gymnogongroides 1. Agardh ]901: 104. Kylin 1932: 61, pI. 26 fig. 63.

FIGS l05E-G, l06A-G
Thallus (Figs 105E, 106A) dark brown-red, erect, 5-13 cm high, cartilaginous, forming
clumps of subdichotomous fronds more or less complanately branched at intervals of (2-)
4-10 (-IS) mm, branches compressed, (1-) 2-3 mm broad, 250-350 flm thick. Holdfast (Fig.
106A) stoloniferous, branched, with small haptera; epilithic. Structure multiaxial, with a
central medullary layer (Figs 1OSF, 106C) 1-3 cells broad, cells elongate and with yellow
refractive contents, and a broad pseudoparenchymatous cortex of inner ovoid cells 20-30
flm in diameter and small-celled outer cortex, outer cells 4-5 flm in diameter, liD 2-3.
Rhodoplasts discoid, several per cell.
Reproduction. Sexual thalli monoecious; non procarpic. Carpogonial branches (Fig.
106D) 3-ceIled, straight, borne on mid cortical cells near branch apices. Auxiliary cells
apparently adjacent to carpogonia, fusion cell (Fig. 106E) with numerous radiating arms of
gonimoblast filaments which, with fused vegetative cells, forms a subspherical placenta (Fig.
105G) with the peripheral gonimoblast layer forming clumps of dividing cells which develop
chains of 2 (-3) carposporangia 4-5 f.1m in diameter. Peri carp thick, ostiolate, with the
cystocarp (Fig. 106B) forming a subspherical lateral knob at the branch tip. Spermatangia
(Fig. 106C, F) in small, sunken clusters developed from isolated cortical cells on both sides
of the branches, ovoid, 1.5-2.5 flm in diameter.
Tetrasporangia (Fig. 106G) scattered amongst cortical cells on both surfaces, near
branch apices, basally attached, ovoid, 14-24 flm long and 7-12 flm in diameter, zonately
divided.

Type from Port Phillip, Vic. (Wilson 21191; 20.i.1891); ho!otype in Herb. Agardh, LD,
32555.
Distribution: West I., S. Aust., to Cape Woolamai, Vic., and SE Tasmania.
tetrasporangia. H-N. Tylotus obtusatus (H-M, AD, A42228; N, AD, A41823). H. Habit of
cystocarpic thallus from underside, showing basal attaching haptera and distal cystocarps. I.
Longitudinal section of thallus apex. J. Section of cortex with a carpogonial branch and an auxiliary
cell fused to a carpogonium. K. Fusion cell with young gonimoblast filaments. L. A carposporangial
lobe from a mature carposporophyte. M. Section of cortex with sunken spermatangial clusters. N.
Section of a tetrasporangial nemathecium. [A-M after Kraft 1977b.]
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Selected specimens: Dubious Rock, West 1., S. Aust., 13 m deep (Shepherd, 3.i.l966; AD,
A30343). Margaret Brock Reef, Cape Jaffa, S. Aust., 4-5 m deep in caves (R. Lewis, 29.xi.1972; AD,
A42921). Nora Creina, S. Aust., 5-6 m deep (Kraft & R. Lewis, 13.v.l972; AD, A44740) and 4-5 m
deep (Kraft, 29.xii.l976; MELU, A23539). 9 kIn off Cape Northumberland, S. Aust., 38 m deep
(Shepherd, 12.iii.l975; AD, A46186). Warrnambool, Vic., drift (Kraft & Herrington, 28.x.1988;
MELU, A39561/62). Marengo (Apollo Bay), Vic., 6-7 m deep (Kraft & O'Brien, 18.iv.1975; MELU,
A39559). Port Phillip Heads, Vic. (Wilson, 16.i.I895; AD, A8277). Cape Woolamai, Vic., 15-18 m
deep (Goldsworthy & Berthold, 16.ii.l990; AD, A60192). Marion Bay, Tas., 10 m deep (Shepherd,
13.ii.1970; AD, A35668). Ninepin Point, D'Entrecasteaux Ch., Tas., 5 m deep (Brown, Ferris &
Womersley, I.xi.1982; AD, A56480).

Peltasta australis is readily recognised by its habit and the medullary core of elongate
cells with yellow refractive contents. It is usually a deep water alga (10-38 m deep)
occurring in shaded areas in shallower water.

Genus TYLOTUS J. Agardh 1876: 428
Thallus decumbent, complanately and irregularly subdichotomously branched, with the
basal few centimetres attached by haptera from the lower surface, branches flat, 5-12 mm
broad, margins smooth, linear to sinuous, unthickened, epilithic. Structure multi axial, with a
broad inner cortex of large ovoid cells (without any differentiated medulla) and an outer
cortex of small cells; inner cells with abundant secondary pit-connections.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monoecious with female on lower and male structures on
upper sides of blades; procarpic. Carpogonial branches 3-celled, scattered, laterally attached
to outer cortical cells but outwardly directed, with the adjacent cortical cells developing
anticlinal filaments. Supporting cell acting as auxiliary cell, developing a fusion cell which
initiates lateral gonimoblast filaments forming a hemispherical placenta at the base of the
cystocarp chamber; upper surface of carposporophyte becoming undulate with parallel
gonimoblast filaments cutting off single, terminal, relatively small carposporangia. Pericarp
thick, ostiolate. Spermatangia in small, sunken clusters on upper surface of fronds.
Tetrasporangia in nemathecia on upper surface, zonately divided.

Type species: T. obtusatus (Sonder) J. Agardh 1876: 428.
Tylotus, a genus with one Australian and one Japanese species, was studied in detail by
Kraft (1977b, p. 245).

Tylotus obtusatus (Sonder)J. Agardh 1876: 428; 1879: pI. 24 figs 7, 8. Kraft 1977b: 245,
figs 10, 11, 19,20.
Chondrus obtusatus Sonder 1845: 56.
FIGS 106H-N, 107A-C
Thallus (Fig. 107 A) dark red-brown, fading to yellow-brown, cartilaginous, 5-15 cm
long and more or less decumbent, irregularly subdichotomously and complanately branched
with occasional marginal proliferations, branches 5-12 mm broad and 200-400 ~m thick;
basal 2-3 cm prostrate, attached by stout, terete, simple haptera (Fig. 106H) 2-15 mm long;
epilithic. Structure pseudoparenchymatous (Fig. 106 I) without a differentiated medulla,
inner cells ovoid, 40-60 (-80) ~m in diameter, decreasing in size to the outer cortex with the
surface cells radially elongate, 4-6 ~m in diameter. Rhodoplasts discoid, several per cell.
Reproduction. Sexual thalli monoecious, with female gametangia on the under surface
(Fig. 106H) and male on the upper surface of branches; procarpic. Carpogonial branches
(Fig. 106J) 3-celled, scattered in the outer cortex, laterally attached and reflexed with the
adjacent cortex developing into anticlinal filaments. Supporting cell acting as the auxiliary
cell (Fig. 106J), forming a large fusion cell (Fig. 106K) and a reticulum of gonimoblast
filaments and vegetative cells from which outer cells cut off single, subspherical to ovoid,
carposporangia (Fig. 106L) 4-8 ~m in diameter, with the surface of the carposporophyte
(Fig. 107B) becoming markedly undulate. Pericarp thick, derived from anticlinal filaments of
the outer cortex, ostiolate. Cystocarps broadly domed, 1-2 mm across, basally constricted,
scattered across the lower surface of fronds. Spermatangia (Fig. 106M) in small sunken
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Fig. 107. A-C. Tylotus obtusatus (A, AD, A51351; B, AD, A44741; C, AD, A44744). A. Habit. B.
Section of cystocarp showing remnant of fusion cell, ostiole (top center), and broad carposporophyte
with undulate surface. C. Section of thallus with a tetrasporangial sorus. D-G. Tikvahiella candida
(MELU, K3399). D. Plants on the host, Solie ria robusta. E. Mature pustule with numerous cystocarps
and ostioles. F. A young pustule with inward-growing weft of parasite rhizoids. G. A mature
carposporophyte with fusion cell and terminal carposporangia. [D, E as in Kraft & Gabrielson 1983; F,
G by Kraft.]
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clusters developed from cortical cells on the upper surface of fronds, ovoid, 2-3 !lm in
diameter.
Tetrasporangial nemathecia (Fig. 107C) swollen, 10-20 mm long and 2-6 mm broad,
on the upper surface of fronds within a few centimetres of apices. Tetrasporangia (Fig.
l06N) in the surface layer and also buried deeper in old nemathecia when sterile paraphyses
continue growth, laterally basally attached, elongate-ovoid to clavate, 25-35 Jlm long and
7-1O!lm in diameter, zonately divided.

Type from W. Aust. (Preiss); lectotype (Geographe Bay, W. Aust.) in Herb. Sonder, MEL,
44500.
Distribution: Champion Bay, W. Aust. to Inverloch, Vic.
Selected specimens: 7 mile beach, N of Dongara, W. Aust., drift (Womers[ey, 17.ix.1979; AD.
A51351). Port Denison, W. Aust., drift (Kraft 4156, 14.xii.l971; AD. A41823). Point Clune, Rottnest
I., W. Aust., 13-14 m deep (Walker, 6.xii.l984; AD, A56639). Miami Beach, Mandurah, W. Aust.,
drift (Kraft 1602, 9.vLl966; AD. A44741). Hamelin Bay, W. Aust., 5-6 m deep (Kraft & Ricker,
13.viii.1979; MELU, A39577). Elliston. S. Aust., 10 m deep in bay (Shepherd, 18.iv.1970; AD,
A35856). Reef between Hopkins and Thistle Islands, S. Aust., 6-10 m deep (Baldock, l.L1964; AD,
A27143). Aldinga, S. Aust., 2-3 m deep (Kraft 4360, 7.xii.1972; AD, A44742). Vivonne Bay,
Kangaroo I., S. Aus!., drift (Womersley, 19.xii.1990; AD, A60823). Cape Lannes, S. Aust., 0.5 m deep
in shaded pool (Kraft, 14.v.1972; AD, A44744). Nora Creina, S. Aust., 5-6 m deep (R. Lewis & Kraft,
13.v.1972; AD, A42228). Point Roadknight, Vic. (Davis, 1.ii.l946; AD, A15527). Point Lonsdale,
Vic., 3 m deep (Kraft, 14.ii.l977; MELU, A39580f84). Inverloch. Vic., 2-3 m deep (Kraft & J. Lewis,
17.x.197S; MELU, A39578).
Tylotus obtusatus is characterised by habit, prostrate base attached by haptera, absence
of a differentiated medulla, and separation of male and female structures to opposite sides of
the branches. It is more commonly found on West Australian coasts but occurs, in
moderately deep water, as far east as Western Port, Victoria.
The record of Norris (1986) of T. obtusatus from Natal, South Africa, is of a plant with
marginal cystocarps (which lack ostioles) arising on the upper surface, and spermatangia cut
off from surface cortical cells on either side of the thallus. These features appear to exclude
the Natal plant from Tylotus, possibly also from the Dicranemataceae.
FAMILY ARESCHOUGIACEAE J. Agardh 1876: 246,273

Thallus usually erect, branches terete to compressed or foliose, a few genera parasitic
and pulvinate. Structure uniaxial or multiaxial, usually with a medulla of entangled filaments
(sometimes surrounding an axial filament) and a pseudoparenchymatous cortex, the larger
inner cells of which are multinucleate with secondary pit-connections.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monoecious or dioecious; procarpic or non-procarpic.
Carpogonial branches 3-celled, orientated inwards (or sideways) with a reflexed (or straight)
trichogyne; connecting filaments single or several from each fertilized carpogonium (or
absent), unbranched and non-septate, each diploidizing only a single auxiliary cell (an inner
cortical cell, recognisable or not before contact), following which adjacent cells cut off
slender filaments forming slight to distinct enveloping tissue (absent in Melanema) around
the developing carposporophyte. Gonimoblast initials single or many, first orientated thallus
inwards (lateral or outwards in some) but becoming radial, developing either a large central
fusion cell or a placenta of partly fused vegetative and gonimoblast cells, then giving rise to
radiating, branched gonimoblasts terminating in single, catenate or clustered carposporangia.
Cystocarps largely immersed in, or often swelling, the branches, usually with a cortical
pericarp, ostiolate. Spermatangia cut off from cortical cells, scattered or in sori.
Tetrasporangia scattered in the outer cortex, basally or laterally attached, zonately
divided.
A family of some 22 genera. The multiaxial family Solieriaceae and the uniaxial
Rhabdoniaceae have been combined (Gabrielson & Hommersand 1982a) because of their
reproductive similarities (see also Gabrielson & Kraft 1984, p. 248), and Gabrielson &

ARESCHOUGIACEAE

331

Hommersand (l982a, b) recognise 3 tribes based on the number of connecting filaments,
presence or not of sterile cells on the carpogonial branches, presence or not of an involucre
or enveloping tissue around the carposporophyte, and position of the pit-connection to the
tetrasporangium. Kmft & Gabrielson (1983, p. 56) however, in describing the parasitic genus
Tikvahiella, discuss difficulties in clear sepamtion of these tribes. Melanema (see below)
differs from other genera in several aspects of reproduction and may not belong in this
family.
Several authors have considered the uniaxial or multiaxial thallus difference inadequate
to separate the Solieriaceae and Rhabdoniaceae, and Gabrielson & Garbary (1986, p. 343)
claim that several genera "can appear" uniaxial or multiaxial. The genera mentioned however
are clearly defined near their apices and only appear multi axial because the single axial
filament does not persist in older parts. The uniaxial/multiaxial separation is hence used in
the key below since it is a fairly conspicuous vegetative character always present.
The family name Areschougiaceae 1. Agardh (1876, pp. 246, 273) was earlier in the
same publication as Solieriaceae (J. Agardh 1876, p. 597). The latter (including
Caulacanthus) was initially a superfluous synonym of Caulacanthaceae Kiitzing (1843, p.
389) - see Silva (1980, p. 86) - hence Areschougiaceae is here used (Kraft, pers. comm.).
KEY TO GENERA OF ARESCHOUGIACEAE
1.
1.

Apices multi axial, thallus erect and branched or pulvinate and parasitic ......................... 2
Apices uniaxial, axial filament persistent or not, thallus erect and bmnched ................... 5
2.
2.

3.
3.

Thallus complanately branched, branches compressed, firm, with a medulla of
longitudinal filaments and a moderately broad pseudoparenchymatous cortex
............................................................................................................... CALLOPHYCUS
Thallus branches terete, soft or firm, with a broad, laxly filamentous medulla or a
narrow medulla of longitudinal filaments ........................................................................ 4
4.
4.

5.
5.

6.

7.

Thallus relatively soft, irregularly branched; medulla broad, of lax entangled
filaments; enveloping tissue around the carposporophyte prominent ... SOUERIA
Thallus firm, subdichotomously branched; medulla narrow, of compact
longitudinal filaments, with a broad pseudoparenchymatous cortex; enveloping
tissue around the carposporophyte absent... ................................... SARCONEMA

Central axial filament clear only near branch apices; nutritive tissue absent adjacent to
diploidized auxiliary cell ............................................................................ RHABDONIA
Central axial filament clear throughout thallus; nutritive tissue present adjacent to
diploidized auxiliary cell .................................................................................................. 6
6.

7.

Thallus pulvinate, lobed, 3-6 mm high, parasitic on Solie ria robusta
...................................................................................................... TIKV AHIELLA
Thallus erect, 2-30 (-40) cm high, branches terete or compressed ....................... 3

Axial cells each with two periaxial cells at about 90°, alternating on successive
cells; thallus branches constricted into elongate-ovoid segments, at least in
younger parts ...................................................................... ERYTIlROCLONIUM
Axial cells each with one periaxial cell; thallus branches terete to slightly
compressed, not constricted into segments ........................................................... 7

Thallus branches terete to slightly compressed, 0.3-2 (-4) mm in diameter or broad;
reproduction non-procarpic .................................................................... ARESCHOUGIA
Thallus branches terete, upper branch lets less than 0.3 mm in diameter; reproduction
procarpic ...................................................................................................... MELANEMA
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Tikvahiella

Genus TIKVAHIELLA Kraft & Gabrielson 1983: 47

Thallus parasitic on Solie ria robusta, forming small, white, lobed pustules with
endophytic filaments penetrating the host and pit-connected to host cortical cells. Structure
multiaxial, with a broad, laxly filamentous medulla and pseudoparenchymatous cortex.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monoecious; non-procarpic. Carpogonial branches 3-celled,
borne on inner cortical cells, directed inwards and with a reflexed trichogyne, and with the
fertilized carpogonium producing two unbranched, non-septate, connecting filaments.
Auxiliary cell an adjacent inner cortical cell in a darker staining (prior to diploidization)
complex. Gonimoblast initials I or 2, developing thallus inwards, later forming a fusion cell
with radial gonimoblast filaments bearing single, terminal carposporangia, with a slight
filamentous enveloping tissue derived from scattered nutritive filaments. Cystocarps sunken
in the lobes, ostiolate. Spermatangia cut off from outer cortical cells, either on separate lobes
or at the bases of female lobes.
Tetrasporangia scattered, laterally attached to mid cortical cells, zonately divided.
Type (and only) species: T. candida Kraft & Gabrielson 1983: 48.
Tikvahiella differs from the only other parasitic genus (Gardneriella) in this family by
its host, tetrasporangia (Gardneriella mainly bisporangia), carposporophytes with a central
fusion cell (a sterile tissue in Gardneriella) and single carposporangia (chains in
Gardneriella, which also has no ostiole).
Tikvahiella candida Kraft & Gabrielson 1983: 48, figs 1-27.
FIGS l07D-G, l09A-D
Thallus (Fig. 107D, E) white, darkening on drying, 3-6 mm high, parasitic on Solie ria
robusta, forming pustules with a basal terete stalk and several blunt to conical lobes O.S-I
mm long and 300-S00 J..lm in diameter. Structure (Fig. 107F) multiaxial with each axial cell
cutting off a single periaxial cell and developing a filamentous medulla of linked cells and a
cortex of inner, ovoid to elongate, larger, multinucleate cells 8-14 Ilm in diameter and an
outer cortex of small, ovoid, uninucleate cells 3-6 J..lm in diameter and UD 2-3. Endophytic
parasite filaments are slender and become pit-connected to cortical cells of the host.
Reproduction. Sexual thalli monoecious; non-procarpic. Carpogonial branches (Fig.
109A) 3-celled, borne on inner cortical cells, directed inwards with a reflexed trichogyne and
the hypogynous cell often with a filiform process. Auxiliary cell (Fig. 109B) an inner cortical
cell in a darker staining complex, with the fertilized carpogonium producing two unbranched
connecting filaments, one cut off by a pit-connection and the other not, connecting to an
auxiliary cell which produces inwardly I or 2 gonimoblast initials, then developing a fusion
cell with radial gonimoblasts forming a surface layer of terminal, ovoid carposporangia
IS-20 Ilm long and IO-IS J..lm in diameter; carposporophyte (Fig. 107G) with slight
enveloping tissue and a central fusion cell with its medullary stalk cell. Cortical filaments
adjacent to the carposporophyte form files of cells except just outside the auxiliary cell,
resulting in a pit which becomes an ostiole. Spermatangia (Fig. 109C) scattered, either on
male lobes or at the base of female lobes, cut off from surface cortical cells, ovoid, about
2 J..lm in diameter.
Tetrasporangia (Fig. 109D) scattered in the outer cortex, laterally attached, ovoid,
20-30 J..lm long and 8-1S J..lm in diameter, zonately divided.

Type from Portsea Pier, Port Phillip Bay, Vic. (Kraft, Huisman & Wynne, 2S.iii.1981);
holotype in MELU, K 3399.
Distribution: Marino, S. Aust., to Westernport Bay, Vic.
Selected specimens: Marino, S. Aust., 3-4 m deep (Kraft & Owen, 19.1.1973; MELU, K 4397).
Port Noarlunga, S. Aust., 21 m deep (Shepherd, March 1966; AD, A30485). Vivonne Bay, Kangaroo
I., S. Aust., 3-6 m deep on jetty piles (Kraft, lS.iv.1973; AD, A43724). Redbanks, Kangaroo I., S.
Aust., upper sublittoral (Wamersley, 28.xii.1949; AD, A12868). Off St Leonards, Port Phillip, Vic.,
4 m deep (Macpherson, S.v.1963; AD, A28669). Crawfish Rock, Westernport Bay, Vic., 0 m deep
(Watson, 29.v.1974; AD, A44419).

Callophycus
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T. candida is probably not uncommon but rarely preserved, occurring on Solie ria under
moderate wave action, usually in shallow water but known to 21 m deep. It was reported by
Goff (1982, p. 297) as Solieriocolax tikvahiae Kraft & Gabrielson, an earlier ms name used
by these authors.
Genus CALLOPHYCUS Trevisan 1848: 107
Thallus erect, complanately and pinnately branched, branches compressed to flat, with a
midrib or not, pinnae basally constricted, margin entire to serrate; holdfast discoid, crustose.
Structure multiaxial, with each axial cell producing a single periaxial cell, developing a
loose to moderately dense, filamentous medulla of broader longitudinal filaments splaying to
the cortex, together with rhizoidal filaments, sharply demarcated from the
pseudoparenchymatous cortex.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual plants usually dioecious; non-procarpic. Carpogonial branches
3-4 (-5) -celled, with sterile cells on the lower cells or supporting cell, directed inwards or
sideways with a reflexed trichogyne; fertilized carpogonium producing several long
connecting filaments. Auxiliary cell an inner cortical cell, with adjacent cells darkly staining,
producing first a single gonimoblast initial inwardly, later developing a fusion cell
(continuous with the enlarged and fused axial filament) producing gonimoblast filaments
radially with chains of carposporangia. Cystocarps with slight filamentous enveloping tissue
and a thicker cortex (inner cells radially elongate), buried in and swelling the pinnules,
ostiolate. Spermatangia clustered and scattered or restricted to odd cortical cells.
Tetrasporangia scattered in the outer cortex, basally attached, zonately divided.
Type species: C. dorsiferus (c. Agardh)Silva 1957: 143.
Four species of Callophycus occur on southern Australian coasts, one of which (c.
dorsiferus) together with C. costatus (Harvey)Silva are limited to the west coast of Australia
(Min-Thein & Womersley 1976, pp. 14, 19), and three species occur in the Pacific Ocean
tropics, with two, C. densus (Sonder)Kraft and C. tridentifer Kraft, found in eastern
Australia (Kraft 1984b).

KEY TO SPECIES OF CALLOPHYCUS
1.
I.

Thallus branches flat throughout, pinnae 2-4 mm broad, pinnules 1-2 mm broad,
closely pinnate but not proliferous ............................................................ 1. C. dorsiferus
Thallus branches compressed to subterete, pinnae 0.5-2 mrn broad, closely pinnate and
proliferous below or more distantly branched (over 5 mm apart) and less regularly
pinnate .............................................................................................................................. 2
2.
2.

3.

3.

Pinnae and pinnules crowded, proliferous below, subterete to slightly
compressed, 0.5-2 mm broad, distinctly slenderer than main branches (2-) 4-5
mm broad .................................................................................. 2. C. oppositifolius
Pinnae and pinnules usually over 5 mm apart, distinctly compressed and of
similar width to main branches, 1-5 mm broad .................................................... 3

Thallus with usually a single stipe from the discoid hold fast, then dividing into several
axes or main branches; axes (2-) 3-5 mm broad, regularly pinnate when young, pinnae
and pinnules 1-3 mm broad, some pinnule ends becoming flabellate, apices rounded;
cystocarps subterminal in pinnules, protruding on one side .................... 3. C. harveyanus
Thallus with numerous axes from the crustose holdfast; axes 1-1.5 mm broad,
irregularly pinnate, pinnae and pinnules 0.5-1 mm broad, apices acute to rounded;
cystocarps midway along pinnules and central within the medulla ................... 4. C. laxus

I. Callophycus dorsiferus (C. Agardh)Silva 1957: 143. Min-Thein & Womersley 1976: 15,
figs 3, 4, 50.
Rhodomela dorsifera C. Agardh 1822: 372; 1824: 197.
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Thysanocladia dorsifera (C. Agardh)Kiltzing 1849: 769. J. Agardh 1852: 616;
1876: 286. Harvey 1849a: 90, pI. 35 figs 1~8.
Sphaerococcus coriacells Sander 1845: 56; 1848: 192.
Thysanocladia coriacea (Sonder)Harvey 1849a: 90, pI. 36 figs 1-4. 1. Agardh
1852: 616; 1876; 287. KHtzing 1869: 11, pI. 29c, d. Kylin 1956: 280, fig. 211b.
FIGS l08A, 109E~I

B

c

D

Fig. 108. A. CallophycllS dorsiferu.~ (AD, AS0803). HabIt. n. Cal/ophycllS oppositifolius (AD,
A27190). Habit. C. CaliophycliS harveyamH (AD, A50790). Habit. D. Callophyclis laxus (AD,
A3161O). Habit.

Callophycus
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Thallus (Fig. 108A) dark red-brown, 10-25 cm high, with a short, subterete stipe
producing several complanately branched, bipinnate fronds. Axes 5-8 mm broad, with a
broad midrib, bearing close set, distichous, subopposite, flat, pinnae which are similarly
branched with pinnules also flat and 1-2 mm broad and bearing short ramuli }-2 (-3) mm
long forming marginal serrations. Holdfast discoid, 5-15 mm across; epilithic. Structure
(Fig. 109E) multiaxial, with a central medullary core of mainly longitudinal, branched
filaments and rhizoids, and a pseudoparenchymatous cortex 4-7 (-10) cells thick, inner cells
ovoid, (12-) 20-40 11m in diameter, decreasing to outer cells 2-4 11m in diameter, UD
1.5-2.5. Rhodoplasts discoid to ribbon shaped, several per cel!.
Reproduction. Sexual reproduction non-procarpic. Carpogonial branches (Fig. 109F)
3-4 (-5)-celled, borne on an inner cortical cell with the first (and second) cell bearing 1-3
sterile cells, directed inwards and with a reflexed trichogyne. Connecting filaments (Fig.
1090) 4-7, unbranched and non-septate. Auxiliary cells inner cortical cells with adjacent
cells darker staining and producing short chains of nutritive cells after diploidization, then
producing a gonimoblast initial inwardly which gives a compact group of cells; later
gonimoblasts develop radially from the fusion cell (Fig. 109H) which connects to the
enlarged axial filament, and produce terminal chains of ovoid carposporangia 5-8 11m in
diameter. Cystocarps often crowded, 0.5-1 mm across, protruding, with slight filamentous
enveloping tissue, ostiolate. Spermatangia unknown.
Tetrasporangia (Fig. 109 I) near pinnule ends, subnemathecial, scattered amongst
elongate outer cells (UD 6-8), basally attached, elongate-ovoid, 15-30 11m long and 8-12
!lm in diameter, zonately divided.

Type from "Nov. HoI!."; holotype in PC, part in Herb. Agardh, LD, 25552.
Distribution: Port Denison to Hamelin Bay, W. Aust.

Selected specimens:

7 mile beach, N of Dongara, W. Aust., drift (Womersley, 17.ix.1979; AD,
A51353). Fremantle, W. Aust. (Harvey Alg. Aust. Exsicc. 307a; AD, AlS369). King Head, Rottnest I.,
W. Aust., 4-6 m deep (Clarke & Engler, 6.ix.1979; AD, A50S03). Point Peron, W. Aust., drift (Royce
399, 2.x.1949; AD, A14156). Hamelin Bay, W. Aust., 1-2 m deep (Clarke & Engler, l.ix.1979; AD,
A5061S).

C. dorsiferus is essentially a west coast species, reaching to Hamelin Bay, just north of
Cape Leeuwin. It is characterised by its closely bipinnate habit with relatively broad axes and
pinnae, all flat and relatively thin.
2. Callophycus oppositifolius (C. Agardh)Silva 1957: 143. Min-Thein & Womersley 1976:
23,figs7,8,51B,52A.
Sphaerococcus oppositifolius C. Agardh 1822: 294.
Thysanocladia oppositifolia (C. Agardh)J. Agardh 1852: 617; 1876: 288. Harvey
1862: pI. 187. Kiitzing 1869: 11, pI. 30a, b.
FIGS 108B, 1l0A-E
Thallus (Fig. lOSB) dark red-brown, 10-30 cm high, with a short terete to compressed
stipe producing several axes. Axes complanately branched, (2-) 4-5 mm broad and 0.8-1.2
mm thick, bearing crowded, slender, marginal, pinnate branches, becoming denuded below
but often proliferous from the margins. Pinnae (2-) 4-12 cm long, 1-2 mm broad, bearing
distichous and subopposite pinnules 1-3 cm long and 0.5-1 (-1.5) mm broad, subterete to
compressed, sometimes similarly branched. Holdfast robust, discoid, crustose, 0.5-3 cm
across; epilithic. Structure (Fig. 110A) multiaxial, developing a dense medulla of irregular
longitudinal filaments, with rhizoids, and a pseudoparenchymatous cortex 4-5 cells thick,
inner cells ovoid, 15-40 (-50) 11m in diameter, decreasing to the outer cells 3-5 11m in
diameter. Rhodoplasts discoid, several to many per cell.
Reproduction. Sexual thalli dioecious; non-procarpic. Carpogonial branches 3-celled,
borne on inner cortical cells, inwardly directed with reflexed trichogynes, often with a sterile
cell on the basal cell. Connecting filaments (Fig. 1lOB) 3-5, unbranched and non-septate.
Auxiliary cells inner cortical cells, with adjacent cells becoming darker staining after
diploidization, first developing gonimoblast initials inwardly and later radially from the
fusion cell (Fig. llOC) which develops a stalk of fused medullary cells; carposporangia in
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Fig. 109. A-D. Tik~ahiella candida (MELU, K3399). A. Section of cortex with carpogonial branches.
B. Section of cortex with auxiliary cells and a carpogonial branch. C. Section of cortex with
sperrnatangia D. Section of cortex with tetrasporangia. E-I. Callophycus dorsiferus (E-H, AD,
A18369; I, AD, AI4156). E. Longitudinal section of a branch apex. F. Section of cortex with a
carpogonial branch bearing two sterile cells. G. Section of cortex with a fertilized carpogonium
producing four connecting filaments. H. Section of thallus and carposporophyte with a basal, lobed,
fusion cell. I. Section of thallus with tetrasporangia. [A-D, after Kraft & Gabrielson 1983; E-I, after
Min-Thein & Womersley 1976.}
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short chains, ovoid, 5-8 J-lm in diameter. Cystocarps often adjacent, bulging near the pinnule
edge, with slight enveloping tissue, ostiolate. Spermatangia (Fig. llOD) scattered on young
branches, cut off from outer cortical cells often with interspersed sterile cells, ovoid, 2-3 J-lm
in diameter.
Tetrasporangia (Fig. 110E) scattered in the outer cortex near branch ends, among
elongate sterile cells, basally attached, elongate-ovoid, 15-25 J-lm long and 7-10 J-lm in
diameter, zonately divided.

Type from "Nov. Holl." (Desfontaines); holotype in Herb. Agardh, LD, 25599; isotype in
PC.

Distribution: Geraldton, W. Aust., to Seal Bay, Kangaroo I. and southern Yorke Pen., S.
Aust.

Selected specimens: Point Moore, Geraldton, W. Aust., drift (Womersley, 17.ix.1979; AD,
A51178). Flat Rocks, 40 krn S of Geraldton, W. Aust., drift (Mitchell, 17.ix.1966; AD, A31039).
Parakeet Bay, Rottnest I., W. Aust., 6 m deep (Mercer, 7.xii.1984; AD, A56647). Point Peron, W.
Aust., drift (Parsons, 15.xi.1968; AD, A34329). Safety Bay, W. Aust., drift (Womersley, 18.viii.1979;
AD, A50759 -"Marine Algae of southern Australia" No. 206). Elliston, S. Aust., 17 m deep outside
bar (Shepherd, 12.v.1971; AD, A38655). 7 krn SE of Wedge I., S. Aust., 23-38 m deep (Baldock,
4.i.1964; AD, A27190). Cable Hut Bay, Yorke Pen., S. Aust., 2-9 m deep (Kald, 10.vi.1968; AD,
A33074). Seal Bay, Kangaroo I., S. Aust., drift (Womersley, 29.x.1966; AD, A31026).

C. oppositifolius is distinguished by the slender, often proliferous, lateral pinnae and
pinnules borne on the distinctly broader, thick, axes. It is essentially a deep water species of
western affinities.

3. Callophycus harveyanus (J. Agardh)Silva 1957: 143. Min-Thein & Womersley 1976:
27, figs 9, 10, 52B.
Thysanocladia harveyana 1. Agardh 1876: 287. Kyiin 1932: 14. Lucas & Perrin
1947: 175.
T. laxa sensu Harvey 1855a: 550; 1862: pI. 211 [NON Sonder 1853: 689].
FIGS I08C, llOF, G
Thallus (Fig. 108C) dark red-brown, 10-40 cm high, compianateiy branched with one
to several main branches (2-) 3-5 mm broad from a short stipe, branches compressed,
without a midrib, bearing slightly narrower, subopposite, distichous pinnae which are mostly
basally constricted and irregular in length, often developing into longer branches; pinnules
compressed, usually simple, 0.5-2 cm long and 1-3 mm broad, margin entire. Holdfast
discoid, 5-10 mm across, with a single stipe; epilithic. Structure multiaxial, with a core of
medullary filaments and rhizoids and a pseudoparenchymatous cortex 5-8 cells thick, inner
cells ovoid, 15-25 J-lm in diameter, and outer cells 3-5 J-lm in diameter. Rhodoplasts discoid,
several per cell.
Reproduction. Sexual reproduction non-procarpic. Carpogonial branches (Fig. llOF)
3 (-4 )-celled, borne on an inner cortical cell with the basal cell often bearing 1-2 sterile cells
or short chains, projecting inwards with a reflexed trichogyne. Connecting filaments several,
unbranched and non-septate. Auxiliary cell and adjacent inner cortical cells becoming darker
staining after diploidization and producing branches of small cells; gonimoblast initials first
produced inwardly, later radially from the fusion cell (which has an enlarged axial filament),
with terminal chains of ovoid carposporangia (Fig. 1 lOG) 6-10 J-lm in diameter. Cystocarps
subterminal to midway long the pinnules, often crowded, hemispherical and protruding, with
slight enveloping tissue, ostiolate. Spermatangia unknown.
Tetrasporangia unknown.

Type from Fremantle, W. Aust.; lectotype in Herb. Agardh, LD, 25565.
Distribution: Port Denison, W. Aust., to 16 km E of Euda, S. Aust.
Selected specimens: Point Peron, W. Aust., drift (Parsons, 15.xi.1968; AD, A34328). Safety Bay,
W. Aust., drift (Womersley, 18.viii.1979; AD, A50790 -"Marine Algae of southern Australia" No.
205). Eyre, W. Aust., drift (Gordon, 22.xi.1968; AD, A34225). 16 krn E of Euc\a, S. Aust., drift
(Womersley, 3.ii.1954; AD, AI9291).
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Fig. 110. A-E. Callophycus oppositifolius (A, E, AD, A34329; B, C, AD, A31039; D, AD, A38655).
A. Transverse section of older branch with medulla filled with rhizoidal filaments. B. Section of cortex
with fertilized carpogonium with 5 connecting filaments. C. Section of branch with carposporophyte
and extensive fusion cell. D. Section of cortex with sunken spennatangial clusters. E. Section of
cortex with tetrasporangia. F, G. Callophycus harveyanus (F, AD, A19291; G, AD. A34225). F. A

Solieria

ARESCHOUGIACEAE

339

C. harveyanus is closely related to C. laxus, differing in its more regular and broader
branches and pinnules.
4. Callopbycus laxus (Sonder)Silva 1957: 143. Min-Thein & Womersley 1976: 31, figs 11,
12,53.
Thysanocladia taxa Sonder 1853: 689.
FIGS 108D, llOH-J
Thallus (Fig. 108D) dark red-brown, 10-30 cm high, with linear, compressed axes
1-1.5 mm broad, complanately branched, with distichous, compressed, subopposite and
entire pinnae 0.5-1.5 mm broad and 1-4 (-6) cm long, 0.5-2 cm apart on the axes, with a
slight midrib, often developing into longer branches; older pinnae usually lost. Holdfast
discoid to crustose, 1-3 cm across, with numerous erect axes; epilithic. Structure multiaxial,
with medulla of entangled filaments and rhizoids and a pseudoparenchymatous cortex 3-5
cells thick, inner cells ovoid, 15-30 flm in diameter, and outer cells 3-5 flm in diameter.
Rhodoplasts discoid to ribbon shaped, several per cell.
Reproduction. Sexual reproduction non-procarpic. CarpogoniaJ branches (Fig. 110H)
3-celled, projecting laterally from an inner cortical cell with a reflexed trichogyne, with
sterile cells on the supporting celL Connecting filaments 4-7, unbranched and non-septate.
Auxiliary cell and adjacent cortical cells becoming darker staining after diploidization and
producing branches of small cells; fusion cell (Fig. 110 I) producing radial gonimoblast
filaments with terminal chains of subspherical carposporangia 7-10 flm in diameter, and
with the axial filament enlarging. Cystocarps along simple or branched pinnae, often
adjacent, sunk within the thallUS, with moderate filamentous enveloping tissue, ostiolate.
Spermatangia unknown.
Tetrasporangia (Fig. 1101) near pinnule ends, sparsely scattered in the outer cortex,
basally attached, ovoid, 16-20 flm long and 10-12 11m in diameter, zonately divided.
Type from Rivoli Bay, S. Aust.; lectotype in MEL, 44495.

Distribution: West Bay, Kangaroo I., S. Aust., to Wilsons Prom., Vic.
Selected specimens: West Bay, Kangaroo t, S. Aust., drift (Womersley, 6.i.1946; AD, A3206).
Pennington Bay, Kangaroo I., S. Aust., 1-2 m deep on outer reef edge (Kraft, 13.iv.1973; AD,
A43580). Lands End, West r., S. Aust., 16-19 m deep (Shepherd, 2.i.l967; AD, A3161O). Horseshoe
Bay, Port Elliot, S. Aust., drift (Min-Thein, 13.v.l971; AD, A38565). Robe, S. Aust., drift (Womersley,
29.viii.l949; AD, A10928). Stinky Bay, Nora Creina, S. Aust., drift (Womersley, 3.ix.1971; AD,
A39562). Lady Julia Percy t, Vic., 19 m deep (Shepherd, 4.i.l968; AD, A32460). Cape Woolamai,
Vic., 16 m deep (AIMS-NC!, Q66C 3481-Y, 16.ii.1990; AD, A60387). Wilsons Prom., Vic. (Mueller;
MEL, 44510). Gordon, S Tas., 10 m deep (Blackman, 28.iLI979; AD, A58495).
Records of C. laxus from N.S.W. and tropical Australia have been shown to apply to C.
tridentifer by Kraft (1984b, p. 65).
C. laxus is a slenderer plant than C. harveyanus and has numerous erect axes from the
crustose holdfast, in contrast to the single stipe of the latter. It is also of eastern distribution
in contrast to the western C. harveyanus.
Genus SOLIERIA J. Agardh 1842: 156
Thallus erect, irregularly radially branched, branches terete to only slightly compressed,
basally constricted and tapering gradually above; holdfast fibrous, branched. Structure
multiaxial, with each axial cell producing a single periaxial cell, successive periaxiais
orthostichous, developing a lax, filamentous medulla of longitudinal filaments, cross linking
filaments, and rhizoids, and a pseudoparenchymatous cortex.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
carpogonial branch with basal sterile cells. G. Section of branch with carposporophyte. H-J.
Callophycus laxus (H, I, AD, A38565; J, AD, A 10928). H. Section of cortex with fertilized
carpogonium with connecting filaments and supporting cell with 3 sterile cells. I. Longitudinal section
with a carposporophyte, fusion cell, chains of carposporangia, and lax filamentous enveloping tissue. J.
Transverse section of cortex with tetrasporangia. [A-I after Min-Thein & Womersley 1976.J
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Reproduction. Sexual thalli dioecious; non-procarpic. Carpogonial branches 3-4-celled,
usually without sterile cells, directed inwards with a reflexed trichogyne; fertilized
carpogonium producing a single, non-septate, connecting filament. Auxiliary cell an inner
cortical cell in a darkly staining complex, producing an inward gonimoblast initial and
developing a fusion cell with radial gonimoblasts bearing terminal carposporangia, and with
some connecting to the enveloping tissue. Cystocarps within the medulla, with a welldeveloped enveloping tissue of ovoid-celled filaments, swelling the branches, ostiolate.
Spermatangia cut off from outer cortical cells.
Tetrasporangia scattered in the outer cortex, laterally attached, zonately divided.

Type species: S. chordalis (C. Agardh)J. Agardh 1842: 156.
The type species has been described in detail by Gabrielson & Hommersand (1982a).
The genus contains 7-8 species (Gabrielson & Kraft 1984, p. 218), some of which require
further investigation.
KEY TO SPECIES OF SOLIERIA
1.
1.

Branches mostly 2-5 mm in diameter, with few small laterals ...................... 1. S. robusta
Branches with numerous, progressively slenderer, laterals. 1-1.5 mm in diameter in
lower branches, decreasing to 200--400 !lm in diameter in lesser laterals ........ 2. S. tenera

1. Solieria robusta (Greville)Kylin 1932: 18. Gabrielson & Kraft 1984: 219, figs lA, B, 2A,
B. Fuhrer et at. 1981: pI. 63. Millar 1990: 345, fig. 21C. Min-Thein & Womersley
1976: 7, figs 1,2,49. Norris 1988: 103, figs 1,2.
Dumontia robusta Greville 1830: 62.
Rhabdonia robusta (Greville)J. Agardh 1852: 355.
Solieria australis Harvey 1855a: 552; 186Gb: pI. 149. Ktitzing 1869: 10, pI. 27.
Rhabdonia umbellata Zanardini 1874: 500.
FIGS 111 A, 112A-G
Thallus (Fig. 111 A) grey-red to brown-red, often bleached to yellow-grey, erect, 10-30
em high, moderately and irregularly branched at intervals of 1-4 cm, branches relatively soft,
terete to slightly compressed, (1-) 2-5 mm in diameter, basally constricted and tapering
above to rounded or sub-acute tips. Holdfast fibrous, branched, 1-2 cm across, with several
fronds; epilithic. Structure (Fig. 112A) multiaxial, with 5-15 apical cells, each subapical cell
cutting off a single periaxial cell with successive periaxials orthostichous, developing a
broad medulla of mainly longitudinal slender filaments (Fig. 1I2B) connected by short
lateral filaments and with abundant rhizoids, and a pseudoparenchymatous cortex 5-6 cells
thick, inner cells irregularly ovoid with numerous secondary pit-connections, 30-80 !lm in
diameter, outer cells 8-14 11m in diameter and LID (1-) 1.5-2.5. Rhodoplasts elongate to
ribbon shaped, several per cell.
Reproduction. Sexual thalli dioecious; non-procarpic. Carpogonial branches (Fig. t12e)
3 (A)-celled, borne on an inner cortical cell and directed inwards, with a reflexed trichogyne,
rarely with a sterile cell on the hypogynous cell. Connecting filament usually unbranched,
non-septate (apart from adjacent to the carpogonium), uniting with the auxiliary cell (Fig.
112D) in a darker staining complex (visible prior to, or at least soon after, diploidization) of
cortical cells, with adjacent cells cutting off branched chains of cells which contribute to the
pericarp. Gonimoblast initial first developed inwardly and producing a compact group of
cells, later gonimoblasts developed radially from the enlarging fusion cell (Fig. tI2E) with
terminal (and later subterminal), ovoid, carposporangia 15-25 !lm in diameter and with
some sterile gonimoblast filaments connected to the pericarp. Cystocarps single to clustered,
immersed in the medulla and swelling the branch, with well-developed enveloping tissue of
ovoid cells, ostiolate. Spermatangia (Fig. 112F) scattered on young branches, cut off from
surface cortical cells, ovoid to tapering, 2-3 !lm in diameter.
Tetrasporangia (Fig. lUG) scattered in the outer cortex, basally attached, ovoid, 3Q--45
11m long and 25-32 !Jm in diameter, zonately divided.
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Type from "Nov. Holl." (Fraser): !tolotype in E.
Distribution: Recorded from Mauritius, South Africa, India, and the Philippines.
Dongara, W. Aust., around southern Australia and Tasmania to Townsville, Qld. Lord
Howe I.

Fig. 111, A. Solieria robusla (AD, A44666). Habit. 8, C. Solie ria ICllera (AD, A42350). B. Habit. C.
Section of cystocarp with fusion cell, gonimobiasl filaments with cmposporangia and ostiole. D, E.
Sarconema filiforme (AD, A13695). D. Habit. E. Section of thallus with fusion cell, gonimoblast
filaments and carposporangia.
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Fig. 112. A-G. Solieria robusta (A, B, G, AD, A19134; C, E, AD, A37805; D, AD, A44666; F,
UWA, 1333). A. Longitudinal section of branch apex. B. Longitudinal medullary filaments with
connecting cells. C. Section of cortex with a carpogonial branch. D. An auxiliary cell complex in the
cortex. E. Section of cystocarp with a large fUSIOn cell with terminal carposporangia. F. Section of
cortex with spermatangia. G. Section of cortex with tetrasporangia. H, I. Solie ria tenera (H, AD,
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Selected specimens: 7 mile beach, N of Dongara, W. Aust., 1-2 m deep (Kirkman, 17.ix.1979; AD,
A51312). Whitford Beach, Perth, W. Aust., 4-5 m deep (Lipkin, 6.ii.1982; AD, A52959). Cottesloe,
W. Aust., drift (Pocock, 12.xii.1969; UW A, A1333). Middleton Beach, Albany, W, Aust., 0-1 m deep
on jetty (Engler, 29.viii.1979; AD, A51324). Head of Great Australian Bight, S. Aust., upper
sublittoral (Womers[ey, 4.ii.l954; AD, A19134). Ward 1., S. Aus!., 18-23 m deep (Shepherd,
13.iii.l980; AD, A50905). 5 km W of Tiparra Reef, S, Aust., 10 m deep (Owen, 2,iv.1971; AD,
A38401), Northern Spencer Gulf, S. Aust., 9 m deep (Shepherd, I 3.ix. 1973; AD. A44183), Nora
Creina, S, Aust., 2-3 m deep (Owen, 17,i.l971; AD, A37805), Dutton Bay, Portland, Vic., drift
(Womersley, 13,iv,1959; AD, A22686), Off Black Rock, Port Phillip, Vic., 2 m deep (Macpherson,
19,iv,1959; AD, A24635), Crawfish Rock, Westernport Bay, Vic., upper sublittoral (Womersley,
16.i.1974; AD, A44666 -"Marine Algae of southern Australia" No. 157). Walkerville, Vic., drift
(Sinkora A2078, 26,ii.l975; AD, A48418). Georgetown, Tas, (Harvey, Alg. Aust. Exsicc. 3461; AD,
A4356l).

Solie ria robusta is a common alga under moderate to fairly turbulent water movement,
extending from sheltered areas with strong current flow to shallow to deep water on roughwater coasts.

Formation of a sterile cell on the hypogynous cell of carpogonial branches is quite
unusual, and the few connecting filaments observed have been septate only adjacent to the
carpogonium and also unbranched.
Records from outside Australia still need detailed checking, since Japanese records have
now been referred to a separate species, S. pacifica (Yamada)Yoshida 1989: 270.
2. Solieria tenera (J. Agardh)Wynne & Taylor 1973: 100, figs 1-6. Gabrielson &
Hommersand 1982a: 31, figs 2-4,13-20,24,25,28,29,31,39,40-45.
FIGS ll1B, C, 112H, I
Thallus (Fig. 11lB) medium red-brown, 10-20 cm high, much branched irregularly
with numerous laterals of varying length, branches terete, 1-1.5 mm in diameter below,
decreasing to 200-400 11m in diameter in branch lets, basally constricted and tapering
gradually to acute tips. Holdfast small, probably fibrous; epilithic on pebbles or shells.
Structure multiaxial with 6-10 apical cells, each subapical cell cutting off a periaxial cell
with successive periaxials more or less orthostichous at first but this arrangement soon
obscured, developing a medulla of the 6-10 prominent apical filaments (Fig. 112H), each
becoming (6-) 10-20 11m in diameter, interlinked by slender cells or rhizoidal filaments
(especially prominent at bases of laterals), and a pseudoparenchymatous cortex 4-6 cells
thick, inner cells ovoid and 40-80 11m in diameter, outer cells 4-7 11m in diameter and liD
1.5-2. Rhodoplasts discoid, few to numerous per cell.
Reproduction. Sexual thalli dioecious(?); non procarpic. Carpogonial branches (Fig.
112H) 3-celled, borne on inner cortical cells and directed inwards with reflexed trichogynes,
Gonimoblasts directed radially from a large, central, fusion cell, branched and with terminal
clavate carposporangia 10-18 11m in diameter. Cystocarps (Fig. tllC) immersed in the
medulla, swelling the branch, with enveloping tissue of ovoid cells, ostiolate. Spermatangia
cut off from surface cortical cells.
Tetrasporangia (Fig. 112 I) scattered in the outer cortex, sub-basally attached, 40-50 11m
long and 24-30 11m in diameter, zonately divided.

Type from the West Indies; lectotype in Herb. Agardh, LD, 34480 (see Gabrielson &
Hommersand 1982a, p, 41).
Distribution: Western Mediterranean; western Europe and tropical West Africa; North
Carolina, U.S,A. to southern Brazil.
In southern Australia, from Port Phillip, Vic.
Selected specimens: Power Station outfall, Hobsons Bay, Vic., 3 m deep (Watson, Lv. 1972; AD,
A42350; I, MELU, 21966), H. Longitudinal section with medullary filaments and cortex with three
carpogonial branches. I. Section of cortex with tetrasporangia, J. Sarconema filiforme (AD, A13695).
Section of cortex with young and mature tetrasporangia and a hair tuft. [A-G after Min-Thein &
Womersley 1976.]
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A42350). Williamstown, Vic., on rocks in sand, 3 m deep (Kraft, 19,i.1975; MELU, K5109; J. Lewis,
7.iv.1975; MELU, 21966; andJ. Lewis, O'Brien & Kraft, 7.i.1976; MELU, 22019).

These collections of S. tenera from the inner part of Port Phillip Bay, Vic., agree well
with this species as known and described from the West Indian region. They are probably
adventives which may not have spread or established themselves in the area.
Genus SARCONEMA Zanardini 1858: 256

Thallus erect, regularly subdichotomously branched. Branches terete, slender, linear
throughout; holdfast discoid and stoloniferous. Structure multiaxial, with a narrow
medullary core of compact longitudinal filaments and a broad pseudoparenchymatous cortex
of large inner cells with numerous secondary pit-connections and an outer cortex of small
cells.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli probably dioecious; non-procarpic. Carpogonial branches
3 (-4) -celled, borne on a cortical cell 3-4 cells deep, directed inwards or laterally with a
reflexed trichogyne, when fertilized producing a single, non-septate but often branched
connecting filament. Auxiliary cell an inner cortical cell, not distinguishable before
diploidization, producing a small-celled nutritive tissue towards the thallus surface and then
a gonimoblast initial inwardly. Fusion cell large and irregular, with numerous arms at first
inward but becoming radial, which cut off short chains of carposporangia, forming a
globular carposporophyte; enveloping tissue absent but outer cortex extending as the
pericarp outside the carposporophyte and becoming ostiolate. Spermatangia unknown.
Tetrasporangia scattered in the outer cortex, cut off laterally, zonately divided.
Type species: S.furcellatum Zanardini 1858: 264 [= S.filiforme (Sonder)Kylin]
A genus of two species (Papenfuss & Edelstein 1974) mainly of subtropical
distribution, differing from Solie ria in its regularly dichotomous, firm thallus, narrow
medullary core of longitudinal filament'> with a broad cortex many cells thick, and lack of
any enveloping tissue.
The reproductive details given by Papenfuss & Edelstein (1974) apply mostly to S.
scinaioides Boergesen, rather than the type species.
Sarconema filifonne (Sonder)Kylin 1932: 22. Millar 1990: 346, fig. 2lB. Papenfuss &
Edelstein 1974: 31, figs 1-3, 13,20-24.
Dicranemafiliforme Sonder 1845: 56; 1846: 173.
Cystocloniumfiliforme (Sonder)Kiitzing 1849: 757; 1868: 6, pI. 18a, b.
Sarcor:tema furcellatum Zanardini 1858: 264, pI. to fig. 1. Cribb 1983: 65, pI. 18
fig. 3
FIGS 111 D, E, 112J
Thallus (Fig. 11lD) dark red-brown, erect, 10-30 cm high, regularly subdichotomously
branched at intervals of 1-3 (-6) em, branches firm, terete, 0.5-1 (- 1.5) mm in diameter,
linear throughout. Holdfast discoid, 2-6 mm across, with several fronds becoming basally
stoloniferous. Structure multi axial, developing a medullary core of compact longitudinal
filaments 8-14 11m in diameter and a broad cortex 10-12 cells across, inner cells ovoid to
irregular, becoming thick walled, 20-60 !lID across, decreasing to outer cortical cells 3-4 Ilm
in diameter and liD 1-2; hairs in small clusters in shallow pits (Fig. 1121). Rhodoplasts
discoid, few per cell.
Reproduction. Carpogonial branches and auxiliary cells unknown. Carposporophytes
(Fig. l1lE) with a central, lobed fusion cell with many arms producing short chains of
irregular ovoid to clavate carposporangia ] 8-25 Ilm in diameter, with the subterminal
sporangium usually less advanced than the terminal; enveloping tissue absent, but the cortex
proliferating outside the carposporophyte and becoming ostiolate. Cystocarps often grouped,
sunken but distinctly bulging the branch. Spermatangia unknown.
Tetrasporangia (Fig. 1121) scattered in the outer cortex, ovoid, 35-50 11m long and
20-25 J.lm in diameter, zonately divided.
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Type from "occid. Nov. Holl." (Preiss): holotype in MEL, 44488.
Distribution: Indo-pacific tropics and subtropics.
In Australia, south to Rockingham on the west coast, from Elliston, S. Aust., Sorrento,
Vic., and from Jervis Bay, N.S.W. north on the east coast (Millar & Kraft 1993, p. 27).

Selected specimens: North Beach, Perth, W. Aust., drift (Norris, 27.iii.1959; AD, A22268).
Fremantle, W. Aust., drift (Royce 951, l.iii.l951; AD, A 14143). Sisters Reef, Rockingham, W. Aust.,
3 m deep (AIMS-NCI, Q66C 2825-M, 22.iii.1989; AD, A59735). Elliston, S. Aust., pools, inner reef
(Womersley, 15.i.l951; AD, A13695). Sorrento, Vic., 6 m deep on Ocean Reef Marina (Millar &
O'Brien, 9.xii.l980; MELU, 24410).

S. filiforme is a subtropical species with only sporadic occurrences on southern
Australian coasts.
Genus RHABDONIA Hooker & Harvey 1847: 408

Thallus erect, irregularly radially branched, branches terete or constricted into clavate to
elongate-ovoid segments with branching from their distal ends; holdfast discoid or fibrous.
Structure uniaxial, with the axial filament cutting off a single periaxial cell on 3 radii,
producing rhizoids and forming a laxly filamentous medulla with the axial filament
becoming inconspicuous and a pseudoparenchymatous cortex of ovoid cells.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monoecious or dioecious; non-procarpic. Carpogonial
branches 3 (-4)-celled, borne on an inner cortical cell and rarely with a sterile cell on the
basal cell, directed inwards with a reflexed trichogyne; fertilized carpogonium producing a
single, non-septate, connecting filament. Auxiliary cell an inner cortical cell in a darkly
staining complex, first producing a gonimoblast initial inwardly and later a large, irregular
fusioll cell bearing radially short chains of carposporangia, and with a basal fusion stalk
connecting back to one of the axial filaments. Cystocarps with or without slight filamentous
enveloping tissue, protruding slightly on one side of the branch, ostiolate. Spermatangia
scattered near branch ends, cut off from outer cortical cells via initials.
Tetrasporangia scattered in the outer cortex, cut off laterally, zonately divided.

Lectotype species: R. coccinea (Harvey)Hooker & Harvey 1847: 408
A genus of 3 species, probably confined to southern Australia, described by Min-Thein
& Womersley 1976; supposed species from elsewhere need fe-investigation.
Rhabdonia is distinguished from other uniaxial genera of the Areschougiaceae by its
terete or segmented branches, loss of a clear axial filament some distance below the apex,
and lack of any nutritive cells associated with the developing carposporophyte.
KEY TO SPECIES OF RHABDONIA
1.

I.

Thallus unsegmented, irregularly branched, upper branches 0.5-1.5 mm in diameter
...................................................................................................................... 1. R. coccinea
Thallus segmented, much branched from apices of clavate to elongate-ovoid segments
(2-) 4-15 (-20) mm long, (0.5-) 1-2 (-3) mm in diameter ................................................ 2
2.
2.

Upper segments 2-4 (-6) mm long, lower axes thickened and covered with short,
unbranched, adventitious, branchlets of 1-3 segments; without internal refractive
filaments ..................... ,................................................................. 2. R. verticillata
Upper segments 5-20 mm long, lower axes only slightly thickened, without
short adventitious branchlets; with long refractive filaments just internal to the
cortex ............................................................................................... 3. R. clavigera

1. Rhabdonia coccinea (Harvey)Hooker & Harvey 1847: 408. J. Agardh 1852: 354; 1876:

591. Harvey 1858: pI. 54; 1860a: 321. Kiitzing 1849: 723; 1866: 26, pI. 73c, d.
Kylin 1932: 36; 1956: 289, fig. 220A. Lucas & Perrin 1947: 171, fig. 42A-F. MinThein & Womersley 1976: 39,,tigs 13, 14,54.
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Chrysymenia coccinea Harvey 1844: 448.
Rhabdonia harveyi Sonder 1853: 681 (in part).
Rhabdonia dendroides Harvey 1860b: pI. 152. J. Agardh 1872: 38; 1876: 591.
Kylin 1932: 36, fig. 7H. Lucas & Perrin 1947: 172.
FIGS 113A, 114A-G

Fig. 113. A. Rhabdonia coccinea (AD, A61214). Habit. B. Rhabdonia verticil/ata (AD, A41031).
Habit. C-E. Rhabdonia clavigera. (C, AD, A31637; D, E, AD, A57594). C. Habit. D. Transverse
section of branch with a carposporophyte with central fusion cell and radiating gonimoblast filaments
with terminal carposporangia. E. Transverse section of cortex with tetrasporangia.
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Thallus (Fig. 113A) medium to dark red, erect, 5-25 cm high, much branched
irregularly with terete, linear, gently tapering branches 200-400 f,tm in diameter above,
0.5-1.5 mm in central parts, and in dendroid specimens 2-3 mm thick in lower axes.
Holdfast discoid, 2-8 mm across with one to several axes and becoming stoloniferous from
their bases; epilithic. Structure uniaxial (Figs 114A, B), with periaxial initials single per
axial cell and on three radii, developing rhizoids and forming a laxly to moderately
filamentous medulla (Fig. 114C) in which the original axial filament becomes
inconspicuous; occasional filaments become thickened (Fig. 114B) and filled with yellow
refractive material; cortex at first 2-5 cells thick (later 5-8 cells thick), inner cells ovoid.
multinucleate, 20-80 J.Im in diameter, outer cells isodiametric, (6-) 10-15 J.Im in diameter;
bases of older axes thickened from a cortical meristem, becoming perennial with new apical
growth. Rhodoplasts discoid to elongate, many per cell.
Reproduction. Sexual thalli monoecious; non-procarpic. Carpogonial branches (Fig.
114D) 3 (-4)-celled, borne on inner cortical cells, directed inwards with a reflexed
trichogyne, rarely with a sterile cell on the basal cell. Connecting filament single. nonseptate, unbranched. uniting with the auxiliary (inner cortical) cell in a darkly staining
complex (Fig. I 14D) (probably so before connection). Gonimoblast initial first inwards, later
with a prominent fusion cell (connected to an enlarged medullary filament) with radial
gonimoblasts (Fig. 114E) producing short chains (the terminal one mature) of ovoid
carposporangia 50-90 J.Im in diameter. Cystocarps swelling one side of lesser branches,
without filamentous enveloping tissue but with a pericarp of thickened cortex, ostiolate.
Spermatangia (Fig. 114F) scattered near branch apices, with surface cortical cells cutting off
3-6 initials, each of which produces 2-3 ovoid spermatangia, 2-3 J.Im in diameter.
.
Tetrasporangia (Fig. 114G) scattered in the cortex of younger branches, cut off laterally,
ovoid, 80-100 11m long and 60-80 J.Im in diameter, zonately divided.

Type from Georgetown, Tas. (Gunn 1301); holotype in BM.
Distribution: Champion Bay, W. Aust., to the Snowy R. mouth~ Vic., and around
Tasmania.

Selected specimens: Champion Bay, W.

Aust. (MEL, 44569). Esperance, W. Aust., drift (Firman,
Dec. 1952; AD, A18950). Point Malcolm, Israelite Bay, W. Aust., drift (Willis, 28.xi.l950; AD,
A15903). The Hotspot, near Flinders I., S. Aust., 25 m deep (Branden, 23.i.l991; AD, A61214).
Between Hopkins and Thistle Is, S. Aust., 6-9 m deep (Baldock, 1.i.1964; AD, A27126). Northern
Spencer Gulf, S. Aust., 11 m deep (Shepherd, 4.ix.1973; AD, A44106). 3 km SE of Marion Light, Gulf
St Vincent, S. Aust., 24 m deep (Shepherd, 5.ii.l969; AD, A33886). Aldinga, S. Aus!., drift
(Womersley, 31.xii.l967; AD, A32200). Cape Jervis, S. Aus!., 10-12 m deep (Shepherd. 29.xi.l983;
AD, A54604). Seal Bay, Kangaroo i., S. Aus!., shaded reef pool (Womersley, 29.x.l966; AD, A31l13).
Kirk Point, Port Phillip, Vic., drift (Min-Thein, 1 Lviii.l970; AD, A36033). Walkerville, Vic., drift
(Sinkora A2068, 26.ii.l975; AD, A48544). Snowy R. mouth, Vic. (Mueller, Feb. 1855; MEL, 44557).
Satellite I., D'Entrecasteaux Ch., Tas., 10 m deep (Shepherd, 18.ii.l972; AD, A41693).

R. coccinea is a deeper water species on rough-water coasts or with strong tidal
currents, distinguished by its form and the presence of elongate, refractive, inclusions in
young branches.

2. Rhabdonia verticillata Harvey 1863: pI. 299. 1. Agardh 1872: 38; 1876: 594. Kylin
1932: 36, fig. 7A-C. Lucas & Perrin 1947: 172, fig. 43a-f. Min-Thein &
Womersley 1976: 43, figs 15, 16, 55A.
Chondria articulata var. gracilis C. Agardh 1822: 358.
FIGS 113B, 114H-M
Thallus (Fig. 113B) red-brown to dark red, erect, 10-25 cm high, profusely branched
from apices of elongate-ovoid to clavate segments 2-4 (-6) mm long above, to 10 mm long
below, 0.5-1 mm in diameter, lower branches becoming more or less terete by cortical
thickening (1-1.5 mm in diameter), and the basal few centimetres covered with short
adventitious branchlets 0.5-4 mm long, of 1-3 segments. Holdfast branched, hapteroid,
3-30 mm across, bearing one to several fronds; epilithic. Structure (Fig. 114H) uniaxial,
periaxial cells single per axial cell and on three radii, forming a broad medullary region
traversed by the branched periaxial fil~ments but with a central core of rhizoids surrounding
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Fig. 114. A-G. Rhabdonia coccinea (A-E, AD, A33886; F, AD, A27126; G, AD, A32200). A.
Longitudinal view of branch apex; axial cells stippled, part of a refractive filament shown below. B.
Longitudinal section of young branch showing axial filament, medullary filaments, cortex and parts of a
refractive filament. C. Transverse section of an older branch. D. Longitudinal section with four
carpogonial branches and an auxiliary ce\1 complex. E. Longitudinal section of carposporophyte with
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the inconspicuous axial filament (Fig. 114 I); cortex pseudoparenchymatous, (2-) 3-6 cells
thick, inner cells ovoid, to-30 f..Im in diameter, outer cells to-IS f..Im in diameter.
Rhodoplasts discoid to elongate, becoming ribbon shaped and branched, several per cell.
Reproduction. Sexual thalli dioecious; non-procarpic. Carpogonial branches (Fig. 114J)
3-celled, borne on an inner cortical cell or outer medullary cell, directed inwards with a
reflexed trichogyne. Connecting filament single (Fig. I 14J), non-septate, unbranched.
Auxiliary cells not observed. Fusion cell connected to an enlarged medullary filament and
bearing radial gonimoblasts (Fig. 114K) with short chains (terminally mature) of ovoid
carposporangia 30-60 f..Im in diameter. Cystocarps within the medulla, 500-800 f..Im in
diameter, only slightly swelling the branch, with slight filamentous enveloping tissue and
slightly thickened cortex, ostiolate. Spermatangia (Fig. 114L) scattered, with surface cortical
cells cutting off 2-3 initials which form 2-3 ovoid spermatangia 3-4 f..Im in diameter.
Tetrasporangia (Fig. 114M) scattered in the cortex, cut off laterally, ovoid, 60-80 f..Im
long and 40-50 f..Im in diameter, protruding into the medulla and with a rosette of cortical
cells in surface view, zonately divided.

Type from Georgetown, Tas.; lectotype in Herb. Harvey. TeO.
Distribution: Elliston, S. Aust., to Walkerville, Vic., and around Tasmania.
Selected specimens: Elliston, S. Aust., 7 m deep in bay (Shepherd, 2I.x.1970; AD, A37546). Off
Troubridge Light, Edithburg, S. Aust.. 17 m deep (Shepherd, 4.ii.1969; AD, A33435). Investigator
Strait, S. Aust., 23 m deep (Watson, 15.i.I971; AD, A41031). Seal Beach, Kangaroo I., S. Aust., drift
(Womersley, 2l.i.1965; AD, A28642). Pennington Bay, Kangaroo I., S. Aust., drift (Womersley,
24.v.1945; AD, AI6405). Stinky Bay, Nora Creina, S. Aust., drift (Womersley, 19.viii.l957; AD,
A2 I 244). Dutton Bay, Portland, Vic., drift (Womersley, l3.iv.1959; AD, A22687). Coles Channel
(entrance to Swan Bay), Port Phillip, Vic., 6 m deep (Macpherson, 4.iv.1963; AD, A28680). Crawfish
Rock, Westernport Bay, Vic., 3 m deep (Shepherd, 3l.i.1970; AD, A35218). Walkerville, Vic., drift
(Sinkora A2070. 26.ii.1975; AD, A483l7). Great Taylor Bay, Bruny I., Tas., 10 m deep (Shepherd,
7.ii.1970; AD, A35150).

R. verticillata is a distinctive species in habit, in the uniaxial filament being
conspicuous only near the apices, and in the presence of short branchlets clothing the lower
axes. In the latter two features it differs from Erythroclonium muelleri which is similar in
appearance.
3. Rhabdonia cIavigera J. Agardh 1872: 38; 1876: 594; 1897: 38. Kylin 1932: 36, fig.
70-0, pI. 14 fig. 35; 1956: 289, fig. 220C. Lucas & Perrin 1947: 173. Min-Thein
& Womersley 1976: 48, fig. 55B.

FIG.U3C-E
Thallus (Fig. 113C) medium to dark red-brown, fading to yellow-grey, 5-15 cm high,

moderately to much branched with 2-4 (-6) branches from the apex of each segment; mature
segments elongate-ovoid to clavate, 0.5-2 cm long, 1-2 (-3) mm in diameter; lower
segments not or only slightly thickened, 0.5-1 mm in diameter, without adventitious laterals.
Holdfast stoloniferous and hapteroid, 0.5-2 cm across, with several axes; epilithic. Structure
uniaxial, with rhizoidal filaments enlarging to form a core of 4-6 similar filaments 8-20 11m
in diameter together with slenderer filaments, surrounded by a broad, lax medulla of
periaxial filaments with divergent end cells lying just inside the cortex, some cells becoming
very long, 4-8 f..Im in diameter, with uniform, refractive contents. Cortex
pseudoparenchymatolls, 2 (-3) cells thick, inner cells ovoid and 12-20 (-30) Ilm in diameter,
outer cells (8-) 10-16 (-20) J..lm in diameter. Rhodoplasts ovoid to elongate, becoming ribbon
shaped, several per ceIL
elongate fusion eell, radiating gonimoblast filaments and displaced carposporangia. F. Longitudinal
section of cortex with sperrnatangia and a carpogonial branch. G. Section of eortex with immature and
mature tetrasporangia, and a hair. H-M. Rhabdonia verticillata (H, I, M, AD, A21244; J, K, AD.
Al 6405; L, AD, A351
'tudinal section of part of a segment, with axial filament, periaxial
izoids. I. Transverse section of older branch with axial core and
cells of medulla, and
medulla largely filled with rhizoids. J. Section of cortex with a fertilized carpogonial branch producing
a connecting filament. K. Longitudinal section with a carposporophyte surrounded by a lax involucre
and with four germinating carposporangia. L. Section of cortex with spermatangia. M. Seetion of
cortex with immature and mature tetrasporangia. [A-M after Min-Thein & Womersley 1976.]
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Reproduction. Sexual thalli monoecious; non-procarpic. Carpogonial branches 3-celled,
1 (-2) borne on inner cortical cells, directed inwards with reflexed trichogynes. Connecting
filaments not observed. Auxiliary cell an inner cortical cell which becomes darkly staining,
with attached outer cortical cells dividing into short chains. First gonimoblast cut off
inwardly, later radially from the developing fusion cell, the carposporophyte (Fig. 113D)
producing short chains of ovoid carposporangia (terminally mature) 20-30 11m in diameter,
sometimes germinating before release. Cystocarps lying within the medulla, enveloping
tissue absent, cortex thickened around the narrow ostiole. Spermatangia scattered or in small
patches, with surface cortical cells cutting off 3-4 initials which form 2-3 ovoid
spermatangia each 1.5-2 11m in diameter.
Tetrasporangia (Fig. 1I3E) scattered in the cortex, laterally pit-connected to an inner
cortical cell, protruding into the medulla, ovoid, 40-70 11m long and 30-60 11m in diameter,
zonately divided.

Type from Western Port, Vic. (Harvey, Alg. Aust. Exsicc. 392); holotype in Herb. Agardh,
LD, 34531; isotype in MEL, 44575.
Distribution: Point Sinclair, S. Aust., to Western Port, Vic.
Selected specimens: Point Sinclair, S. Ausl., drift (Womersley, 25.i.l95 1; AD, A13852). 4 km W
of Waldegrave I., S. Aust., 30 m deep (Branden, 3.vii.1987; AD, A57594). Investigator Strait, S. AUSL,
33 and 43 m deep (Watson, 24.1.1971; AD, A41127 and A38146 resp.). 3 km SE of Troubridge I., S.
Aust., 24 m deep (Shepherd, 5.ii.1969; AD, A33897). Vivonne Bay, Kangaroo I., S. Aust., drift
(Womersley, 17.i.1950; AD, A12628). Nora Creina, S. AusL, drift (Gordon, 26.i.1967; AD, A31637).
Western Port, Vic. (Wilson, 9.1.1885; MEL, 502102).
Rhabdonia clavigera is a deep-water species characterised by the segment dimensions,
medullary core of 4-6 filaments of similar size, and the presence of long, refractive, cells
with uniform contents just inside the cortex.

Genus ERYTHROCLONIUM Sander 1853: 691
Thallus erect, segmented, irregularly branched from the apices of the elongate-ovoid,
clavate or slender segments, lower branches often becoming terete by cortical thickening;
holdfast discoid or branched. Structure uniaxial, with each axial cell bearing pairs of
periaxial cells (forming branched filaments) diverging at about 90° and alternating on
successive axial cells, thus with periaxial filaments on four radii; axial filament distinct
throughout the thallus, usually surrounded by slender, often twisted, rhizoids; medulla lax,
becoming filled with rhizoids in old branches, bearing the pseudoparenchymatous cortex
2-4 cells thick, thickened by meristematic activity in older parts.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli usually dioecious; non-procarpic. Carpogonial branches 3
(-4)-celled, borne on outer medullary cells adjacent to the inner cortex, directed inwards with
reflexed trichogynes, usually with sterile cell(s) on the basal cell. Connecting filaments
usually single and unbranched, non-septate. Auxiliary cell an outer medullary cell with
adjacent cells producing a small-celled nutritive tissue in the outer medulla. Gonimoblast
initial first inwardly, developing a fusion cell with a stalk from the periaxial filament, with
radial gonimoblasts and chains of carposporangia, terminally mature. Cystocarps lying
within the medulla, with lax filamentous enveloping tissue, ostiolate. Spermatangia
scattered, cut off from outer cortical cells.
Tetrasporangia scattered, formed from inner cortical cells usually with lateral pitconnections, usually protruding into the medulla.

Lectotype specif!s: E. muelleri Sonder 1853: 692.
Erythroclonium includes four species from southern and western Australia,
monographed by Min-Thein & Womersley (1976), characterised by the pairs of periaxial
filaments on four radii on any two successive axial cells and an axial filament conspicuous
throughout the thallus. One further species, E. corallinum (Suhr)Hoimes, is recorded from
South Africa (Norris 1988, p. 105, figs 9-15).
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KEY TO SPECIES OF ERYTHROCLONlUM
1.

1.

Thallus segments mostly 2-5 mm long, lower branches heavily thickened, with or
without short adventitious segments ................................................................................ 2
Thallus segments (3-) 4-10 (-20) mm long, lower branches not or only slightly
thickened, without short adventitious segments ............................................................... 3
2.
2.

3.
3.

Lower branches usually denuded or with odd laterals of a few segments
remaining ........................................................................................... 1. E. muelleri
Lower branches with conspicuous nodal clusters of adventitious, single,
segments ........................................................................................... 2. E. sedoides

Segments slender, elongate, 0.25-0.8 mm in diameter ........................... 3. E. angustatum
Segments elongate ovoid to clavate, (1.5-) 2-4 mm in diameter .................. .4. E. sonderi

1. Erythroclonium muelleri Sonder 1853: 692. J. Agardh 1876: 278; 1897: 37. Fuhrer et al.

1981: pI. 64. Harvey 1860a: 322; 1863, pI. 298. Kiitzing 1866: 25, pI. 72d-e. Kylin
1932: 36; 1956: 289, fig. 220B. Lucas & Perrin 1947: 170. Min-Thein &
Womersley 1976: 75, figs 27. 28, 59B.
FIGS USA, U6A-E
Thallus (Fig. 115A) medium to dark red. 5-22 cm high, profusely branched with main
branches subdichotomous to alternate and above with whorls of branches from the apices of
elongate-ovoid segments (2-) 3-5 mm long and 0.5-1 (-1.5) mm in diameter, usually with
unbranched or once branched terminal segments 2-4 mm long; lower branches becoming
thickened and terete, 1-2 (-3) mm in diameter, usually denuded and without adventitious
branchlets. Holdfast discoid, 2-5 mm across, with 1 (-2) axis branched close to the base;
epilithic. Structure (Fig. 116A) uniaxial, with the axial filament remaining large and distinct
throughout the thallus, each cell bearing two periaxial filaments more or less at right angles
and alternating on successive cells, forming a lax medulla of branched filaments; rhizoids
twisted around the axial filament from an early stage, and in thickened lower branches filling
the medulla. Cortex pseudoparenchymatous, (1-) 2-3 cells thick, inner cells ovoid and
10-20 Ilm in diameter, outer cells isodiametric and 8-12 Ilm across, becoming meristematic
below to form a cortex 20-30 cells thick. Rhodoplasts discoid to elongate, many per cell.
Reproduction. Sexual thalli dioecious; non-procarpic. Carpogonial branches (Fig. 116B)
3 (-4)-celled, borne singly on elongate medullary cells adjacent to the cortex, directed
inwards with refIexed trichogynes, with the basal cell(s) often bearing sterile cells.
Connecting filaments single, unbranched. Auxiliary cell an outer medullary cell with
adjacent cells producing branched chains of small nutritive cells. First gonimoblast initial
inward, later radial from the large fusion cell (Fig. 116C) connected to a fusion stalk from
the medullary filament, with short chains (terminally mature) of ovoid carposporangia 12-18
Ilm in diameter. Cystocarps within the medulla, with enveloping tissue of laxly entangled
filaments, ostiolate. Spermatangia (Fig. 116D) scattered, with surface cortical cells cutting
off 3-5 initials each of which forms 2-3 ovoid spermatangia 2-4 Ilm in diameter.
Tetrasporangia (Fig. 116E) scattered in the cortex, formed from inner cortical cells and
pit-connected laterally to other cells, protruding into the medulla, ovoid, 80-130 Ilm long
and 40-65 Ilm in diameter.

Type from Lefevre Pen., S. Aust.; lectotype in MEL, 44760, isolectotypes MEL, 44493,
44763.
Distribution: Geographe Bay, W. Aust., to Port Phillip, Vic .• and around Tasmania.
Selected specimens: 7 mile beach, N of Dongara, W. Aust., 1-2 m deep (Kirkman, 17.ix.1979; AD,
A51308). Safety Bay, W. Aust., drift (Womersley, 18.viii.l979; AD, A50766). Point Sinclair, S. Aust.,
drift (Womersley, 25.i.1951; AD, A13858). Waldegrave I., S. Aust., 23 m deep (Shepherd, Il.v.1971;
AD, A38744). Northern Spencer Gulf, S. Aust., 12 m deep (Shepherd, 5.ix.1973; AD, A44170).
Tiparra Reef, S. Aust., 6 m deep (Shepherd, 24.vi.1970; AD, A35946 and 2.iv.l971; AD, A39122).
Semaphore South, S. Aust., 10 m deep (Branden, 19.vi.l975; AD, A46348). Moana Beach, S. Aust.,
drift (Min-Thein, Il.vii.l970; AD, A35960). Emu Bay, Kangaroo I., S. Aust., 8 m deep (URG divers,
12.iv.1963; AD, A26338). Pennington Bay, Kangaroo I., S. Aust., reef pool (Womersley, l.xi.1947;
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Fig. 115. A. Erythroclonium muelleri (AD, A46348). Habit. B-D. Erythroclonium sedoides [B, C,
UWA, Al339 (AD, A44584): D, AD, A1l926]. B. Habit. C. Transverse section of older branch. D.
Section of cortex with tetrasporangia. E. Erythroclonium angus tatum (AD, A43965). Habit. F, G.
Erythroc/oniwn sonderi (F, AD, A331 01; G, AD, A52489). F. Habit. G. Section of cystocarp. [8 as in
Min-Thein & Womers1ey 1976.]
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AD, A6218). Dutton Bay, Portland, Vic., drift (Womersley, 13.iv.l959; AD, A22677). N end Waratah
Bay, Vic., drift (Sinkora A2329, ll.iii.1976; AD, A48385). N of Badger I., NW Cape Barren I., Bass
Strait, 15 m deep (McCauley, 22.ii.l990; AD, A60470). Kinghorne Point, Bruny I., Tas., 8 m deep
(Blackman, 18.ii.l979; AD, A58522).

Erythroclonium muelleri is similar in habit to Rhabdonia verticillata but lacks the short
adventitious branchlets on the lower axes and has a conspicuous central filament throughout.

2. Erythroclonium sedoides (Harvey)Kylin 1932: 36. Min-Thein & Womersley 1976: 79,
fig.60A.
Areschougia (?) sedoides Harvey 1859a: pI. 117. J. Agardh 1872: 26; 1876: 283.
Kylin 1932: 36.
Erythroclonium pyriferum 1. Agardh 1872: 25; 1876: 279. Kylin 1932: 36.
FIG. l1SB-D
Thallus (Fig. 115B) medium to dark red, 10-25 cm high, much branched above with
elongate segments 2-4 mm long and 1-1.5 mm in diameter, branching from their apices; all
except uppermost branches becoming heavily thickened (1-2 mm in diameter) and terete,
and developing clusters at the nodes of short-stalked, adventitious, clavate segments 1-2 (-3)
mm long and 0.7-1 mm in diameter. Holdfast discoid, with a single stipe soon becoming
branched; epilithic. Structure uniaxial with the axial filament conspicuous throughout, with
each axial cell bearing two periaxial filaments at right angles, alternating on adjacent cells,
with rhizoids twisted around the axial filament in young segments; medulla with lax
periaxial filaments above, becoming filled with rhizoids in thickened branches (Fig. 115C).
Cortex pseudoparenchymatous, 2-3 cells thick in upper segments, 3-6 cells thick in
adventitious segments, inner cells ovoid and (10-) 15-20 ~m in diameter, outer cells 8-16
~m in diameter, LID 1-2; outer cortical cells in lower branches cutting off files of elongate
cells LID (1-) 2-3, 10-20 cells long.
Reproduction. Early sexual reproduction unknown. Cystocarps (Harvey 1859a, pI. 117)
within the medulla of adventitious segments, with chains of ovoid carposporangia.
Tetrasporangia (Fig. 115D) scattered in the cortex of adventitious segments, developed
from a mid cortical cell and without outer cortical cells, lying in the cortex and pit-connected
basally, ovoid, 40-50 ~m long and 20-32 ~m in diameter, zonately divided.

Type from Fremantle, W. Aust. (Clifton); holotype in Herb. Harvey, TCD; probable isotype
in MEL, 44736.
Distribution: Dongara to Augusta, W. Aust.
Selected specimens: Dongara, W. Aust., drift (Baird, Feb. 1944; UWA, AI339). Point Peron, W.
Aust., drift (Smith, 6.vi.1947; UWA, 178 and AD, A5686) and (Summerhayes, 4.vi.1947; AD,
Al 1926). Geographe Bay, W. Aust., drift (Feb. 1880; MEL. 44739). Augusta; W. Aust., drift (Smith,
Aug. 1966; UWA, AI338).

Erythroclonium sedoides is distinctive in habit and most specimens lack the upper much
branched segmented parts. It is probably a deep water species, just extending to southern
Australia, and the reproductive details still await investigation.

Although details of the sexual reproduction are unknown, it agrees well in vegetative,
structural and tetrasporangial features with Erythroclonium.
3. Erythroclonium angustatum Sonder 1853: 692; 1855: 522. J. Agardh 1876: 278; 1894:
123, pI. 2 fig. 12. Ktitzing 1869:14, pI. 37c-f. Kylin 1932: 36. Lucas & Perrin
1947: 169. Min-Thein & Womersley 1976: 83, figs 29,30, 60B.
Axosiphon verticillata Areschoug 1854: 22.
FIGS l1SE, 116F-J
Thallus (Fig. 1I5E) medium to dark red, 5-15 cm high, much branched with narrow,
almost linear, constricted segments (3-) 4-10 mm long, (250-) 400-800 ~m in diameter,
with 2-5 branches from segment apices, lower branches only slightly thickened. Holdfast
branched, with rhizoidal attachment pads; epiphytic on Amphibolis and Posidonia,
occasionally epilithic. Structure (Fig. 116F) uniaxial, with each axial cell producing two
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periaxial filaments diverging at about 90°, alternating on adjacent cells, forming a lax
medulla with few rhizoids around the axial cells in young segments, old branches with
moderately dense rhizoids in the medulla (Fig. 116G). Cortex pseudoparenchymatous, 2-3
cells thick, inner cells ovoid and 12-18 Jlm in diameter. outer cells 8-15 Jlm in diameter and
LID 1-2, only slight meristematic thickening of lower parts. Rhodoplasts discoid to
elongate, numerous per cell.

........L.....

200pm

B,E,H,J
75pm

C,G
200pm

Fig. 116. A-E. Erythroclonium muelleri (A, E, AD, A6218; B, C, AD, A35946; D, AD, A39122). A.
Longitudinal section showing axial filament surrounded by rhizoids, medulla of periaxial filaments, and
cortex. B. Section of cortex with a carpogonial branch. C. Section of branch with a carposporophyte
and surrounding enveloping tissue. D. Section of cortcx with sperrnatangia. E. Section of cortex with
immature and mature tetrasporangia. F-J. Erythroclonium angustatum (AD, A35904). F. Longitudinal
section of branch apex, axial cells stipl?led. G. Longitudinal section of older branch with medulla filled
with rhizoids. H. Section of cortex WIth a carpogonial branch (on left) and a fertilized earpogonium
with 3 connecting filaments (on right). I. Section of a carposporophyte with fusion cell, radiating
gonimoblast filaments with chains of carposporangia (most lost) and filamentous involucre. J. Section
of cortex with immature and mature tetrasporangia. [A-I after Min-Thein & Womersley 1976.)
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Reproduction. Sexual reproduction non-procarpic. Carpogonial branches (Fig. 116H)
3-celled, borne on outer medullary cells, directed inwards with reflexed trichogynes, rarely
with a sterile cell on the basal cell. Connecting filaments (Fig. 116 I) 1 (-3), non-septate
apart from next to the carpogonium, usually unbranched. Auxiliary cell an outer medullary
cell with adjacent cortical cells forming chains of small, darkly staining nutritive cells.
Gonimoblast initial inwards, developing a prominent stalked fusion cell (Fig. 116 I) with
radial gonimoblasts producing chains of ovoid carposporangia 30--50 I!m in diameter.
Cystocarps lying within the medulla, with filamentous enveloping tissue, slightly swelling
the segments, ostiolate. Spermatangia unknown.
Tetrasporangia (Fig. 1161) scattered in the cortex of young segments, developed frQm
inner cortical cells and pit-connected laterally, protruding into the medulla, ovoid, 50--70 I!m
long and 22-30 I!m in diameter, zonately divided.

Type from Lefevre Peninsula, S. Aust. (Mueller, July 1852); lectotype in MEL, 44494,
isolectotypes 44720, 44732 and AD, A45065.

Distribution: Point Sinclair, S. Aust., to Phillip I., Vic.
Selected specimens: Point Sinclair, S. Aust., drift (Womersley, 25.i.l951; AD, A13880). Elliston
Bay, S. Aust., 3 m deep on Amphibolis (Shepherd, 20.x.1970; AD, A37535). Somerton Beach, S. Aust.,
drift (Womersley, 4.iii.1944; AD, AI631). Normanville Beach, S. Aust., drift (Min-Thein, 7.vi.1970;
AD, A35904). Pennington Bay, Kangaroo I., S. Aust., drift (Kraft & Min-Thein, 3.xii.l971; AD,
A41386). Victor Harbor, S. Aust., drift (Womersley, 24.vii.l949; AD, All 146). Robe, S. Aust., 8 m
deep (P. Womersley, 24.viii.l973; AD, A43965). Point Roadknight, Vic., drift (Sinkora, A1414,
29.xi.1971; AD, A43119). Point Lonsdale, Vic., drift (Hansen, Jan. 1954; AD, A20443). Phillip I.,
Vic. (Mueller, Feb. 1863; MEL, 44727, 44731).

Erythroclonium angustatum is the slenderest Australian species of the genus and the
only one to occur mainly on the seagrasses Amphibolis and Posidonia.
4. Erythroclonium sonderi Harvey 1859a: pI. 86. J. Agardh 1876: 278. Kylin 1932: 36.
Lucas & Perrin 1947: 169. Min-Thein & Womersley 1976: 84, fig. 61A.
Rhabdonia (?) sonded 1. Agardh sensu Harvey 1855a: 554.
FIG.115F, C
Thallus (Fig. 115F) medium to dark red, (5-) 10-15 cm high, much branched with
clavate to elongate-ovoid segments (4-) 6-10 (-20) mm long and (1.5-) 2-3 (-4) mm in
diameter, markedly constricted, with 2-4 (-7) branches from segment apices; lower branches
becoming thickened (J -2 mm) and terete, though original segments usually still indicated.
Holdfast discoid, 2-7 mm across, with 1-4 axes; epilithic. Structure uniaxial, with each
axial cell producing two periaxial filaments at about 90°, alternating on successive cells,
with rhizoids surrounding the conspicuous axial filament; medulla lax in upper segments,
becoming filled with rhizoids in thickened branches. Cortex pseudoparenchymatous, 2-3
(-4) cells thick, inner cells ovoid and 20-30 Jlm in diameter, outer cells 6-14 Jlm in
diameter, UD 1-1.5, in thickened parts forming files 6-12 cells long. Rhodoplasts discoid to
ribbon shaped, several per cell.
Reproduction. Carpogonial branches 3-celled, borne on inner cortical cells, directed
inwards with reflexed trichogynes. Connecting filaments and auxiliary cells not observed.
Carposporophytes with a central fusion cell and radiating gonimoblasts with terminal chains
of ovoid carposporangia 20-25 11m in diameter. Cystocarps (Fig. 115G) lying within the
medulla, with filamentous enveloping tissue, slightly swelling the segment, ostiolate.
Spermatangia unknown.
Tetrasporangia scattered in the cortex, developed from inner cortical cells and pitconnected laterally, protruding markedly into the medulla, ovoid, 150-175 Jlm long and
65-90 11m in diameter, zonately divided.

Type from Fremantle, W. Aust., (Clifton); ho}otype (Trav. set 139) in TCD.
Distribution: Dongara, W. Aust., to Robe, S. Aust., and the N coast of Tasmania.
Selected specimens: Dongara, W. Aus!., 3 m deep (Borowitzka, 22.iv.1979; AD, A52489).
Hamelin Bay, W. Aus!., drift (Royce 762, 21.vi.1950; AD, AI5501). Semaphore, S. Aust., 24 m deep
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(Shepherd, 28.xii.l968; AD, A33325). Vivonne Bay, Kangaroo I., S. Aust .. drift (Womersley,
14.i.l948; AD, A6902). 35 Jan NW of Robe, S. Aust., 40 m deep (Shepherd, 20.xi.l968; AD,
A33101). Currie R. mouth, N Tas. (Perrin, Jan. 1938; MEL, 44758).

Harvey (1855a, p. 554) first ascribed this species to J. Agardh's Rhabdonia ? sonderi,
which is a synonym of Coeloclonium opuntioides (Harvey)J. Agardh.

Genus ARESCHOUGIA Harvey 1855a: 554, nom. cons.

Thallus erect, much branched either irregularly from terete to slightly compressed
branches or more or less complanately from the margins of distinctly compressed, often
midribbed, branches; hold fast discoid. Structure uniaxial, with the axial cells cutting off a
single periaxial cell more or less on three radii, forming a medulla of periaxial filaments and
rhizoids (dense in lower parts) and a pseudoparenchymatous cortex of ovoid cells; axial
filament conspicuous throughout the thallus.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monoecious where known; non-procarpic. Carpogonial
branches 3 (-4)-celled, borne on inner cortical cells, directed inwards or laterally with
refIexed trichogynes, with occasional sterile cells on the basal cell(s); fertilized carpogonium
producing 3-7 non-septate connecting filaments. Auxiliary cell an inner cortical cell, with
adjacent cortical cells enlarging, staining darker and producing secondary nutritive cells; first
gonimoblast initial more or less inwards, becoming radial from a prominent fusion cell (with
its stalk) and bearing short chains of carposporangia. Cystocarps with filamentous
enveloping tissue, ostiolate. Spermatangia in clusters in nemathecia, between clavate
paraphyses, cut off via initial cells from outer cortical cells.
Tetrasporangia scattered in the cortex, basally attached, zonately divided.
Type species: A. laurencia (Hooker & Harvey)Harvey 1855a: 554 [= A. congesta (Turner)J.
AgardhJ
Areschougia includes three southern Australian species monographed by Min-Thein &
Womersley (1976). The genus is most closely related to Rhabdonia, differing in having a
conspicuous axial filament throughout the thallus. The type species has been discussed by
Silva (1950, p. 267).
KEY TO SPECIES OF ARESCHOUGIA
1.
1.

Branches irregularly radial, essentially terete ............................................... 1. A. congesta
Branches distinctly compressed, laterals distichous from the margins, essentially
complanately branched ..................................................................................................... 2
2.
2.

Branches (2-) 2.5-4 mm broad, apices generally obtuse, short laterals only
occasionally present on main branches; holdfast with a single axis .. 2. A. ligulata
Branches 1-2 mm broad, apices generally acute, short laterals usually present on
main branches; holdfast with several axes .......................................... 3. A. stuartii

1. Areschougia congesta (Turner)J. Agardh 1872: 26; 1876: 281. Min-Thein & Womersley
1976: 55, figs 18, 19,57.
Fucus congestus Turner 1811: 105, pI. 179.
Thamnocarpus (?)laurencia Hooker & Harvey 1847: 409.
Areschougia laurencia (Hooker & Harvey)Harvey 1855a: 554; 1860a: 321; 1863,
synop.: xli. J. Agardh 1872: 26; 1876: 282. Kylin 1932: 37. Lucas & Perrin 1947:
174.
Carpothamnion laurencia (Hooker & Harvey)Ktitzing 1849: 669; 1868: S, pI.
14a-c.
Areschougia gracilarioides Harvey 1863: synop.: xli.
Phacelocarpus densus Areschoug 1854: 347.
Solie/'ia compressa 1. Agardh 1892: lIS. Kylin 1932: 20, pI. 6 fig. 11.
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Fig. 117. A. Areschougia congesta (AD, A52195). Habit. B. Areschougia ligulata (AD, A42421).
Habit. C. Areschougia stuartii (AD, A42234). Habit. D, E. Melanema dumosum (D, AD, A31150; E,
AD, A22996). D. Habit. E, Longitudinal section of a cystocarp. [B as in Min-Thein & Womersley
1976.]
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Fig. 118. A-F. Areschougia congesta (A, B, D, AD, A34365; C, F, AD, A35026; E, AD, A27756). A.
Longitudinal section of young branch with axial filament bearing single periaxial cells, lax medulla and
compact cortex. B. Part transverse section of older branch with large axial filament, medulla filled with
rhizoids and thickened cortex. C. Section of cortex with a carpogonial branch, a sterile cell on the
hypogynous cell. D. Section of cortex with a fertilized carpogonium with 5 connecting filaments. E.
Section of cortex with a carposporophyte with fusion cell, gonimoblast filaments and carposporangia.
F. Section of cortex with immature and mature tetrasporangia. G-J. Areschougia ligulata (G, AD,
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FIGS 117A, 118A-F, 119F
Thallus (Fig. l17 A) dark brown-red, 10-40 cm high, much branched irregularly with
terete (to slightly compressed) linear to tapering branches, basally constricted with rounded
to pointed apices, above 300-800 Jlm in diameter, mid branches 0.4-1 mm in diameter,
becoming 1-2 (-4) mm broad (slightly compressed) in lower axes. Holdfast discoid, 2-10
mm across, with a single axis (rarely several); epilithic. Structure (Fig. 1I8A) uniaxial, with
each axial cell producing a single periaxial cell, on three radii on successive cells, forming a
lax medulla of periaxial filaments (soon becoming filled with rhizoids, densely below) and a
pseudoparenchymatous cortex 4-8 cells thick, inner cells ovoid and 20-40 Jlm in diameter,
outer cells 4-6 Jlm in diameter, liD 1-1.5; axial filament conspicuous throughout the
thallus, and the older parts (Fig. 118B) thickened by a cortical meristem. Rhodoplasts
discoid, becoming ribbon shaped, several per cell.
Reproduction. Sexual thalli dioecious; non-procarpic. Carpogonial branches (Fig. 118C)
3 (-4)-celled, borne on inner cortical cells, directed inwards or sideways with reflexed
trichogynes, the hypogynous or basal cell usually with 1-2 sterile cells. Connecting
filaments (Fig. 118D) 3-5, non-septate, occasionally branched, uniting with the auxiliary cell
which is an outer medullary or inner cortical cell, with adjacent cells becoming darkly
staining after diploidization and cutting off nutritive filaments. Gonimoblast initial first
inwards, later radial from the fusion cell (Fig. 118E) with a prominent stalk, producing short
chains of ovoid carposporangia (20-) 30--60 Jlm in diameter. Cystocarps swelling the upper
branches, with lax filamentous enveloping tissue and the adjacent cortex increasing in
thickness and becoming ostiolate. Spermatangia (Fig. 119F) in nemathecia on young
branches, in clusters between clavate paraphyses 24-35 Jlm long, ends 4-6 Ilm in diameter,
with outer cortical cells cutting off 2-3 mother cells each producing 2-4 ovoid to pointed
spermatangia 2-4 flm in diameter.
Tetrasporangia (Fig. 118F) scattered within the cortex, developed from inner cortical
cells and laterally pit-connected to adjacent cells, ovoid, 80-110 Ilm long and 50--70 Ilm in
diameter, zonately divided.

Type from Kent Is, Bass Strait (Brown); holotype in BM.
Distribution: Hamelin Bay, W. Aust., to Walkerville, Vic., and around Tasmania. Lord
Howe I.(?) (see Millar & Kraft 1993, p. 25).
Selected specimens: Hamelin Bay, W. Aust., drift (Royce 708, 2I.vi.l950; AD, AI5492). Euda,
W. Aust., drift (Womersley, 2.ii.l954; AD, AI9370). Elliston, S. Aust., 10--1l m deep in bay
(Shepherd, 20.x.1969; AD, A35026). Douglas Bank, upper Spencer Gulf, S. Aust., 20 m deep
(Johnson, 19.xI.1975; AD, A54886). Gleeson Landing, Yorke Pen., S. Aus!., drift (St Clair, 5.iii.l986;
AD, A57491). Marion Bay, S. Aus!., drift (Gordon-Mills, 23.v.1981; AD, A52195). Port NoarJunga, S.
Aust., 2-3 m deep (Owen & Hergstrom, 19.vii.l970; AD, A35963). Pennington Bay, Kangaroo I.. S.
Aust., drift (Womersley, 27.i.l946; AD, A2924). D'Estrees Bay, Kangaroo I., S. Aus!., drift (Seppelt,
28.viii.1972; AD, A42636). Robe, S. Aust., drift (Womersley, 9.ix.l968; AD, A32687). Lawrence
Rock, Portland, Vic., 8-11 m deep (Larkum, 2.ix.1971; AD, A39653). Lighthouse Point, Queenscliff,
Vic., 12-14 m deep (Goldsworthy, 9.ii.1990; AD, A60155). Crawfish Rock, Westernport Bay, Vic., 10
m deep (Watson, 2S.iv.1969; AD, A34365) and 1 m deep (Watson, 25.xi.J971; AD, A42191
"Marine Algae of southern Australia" No. 158). Walkerville, Vic., drift (Sinkora A1626, 23.ii.1972;
AD, A43133). Bombay Rock, Tamar Est., Tas., upper sublittoral (Womersley, 27.i.1949; AD,
A10404). Orford, Tas., drift (Wollaston & Mitchell, l.iii.1964; AD, A27756). Lady Bay, Southport,
Tas., 3-5 m deep (Brown & Womersley, 28.x.1982; AD, A56532).

Areschougia congesta is a common alga in southern Australia, especially on roughwater coasts where it is relatively robust, but extending into calmer situations where it is
generally slenderer.
A28597; H. AD, A6921; I. AD, A10734; J, AD, AI0732). G. Longitudinal section of branch apex. H.
Section of cortex with a carpogoniaJ branch (on left) and a fertilized carpogonium with several
connecting filaments. I. Section of branch and a carposporophyte, with fusion cell and chains of
carposporangia, ostiole, and slight enveloping tissue (with germinating carposporangia). J. Section of
cortex with immature and mature tetrasporangia (the upper spore developing). [A-J after Min-Thein &
Womersley 1976.]
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Rhabdonia compressa 1. Agardh (1892, p. 115) from Tasmania, holotype in Herb.
Agardh, LD, 34587, is probably A. congesta and not a Solieria.

2. Areschougia ligulata Harvey ex 1. Agardh 1872: 26; 1876: 282; 1879: 120, pI. 18 figs
1-7. Lucas & Perrin 1947: 174, fig. 45. Min-Thein & Womersley 1976: 61, figs 20
-22, 58A. Silva 1950: 268.
Neoareschougia ligulata (Harvey ex 1. Agardh)Kylin 1956: 290, fig. 220D.
Areschougia australis Harvey 1855a: 554; 1858, pI. 13. Kiitzing 1869: 13, pI. 36d,
e. Kylin 1932: 37, fig. 8C-F. NON A. australis (Sonder)Harvey [= Stenocladia
australis (Sonder)Silva].
Neoareschougia australis (Harvey)Kylin 1956: 290.
FIGS 117B, 118G-J
Thallus (Fig. 117B) medium to dark red, cartilaginous, 10-35 cm high, much branched
irregularly and more or less complanately from the margins at intervals usually of 1-4 cm,
branches strongly compressed, (2-) 2.5-4 mm broad in main branches, 2-3 mm in laterals,
lesser branch lets 1-2 mm broad, linear with constricted bases and rounded to pointed apices,
margin smooth or with small proliferations, with a faint to conspicuous midrib. Holdfast
discoid-conical, becoming robust and hapteroid, (2-) 5-20 mm across, with a single stipe;
epilithic. Structure (Fig. 1180) uniaxial, with each axial cell cutting off a single periaxial
cell on three radii but becoming subopposite on successive cells, forming a lax medulla of
periaxial filaments and a pseudoparenchymatous cortex 5-6 cells thick, inner cells ovoid and
20-40 ~m in diameter, outer cells 4-6 J.lm in diameter and LID 1-2; rhizoidal filaments soon
fiIJing the medulla, with the axial filament conspicuous throughout; cortical thickening
occurs near the base, especially over the midrib (axial filament). Rhodoplasts discoid,
becoming ribbon shaped, several per cell.
Reproduction. Sexual reproduction non-procarpic. Carpogonial branches (Fig. 1 18H) 3
(-4)-celled, borne on outer medullary cells, directed inwards or sideways with reflexed
trichogynes, occasionally with sterile cells on the lower cells. Connecting filaments (Fig.
118H) 4-7, non-septate and unbranched, uniting with the auxiliary cell (an outer medullary
or inner cortical cell), with adjacent cells becoming darkly staining and cutting off nutritive
filaments. Gonimoblast initial first inwards, later radial from the fusion cell (with a stalk)
and producing short chains (Fig. 118 I) of ovoid carposporangia 15-20 J.lm in diameter.
Cystocarps in small clusters of 2-5, protruding on the flat surface of branchlets, with lax
filamentous enveloping tissue, ostiolate. Spermatangia unknown.
Tetrasporangia (Fig. 1181) scattered in the cortex of young branches, developed from
mid cortical cells and pit-connected basally, ovoid, 40-50 J.lm long and 20-25 J.lm in
diameter, zonately divided.

Type from W. Aust. (Harvey, Trav. set 173 from Rottnest I. ?); ho)otype? in TCD.
Distribution: Geraldton, W. Aust., to D'Estrees Bay, Kangaroo I., S. Aust.
Selected specimens: Geraldton. W. Aust. (MEL, 44848, 44850). Port Denison, W. Aust., drift
(Kraft, 14.xiU971; AD, A41742). Safety Bay, W. Ausl., drift (Womersley, I 8.viii.l 979; AD, A50754).
Augusta, W. Ausl. (Lucas, Sept. 1928; AD, A578). Pondalowie Bay, S. Ausl., drift (Kraft, 19.ix.1973;
AD, A44539). Vivonne Bay, Kangaroo 1., S. Aust., drift (Womersley, 14.i.l948; AD, A6921 and
2.i.1949; AD, A10732, AI0734). Seal Bay, Kangaroo 1., S. Aust., drift (Womersley, 21.i.1965; AD,
A28597) and (Kraft, 6.iv.l972; AD, A4242 1). D'Estrees Bay, Kangaroo I., S. Aus!., drift (Kraft,
5.iv.1972; AD, A42426).
Areschougia ligulata appears to be a deep-water alga on rough-water coasts, of western
distribution on southern Australian coasts. 1. Agardh (1872, p. 26) validated this species
originally recognised by Harvey (see Silva 1950, p. 268).

3. Areschougia stuartii Harvey 1860a: 321; 1863: pI. 294. J. Agardh 1872: 26; 1876: 282.
Kylin 1932: 37. Min-Thein & Womersley 1976: 65, figs 23, 24, 58B.
Areschougia intermedia J. Agardh 1894: 129. Kylin 1932: 37, pI. 14, fig. 36.
FIGS 117C, 119A-E
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Fig. 119. A-E. Areschougia stuartii (A, AD, A33002; B, C, AD, A18256; D, AD, A585; E, AD,
A61355). A. Longitudinal section with axial filament, medulla and cortex. B. Section of cortex with a
carpogonial branch with 3 sterile cells on the basal cell. C. Longitudinal section showing
carposporophyte with fusion cell and chains of carposporangia. D. Section of cortex with a
tetrasporangium. E. Section of outer cortex with paraphyses and spermatangia. F. Areschougia
congesta (AD, A56532). Section of outer cortex with paraphyses and spermatangia. G-J. Melanema
dumosum (G-I, AD, A31646; J, AD, All 068). G. Longitudinal section showing axial filament,
medulla and cortex. H. Longitudinal section with 3 carpogonial branches. I. Longitudinal section of
branch and carposporophyte with fusion cell and chains of carposporangia, and ostiole. J. Section of
cortex with immature and mature tetrasporangia. [A-D, G-J after Min-Thein & Womersley 1976.]
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Thallus (Fig. 117C) dark brown-red, cartilaginous, 10-20 cm high, much branched
largely complanately, with compressed linear branches 1-2 mm broad, decreasing in length
to lesser branches 2-5 mm long, basally constricted and with pointed apices; midrib visible
on most branches. Holdfast discoid, 2-20 mm across, with several to numerous axes;
epilithic. Structure (Fig. 119A) uniaxial, with each axial cell cutting off a single periaxial
cell on three radii, becoming subopposite on successive cells, forming a lax medulla of
periaxial filaments, soon filled with rhizoids, and a pseudo parenchymatous cortex 4-8 cells
thick, inner cells ovoid and (15-) 20-45 !lm in diameter, outer cells 4-6 (-8) !lm in diameter
and LID 1-2; axial filament conspicuous throughout with cortical thickening on lower axes.
Rhodoplasts discoid, becoming ribbon shaped, several per cell.
Reproduction. Sexual thalli dioecious; non-procarpic. Carpogonial branches (Fig. 119B)
3 (A)-celled, borne on outer medullary cells, directed sideways with reflexed trichogynes,
often with sterile cells on the lower ceU(s). Connecting filaments 3-4, non-septate,
occasionally branched; auxiliary cells formed by outer medullary or inner cortical cells, with
adjacent cells becoming darkly staining and cutting off nutritive filaments. Gonimoblast
initials produced first laterally, later radially from the stalked fusion cell, producing short
chains of ovoid carposporangia (Fig. 119C) 15-25 /lm in diameter. Cystocarps single or in
small groups in lesser branches, slightly swollen, with slight filamentous enveloping tissue,
ostiolate. Spermatangia (Fig. 119E) in nemathecia, between clavate paraphyses 18-22 /lm
long and 4-6 /lm upper diameter, with the outer cortical cells cutting off 2-4 initials each
producing 2-3 ov6id spermatangia 2-3 !lm in diameter.
Tetrasporangia (Fig. 119D) scattered in the cortex of young branches, developed from
mid cortical cells, pit-connected basally, ovoid, 30-50 !lm long and 20-30 Jlm in diameter,
zonately divided.

Type from Southport, Tas. (Stuart); lectotype in Herb. Harvey, TCD; isolectotype in AD,
A18256.
Distribution: Vivonne Bay, Kangaroo I., S. Aust., to Port Phillip Heads, Vic., and around
Tasmania. Twofold Bay, N.S.W. (Millar & Kraft 1993, p: 25).
Selected specimens:

12 km S of Vivonne Bay, Kangaroo I., S. Aust., 50-70 m deep (Lalz,
24.xi.J968; AD, A33002). Encounter Bay, S. Aust., drift (AD, A585). 13 km off Cape
Northumberland, S. Aust., 61 m deep (Shepherd, 7.v.l975; AD, A46291). Cape Lannes, S. Aust., drift
(Womersley, 14.v.l972; AD, A42234). Port Phillip Heads, Vic. (Wilson, 7,i.1890; MEL, 44643).
Marrawah, Tas. (Perrin 1362, March 1950; BM). Ninepin Point, D'Entrecasteaux Ch., Tas., 15 m deep
(AIMS-NCI, Q66C 5062-S, 13.ii.1991; AD, A61355).

Areschougia stuartii is slenderer than A. ligulata, has several axes from the holdfast,
and is of eastern distribution compared with the latter which is a western species.
Genus MELANEMA Min-Thein & Womersley 1976: 68

Thallus erect, much branched (especially above) irregularly radially, branches terete;
hold fast discoid. Structure uniaxial, each axial cell with a single periaxial cell, forming a
medulla of periaxial filaments, soon filled with rhizoids, and a pseudo parenchymatous
cortex 3-4 (-7) cells broad; axial filament conspicuous throughout.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monoecious; procarpic. Carpogonial branches 3-celled,
borne on outer medullary cells, directed sideways with the trichogyne more or less straight,
with occasional sterile cells on the basal cell. Connecting filaments unknown. Auxiliary cell
the next outer cell to the supporting cell, with adjacent cells producing secondary nutritive
tissue. Gonimoblast initial first inwards, becoming radial from the prominent fusion cell
(with the periaxial filament forming a fusion stalk) and producing short chains of ovoid
carposporangia. Cystocarps without enveloping tissue but swelling branchlets, ostiolate.
Spermatangia scattered, cut off from outer cortical cells.
Tetrasporangia scattered in the outer cortex, developed from mid cortical cells and
basally pit-connected, zonately divided.

Type species: M. dumosum (Harvey)Min-Thein & Womersley 1976: 69.
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Melanema differs from Areschougia in having a gradual merging of medulla to cortex,
in being procarpic with the auxiliary cell next to the supporting cell and probably involving
direct fusion between the fertilized carpogonium and the auxiliary cell (connecting filaments
are apparently not formed), and in lack of enveloping tissue around the carposporophyte.
The carpogoniaJ branches of Melanema are also relatively straight, directed more or less
outwards. In other reproductive respects Melanema agrees with Areschougia, but the above
differences mean either that the family Areschougiaceae must be broadened or a different
position found for Melanema. The carpogonial branch orientation and lack of any
enveloping tissue may ally Melanema more with the Caulacanthaceae, but it is left in the
Areschougiaceae pending further study (see also Gabrielson & Hommersand 1982a, p. 44).

Melanema dumosum (Harvey)Min-Thein & Womersley 1976: 69, figs 25,26, 59A.
Areschougia (?) dumosa Harvey 1863: pI. 282.1. Agardh 1876: 281; 1894: 127;
1897: 40. Kylin 1932: 37.
Stenocladia ramulosa J. Agardh 1892: 101. Lucas & Perrin 1947: 181.
FIGS 117D, E, 119G-J
Thallus (Fig. 117D) dark brown-red, drying almost black, cartilaginous, 5-10 cm high,
much branched radially and irregularly, with main branches 0.7-1.5 (-2) mm in diameter
bearing distinctly slenderer laterals (150-) 200-250 ~m in diameter. Holdfast discoid, 4-8
mm across; epilithic. Structure (Fig. 119G) uniaxial, with each axial cell cutting off a single
periaxial more or less on three radii, producing a lax medulla of periaxial filaments,
becoming filled with rhizoids in older branches, splaying out and merging to a
pseudoparenchymatous cortex 3-7 cells thick, inner cells elongate and 4-6 ~m in diameter,
outer cells 2-3 ~m in diameter, LID (2-) 3-5. Rhodoplasts discoid, few per cell.
Reproduction. Sexual thalli monoecious; procarpic. Carpogonial branches (Fig. 119H)
3-celled, borne on outer medullary cells, lying more or less parallel to the supporting cell
with a relatively straight trichogyne, and sometimes with 1-2 sterile cells on the basal cell.
Auxitiary cell immediately above the supporting cell, becoming enlarged and more darkly
staining; connecting filaments not seen; cells adjacent to auxiliary cell producing small
darkly staining nutritive cells. Gonimoblast initials inwards to lateral, later radial from the
branched fusion cell (with its stalk from the periaxial filament), with short chains of ovoid
carposporangia (Fig. 119 I) 10-15 11m in diameter. Cystocarp (Fig. 117E) without
filamentous enveloping tissue, swelling the branch, 400-600 ~m across, ostiolate.
Spermatangia scattered in small groups near branch ends, with surface cortical cells cutting
off 3-5 initials each producing 2-3 ovoid spermatangia, 2-3 11m in diameter.
Tetrasporangia (Fig. 119J) scattered over young branches, pit-connected to an inner
cortical cell, ovoid, 24-36 11m long and 10-16 ~m in diameter, zonately divided.

Type from Warrnambool, Vic. (Watts 122, March 1860); holotype in Herb. Harvey, TeD.

Distribution: West I., S. Ausl., to Queenscliff, Vic., and SE Tasmania.
Selected specimens: Lands End, West t., S. Aust., 16-20 m deep (Shepherd, 2.i.1967; AD,
A31616). Oedipus Point, West L, S. Aus!., 16 m deep (Shepherd, Dec., 1966; AD, A31l50). Robe, S.
Aust., deep shaded pool, outer coast (Womersley, 27.viii.l949; AD, Al 1068). Nora Creina, S. Aust.,
reef pools (Womersley, 26.i.1967; AD, A31646). 1.3 Ian off Cape Northumberland, S. Aust., 15 m
deep (Shepherd, 21.vi.1976; AD, A55172). Port MacDonnell, S. Aus!., drift (Womersley, l5.iv.1959;
AD, A22996). Little Beach, Discovery Bay, Vic., drift (Beauglehole 156, l4.i.l950; AD, AI5609).
Queenscliff, Vic., drift (Womersley, 8,iv.1959; AD, A22839). Bicheno, Tas., 17 m deep (McCauley,
26,ii.l990; AD, A60421).
Melanema dumosum is distinctive in habit and occurs from shaded pools to 20 m deep.

FAMILY ACROTYLACEAE Schmitz 1892: 18
by G.T. Kraft & H.B.S. Womersley

Thallus erect, foliose, subdichotomous and compressed, or irregularly branched with
terete branches, soft or cartilaginous. Structure usually multiaxial (uniaxial in
Antrocentrum), developing a filamentoqs medulla and pseudoparenchymatous cortex.
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Acrotylus

Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monoecious; procarpic. Carpogonial branches 2- or 3celled, borne on inner cortical supporting cells, inwardly directed with reflexed trichogynes;
connecting filaments absent Supporting cells functioning as auxiliary cells, following union
with fertilized carpogonia producing several gonimoblast initials which enter an adjacent
region of nutritive cells, developing thallus inwardly (except Amphiplexia); fusion cells
absent. Gonimoblast filaments connecting with nutritive enveloping tissue cells and lining a
cavity formed by breakdown of the auxiliary cell, giving rise to carposporangial filaments
radiating inwards from the cystocarp wall and bearing terminal, or short chains of,
carposporangia, released through a more or less defined ostiole. Spermatangia in scattered
ampulliform clusters in the outer cortex.
Tetrasporangia scattered in the cortex or in nemathecia, basally attached, zonately
divided.

A family of 7 genera and 8 species, largely southern Australian (5 genera and 6 species),
monographed by Kraft (l977a) and Kraft & Min-Thein (1983). The family, considered
highly specialised by Kraft, is characterised by the filamentous medulla, inwardly directed
carpogonial branches, the supporting cell becoming the auxiliary cell, lack of a fusion cell,
and the cystocarp with gonimoblast filaments radiating inwardly from the wall, together with
zonately divided tetrasporangia.
KEY TO GENERA OF ACROTYLACEAE
1.

1.

Thallus more or less complanately branched with compressed, subdichotomous
branches; gonimoblast initials directed thallus inwards ................................................... 2
Thallus irregularly branched with terete branches or with segmented ramuli borne
radially on long main branches; gonimoblast initials thallus directed inwards or
outwards ........................................................................................................................... 3
2.
2.

3.
3.

Thallus subdichotomous, branches 1-3 mm broad; cortical cells grading evenly
in size; polycarpogonial, carpogonial branches 3-celled, cystocarps deeply
embedded; tetrasporangia in nemathecia ......................................... ACROTYLUS
Thallus irregularly subdichotomous, branches 2-10 mm broad; inner cortex with
a layer of large isodiametric cells on each side of the filamentous medulla;
monocarpogonial, carpogonial branches 2-celled, cystocarps protruding to one
side of branch; tetrasporangia scattered in the cortex ....................... HENNEDYA

Thallus of elongate-clavate segments branching from their apices, basally constricted;
gonimoblast initials thallus outwards, cystocarps external to branches, carposporangia in
chains of 2-3 ............................................................................................ AMPHIPLEXIA
Thallus irregularly branched, branches terete, or with long main branches bearing short
laterals of 1-3 segments; gonimoblast initials thallus inwards, cystocarps embedded,
carposporangia single ....................................................................................................... 4
4.
4.

Thallus irregularly branched, branches terete and only slightly basally
constricted, with uniaxial apices ............................................ ANTROCENTRUM
Thallus with long main branches covered irregularly radially with short laterals
of 1-3 segments; multiaxial ...................................................... CLA VICLONIUM
Genus ACROTYLUS J. Agardh 1849: 86

Thallus erect, subdichotomously and laterally branched, largely complanately, branches
1-3 mm broad, compressed; holdfast crustose. Structure multiaxiai, with a broad
filamentous medulla and a pseudoparenchymatous cortex.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monoecious; procarpic; polycarpogonial. Carpogonial
branches borne on inner cortical cells, 3-celled, sometimes with a sterile cell on the basal
cell, inwardly directed with reflexed trichogynes. Supporting cell acting as auxiliary cell.
Gonimoblast initials several, first inwards, with nutritive cells produced by adjacent
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vegetative cells forming a sheath and the gonimoblast filaments spreading around the cavity
formed by breakdown of the diploidized auxiliary cell, becoming centripetal with terminal
carposporangia. Cystocarps sunken, with filamentous enveloping tissue, ostiolate.
Spermatangia in scattered clusters in the cortex of (usually) marginal, proliferous branchlets.
Tetrasporangia in nemathecia near branch apices and on lower branches, pit-connected
basally to mid-cortical cells, zonately divided.

Type (and only) species: A. australis J. Agardh 1849: 86.
Acrotylus is closely related to Ranavalona Kraft from Madagascar, and in southern
Australia to Hennedya, which differs in its broader thallus, large inner cortical cells,
protruding cystocarps and scattered, non-nemathecial tetrasporangia.

Fig. 120. A, B. Acrotylus australis (A, AD, A44747; B, AD, A44746). A. Habit. B. Cross section of
thallus with cystocarp and ostiole. C, D. Hennedya crispa (AD, A44749). C. Habit. D. Cross section of
thallus with cystocarp and ostiole. [B, D as in Kraft 1977a.]
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Acrotylus australis 1. Agardh 1849: 86; 1851: 192; 1876: 540; 1879: pI. 29 figs 2-6.
Harvey 1859a: pI. 99; 1859b: 317. Kraft 1977a: 101, figs 1,2, 3A-C, 10, II, 13D.
KOtzing 1869: 13, pI. 36a, b. Kylin 1932: 68, figs 20A, B, 2IB. Lucas & Perrin
1947: 146, fig. 20. Millar & Kraft 1993: 15.
Acrotylus australis var. constricta Sonder ex KOtzing 1869: 13, pI. 36C.
FIGS 120A, B, 121A-G
Thallus (Fig. 120A) dark red-brown, cartilaginous, 5-20 cm high, subdichotomous and
largely complanately branched but with short lateral branches from the margins (Fig. I21A),
especially in the mid thallus, branches linear, compressed, 1-3 mm broad, often constricted,
apices rounded. Holdfast crustose, 2-5 mm across, with one to several fronds; epilithic or
epiphytic on larger brown or red algae. Structure multiaxial (Fig. 121C), developing a broad,
densely filamentous medulla and a pseudoparenchymatous cortex 5-8 cells thick, cells of the
inner two layers (Fig. 121C) somewhat separated, elongate-ovoid to clavate and 10-16 (-20)
11m in diameter, outer cells ovoid, 2-3 11m in diameter. Rhodoplasts discoid to elongate, few
per cell.
Reproduction. Sexual thalli monoecious; procarpic. Carpogonial branches (Fig. 121D) 3
(-5) on an inner cortical (supporting) cell, 3-celled, sometimes with a sterile cell on the basal
cell, inwardly directed with reflexed trichogynes. Supporting cell becoming the auxiliary
cell, following diploidization cutting off several subspherical gonimoblast initials (Fig.
12IE) which enter the surrounding layer of nutritive tissue formed from adjacent inner
cortical cells; gonimoblast and nutritive envelope expanding as the auxiliary cell breaks
down, producing a central cavity lined by centripetal gonimoblast filaments which produce
tufts bearing terminal, subspherical to ovoid carposporangia 12-18 11m in diameter.
Cystocarps (Figs 120B, 121A) deeply embedded, 0.7-1 mm across, with filamentous
enveloping tissue and an ostiole developed by rupture of the cortex. Spermatangia (Fig.
121F) in clusters in the cortex of small laterals, with 3-6 initials each forming 2 ovoid
spermatangia 2-3 11m in diameter.
Tetrasporangia (Fig. 121 G) in slightly raised nemathecia (Fig. 12IB), mainly near
branch tips, basally pit-connected to mid cortical cells, ovoid, 45-60 11m long and 15-20 11m
in diameter, zonately divided.

Type from Sydney, N.S.W.; holotype in Herb. Agardh, LD, 3261 L
Distribution: Elliston, S. Aust., to Sydney, N.S.W., and around Tasmania.
Selected specimens: Elliston, S. Aust., 20 m deep outside bar (Shepherd, 14.v.1971; AD, A38689).
Wanna, S. Aust., drift (Womersley, 19.ii.l959; AD, A22365). Brown Beach, Yorke Pen., S. Aust.,
6-12 m deep (Shepherd, 14,iv.1963; AD, A26560). Pennington Bay, Kangaroo L, S. Aus!., drift
(Womers[ey, 27.i.l946; AD, A2919). Port Elliot, S. Aust., drift (Womers[ey, 23.v.l953; AD, AI8736).
Cape Jaffa, S. Aust., drift (Womers[ey, 31.viii.l949; AD, A10882). Robe, S. Aust., drift (Womers[ey,
29.viii.l949; AD, A II 020). Cape Lannes, S. Aust., drift on Acrocarpia (G. & C. Kraft, 16.i.1971; AD,
A44746; MELU, K3209). Stinky Bay, Nora Creina, S. Aust., drift (G. & c. Kraft, 16.xii.l970; AD,
A44747). Point Roadknight, Vic., drift (Sinkora AI44}, 29.xi.J971; AD, A43182). Point Lonsdale,
Vic., 3-5 m deep on Acrocarpia (Kraft, 20.i.1975; MELU, K5126). Walkerville, Vic., drift (Sinlwra
A2099, 27.iLI975; AD, A48398). Musselroe Bay, Tas., drift (Perrin, Aug. 1940; AD, A8457).

Acrotylus australis is common on rough-water coasts, usually in deep water or shaded
situations. It is superficially similar to Peltasta australis (Dicranemataceae) and Adelophycus
corneus (Nemastomataceae), differing from the former by its broad filamentous medulla and
lack of a stoloniferous base, and from the latter by the sharp separation of cortex and
medulla and by lack of cortical gland cells; reproductively these taxa are quite distinct
Acrotylus is most commonly epiphytic on Acrocarpia but also occurs on various red algae
(e.g. Gelidium, Pterocladia, Laurencia, Cladurus).
Genus HENNEDYA Harvey 1855a: 552

Thallus erect, subdichotomously and laterally branched, largely complanately, branches
flat, 2-10 mm broad, becoming stalked below; holdfast discoid-conical. Structure
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Fig. 121. A-G. Acrotylus australis (A, C-G, AD. A44746; D, AD. A44747). A. Branch with
cystocarps. D. Branch with telrasporangial nemathecia. C. Longitudinal sections of apex and lower
branch. D. Section of cortex with supporting cell bearing three carpogonial branches. E. Early
development of gonimoblast filaments from the auxiliary cell. F. Section of cortex with sunken
spermatangial clusters. G. Section of cortex with young and mature tetrasporan$ia. H-M. Hennedya
crispa (H-L, AD, A44748; M, AD, A44749). H. Branches with cystocarps near Ups. I. Upper part of a
perennial stalk with remnants of old and new branch bases. J. Cross section of mature frond. K. Section
of thallus with a carpogonial branch at boundary of cortex and medulla. L. Section of cortex with
sunken spermatangial clusters. M. Section of cortex with immature and mature tetrasporangia. [A-M
after Kraft 1977 a.J
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multiaxial, with a filamentous medulla and pseudoparenchymatous cortex with a layer of
large, isodiametric inner cortical cells on each side and an outer cortex of small cells.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monoecious; procarpic; monocarpogonial. Carpogonial
branches on outermost medullary cells, 2-celled, inwardly directed with reflexed trichogynes.
Supporting cell acting as auxiliary cell. Gonimoblast initials several, largely inwards, with
nutritive cells produced by adjacent vegetative cells forming a sheath and the gonimoblast
filaments spreading around a cavity formed by breakdown of the diploidized auxiliary cell,
becoming centripetal with terminal carposporangia. Cystocarps largely protuberant, with
filamentous enveloping tissue, and a cortical ostiole. Spermatangia in scattered, sunken,
urceolate clusters.
Tetrasporangia scattered in the outer cortex, laterally to basally pit-connected, zonately
divided.

Type (and only) species: H. crispa Harvey 1855a: 552.
Hennedya differs from Acrotylus in its broader thallus, the two distinctive layers of
large inner cortical cells, and reproductively in being monocarpogonial with protruding
cystocarps, and having scattered tetrasporangia (not in nemathecia).

Hennedya crispa Harvey 1855a: 552; 1859a: pI. 75. 1. Agardh 1876: 541. Kraft 1977a: 113,
figs 5, 6, 14. Kiltzing 1869: 14, pI. 37a, b. Kylin 1932: 68, figs 2OC, 21A; 1956:
308, fig. 239A. Lucas & Perrin 1947: 147, fig. 21. Schmitz & Hauptfleisch 1897:
351, fig. 214C.
FIGS 120 C, D, 121 H-M
Thallus (Fig. 120C) medium to dark red-brown, cartilaginous, 5-20 cm high,
subdichotomous to alternately and more or less complanately branched, upper branches
undulate, (2-) 4-10 mm broad (narrower above) and 150-400 /lm thick, with broad,
notched, apices, lower parts in older plants (Fig. 121 I) becoming sta1k-like by thickening of
the central blade and loss of margins, often proliferous from the stalks. Holdfast discoidconical, 2-15 mm across; epilithic or on shells. Structure multiaxial, developing a relatively
narrow filamentous medulla and a pseudoparenchymatous cortex, with the inner cells on
both sides forming a distinctive layer (Fig. 12lJ) of large, isodiametric cells 60-100 /lm
across, with some small cells between them and the small-celled outer cortex 3-5 cells thick,
outermost cells 2-4 /lffi in diameter. Rhodoplasts laminate, 1-3 per cell.
Reproduction. Sexual thalli monoecious; procarpic. Carpogonia1 branches (Fig. 121K)
2-celled, borne singly on a supporting cell just inside the large inner cortical cells, inwardly
directed with reflexed trichogynes. Supporting cell acting as auxiliary cell, with numerous
nutritive filaments produced from adjacent vegetative cells; gonimoblast initials several,
rounded, developing filaments which line a cavity formed by breakdown of the auxiliary and
adjacent cells, and forming centripetal interlinked filaments with terminal obovoid
carposporangia 12-18 /lm in diameter. Cystocarps (1-3) submarginal near branch apices
(Fig. 12IH), protruding and sometimes basally constricted, 0.7-1 mm across, with
filamentous enveloping tissue and a cortical ostiole (Fig. 120D). Spermatangial clusters (Fig.
121L) urceolate, 12-20 /lm across, sunken in the outer cortex, with 4-5 initials each forming
a single ovoid spermatangium 1-2/lm in diameter.
Tetrasporangia (Fig. 121M) scattered in young branches, lying within the outer cortex
and pit-connected to mid cortical cells, ovoid, 30-40 /lm long and 15-25 /lm in diameter,
zonately divided.

Type from Garden or Rottnest Is, W. Aust.; lectotype from Rottnest I., in Herb. Harvey,
TCD (Trav. set 168).
Distribution: Gernldton and the Houtman Abrolhos, W. Aust., to Pearson I., S. Aust.
Selected specimens: Point Moore, Geraldton, W. Aust., drift (Womersley, 17.ix.1979; AD,
A51179). Houtman Abrolhos, W. Aust., 22 m deep 20 km NW of Wallabi Group (France, Feb. 1979;
AD, A51708). Port Denison, W. Aust., drift (Kraft 1787, 6.vii.l966; AD, A44748 and Kraft 4022,
14.xii.l971; AD, A44749). Point Phillip, Rottnest 1., W. Aust., 7 m deep (Borowitzka, 6.xii.1984; AD,
A56651). Point Clune, Rottnest I., W. Aust., 12 m deep (Kraft & Ricker, 2.xii.l980; MELU, A35524).

Amphiplexia
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Eyre, W. Aust., drift (Woelkerling, 22.xi.1968; AD, A34234). Petrel Bay, St Francis I., S. Aust., 24 m
deep (Shepherd, 11.i.l971; AD, A38129). Pearson I., S. Aust., 22 m deep (Shepherd, 12.i.l969; AD,
A34019).

Hennedya crispa is a deep water alga of western affinities, easily recognisable by the
notched apices and layers of large isodiametric cells on each side of the medullary filaments.

Genus AMPHIPLEXIA 1. Agardh 1892: 104
Thallus erect, with c1ava(e and saccate branches, apices rounded and basally constricted,
branching from the apices, circular in cross section; hold fast discoid to crustose and kno]Jby.
Structure multiaxial, with a very lax medulla (dense below) of scattered filaments,
mucilaginous, and a pseudoparenchymatous cortex with a large-celled, single, inner layer
and a small-celled outer cortex 1-2 cells thick, surface view rosette-like or evenly covered.
Life history triphasic, with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monoecious; procarpic; monocarpogonial. Carpogonial
branches borne singly on inner cortical cells, 3-celled, directed inwards with reflexed
trichogynes. Fertilized carpogonium connecting to the supporting (auxiliary) cell by a short
tube, with gonimoblast initials formed towards the thallus surface, and with adjacent
vegetative cells cutting off nutritive cells which partly surround the auxiliary cell and line the
base of the cystocarp; gonimoblast filaments lining a cavity which develops above the
auxiliary cell and is surrounded by prominent enveloping tissue and a pericarp developed
from the outer cortex, with the gonimoblast filaments branching and developing centripetally
with rows of 2-3 ovoid carposporangia. Cystocarps protuberant, often basally constricted,
ostiolate. Spermatangia in scattered clusters, produced from outer cortical cells.
Tetrasporangia scattered in outer cortex, derived from mid-cortical cells and often
intercalary, zonately divided.
Type species: A. hymenocladioides J. Agardh 1892: 111.

A genus of two species (the type and A. racemosa) confined to southern and western
Australia. While the genus shows most of the reproductive features of the Acrotylaceae, it
differs in the restricted development of nutritive cells, outward gonimoblast orientation,
formation of the cystocarp cavity by growth of the pericarp and not by breakdown of the
auxiliary cell, and the direct association of gonimoblast filaments with the pericarp. Further
studies may show it should be placed in a separate family from the Acrotylaceae.
KEY TO SPECIES OF AMPHIPLEXIA
1.
1.

Thallus without prominent main axes, surface cells forming rosettes around large inner
cortical cells .................................................................................. 1. A. hymenocladioides
Thallus with prominent main axes, branch systems often pyramidal in form, surface
cells covering larger inner cortical cells without rosettes ........................... 2. A. racemosa

1. Amphiplexia hymenocladioides J. Agardh 1892: Ill, pI. 3 figs 2-11. Kraft 1977a: 117,

figs 7, 8, IS, 16. Papenfuss 1967: 102.
Bindera splachnoides Harvey 1859a: pI. 111 figs 5, 6 (NON figs 1-4).
Binderella neglecta Schmitz in Schmitz & Hauptfleisch 1897: 342, fig. 208G, H.
Kylin 1931: 6, fig. 2A, B; 1956: 308, fig. 240A-D.
Champia circumcincta 1. Agardh 1901: 26.
FIGS 122A-C, 123A-F
Thallus (Fig. 122A) medium to dark red-brown, 5-15 cm high, with elongate-clavate
segments (1-) 2-5 cm long and 3-6 mm in diameter, with rounded apices and basally
constricted, branching from near the apices and often from their upper half, developing a
basal stalk 1-1.5 mm in diameter and up to 1 cm long. Holdfast crustose, knobby, 2-6 mm
across, with one to a few fronds; epilithic. Structure multiaxial (Fig. 122B), developing a
very lax filamentous, mucilage filled, medulla and a pseudoparenchymatous cortex with a
single layer of large inner cells 25-50 !lm across, IJD 1-2, and a small-celled outer cortex
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1-2 cells thick, outer cells ovoid, 4-8 11m in diameter, in surface view forming rosettes (Fig.
123A) around the margins of the large inner cells. Rhodoplasts laminate, 1-3 per outer cell.
Reproduction. Sexual thalli monoecious; procarpic. Carpogonial branches (Fig. 123B)
borne singly on inner cortical cells, 3-celled, directed inwards with reflexed trichogynes.
Supporting cell becoming the auxiliary cell (Fig. 123C), with a short connection from the
fertilized carpogonium; nutritive filaments developed from adjacent vegetative cells and
partly surrounding the auxiliary cell, with prominent enveloping tissue developing from
vegetative cells and enlarging to form a cavity. Gonimoblast initials (Fig. 123C) developed
thallus outwards, forming filaments which grow across the nutritive tissue and line the inner
surface of the pericarp, then developing centripetally (Fig. 123D) in branched clusters and
forming rows of 2-3 ovoid carposporangia (terminally mature) 10-15 11m in diameter.
Cystocarps (Fig. 122C) protuberant, basally constricted, with enveloping tissue and outer
thickened cortex, ostiolate. Spermatangial clusters (Fig. 123E) scattered, formed on mid
cortical cells, with 3-4 initials each bearing 3-5 elongate-ovoid spermatangia 2-3 11m in
diameter.
Tetrasporangia (Fig. 123F) developed from mid cortical cells (often bearing 2 outer
cortical cells and thus intercalary), basally pit-connected, ovoid, 20-40 11m long and 15-25
11m in diameter, zonately divided.

Type from Port Phillip Heads, Vic. (Wilson); lectotype in Herb. Agardh, LD, 25737.
Distribution: Rottnest I., W. Aust., to Port Phillip Heads, Vic.
Selected specimens: Green 1., Rottnest 1., W. Aust., IS m deep on crus!ose corallines (Kraft &
Ricker, 4.xii.l9S0; MELU, K7621). Garden I., W. Aust. (Clifton; in Herb. Harvey, TCD). Pearson I., S.
Aust., 15 m deep (Shepherd, S.i.1969; AD, A33936). Stenhouse Bay, S. Aust., 3-7 m deep (Kraft,
IS.ix.1973; AD, A44565). Investigator Strait, S. Aus!., 31 m deep 35°2S'S, 137°17'E (Watson,
23.i.1971; AD, A41107). Vivonne Bay, Kangaroo I., S. Aust., on jetty piles, 3-4 m deep (Latz,
22.xi.l96S; AD, A33017 -"Marine Algae of southern Australia" No. 90) and 3-7 m deep (Kraft,
3.xii.l97t; AD, A44750).

The application of this name has been discussed by Kraft (1977a, p. (17). Amphiplexia
hymenocladioides is a relatively rare alga, from shallow (probably shaded) situations to deep
water.
2. Amphiplexia racemosa (1. Agardh)Kraft 1977a: 122, fig. 17.
Rhabdonia racemosa J. Agardh 1892: 116. Kylin 1932: 21, pI. 7 fig. 14.
FIG. 122D, E
Thallus (Fig. 122D) dark red-brown, 5-15 cm high, relatively stiff, with one to a few
percurrent axes or main branches, bearing densely 1-2 orders of irregularly radial, elongateclavate, terete laterals, main laterals 1-4 cm long and 2-3 mm broad near their rounded tips,
lesser laterals 0.5-2 cm long and 2-3 mm broad, all basally constricted; actively growing
branch systems pyramidal in form. Holdfast discoid, 2-7 mm across; epilithic or epiphytic
on Amphibolis. Structure multiaxial, developing a laxly filamentous medulla (becoming
dense in older branches) and a pseudoparenchymatous cortex with a single inner cortical
layer of large, compact, isodiametric cells 60-80 !lm across and an outer cortex 1-2 cells
thick; outer cells ovoid, 8-10 11m in diameter, evenly spread in surface view and not forming
rosettes. Rhodoplasts laminate, 1-3 per outer cell.
Reproduction. Sexual thalli monoecious; probably procarpic. Carpogonial branches
borne on inner cortical cells, 3-celled, directed inwards with reflexed trichogynes. Auxiliary
cell becoming partly surrounded by dense nutritive tissue, with several gonimoblast initials
developing towards the thallus surface and forming filaments which line the inner surface of
the dense pericarp of vegetative filaments; sporogenous filaments developing centripetally,
forming branched tufts with rows of 1-2 obovoid carposporangia 10-15 11m in diameter.
Cystocarps (Fig. 122E) protuberant, slightly basally constricted, 0.8-2.2 mm in diameter,
with enveloping tissue and a thick outer cortex, ostiolate. Spermatangial initials cut off from
outer cortical cells, each forming 3-4 spermatangia 2-3 11m in diameter.
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Fig. 122. A-C. Amphip/exia hymenocladioides (AD, A44750). A. Habit. B. Longitudinal section of a
branch apex. C. Cross section of mature cystocarp. D, E. Amphiplexia racemosa (AD, A35852). D.
Habit. E. Cross section of cystocarp, with ostiole. F. Antrocentrum nigrescens (AD, A48318). Habit.
[B-E as in Kraft 1977a.]
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Fig. 123. A-F. Amphiplexia hymenocladioides (AD, A44750). A. Surface pattern with rosettes of
outer cortical cells. B. Section of cortex with hairs and a carpogonial branch. C. Auxiliary cell with a
carpogonial branch (carpogonium connected to auxiliary cell) and producing gonimoblast filaments. D.
Carposporangia produced centripetally from cells lining the cystocarp cavity. E. Section of cortex with
sunken clusters of spermatangia. F. Section of cortex with immature and mature tetrasporangia. G-K.
Antrocencrum nigrescens (G, MELU, PG027; H, MELU, K5803; I, J, AD, A33437; K, AD, A28638).
G. Branch apex showing paired periaxial filaments. H. Transverse section of a branch. I. Section of
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Tetrasporangia developed from mid cortical cells, intercalary (usually bearing two outer
cortical cells), basally pit-connected, ovoid, 20-30 !lm long and 15-25 !lm in diameter,
zonately divided.

Type from Israelite Bay, W. Aust. (Brooke); holotype in Herb. Agardh, LD, 34452.
Distribution: Israelite Bay, W. Aust., to Elliston, S. Aust.
Selected specimens; Eucla, W. Aust., drift (Womersley, 2.ii.l954; AD, AI9363). Elliston Bay, S.
Aust., 10-11 m deep (Shepherd, 20.x.1969; AD, A35034 and 24.x.1969; AD, A34965 and 18.iv.1970;
AD. A35852) and on Amphibolis antarctica, 7 m deep (Shepherd, 25.x.1971; AD, A42611).

A. racemosa is apparently restricted in its distribution and differs from A.
hymenocladioides in form and the complete cover of outer cortical cells.
Genus ANTROCENTRUM Kraft & Min-Thein 1983: 177

Thallus erect, much branched irregularly, branches slender, terete, apices pointed to
rounded; holdfast fibrous. Structure uniaxial, with the axial cells each bearing two periaxial
cells on adjacent radii and rotated about the axis on successive axial cells, the axial filament
soon inconspicuous and with a broad, lax, filamentous medulla and narrow
pseudoparenchymatous cortex 2-3 cells thick, with large inner cells and small outer cells
forming rosettes in surface view.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monoecious; procarpic; monocarpogonial. Carpogonial
branches 3-celled, borne on inner cortical cells, directed inwards with reflexed trichogynes.
Supporting cell becoming the auxiliary cell, producing several gonimoblast initials towards
the thick mass of inward nutritive filaments, then with gonimoblast filaments spreading
around cavity due to breakdown of auxiliary and adjacent cells and forming centripetal
filaments with single terminal carposporangia. Cystocarps embedded, with filamentous
enveloping tissue and a cortical ostiole. Spermatangial initials in scattered groups in outer
cortex, each bearing 2-3 spermatangia.
Tetrasporangia in outer cortex, laterally pit-connected, zonately divided.
Type (and only) species: A. nigrescens (Harvey in Hooker & Harvey)Kraft & Min-Thein
1983: 177.
Antrocentrum differs from all other genera of the Acrotylaceae in being uniaxial, but the
mature thallus structure and reproduction are typical of the family.
Antroceutrum nigrescens (Havey in Hooker & Harvey)Kraft & Min-Thein 1983: 177, figs
17-35. Millar & Kraft 1993: 15.
Rhabdonia nigrescens Harvey in Hooker & Harvey 1847: 409. J. Agarrlh 1852:
354; 1876: 590. Kiitzing 1866: 26, pI. 74. Kylin 1932: 36.
Rhabdonia mollis Harvey 1863, synop.: xli. J. Agardh 1876: 593.
Solie ria mollis (Harvey)Kylin 1932: 20, fig. 12.
Rhabdonia patens Harvey 1863, synop.: xli. J. Agarrlh 1876: 593.
FIGS 122F, 123G-K, 124A, B
Thallus (Fig. 122F) medium to dark red-brown, 5-20 cm high, much branched
irregularly with percurrent axes or main branches and terete, slender, laterals, 0.7-1.5 mm in
diameter, tapering to a point gradually or abruptly, often proliferous when damaged,
occasionally with recurved branch ends. Holdfast (Fig. 124A) densely fibrous, branched,
0.5-2 em across, bearing one to several fronds; epilithic or epiphytic. Structure. Apices
uniaxial with a prominent apical cell, cells of axial filament each with two adjacent periaxial
cells (Fig. 1230), rotated on successive cells, forming a lax filamentous medulla (central
filament soon inconspicuous), becoming densely filamentous below, and a cortex of large,
cortex with a 3-celled carpogonial branch. J. Section of cortex with spermatangial clusters. K. Section
of cortex with immature and mature tetrasporangia. L, M. Claviclonium ovatum (L, MELU, K6570; M,
AD, A33615). L. Transverse section of a clavate lateral branch. M. Section of cortex with 3-celled
carpogonial branches. [A-F after Kraft 1977a; G-M after Kraft & Min-Thein 1983.]
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isodiametric to slightly radially elongate inner cells 20-30 11m across and a small-celled
outer cortex 1-2 cells thick (Fig. 123H), outer cells ovoid to pointed, 4-6 11m in diameter,
un 1-2, forming distinct to indistinct rosettes in surface view. Rhodoplasts discoid,
becoming ribbon shaped, many per cell.
Reproduction. Sexual thalli monoecious; probably procarpic. Carpogonial branches
(Fig. 123 I) borne singly on inner cortical cells, 3-celled, directed inwards with reflexed
trichogynes. Supporting cell apparently acting as auxiliary cell, with adjacent vegetative
filaments developing centripetally to form a broad enveloping tissue. Gonimoblast initials
cut off thallus inwardly, then growing over the inside of the enveloping tissue as the
auxiliary cell disintegrates, forming centripetal tufts of filaments with terminal ovoid
carposporangia 20-30 f-lm in diameter. Cystocarps (Fig. 124B) embedded, 0.7-1 mm in
diameter, with prominent enveloping tissue and thickened cortex, ostiolate. Spermatangial
clusters (Fig. 123J) scattered, with outer cortical cells producing several initials each forming
2-3 ovoid spermatangra.
Tetrasporangia (Fig. 123K) scattered, developed from mid cortical cells, laterally pitconnected, ovoid, 30-50 f-lm long and 20-35 11m in diameter, zonately divided.
Type from Georgetown, Tas. (Gunn 1318); lectotype in Herb. Hooker, BM.
Distribution: Yanchep, W. Aust., to Collaroy, N.S.W., and the N coast of Tasmania.
Selected specimens: Yanchep, W. Aust., drift (G. & L Kraft, l.ix.1990; MELU, K8420). Garden
L, W. Aust. (Clifton, type of R. patens in TCD). Eyre, W. Aust., drift (Woelkerling, 22.xi.1968; AD,
A34250). Point Sinclair, S. Aust., drift (Womersley, 25.i.l951; AD, A13694). Troubridge Light, Gulf
St Vincent, S. Aust., 17 m deep (Shepherd, 4,ii.l969; AD, A33437). Aldinga, S. Aust., on Amphibolis
and Posidonia, just below lowest tide (Kraft, 27.ii.1972; MELU, K4485). Victor Harbor, S. Aust., drift
(Womersley, 17.x.1948; AD, A9257). Seal Beach, Kangaroo L, S. Aust., drift (Womersley, 21.i.l965;
AD, A28638). Rocky Point, Kangaroo L, S. Aust., drift (Womersley, 2Lviii.l948; AD, A8586).
Pennington Bay, Kangaroo I., S. Aust., sublittoral fringe (Womersley, 6.i.1949; AD, A10785). Robe, S.
Aust.,' shaded pool (Womersley, 7.xi.l965; AD, A29649). Portland, Vic., 5-7 m deep on Ecklonia
holdfast (Kraft, 27.iv.1990; MELU, K8271). Aireys Inlet, Vic., drift (Kraft & Wetherbee, 2l.ii.1976;
MELU, K5803). San Remo, Vic., drift on Back Beach (Sinkora A2031, 27.xi.l974; AD, A542 11).
Crawfish Rock, Westernport Bay, Vic., 6 m deep (Gabrielson & Scott, 1O,ix.l981; MELU, PG027).
Walkerville, Vic., drift (Sinkora A2093, 26.ii.l975; AD, A48318). Gabo 1., Vic., 18 m deep (Shepherd,
17.ii.l973; AD, A43511). Eddystone Point, NE Tas. (Perrin, Nov. 1949; AD, AI643l). Collaroy,
N.S.W., drift (May, 15.x.1944; NSW 10095).

Antrocentrum nigrescens has a distinctive fibrous hold fast and varies in thickness of the
branches, especially as seen in herbarium sheets, depending on state of the plant and drying
pressure. It is common in the drift and is probably confined to southern and south-eastern
Australia; Japanese records (as Solieria mollis) have been referred to S. tenuis Zhang & Xia
in Xia & Zhang (1984, p. 119).
Genus CLAVICLONIUM Kraft & Min-Thein 1983: 171
Thallus erect, with the main axis bearing irregularly long lateral, terete, branches,
covered irregularly with short, ovoid to clavate ramuli, single or in chains of 2-3; hold fast
discoid. Structure multiaxial, with a laxly filamentous reticulate medulla (dense below in
main branches) and a pseudoparenchymatous cortex 2-4 cells thick, increasing below.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monocarpogonial, probably procarpic. Carpogonia\
branches 3-celled, borne on inner cortical cells near apices of ramuli, inwardly directed with
reflexed trichogynes. Supporting cell becoming the auxiliary cell and producing several
gonimoblast initials thallus inwardly, within a broad filamentous enveloping tissue
developed from adjacent vegetative cells. Gonimoblast filaments entering the enveloping
tissue as the auxiliary cell disintegrates, producing centripetal tufts of filaments within the
expanding cavity, bearing single terminal carposporangia. Cystocarps embedded in the
ramuli, with filamentous enveloping tissue and a cortical ostiole. Spermatangia unknown.
Tetrasporangia scattered in the outer cortex, laterally pit-connected, ovoid, zonately
divided.
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Fig. 124. A, B. Antrocentrwn nigrescens (A, MELU, K5803; B, MELU, K4485). A. Habit of Jiquidpreserved cystocarpic plant, with fibrous holdfast. B. Cross section of cystocarp, with ostiole. C-F.
Claviclonium ovatum (C, AD, A51275; D-F, MELU, K7077). C. Habit. D. Habit of a branch with
cystocarps (arrows). E. Section of branch apex with several carpogoniaJ branches. F. Section of a
cystocarp with centripetal sporogenous filaments, and ostiole. [A, D, E, F as in Kraft & Min-Thein
1983.]
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Type (and only) species: C. ovatum (Lamouroux) Kraft & Min-Thein 1983: 172.
Claviclonium is distinctive in form but appears to agree well structurally and
reproductively with the Acrotylaceae.
Claviclonium ovatum (Lamouroux)Kraft & Min-Thein 1983: 172, figs 1-15.
Gigartina ovata Lamouroux 1813: 136, pI. 10 fig. 7. 1. Agardh 1852: 355.
Rhabdonia globifera Lamouroux ex 1. Agardh 1852: 355; 1872: 39; 1876: 595.
Harvey 1860b: pI. 129. Kylin 1932: 20.
FIGS 123L, M, 124C-F
Thallus (Fig. 124C, D) medium to dark red-brown, branches cartilaginous and ramuli
soft, 10-20 (-30) em high, irregularly branched with long, terete, main branches 1-3 mm in
diameter, bearing short, segmented (1-3 times) ramuli 5-10 (-IS) mm long and 1.5-2.5 mm
in diameter, arising near the segmented branch apices and proliferously below. Holdfast
discoid, 2-6 mm across, with a single frond; epilithic or on shells. Structure, multiaxial,
developing a broad, laxly filamentous, reticulate medulla (Fig. 123L) of interconnected cells
(many stellate), becoming dense with slender rhizoids in lower branches, and a
pseudoparenchymatous cortex (Fig. 124E) 2-3 cells thick, inner cells slightly larger than the
ovoid outer cells (6-12 11m in diameter); outer cortex of main branches becoming
meristematic, forming files of elongate cells. Rhodoplasts discoid, several per cell.
Reproduction. Sexual reproduction probably procarpic. Carpogonial branches (Fig.
123M, 124E) 3-celled, borne on inner cortical cells sub-apically, inwardly directed with
refIexed trichogynes. Supporting cell acting as auxiliary cell, producing several gonimoblast
initials inwardly as adjacent vegetative cells produce a prominent pericarp around the
disintegrating auxiliary cell. Gonimoblast filaments entering the pericarp and connecting to
its cells, then forming centripetal branched tufts of filaments (Fig. 124F) in the developing
cavity, with single, terminal, ovoid to clavate carposporangia 10-18 11m in diameter.
Cystocarps (Fig. 124D, F) embedded, 0.7-1.2 mm across, with filamentous enveloping
tissue and a cortical ostiole. Spermatangia unknown.
Tetrasporangia scattered in the cortex, laterally pit-connected, ovoid, 28-40 11m long
and 24-30 11m in diameter, zonately divided.

Type from "Nouv. Holl."; holotype in Herb. Lamouroux, PC.
Distribution: Geraldton, W. Aust., to 16 km E of Eucla, S. Aust.
Selected specimens: Geraldton, W. Aust., drift at Separation Point (Gabrielson & Kraft,
lS.xiU980; MELU, A398S1). Flat Rocks, 40 km S of Geraldton, W. Aust., drift (Mitchell, 17.ix.1966;
AD, A31080). 7 Mile Beach, N of Dongara, W. Aust., drift (Kraft & Allender, 9.viii.l979; MELU,
K7077 and Womersley, 17.ix.1979; AD, A51352). Port Denison, W. Aust., drift (Gordon, 8.xi.l968;
AD, A33615). Yanchep, W. Aust., drift (Womersley, 22.ix.1979; AD, ~51275). Miami, W. Aust., drift
(G. & C. Kraft, 1O.iii.l978; MELU, K6570). Point Clune, Rottnest I., W. Ausl., 13-14 m deep (Kraft
& Ricker, 2.xii.1980; MELU, K7117). Eyre, W. Aust., drift (Gordon, 22.xi.1968; AD, A34228). 16 kIn
E of Eucla, S. Ausl., drift (Womersley, 3.ii.1954; AD, AI9293).

Claviclonium ova tum is a moderately deep water alga of western affinities.
FAMILY PLOCAMIACEAE KUtzing 1843: 442, nom. cons.

Thallus erect, complanately branched, with alternating marginal series of 2-6
compressed lateral branches or ramuli, axes sympodiaUy developed, base stoloniferous (or
parasitic and pulvinate). Structure uniaxial, with a central filament surrounded by a
pseudoparenchymatous cortex.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.

Reproduction. Sexual thalli dioecious; procarpic. Carpogonial branches 3-celled, borne
on mid cortical cells, with the supporting cell acting as the auxiliary cell. Carposporophyte
outwardly directed, with a basal fusion cell producing several gonimolobes with all except
the basal cells forming carposporangia, enclosed in a dense cellular pericarp; cystocarps
sessile or pedicellate on the upper ramuli of the series, non-ostiolate. Spermatangia
developed from surface cortical cells on upper ramuli or on branched tufts in their axils.
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Tetrasporangia borne in simple or branched stichidia on the margins of upper ramuli or
in branched axillary tufts.
A family of two genera, Plocamium Lamouroux, which is common in cool to warm
temperate seas and to which the above description applies, and the pulvinate parasite
Plocamiocolax Setchell (1923, p. 395). Details of the type species of Plocamiocolax, P.
pulvinata Setchell, are lacking apart from an ultrastructural study of the carposporophyte by
Krugens & Delivopoulos (1986). A second species, Plocamiocolax papenjussiana Martin &
Pocock (1953, p. 50, figs 2a, 3c, d, 4a) is known from South Africa. Minute parasitic
cushions do occur on some specimens of Plocamium on southern Australian coasts but have
not been investigated.
Gi!nus PLOCAMIUM Lamouroux 1813: 137, nom. cons.
Thallus erect, complanately branched, with the opposite margins bearing alternating
series of 2,3, or more (to 6) compressed lateral branches or ramuli, the lower 1 (-3) normally
unbranched with entire or serrate margins, occasionally recurved, the uppermost branched
and often continuing growth with the same pattern; growth of axes and main branches
sympodiaJ, axes straight or somewhat flexuous; in P. leptophyllum small adventitious ramuli
occur on the opposite margin to the alternating series. Attachment by stoloniferous
branchlets with small discoid holdfasts; epilithic or epiphytic. Structure uniaxial with a
central row of elongate cells surrounded by a pseudo parenchymatous cortex with large inner
cells decreasing to a small-celled outer cortex.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli dioecious; procarpic. Carpogonial branches in the upper
ramuli, adaxial, or in small axillary branchlets, situated on mid cortical cells, 3-celled with
the supporting cell functioning as the auxiliary cell. Cystocarps sessile or pedicellate in the
axils of ramuli, carposporophyte with a small basal fusion cell and gonimolobes developing
into clusters of ovoid carposporangia, with a cellular peri carp. Spermatangia cut off from
surface cortical cells of ramuli or on axillary tufts of branchlets.
Tetrasporangia in simple or branched, elongate or clavate. stichidia in the axils of upper
ramuli, zonately divided.

Type species: P. vulgare Lamouroux 1813: 137, type cons. [= P. cartilagineum
(Linnaeus)Dixon 1967: 58.]
A genus of 20 (or more?) species, characterised by the very distinctive branching
system. The southern Australian species were monographed by Womersley (1971a).
KEY TO SPECIES OF PLOCAMIUM

1.
1.

Ramuli mostly in alternate pairs ....................................................................................... 2
Ramuli mostly in alternate series of 3-4 (-5) ................................................................... 6
2.
2.

3.
3.

Axes mostly under 2 mm broad; cystocarps sessile, spermatangia covering young
ramuli .................................................................................................................... 3
Axes mostly over 2 mm broad; cystocarps appearing pedicellate and axillary,
spermatangia on terete, axillary branch clusters (or on reduced, axillary
branchlets in P. dilatatum) .................................................................................... 4

Axes slender, mostly less than 1 mm broad; lower ramulus slender and usually entire;
stichidia single or in basally branched clusters ........................................... 1. P. angustum
Axes mostly over 1 mm broad; lower ramulus serrate; stichidia in clusters, branched in
their upper part ............................................................................................ 2. P. costa tum
4.

Upper ramulus often remaining dormant and digitate, 2-2.5 mm broad and
usually 3-5 mm long; lower ramulus simple and usually entire; axes mostly 3-4
mm broad ...................................................................................... 3. P. patagiatum
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4.

5.
5.

6.

7.

Upper ramulus commonly developing into a lateral branch, not digitate if
undeveloped; lower ramulus usually serrate, simple or divided; axes mostly 2-3
(-5) mm broad ....................................................................................................... 5

Thallus relatively delicate, often large (to 50 cm high); lower ramulus entire or serrate,
in many plants becoming multifid; stichidia mostly 75-100 11m in diameter
..................................................................................................................... 4. P. mertensii
Thallus robust, to 25 cm high; lower ramulus serrate and undivided; stichidia robust and
clavate, about 250 11m in diameter ............................................................. 5. P. dilatatum
6.

7.

Plocamium

Ramuli mostly in series of 3; thallus robust, axes (1-) 1.5-2 (-3) mm broad and
becoming thickened below; stichidia normally in axillary clusters, basally
branched only; cystocarps sessile and verrucose ......................... 6. P. preissianum
Ramuli in series of 3-4 or more, rarely with some in pairs; thallus slender, axes
less than 1.5 mm broad; stichidia axillary but on margins of ramulus and axis,
becoming branched in their upper parts; cystocarps sessile but smooth ............... 7

Ramuli in alternating series of 3-4, occasionally more or in pairs; axes mostly 1-1.5
mm broad, tapering above; adventitious ramuli, and hooked branch ends or hooked
lower ramuli, absent ............................................................................ 7. P. cartilagineum
Ramuli in alternating series of (3-) 4-5 with short adventitious ramuli developing from
the axis opposite each series and often between the members of a series; axis about 0.5
mm broad, often flexuous; ends of branches or lowest ramuli commonly recurved to a
hook ....................................................................................................... 8. P. leptophyllum

1. Plocamium angustum (J. Agardh)Hooker & Harvey 1847: 404. J. Agardh 1852: 402;
1876: 343. De Toni 1900: 596. Fuhrer et ai. 1981, pI. 45. Millar & Kraft 1993: 24.
Sonder 1853: 682; 1855: 518. South & Adams 1979: 121, figs 1, 7-10, 26.
Womersley 1966: 147; 1971a: II, figs 2-6.
Thamnophora angusta J. Agardh 1841: to. Harvey 1844: 447.
Plocamium angustatum Kiitzing 1866: 17, pI. 48c-e.
P. gracile J. Agardh 1876: 345. De Toni 1900: 598. Lucas 1909: 35; 1929a: 19.
Lucas & Perrin 1947: 213, fig. 78. May 1965: 372. Womersley 1950: 170.
P. telfairiae sensu Guiler 1952: 90. Levring 1946: 222. May 1965: 372 [not P.
telfairiae (Harvey) Kiitzing from Mauritius].
FIG. 125
Thallus (Fig. 125A) to 25 cm high. with numerous, erect, slender, rather linear axes
arising from the basal stolons. Axes usually 0.5-1 (-1.5) mm broad, bearing ramuli in
alternating pairs, the upper often developing into a lateral branch similar to the axes; lower
ramuli subulate, 1-1.5 (-2) mm long, less than 0.5 mm broad at their base, usually entire but
in some plants with several small serrations or spines on the abaxial margin.
Reproduction. Sexual thalli dioecious. Cystocarps (Fig. 125B) sessile on adaxial base of
ramulus or on adjacent axis, globular, smooth to slightly verrucose, 600-900 11m across.
Spermatangia (Fig. 125C) covering the surface of slender ramuli near the branch apices.
Stichidia (Fig. 125D, E) in the axils of ramuli, becoming tufted and basally branched,
the tufts enlarging with age and in some plants stichidia extending along the adaxial margin
of the ramuli; sporangium-bearing part of stichidia usually unbranched and swollen (Fig.
125E), 60-100 flm in diameter, terete and fairly straight, the stalk remaining slender;
tetrasporangia 50-70 flm long and 25-30 11m in diameter, zonately divided.

Type from "Novae Hollandiae"; lectotype in Herb. Agardh, LD, 28026.
Distribution: New Zealand.
Cannan Reefs, Great Australian Bight, S. Aust., to Tuggerah Lakes, N.S.W. and around
Tasmania. Common on coasts of rough to moderate wave action and known from shaded
pools near low water level to 50 m.

Selected specimens: Seamount off Cannan Reefs, S. Aust., 22-30 m deep

(Branden, 21.i.1991;
AD, A61119). Pearson I., S. Aust., 48 m deep (Shepherd, 9.i.1968: AD, A33725). Port Willunga, S.
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Aust., pool at reef edge (Womersley, 12.x.J953; AD, AI9090). Snug Cove, Kangaroo I.. S. Aust.,
16-21 m deep (Mitchell. 16.ii.l960; AD, A24045). Pennington Bay, Kangaroo I., S. Aust., sublittoral
fringe (Womers[ey, 23.viii.1950; AD, A13372). Amphitheatre Rock. West I.. S. Aust., 13-22 m deep
(Shepherd, l.i.l969; AD, A33237). Carpenter Rocks, SE S. Aust.. 3-4 m deep (Shepherd. 4.xii.l968;
AD, A33111). Lady Julia Percy I., Vic., 5-8 m deep (Shepherd, 3.i.1968; AD, A32397). Red Rocks,
Cowes, Phillip I., Vic., 5 m deep (AIMS-NCI, Q66C 3391-A, 12.ii.l990; AD, A60334). Gabo I., Vic .•
24 m deep (Shepherd, 14.ii.1973; AD, A43306). Granville Harbour, W Tas., 3-10 m deep (Blackman,
28.i.1979; AD, A58535). Fluted Cape, Bruny 1., Tas., 7-10 m deep (Shepherd, lO.ii.l972; AD,
A41450). Bronte, N.S.W. (Lucas; AD, A37723). Tuggerah Lakes, N.S.W. (Lucas, April 1911; NSW).

P. angustum is usually readily recognised by its slender, rather linear axes rarely over
1 mm broad, the tufts of basally branched stichidia, and sessile cystocarps. Some intergrades
to P. costatum occur however, including occasional specimens with slightly serrate ramuli.

A

c

"

tA:

200~m

Fig. 125. Plocamium angustum (A, AD, A32397; B, D, E, AD, A33111; C, AD, A33237). A. Habit.
B. Branches with cystocarps. C. Ramuli covered with spermatangia. D. Branch with axillary clusters of
stichidia. E. Stichidia. [A-E as in Womersley 1971.]
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Fig. 126. Plocamium costa tum (A, AD, All163; B-D, AD, A31491). A. Habit. B. Branch with
cystocarps in axils of ramuli. C. Branch with axillary clusters of stichidia. D. Branched stichidia.[A-D
as in Womersley 1971.]
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2. Plocamium costatum (C. Agardh)Hooker & Harvey 1847: 404. 1. Agardh 1852: 403;
1876: 344. Guiler 1952: 89. Harvey 1849a: 122; 1859b: 318; 1863, synop.: xxxix.
Kiitzing 1849: 886; 1866: 18, pI. 52d, e. Lucas 1909: 34; 1929a: 19; 1929b: 50.
Lucas & Perrin 1947: 212, fig. 77. May 1965: 372. Reinbold 1897: 52; 1899: 45.
Sonder 1855: 519. South & Adams 1979: 126, figs 4, 16-22. Womersley 1950:
170; 1966: 147; 1971a: 13, figs 7-11.
Delesseriaplocamium var. costata C. Agardh 1822: 181; 1824: 251.
Thamnophora costata (C. Agardh)l. Agardh 1841: 10. Harvey 1844: 447.
FIG. 126
Thallus (Fig. 126A) erect, fairly slender, 10 to 30 cm high from the prostrate base. Erect
axes 1-1.5 (-2.5) mm broad, often with a lighter coloured central part and thus appearing
costate in mid and lower parts of the axes. Ramuli in pairs, strongly and evenly serrate with
short blunt teeth on the convex abaxial side, adaxial side straight to slightly concave; ramuli
1-2 (-3) mm long with lower ramulus usually about 0.5 mm broad at the base.
Reproduction. Sexual thalli dioecious. Cystocarps (Fig. 126B) sessile, globular, about
0.8 mm in diameter, smooth, sometimes slightly verrucose when dry, variously placed in the
axil, on the adaxial edge of the ramulus, or more frequently on the abaxial edge of the lower
ramulus. Spermatangia covering ends of branches and proliferous branchlets in axils of
upper ramuli.
Stichidia in densely branched clusters (Fig. 126C) in the axils of ramuli, closely
branched several times at wide angles especially in their upper parts (Fig. 126D); clusters
1-1.5 mm high with branches fairly uniform in width and 80-120 /Jm in diameter; in some
cases the stichidial clusters extend in a series along the adaxial margin of the lower ramulus
and up the axis to the base of the abaxial surface of the upper ramulus. Tetrasporangia
densely arranged in apices of stichidial branches, 50-65 /Jm long by 35-45 /Jm in diameter,
zonately divided.

Type from Novae Hollandiae (Desfontaines); holotype in Herb. Agardh, LD, 28056.

Distribution: From Elliston, Eyre Peninsula, S. Aust., to Point Dromedary, N.S.W., and
around Tasmania. Found on coasts of rough to moderate wave action, and known from
depths of 3 to 20 m.
New Zealand.

Selected specimens: Elliston, S. Aust., 10-12 m deep outside bar (Shepherd, 25.x.1971; AD,
A42666). Victor Harbor, S. Aust., drift (Womersley, 24.vii.1949; AD, AII163). SouWest R.,
Kangaroo 1., S. Aust., 6 m deep (Mitchell, 24.viii.1963; AD, A26809). Robe, S. Aust., 3-6 m deep
(Baldock, 15.v.1967; AD, A31491). 1.3 km off Cape Northumberland, S. Aust., 13 m deep (Shepherd,
19.iii.1974; AD, A44902). Lady Julia Percy 1., Vic., 3-6 m deep (Shepherd, 4.i.1968; AD, A32348).
Walkerville, Vic., drift (Sinkora A2098, 27.ii.1975; AD, A48400). Gabo 1., Vic., 13 m deep (Shepherd,
14.ii.1973; AD, A43329). Low Head, Tas. (Perrin, June 1948; AD, A8969). S of Surveyors Cove, Port
Arthur, Tas., 13-19 m deep (McGeary-Brown, 29.x.1986; AD, A57424). Green Cape, N.S.W., 16 m
deep (Shepherd, 13.ii.1973; AD, A43030). Point Dromedary, N.S.W. (Bate; MEL, 1006161).

P. costa tum is distinguished by the clustered stichidia which are branched in their upper
parts (often near their apices), and sessile cystocarps. The thallus branches are broader than
in P. angus tum and also have strongly serrate curved ramuli; in thallus characters P.
costa tum is close to P. dilatatum but the massive, unbranched stichidia and pedicellate
cystocarps distinguish the latter.
In some specimens of P. costatum, the cystocarps in young branches appear pedicellate.
This, however, is due to their occurrence on short proliferous branches arising in the axils of
older branches and the cystocarps are actually sessile on very slender ramuli; older parts of
such plants show typical sessile cystocarps on mature ramuli.
3. Plocamium patagiatum 1. Agardh 1894: 133. De Toni 1900: 601; Guiler 1952: 90. Lucas
1909: 35. Lucas & Perrin 1947: 215. May 1965: 372. Womersley 1971a: 15, figs
12-16.
FIG. 127
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Thallus (Fig. 127A) robust, to 10-30 cm high. Erect axes 3-4 (-5) mm broad, fairly
regularly branched. Ramuli in alternate pairs, the upper ramulus commonly remaining
dormant, otherwise developing into a long straight lateral bearing regular ramuli with
occasional further laterals; the upper ramulus of each pair usually 2-2.5 mm broad and 3-5
mm long, digitate with divisions more on the abaxial side; lower ramulus simple, entire,
rarely serrate, subulate, acuminate (1-) 1.5-2.5 (-3) mm long and 0.5-1 mm broad at its base.

Fig. 127. Plocamium patagiatum (AD, A30568). A. Habit. B. Branch with axillary cystocarps. C.
Cluster of spermatangial branches. D. Branch with compact clusters of stichidia. E. Stichidia. [A-E as
in Womersley 1971.]
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Reproduction. Sexual thalli dioecious. Cystocarps (Fig. 127B) 1-2 (-3) in axils of upper
or lower ramuli, globular and smooth, 0.75-1 (-1.5) mm in diameter, with a pedicel 0.2-\
times as long as the cystocarp and sometimes bearing abortive cystocarps on branches of the
pedicel. Spermatangia covering the surface of much divided branchlets (Fig. 127C) forming
dense, globular clusters to 0.5 mm high in the axils of ramuli.
Stichidia in dense, globular clusters in the axils of ramuli (Fig. 1270); individual
stichidia basally branched only (Fig. 127E). oblong and swollen where bearing
tetrasporangia, on a narrower stalk, 300-400 (-500) flm long and (100-) 120-150 (-170) flm
broad. Tetrasporangia in two series, 75-100 flm long and 40-60 flm in diameter, zonately
divided.

Lectotype from Encounter Bay, S. Aust. (Hussey); in Herb. Agardh, LO, 28174.
Distribution: Nuyts Reef, S. Aust. to Cape Woolamai, Vic. and around Tasmania. Found on
coasts of strong wave action and known from depths of 10-26 m.

Selected specimens: Nuyts Reef, S.

Aust., 30 m deep (Shepherd, 27.iii.J980; AD, A52338). 4 kIn
W of Waldegrave I., S. Aust., 30 m deep (Branden, 3.vii.l987; AD, A57587). Topgallant I., S. Aust.,
35 m deep (Branden. 2.vii.l987; AD, A57567). Port Elliot, S. Aust., drift (Womersley, 23.v.1953; AD,
Al 8720). Whale Point, West I., S. Aust., 13 m deep (Shepherd, June 1966; AD, A30568). Pelorus L, S
of Kangaroo I., S. Ausl., 10-30 m deep (Branden, 19.vi.l991; AD, A61397). Robe, S. Aust., 3-6 m
deep (Baldock, 15.v.1967; AD, A31492). Double Corner Beach, Portland, Vic .• drift (Beauglehole,
22.vi.J952; AD, A21660). Cape Woolamai, Vic., 15-18 m deep (Goldsworthy & Berthold, 16.ii.J990;
AD, A60188). Tamar R. mouth. Tas., 8-10 m deep (Blackman, 28,iv.l979; AD, A58532). Port Arthur,
Tas. (Castray; NSW).

P. patagiatum was not distinguished from P. mertensii until 1894. and until then had
probably been included under the latter. However, its distribution is restricted compared to
that of P. mertensii which occurs all along southern Australia. and it differs clearly in the
form and size of the stichidia (which are shorter, stouter and more clavate than in P.
mertensii) and usually in the habit and form of the upper and lower ramuli. In contrast to P.
mertensii, the upper ramulus of P. patagiatum is broadly digitate and often remains dormant
and the lower ramulus remains undivided. A few sterile specimens appear to be intermediate
in form between these two species but tetrasporangial specimens are readily distinguished.
4. Plocamium mertensii (Greville)Harvey 1847: 122; 1855a: 553. J. Agardh 1852: 401;
1876: 346. De Toni 1900: 599. Fuhrer et at. 1981: pI. 48. Guiler 1952: 90. Lucas
1909: 35; 1929a: 19; 1929b: 50. Lucas & Perrin 1947: 215, fig. 80. May 1965:
372. Reinbold 1897: 52. Sonder 1853: 682. Womersley 1950: 170; 1966: 147;
1971a: 15, figs 17-23.
Thamnophora mertensii Greville 1830: xlix. Sonder 1846: 193.
Thamnocarpus mertensii (Greville)Ktitzing 1849: 887; 1866: 19, pI. 55d-h.
Delesseria plocamium var. procerum C. Agardh 1822: 181; 1824: 251.
Thamnophora procera (c. Agardh)J. Agardh 1841: 10. Harvey 1844: 447.
Plocamium procerum (C. Agardh)Hooker & Harvey 1845: 542; 1847: 404. J.
Agardh 1852: 400; 1876: 347. Harvey 1847: 122; 1855a: 553; 1859b: 318; 1862:
pI. 223 (incl. var. mertensii); 1863, synop.: xxxix (incl. var. mertensii). Ktitzing
1849: 886; 1866: 19, pI. 54a-d? Levring 1946: 222. Lucas 1909: 35; 1929a: 19;
1929b: 50. Lucas & Perrin 1947: 214, fig. 79. May 1965: 372. Reinbold 1897: 52.
Sonder 1853: 682.
Plocamium procerum var. nidificum Harvey 1863, synop.: xxxix (nomen nudum).
Plocamium nidificum Harvey ex J. Agardh 1876: 346; 1894: 131. De Toni 1900:
599; 1924: 317. Oe Toni & Forti 1923: 32, pI. ill figs 6, 7. Levring 1946: 222.
Lucas 1909: 35; 1929b: 50. Lucas & Perrin 1947: 213. May 1965: 372. Reinbold
1897: 52; 1899: 45. Womersley 1950: 170.
Plate 4 fig. 4; FIG. 128
Thallus (Fig. 128A. B) to-50 cm high, much branched with spreading laterals. Erect
axes (1-) 2-3 (-5) mm broad, thin and delicate in younger regions which are usually broader
than older parts of axes. Ramuli in alternate pairs; upper ramulus divided, often developing
into a lateral branch, lower ramulus subulate, (0.7-) 1-1.5 (-5) mm long and usually less than
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Fig. US. Plocamium mertensii (A, C, E, 1<', AD. A35914; B, AD, A35943; D, AD. A34138). A. Habit.
B. Habit of form with much-branched lower ramuli. C. Branch with axillary cystocarps. D. Cluster of
spermatangial branches. E. Branch with clusters of stichidia. F. Stichidia. lA-F as in Womersley
1971.]
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0.25 mm broad at its base, entire or serrate in its upper part either on the abaxial edge only or
on both edges; lower ramulus frequently becoming divided and often proliferating into dense
clusters of sub-dichotomous pinnules which may occur commonly on older branches (Fig.
128B), or on occasional branches, or be totally absent in some plants (Fig. 128A).
Reproduction. Sexual thalli dioecious. Cystocarps (Fig. 128C) in axils of either of the
two ramuli, 1-2 (-3) maturing, globular and pedicellate, 0.5-0.8 (-1) mm in diameter, arising
on small branchlets in the axils. Spermatangia covering the surface of terete branchlets in
dense axillary clusters (Fig. 128D).
Stichidia in dense hemispherical clusters arising from a pad of tissue in the axil of either
ramulus or of laterals (Fig. 128E); individual stichidia (Fig. 128F) simple or branched
basally only, linear, 0.25-0.5 (-I) mm long and (50-) 75-100 (-125) 11m in diameter,
becoming curved as they elongate; occasional old elongate stichidia become branched near
their apex. Tetrasporangia in 1 or 2 series, ovoid, 50-75 11m long and 25-50 11m in diameter,
zonately divided.

Type from "Novae Hollandiae" (Fraser); lectotype in Herb. Greville, E.
Distribution: From Nichol Bay, W. Aust., to Gabo I., Vic., and northern Tasmania. Found
on coasts of strong to moderate wave action and known from shaded pools near low tide
level to 50 m deep.
Selected specimens: Nichol Bay, W. Aust. (1881; MEL, 1006282). Salmon Bay, Rottnest I., W.
Aust., drift (Parsons, 12.xi.1968; AD, A33397). Breaksea I., Albany, W. Aust., 20-25 m deep
(Huisman, 3.iv.1993; Murdoch). Point Valliant, Two People Bay, W. Aust., drift (Womersley,
30.viii.l979; AD, A50958). Seamount off Cannan Reefs, S. Ausl., 22-30 m deep (Branden, 22.i.1991;
AD, A61121). Waldegrave I.. S. Aust., 22 m deep (Shepherd, 23.x.1970; AD, A37390). Tiparra Reef,
Spencer Gulf, S. Aust.. 5-6 m deep (Shepherd. 24.vi.1970; AD. A35943). Daly Head, Yorke Pen., S.
Aus!., drift (Woelkerling, 22.iv.1969; AD, A34138 -"Marine Algae of southern Australia" No. 84).
West I., S. Aust., 10 m deep (Shepherd, 13.vi.l970; AD, A35914). Seal Bay, Kangaroo L, S. Aust.,
drift (Womersley, 22.xi.1968; AD, A32966). Port MacDonnell, S. Aust., drift (Womersley, 15.iv.1959;
AD. A22983). Queenscliff, Vic., drift (Wollaston, 17.viii.l956; AD, A20566). Gabo I., Vic., 1-3 m
deep (Shepherd, 15.ii.l973; AD, A43369). Mount Killicrankie, Flinders 1., Bass Strait, 15 m deep
(McCauley, 22.ii.1990; AD, A60462). Musselroe Bay, Tn;;. (Perrin, 1940; MEL, 1006365).

The range of variation in this species is considerable though most specimens are readily
recognised. The frequent presence of much-divided ramuli (the lower of each pair), forming
conspicuous tufts, characterises many specimens which were described as a separate variety
or species, nidificum. However, many plants are totally without such tufts, while others form
them only occasionally or on certain branches, The type specimens of P. mertensii and of P.
procerum are essentially without such tufts.
Apart from this variable feature, P. mertensii is characterised by its much branched,
rather thin, thallus with relatively broad axes, pedicellate cystocarps and unbranched, linear
or curved and relatively long and slender stichidia. The spermatangia are borne on much
branched tufts in the axils of the upper ramulus of each pair, as distinct from the vegetative
tufts developing from the lower ramulus. Cystocarps normally originate on only slightly
branched axillary branchlets.
P. mertensii is most closely related to P. patagiatum; differences are discussed under
the latter species.

5. Plocamium wlalatum J. Agardh 1876: 347. De Toni 1900: 601. Guiler 1952: 90. Lucas
1909: 35; 1929a: 19; 1929b: 50. Lucas & Perrin 1947: 215. May 1965: 372.
Reinbold 1898: 46. Womersley 1971a: 20, figs 24-28.
FIG. 129
Thallus (Fig. 129A) erect, robust, much branched, 10-25 cm high from the prostrate
base. Erect axes (1.5-) 2-2.5 (-3.5) mm broad, centrally thickened and becoming costate
below. Ramuli in alternate pairs; lower ramulus robust, (1.5-) 2-3 (-4) mm long and about
1 mm broad at its base, with the adaxial side usually straight and the abaxial side convex
with coarse, short serrations.
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Reproduction. Sexual thalli dioecious. Cystocarps (Fig. 129B) ansmg from small
axillary branchlets, appearing pedicellate, globular and smooth surfaced. Spermatangia
(observed in one specimen only) covering the surface of small but normal branchlets arising
in the axils of upper ramuli.
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Fig. 129. Plocamium dilatatum (A, AD, A27528; B, AD, A18789; C, D, AD, A35637). A. Habit. B.
Branch with axillary cystocarps. C. Branch with clusters of stichidia. D. Stichidia. [A-D as in
Womers1ey 1971.]
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Stichidia in clusters (Fig. 129C) 1-1.5 mm high in axils of ramuli, basally branched
only; individual stichidia (Fig. 129D) clavate, with a relatively slender pedicel, 0.75-1 mm
long and 200-300 11m in diameter. Tetrasporangia in two distinct series, 90-150 11m long
and 60-80 11m in diameter, zonately divided.

Lectotype from Tasmania; in Herb. Agardh, LD (see Womersley 1971, p. 20).
Distribution: West I., S. Aust. to Port Phillip Bay, Vic., and around Tasmania. Found on
coasts of strong to moderate wave action and known from depths of 3-22 m.
Selected specimens: Whale Point, West I., S. Aust., 20 m deep (Shepherd, June 1966; AD,
A30590). Stinky Bay, Nora Creina, S. Aust., drift (Womersley, 25.viii.l960; AD, A24471). 1.3 km off
Cape Northumberland, S. Aust., 15 m deep (Shepherd, 26.vi.l976; AD, A55180). Point Roadknight,
Vic., drift (Womersley, 6.vi.l953; AD, Al 8789). Cape Woolamai, Vic., 15-18 m deep (Goldsworthy &
Berthold, 16.ii.l990; AD, A60189). Musselroe Bay, Tas. (G. & F. Perrin, March 1937; AD, A8517).
Marion Bay, Tas., 6 m deep (Shepherd, 13,ii.1970; AD, A35637). Lady Bay, Southport, Tas., drift
(Wollaston & Mitchell, 27.ii.l964; AD, A27528).

P. dilatatum is characterised by the massive stichidia borne on slender pedicels in
axillary clusters. It is superficially similar to P. costatum (which has slenderer, branched
stichidia) but the thallus of P. dilatatum is more robust with somewhat larger ramuli. South
& Adams (1979, p. 126) place New Zealand specimens, credited to P. dilatatum, as P.
costatum.
6. Plocamium preissianum Sonder 1845: 54; 1846: 192; 1853: 682. J. Agardh 1852: 399;
1876: 342. De Toni 1900: 594. De Toni & Forti 1923: 32. Harvey 18SSa: 553;
1859a: pI. 63; 1863, synop.: xxxix. Ktitzing 1849: 885; 1866: 19, pI. 53d-f (fig. as
P. preissii). Levring 1946: 222. Lucas 1909: 34; 1929b: 50. Lucas & Perrin 1947:
211, fig. 75. May 1965: 372. Reinbold 1898: 46. Womersley 1950: 170; 1966: 147;
1971a: 20, figs 29-35.
FIG. 130
Thallus (Fig. BOA) robust, 20-50 cm high. Erect axes (1-) 1.5-2 (-3) mm broad,
usually long and irregularly branched, becoming thickened and sometimes appearing costate
in older parts. Ramuli in alternating series of 3 (-4), occasionally with some in pairs in
certain plants, the uppermost ramulus (occasionally the upper two) usually developing into a
lateral branch; lower ramuli subulate to linear, (1.5-) 2-3 (-4) mm long and (200-) 300-400
(-500) 11m broad at their base, usually strongly serrate abaxiaUy (rarely entire).
Reproduction. Sexual thalli dioecious. Cystocarps single or occasionally adjacent,
sessile on the axis or on either margin of the ramuli or sessile in comparable positions on
small axillary branchlets, 0.7-1 (-1.5) mm across, globular and becoming strongly verrucose
(Fig. BOB). Spermatangia covering extensive areas on both surfaces of young apices and
ramuli (Fig. 13OC, D).
Stichidia in dense axillary clusters (Fig. 130E) and frequently extending along the
margins of the adjacent axis and ramuli; individual stichidia (Fig. 130F) simple or basally
branched only, linear-arcuate, (100-) 200-500 Ilm long (sometimes continuing growth to
1.5 mm long) and (25-) 50-75 (-100) 11m in diameter. Tetrasporangia in 1-2 series, ovoid,
53-66 11m long and 40-53 11m in diameter, zonately divided.

Type from Haustro-occidentale Novae Hollandiae" (Preiss); holotype in MEL, 1005964.
Distribution: From the Abrolhos Islands and Geraldton, W. Aust., to Wilsons Promontory,
Vic. Common on coasts subject to strong wave action and known from depths of 2 to 50 m.

Selected specimens: Pelsart 1., Abrolhos Is, W. Aust., drift (Womersley, l.ix.1947; AD, ASS71).
Geraldton, W. Aust. (Carter, Sept. 1926; NSW). Whitford Beach, Perth, W. Aust., 6 m deep (Cook,
20.viii.l979; AD, A50578). Cannan Reefs (S of Isles of St Francis), S. Aust., 20-25 m deep (Branden,
25.i.1991; AD, A61091). Pearson 1., S. Aust., 30-32 m deep (Shepherd, 7.i.l969; AD, A33685).
Snapper Point, Aldinga, S. Aust., 6 m deep (URGSA, 23.xi.l958; AD, A220l6). Pennington Bay,
Kangaroo L, S. Aust., drift (Womersley, 17.i.1944; AD, A2516). Young Rocks, S of Kangaroo L. S.
Aust., 16-30 m deep (Branden, 18.vi.l991; AD, A61460). Amphitheatre Rock, West 1., S. Aust.,
13-22 m deep (Shepherd, l.i.1969; AD, A33242). West I., S. Aust., 10 m deep (Shepherd, 13.vi.1970;
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Fig. 130. Plocamium preissianum (A, E, F, AD, A35912; E, C, D, AD, A33242). A. Habit. E. Branch
with sessile; verrucose. cystocarps. C. Branch with terminal spermatangial branchlets. D. Branchlets
with spermatangia. E. Branch with axillary clusters of stichidia. F. Stichidia. [A-F as in Womersley
1971.]
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AD, A35912). 1.35 Ian off Middle Point, Cape Northumberland, S. Aust., 15 m deep (Johnson,
13.viU974; AD, A45458). Lady Julia Percy I., Vic., 19 m deep (Shepherd, 4.i.1968; AD, A32425).
Portsea, Vic., 20 m deep off ocean beach (Macpherson, 15. v .1963; AD, A28648). Wilsons Prom., Vic.
(Mueller, June 1853; MEL, 1006338).

P. preissianum is one of the most distinctive of the Australian species of Plocamium
and is readily recognised when sterile by its robust, relatively broad thallus and series of
three ramuli. The sessile, verrucose cystocarps and spermatangial areas covering ramuli are
also distinctive compared to other robust species but the stichidia are rather similar to those
of P. mertensii.
7. Plocamium cartilagineum (Linnaeus)Dixon 1967: 58. Dixon & Irvine 1977b: 201.
Fuhrer et al. 1981: pI. 47. South & Adams 1979: 124, figs 2, 11, 15, 25.
Womersley 1971a: 22, figs 36-39.
P. coccineum (Hudson)Lyngbye 1819: 39. J. Agardh 1852: 395; 1876: 339. Harvey
1846: pI. 44; 1847: 123; 1855a: 553; 1859b: 317; 1863, synop.: xxxix. Kylin 1923:
49, figs 34,35; 1944: 53, pI. 10, fig. 37. Levring 1945: 17; 1946: 221. Womersley
1966: 147.
P. pusillum Sonder 1845: 54; 1846: 192. J. Agardh 1852: 405. Harvey 1847: 123.
Kiitzing 1849: 884.
P. angustum B pusillum (Sonder)Harvey 1863, synop.: xxxix.
P. leptophyllum sensu Lucas 1929a: 19; 1929b: 50. Lucas & Perrin 1947: 210, fig.
74 (in part, excl. fig. c). Reinbold 1899: 45. Sonder 1853: 683? Womersley 1950:
170.

FIG. 131A-D
Thallus (Fig. I3IA) slender and much branched, 5-20 cm high. Erect axes (0.7-) 1-1.5
mm broad. Ramuli normally in alternate series of 3-4, occasionally in pairs or as many as
5-10; normally all ramuli except the lowest are branched, with the uppermost and sometimes
the second developing as long laterals; lowest ramulus subulate to almost linear, often
curved, entire, 1-2 (-2.5) mm long and about 0.25 mm or less broad at its base.
Reproduction. Sexual thalli dioecious. Cystocarps (Fig. 131B) sessile, globular, smooth,
0.5-0.8 mm in diameter, borne singly or several adjacent in the axils or on the margins of
ramuli. Spermatangia (Fig. 131 C) covering the surface of ramuli and axes in apical regions.
Stichidia (Fig. 131 D) borne in the axils of ramuli or grouped on the upper margin of
ramuli and along the axes, usually simple and lanceolate at first but becoming branched at
wide angles near their upper ends, sometimes subdichotomously branched 1-4 times lower
down; individual stichidia (150-) 250-400 (-1000) 11m long and 80-100 11m in diameter,
with a short pedicel. Tetrasporangia biseriate, ovoid, 40-55 11m long and 27-32 11m in
diameter, zonately divided.

Type from Northern Europe; lectotype in L, 910, 184 ... 14 (see Dixon 1967, p. 56).
Distribution: Temperate seas throughout the world.
In Australia, from Shark Bay, W. Aust., around southern coasts to Newcastle, N.S.W.
(probably to Caloundra, Qld) and around Tasmania. Found on coasts of strong to moderate
wave action and known from depths of 2-26 m.

Selected specimens: Off White Beach, Dorre

1., Shark Bay, W. Aust., 5 m deep (Kenneally,
17.xii.l973; AD, A51706). Cowaramup Bay, W. Aust., drift (Royce, 5.vi.l950; AD, A15478). Twin
Rocks, Head of Great Australian Bight, S. Aust., 20-22 m deep (Branden, 19.1.1991; AD, A61140).
Topgallant I., S. Aust., 35 m deep (Branden, 2.vii.1987; AD, A57564). Marino, S. Aust., drift
(Womersley, 18.vi.1961; AD, A24865). Vivonne Bay, Kangaroo 1., S. Aust., drift (Womersley,
2.i.1949; AD, AI0740). Amphitheatre Rock, West I., S. Aust., 8 m deep (Shepherd, 30.vi.l970; AD,
A35979). Robe, S. Aust., drift (Womersley, 20,iv.l969; AD, A34077). Lawrence Rock, Portland, Vic.,
8-11 m deep (Larkum, 2.ix.l971; AD, A39627). Cape Woolamai, Vic., 15-18 m deep (Goldsworthy &
Berthold, J6.ii.l990; AD, A60191). Crawfish Rock, Westernport Bay, Vic., 0-3 m deep (Watson,
15.ix.1968; AD, A32770). Green Point, Marrawah, NW Tas., drift (Womersley, 17.x.1982; AD,
A55559). Low Head, Tas. (Perrin, 8.vii.l95J; AD, A47187). Fluted Cape, Bruny I., Tas., 16 m deep
(Shepherd, 1O.ii.1972; AD, A41487). Jervis Bay, N.S.W., 2-3 m deep (Shepherd, 15.viii.1972; AD,
A42619).
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Fig. 131. A-D. Plocamium cartilagineum (AD, A35979). A. Habit. B. Branches with sessile
cystocarps. C. Branches with spermatangia. D. Branches with stichidia. E-G. Plocamium leptophyllum
(E, AD, A33238; F, G, AD, A36017). E. Habit. F. Upper part of a branch with normal and
adventitious ramuli and hooked branch ends. G. Branches with stichidia. [A-G as in Womersley 1971.]
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P. cartilagineum is the only very widespread species of Plocamium, being recorded
from many temperate seas. The Australian forms compare well in habit with those from
Europe and are distinctly less robust than the Pacific North American forms distinguished
previously as P. coccineum var. pacificum J. Agardh. While there is considerable variation in
habit and dimensions within the complex. the consistent branching pattern, sessile
cystocarps and the morphology of the stichidia distinguish the species.

8. Plocamium JeptophyUum Kiitzing 1849: 885; 1866: 16, pI. 45a-c. 1. Agardh 1852: 405;
1876: 338 (probably excluding var. strictum). De Toni 1900: 589. Levring 1946:
222. Lucas 1909: 34. Lucas & Perrin 1947: 210 (in part?). Reinbold 1897: 52.
Sonder 1853: 683. South & Adams 1979: 127, figs 5, 23, 24. Womersley 1971a:
24, figs 4D-42.
P. leptophyllum var.flexuosum J. Agardh 1876: 339. De Toni 1900: 589.
P. coccineum var. flexuosum Hooker & Harvey 1847: 404. J. Agardh 1852: 396.
Guiler 1952: 90. Harvey 1847: 124, pI. 43; 1859b: 317. Ktitzing 1849: 884.
P. flexuosum (Hooker & Harvey)Sonder 1853: 682. Lucas 1929a: 19; 1929b: 50.
FIG. 131E-G
Thallus (Fig. 13lE) delicate, usually epiphytic on other algae, densely branched with
clustered fronds from indefinite entangled bases, 3-15 cm high. Axes often slightly to
distinctly flexuous and frequently bearing hooked branch lets (Fig. 131 F) corresponding to
the branch apex or the lowest ramulus of a series; axes about 0.5 mm broad above, becoming
slightly thickened and subterete below. Ramuli in alternate series of (3-) 4-5, sublinear,
commonly all branched except the lowest, with short, adventitious ramuli developing on the
margin of the axis between the series (Fig. 131F) and also between ramuli of the series,
frequently forming an almost continuous fringe of ramuli along the branches; lowest ramuli
in the series 1-1.5 mm long and about 50 (-l00) Jlm broad at their base.
Reproduction. Sexual plants unknown. Stichidia (Fig. 131 G) 200-250 (-750) Jlm long
and 75-100 Jlm in diameter, borne singly or in groups in the axils or on the upper edge of
the ramuli, simple or branched at wide angles in their upper parts, lanceolate with a short
pedicel and usually with an acute, sterile tip. Tetrasporangia in one or two rows, ovoid,
30-45 Jlm long, zonately divided.

Type from Georgetown, Tasmania (Gunn 1335); holotype in L, 941, 181 ... 471. Two
isotype specimens are in NSW.
Distribution: New Zealand.
Waldegrave I., S. AUBt., to Green Cape, (possibly to Coffs Harbour - Millar & Kraft
1993, p. 24) N.S.W., and around Tasmania. Usually epiphytic on other algae on coasts of
strong wave action and known from depths of 2-25 m.

Selected specimens: 4 Ian W of Waldegrave I., S. Aust., 30 m deep (Branden, 3.vii.1987; AD,
A57585). Topgallant I., S. Aust., 35 m deep (Branden, 2.vii.1987; AD, A57565). Amphitheatre Rock,
West I., S. Aust., 16-22 m deep (Shepherd, l.i.1969; AD, A33238). Toad Head, West I., S. Aust.,
12-20 m deep (Shepherd, 5.viii.l970; AD, A36017). 1.3 km off Cape Northumberland, S. Aust., 15 m
deep (Shepherd, 9.ii.l977; AD, A55186). Red Rocks, Phillip I., Vic., 4-6 m deep (Riddle, 12.ii.l990;
AD, A60161). Gabo I., Vic., 24 m deep (Shepherd, 14,ii.l973; AD, A43307). Low Head, Tas. (Perrin
& Lucas, Feb. 1935; AD, A49687). Tesselated Pavement, EagJehawk Neck, Tas., 7 m deep (Brown &
Kenchington, 16.x.1986; AD, A57627). Fluted Cape, Bruny I., Tas., 7-10 m deep (Shepherd,
10.ii.1972; AD, A41448). Green Cape, N.S.W., 16 m deep (Shepherd, 13.ii.I973; AD, A43031).

P. leptophyllum is most closely related to slender forms of P. cartilagineum but is
readily distinguished by the presence of adventitious ramuli and usually by the hooked ends
of branches and some lower ramuli. No sexual plants have been recorded and few
tetrasporangial plants are known. P. leptophyllum is normally an entangled epiphyte on other
species of Plocamium or other bushy algae.
FAMILY

PHACELOCARPACEAE Searles 1968: 8

Thallus erect, much branched, with long axes and lateral branches bearing two
distichous (3 or 4 in P. tristichus) rows of short determinate ramuli of similar length.
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Structure uniaxial, with each axial cell producing four pericentral cells of which the two
lateral ones develop alternately into the ramuli; medulla of axial filaments and rhizoids,
cortex pseudoparenchymatous, with secondary pit-connections between inner cells.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli usually dioecious; procarpic and usually bicarpogoniaJ.
Carpogonial branches 2-celled, borne in dense fertile clusters usually on the lower side of a
lateral filament, each cluster including a distinctive intercalary cell which becomes the
auxiliary cell and (1-) 2 carpogonial branches, as well as sterile filaments. Gonimoblast
developing outwardly, with a basal fusion cell producing filaments which terminate in single
or two-celled chains of small carposporangia. Cystocarps protuberant, sessile or more
usually stalked, pericarp bilabiate, thick and of small cells, with an elongate ostiole.
Spermatangial nemathecia sessile or stalked, ovoid, borne between the ramuli or on the
rachis, with the spermatangia cut off from initials within flask-shaped or laterally elongate
pits.
Tetrasporangial nemathecia sessile or stalked, ovoid, lying between the ramuli or on the
rachis, tetrasporangia formed in cavities within the nemathecium, small, zonately divided.

The Phacelocarpaceae contains only the genus Phacelocarpus. It was studied in detail
by Searles (1968), and Stenocladia and Nizymenia (included by Searles) have been placed in
a separate family by Womersley ( 1971 b). Two misplaced names are Phacelocarpus densus
Areschoug (1854, p. 347) which is Areschougia congesta, and Phacelocarpus echionotus J.
Agardh (1899, p. 92) which is Rhodocallis elegans Ktitzing.
Genus PHACELOCARPUS Endlicher & Diesing 1845: 289, nom. cons.
Thallus 10-50 cm high, much branched with irregular long and short branches bearing
short, distichous (or tristichous), teeth-like ramuli, with a discoid holdfast. Structure
uniaxial, with a conspicuous though small apicaJ cell cutting off alternately four periaxial
cells, 'in most species (alternately paired in P. alatus) the first developing into a filament and
forming the ramuli, that opposite forming a filament which normaJly extends to the sinus
between the ramuli, and the two transverse periaxial cells forming short clusters of cells
which form the cortex on the flat surface of the rachis; in the ramuli, the lateral periaxial
cells develop less extensively, and in terete ramuli all periaxial cells develop similarly.
Abundant rhizoids, developed from the inner periaxial cells, surround the enlarged axial
filament in the branches. Cortex pseudoparenchymatous, cells ovoid, decreasing in size
outwardly, with some mid-cortical cells having refractive inclusions (gland-like) in some
species.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Reproductive bodies usually formed as a result of continued growth of
the lateral periaxial filament reaching the sinus between ramun, forming a short shoot which
becomes fertile; in P. complanatus however they are borne on the edge or surface of the
ramuli and in p, tristichus on the rachis. Sexual thalli dioecious. Procarps usually bicarpogonial, cystocarps usually distinctly stalked, ovoid and bilabiate with an ostiolar slit,
carposporophyte with a basal fusion cell, erect or spreading gonimoblast filaments each with
1-2 terminal carposporangia. Spermatangia in slits in sessile or stalked nemathecia.
Tetrasporangia in slits in sessile or globular, stalked, nemathecia, amongst sterile
filaments, small, zonately divided.

Type species: P. tortuosus Endlicher & Diesing 1845: 290, from Port Natal, South Africa.
A genus of 9 species, two from South Africa, 1 from East Africa and Madagascar, 5
from southern Australia (with 3 in New Zealand) and 1 from Japan.
KEY TO SPECIES OF PHACELOCARPUS
1.

Ramuli usually shorter or about as long as width of rachis; spermatangial and
tetrasporangial nemathecia stalked on the rachis or sessile on the ramuli ........................ 2

Phacelocarpus

1.

2.

3.
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Ramuli distinctly longer than width of rachis; spermatangial and tetrasporangial
nemathecia always on the rachis, stalked or sessile .......................................................... 3
2.

3.

PHACELOCARPACEAE

Spermatangial and tetrasporangial nemathecia globular, stalked, on the edge of
rachis between ramuli; rachis distinctly winged, with a prominent raised midrib;
cortical gland cells conspicuous ............................................................ 1. P. alatus
Cystocarps, sessile or stalked, and spermatangial and tetrasporangial nemathecia
sessile, all on upper face or edge of ramuli; rachis flattened but less distinctly
winged; cortical gland cells absent ............................................ 2. P. complanatus

Ramuli usually separated by 2-6 times their basal width; rachis more or less terete,
mature ramuli terete and only slightly basally broader; spermatangial and tetrasporangial
nemathecia globular or ovoid, sessile or almost so on the rachis between ramuli
........................................................................................................................ 3. P. sessilis
Ramuli usually separated by 0.5-1.5 times their basal width; rachis and ramuli usually
compressed; spermatangial and tetrasporangial nemathecia stalked or sessile on the
rachis ................................................................................................................................ 4
4.
4.

Mature branches (including ramuli) 1-2 (-2.5) mm across, lower rachis slender;
spermatangial and tetrasporangial nemathecia sessile or almost so on rachis
............................................................................................................ 4. P. apodus
Mature branches (including ramuli) (2-) 3-5 mm across, lower rachis robust;
spermatangial and tetrasporangial nemathecia stalked .............. 5. P. peperocarpos

1. Phacelocarpus alatus Harvey 1855a: 549; 1863, synop.: xxxiii. J. Agardh 1876: 399;

1879: 129, pI. 23 fig. 5. De Toni 1900: 391. Kylin 1932: 51, fig. 14A-C. Searles
1968: 25, figs 10, 11, pI. 4b.
FIG. 132
'l'hallus (Fig. 132A) medium to dark red-brown, (10-) 15-40 cm high, with a single,
slightly compressed stipe 5-25 mm long and 2-3 mm broad, giving rise to several long,
straight, complanately branched, compressed, main branches bearing laterals irregularly for
3-4 orders. All branches bearing distichous, compressed, alternate, pointed ramuli 500-900
(-1000) 11m long, shorter than the rachis width of 750-12S0 (-IS00) 11m, the latter with a
central raised midrib and "winged" margins. Holdfast discoid, 2-4 mm across; epilithic.
Structure uniaxial, developing a prominent axial filament becoming surrounded by dense
rhizoids (forming the midrib), and with pairs of lateral periaxial cells (Fig. 132B) on
alternate segments which develop to form the alternate ramuli. Cortex
pseudoparenchymatous, inner cells ovoid and 10-20 11m in diameter, outer cells 1.S-3 11m in
diameter and UD 1-2; refractive cell inclusions conspicuous in the outer cortex; rhodoplasts
discoid, few per cell.
Reproduction. All reproductive bodies borne on short to distinct stalks from the rachis,
between the ramuli. Sexual thalli dioecious. Procarps in small branch lets, with two
carpogonial branches and a prominent auxiliary cell. Cystocarps (Fig. 132C) stalked,
400-600 11m across, bilabiate, with a thick pericarp enclosing the carposporophyte with a
basal fusion cell producing a laterally elongate tuft of gonimoblast filaments (Fig. 132F)
with terminal single (-2) elongate-ovoid carposporangia 6-8 11m in diameter. Spermatangia
in channels (Fig. 132G) in globular, stalked, nemathecia (Fig. 132D).
Tetrasporangia within globular, short-stalked, nemathecia (Fig. 132E) 250-400 11m in
diameter, separated by tufts of sterile filaments, elongate, 40-S0 11m long and 6-12 11m in
diameter, zonately (often irregularly) divided.

Type from Rottnest I., W. Aust.; lectotype (Trav. Set 261) in Herb. Harvey, TCD.
Distribution: Rottnest L, W. Aust., and Port Elliot, S. Aust., to Walkerville, Vic.
Selected specimens: Parker Point, Rottnest I., W. Aust., 9 m deep (AIMS-NCI, Q66C 2690-P,
lS.iii.1989; AD, AS973S). Port Elliot, S. Aust., drift (Womersley, lS.x.1992; AD, A61764). Robe, S.
Aust., drift (Womersley, 16.viii.l953; AD, A19044 and IS.v.1964; AD, A27861). Garden Beach.
Portland Bay. Vic., drift (Beauglehole 571A, 18.viii.l951; AD, A21680). Shack Bay (between
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Fig. 132. Phacelocarpus alatus (A, B, D, F, G, AD, A61764; C, E, AD, A2786l). A. Habit. B.
Longitudinal section of thallus showing the paired periaxial filaments on alternating sides from the
axial cells. C. Branch with cystocarps. D. Apex of branch (on right) and branch with sperrnatangial
nemathecia (on left). E. Part of branch with tetrasporangial nemathecia. F. Section of cystocarp in
plane of the ostiolar slit. G. Longitudinal section of mature sperrnatangial nemathecium.
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Inverloch and Cape Paterson), Vic., drift (Sinkora A2186, 17.x.1975; AD, A48459). Walkerville, Vic.,
drift (Sinkora A2586, 24.iii.l979; AD, A6 I (00).

P. alatus is characterised by the ramuli being shorter than the rachis width, the
numerous gland cells, and by all the reproductive bodies being stipitate on the rachis margin
between the ramuli. Records from New Zealand (Chapman 1979, p. 325) probably all apply
to Delisea compressa Levring (1955, p. 429),

c

o
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Fig. 133. Phacelocarpus complanatus (A, C-F, AD, A61766; B, AD, A47195). A. Habit. B. Branch
with cystocarps on ramuli. C. Branch with spermatangial nemathecia on ramuli. D. Branch with
tetrasporangial nemathecia on ramuli. E. Section of cystocarp across the ostiolar slit. F. Longitudinal
section of ramulus with terminal tetrasporangiaJ nemathecium.
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2. Phacelocarpus complanatus Harvey 1859b: 313; 1863: pI. 252, synop.: xxxiii. 1. Agardh
1876: 399. De Toni 1900: 390. Kylin 1932: 51. Searles 1968: 23, fig. 9, pI. 4a.

FIG. 133
Thallus (Fig. 133A) medium to dark red-brown, lO-30 (-40) cm high, with a single,
terete to slightly compressed stipe 5-20 mm long and 1-3 mm broad, producing several
much branched main branches with irregular laterals for 3-4 orders. All branches bearing
distichous, compressed, closely alternate, pointed ramuli 500-800 11m long, usually slightly
shorter (rarely longer) than the rachis width of 500-800 (-1000) 11m, the latter with a slightly
raised central midrib. Holdfast discoid-conical, 2-6 mm across; epilithic. Structure uniaxial,
developing a prominent axial filament surrounded by short cells, within a thick mass of
rhizoids, each axial cell with four periaxial cells, the opposite lateral ones forming the
alternate ramuli. Cortex pseudoparenchymatous, inner cells ovoid and 20-30 !..lm in
diameter, outer cells 2-4 !..lm in diameter and un \-2; refractive cells absent; rhodoplasts
discoid, becoming elongate, several per cell.
Reproduction. All reproductive bodies sessile (or cystocarps short stalked) on the upper
surface of the ramuli, just below their apices, often twisted to appear on the adaxial margin.
Sexual thalli dioecious. Cystocarps (Fig. 133B) 200-400 !..lm across, bilabiate with an
elongate ostiole between the thick pericarp lobes (Fig. 133E), enclosing the carposporophyte
with a basal fusion cell producing gonimoblast filaments each with a terminal pair of
elongate-ovoid carposporangia 6-9 11m in diameter. Spermatangia in channels in globular
nemathecia 200-300!..lm across (Fig. 133C).
Tetrasporangia within ovoid to subspherical nemathecia (Fig. 133D) 200-300 !..lm
across, separated by tufts of sterile filaments, 20-30 !..lm long and 6-10 !..lm in diameter,
zonately divided (Fig. 133F).

Type from Southport, Tas. (Stuart); lectotype in Herb. Harvey, TCD (Alg. Aust. Exsicc.
306).

Distribution: Elliston, S. Aust., to Port Phillip Heads, Vic., and around (1) Tasmania.
Selected specimens: Elliston, S. Aus!., drift (Womersley, 13.i.1951; AD, A13479). Port Elliot, S.
Aust., drift (Womersley, 17.x.l948; AD, A9448). Cape Buffon, S. Aust., 5 m deep (Kildea & Collings,
27.ix.1992; AD, A61766). Cape Northumberland, S. Aust., 15 m deep (Shepherd, 15.xi.l975; AD,
A47195 -"Marine Algae of southern Australia" No. 173). Lawrence Rock, Portland, Vic., 24-30 m
deep 1.6 km W of Rock (Owen, 2.ix.1971; AD, A39663). Point Roadknight, Vic., drift (Sinkora
A1409, 29.xi.l971; AD, A43202). Port Phillip Heads, Vic. (Wilson, 30.v.1891; MEL, 697871).

P. complanatus is similar to P. alatus when sterile though the ramuli are about as long
(occasionally slightly longer) than the rachis. It is clearly separated by all reproductive
bodies being on the adaxial edge of the ramuli, not on stalks between the ramuli. It appears
to be a deep-water species.

3. Phacelocarpus sessilis Harvey ex 1. Agardh 1876: 400. Adams & Nelson 1985: 21. De
Toni 1900: 392. Kylin 1932: 52, pI. 19 fig. 46. Searles 1968: 16, fig. 6, pI. 3.

FIG.134A-C
Thallus (Fig. 134A) medium red to red-brown, (5-) 10-30 cm high. with a terete stipe
2-15 mm long and 0.7-1.3 mm in diameter. much branched complanately with terete
rachides of decreasing length for 4-6 orders, rachis 1-1.3 mm in diameter below, 400-800
11m in diameter in mid parts and 200-300 flm in diameter in upper branches; rachis in mid
parts terete to slightly compressed, sometimes with a slight lateral protrusion between the
ramuli. All branches bearing distichous, alternate, terete ramuli (Fig. 134C) 1-1.5 (-2) mm
long, 150-250 11m in basal diameter and tapering gradually to 100-150!..lm in diameter near
their apices, then to a point, becoming separated on the rachis by 3-5 times their basal
diameter (often closer in the lower thallus). Holdfast discoid, 2-4 mm across; epilithic or
rarely epiphytic. Structure uniaxial, developing a prominent axial filament with four
periaxial cells, the lateral two more strongly developed with alternate ones forming the
ramuli; rhizoids relatively weakly developed around the axial filament. Cortex
pseudoparenchymatous, inner cells ovoid and 20-50 !..lm in diameter, outer cells 3-5 flm in
diameter and UD 1-1.5; refractive cortical cells common; rhodoplast<; discoid, small, few per cell.

Phacelocarpus

PHACELOCARPACEAE

397

Fig. 134. A-C. Phace[ocarpus sessilis (A, AD, A46832; B, AD, A13481; C, AD, A27252). A. Habit.
B. Branch with cystocarps. C. Branch with tetrasporangial nemathecia. D, E. Phace[ocarpus apodus
(AD, A61765). D. Habit. E. Longitudinal section showing opposite periaxial filaments and weft of
rhizoids around the axial filament.
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Reproduction. All reproductive bodies borne on the mchis, developed from the periaxial
filaments opposite a ramulus. Sexual thalli dioecious. Procarps with two 2-celled
carpogonial branches and an auxiliary cell. Cystocarps (Fig. 134B) on a medium to long
stalk, compressed, ovate and strongly bilabiate, 400-700 11m broad, with a thick pericarp
along the ostiolar slit, enclosing the carposporophyte with a basal fusion cell and erect
gonimoblast filaments with single terminal carposporangia. Spermatangia in channels in
globular, sessile or short-stalked nemathecia 400-800 11m in diameter.
Tetraspomngia in sessile or subsessile globular to ovoid nemathecia (Fig. 134C)
4Q0--600 flm in diameter, separated by tufts of sterile filaments, 30-65 11m long and 6-10
Illl in diameter, zonately divided.

Type from southern Australia (Curdie); holotype in Herb. Agardh, LD, 28501.
Distribution: Three Kings Islands, New Zealand(?).
Point Peron, W. Aust., to Portland, Vic., and SE Tasmania, in deeper water on roughwater coasts.

Selected specimens: Point Peron, W. Aust., drift (Cribb 69.19, 15.viii.l950; AD, AI3968).
Cowaramup Bay, W. Aust. (Scagel, 27.viii.1962; AD, A43436). Elliston, S. Aust., drift (Womersley,
13.i.l951; AD, A13481). Pearson Is, S. Aust., 30-32 m deep (Shepherd, 7.i.1969; AD, A33684).
Topgallant I., S. Aust., 35 m deep, epiphytic on a fucalean alga (Branden, 2.vii.1987; AD, A57555).
Avoid Bay, S. Aust., drift (Womersley, 30.xi.l975; AD, A46832). Between Hopkins and Thistle Is, S.
Aust., 6-9 m deep (Baldock, l.i.1964; AD, A27105). Wedge I., S. Aust., 8-10 m deep (BaIMck,
29.xii.1963; AD, A27252). Stenhouse Bay, S. Aust., drift (Womersley, 9.iv.l950; AD, A 13243).
Vivonne Bay, Kangaroo I., S. Aus!., drift (Womersley, 14.1.1947; AD, A6903). Point Tinline, Kangaroo
I., S. Aust., drift (Womersley, 2.ii.1956; AD, A20348). Port MacDonnell, S. Aust., drift (Womersley,
28.1.1964; AD, A27385). Dutton Bay, Portland, Vic., drift (Womm·ley, 13.iv.1959; AD, A22679).
Orford, Tas. (Perrin & Lucas, Mar. 1935; Perrin 519 in BM).
P. sessilis is usually readily recognised by its terete rachides and mmuli with the latter
becoming widely separated, but occasional intergrades with P. apodus do occur. The
specimens from New Zealand are not typical of P. sessilis and more like P. labillerdieri var.
novae-zelandiae Chapman.
4. Pbacelocarpus apodus J. Agardh 1872: 31; 1876: 400; 1879: 128, pI. 23 figs 1-4,6,7.
De Toni 1900: 392. Kylin 1932: 52. Searles 1968: 10, figs 2-4, pI. 1.
FIGS 134D, E, 135
Thallus (Fig. 134D) medium to dark red-brown, (5-) 10-30 cm high, with a terete stipe
5-20 mm long and 1-3 (-4) mm in diameter, much branched irregularly but largely
complanately for 4-5 orders, branches 1-2 (-2.5) mm broad, rachides terete below, mostly
compressed and (400-) 500-800 11m broad, usually with a distinct midrib and marginal
flanges. All bmnches bearing distichous, compressed, evenly tapering, pointed, mmuli,
(150-) 250-400 11m in basal width, 1-2 mm long, separated on the rachis by rounded sinuses
100-150 (-300) flm wide; upper ramuli often but not always reflexed alternately above and
below the plane of branching. Holdfast discoid, 2-5 mm across; epilithic or rarely epiphytic.
Structure uniaxial, developing a prominent axial filament (Fig. 134E) with four periaxial
cells, the lateral two developing into filaments with alternate ones forming the ramuli;
rhizoids
moderately
well
developed
around
the
axial
filament.
Cortex
pseudoparenchymatous, inner cells ovoid and 30-50 flm in diameter, outer cells 1.5-2.5 11m
in diameter and UD 0.8-1.5; refractive inclusions in cortical cells absent or present but
sometimes inconspicuous; rhodoplasts discoid to elongate.
Reproduction. All reproductive bodies on the mchis margin, developed from the
periaxial filament between two teeth. Sexual thalli dioecious. Procarps with one or two
2-celled carpogonial branches and an auxiliary cell, formed in clusters on short axillary
branchlets. Cystocarps (Fig. 135A) stalked, ovoid, bilabiate, 500-900 flm broad, with a thick
pericarp along the ostiolar slit, enclosing the carposporophyte (Fig. 135D) with a basal
reticulate fusion cell and erect gonimoblast filaments with paired, ovoid to clavate, terminal
carposporangia 3-6 11m in diameter. Spermatangial nemathecia (Fig. 135B) ovoid, 450-700
flm in diameter, sessile on rachis between the teeth, with spermatangia in channels separated
by sterile tissue (Fig. 135E).
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Fig. 135. Plulcelocarpus apodus (AD, A61765). A. Branch with cystocarps. B. Branch with sessile
spennatangial nemathecia and young branchlets. C. Branches with tetrasporangial nemathecia. D.
Section of cystocarp across the ostiolar slit. E. Longitudinal section of spennatangiai nemathecium. F.
Longitudinal section of tetrasporangiai nemathecium.
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Tetrasporangial nemathecia (Fig. 135C) usually sessile, sometimes short-stalked and
occasionally surmounted with sterile branchlets, subspherical to ovoid, 350-600 11m in
diameter, with tetrasporangia in channels between sterile tissue, elongate, 25-45 11m long
and 6--9 11m in diameter, zonately divided (Fig. 135F).

Type from southern Aus!.; in Herb. Agardh, LD, (28531 is labelled 'type' but is cystocarpic,
whereas J. Agardh referred to sessile nemathecia only).
Distribution: Whitford Beach, W. Aust., to Broulee, N.S.W., and around Tasmania.
Selected specimens: Whitford Beach, Perth, W. Aus£., 6 m deep (Cook, 20.viii.l979; AD,
A50568). Elliston, S. Aust., 7 m deep (Shepherd. 21.x.1970; AD, A37589). Wanna, S. Aust., drift
(Womersley, 19.ii.l959; AD, A22374). Althorpe I., S. Aust., 9-12 m deep N side (Baldock, 4.i.l964;
AD, A27216). West I., S. Aust., 5-7 m deep (Cheshire, 25.x.1992; AD, A61765). Port Elliot, S. Aust.,
drift (Womersley, 17.x.194S; AD, A9453). Pennington Bay, Kangaroo I., S. Aust., drift (Womers[ey,
25.i.l946; AD, A3007). Robe, S. Aus!., 13 m deep on W coast (Mitchell, 25.v.1963; AD, A26489).
Garden Beach, Portland, Vic., drift (Beauglehole, 18.viii.l951; AD, A21676). Walkerville, Vic., drift
(Sinkora A2362, lO.iii.1977; AD, A4836S). Dover I.• Bass Strait, Tas., lO m deep (Collings,
lS.xii.1990; AD, A60S59). Low Head, Tas., drift (Cribb 72.28, l4.ix.1950; AD, A16266). Crayfish
Point, Taroona, Tas., 0-6 m deep (Sanderson. 29.v.1992; AD. A61760). Broulee, N.S.W., in rock
pools (Rick, Aug. 1963; AD, A27464).

Phacelocarpus apodus is usually a moderately deep water species, most closely related
to P. peperocarpos but slenderer and with tetrasporangial and spermatangial nemathecia
sessile or nearly so on the rachis, in contrast to distinctly stalked ones in the latter. Some
plants may be intergrades between it and P. peperocarpos, and others between P. apodus
and P. sessilis.
5. Pbacelocarpus peperocarpos (Poiret)Wynne, Ardre & Silva 1993: 41, figs 1-6.
Fucus pepricarpos Poi ret 1808: 384.
Phacelocarpus labillardieri (Tumer)J. Agardh 1852: 648; 1876: 399. Chapman
1979: 324, pI. 130. De Toni 1900: 391. Fuhrer et al. 1981: pI. 50. Harvey 1855b:
242; 1859b: 313; I 860b: pI. 163; 1863, synop.: xxxii. Kylin 1932: 52, fig. 14D.
Millar & Kraft 1993: 22. Searles 1968: 15, fig. 5, pI. 2. Sonder 1853: 690; 1855:
522.
Fucus labillardieri Mertens ex Turner 1811: 8, pI. 137.
Sphaerococcus labillardieri (Turner)C. Agardh 1822: 296; 1824: 230.
Ctenodus labillardieri (Turner)Kiitzing 1843: 407, pI. 58 fig. II.
Ctenodus billardieri (Kiitzing)Hooker & Harvey 1847: 406.
Euctinodus labillardieri (Turner)Kiitzing 1849: 770; 1868: 24, pI. 67c-f.
FIG. 136
Thallus (Fig. 136A) medium to dark red, (10-) 20-50 em high, with a terete stipe 5-20
mm long and 1-2 (-3) mm in diameter, much branched complanately with long and short
branches for 3-4 orders, branches 3-5 mm broad, rachides robust, terete below and 1-1.5
mm in diameter, mostly compressed and (500-) 6{)(}-1000 11m broad, with a well-developed
midrib and marginal flanges. All branches bearing distichous, closely adjacent (almost
touching near apices), compressed ramuli (Fig. 136E) tapering to a point, 300-600 11m in
basal width and 1.5-2.5 mm long, separated by rounded sinuses mostly 150-500 11m wide.
Holdfast discoid-conical, 2-10 mm across; epilithic. Structure uniaxial, developing a
prominent axial filament with four periaxial cells, the lateral two developing into filaments
with alternate ones forming the ramuli; rhizoids densely massed around the axial filament,
forming the robust midrib. Cortex pseudoparenchymatous, inner cells ovoid and 30-60 11m
in diameter, outer cells 1.5-2.5 11m in diameter and liD 1-2; refractive cells absent or
inconspicuous in the cortex; rhodoplasts discoid to elongate.
Reproductiqn. All reproductive bodies on the rachis margin (Fig. 136B-E), shortly to
distinctly stalked. Sexual thalli dioecious. Procarps with a group of two 2-celled carpogonial
branches and an auxiliary cell. Cystocarps (Fig. 136C) with a stalk 200-800 11m long, ovoid,
bilabiate, 400-800 11m broad, with a thick pericarp along the ostiolar slit, enclosing the
carposporophyte with a basal fusion cell and erect gonimoblast filaments with ovoid to
clavate terminal carposporangia 6-10 11m in diameter. Spermatangial nemathecia (Fig.
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Fig. 136. Phace/ocarpus peperocarpos (AD, A61763). A. Habit. B. Branch with young axillary female
shoots. C. Branch with cystocarps. D. Branch with spennatangial nemathecia. E. Branch with
tetrasporangial nemathecia. F. Longitudinal section of spennatangial nemathecium. G. Longitudinal
section of tetrasporangial nemathecium.
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136D) short-stalked, subspherical to ovoid and 400-700 11m in diameter, with spermatangia
in channels separated by sterile tissue (Fig. 136F).
Tetrasporangiai nemathecia (Fig. 136E) with short to moderate stalks, subspherical to
ovoid, 400-700 11m in diameter, with tetrasporangia in channels (Fig. 1360), 25-35 11m
long and 4-8 11m in diameter, zonately divided.

Type probably from Tasmania; lectotype in CN (see Wynne, Ardre & Silva 1993).
Distribution: New Zealand (var. novae-zelandiae Chapman).
Recherche Arch., W. Aust., to Collaroy, N.S.W., and the east coast of Tasmania, mainly
in deep water on rough-water coasts.
Selected specimens: 16 Ian SE of Salisbury 1., Recherche Arch., W. Aust., 40 m deep (Cahill,
6. v.1977; AD, A50727). Topgallant I., S. Aust., 35 m deep (Branden, 2.vii.l987; AD, A57556).
Wedge L, S. Aust., 22-40 m deep (Baldock, 4.i.1964; AD, A27185). Port Elliot, S. Aust., drift
(Womersley, 18.x.1992; AD, A61763). Pennington Bay, Kangaroo I., S. Aust., upper sublittoral
(Womersley, 22.i.1948; AD, A6453). 1.3 Ian off Middle Point, Cape Northumberland, S. Aust., 15 m
deep (Shepherd, 13,ii.1976; AD, A47007). Port MacDonnell, S. Aust., upper sublittoral pools
(Womersley, 25.i.l967; AD, A31676). Lady Julia Percy 1., Vic., 5-8 m deep (Shepherd, 3.i.l968; AD,
A32407). Port Phillip Heads, Vic., 10 m deep (Watson, 8.iii.l985; AD, A57038 -"Marine Algae of
southern Australia" No. 307). Walkerville, Vic., drift (Sinkora A1865, 8.xii.1973; AD, A53551). West
Point, Erith L, Bass Strait, 20 m deep (Shepherd & R. Lewis, 10.v.1974; AD, A45199). Cape SurviJ1e,
Forestier Pen., Tas., 12 m deep (Goldsworthy, 28.ii.l990; AD, A60443). Marion Bay, Tas., 3-5 m deep
(Shepherd, 13.ii.1970; AD, A35603). Fluted Cape, Bruny I., Tas., 10 m deep (Shepherd. 12.ii.1972;
AD, A42007). Green Cape, N.S.w., 16 m deep (Shepherd, 13.ii.1973; AD, A43033).
Three varieties of P. peperocarpos (as P. labillardieri) have been described: var.
intermedius and var. macer by Harvey (1863, synop.: xxxii) and var. novae-zelandiae by
Chapman (1979: 324, pI. 130). The types need further checking but the New Zealand variety
is usually slenderer and has less common reproductive bodies than Australian specimens.
P. peperocarpos Poiret 1808 was shown by Wynne, Ardre & Silva (1993) to pre-date P.
labillardieri (Turner)J. Agardh, and is probably based on Labillardiere collections from SE
Tasmania (the main region he visited within the known distribution of the species).

FAMILY NIZYMENIACEAE Womersley 1971b: 203

Thallus erect, cartilaginous, much branched irregularly or subdichotomously, branches
terete or compressed. Structure uniaxial, with 3 or 4 periaxial cells (the lateral two
developing more strongly in compressed taxa), the axial filament remaining prominent or
not, medulla of thick-walled rhizoidal filaments, cortex pseudoparenchymatous with
secondary pit-connections between inner cells.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monoecious or dioecious; procarpic and usually
polycarpogonial. CarpogoniaJ branches 3-celled, borne in a cluster of filaments with an
intercalary auxiliary cell. Fertilized carpogonium forming a single connecting filament which
fuses with the auxiliary cell, which then emits a single gonimoblast initial towards the thallus
surface. Carposporophytes with outwardly radiating gonimoblast filaments from a basal
fusion cell, with terminal chains of carposporangia, within a protruding, ostiolate pericarp.
Spermatangia in clusters on the upper cells of uniseriate, branched filaments growing in tufts
from the thallus surface.
Tetrasporangia borne on uniseriate branched filaments on the thallus surface, sessile,
cruciately divided.
A small family of two genera (3 species) found on southern Australian coasts,
distinguished by the formation of spermatangia and tetrasporangia on uniseriate filaments
extending in tufts from the thallus surface, and apparently readily lost. The globular, basally
constricted cystocarps with a basal fusion cell and dense, radiating gonimoblast filaments
with terminal chains of carposporangia, and the dense medulla of thick walled rhizoids
(similar to the rhizines of Oelidiales) are also characteristic.
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Development of procarps and cystocarps was studied by Searles (1968) and the
spermatangial and tetrasporangial reproduction by Womersley (1971b). Some aspects of
their reproduction still need clarification.
KEY TO GENERA OF NIZYMENIACEAE
1.
1.

Thallus compressed. axial filament not visible in mature branches ............. NIZYMENIA
Thallus compressed or terete, axial filament conspicuous throughout the thallus
................................................................................................................. STENOCLADIA

o

,
20pm

Fig. 137. Nizymenia australis (A, AD, A32733; 8-D, AD, A3265 1). A. Habit. B. Section of a
cystocarp showing central fusion cell, carposporophyte with displaced carposporangia (around ostiole)
and thick pericarp. C. Clusters of tetrasporangial filaments. D. Filaments with tetrasporangia. [C, D
after Womersley 1971b.]
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Genus NIZYMENIA Sonder 1855: 520
Thallus erect, much branched from the margins, branches flat, 2-3 mm broad, basally
constricted; holdfast discoid. Structure uniaxial with four periaxial cells, the central filament
soon becoming indiscernible in the dense rhizoidal medulla, with a pseudoparenchymatous
cortex.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli dioecious. Carpogonial branches in small papillae on
branch surfaces, each papilla with a major filament bearing 1-2 procarpic clusters.
Carpogonial branches 3-celled, associated with an enlarged hyperbasal cell which acts as the
auxiliary cell. Carposporophyte with a central or basal fusion cell producing radiating
gonimoblast filaments terminating in chains of carposporangia, within a protruding, basally
constricted cystocarp with a thick ostiolate pericarp. Spermatangia unknown.
Tetrasporangia sessile on uniseriate filaments in tufts on the branch surface, irregularly
cruciately divided.
Type species: N. australis Sonder 1855: 521.
Nizymenia differs from Stenocladia in that the axial filament is visible only close to the
apices, not in the densely rhizoidal medulla in mature branches.
Nizymenia australis Sonder 1855: 521. J. Agardh 1876: 397; 1879: 123, pI. 23 fig. 9. De
Toni 1900: 408. Fuhrer et al. 1981: pI. 42. Harvey 1859b: 315; 1860b: pI. 165.
Kylin 1932: 57. Searles 1968: 41, fig. 18, pis 8b, 9. Womersley 1971b: 200, figs 1,
2.
Gelidium compositum Kiitzing 1868: 17, pI. 49.
Amylophora coleae J. Agardh 1892: 100.
FIG. 137
Thallus (Fig. 137A) erect but spreading, dark red-brown, much branched irregularly
from the branch margins, branches flat, linear (ovate when young), (1.5-) 2-3 mm broad,
basally constricted and with rounded apices, with a short stipe 5-10 mm long and 2-3 mm in
diameter. Holdfast discoid, 2-5 (-10) mm across; epilithic. Structure uniaxial with four
periaxial cells, the two lateral ones more strongly developed, but the axial filament
inconspicuous and not persistent, medulla of thick-walled entangled rhizoids 5-8 (-10) Ilm
in diameter; cortex pseudo-parenchymatous, inner cells ovoid and 10-18 Ilm in diameter,
outer cells 4-6 Ilm in diameter and LID 1-1.5; rhodoplasts discoid, largely filling outer cells,
becoming elongate in inner cells.
Reproduction. Sexual thalli probably dioecious. Procarps arising in base of tufts of
uniseriate filaments on the branch surface, with one or two 3-celled carpogonial branches
and an intercalary auxiliary cell in a separate filament; auxiliary cell producing a single
gonimoblast initial and developing into a central fusion cell with dense, radiating,
gonimoblast filaments terminating in chains of 3-6 ovoid carposporangia 6-9 Ilm in
diameter. Cystocarps (Fig. 137B) on the branch surface, globular, smooth to verrucose,
400-800 Ilm across, basally constricted, with a thick, dense, pericarp, ostiolate.
Spermatangia unknown.
Tetrasporangia borne on uniseriate filaments (Fig. 137D) 9-15 Ilm in diameter, lower
cells LID (4-) 8-12 (-20), in scattered tufts (Fig. 137C) on the branch surfaces; sporangia on
upper shorter cells below the filament apices, 1-3 from each cell, subspherical to ovoid,
sessile, 9-121lm in diameter, irregularly cruciately divided.
Type from Wilsons Prom., Vic. (Mueller, May 1953); lectotype in MEL, 697628 (left hand
specimen).
Distribution: West 1., S. Aust., to Wilsons Prom., Vic., and around Tasmania.
Selected specimens: West I., S. Aust., 20 m deep (Shepherd, 17.viii.1968; AD, A3265 1). Toad
Head, West I., S. Aust., 12-18 m deep (Shepherd, 5.viii.l970; AD, A36016). Port Elliot, S. Aust., drift
(Womers[ey, 17.x.1948; AD, A9430). Robe, S. Aust., drift (Womers[ey, 9.ix.l968; AD, A32733"Marine Algae of southern Australia" No. 86). Cape Buffon, S. Aust., 5 m deep (Kildea & Collings,
27.ix.1992; AD, A61768). 1.35 km off Middle Point, Cape Northumberland, S. Aust., 15 m deep
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(Johnson, I3.vii.1974; AD, A45462). Double Corner Beach, Portland Bay, Vic., drift (Beauglehole,
22.vi.l952; AD, A21698). Point Roadknight, Vic., drift (Sinkora Al449, 29.xi.1971; AD, A43216).
Point Lonsdale, Vic., upper sublittoral (Womersley, 2l.i.1967; AD, A31719). Walkerville, Vic., drift
(Sinkora A1877, 9.xii.1973; AD, A53559). Low Head, Tas. (Perrin & Lucas, April1932; BM). Lady
Bay, Southport, Tas., drift (Wollaston & Mitchell, 27.ii.1964; AD, A27529).

Nizymenia australis is a deep water alga on rough-water coasts, often common in the
drift. Specimens with tetrasporangial tufts are rare, though one collection (AD, A61768) of
some 8 plants all possessed such tufts but with undivided sporangia.

Genus STENOCLADIA J. Agardh 1872: 44
Thallus erect, marginally or subdichotomously branched from strongly compressed or
terete branches; holdfast discoid. Structure uniaxial with three or four periaxial cells and the
axial filament remaining conspicuous throughout the thallus, surrounded by a dense
rhizoidal medulla and a pseudoparenchymatous cortex of close-fitting angular cells.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli probably dioecious. Procarps in tufts of filaments on the
thallus margin or surface, with one to three 3-celled carpogonial branches and an associated
auxiliary cell. Carposporophyte with a conspicuous fusion cell and dense, radiating,
gonimoblast filaments with short, terminal, chains of carposporangia, within a globular,
protruding and basally constricted cystocarp with a thick ostiolate pericarp. Spermatangia
borne on branched laterals of uniseriate filaments in tufts on the thallus surface.
Tetrasporangia (little known) borne on branched uniseriate filaments in tufts on the
thallus surface, probably cruciately divided.
Lectotype species: S. conferta (Harvey)J. Agardh 1872: 45. [= S. australis (Sonder)Silva.]
Stenocladia differs from Nizymenia in having a conspicuous axial filament throughout
the thallus.

KEY TO SPECIES OF STENOCIADIA
1.
1.

Thallus branches compressed; cystocarps marginal ..................................... 1. S. australis
Thallus branches terete; cystocarps on all sides .............................................. 2. S. Jurcata

1. Stenocladia australis (Sonder)Silva 1950: 269. Searles 1968: 35, fig. 16, pI. 7.
Womersley 1971b: 201.
Ginannia australis Sonder 1845: 57.
Halymenia australis (Sonder)Sonder 1848: 173.
Scinaia australis (Sonder)Trevisan 1848: 105.
Euctenodus australis (Sonder)Kiitzing 1849: 770.
Phacelocarpus australis (Sonder)J. Agardh 1852: 649.
Areschougia conferta Harvey 1860b: pI. 166.
Stenocladia conferta (Harvey)J. Agardh 1872: 45 (with vars cliftoni and harveYl).
Kylin 1932: 50, fig. 13.
Stenocladia corymbosa J. Agardh 1876: 440.
Stenocladia cliftonii (1. Agardh)J. Agardh 1876: 440.
Stenocladia harveyana J. Agardh 1876: 440.
Stenocladia sonderiana J. Agardh 1876: 441.
FIG. 138
Thallus (Fig. 138A) erect, medium red to dark red-brown, 5-15 (-20) em high, much
branched from the margins, branches compressed, linear, (0.7-) 1-2 mm broad, basally
constricted and with rounded apices. Holdfast discoid, 2-6 mm across, with several terete to
slightly compressed stipes 2-10 mm long and 0.5-2 mm in diameter; epilithic. Structure
uniaxial (Fig. 138C), with four periaxial cells, the lateral two more strongly developed, and a
prominent axial filament 60-100 fJm in diameterthroughout the thallus, densely surrounded
by thick-walled rhizoids 5-9 fJm in diameter. Cortex pseudoparenchymatous with angular,
closely packed cells, inner ones 15-30 !lm in diameter, outermost 2-3 (-5) !lm in diameter
and lJD 1-1.5. RhodopJasts discoid to elongate, few to numerous per cell.
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Fig. 138. Stenocladia australis (A, AD, A32955; 8-D, AD, A30989; E, F, AD, A30990). A. Habit. 8.
Longitudinal section of cystocarp (not through ostiole). C. Transverse section of thallus with marginal
cluster of filaments of unknown function. D. Detail of marginal filaments. E. Surface cluster of
spermatangial filaments. F. Detail of spermatangial filaments.
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Reproduction. Sexual thalli dioecious. Procarps formed in tufts of filaments on the
branch margins, associated with extension of a lateral vegetative filament, and with the outer
filaments of a tuft cutting off cells laterally from the upper 4-5 cells. Auxiliary cell
intercalary, with one to three 3-celled carpogonial branches, post-fertilization connecting
filament single and uniting with the auxiliary cell which produces a single gonimoblast
initial and later a large fusion cell with radiating gonimoblast filaments bearing rows of 2-4
subspherical to ovoid carposporangia 6-9 J.lm in diameter. Cystocarps (Fig. 138B)
subspherical on the branch margins, basally constricted, 400-700 J.lm in diameter, with a
thick pericarp and prominent depressed ostiole. Spermatangia on branched upper laterals of
uniseriate filaments (Fig. 138E, F) 6-9 J.lm in diameter, cells UD 1.5-2, in tufts on the flat
surface of branches.
Tetrasporangia unknown.

Type from Nov. HoI\. occid. (Preiss); holotype in MEL, 44636.
Distribution: Geraldton, W. Aust., to Port Phillip Heads, Vic., and NW Tasmania.
Selected specimens: Geraldton, W. Aust. (MEL, 44851-44855). Flat Rocks, 40 krn S of Geraldton,
W. Aus!" drift (Mitchell, 17.ix, 1966; AD, A30989, A30990). Garden t, W. Aus!., under reef ledges,
sublittoral (Chittleborough, 2l.ix.1966; AD, A31196). Pearson Is, S. Aus!., 50 m deep (Shepherd,
9.i.l969; AD, A33874). Stenhouse Bay, S. Aus!., drift (Womersley, 9.iv,1950; AD, AI3239). Vivonne
Bay, Kangaroo I., S. Aust., drift (Womer.sley, 14.i.1948; AD, A6920, A6922). Seal Bay, Kangaroo I.,
S. Aust.. drift (Womersley. 22.xi.1968; AD. A32955 -"Marine Algae of southern Australia" No. 85).
Robe, S. Aus!., 3-6 m deep (Baldock, 15.v.l967; AD, A31484). 1.3 krn off Middle Point, Cape
Northumberland, S. Aust., 13 m deep (Shepherd, 19.iii.1974; AD, A44934), Point Lonsdale, Vic.
(Hansen, Jan. 1955; AD, A20452). Port Phillip Heads, Vic. (Wilson, 1O,x.1891; MEL, 44617).
Marrawah, Tas. (Perrin, Mar. 1950; BM),

Stenocladia australis is somewhat similar in habit to Nizymenia australis, but is more
erect with slenderer branches and has a prominent axial filament throughout the thallus. It is
essentially confined to deep water on rough-water coasts.

Searles (1968, fig. 16B, C) illustrated what he considered were male filaments in
marginal tufts surrounding procarps. Such filaments (Fig. 138C, D) also occur on AD,
A6922, but procarps were not observed. However, AD, A30990 shows surface tufts of
filaments with upper laterals cutting off spermatangia (Fig. 138E, F) and it seems doubtful
that the structures illustrated by Searles are the spermatangia. Clearly, further studies of S.
australis are needed.
2. Stenocladia fuream (Harvey)], Agardh 1872: 45; 1876: 439. De Toni 1900: 404. Kylin
1932: 51. Searles 1968: 39, fig. 17, pI. 8a. Womersley 1971b: 201, fig. 3.
Heringiafurcata Harvey 1862: pI. 215; 1863, synop.: xxxiii.
FIG. 139
Thallus (Fig. 139A) erect, dark red-brown, 10-25 cm high, subdichotomously and
radially branched at intervals of 0.5-2 cm, branches terete, 1-1.7 mm in diameter below,
decreasing gradually to 300-500 J.lm in diameter near the rounded apices. Holdfast discoid,
2-5 mm across, with one to a few stipes; epilithic. Structure uniaxial, with 3 or 4 (Fig. 139B,
C) periaxial cells, developing a filamentous medulla of thick-walled rhizoids 3-6 J.lm in
diameter around the prominent axial filament 70-120 J.lm in diameter, with a broad
pseudoparenchymatous cortex of angular cells, inner cells 15-25 (-30) J.lm across, outer cells
4-6 J.lm in diameter and UD 1-1.5. Rhodoplasts discoid, becoming ribbon shaped in inner
cortical cells.
Reproduction. Sexual thalli dioecious. Cystocarps subspherical, basally constricted, 400
-800 J.lm in diameter; carposporophyte with a central to basal fusion cell and dense,
radiating gonimoblast filaments bearing terminal chains of 3-4 ovoid carposporangia 5-9
11m in diameter; pericarp thick, dense, ostiolate. Spermatangia formed on laterals (usually in
threes) of uniseriate filaments (Fig. 139D) 15-25 J.lm in diameter, arising in tufts (Fig. 139C)
on the thallus surface.
Tetrasporangia (with only a median division) only seen on spermatangial filaments (Fig.
139D), subspherical, 12-15 J.lm in diameter.
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Lectotype from Port Phillip Heads, Vic.; in Herb. Harvey, TeD (Alg. Aust. Exsicc. 311).
Distribution: Encounter Bay, S. Aust., to Port Phillip Heads, Vic.
Selected specimens: Encounter Bay, S. Ausl., drift (Harris, Dec. 1943; AD, A1S93). Robe, S.
Ausl., drift (Wollaston, 13,iii.l955; AD, A19917; Womersley, lS.v.1964; AD, A27852 and 9,ix.1968;
AD, A32725). 11 km off Cape Northumberland, S. Aust., 48 m deep (Shepherd, 6.v.1975; AD,
A46303). Port MacDonnell, S. Aust., drift (Womersley, 15,iv.1959; AD, A22986). Point Roadknight,
Vic., drift (Womersley, 6.vi.l953; AD, A18778). Port Phillip Heads, Vic. (AD, A8293).

S. furcata is similar to S. australis in its reproduction but clearly differs in branch
morphology.

o

~
1wfJm

Fig. 139. Stenocladiajurcata (A, AD, A19917; B, AD, A27852; C, D, AD, A32725). A. Habit. B.
Transverse section of branch showing axial filament with three periaxial cells. C. Transverse section of
branch with tuft of male filaments; axial filament with four periaxial cells. D. Detail of filaments with
laterals bearing spermatangia and a few tetrasporangia (arrows).
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FAMILY CYSTOCLONIACEAE KOtzing 1843: 390

Thallus usually erect, flat and furcately or laterally and usually complanately branched,
or terete. Structure uniaxial, axial filament conspicuous or not, cortex
pseudoparenchymatous, inner cells multinucleate with secondary pit-connections, medulla
filamentous or pseudo parenchymatous; surface view usually showing rosettes of small cells
around larger inner cells.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli dioecious; procarpic and monocarpogonial. Carpogonial
branches 3 (-4)-celled, usually laterally directed (with an outwardly directed trichogyne) on
the supporting cell (an inner or mid cortical cell),with a cell pit-connected above the
supporting cell serving as the auxiliary cell; gonimoblast initial single, developing thallusinwardly or laterally, with adjacent cortical cells producing branches of small nutritive cells.
Carposporophytes with either a large fusion cell or several central cells, with radiating
gonimoblast filaments terminating in chains of carposporangia; sterile filaments between the
gonimoblast and surrounding cortical cells may occur, but filamentous enveloping tissue is
usually absent; cystocarps immersed or protruding, often with a cortical peri carp, usually
non-ostiolate. Spermatangia scattered over outer cortical cells of young parts of branches.
Tetrasporangia scattered in outer cortex, terminal or intercalary, zonately divided.

This family was monographed (Australian taxa) by Min-Thein & Womersley (1976)
under the name Rhodophyllidaceae Schmitz (1892, p. 19). Since then Guiry (1978, p. 193)
has pointed out that Cystocloniaceae KUtzing (1843, p. 390) is an earlier name.
The family includes some 10 genera, 7 of which occur on southern Australian coasts.
KEY TO GENERA OF CYSTOCLONIACEAE
1.
1.

Thallus compressed to flat or foliose, at least in older axes, usually complanately and
marginally branched; medulla narrow, filamentous or of large cells ................................ 2
Thallus terete, linear or segmented, irregularly or subverticillately branched; medulla
broadly filamentous or of large cells ................................................................................ 6
2.
2.

3.

3.

Thallus usually less than 1 em broad, at least in upper parts, irregularly branched and
often with marginal proliferations; surface rosettes present, slightly to well developed;
medulla filamentous but usually slight, in some species consisting only of elongate axial
filaments ........................................................................................................................... 4
Thallus commonly over 1 em broad in lower and upper parts, subdichotomously or
irregularly branched, without proliferations (marginal spines in Stictosporum); surface
rosettes obscure or absent; a filamentous medulla present, with large ovoid cells on
either side; axial cells not apparent .................................................................................. 5
4.
4.

5.
5.

Thallus not complanately branched, terete above, older branch axes becoming
compressed, to 5 mm broad; axial cells elongate-ovoid, without rhizoidal
filaments ................................................................................ CALLmLEPHARIS
Thallus distinctly flattened throughout, older parts over 5 mm broad,
complanately branched; axial cells elongate-linear, often with rhizoidal filaments
around the axial cells or as a thin medulla ............................................................ 3

Thallus usually with weakly developed rosettes; vein system weakly developed;
cystocarps with a distinct, central, fusion celL. ........................ RHODOPHYLLIS
Thallus with well developed rosettes; vein system often clearly developed;
cystocarps with a central group of larger cells which do not fuse
............................................................................................ CRASPEDOCARPUS

Thallus irregularly branched, without regular marginal spines, proliferations absent or
occasional; gonimoblast developing inwardly ........................................ GLOIOPHYLLIS
Thallus subdichotomous, with a fringe of marginal spines 0.5-1 mm long; gonimoblast
developing outwardly ........................................................................... STICTOSPORUM
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6.
6.

Calliblepharis

Thallus of elongate-ovoid segments; branching subverticillate, medulla broad,
filamentous with a central axial filament; cystocarps developed in the medulla
.............................................................................................. AUSTROCLONIUM
Thallus terete, linear; branching irregular, medulla cellular .. ERYTHRONAEMA
Genus CALLIBLEPHARIS Kiitzing 1843: 403, nom. cons.

Thallus irregularly radially or marginally branched, older branches compressed or flat;
holdfast fibrous or discoid. Structure uniaxial, the axial filament conspicuous or not, each
axial cell with one or two periaxial cells; medulla slight, without rhizoidal filaments, cortex
pseudoparenchymatous with ovoid cells, outer cells small and forming rosettes in some
species.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli dioecious; procarpic. CarpogoniaJ branches 3-celled, borne
laterally on mid cortical cells, with the auxiliary cell adjacent outwardly to the supporting
cell, becoming (with adjacent cells) darkly staining, with a small-celled nutritive tissue
produced inwardly; carposporophyte with basal cells but without a fusion cell, with radiating
gonimoblast filaments bearing terminal chains of carposporangia together with a few sterile
filaments passing to the pericarp. Cystocarps in smaller terete branches, protuberant, with a
cellular pericarp, non-ostiolate. Spermatangia scattered, cut off via initials from outer
cortical cells.
Tetrasporangia scattered in the outer cortex, zonately divided.
Lectotype species: C. ciliata (Hudson)Kiitzing 1843: 403.

A genus of 4 or 5 species, the type and C. jubata (Goodenough & Woodward)Kiitzing
from the British Isles and Europe, with other species from South Africa and southern
Australia.
Calliblepharis differs from other genera of the family in lacking a fusion cell, in having
cystocarps in smaller terete branches (not marginal) and in weakly defined rosettes.

The type species has not been studied in detail, and knowledge of the genus is largely
based on Kylin's (1928, p. 72, figs 46-49) study of C. jubata.
Calliblepharis planicaulis (Harvey)Kylin 1932: 44. May 1965: 407. Min-Thein &
Womersley 1976: 129, figs 47,68.
Hypnea planicaulis Harvey 1859b: 315.
Rhodophyllis (?) hypneoides Harvey 1862: pI. 199. J. Agardh 1876: 368. De Toni
1897: 348. Lucas 1929a: 17.
FIGS 140A-C, 141A-F
Thallus (Fig. 140A) medium red to red-brown, 10-30 cm high, much branched
irregularly for 3-4 orders, lesser branches radial but from the margins of the slightly
compressed main branches together with branchlets from their faces; lower branches 2-5
mm broad, 0.5-1 mm thick, ultimate branchlets terete, not or slightly basally constricted,
100-200 11m in diameter, with acute apices; hairs often numerous; some branches with
terminal hooked, thicker, tendrils. Holdfast fibrous; epiphytic. Structure (Fig. 141A, B)
uniaxial, with a projecting apical cell and each axial cell with two periaxial cells; axial
filament conspicuous (Fig. 141B, C) in older branches, without rhizoidal filaments but with
secondary pit-connections to inner cortical cells. Cortex 4-6 cells broad, inner cells ovoid
and 20-40 11m in diameter, becoming 100-150 11m in diameter, surface rosettes (Fig. 140B)
usually present but weakly developed, cells 5-10 11m across. Rhodoplasts ovoid to elongate,
becoming ribbon shaped and branched.
Reproduction. Sexual plants dioecious; procarpic. Carpogonial branches (Fig. 141D)
3-celled, borne on mid cortical cells, orientated sideways with a reflexed trichogyne.
Auxiliary cell (Fig. 141D) next outwards from the supporting cell, becoming darkly staining
as do adjacent cortical cells, with outer cortical cells dividing to form the pericarp and cells
inward to the auxiliary cell cutting off small darkly staining nutritive cells. Following
fertilization and fusion with the auxiliary cell, a gonimoblast initial (Fig. 141E) is cut off

CYSTOCLONIACEAE

411

,I

Fig. 140. A~C. Calliblepharis pianicaulis (AD. A41383). A. Habit. B. Surface view of slight rosettes.
C. Cross section of a cystocarp with chains of carposporangia. D~F. Rhodophyllis membranacea (D,
AD. A30603; E, F, AD. A41524). D. Habit. E. Surface view of rosettes. F. Cross section of cystocarp
with fusion cell and chains of carposporangia. [C as in Min-Thein & Womersley 1976.]
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Fig. 141. A-F. Calliblepharis ptanicaulis (AD. A41383). A. Longitudinal section of branch apex. B.
Longitudinal section of older branch. C. Transverse section of branch. D. Longitudinal section with a
carpogonial branch, auxiliary cell. and adjacent darkly staining cortical cells. E. Section of young
carposporophyte with gonimoblast filaments from the auxiliary cell and inner nutritive tissue. F.
Section of cortex with tetrasporangia. G. Rlwdophyllis membranacea (AD, A41524). Transverse
section of branch with tetrasporangia. [A-F after Min-Thein & Womersley 1976.]
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laterally and divides to form gonimoblast filaments, some connecting with the nutritive
tissue and others developing thallus outwardly to form branched, terminal chains of ovoid
carposporangia 20-28 flm in diameter, together with some sterile filaments connecting to
pericarp cells. Cystocarps (Fig. 14OC) on lesser branches, subspherical, protuberant and
becoming basally constricted, 300-600 11m in diameter, with a pericarp 3-4 cells thick, nonostiolate. Spermatangia covering the surface of branchlets, cut off via initials from outer
cortical cells, ovoid, 1.5-2.5 Jlffi in diameter.
Tetrasporangia (Fig. 141F) scattered in the cortex of young branches, often aggregated
into sori part way along the branch and often on one side, pit-connected laterally to
subsurface cells, ovoid, 20-35 flm in diameter, zonately divided.

Type from Georgetown, Tas.; lectotype in TCD (Alg. Aust. Exsicc. 342).
Distribution: Safety Bay, W. Aust., to Walkerville, Vic., and the N coast of Tasmania.
Selected specimens: Safety Bay, W. Aust.. drift (Womersley, 29.ix.1979; AD, AS0748). Elliston,
S. Aust., II m deep in bay (Shepherd, 27.x.1971; AD, A42678). Point Avoid, S. Aust., drift
(Womersley, 2.xii.197S; AD, A46902). Tiparra Reef. S. Aust., II m deep on Amphibolis antarctica
(Shepherd, 5.xi.l971; AD, A38314). Port Elliot, S. Aust., drift (Womersley, 17.x.1948; AD, A9375).
Pennington Bay, Kangaroo 1.. S. Aust.. drift on Amphibolis (Kraft & Min-Thein, 3.xii.l971; AD,
A41383). Cape Jaffa, S. Aust., drift (Womersley, 1O.xii.1991; AD, A61577). Garden Beach, Portland,
Vic., drift (Beauglehole, Il.viii.1951; AD. A21691). San Remo, Vic., drift on outer beach (Sinkora
A2223, 19.x.1975; AD, A48504). Walkerville. Vic., drift (Sinkora A1630, 23.ii.l972; AD, A43127).
Low Head, Tas., drift on Amphibolis (Perrin, 8.x.l950; AD, A16430). Musselroe Bay, Tas., drift
(Perrin, 11.i.l947; AD, A8491). Eddystone Point, Tas. (Perrin 481, 9.ii.1948; BM).
Calliblepharis planicaulis is probably normally epiphytic on Amphibolis (both species)
and larger algae, and most drift specimens have been tom off the host. It resembles Hypnea
ramentacea Hooker & Harvey in having tendrils, but the latter has terete branches
throughout, lacks rosettes, and the carposporangia are borne singly.
Genus RHODOPHYLLIS Ktitzing 1847: 23, nom. cons.

Thallus compressed to flat, complanately and irregularly to alternately marginally
branched; holdfast discoid. Structure uniaxial with a sunken apical cell, axial filament
usually apparent for some distance from the branch apex; medulla filamentous but slight,
cortex 1-2 (-4) cells thick with weakly developed surface rosettes of small outer cortical
cells around large inner cells; some cortical cells developing dense refractive contents
("gland cells").
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli dioecious; procarpic. Carpogonial branches 3 (-4 )-celled,
with the auxiliary cell adjacent to the supporting cell and nearby cells enlarging, becoming
darkly staining and producing a small-celled nutritive tissue inwards to the auxiliary cell.
Carposporophytes with a central fusion cell and radiating gonimoblast filaments with
terminal chains of carposporangia and a few sterile filaments passing to the pericarp;
cystocarps protuberant, with a cortical pericarp, usually non-ostiolate. Spermatangia cut off
from outer cortical cells, scattered over young branches.
Tetrasporangia in the outer cortex, scattered, zonately divided.

Type species: R. bifida (Lamouroux)Ktitzing 1847: 23 [= R. divaricata (Stackhouse)
Papenfuss] .
A genus of about 10 species, mostly southern hemisphere, but the type species is from
Europe and further comparative studies are needed between the type and other species.
Rhodophyllis in southern Australia is most similar to Craspedocarpus, differing from
the latter in having weakly developed rosettes and vein system and a central fusion cell.
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KEY TO SPECIES OF RHODOPHYLLlS
1.

1.

Lower branches mostly 5-15 (-20) mm broad, upper laterals mostly 2-4 mm broad with
broad apices when young, or tapering to branches 1-2 mm broad with narrow apices;
gland cells usually abundant; cystocarps marginaL ............................ 1. R. membranacea
Lower branches 2-5 (-6) mm broad, of uniform width or tapering slightly and evenly
from base to apex, with or without small marginal, proliferous, laterals; gland cells
occasional or absent; cystocarps marginal or scattered on the surface ............................. 2
2.

2.

Thallus usually 10-25 cm high, subdichotomously to subpinnately branched,
tapering evenly and gradually from base to apex, 3-5 mm broad below, 1-2 mm
broad just below apices; gland cells usually absent; cystocarps marginal
..................................................................................................... 2. R. mu[tipartita
Thallus usually 5-10 cm high, 2-4 (-6) mm broad throughout with small,
marginal, basally constricted lateral proliferations; gland cells absent; cystocarps
scattered on branches or laterals, not marginal .................................... 3. R. volans

1. Rbodopbyllis membranacea (Harvey)Hooker & Harvey ex Harvey 1855b: 247, pI. 117;
1859b: 318; 1863, synop.: xl. J. Agardh 1876: 365. Chapman 1979: 350. Cotton
1908: 99. De Toni 1897: 344. Ki.ltzing 1869: 20, pI. 53a--c. Kylin 1932: 42. MinThein & Womersley 1976: 95, fig. 62A.
Halymenia membranacea Harvey 1844: 448.
Rhodymenia membranacea (Harvey)Harvey ex Hooker & Harvey 1847: 405.
Euthora membranacea (Harvey)J. Agardh 1852: 385.
Stictophyllum membranaceum (Harvey)Kiitzing 1847: 1; 1849: 874.
Laurencia? membranacea Harvey 1844: 443.
Cladhymenia gunnii Harvey ex Hooker & Harvey 1845: 540. Harvey 1849a: 87, pI.
32.1. Agardh 1852: 386. Katzing 1867: 28, pI. 94a--c.
Callophyllis gunnii (Harvey)Kiitzing 1849: 746.
Euthora ?gunnii (Harvey)1. Agardh (1852: 386) ex Sonder 1853: 682.
Rhodophyllis gunnii (Harvey)Harvey 1855b: 247; 1859b: 318. J. Agardh 1876:
366. De Toni 1897: 345. Kylin 1932: 42. Lucas 1929a: 17. Lucas & Perrin 1947:
167, fig. 40. May 1965: 409. Millar & Kraft 1993: 15. Min-Thein & Womersley
1976: 91, figs 31, 32, 61B.
FIGS 140D-F, 141G
Thallus (Fig. 140D) erect, pale to medium red, often grey-brown, (5-) 10-15 cm high,
complanately and more or less closely pinnately branched with flat branches (4-) 7-15 mm
broad and 0.4-1 mm thick below, bearing laterals (2-) 5-10 mm broad or tapering to slender
branches 1-2 mm broad, apices and axils rounded, often marginally proliferous. Holdfast of
branched fibres 0.5-2 cm long; epilithic. Structure uniaxial, axial row of cells slightly
flexuous, each axial cell with two periaxial celis, the lateral one developing further and the
transverse one forming a single cortical cell, with successive axial cells forming alternating
pairs of periaxial cells, the lateral ones forming filaments of limited growth; medulla slight,
ofaxial and periaxial filaments with very few rhizoids, cortex single layered, usually with
gland cells and with outer rosette cells, rosettes (Fig. 140E) weakly defined, cortical cells
developing further in older parts of thallus. Rhodoplasts elongate, becoming ribbon shaped
and branched.
Reproduction. Sexual thalli dioecious; procarpic. Carpogonial branches 3 (-4)-celled,
borne on inner cortical cells on margins of branches, laterally orientated with a reflexed
trichogyne, with the cortex thickening outside the carpogonial branch. Following
fertilization, cortical cells outside the procarp become darkly staining and cells inwards from
the auxiliary cell cut off small nutritive cells. Following connection between the fertilized
carpogonium and auxiliary cell, a single gonimoblast initial develops and fusions occur with
adjacent cortical cells forming a fusion cell with radiating gonimoblast filaments with
terminal chains of ovoid carposporangia 15-25 11m in diameter and some connections with
the nutritive cells and the pericarp. Cystocarps (Fig. 140F) marginal, 0.7-1 mm across,
protuberant with a pericarp 4-6 cells thick, without a distinct ostiole. Spermatangia
scattered, cut off from rosette cells with 3-4 initials each forming 2-3 ovoid spermatangia.
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Tetrasporangia (Fig. 1410) scattered in the cortex of young branches. ovoid, 20-35 11m
in diameter, zonately divided.

Lectotype from Georgetown. Tas. (Gunn 1276); in Herb. Hooker, BM; isolectotype in TeD.
Distribution: Nuyts Reef. S. Aust., to Mona Vale, N.S.W., and around Tasmania.
Selected specimens: Nuyts Reef, S. Aust., 28-30 m deep (Shepherd, 26.iii.l980; AD, A52309).
Masillon I., Isles of St Francis, S. Aus!., 13-18 m deep (Shepherd, 5.i.1971; AD, A37999). 4 kIn W of
Waldegrave I., S. Aust., 30 m deep (Branden, 3.vii.1987; AD, A57604). Hopkins I., S. Aust., 33 m

B-E

' 1OO fi m '

Fig. 142. Rhodophyllis multipartita (AD, A36911). A. Habit. B. Surface view of slight rosettes. C.
Transverse section of thallus. D. Section of marginal cystocarp, with fusion cell and chains of
carposporangia. E. Surface view of spermatangial sorus.
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deep (Branden, 8.i.1989; AD, A60004). Antechamber Bay, Kangaroo I., S. Aust., drift (Womersley,
18.viii.1948; AD, A8657). Whale Point, West I., S. Aust., 26 m deep (Shepherd, June 1966; AD,
A30603). 1.3 km off Cape Northumberland, S. Aust., 15 m deep (Shepherd, 26.x.1977; AD, A55168).
Lady Julia Percy I., Vic., 20 m deep (Shepherd, 4.i.l968; AD, A35161). Port Phillip, Vic., 15 m deep S
of Cage Buoy (Womersley, 7.iv.1959; AD, A228 13). Erith I., Bass Str., 18 m deep (Collings,
19.xii.l990; AD, A60849). Kelso Bay, Tamar Est., Tas., 3-5 m deep (Blackman, 29.iv.1979; AD,
A58514). Stapleton Point, Prosser Bay, Tas., 12-15 m deep (Shepherd, 1O.ii.1970; AD, A35768).
Fluted Cape, Bruny 1., Tas., 16 m deep (Shepherd, 1O.ii.1972; AD, A41524). Green Cape, N.S.W., 16
m deep (Shepherd, 13.ii.1973; AD, A43036).

Min-Thein & Womersley (1976, p. 97) doubted whether R. membranacea and R. gunnii
were distinct species, and it now seems appropriate to synonymise the latter under the earlier
R. membranacea. Harvey (1844) described Laurencia? membranacea based on a sterile
specimen (Gunn 1277) from Georgetown, Tas., and also Halymenia membranacea based on
tetrasporangial specimens (Gunn 1276) from the same locality. L? membranacea was later
referred to as Cladhymenia gunnii by Hooker & Harvey (1845, p. 540), and the type sheet
(Gunn 1277) in the BM bears both names. Gunn 1276, being a fertile specimen, is selected
as lectotype of R. membranacea.
The species is variable in form, probably dependent on age and degree of water
movement. Younger plants in moderate water movement tend to have broader, rounded
apices, while those with tapering, narrower, apices may be older and from greater water
movement. Gland cells are usually present but vary greatly in abundance. It is essentially a
deep water species.
2. Rbodophyllis multipartita Harvey 1859b: 318. De Toni 1897: 346. Ktitzing 1869: 19, pI.
51a, b. Kylin 1932: 42, pI. 16 fig. 39. Lucas 1929a: 17; 1929b: 49. Lucas & Perrin
1947: 167. May 1965: 409. Min-Thein & Womersley 1976: 97, figs 33-35, 62B.
FIGS 142, 143A-D
Thallus (Fig. 142A) more or less erect, medium to dark red-brown to grey-brown, (10-)
20--30 cm high, complanately and subpinnately to subdichotomously branched with flat
branches 3-5 mm broad and (100-) 300-600 11m thick, tapering evenly to 1-2 mm broad
near the apices, axils rounded, without a visible vein system. Holdfast of branched, slender,
fibres; epilithic. Structure uniaxial, axial filament soon obscure, medulla slight or absent,
cortex (Fig. 142C) 1 (-3) cells thick with inner cells ovoid, 60--90 11m in diameter; rosettes
(Fig. 142B) slight, outer cells 10-20 11m across. Rhodoplasts discoid to elongate, becoming
ribbon shaped and branched.
Reproduction. Sexual thalli dioecious; procarpic. Carpogonial branches (Fig. 143A)
3-celled, bome on inner cortical cells on the branch margins, directed slightly inwards with
reflexed trichogynes, with the adjacent cortex thickening. Post-fertilization (Fig. 143B)
events as in R. membranacea, producing a carposporophyte with a central fusion cell,
radiating gonimoblast filaments with terminal chains of ovoid carposporangia 12-30 11m in
diameter, and inner nutritive tissue; cystocarps (Fig. 142D) marginal, protruding, 450-800
11m in diameter, with a pericarp 3-5 cells thick, non-ostiolate. Sperrnatangia (Figs I42E,
143C) scattered near branch apices, with rosette cells cutting off 3-4 (-6) initials each of
which produces 2-3 ovoid spermatangia.
Tetrasporangia (Fig. 143D) scattered in the cortex of young branches, ovoid, 20-38 11m
in diameter, zonately divided.

Type from Port Arthur, Tas.; lectotype in Herb. Harvey, TCD (Alg. Aust. Exsicc. 370K).
Distribution: Elliston, S. Aust., to Gabo 1., Vic., and around Tasmania.
Selected specimens: Elliston, S. Aust., 7 m deep (Shepherd, 2Lx.1970; AD, A37583) and 20 m
deep (Shepherd, 14.v.1971; AD, A38699). S of Memory Cove, S. Aust., 40 m deep (Baldock, 2.i.1964;
AD, A27353). West 1., S. Aust., 20 m deep (Shepherd, 17.viii.l968; AD, A32639). S of Amphitheatre
Rock, West I., S. Aust., 13-20 m deep (Baldock, 1 ix.1970; AD, A36911). 1.3 km off Cape
Northumberland, S. Aust., 15 m deep (Shepherd, 26.x.1977; AD, A55167). 1.6 km W of Lawrence
Rock, Portland, Vic., 24-30 m deep (Owen, 2.ix.l971; AD, A39666). Gabo I., Vic., 18 m deep
(Shepherd, 17.ii.l973; AD, A43496). Fluted Cape, Bruny I., Tas., 16 m deep (Shepherd, 1O.ii.l972;
AD, A41523).
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RhodophylUs multipartita differs from R. membranacea in the slenderer lower parts,
tapering evenly to the apices. with rounded axils; the lower main branching is usually
pinnate with upper parts being subdichotomous.
3. Rhodopbyllis volans Harvey 1855a: 553; 1862, pI. 216. J. Agardh 1876: 363. De Toni
1897: 343. Lucas 1929b: 49. Lucas & Perrin 1947: 165, fig. 37a-f. May 1965: 409.
Min-Thein & Womersley 1976: 101, figs 36--38, 63A.

A,C-F

Fig. 143. A-D. Rhodophyllis multipartita (A-C, AD, A32639; D, AD, A36911). A. Section of thallus
with a carpogonial branch. B. Section of thallus just post-fertilization, with the carpogonium and
auxiliary cell fusing, inner nutritive tissue, and adjacent darkly staining cortical cells. C. Section of
cortex with spermatangia. D. Transverse section of thallus with tetrasporangia. E, F. Rhodophyllis
volans (AD, A22876). E. Longitudinal section of thallus with a carpogonial branch. F. Transverse
section of thallus with tetrasporangia. [A-F after Min-Thein & Womersley 1976.]
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Fig. 144. Rhodophyllis volans (A, AD, A34257; B, AD, A52335; C-E, AD, A22876). A. Habit of
tetrasporangial plant. B. Habit of cystocarpic plant. C. Apex of a branch showing the vein system. D.
Cross section of a cystocarp with fusion cell and chains of carposporangia. E. Surface view showing
rosettes and tetrasporangia.
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FIGS 143E, F, 144
Thallus (Fig. 144A, B) erect to decumbent, 5-10 (-12) cm high, complanately and
subdichotomously branched with flat branches (2-) 3-4 (-6) mm broad throughout and
200-400 11m thick, tapering only slightly above, with the margins bearing irregular,
spathulate, basally constricted branch lets 2-3 (-5) mm long, together with spiny outgrowths
on some older branches, apices broad and rounded but with an apical notch; microscopic
vein system (Fig. 144C) visible after staining. Holdfast fibrous; epilithic. Structure uniaxial,
with the axial and periaxial filaments enlarging as a pinnate vein system; medulla slight,
cortex 1-3 (-4) cells thick, inner cells ovoid and 40-80 11m in diameter, with rosettes (Fig.
144E) fairly distinct, cells 8-12 11m in diameter. Rhodoplasts discoid, becoming ribbon
shaped and branched.
Reproduction. Sexual thalli dioecious; procarpic. Carpogonial branches (Fig. 143E)
3-celled, borne on outer cortical cells on the surface of young branches, lying parallel to the
surface with reflexed trichogynes, with the adjacent cortex thickening. Post-fertilization
events as in R. membranacea, producing a carposporophyte with a central fusion cell,
radiating gonimoblast filaments with terminal chains of ovoid carposporangia 18-27 11m in
diameter and inner nutritive tissue; cystocarps (Fig. 144D) protruding, on the surface of the
proliferations or scattered on the branch surfaces, 400-1200 11m across, non-ostiolate.
Spermatangia unknown.
Tetrasporangia (Fig. 143F, 144E) scattered in the cortex of young branches, ovoid,
18-26 11m in diameter, zonately divided.

Type from Rottnest I., W. Aust.; lectotype in Herb. Harvey, TeD (Trav. Set 142).
Distribution: Champion Bay, W. Aust., to Walkerville, Vic., and the N coast of Tasmania.
Selected specimens: Champion Bay, W. Aust. C'Alg. Mue1!."; MEL 44981). Point Peron, W. Aust.,
drift (Royce 1003, 26.v.1951; AD, A16229 and Gordon, 15.xi.1968; AD, A34257). Nuyts Reef, S.
Aust., 30 m deep (Shepherd, 27.iii.l980; AD, A52335). Pearson I., S. Aust., 33 m deep (Shepherd,
7.i.1969; AD, A33670). Elliston, S. Aust., 7-8 m deep (Shepherd, 27.x.1971; AD, A42442). Somerton,
S. Aust., drift (Womersley, 4.iii.l944; AD, AI627). Vivonne Bay, Kangaroo I., S. Aust., drift
(Womersley, 2.i.1949; AD, A10714). Queenscliff, Vic., drift (Womersley, 8.iv.1959; AD, A22876).
Walkerville, Vic., drift (Sinkora A1553, 23.ii.l972; AD, A42322). Low Head, Tas. (Perrin,
24.xi.l949; AD, AI6487).

Genus CRASPEDOCARPUS Schmitz in Schmitz & Hauptfleisch 1897: 375
Thallus complanately and irregularly to subdichotomously marginally branched,
branches flat, margin smooth or proliferous; holdfast discoid. Structure uniaxial, usually
with a slightly projecting apical cell, the axial and periaxial filaments usually visible when
stained; medulla slight, with some rhizoidal filaments, cortex 1-2 (-4) cells thick, with welldeveloped rosettes of small outer cortical cells around the larger inner cells; gland cells
absent.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli dioecious; procarpic. Carpogonial branches 3 (-4 )-celled,
borne on inner cortical cells, laterally directed with slightly reflexed trichogynes, with the
auxiliary cell adjacent to the supporting cell, becoming darkly staining as do nearby cells
which produce a small-celled nutritive tissue inwards to the auxiliary cell. Carposporophytes
with several large central cells and radiating gonimoblast filaments bearing terminal chains
of carposporangia, with a few sterile filaments joining with the pericarp; cystocarps
protuberant, marginal or scattered, with a pericarp, non-ostiolate. Spermatangia scattered, cut
off from rosette cells.
Tetrasporangia in the outer cortex, scattered, zonately divided.

Type species: C. erosus (Hooker & Harvey)Schmitz in Schmitz & Hauptfleisch 1897: 375,
from New Zealand.
A genus of seven species the type from New Zealand, four species from southern
Australia and two from North Carolina and Brazil (Schneider 1988).
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Fig. 145. A, B. Craspedocarpus blepharicarpus (A, AD, A18175; B, AD, A22699). A. Habit. B.
Surface view of rosettes. C-G. Craspedocarpus venosus (C, AD, A18275; D, AD, A18761; E, AD,
A45327; F, AD, A39715; G, AD, A46593). C, D. Habit. E. Surface view of vein system. F. Surface
view of rosettes. G. Cross section of cystocarp with chains of carposporangia. [C as in Min-Thein &
Womersley 1976.]
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Craspedocarpus is closely related to Rhodophyllis, differing in having several large
central cells rather than a fusion cell in the carposporophyte, and in having more distinct
rosettes in the cortical cells (usually two or more cells broad).

KEY TO SPECIES OF CRASPEDOCARPUS
1.

1.

Thallus of similar width (4-7 mm) throughout, the margins bearing short (about 1-2
mm long), regularly arranged, unbranched, terete proliferations which become
reproductive ....................................................................................... I. C. blepharicarpus
Thallus tapering from base to apices or with basally constricted branches, margins
without proliferations or with irregular, flattened, often branched ones usually over 2
mmlong ........................................................................................................................... 2
2.
2.

3.
3.

Thallus usually under 10 (-15) cm high, branches 2-5 mm broad, with no or few
proliferations, branches tapering only slightly and often 6asally constricted
........................................................................................................... 2. C. venosus
Thallus commonly over 10 cm high with lower parts 4-20 mm broad, usually
with numerous, irregular, branched proliferations ................................................ 3

Thallus membranous, usually 1.-2 mm broad near apices, margins with numerous
proliferations; rosette cells closely adjacent, usually with one or more cells cut off
towards the rosette centre ...................................................................... 3. C. ramentaceus
Thallus not membranous, strongly adherent to paper and often disintegrating on
soaking, usually tapering to fine elongate apices less than 0.5 mm broad, margins with
fewer, small proliferations; rosette cells rounded, often widely spaced, only dividing
further in older parts .................................................................................. 4. C. tenuifolius

1. Craspedocarpus hlepharicarpus (Harvey)Min-Thein & Womersley 1976: 106, figs 39,

40, 63B.
Rhodophyllis blepharicarpa Harvey 1863: pI. 254. 1. Agardh 1876: 365. De
Toni 1897: 344. Kylin 1932: 43. Lucas 1929b: 49. Lucas & Perrin 1947: 166,
fig. 38. May 1965: 409. Reinbold 1897: 50. NON Kiitzing 1869: 19, pI. 52a-c
Jeannerettia crispata ?, based on MEL 44996 with Kiitzing's annotation).
FIGS 145A, B, 146A-E
Thallus (Fig. 145A) erect, 5-10 em high, complanately and subdichotomously to
laterally branched with branches mostly 4-7 mm broad and 150-250 f.lm thick; branches
uniform in width throughout the thallus, apices rounded, and with marginal fringes of
simple, terete, proliferations 1-2 mm long and 300-700 f.lm in diameter. Holdfast discoid,
epilithic. Structure uniaxial (Fig. 146A), the SUbapical cells each producing alternately two
periaxial cells, the lateral ones developing the flat branch, and enlarging to form the
alternately pinnate vein system (Fig. 146A) (visible microscopically); medulla slight, cortex
(Fig. 146B) 2-3 cells thick with large ovoid inner cells and outer rosettes (Fig. 145B), the
cells of which may divide and largely cover the inner cells in older branches, terete marginal
proliferations with equally developed periaxial cells. Rhodoplasts discoid few to numerous
per cell.
Reproduction. Sexual thalli probably dioecious; procarpic. Carpogonial branches (Fig.
146C) 3 (-4)-celled, borne on inner cortical cells in the marginal proliferations, lying almost
parallel to the surface with outwardly directed trichogynes. Auxiliary cell adjacent and
outward to the supporting cell, becoming darkly staining as do other adjacent cortical cells,
and cells inward to the auxiliary cell producing small darkly staining nutritive cells.
Gonimoblast initial formed inwardly, with later gonimoblast filaments radiating from a
central group of cells (Fig. 146D), producing terminal chains of ovoid carposporangia 12-20
f.lm in diameter; sterile filaments fusing with pericarp cells, and also with the basal nutritive
tissue. Cystocarps (Fig. 146D) in the marginal proliferations, swollen, 450-700 f.lm in
diameter, with a cortical pericarp, non-ostiolate. Spermatangia unknown.
Tetrasporangia (Fig. 146E) scattered in the cortex of the marginal proliferations, ovoid,
18-22 f.lm in diameter, zonately divided.
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Fig. 146. A-E. Craspedocarpus blepharicarpus (A, C, AD, A19204; B, A18174; D, E, AD, A22699).
A. Surface view of branch apex with veins. B. Transverse section of branch. C. Longitudinal section of
a marginal proliferation with carpogonial branches. D. Section of cystocarp with chains of
carposporangia and basal nutritive tIssue. E. Section of a marginal proliferation with tetrasporangia.
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Type from Garden and Rottnest Is, W. Aust.; lectotype in Herb. Harvey, TCD (not yet
chosen).
Distribution: Geraldton, W. Aust., to Phillip I., Vic., and Erith I., Bass Strait.
Selected specimens: Geraldton, W. Aust. (White, Nov. 1898; MEL, 45002). North

Beach, Perth,
W. AusL, drift (Norris 1732, 27.iii.1959; AD, A22262). W. Aust. (Clifton; AD, A18174, A18175).
Head of Great Australian Bight, S. Ausl., drift (Womersley, 4.ii.1954; AD, A19204). Tiparra Reef,
Spencer Gulf, S. Ausl., II m deep on Amphibolis (Shepherd, 13.vii.1971; AD, A39265). Somerton, S.
Ausl., drift on Amphibolis (Womersley, 29.v.1949; AD, A10831). Encounter Bay, S. Aust. (Cleland;
AD, A3722). Dutton Bay, Portland, Vic., drift (lVomers[ey, 13.iv.l959; AD, A22699). Cat Bay, Phillip
1., Vic., drift (Womersley, 1O.iv.1959; AD, A22728). West Point, Erith I., Bass Strait, 28 m deep
(Shepherd & R. Lewis, 1O.v.1974; AD, A45250).

Craspedocarpus blepharicarpus is characterised by the marginal fringes of short subterete ramuli bearing the reproductive organs. It occurs mainly in moderate depths under
slight to moderate water movement, commonly as an epiphyte on Amphibolis stems.
2. Craspedocarpus venosus (Kiitzing)Min-Thein & Womersley 1976: 113, figs 41, 42,64.
Stictophyllum venosum Kiitzing 1866: 4, pI. 9 fig. 3.
Rhodophyllis brookeana J. Agardh 1885: 54; 1894: 59. De Toni 1897: 346. Kylin
1932: 42, pI. 15 fig. 38. Lucas 192%: 49. May 1965: 409.
Rhodophyllis marginalis J. Agardh 1894: 60. De Toni 1897: 439. Kylin 1932: 42,
pI. 16 fig. 40. May 1965: 409. Shepherd & Womersley 1970: 134.
Rhodophyllis bifida sensu Harvey 1863, synop.: xl.
FIGS 14SC-G, 146F-I
Thallus (Fig. 145C, D) erect, light to dark red, 5-15 cm high, complanately and
generally subdichotomously to subtrichotomously branched, membranous, with flat branches
2-5 mm broad and 200-500 f.lm thick, usually slightly narrower basally than terminally,
margins smooth, occasionally with small proliferations. Holdfast discoid; epilithic. Structure
uniaxial, with the axial and periaxial filaments forming an alternately pinnate vein system
(Fig. 145E) (visible on staining), with rhizoidal filaments around the axial filaments forming
the medulla, and a cortex 2-3 cells thick, inner cells ovoid and 50-100 J.lm in diameter,
outer cells with well-developed rosettes (Fig. 145E, F) of small cells 6-12 J.lm across which
divide to completely cover the inner cells in older branches. Rhodoplasts discoid, few to
numerous per cell.
Reproduction. Sexual thalli dioecious; procarpic. CarpogoniaJ branches (Fig. 146F)
3-celled, borne on inner cortical cells on the branch margins. Development as in C.
blepharicarpus, resulting in a carposporophyte (Fig. 146G) with several central cells,
radiating gonimoblast filaments bearing chains of ovoid carposporangia 10--20 J.lm in
diameter with some sterile filaments fusing with pericarp cells and also with cells of the
inner nutritive tissue. Cystocarps (Figs 145G, 1460) marginal, protruding, 450--750 f.lm
across, non-ostiolate. Spermatangia (Fig. 146H) formed from rosette cells, with 3-4 initials
each cutting off 2-3 ovoid spermatangia 2-3 J.lm in diameter.
Tetrasporangia (Fig. 146 I) scattered in the outer C0l1cx of young branches, ovoid 10--22
J.lm in diameter, zonately divided.

Type from "Nov. Holl."; holotype in L, 941, 253 ... 247.
Distribution: Fremantle, W. Aust., to Westernport Bay, Vic., and Flinders I., Bass Strait.
Selected specimens: Fremantle, W. Aus!. (Harvey, Alg. Aust. Exsicc. 366A; TCD and AD,
A 18275). Tiparra Reef, Spencer Gulf, S. Aust., 11 m deep (Shepherd, 24.ix.1971; AD, A39715). Toad
Head, West I., S. Aust., 13 m deep (Shepherd, 15.i.l966; AD, A30164) and 19 m deep (Shepherd,
24.x.1966; AD, A31574). Amphitheatre Rock, West I., S. Ausl., 13111 deep (Shepherd, 1.i.1969; AD,
A33248). Port Elliot, S. Aust., drift (Womersley, 23.v.l953; AD, AI8761). Nora Creina, S. Aust.,

F-I. Craspedocarpus venosus (F, AD, A18761; G, AD, A31574; If, AD, A30164; I, AD, A22698). F.
Longitudinal section of cortex with carpogonial branches. G. Longitudinal section of a cystocarp with
central unfused cells, chains of carposporangia, and basal nutrith'c tissue. H. Section of thallus with
spermatangia. I. Section of cortex with tctrasporangia. [A-I after Min-Thein & Womersley 1976.J
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3-8 m deep (Owen, 3.ix.1971; AD, A39594). 1.3 km off Cape Northumberland, S. Aust., 15 m deep
(Turnbull, 30.ix.1975; AD, A46593). Dutton Bay, Portland, Vic., drift (Womers[ey, 13.iv.1959; AD,
A22698). Queenscliff, Vic., drift (Womer.v/ey, 8.iv.1959; AD, A22876). Crawfish Rock, Westernport

Fig. 147. A-D. Craspedocarpus ramentaceus (A, AD, A57704; B, AD, A59336; C, AD, A37770; D,
AD, A30852). A. Habit. B. Surface view of rosettes. C. Cross section of cystocarp with chains of
carposporangia. D. Surface view of spermatanlSial sorus. E, F. Craspedocarpus tenuifolius (E, AD,
A9226; F, AD, A3833l). E. Habit. F. Surface view of rosettes and vein system.
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Bay, Vic., 4 m deep (Watson & Womersley, 16.i.1974; AD, A44876) and 8 m deep (Watson,
29.v.1974; AD, A45327). Flinders I., Bass Strait (Perrin 567, June 1949; BM).

The type and synonymy were discussed by Min-Thein & Womersley (1976, p. 115).
Craspedocarpus venosus is characterised by habit and the marginal position of cystocarps.
3. Craspedocarpus ramentaceus (c. Agardh)Min-Thein & Womersley 1976: 117, figs 43,
44,65, 66A. Fuhrer et al. 1981: pI. 33.
Delesseria ramentacea C. Agardh 1822: 177.
Calliblepharis ramentacea (c. Agardh)J. Agardh 1852: 621. Sonder 1853: 689.
Rhodophyllis ramentacea (c. Agardh)J. Agardh 1876: 365. De Toni 1897: 344.
Kylin 1932: 43, pI. 18 fig. 43. Lucas 1929b: 49. Lucas & Perrin 1947: 166. May
1965: 409. Reinbold 1897: 49. Shepherd & Womersley 1970: 134.
RhodymeniaJimbriata Hooker & Harvey 1847: 405.
Rhodophyllis Jimbriata (Hooker & Harvey)Cotton 1908: 99.
DictyopsisJimbriata Sonder 1855: 519.
Rhodophyllis dictyopsis Harvey 1863, synop.: xl.
R. goodwiniae J. Agardh 1876: 367. De Toni 1897: 374. Kylin 1932: 43, pI. 17 fig.
41. Lucas 1929a: 17; 1929b: 49. Lucas & Perrin 1947: 167. May 1965: 409.
Reinbold 1898: 42. Womersley 1966: 148.

FIGS 147A-D, 148A-D
Thallus (Fig. 147A) erect, light to medium red, fading to grey-red, 10-20 cm high,
membranous, complanately and irregularly laterally branched, main branches flat, 0.5-2 cm
broad and (100-) 150-300 11m thick, tapering to 1-2 mm broad with an irregular fringe of
(usually) prominent marginal proliferations usually 2-5 mm long and 0.3-1 mm broad,
apices acute and often fimbriate. Holdfast discoid; epilithic or epiphytic. Structure uniaxial,
forming an alternately pinnate vein system (Fig. 148A) (visible when stained) with a
rhizoidal sheath developing around the axial filament and a thin filamentous medulla, with a
cortex 1-2 cells thick, inner cells ovoid and 50-100 11m in diameter, with well-developed
rosettes (Fig. 147B) becoming 2-3 (-4) cells broad, cells 4-8 11m across. Rhodoplasts
discoid in rosette cells, usually ribbon shaped and crowded in inner cells.
Reproduction. Sexual thalli dioecious; procarpic. Carpogonial branches (Fig. 148B)
3-celled, borne on inner cortical cells near the edges of small, flat marginal proliferations,
similar to those of C. blepharicarpus, with the carposporophyte having several central cells
and radiating gonimoblast filaments (Fig. 148C) with terminal chains of ovoid
carposporangia 18-25 11m in diameter, together with some sterile filaments fusing with
pericarp cells and with the inner nutritive tissue. Cystocarps (Fig. 147C) protuberant, on the
edge of the marginal proliferations (rarely on main branches), 500-1000 11m across, with a
cortical pericarp, non-ostiolate. Spermatangia (Fig. 147D) cut off from rosette cells via
initials.
Tetrasporangia (Fig. 148D) scattered in the cortex of marginal proliferations, ovoid,
16-28 11m in diameter, zonately divided.

Type from "Merid. Nov. HoIL"; holotype in Herb. Agardh, LD, 27352.
Distribution: Safety Bay, W. Aust., to Snowy R. mouth, Vic., and around Tasmania.
Selected specimens: Safety Bay, W. Ausl., drift (Womersley, 18.viii.1979; AD, A50782). Egg I.,
Isles of St Francis, S. Ausl., 32-38 m deep (Shepherd, 11.i.1971; AD, A38110). Waldegrave L, S.
Ausl., 22 m deep (Shepherd, 23.x.1970; AD, A37406). Investigator Strait, S. Aust., 34 m deep 35°21'S,
137°11'E (Watson, 20.i.l971; AD, A39217). Western Channel, Douglas Bank, upper Spencer Gulf, S.
Aust., 20 m deep (Johnson, 19.xi.l975; AD, A54885). Fitzgerald Bay, Point Lowly, S. Ausl., 14 m
deep (Branden, 13.ix.1987; AD, A59336). 5 km W of Port NoarJunga, S. Aust., 21 m deep (Ottaway,
8.xii.l980; AD, A52125). Amphitheatre Rock, West I., S. Ausl., 13 m deep (Shepherd, 1.i.1969; AD,
A33245). Pennington Bay, Kangaroo I., S. Ausl., drift (Womersley, 28.x.1966; AD, A30852). Robe, S.
Ausl., drift (Min· Thein, 15.xii.l970; AD, A37770). 1.3 km off Cape Northumberland, S. Aus!., 15 m
deep (Shepherd, 26.x.1977; AD, A55174). San Remo, Vic., drift (Womers[ey, 26.x.l986; AD,
A57886). Walkerville, Vic., drift (Sinkora A2306, 7,iii.1976; AD, A48431). Snowy R. mouth, Vic.
(Mueller; MEL, 45025). Low Head, Tas. (Perrin, Jan. 1937; AD, A8954). Lady Bay, Southport, Tas.,
7 m deep (Brown & Kenchington, 14.x.1986; AD, A57704).
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Fig. 148. A-D. Craspedocarpus ramentaceus (AD, A37770). A. Surface view showing vein system. B.
Longitudinal section of a marginal proliferation with a carpogonial branch. C. Longitudinal section of a
young cystocarp with several central cells, inner nutritive tissue and outer gonimoblast branches. D.
Longitudinal section of a marginal proliferation with tetrasporangia. E-H. Craspedocarpus tenuifolius
(E-G, AD, A38331; H, AD, A29674). E. Surface view of rosettes. F. Longitudinal section of branch
with carpogoniaJ branches and hairs. G. Section of cystocarp with several central cells, inner nutritive
tissue and outer chains of carposporangia. H. Transverse section of branch with tetrasporangia. [A-G
after Min-Thein & Womersley 1976.]
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Craspedocarpus ramentaceus is probably the most common species of the genus, found
in deep water on open coasts or where there is strong current flow (e.g. the Gulfs in South
Australia).

4. Craspedocarpus tenuifolius (Harvey)Min-Thein & Womersley 1976: 121, figs 45, 66B,
67B.
Callophyllis tenuifolia Harvey 1863, synop.: xliii. Lucas 1909: 27.
Rhodophyllis tenuifolia (Harvey)J. Agardh 1876: 367. De Toni 1897: 347. Kylin
1932: 43, pI. 17 fig. 42. Lucas 1929b: 49. Lucas & Perrin 1947: 167. May 1965:
409. Reinbold 1897: 50; 1899: 45. Womersley 1950: 172.
Gloiophyllis engelhardtii Reinbold 1897: 50; 1898: 42. De Toni 1897: 338. Lucas
1909: 27; 1929b: 49. Lucas & Perrin 1947: 164. May 1965: 407.
Callophyllis marginifera J. Agardh 1896: 74; 1901: 20. De Toni 1897: 279. Lucas
1909: 26; 1929b: 48. Lucas & Perrin 1947: 159. Reinbold 1898: 40? Womersley
& Norris 1971: 43.
FIGS 147E, F, 148E-H
Thallus (Fig. 147E) erect, medium red, 10-20 em high, delicate and adhering strongly
to paper, complanately and irregularly branched with marginal branchlets; main branches
0.5-1 em broad, tapering gradually to much divided, slender, often dendroid systems with
ultimate branch lets 0.2-{).5 mm broad, apices acute. Holdfast discoid; usually epiphytic on
Amphibolis antarctica. Structure uniaxial, with an alternately pinnate vein system (Fig.
147F) with a slender medulla of rhizoidal filaments around the axial and periaxial filaments
and a cortex 2-3 cells thick, with inner ovoid cells 50-80 11m in diameter and well
developed rosettes (Figs 147F, 148E) of small ovoid outer cells 6-14 11m in diameter, each
distinctly separated from other rosette cells, largely covering the inner cells on older
branches. Rhodoplasts dense, discoid to elongate and becoming ribbon shaped.
Reproduction. Sexual thalli probably dioecious; procarpic. Carpogonial branches (Fig.
148F).3-celled, borne on inner cortical cells on the thallus margin, occasionally with a sterile
cell on the hypogynous cell; post-fertilization events as in C blepharicarpus, with the
carposporophyte having several large central cells, radiating gonimoblast filaments
terminating in chains of ovoid carposporangia 15-25 11m in diameter, and a basal smallcelled nutritive tissue. Cystocarps (Fig. 148G) marginal, protruding, 500-750 11m in
diameter, non-ostiolate, with a pericarp. Spermatangia unknown.
Tetrasporangia (Fig. 148H) scattered in the cortex, ovoid, 16--25 11m in diameter,
zonately divided.

Type from King George Sound, W. Aust. (Harvey, Alg. Aust. Exsicc. 4OC); lectotype in
Herb. Harvey, TCD.
Distribution: King George Sound, W. Ausl., to Walkerville, Vic., and NE Tasmania.
Selected specimens: Elliston, S. Aust., 7 m deep in bay (Shepherd, 20.x.1970; AD, A37628).
Tiparra Reef, Spencer Gulf, S. Aust., 11 m deep (Shepherd, 5.xi.1971; AD, A38331). Brighton, S.
Aust., drift (Bienert, 12.xU965; AD, A29674). Victor Harbor, S. Aust., drift (Womersley, 17.x.1948;
AD, A9226). Pennington Bay, Kangaroo I., S. Aust., drift (Womersley, 4.i.1948; AD, A6602). 3 Ian
SW of Kingston. S. Aust., 6-7 m deep (R. Lewis, 28.xi.1972; AD, A42892). Walkerville, Vic., drift
(Sinkora A1552, 23.ii.l972; AD, A42318). Musselroe Bay, Tas. (Perrin, Jan. 1947; AD, A8486).
C. tenuifolius is closely related to C. ramentaceus, differing from the latter in its
delicate, somewhat gelatinous texture, the presence of dendroid tufts of fine terminal
branchlets, and in the rounded and usually separated rosette cells.

Genus GLOIOPHYLLIS J. Agardh 1890a: 27
Thallus mucilaginous, irregularly furcately and complanately branched, often marginally
proliferous, branches flat, relatively thick below; holdfast discoid. Structure uniaxial, axial
filament soon inconspicuous, medulla of rhizoidal filaments and cortex
pseudoparenchymatous with large inner and small outer cells, rosettes weakly developed.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
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Fig. 149. A-D. Gloiophyllis barkeriae (A, AD, A608l9; B, AD, A57050; C, AD, A20071; D, AD,
A2905). A. Habit. B. Surface view of rosettes (with veins and tetrasporangia). C. Section of cystocarp
with a central cell and chains of carposporangia. D. Cross section of thallus with tetrasporangia. E, F.
Stictosporum nitophylloides (E, AD, A54023; F, AD, A57600). E. Habit. F. Transverse section of
cystocarp showing central cell, chains of carposporangia and ostiole.
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Reproduction. Sexual thalli probably dioecious; procarpic. Carpogonial branches
3-celled, borne laterally on subsurface cortical cells, with the adjacent auxiliary cell and
cortical cells becoming darkly staining along with a small-celled, inward, nutritive tissue;
carposporophyte with small central cells (no fusion cell) and radiating gonimoblast filaments
with terminal clusters of carposporangia together with sterile filaments passing to pericarp
cells. Cystocarps scattered over thallus surface, protuberant, with a cellular pericarp, non
ostiolate. Spermatangia unknown.
Tetrasporangia scattered in the cortex, zonately divided.
Type (and only) species: G. barkeriae (Harvey)J. Agardh 1890a: 29.
Gloiophyllis is closely related to Rhadophyllis and Craspedocarpus, differing from the
former in lacking a fusion cell, its thicker rhizoidal medulla, and the thicker, gelatinous
thallus. Craspedocarpus also lacks a fusion cell but has much better developed rosettes, and
only slight medulla. Gloiophyllis also bears carposporangia mostly in small clusters, whereas
they are essentially in chains in the other genera.

Fig. 150. A-C. Gloiophyllis barkeriae (A, B, AD, A37827; C, AD, A2905). A. Section of cortex with
a carpogonial branch. B. Section of young carposporophyte (and thallus, on left) with central cells and
radiating gonimoblast filaments. C. Section of thallus with tetrasporangia. D. Stictosporum
nitophylloides (AD, A13567). Cross section of thallus with tetrasporangia. [A-C after Min-Thein &
Womersley 1976.]
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Gloiophyllis barkeriae (Harvey)J. Agardh 1890a: 2. De Toni 1897: 338. Fuhrer et al. 1981:
pI. 19. Lucas 1929b: 49. Lucas & Perrin 1947: 164. May 1965: 407. Min-Thein &
Womersley 1976: 125, figs 46, 67A. Papenfuss 1967: 101.
Rhodophyllis barkeriae Harvey 1863: pI. 276. 1. Agardh 1876: 363.
Grunowiella barkeriae (Harvey)Schmitz 1889: 442 (nomen nudum). Kylin 1932:
43; 1956: 300. Schmitz & Hauptfleisch 1897: 375. Womersley 1950: 172.
FIGS 149A-D, 150 A-C
Thallus (Fig. 149A) medium to dark red-brown, 10-40 (-50) em high, gelatinous,
complanately and irregularly furcately branched, often marginally proliferous, lower parts
(0.5-) 1-3 (-5) em broad and (200-) 300-800 11m thick, decreasing in width to 2-5 mm near
the acute to rounded apices; margin smooth to undulate. Holdfast discoid, 1-5 mm across;
epilithic. Structure uniaxial, with each axial cell cutting off alternately two periaxial cells,
the lateral ones extending in the plane of the thallus, developing a cortex (Fig. 149D) of
large ovoid cells 45-100 11m in diameter, with smaller ovoid outer cells 4-6 11m across
forming indistinct rosettes (Fig. 149B); medulla (Fig. 150C) thin, formed of axial and
periaxial filaments (soon indistinct) and rhizoids from inner cortical cells. Rhodoplasts
discoid to elongate, becoming ribbon shaped in inner cells.
Reproduction. Sexual thalli probably dioecious; procarpic. Carpogonial branches (Fig.
150 A) 3-celled, borne on mid cortical cells, laterally orientated with reflexed trichogynes.
Auxiliary cell adjacent outwardly to supporting cell, becoming darkly staining along with
nearby cortical cells which also proliferate to form the pericarp; cells inward to the auxiliary
cell cut off small darkly staining nutritive cells. Gonimoblast (Fig. 150B) compact,
developing several central cells (often one more conspicuous - Fig. 149C), radiating
gonimoblast filaments with chains of ovoid carposporangia 18-24 !lm in diameter, and a
few sterile filaments passing to the pericarp. Cystocarps scattered on the thallus surface,
globular, often basally constricted, 750-1000 11m across, with a cellular pericarp, nonostiolate. Spermatangia unknown.
Tetrasporangia (Figs 149D, 150C) scattered in the cortex, pit-connected basally to
laterally, ovoid, 20-45 11m in diameter, zonately divided.

Lectotype from Cape Shank, Vic. (Barker); in Herb. Harvey, TCD.
Distribution: Ward I., S. Aust., to Walkerville, Vic.
Selected specimens: Ward 1., W of Flinders I., S. Aust., 18-23 m deep (Shepherd, 3.iii.1980; AD,
A5091l). "Hotspot", near Flinders I., S. Aust., 25 m deep (Branden, 23.1.1991; AD, A61228
"Marine Algae of southern Australia" No. 353). Elliston, S. Aust., 7 m deep (Shepherd, 21.x.1970; AD,
A37597). Vivonne Bay, Kangaroo 1., S. Aust., drift (Womersley, 19.xii.1990; AD, A60819).
Pennington Bay, Kangaroo 1., S. Aust., drift (Womersley, 27.i.1946; AD, A2905). Stanley Beach, S
coast, Kangaroo 1., S. Aust., drift (Womersley, 7,ii.1956; AD, A20071). Nora Creina, S. Aust., drift
(Womersley, 16.xii.1970; AD, A37827). Port Phillip Heads, Vic., 22 m deep outside Heads (Watson,
29.iii.1985; AD, A57050). Flinders, Western Port, Vic., drift (Sinkora A1719, 16.xi.1972; AD,
A53429). Walkerville, Vic., drift (Sinkora A2074, 26.ii.l975; AD, A48420).

Gloiophyllis barkeriae is a deep-water species found on rough water coasts.
Genus STICTOSPORUM (1. Agardh)Harvey ex J. Agardh 1890a: 25

Thallus erect, complanately and subdichotomously branched, drying cartilaginous;
branches flat, mostly 0.5-1 mm broad, with regular small marginal spines; holdfast discoid.
Structure uniaxial, with an apical notch and each axial cell producing two periaxial cells, the
lateral ones alternately extending into filaments, with the axial filament soon inconspicuous;
medulla slight, of elongate cells and few rhizoids, cortex pseudoparenchymatous with large
outer cells and groups of small cells, rosettes absent.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli probably dioecious; procarpic. Carpogonial branches
3-celled, laterally orientated on inner cells, with the basal cell of a filament on the supporting
cell becoming the auxiliary cell, producing the gonimoblast initial outwardly.
Carposporophyte with the basal auxiliary cell, other rounded cells, and radiating gonimoblast
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filaments with chains of carposporangia, with the cortex proliferating on both sides to form
the peri carp, ostiolate. Spermatangia unknown.
Tetrasporangia scattered in the cortex, transformed from inner cortical cells, zonately
divided.

Type (and only) species: S. nitophylloides (Harvey)J. Agardh 1890a: 25.
Stictosporum was placed by Kylin (1932, p. 53) in its own family, the Stictosporaceae,
but was transferred to the Cystocloniaceae (Rhodophyllidaceae) by Searles (1968, p. 64)
who investigated its structure and reproduction. It differs from other genera of the family in
habit and in the gonimoblast initial developing outwardly, as well as in the absence of
rosettes in surface view of the thallus. Further studies may indicate that it is best placed in its
own family.
Stictosporum nitophylloides (Harvey)J. Agardh 1890a: 25, pI. 1 fig. l. De Toni 1900: 505.
Kylin 1931: 34; 1932: 53, fig. 15. Searles 1968,64, figs 28, 29, pI. 12.
RhodophyUis nitophylloides Harvey 1863: pI. 258.
FIGS 149E, F, 150D
Thallus (Fig. 149E) erect, medium to dark red or red-brown, firm and drying
cartilaginous, 8-15 cm high, complanately and subdichotomously branched at intervals of
1-4 cm, with occasional proliferations near the base, branches (3-) 5-10 (-15) mm broad,
180-300 11m thick, axils rounded, margins throughout with evenly spaced spinous ramuli
0.5-1 mm long, branch apices broad and rounded. Holdfast discoid, 1-3 mm across;
epilithic. Structure uniaxial, with a small apical cell in an apical notch, with each axial cell
producing two periaxial cells, the alternating lateral ones producing filaments and the short
transverse ones contributing to the cortex; axial filament soon indistinguishable. Medulla
weakly developed, with a few elongate cells and rhizoids, cortex usually two cells thick with
large, polyhedral outer cells (Fig. I50D), without rosettes but with groups of small cells
bearing hairs. Rhodoplasts discoid, numerous per cell.
Reproduction. Sexual thalli probably dioecious; procarpic. Carpogonial branches
3-ceIled, borne laterally on an inner supporting cell which bears several branched, smallcelled filaments, with the basal cell of one filament serving as the auxiliary cell; gonimoblast
initial produced outwardly. Carposporophyte (Fig. 149F) with basal auxiliary and other cells
with radiating gonimoblast filaments with branched chains of ovoid to angular
carposporangia 25-55 11m in diameter, with the pericarp formed of branched anticlinal rows
of small cells on both sides. Cystocarps swelling the thallus on both sides, 0.8-1.2 mm
across, ostiolate on one side. Spermatangia unknown.
Tetrasporangia (Fig. 150D) scattered in the cortex, transformed from inner cortical cells
and pit-connected basally, ovoid, 75-110 11m in diameter, zonately divided.

Type from Garden I., W. Aust. (Clifton); lectotype in Herb. Harvey, TCD.
Distribution: Garden I., W. Aust., to D'Estrees Bay, Kangaroo 1., S. Aust.
Selected specimens: Nuyts Reef, S. Aust., 28-30 m deep (Shepherd, 26.iii.l980; AD, A52314).
"Hotspot", 8 km NW of Flinders I., S. Aust., 25 m deep (Shepherd, 15.iv.l983; AD, A54023). 4 km W
of Waldegrave I., S. Aust., 30 m deep (Branden, 3.vii.l987; AD, A57600). Elliston, S. Aust., drift
(Womersley, I3.i.1951; AD, AI3567). D'Estrees Bay, Kangaroo I., S. Aust., drift (Kraft, 5.iv.l972;
AD, A42429).

Stictosporum nitophylloides is a distinctive, deep water alga of western affinities.
Genus AUSTROCLONIUM Min-Thein & Womersley 1976: 131

Thallus erect, terete, segmented with verticillate branching; epiphytic and attached
mainly by recurved tendrils. Structure uniaxial, each axial cell with two periaxial cells in
alternating pairs, developing a medulla of elongate cells and rhizoids with a persistent axial
filament, and a 1-2 layered cortex with some small outer cells forming slight rosettes.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
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Fig. 151. A-C. Austroclonium chtlroides (A, AD, A27117; B, AD, A27480; C, AD, A41219). A.
Habit. B. Surface view of slight rosettes. C. Carposporophyte with fusion cell, chains of
carposporangia, and lax filamentous involucre. D-F. Erythronaema ceramioides (D, E, AD, A8305; F,
AD. A61795). D. Habit. E. Surface view of branch with rosettes. F, Section of cystocarp with erect,
spreading carposporophyte with chains of carposporangia. [C as in Min-Thein & Womersley 1976.]
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Reproduction. Sexual thalli dioecious; procarpic. Carpogonial branches 3-celled,
laterally orientated on outer medullary cells with the auxiliary cell next outwardly from the
supporting cell, producing the gonimoblast initial laterally or inwardly. Carposporophyte
with a basal fusion cell connected to the periaxial filament, and radiating gonimoblast
filaments with short chains of carposporangia, surrounded by lax filamentous enveloping
tissue. Cystocarps swelling the branchlets, with an ostiolate pericarp formed by anticlinal
rows of cortical cells. Spermatangia in scattered groups, cut off via initials from outer
cortical cells.
Tetrasporangia scattered, pit-connected laterally to outer cells of periaxial filaments and
extending through the cortex and medulla, zonately divided.

Type (and only) species: A. charoides (Harvey)Min-Thein & Womersley 1976: 131.
Austroclonium differs from other genera of the Cystocloniaceae in habit, being terete,
segmented, and with verticillate branching, but is similar to other genera in reproductive
features though a small-celled nutritive tissue is not formed.
Austroclonium charoides (Harvey)Min-Thein & Womersley 1976: 31, figs 48,69.
Rhabdonia charoides Harvey 1862: pI. 196. J. Agardh 1876: 594. De Toni 1897:
359. Kylin 1932: 36. Lucas & Perrin 1947: 172. May 1965: 390.
FIGS 151A-C, 152A-H
Thallus (Fig. 151 A) erect and spreading, soft, medium to dark red to red-brown, 5-15
cm high, much branched mainly verticillately for 4-5 orders, segments terete but narrowing
to base and apex, mostly 0.5-\ (-1.5) cm long and 0.5-1 mm in diameter, shorter above,
with frequent small proliferations and some branches extended into long, terminally hooked
tendrils (Fig. 152D). Holdfast originally discoid, later with attachment mainly by the tendrils;
epiphytic on seagrasses and larger algae. Structure uniaxial (Fig. I52A) with each axial cell
producing two periaxial cells usually at right angles and alternating, developing a medulla
(Fig. 152B) of elongate periaxial cells and rhizoids around the persistent axial filament, and
a cortex 1-2 cells thick with slight rosettes (Fig. 151B, 152C) of small outer cells.
Rhodoplasts discoid, numerous per cell.
Reproduction. Sexual thalli dioecious; procarpic. Carpogonial branches (Fig. I52E)
3-celled, borne on a cell of a periaxial filament within the cortex, orientated laterally with
reflexed trichogyne. Auxiliary cell (Fig. I52F) next outwards from the supporting cell,
becoming darkly staining along with adjacent cortical cells, without nutritive tissue;
gonimoblast initial produced laterally or inwardly, forming a compact group of cells.
Carposporophyte (Fig. 151C) with a small fusion cell, connecting back through the periaxial
filament, and branched gonimoblast filaments directed mainly inwards, terminating in chains
of 2-3 ovoid carposporangia 30-40 flm in diameter, surrounded by lax filamentous
enveloping tissue. Cystocarps swelling branchlets, 200-300 flm across, with a slight pericarp
of cortical cells, ostiolate. Spermatangia (Fig. 1520) in scattered clusters, derived via initials
from outer cortical cells.
Tetrasporangia (Fig. 152H) pit-connected laterally to outer medullary cells, extending
through the cortex and medulla, ovoid, 27-45 flm in diameter, zonately divided.

Type from Port Phillip Heads, Vic. (Harvey); lectotype in Herb. Harvey, TCD (Alg. Aust.
Exsicc. 393E). Isolectotypes in MEL, 45110 and AD, A 18254.
Distribution: Elliston, S. Aust., to Wilsons Prom., Vic.
Selected specimens: Elliston, S. Aust., drift on Dictymenia sonderi (Womers[ey, 27.ii.l959; AD,
A22178). Reef between Hopkins and Thistle Is, S. Aust., 7-10 m deep on Vidalia spiralis (Baldock,
l.i.l964; AD, A27117). Investigator Strait, S. Aus!., 25 m deep, 35°12'S, 137"31'E (Watson, 9.i.1971;
AD, A38440). Tiparra Reef, Spencer Gulf, S. Aus!., II m deep on Posidonia sinuosa (Shepherd,
31.x.1970; AD, A37656), on Amphibolis antarctica (Shepherd, 5.xi.1970; AD, A38307) and on A.
griffithii (Shepherd, 13.xii.l971; AD, A41219). Warrnambool, Vic. (Watts, Dec. 1859; MEL, 45113).
Queenscliff, Vic., drift on Gelidium australe (Norris, 21.i.l963; AD. A27480). Shoreham, Westernport
Bay, Vic., drift (Sinkora A1691, 16.xi.1972; AD, A53409). Wilsons Prom., Vic. (Mueller, May 1853;
MEL,45111).
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Fig. 152. A-H. Austroclonium charoides (A-D, iI, AD, A27480; E, F, AD, A41219; G, AD,
A38307). A. Branch apex showing axial filament and periaxial cells. B. Transverse section of branch
with axial filament, rhizoidal medulla and single-layered cortex. C. Surface view of rosettes. D.
Longitudinal view of tendril branch with modified tip and lower spinous outgrowths. E. Longitudinal
section of cortex with a carpogoniai branch. F. Longitudinal section showing fusion of carpogonium
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Austroclonium charoides occurs in moderately deep water, epiphytic on sea-grasses and
some larger algae under moderate water movement.

Genus ERYTHRONAEMA J. Agardh 1892: 97
Thallus erect, furcately or laterally branched, branches terete, slender; holdfast fibrous.
Structure uniaxial, with a small apical cell in an acute apex, axial filament apparent
throughout, medulla pseudoparenchymatous with a smaller-celled cortex and weakly
developed rosettes.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli probably dioecious. Cystocarps external, globular,
carposporophyte with a basal group of small cells and radiating gonimoblast filaments with
terminal chains of carposporangia; pericarp well-developed, without an ostiole.
Spermatangia unknown.
Tetrasporangia scattered in the cortex, zonately divided.

Type (and only) species: E. ceramioides J. Agardh 1892: 98.
Erythronaema has been a little known taxon, recorded only from Wilson's original
collections. However, it has been found recently at Port Noarlunga, S. Aust. The weak
surface rosettes of outer cortical cells, uniaxial structure, cystocarp structure and zonate
tetrasporangia support its placement in the Cystocloniaceae.

Erythronaema ceramioides 1. Agardh 1892: 98. De Toni 1900: 489. Kylin 1956: 300.
FIG. 151D-F, 152 I
Thallus (Fig. 151D) medium to dark red-brown to brown, 4-12 cm high, much
branched furcately to irregularly on all sides, branches filiform, 200--250 f.lm in diameter
below, decreasing gradually to 100-150 11m near the apices. Holdfast fibrous, entangled;
epilithic, possibly epiphytic. Structure uniaxial, apical cell protuberant, axial filament clear
in most branches (Fig. 152 I); medulla pseudoparenchymatous, inner cells ovoid, 30-70 11m
in diameter, with the outer cells 6-20 11m across, cutting off a few small ovoid to angular
rosette cells (Fig. 151E); rhodoplasts discoid to elongate, becoming ribbon shaped and
branched, few to several per cell.
Reproduction. Sexual thalli apparently dioecious; procarps unknown. Cystocarps
protuberant, globose and basally constricted, 450-750 11m in diameter, borne on upper
branches, with the carposporophyte (Fig. 151F) having a small-celled basal tissue bearing
branched gonimoblast filaments with terminal chains of ovoid carposporangia 8-15 11m in
diameter; pericarp well developed, non-ostiolate. Spermatangia unknown.
Tetrasporangia (Fig. 152 I) scattered in the cortex, laterally pit-connected to inner
cortical cells, ovoid, 28-38 J.lm long and 15-25 flm in diameter, zonately divided.

Type from Port Phillip Heads, Vic. (Wilson); lectotype Wilson '73', 2.ii.l886; in Herb.
Agardh, LD, 27133.
Distribution: Only known from Port Phillip Heads, Vic. (Wilson specimens in LD and
MEL) and Port Noarlunga, S. Aust., lowest eulittoral on shore rocks near jetty (Ricci.
24.i.1993; AD, A61795 and Womersley & Ricci, 8.ii.1993; AD, A61851).
MEL has four sheets of Wilson specimens, from Port Phillip Heads, Vic., all collected
prior to Agardh's description; Wilson's '73', dated 31.i.83 (MEL, 694643) and 26.i.86 (MEL,
694642), and un-numbered ones dated 6.ii.89 (MEL, 694644) and l.iv.1891 (MEL,694645).
A duplicate of MEL, 694644 is in AD, A8305. All these are not obviously fertile, but J.
Agardh apparently had a cystocarpic specimen. J. Agardh used the name Heringia
ceramioides on most of the sheets.
and auxiliary cell, darkly staining cortical cells with outer cells forming the young pericarp, and young
involucral filaments. G. Section of cortex with spermatangia. H. Longitudinal section of branch with
tetrasporangia. I. Erythronaema ceramioides (AD, A61795). Longitudinal section of branch with
tetrasporangia. [A-H after Min-Thein & Womersley 1976.J
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The recent collections from Port Noarlunga agree well with the Wilson specimens and
are fertile, with cystocarpic and tetrasporangial plants. Details of the female reproduction
and carposporophyte development merit further study, but Erythronaema appears well
placed in the Cystocloniaceae.
FAMILY HYPNEACEAE 1. Agardh 1851: viii
Thallus erect (or parasitic and pulvinate-lobed), much branched irregularly usually with
numerous short laterals, branches terete to compressed, holdfast discoid to fibrous and
entangled. Structure uniaxial, with a distinct protruding apical celi, axial filament distinct
throughout, with a large-celled pseudoparenchymatous medulla grading to a small-celled
cortex 1-3 cells broad; inner cells multinucleate, linked by secondary pit-connections, often
with lenticular secondary wall thickenings; outer layer of cortex continuous, without
rosettes.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli dioecious; procarpic and monocarpogonial. Carpogonial
branches 3-celled, borne laterally to outwardly on inner cortical cells. Auxiliary cells
intercalary, next outwardly to the supporting cells, diploidized by direct fusion or a short
process. Gonimoblast initial single, inwardly directed and often developing a basal nutritive
tissue, branching to form a reticulum of elongate cells which cut off numerous clusters of
small cells producing radially single, relatively large, carposporangia. Cystocarps
protuberant, usually sub-spherical, sessile, with a thick pericarp of small cells in anticlinal
chains, usually non-ostiolate. Spermatangia cut off from outer cortical cells of small laterals.
Tetrasporangia formed in swollen sori or nemathecia partly or completely surrounding
the base of short lateral branchlets, zonately divided.

A family with two genera, the common genus Hypnea with numerous species, and the
parasitic genus Hypneocolax.
The Hypneaceae are characterised particularly by the carposporophyte structure,
consisting of a reticulum of elongate cells with numerous discrete clusters of small cells
bearing single carposporangia, as illustrated by Kylin (1930, fig. 39A, B) for the type species
of Hypnea. This is distinct from the carposporophyte of the Cystocloniaceae which is an
erect, branched, structure with terminal chains of carposporangia. In vegetative structure and
other reproductive details these two families are similar, though members of the Hypneaceae
normally have a uniform outer cortical layer in contrast to the rosettes of the
Cystocloniaceae.
KEY TO GENERA OF HYPNEACEAE
1.

1.

Thallus erect or basally entangled, much branched usually with numerous short lateral
branchlets, several to many cm high, branches terete to compressed; cystocarps
globular, sessile on branches; tetrasporangia in sori around the base of short lateral
branchlets ........................................................................................................... HYPNEA
Thallus 0.2-2 mm high, pulvinate and lobed to stellate, parasitic on Hypnea
............................................................................................................... HYPNEOCOLAX
Genus HYPNEA Lamouroux 1813: 131

Thallus erect, often from an entangled base, much branched usually with numerous,
short, lateral branch lets, branches terete to compressed; attachment by discoid haptera or
hamate branch ends. Structure uniaxial, apical cell protruding, axial filament distinct
throughout, medulla large-celled usually with numerous secondary pit-connections, cells
multinucleate, cortex 1-3 cells broad, outer layer usually continuous and without rosettes.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli dioecious; procarpic and monocarpogonial. Carpogonial
branches 3-celled, borne laterally to outwardly on inner cortical cells. Auxiliary cells
intercalary, next outwardly to the supporting cells. Gonimoblast initial single, inwardly
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Fig. 153. A-C. Hypnea filiformis (A, AD, A54290; B, AD, A38704; C, AD, A41588). A. Habit. B.
Transverse section of older branch. C. Section of cystocarp with clusters of carposporangia. D-G.
Hypnea ramentacea (D, AD, A54993; E, AD, A43719; F, G, AD, A42362). D. Habit. E. Section of
cystocarp with clusters of carposporangia. F. Laterals with sperrnatangial sori. G. Longitudinal section
of sperrnatangial branchlet.
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directed and often developing adjacent nutritive tissue, forming outwardly filaments of
elongate cells which form a reticulum and pit-connect to inner cells of the pericarp; smaller
or lateral cells of the reticulum form clusters of small cells which produce single,
subspherical to ovoid, carposporangia. Cystocarps protuberant, subspherical to conical,
sessile, with a pericarp of anticlinal chains of cells, ostiolate or not. Spermatangia cut off,
often in short chains, from initials derived from outer cortical cells of short lateral
branchlets.
Tetrasporangia formed in swollen nemathecia partly or completely surrounding the base
of short lateral branchlets, zonately divided.
Lectotype species: H. musciformis (Wulfen)Lamouroux 1813:131.

A genus of numerous species with many uncertain names, much in need of a detailed
monographic revision. The lectotype species has been described in detail by Kylin (1930, p.
50, figs 35-39).
This account of southern Australian species of Hypnea is provisional. While most
specimens fall into one of the four species below, other species probably occur.
KEY TO SPECIES OF HYPNEA
1.
1.

Thallus without numerous, short, spinous branchlets covering the axes or branches;
tetrasporangia in swollen areas of lateral branches ..................................... 1. H. filiformis
Thallus with numerous, short, spinous branchlets covering the axes and branches;
tetrasporangia in swollen nemathecia over the base of the branchlets ............................. 2
2.
2.

Thallus dark red, relatively robust, with numerous hamate branches from both
the lower and upper parts of the thallus ....................................... 2. H. ramentacea
Thallus red-brown to light red, relatively slender, without hamate branches ........ 3

3. 'Thallus light to medium red to red-brown, without percurrent branches, with all
branches bearing numerous short spinous branchlets, more or less at right-angles
.................................................................................................................... 3. H. charoides
3. Thallus medium to dark red-brown, main branches percurrent, with relatively few
spinous branchlets on main branches and these, as well as lesser branches, directed
upwards rather than at right-angles ............................................................ .4. H. valentiae
1. Hypnea filiformis (Harvey)Womersley, comb. nov.

Heringiafiliformis Harvey 1855a: 549. J. Agardh 1876: 438; 1894: 137. De Toni
1900: 403.
FIGS 153A-C, 154A, B
Thallus (Fig. 153A) medium to dark red, 3-14 cm high, with percurrent main branches
bearing radially irregular laterals at intervals of 2-12 mm below, less near the apices, but
without the numerous short lateral branchlets typical of most species of Hypnea; branches
terete, filiform, tapering apically, lower branches 400-700 (-900) 11m in diameter, decreasing
gradually to 250-400 11m in diameter shortly below the apices; occasional branches hamate.
Holdfast fibrous to stoloniferous, slender, with small hapteroid discs attaching to stones or
other algae; epilithic or epiphytic. Structure uniaxial, with a protruding apical cell, axial
filament distinct throughout, becoming 40-100 (-140) 11m in diameter with cells l1D 4-8,
surrounded by a medulla 2-3 cells broad, cells large, ovoid, thick-walled, 50-90 (-130) 11m
in diameter (Fig. 153B) with numerous secondary pit-connections, and a small-celled cortex
(1-) 2 cells broad, outer cells 5-12 (-18) 11m in diameter and l1D 1-2. Rhodoplasts discoid
and numerous in outer cells, becoming ribbon shaped in medullary cells.
Reproduction. Sexual thalli dioecious. Carpogonial branches and early post-fertilization
stages not observed. Carposporophyte (Fig. 153C) with a lax reticulum of elongate cells with
shorter cells producing clusters of small cells which cut off single, subspherical to ovoid
carposporangia 18-28 11m in diameter. Cystocarps globular, protuberant, 0.75-1.25 mm in
diameter, sessile and not basally constricted, with a pericarp 4-8 cells thick, non-ostiolate.
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Fig. 154. A, B. Hypnea filifonnis (A, AD, A19769; B, AD, A61512). A. Section of cortex with
spermatangia. B. Transverse section of cortex with tetrasporangia. C. Hypnea ramentacea (AD,
A42362). Section of cortex with spermatangia. D, E. Hypnea charoides (D, AD, A61582; E, AD,
A60042). D. Section of cortex with spermatangia. E. Section of cortex with tetrasporangia. F. Hypnea
valentiae (AD, A48965). Section of cortex with tetrasporangia. G-I. Catenella nipae (G, AD,
A60381; H-I, AD. A26432). G. Habit of a tetrasporanl;:ial plant. H. Longitudinal section of apical
segment with several carpogonia\ branches and a fusIOn cell producing gonimoblast initials. •.
Longitudinal section of cortex with tetrasporangia. [H, I after Min-Thein & Womersley 1976.]
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Spermatangia (Fig. 154A) scattered, cut off via initials from outer cortical cells, ovoid, 3-4
!lm in diameter.

Tetrasporangia (Fig. 154B) scattered in the cortex of lateral branches, basally pitconnected to inner cortical cells, ovoid, 35-55 !lm long and 18-35 !lm in diameter, zonately
divided by successive cleavages.
Type from Garden I., W. Aust. (Harvey, Trav. set 182); not located in TCD. [Harvey, Alg.
Aust. Exsicc. 312a, from the "Swan R", is in TCD].
Distribution: Port Denison, W. Aust., to Nora Creina, S. Aust.
Selected specimens: Port Denison, W. Aust., drift (Kraft 4003, 14.xii.1971; AD, A41722). Venus
Bay, S. Aust., reef pools (Womersley, 17.i.1951; AD, AI5155). Elliston, S. Aust., 20 m deep outside
bar (Shepherd, 14.v.1971; AD, A38704). Sleaford Bay, S. Aust., rear reef pools, shaded (Womersley,
16.ii.l959; AD, A225 10). Tapley Shoal, S. Aust., 13 m deep on E side (Shepherd, 5.ii.1969; AD,
A33755). O'Sullivans Beach, S. Aus!., 7 m deep (R. Lewis, 23.iii.l972; AD, A41588). Pennington Bay,
Kangaroo I., S. Aus!., rear reef pools (Womers[ey, 22.viii.l954; AD, A19769 and Prud'homme van
Reine, 26.ix.1988; AD, A59120). Robe, S. Aust., shaded rear reef pool (Womers[ey, 7.xii.l991; AD,
A61512). Nora Creina, S. Aust., upper sublittoral in bay (Goff & Womersley, 12.ix.1983; AD,
A54290).

H. fili/ormis has a cystocarp typical of Hypnea, with clusters of single, terminal,
carposporangia within a non-ostiolate pericarp. It differs from other species in lacking the
numerous short, often spinous, branch lets covering the main branches, and in the
tetrasporangia lying in the cortex of the branches rather than in distinct basal nemathecia on
the branch lets. In some plants the tetrasporangia appear to be liberated as bisporangia,
though some cleavages into four spores are usually visible.

2. Hypnea ramentacea (C. Agardh)J. Agardh 1876: 561.
Chondria ramentacea C. Agardh 1822: 354.
Merrifieldia ramentacea (C. Agardh)J. Agardh 1885: 57. De Toni 1900: 469. Kylin
1932: 47.
Hypnea episcopaUs Hooker & Harvey 1847: 406. J. Agardh 1852: 443; 1876: 561.
De Toni 1900: 473. Fuhrer et al. 1981: pI. 60. Harvey 1855a: 552; 1858: pI. 23;
1859b: 315; 1863, synop.: xxxvi. Kiitzing 1849: 760; 1868: 10, pI. 30d-h.
Hypnea rigens Sonder 1853: 684. Harvey 1863, synop.: xxxvi.
Hypnea cystocionioides Sonder 1855: 519. Harvey 1863, synop.: xxxvi.
Hypnea ceramioides var. uncinata Kiitzing 1868: 8, pI. 24.
Hypnea valida 1. Agardh 1896: 108. De Toni 1900: 473.
FIGS 153D-G, 154C, 155A, B
Thallus (Fig. 153D) dark red, (6-) 10-25 cm high, often with an entangled base and
erect percurrent axes bearing dense, radial, laterals of varying lengths, lower thallus branches
often relatively bare, elsewhere with numerous short spinous branch lets especially on central
parts of axes and branches, and with many axes, longer branches and lower laterals
terminating in thickened hamate ends (Fig. 153D); all branches terete or subterete, axes
0.5-1 (-1.2) mm in diameter below, lesser branches 200-400 /lm in diameter, basally not or
slightly constricted. Attachment mainly by lower hamate branches, probably with a discoid
holdfast when young; usually epiphytic. Structure uniaxial with a protruding apical cell,
axial filament recognisable throughout, becoming 25-80 (-100) !lm in diameter with cells
LID 4-6, surrounded by a medulla 2-3 cells broad, cells ovoid and 40-100 (-200) !lm in
diameter with numerous secondary pit-connections, and a small-celled cortex 1-2 cells
broad, outer cells 4-9 !lm in diameter and LID 1-2. Rhodoplasts discoid, several to
numerous per cell.
Reproduction. Sexual thalli dioecious. Carpogonial branches and early post-fertilization
stages not observed. Carposporophyte (Fig. 153E) with a lax reticulum of elongate cells
arising basally and pit-connected to inner pericarp cells, with shorter cells producing clusters
of small cells which cut off single, subspherical to ovoid, carposporangia 20-35 !lm in
diameter. Cystocarps sessile, broad based, conical to globular, (600-) 750-1000 /lm in basal
diameter, with a pericarp 4-8 cells thick, slightly beaked, ostiolate. Spermatangia (Fig.
153G) borne in sori surrounding lower to mid parts (Fig. 153F) of lateral branchlets or lesser
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branches, with initials from outer cortical cells producing chains of 3-5 ovoid spermatangia
(Fig. 154C) 2-3 11m in diameter.
Tetrasporangia in swollen nemathecia (Fig. 155A) partly or wholly around the lateral
branchlets or lesser branches just above their bases, laterally to basally pit-connected to inner
cortical cells (Fig. 155B), ovoid, 40-65 11m long and 20-38 11m in diameter, zonately
divided successively but rapidly.

Type from "Novae Hollandiae"; holotype in PC ("No. 21 "), fragment in Herb. Agardh, LD,
27514.
Distribution: Port Denison, W. Aust., to Walkerville, Vic., and the N coast of Tasmania.
Selected specimens: Port Denison, W. Aus!., on reef (Womersley, 31.viii.l947; AD, A5849).
Whitfords Beach, Perth, W. Aust., 6 m deep (Cook, 20.viii.1979; AD, A50567). Rottnest I., W. Aust.,
drift on Scytothalia (Smith, 15.xi.1945; AD, A2137). Esperance, W. Aust. (Firman, Dec. 1951; AD,
AI8917). Pearson Is, S. Aust.. 20-25 m deep (Shepherd. 8.1.1969; AD, A33859). Waterloo Bay. S.
Aust., 4 m deep (Shepherd, 26.ii.1978; AD, A54993). Wanna. S. Aust., drift (Womersley. 19.1i.1959;
AD, A2237l). Dubious Rock, West I., S. Aust., 10 m deep (Shepherd, 3.i.l966; AD. A30272).
Vivonne Bay, Kangaroo I., S. Aus!., 1-4 m deep on jetty (Kraft, 6.iv.1972; AD, A42362) and 3-6 m
deep on jetty (Kraft, J5.iv.1973; AD, A43719). 400 m off Cape Buffon, S. Aust., 5 m deep (Collings,
25.i.l991; AD, A61233). Glenelg R. mouth, Vic., drift (Beauglehole, 26.i.l952; AD, A21696). Cape
Woolamai, Vic .• 15-18 m deep (Goldsworthy & Berthold, 16.ii.l990; AD, A60194). Walkerville, Vic.,
drift (Sinkora A2293. 6.iii.I976; AD, A48439). Rocky Cape, Tas., drift (Gordon, 18.i.1966; AD,
A29957). Georgetown, Tas., upper sublittoral (Womersley, 29.i.1949; AD, A10252).

The type of H. ramentacea (in PC) is a sterile specimen and without hamate branches,
but otherwise agrees well with the species commonly known as H. episcopalis. Another
specimen named Chondria ramentacea, from "Occid. Nov. Holl.", in PC, does have some
hamate branches. H. ramentacea is a common species on rough-water coasts, epiphytic on a
variety of other algae. It is usually readily recognised by its dark red colour and profuse
branching with many hamate ends. The formation of chains of 3-5 spermatangia also
appears distinctive.
H. ramentacea is the type species of Merrifieldia J. Agardh, though his descriptions and
figures (1885, pp. 55, 56, fig. 5 1, m) probably apply to a different species (the type was
sterile). Merrifieldia was placed in synonymy under Hypnea by Kylin (1932, p. 47) but the
species was not compared with H. episcopalis. The holotype of H. rigens Sonder, from
Holdfast Bay, S. Aust., is in MEL, 698108, also the lectotype of H. cystoclonioides (MEL,
698106, left specimen) from Wilsons Prom., Vic.; both are H. ramentacea.

3. Hypnea charoides Lamouroux 1813: 132, pI. 10 figs 1-3. Harvey 1859b: 315. Hooker &
Harvey 1847: 406. Ktitzing 1868: 8, pI. 22a, b. Silva, Mefiez & Moe 1987: 49.
Sonder 1848: 189; 1853: 685. Tanaka 1941: 243, fig. 16?
H. seticulosa J. Agardh 1852: 446; 1876: 562. Harvey 1855a: 552; 1863, synop.:
xxxvi.
H. divaricata (Turner)GrevilIe 1830: Iix sensu Harvey 1855a: 552 (Alg. Aust.
Exsicc. 338B); 1863, synop.: xxxvi. Sonder 1848: 190.
Fucus divaricatus Turner 1811: 110, pI. 181?
FIGS 154D, E, 155C-F
Thallus (Fig. 155C) light to medium red to red-brown, (5-) 10-20 cm high, tufted and
much branched irregularly, with an entangled base and erect branches, usually not strongly
percurrent; branches terete throughout, covered (usually densely) with slender spinous
branchlets 1-3 mm long and 100-250 11m in diameter, mostly directed at right angles to the
parent branch. Attachment by small, discoid, haptera; epiphytic, usually on Amphibolis,
occasionally on other algae. Structure uniaxial, apical cell conspicuous, axial filament
recognisable throughout, 20-50 (-90) 11m in diameter with cells lJD 4-8, surrounded by a
medulla 2-3 cells broad, cells ovoid and (30-) 50-90 (-150) 11m in diameter with few
secondary pit-connections, and a small-celled cortex 1-2 cells broad, outer cells ovoid and
10-20 11m in diameter, with odd smaller, often darker staining, cells 4-9 11m across cut off
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Fig. 155. A, B. Hypnea ramentacea (AD, A43719). A. Branchlets with tetrasporangial nemathecia. B.
Longitudinal section of branchlet with tetrasporangia. C-F. Hypnea charoides (0, E, AD, A61582; C,
F, AD, A60042). C. Habit. D. Section of a cystocarp with clusters of carposporangia. E. Clusters of
small cells of the carposporophyte and single, large, carposporangia. F. Spermatangial branchlets.
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outwardly and lying over the margins of their initials. Rhodoplasts discoid, numerous per
cell.
Reproduction. Sexual thalli dioecious. Carpogonia\ branches and early post-fertilization
stages not observed. Carposporophyte (Fig. 155D) with a lax reticulum of elongate cells
developed from several basal cells and with the upper cells in pit-connection with inner
pericarp cells, producing clusters of smaller cells laterally (Fig. 155E) with each cell
producing single (occasionally a chain of two) subspherical to ovoid carposporangia 25-35
J.lm in diameter. Cystocarps sessile on lateral branchlets, globular and 0.5-1.5 mm in
diameter, base broad to slightly constricted, with a pericarp 3-5 cells thick, cells ovoid and
separated, non-ostiolate. Spermatangia in sori (Fig. 155F) near base of branchlets, cut off
from outer cortical cells via initials, in short, often branched chains (Fig. 154D), ovoid, 2-3
J.lm in diameter.
Tetrasporangia (Fig. 154E) in nemathecia near the base of the branchlets, basally to
laterally pit-connected to inner cortical cells, ovoid, 50-80 J.lm long and 20-35 J.lm in
diameter, zonately divided by successive but rapid divisions.

Type from "Nov. Holl."; apparently lost (see below).
Distribution: Port Denison, W. Aust., to Cape Jaffa, S. Aust., and N Tasmania.

Selected specimens: Port Denison, W. Aust., drift (Kraft, 14.xii.l971; AD, A41719). Swan R, W.
Aust. (Clifton; AD, AI8180). Safety Bay, W. Aust., drift (Womersley, 23.viii.1947; AD, A5821). King
George Sound, W. Aus!. (Harvey, Alg. Aust. Exsicc. 338B, as H. divaricata; AD, AI8408). Esperance,
W. Aust-, drift (Firman, Dec. 1951; AD, A18897). Sturt Bay, S. Aust. (AD, A679). Tiparra reef, S.
Aust., 11 m deep on Amphibolis antarctica (Shepherd, 29.i.I972; AD, A41858). Tapley Shoal, S.
Aus!., 13 m deep on E side (Shepherd, 5.ii.1969; AD, A33756). Off West Beach, S. Aust., 6 m deep
(Shepherd, 20.xi.l970; AD, A37687). Rocky Point, Kangaroo I., S. Aust., drift (Womersley,
26.viii.l950; AD, AI3314). Muston, American R inlet, Kangaroo I., S. Aus!., upper sublittoral
(Womersley, 27.viii.1950; AD, A15371). Cape Jaffa, S. Aust., drift, on Amphibolis (Womersley,
3.xii.1989; AD, A60042 -"Marine Algae of southern Australia" No. 341, and lO.xii.199J; AD,
A61582). Low Head, Tas. (Perrin & Lucas, Jan 1931; AD, A47170).

H. charoides appears to be essentially a western species extending largely along
southern Australia, found under moderate wave action and commonly epiphytic on
Amphibolis. Var. B delicatula Sonder (1848, p. 190), type in MEL, 501408, appears to be a
separate species, probably not a Hypnea.

Silva et ai. (1987, p. 48) claimed that the name of Lamouroux (1813) was invalid since
Lamouroux did not provide a description. However, Art 44.2 recognises illustrations as
validating a name, and H. charoides should be credited to Lamouroux. Lamouroux's figures
are clearly of a Hypnea, but his original illustrated specimen is apparently not in eN; until it
is found, Lamouroux's illustrations must serve to lectotypify the species. The type may have
been collected by one of the early French expeditions, that of D'Entrecasteaux (1791-1794)
or Baudin (1800-1804), and must have come from south-western or south-eastern coasts of
Australia. A specimen from Tasmania, sent by Lamouroux to c. Agardh (1828, p. 141) was
placed by C. Agardh as a synonym of Ceramium (Spyridia)Jilamentosa; this specimen must
clearly be distinct from the type (illustrations).
It seems almost certain that Sonder's H. charoides is the same as Lamouroux's species,
since there is only one species on southern Australian coasts with the features described
above, and the divergent laterals of Lamouroux' illustration agree with this species, as does
the Preiss specimen in MEL, 501408, named H. charoides by Sonder. H. seticulosa J.
Agardh (1852, p. 446) was based.on H. charoides Sonder (1848, p. 189) since J. Agardh
considered it distinct from H. charoides Lamouroux. The earlier name of F. divaricatus
Turner is probably the same species but is made illegitimate by F. divaricatus Linnaeus
(1753, p. 1159), a synonym of Fucus vesiculosus L.

H. charoides has cystocarps and carposporophytes typical of Hypnea, with groups of
small cells cut off from cells of the reticulum producing mostly single, relatively large,
carposporangia; occasionally however, two carposporangia may be in pit-connection,
maturing together. The thallus surfaGe, however, is more like that of Calliblepharis
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planicaulis, with a single layer of cortical cells cutting off occasional small cells which
sometimes appear almost gland-like; this is less marked than in C. planicaulis, which has a
carposporophyte with erect gonimoblast filaments producing chains of carposporangia. C.
planicaulis also has compressed lower axes and branches and hamate branch ends, whereas
H. charoides does not.
H. charoides has been recorded (e.g. by Silva et al. 1987, p. 49) from many countries
apart from Australia. All such records need checking as to whether they agree with the above
description.

A

B
.~'

o

!~~

I: \1. qIHllhl!J'Ojill'
2

J

Fig. 156. A-t..;. Hypnea valentiae (AD, A48965). A. Habit. B. Section of cystocarp with clusters of
carposporangia, C. Branchlets with tetrasporangial nemathecia. D. Catenella nipae (AD, A60381).
Habit.
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4. Hypnea valentiae (Turner)Montagne 1841: 161. J. Agardh 1852: 450. Chapman 1979:
354, pI. 144? Dawson 1961: 238, pI. 37. Millar 1990: 349, fig. 22C. Mshigeni
1978: 878, fig. 15(?). Papenfuss 1968b: 89. Silva et al. 1987: 50.
Fucus valentiae Turner 1809: 17, pI. 78.
Hypnea hamulosa sensu Sonder 1848: 190?
FIGS 154F, 156A-C
Thallus (Fig. 156A) medium to dark red-brown, (5-) 10-30 em high, usually with a
main percurrent axis and long percurrent lateral branches, much branched with irregular
radial laterals becoming gradually shorter, main branches with numerous short, spinous,
branchlets; all branches and branchlets directed upwards and not at right angles to parent
branches; hamate branches absent. All branches terete, axes 1-1.5 (-2) mm in diameter
below, decreasing gradually to lesser branches 200-300 11m in diameter, branchlets basally
150-200 11m in diameter, tapering from their base to an acute apex. Attachment by small
discoid haptera to stones and shells. Structure uniaxial with a protruding apical cell, axial
filament conspicuous throughout, becoming 30-60 11m in diameter with cells LID 4-10,
surrounded by a medulla 2 (-3) cells broad, inner cells ovoid and 40-100 (-150) 11m in
diameter with numerous secondary pit-connections, and a small-celled cortex I (-2) cells
broad, outermost cells in an even layer, (5-) 6-9 11m in diameter and LID 1-2. Rhodoplasts
discoid to elongate, several to numerous per cell, ribbon shaped in inner cells.
Reproduction. Sexual thalli probably dioecious. Carpogonial branches and early postfertilization stages not observed. Carposporophyte (Fig. 156B) with a lax reticulum of
elongate cells in filaments from several basal cells to upper peri carp cells, with smaller
lateral cells producing clusters of small cells which cut off single, subspherical to ovoid,
carposporangia 12-25 !lm in diameter. Cystocarps mainly on the branchlets, sessile,
globular, not or slightly basally constricted, 250-500 (-700) 11m in diameter, with a pericarp
2-4 cells thick, ostiole small and weakly defined. Spermatangia not observed.
Tetrasporangia in swollen nemathecia (Fig. 156C) around the lower part of lateral
branchlets, basally pit-connected to inner cortical cells (Fig. 154F), ovoid, 25-60 11m long
and 12-25 !lm in diameter, zonately divided.

Type from the Red Sea; in BM.

Distribution: Widely distributed in tropical and subtropical waters.
In southern Australia, from Coffin Bay, S. Aust., to Crawfish Rock, Westernport Bay,
Vic.

Selected specimens: Coffin Bay, S. Aust., 1-2 m deep opposite Crinolin Point (P. Womersley,
l.xi i.l 975; AD, A46796). Port Adelaide, S. Aus!., 30-60 em deep on Commercial Fishing Marina
(Leupold, 24.v.1984; AD, A55112). Port Stanvac. S. Aus!., II m deep (Rowland, 7.ii.l987; AD,
A57349). Bay of Shoals, Kangaroo I., S. Aus!., 3 m deep in channel (Womersley, 5.i.l990; AD,
A60123). Cockle Bank, American R. inlet, Kangaroo 1., S. Aust., upper sublittoral (Womersley,
1.i.l949; AD, AI0443). Muston, Kangaroo I., S. Aust., 4-5 m deep (Shepherd, 29.xii.1977; AD,
A48965). Williamstown, Vic., on rocks (Hansen, 28.xii.l963; AD, A20448). Crawfish Rock,
Westernport Bay, Vic., 2 m deep (Shepherd, 3l.i,1970; AD, A35201) and 0 m deep (Watson,
29.v.1974; AD, A44416).

H. valentiae occurs in sheltered localities but usually where there is current flow, e.g. on
the sides of channels. The southern Australian specimens agree fairly well with Turner's
original illustration and description, and they are referred to this species pending further
detailed study of the type specimens and variation of the taxa of Hypnea.
H. hamulosa sensu Sonder (1848, p. 190) may be H. valentiae (but see Papenfuss 1958,
p. 105).
Other species of Hypnea credited to southern Australia.

1.

Hypnea musciformis (Wulfen)Lamouroux has been recorded from southern Australia by
many authors, Sonder (1848, p. 189) and Harvey (l855a, p. 552; 1863, synop.: xxxvi)
being the earliest. However, no specimens from southern Australia appear to match this
species from the Mediterranean (the type locality) where the longer, upper branches are
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hamate, and until specimens are found which do agree with Mediterranean plants, this
species should be excluded from southern Australia.

2.

Hypnea cenomyce J. Agardh 1852: 452; 1876: 564. De Toni 1900: 481. Harvey 1855a:
552; 1863, synop.: xxxvi. May & Larkum 1981: 456. Millar & Kraft 1993: 19. Sonder
1853: 685.
The probable type of H. cenomyce, from "Nov. Holl." is in Herb. Agardh, LD, 33882,
though J. Agardh gave "Hb. Greville" in describing the species.
J. Agardh's description was of a sterile plant with a pulvinate entangled base and
emergent erect branches. This habit occurs in young plants of H. ramentacea especially
under rough-water conditions [e.g. AD, A4485 from Pennington Bay, Kangaroo I., S.
Aust., sublittoral fringe (Womersley, 13.iv.1947)], and H. cenomyce may be only such a
basal mat form of the above or some other species. H. cenomyce has been recorded
from several other countries [e.g. from Japan by Tanaka (1941, p. 250, fig. 21)].

3.

Hypnea hamulosa (Turner)Montagne has been applied to southern Australian taxa (e.g.
Lucas 1929b, p. 49; Sonder 1848, p. 190). Papenfuss (1958, p. 105) discussed
uncertainties in the use of this name, and later (1968b, p. 89) placed it as a doubtful
synonym of H. valentiae, as do Silva et at. (1987, p. 50). Australian specimens under H.
hamulosa require re-examination.

Genus HYPNEOCOLAX Boergesen 1920: 479
Thallus white to pale red, 0.2-2 mm high, with a short basal stalk attached to the host
and a globular head with radial lobes; parasitic on various species of Hypnea. Structure
uniaxial, apical cell inconspicuous, with an axial filament in each lobe; medulla of ovoid
cells with numerous secondary pit-connections, cortex 1-3 cells thick.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Thalli monoecious or dioecious; procarpic and monocarpogonial.
Carpogonial branches 3-celled, borne outwardly on an inner cortical cell. Auxiliary cells
intercalary, next outwardly to the supporting cell. Gonimoblast initial single, formed
outwardly, producing filaments in a reticulum, the outer cells establishing pit-connections
with inner pericarp cells and cells of the reticulum forming clusters of small cells which cut
off single, ovoid, carposporangia. Cystocarps protruding from the parent lobe, pericarp 1-4
cells thick, non-ostiolate. Spermatangia cut off in short chains, via initials, from outer
cortical cells.
Tetrasporangia cut off from outer cortical cells in sori, zonately divided into bisporangia
or tetrasporangia.
Type species: H. stellaris Boergesen 1920: 479, figs 433-435.
Hypneocolax is widely distributed on various species of Hypnea, with only a single
species recognised, with two forms: the type form, f. stellaris, with bisporangia, from the
West Indies, and f. orienta lis Weber· van Bosse (1928, p. 393, fig. 143) from Indonesia, with
tetrasporangia. The southern Australian specimens agree with the latter form (considered
below as a subspecies).
The reproduction of Hypneocolax has been investigated by Fan (1961).

Hypneocolax stellaris Boergesen 1920: 479, figs 433-435. subsp. orientalis (Weber-van
Bosse)Womersley, stat. nov.
Forma orientalis Weber-van Bosse 1928: 393, fig. 143. Dawson 1961: 234, pI. 26
fig. l. Fan 1961: 119, pIs 54-56. Kraft & Woelkerling 1981: 81, fig. 4.IH; 1990:
46, fig. 3.2H. Kylin 1956: 304. Mshigeni 1976: 829, figs 1-4. Segawa 1941: 261,
fig. 8. .

FIG.IS7
Thallus (Fig. 157A) white to pale grey-red, 0.2-2 mm high, with a short stalk from the
host branch and a head of numerous rounded lobes; parasitic on various species of Hypnea.
Structure uniaxial (Fig. 157C), apical cell inconspicuous, cells of the axial filament cutting
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Fig. 157. Hypneocolax scellaris subsp. orientalis (AD, A6l5I3). A. Habit. on Hypnea fil~formis. B.
Longitudinal section of Hypneocolax on a branch of Hypnea filiformis. C. Longitudinal section of a
uniaxial lobe. D. Section of a cystocarp with clusters of carposporangia. E. Section of cortex with
spennatangia. F. Section of cortex with tetrasporangia.
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off usually two periaxial cells, developing a medulla (axial filament not recognisable) of
irregular ovoid cells 40-150 !lm in diameter, with numerous prominent secondary pitconnections between them and also to the very similar host cells (Fig. 157B); cortex lax, 3-5
cells broad, cells separated, outer cells 4-9 !lm in diameter, UD (1-) 2-4 in sectional view.
Reproduction. Sexual thalli monoecious or dioecious. Carpogonial branches 3-celled,
borne on inner cortical cells, with the auxiliary cell next outwards from the supporting cell
(Fan 1961); gonimoblast developing a reticulum (Fig. 1570) with the auxiliary cell usually
visible more or less centrally or basally, with smaller cells of the reticulum producing
clusters of small cells which cut off single, subspherical to ovoid, carposporangia 12-24 !lm
in diameter. Cystocarps swollen and partly protruding from the lobes, 400-600 !lm across,
with a pericarp 3-4 cells thick, non-ostiolate. Spermatangia (Fig. 157E) in sori, cut off via
initials from outer cortical cells, in short chains, ovoid, 2-3 !lm in diameter.
Tetrasporangia in sori (Fig. 157F) in the outer cortex, basally pit-connected, elongateovoid, 25-40!lm long and 12-22!lm in diameter, zonately divided.

Type (of f. orientalis) from the Aru Islands, Indonesia; probably in L?
Distribution: Tropical to temperate Indo-Pacific [f. stellaris in the West Indies].
In southern Australia, from Garden I., W. Aust., to Robe, S. Aust.

Selected specimens: Garden

I., W. Aust., 10 m deep W of causeway, on H. episcopalis (AIMSNCI, Q66C 2767-X. 20jii.l989; AD, AS9748). Scotts Bay. S. Aust.. upper sublittoral on H.
episcopaUs (Womersley. 27.i.19SJ; AD. AJ3929). Masillon L, Isles of St Francis, S. Aust., 4-6 m deep
on H. filiformis? (Shepherd. 5.i.l971; AD, A37907). Port Elliot. S. Aust., drift on H. episcopa/is
(Womersley, 20.U960; AD, A23993). Robe, S. Aus!., shaded reef pool S of jetty (Womersley,
7.xii.l991; AD, A61SJ3).

Southern Australian specimens of Hypneocolax appear to agree well with f. orientalis
Weber-van Bosse, but the difference between the two "forms" (bi- or tetrasporangia) is
certainly of greater degree than that of forms, and the Pacific taxon is here regarded as a
subspecies. The species was reported by Goff (1982, p. 297) from Victoria.
FAMILY CAULACANTHACEAE Ktitzing 1843: 389, 394
Thallus erect or entangled (one genus pulvinate and parasitic), branches terete or
compressed. Structure uniaxial or with a small group of apical cells, axial cells with 1 or 2
periaxial cells producing a medulla of either lax periaxial filaments (without rhizoids) or
becoming pseudoparenchymatous, with the axial filament distinct throughout or soon
inconspicuous, and a pseudoparenchymatous cortex.
Life history triphasic with isomorphic gametophytes and tetrasporophytes,
Reproduction, Sexual thalli monoecious or dioecious; non-procarpic. Carpogonial
branches borne on inner cortical or outer medullary cells, (2-) 3 (-5)-cel1ed, straight and
more or less outwardly directed; connecting filaments usually single (often more in
Catenella), relatively short, unbranched and non-septate; auxiliary cell a nearby inner
cortical cell, producing after diploidization a single inward gonimoblast initial or several
outwardly (in Heringia), without adjacent vegetative cells forming nutritive tissue, followed
by development of an extensive fusion cell with radial gonimoblast filaments bearing single
or short chains of carposporangia. Cystocarps without filamentous enveloping tissue, usually
ostiolate. Spermatangia cut-off from outer cortical cells in clusters or rosettes.
Tetrasporangia scattered or in nemathecia. basally attached to inner cortical cells.
successively zonately divided.
A family of 7 or 8 genera, with one in southern Australia. The family is not clearly
defined, but is characterised by the usually distinct axial filament (not in Catenella) cutting
off 1 or 2 periaxial cells, the lack of rhizoids in the medulla, the straight, outwardly directed,
carpogonial branches, the lack of nutritive cells adjacent to the auxiliary cell, and the lack of
filamentous enveloping tissue. These features contrast with the Areschougiaceae, though
several are found in Melanema, which may be better placed in the Caulacanthaceae.

Catenella
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Genus CATENELLA Greville 1830: 166, nom. cons.

Thallus clumped or entangled, branches segmented with elongate-ovoid internodes and
constricted nodes, branching from the distal ends of internodes, segments terete to
compressed, attached by numerous haptera; epilithic or on wood or mangroves. Structure
uniaxial or with a small group of apical cells producing several similar axial filaments, each
cell with 1 or 2 periaxial cells, and a lax reticulate medulla, with a cortex 2-5 cells thick.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli dioecious; non-procarpic. Carpogonial branches (2-) 3 (-5)celled, sometimes with sterile cells on the basal cell, borne on inner cortical or outer to mid
medullary cells, relatively straight and outwardly directed, producing 1-2 connecting
filaments. Auxiliary cell an inner cortical or outer to mid medullary cell, producing a
gonimoblast initial more or less inwardly and forming a fusion cell with radial gonimoblasts
with chains of ovoid carposporangia. Cystocarps swelling the branchlets and becoming
stipitate, without filamentous enveloping tissue and with the cortex only slightly thickened,
more or less ostiolate. Spermatangia scattered, cut off from outer cortical cells.
Tetrasporangia scattered, usually densely, in the outer cortex, laterally attached, zonate1y
divided.

Type species: C. opuntia (Goodenough & Woodward)Greville 1830: lxiii, 166. [=
caespitosa (Withering)Irvine in Parke & Dixon 1976: 590].

c.

A genus of 5 species mainly in the tropics and subtropics and often associated with
mangroves. One species reaches southern Australia.
Characterised by the elongate-ovoid segments with haptera on many segments, the small
group of one to a few apical cells giving several similar axial filaments, and the chains of
carposporangia from the irregular fusion ceIL
Catenella nipae Zanardini 1872: 143, pI. 6A, figs 1-7. Davey & Woelkerling 1980: 59.
Min-Thein & Womersley 1976: 50, figs 17, 59. Post 1936: 68; 1964: 252. Tseng
1942: 143, fig. 2.
Catenella opuntia sensu Harvey 1863: pL 296.
Catenella opuntia var. elatior J. Agardh 1876: 588. Kylin 1932: 34.
FIGS 154G-I, 156D
Thallus (Fig. 156D) dark brown-red to purple, fading to yellow-brown, in dense tufts or
masses (1-) 2-10 cm high and across, much branched from the upper end of elongate-ovoid
segments (1-) 3-6 (-10) mm long and 1-2 mm broad, upper segments terete, becoming
compressed below (Fig. 154G). Haptera numerous, developing at the distal ends of segments
which then produce 1-3 new segments just subterminally. Usually on mangroves or jetty
piles, sometimes epilithic. Structure (Fig. 154H) with one or a small group of apical cells,
producing several slender medullary filaments, each cell with a single lateral, which form a
laxly branched, reticulate, medulla and a cortex 3-4 cells thick, outer cells 4-8 Ilm in
diameter and UD 1-2. Rhodoplasts laminate, few per ceIL
Reproduction. Sexual reproduction non-procarpic. Carpogonial branches (Fig. 154H)
(2-) 3-celled, borne on mid medullary cells near apices of young segments, relatively straight
and directed outwards, with a prominent trichogyne and sometimes with a sterile ceIl on the
basal celL Connecting filament single. Auxiliary cell a cell of one of the central filaments,
producing a single gonimoblast initial towards the segment apex, later forming a branched
fusion cell (Fig. 154H) (with a stalk) which cuts off radially chains of ovoid carposporangia
20-30 Ilm in diameter. Cystocarps swollen, 0.5-1 mm in diameter, stipitate; pericarp absent,
cortex not or slightly thickened, with a slight ostiole. Spermatangia unknown.
Tetrasporangia (Fig. 154 I) scattered (often dense) in the cortex of young segments,
laterally to basally pit-connected, ovoid, 50-75 Ilm long and 30-45 Ilm in diameter.

Type from Sarawak, Borneo; holotype(?) in Herb. Zanardini, Museo Civico di Storia
Naturale, Venice.

450

MYCHODEACEAE

Mychodea

Distribution: Indo-pacific tropics; north island of New Zealand.
Westernport Bay, Vic., and Botany Bay, N.S.W., northwards, in calm situations often
on mangroves or jetty piles.

Selected specimens: Stony Point, Western Port, Vic., upper sublittoral on reef (Wollaston,
20.viii.1956; AD, A20554). Crawfish Rock, Westernport Bay, Vic., mid eulittoral, shaded (Womersley,
29.viii.1971; AD, A39449). Corinella, Westernport Bay, Vic., 2 m deep on jetty piles (AIMS-Ncr,
Q66C 3438-C, 14.ii.1990; AD, A60381). Carss Park, Georges R. Est., N.S.W., mid eulittoral
(Womersley, 28.xii.l962; AD, A26432). S side Botany Bay, N.S.W., on Avicenllia pneumatophores
(Womers[ey, 23.i.1975; AD, A46058).

The type of C. opuntia var. elatior J. Agardh is a specimen of Harvey's Alg. Aust.
Exsicc. 421L from Port Jackson, N.S.W., in Herb. Agardh, LD, 34243.
Although Catenella is usually regarded as uniaxial, at least in C. nipae there is a small
group of apical cells (one often just protruding) from which the similar longitudinal
medullary filaments are derived, and each cell of these filaments produces only one lateral.
FAMILY MYCHODEACEAE Kylin 1932: 62

by G.T. Kraft & H.B.S. Womersley
Thallus erect, much branched irregularly to distichously, with terete to slightly or
strongly compressed branches, sometimes proliferous, holdfast discoid or stoloniferous.
Structure uniaxial, distinct near the apices with each axial cell producing two periaxial cells
and filaments, with cross-connector cells and abundant slender rhizoids from the axial cells
forming a filamentous medulla in which the original axial filament becomes inconspicuous
in most species, surrounded by several large cells (the original periaxial cells) and other
medium-sized cells with rhizoidal filaments between them, and a small-celled cortex;
secondary pit-connections abundant; most cells multinucleate.
Life history triphasic with isomorphic gametophytes and tetrasporophytes.
Reproduction. Sexual thalli monoecious; procarpic and polycarpogonial. Carpogonial
branches borne on inner cortical cells in localized fertile areas, directed sideways or
outwards; supporting cells acting as auxiliary cells, diploidized via a short tube from the
fertilized carpogonium. Gonimoblast initials arising laterally and thallus inwardly, with
further development thallus inwardly and gonimoblast filaments forming secondary pitconnections to vegetative cells. Peripheral gonimoblasts separating from the auxiliary cell
and forming isolated groups which form carposporangial primordia and then carposporangia,
at maturity densely filling pockets between sterile cells. Cystocarps immersed and swelling
branch lets, or protuberant, lacking fusion cells and ostioles, and usually with no or slight
filamentous enveloping tissue except when protuberant. Spermatangia formed in scattered,
sunken, clusters in the outer cortex, with a ring of initials each producing 2 to a few
spermatangia.
Tetrasporangia formed from outer cortical cells (in two species intercalary), scattered
(nemathecial in one species). zonately divided.

The family contains a single genus Mychodea, with 11 species all confined to southern
Australia (Kraft 1978).
Genus MYCHODEA Hooker & Harvey 1847: 407
With the characters of the family.

Lectotype species: M. carnosa Hooker & Harvey 1847: 408.
KEY TO SPECIES OF MYCHODEA
1.
1.

Thallus branches terete to compressed, (0.2-) 1-3 (-4) mm broad ................................... 2
Thallus foliose or with tlat branches (2-) 3-10 mm broad ............................................... 9
2.
2.

Branches terete or almost so, laterals irregularly radial ........................................ 3
Branches compressed with laterals mostly marginaL. .......................................... 7

Mychodea

3.
3.

4.

5.

6.

7.

9.

Thallus on rock or solid substrata; holdfasts thick, knobby; branchlets tapering to
a point from rounded shoulders and slightly basally constricted; cystocarps
subterminal in branchlets .................................................................. 1. M. carnosa
Thallus epiphytic on Amphibolis or Posidonia; holdfasts thin, crustose;
branchlets tapering to an acute apex, not basally constricted; cystocarps sessile
along branches .................................................. ,.,""', .. ,.. ,.............. 2. M. gracilaria

Thallus with erect branches arising from a tangled clump of prostrate stoloniferous
branches ..................................................................................................... 3. M. ramulosa
Thallus attached by a single crustose holdfast or by hamate branchlets ........................... 8
8.
8.

9.

Thallus infested with the partly endophytic hydroid Plumulariaflexuosa
........................................................................................................ 7. M. aciculare
Thallus essentially free from infesting hydroids ................................................... 5

Thallus 1-4 cm high, branches 200-500 f.lm in diameter, forming clumps on stems of
Amphibolis ..................................................................................................... 8. M. pusilla
Thallus 5-25 (-40) cm high, branches 2-4 mm in diameter, forming lax thalli or clumps
on sea-grasses or epilithic ....................................................................................... ,......... 6
6.

7.
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Branches densely covered with short conical spines ................................ 6. M. spinulifera
Spines on branches absent or sparse and not conical ....................................................... 4
4.

5.
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Apical cells inconspicuous; lateral branches often hamate ................ 4. M. hamata
Apical cells prominent on young branchlets; hamate branches absent
.......................................................................................................... 5. M. disticha

Surfaces and margins covered with simple or branched spinous ramuli
............................................................................................................. 9. M. acanthymenia
Thallus proliferations largely confined to the margins, with rounded or acute tips ... ,.. , 10
10. Branch apices broadly rounded; apical cells and axial filaments inconspicuous;
medulla of slender filaments; tetrasporangia scattered ............. 10. M. marginifera
10. Branch apices more or less acute; apical cells and the central axial filament
prominent throughout; medulla largely without slender filaments; tetrasporangia
in slight nemathecia ....................................................................... II. M. australis

1. Mychodea carnosa Hooker & Harvey 1847: 408. Kraft 1978: 520, figs
29-31.
Cystoclonium carnosum (Hooker & Harvey)J. Agardh 1851: 309.
Mychodea membranacea Hooker & Harvey 1847: 408. Harvey 1860a: 323.
KOtzing 1849: 723. Lucas & Perrin 1947: 156,
Cystoclonium membranaceum (Hooker & Harvey)J. Agardh 1851: 308.
Mychodea terminalis Harvey I 860a: 323. J. Agardh 1876: 570; 1897: 50. Kylin
1932: 64. Ktitzing 1866: 26, pl. 75a, b. Lucas & Perrin 1947: 156, fig. 26.
Glgartina longipes Kiitzing 1859: 35, pI. 84 fig. 2.
Mychodea longipes (Kiitzing)J. Agardh 1897: 50. Kylin 1932: 64.
Mychodea mallardiae Kiitzing 1866: 27, pI. 77c, d.
FIGS 158A-C, 159
Thallus (Fig 150A) medium to dark red-brown, 10-30 (-40) cm high, much branched
irregularly radially with long axes 3-4 mm in diameter and main branches, with
progressively slenderer and shorter laterals, the branchlets (Fig. 159A, B) usually tapering
abruptly to a point and often basally constricted. Holdfast crustose, knobby, 2-5 mm across;
epilithic or on solid substrata or epiphytic Structure uniaxial with a prominent apical cell and
each axial cell forming two periaxial cells (Fig. 159C) and filaments, soon producing crossconnector cells and a filamentous central medulla (Fig. 159D) with the axial filament
indistinguishable, surrounded by the large-celled outer medulla (with abundant secondary
pit-connections) derived from inner cells of the periaxial filaments; cortex small-celled, 2-4
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Fig. 158. A-C. Mychodea camosa (AD, A44685). A. Habit. B. Longitudinal section of branch with a
mature cystocarp. C. Section of a cystocarp with enlarged auxiliary cell, gonimoblast filaments and
clusters of carposporangia. D, E. Mychodea gracilaria (D, AD, A38245; E, AD, A44688). D. Habit.
E. Section of cystocarp (auxiliary cell disintegrated). [A, B, D, E as in Kraft 1978.]
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cells thick, outer cells ovoid, 2-4 11m in diameter, forming rosettes around the subsurface
cells. Rhodoplasts discoid, becoming ribbon like in inner cells.
Reproduction. Sexual thalli monoecious; procarpic; polycarpogonial. Carpogonial
branches (Fig. 159E) 3-celled, 2-6 borne on enlarged inner cortical (supporting) cells,
directed outwards. Supporting cell becoming the auxiliary cell, producing gonimoblast
initials laterally and inwardly (Fig. IS9F), forming branched filaments of cells which ramify
between surrounding vegetative cells with pit-connections to them, ultimately forming small
groups of branched chains of ovoid carposporangia (Fig. IS8C) 8-15 IJm in diameter within
the matrix of sterile tissue. Cystocarps (Figs 158B, 159B) immersed but swelling the
branchlets, usually subterminal, with slight filamentous enveloping tissue and a further
developed outer cortex except for just outside the auxiliary cell where a cortical depression

Fig. 159. A-I. Mychodea carnosa (A-D, G-I, AD, A44685; E, F, AD, A41428). A. End of a branch
with procarps. B. End of a branch with cystocarps. C. Apex of a branch showing axial filament with
two periaxial cells from each axial cell. D. Transverse section of a branch with tetrasporangia. E.
Longitudinal section of a branch with polycarpogoniaJ supporting cells. F. Enlarged auxiliary cell
producing gonimobJast filaments, with remnants of several carpogonial branches. G. Section of cortex
with two sunken spermatangial clusters. II. Section of cortex with young intercalary tetrasporangia. I.
Section of cortex with mature tetrasporangia. [A-I after Kraft 1978.)
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remains; ostiole absent. Spermatangia in scattered clusters (Fig. 159G) in the outer cortex,
with cortical cells producing a ring of 4-6 initials, each cutting off two elongate
spermatangia 2-3 11m in diameter.
Tetrasporangia (Fig. 159 1) scattered, transformed from mid cortical cells, originally
bearing outer cortical cells and thus intercalary (Fig. 159H), ovoid, 28-35 11m long and
15-20 11m in diameter, zonately divided.

Type from Georgetown, Tas. (Gunn); lectotype in Herb. Hooker, BM.
Distribution: Port Denison, W. Aust., to Walkerville, Vic., and around Tasmania.
Selected specimens: Port Denison, W. Aust., drift (Kraft, 14.xii.1971; AD, A44684). Hopetoun, W.
Aust., drift (Gordon, 20.xi.1968; AD, A34135). Egg t, Isles of St Francis, S. Aust., 32-38 m deep
(Shepherd, l1.i.1971; AD, A38115). Avoid Bay, S. Aust., drift (Womersley, 30.xi.l975; AD, A46834).
Investigator Strait, S. Ausl., 31 m deep 35"28'S, 137"I7'E (Watson, 23.i.l971; AD, A41121). Tapley
Shoal, S. Ausl., 15 m deep (Shepherd. 2.iU969; AD, A33514). Port Noarlunga, S. Aust., 24 m deep
(Ottaway, 3.ii.l981; AD, A52094). Vivonne Bay, Kangaroo I., S. Aust., 1-4 m deep on jetty piles
(Kraft, 3.xii.l971; AD, A41428) and 2-5 m deep on piles (Kraft, 6.iv.1972; AD, A44685). Robe, S.
Aust., drift (Womersley, 20.xii.l953; AD. A19121). Observation Point, Port Phillip, Vic., 4 m deep
(Macpherson, 18.i.1959; AD, A23176). Walkerville, Vic., drift (Sinkora A1569, 23.ii.l972; AD.
A43123). Bombay Rock, Tamar Est., Tas., upper sublittoral (Womersley, 27.i.1949; AD, AI0378).
Great Taylor Bay, Bruny I., Tas., 10 m deep (Shepherd, 7.ii.1970; AD, A35290).

The structure and reproduction of M. carnosa, and the synonymy, have been described
in detail by Kraft (1978, p. 520), who considers that records of this species from outside
southern and western Australia are probably incorrect.
Recent collections by Kraft indicate that further study of the carnosa complex is
needed. Currently two species may be confused, one largely epilithic with fleshy axes, a
thick often lobed hold fast and knobby cystocarps, and the other epiphytic on seagrasses,
slender and firmer with thin crustose holdfasts, and slightly swollen terminal cystocarps.
2. Mycbodea gracilaria (Sonder)Kraft 1978: 528, figs 5, 6, 32.
Acanthococcus gracilaria Sonder 1853: 683.
Mychodea carnosa sensu Harvey 1855a: 555; 1860b: pI. 142 figs 2, 3.
Mychodea membranacea sensu Harvey 1860a: 323; 1863, synop.: xlii. J. Agardh
1872: 34; 1876: 571; 1897: 50. Ktitzing 1866: 27, pI. 77a, b. Lucas & Perrin 1947:
156.
FIGS 1580, E, 160A-F
Thallus (Fig. 158D) dark red to yellow-brown, 10-25 cm high. irregularly radially
branched with spreading subterete laterals (Fig. 160A) and ramuli tapering gradually to acute
apices, not constricted basally. Holdfast crustose, thin, 1-3 mm across, bearing one to
several axes; epiphytic on Amphibolis and occasionally on Posidonia or stalked tunicates.
Structure (Fig. 160B, C) uniaxial, developing similarly to M. carnosa; cortex with outer cells
evenly distributed, not forming rosettes, ovoid, 3-6 11m in diameter. Rhodoplasts discoid to
elongate, ribbon like in inner cells.
Reproduction. Sexual thalli monoecious; procarpic; polycarpogonial. Carpogonial
branches (Fig. 160D) 3-celled, 2-6 borne on inner cortical (supporting) cells which become
auxiliary cells, producing gonimoblast initials mainly inwardly, forming chains of irregularly
maturing ovoid carposporangia 14-22 11m in diameter, with slight filamentous enveloping
tissue (Fig. 158E); ostiole absent. Spermatangia (Fig. 160B) in scattered clusters on basal
cells in the outer cortex, with 4-6 initials each cutting off two spermatangia I-211m in
diameter.
Tetrasporangia (Fig. 160F) scattered, intercalary, transformed from mid cortical cells
and each bearing two groups of outer cortical cells, ovoid, 47-55 !lm long and 30-35 !lm in
diameter, zonately divided.

Type from Lefevre Pen., S. Aust. (Mueller, 16.xii. 1847); lectotype in MEL, 1007309;
isolectotypes also in MEL.
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E.F.J.K
25pm

Fig. 160. A-F. Mychodea graci/aria (AD, A44688). A. Branches with mature and young cystocarps.
B. Transverse section of branch. C. Longitudinal section of branch. D. Section of cortex with two
polycarpogoniaJ supporting cells. E. Spermatangia! clusters in the outer cortex. F. Section of outer
cortex with an inlercal
tetrasporangium. G-L. Mychodea ramulosa (AD, A44700). G. Branches
with cyst
plant with prostrate, attached branches and erect ones. I. Part transverse section of
a branch. J.
lycarpogonial supporting cells. K. Section of cortex with sunken spermatangial
clusters. L. Section of cortex with young, mature and genninated tetrasporangia. [A-I. after Kraft 1978.]
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Distribution: Rottnest I., W. Aust., to Phillip I., Vic., and northern Tasmania, usually on the
seagrass Amphibolis (or Posidonia).

Selected specimens: Thompsons Bay, Rottnest L, W. Aust., drift on Amphibolis (Kraft,
17.viii.l966; AD, A44686). Albany, W. Aust., drift (Kraft, 1I.xii.197 I ; AD, A44687). Tiparra Reef, S.
Ausl., II m deep on Amphibolis (Shepherd, 24.ii,1971; AD, A38245). Marino, S. Aust-, 3-4 m deep on
Amphibolis (Kraft & Owen, 19.i.1973; A44688). Cape Jaffa, S. Aust., drift (Womers[ey, IO.xii.1991;
AD, A61578). Sorrento, Vic., II m deep in bay (Womersley, 7.iv.1959; AD, A22776). Cats Bay,
Phillip L, Vic. (Norris, 30.i.1963; AD, A27487). Georgetown, Tas. (Harvey, Mar. 1854; TCD, Alg.
Aust. Exsicc. 4121),

Mychodea gracilaria is similar to M. carnosa but differs in having gradually tapering
ramuli not constricted basally, cystocarps which become sessile on larger ramuli, and in
occurring usually on robust seagrasses.
3. Mychodea ramulosa 1. Agardh 1897: 50. Kraft 1978: 538, figs 10, 11,35. Kylin 1932:
63, fig. 19, pI. 26 fig. 64; 1956: 306, fig. 237A, B.
FIGS 160G-L, 161A, B
Thallus (Fig. 161A) light to dark red, clumped, 10-20 cm high, with several to
numerous erect axes from a stoloniferous base (Fig. 160H); axes slightly to moderately
compressed, 2-4 mm broad, with laterals mainly from the margins (Fig. 160G) but shorter
laterals also from the surfaces, laterals terete to slightly compressed, with acute apices and
not constricted basally. Holdfast consisting of stout haptera (Fig. 160H) 2-3 mm across on
the stolons; epilithic or epiphytic on various larger algae, seagrasses or tunicates. Structure
uniaxial, with a prominent apical cell, developing a lacunate outer medulla and small-celled
cortex (Fig. 160 I) similar to that in M. carnosa; outer cortical cells ovoid, 3-4 !lm in
diameter. Rhodoplasts elongate, ribbon like in inner cells.
Reproduction. Sexual thalli monoecious; procarpic; polycarpogoniaI. Carpogonial
branches (Fig. 1601) 3-celled, 2-6 borne on inner cortical cells which become auxiliary cells
producing gonimoblast filaments with short chains of ovoid carposporangia 15-24 11m in
diameter, lying within the matrix of gametophytic and gonimoblast filaments (Fig. 161B);
enveloping tissue slight, with a cortical depression outside the carposporophyte. Cystocarps
protruding (Fig. 160G), hemispherical, with the adjacent ramulus bent. Spermatangia in
scattered sunken clusters (Fig. 160K) in the outer cortex, similar to those in M. carnosa.
Tetrasporangia (Fig. 160L) scattered in the outer cortex, terminal, ovoid, 37-45 !lm
long and 20-25 11m in diameter, zonately divided.

Type from "Nov. Holi. occid. tum merid."; lectotype from Encounter Bay, S. Aust. (Hussey);
in Herb. Agardh, LD, 33982.

Distribution: King George Sound, W. Aust., to Portland, Vic.

Selected specimens: Albany, W. Aust., drift (Kraft, 11.xii.l971; AD, A44698). Esperance, W.
Aust., drift (Firman, Dec. 1951; AD, AI8908), Pearson Is, S. Aust., 5-12 m deep (Shepherd, 8.i.1969;
AD, A34092). Wanna, S. Aust., drift (Womersley, 19,ii.l959; AD, A22380). Vivonne Bay, Kangaroo
1., S. Aust., 2-6 m deep on jetty piles (Kraft, 6,iv.1972; AD, A44700). Pennington Bay, Kangaroo 1., S.
Aust., sublittoral fringe (Womersley, 7.i.l948; AD, A6683). Victor Harbor, S. Aust., drift (Womersley,
17 .x.1948; AD, A9231). Whalers Point, Ponland, Vic., drift (Muir, 17.i.1950; AD, AI5739).

M. ramulosa is superficially similar to M. carnosa and M. disticha, differing from both
in having a creeping stoloniferous base and ramuli which are bent sharply at the site of the
cystocarps. It also differs from M. carnosa in having terminal tetrasporangia.
4. Mychodea hamata Harvey 1860a: 323. J. Agardh 1872: 34; 1876: 572. Kraft 1978: 547,
figs 14, 15,37. Ki.itzing 1866: 27, pI. 76a-c. Kylin 1932: 64. Lucas & Perrin 1947:
156.
Acanthococcus ewingii Harvey 1860b: pI. 141; 1863, synop.: xxxvii.
Lecithites rangiferinus (R. Brown in Turner)J. Agardh 1852: 636. [NON Fucus
rangiferinus R. Brown in Turner 1811: 114, pI. 183 = Callophyllis rangiferina (R.
Brown in Tumer)Womersley].
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Fig. 161. A, B. Mychodea ramulosa (AD, A44700). A. Habit. B. Cross section of mature cystocarp. C,
D. Mychodea hamata (AD, A44718). C. Habit. D. Cross section of cystocarp. E, F. Mychodea disticha
(E, lectotype in TCD; F, AD, A45012). E. Habit. F. Section of a young cystocarp with central auxiliary
cell and gonimoblast filaments with carposporangia. [A-D, F as in Kraft 1978.]
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Mychodea obtusangula (Harvey)J. Agardh 1897: 51. Kylin 1932: 65. [NON
Acanthococcus obtusangulus Harvey 1863, synop.: xxxvii].
?Gigartina cincinnalis Zanardini 1874: 502. J. Agardh 1876: 205. De Toni 1897:
217. Setchell & Gardner 1934: 135.
Mychodea linearis J. Agardh 1899: 108. Lucas 1929b: 48 (nomen nudum).
FIGS 161C, D, 162A-F
Thallus (Fig. 161C) medium to dark red-brown, cartilaginous, 10-20 cm high, forming
entangled clumps with compressed subdichotomous axes 1-2 mm broad and irregular
branches, with laterals confined to the margins (Fig. 162A), uppermost axes often relatively
bare, many branches hamate. Holdfasts discoid, small, arising from lower branches, with
numerous hamate branchlets from lower branches attaching to adjacent branches, which may
also be attached by haptera. Structure uniaxial, but with an apical dome of cells and without
a conspicuous axial filament, developing a central medulla of slender filaments (Fig. 162B,
e), an outer medulla of large cells and slender filaments, and a cortex of anticlinal filaments,
outer cells elongate-ovoid, 2-4 Jlm in diameter. Rhodoplasts discoid to elongate.
Reproduction. Sexual thalli monoecious; procarpic; polycarpogonial. earpogonial
branches (Fig. 162D) 3-celled, 2-6 borne on enlarged inner cortical cells, auxiliary cell
producing gonimoblast filaments (Fig. 161D) which form clusters of ovoid carposporangia
10-15 Jlm in diameter, within a filamentous matrix. eystocarps at the base of short lateral
branchlets (Fig. 162A), swollen, 0.8-1 mm in diameter, with moderate enveloping tissue and
normal cortex; ostiole absent. Spermatangial clusters (Fig. 162E) embedded in outer cortex
of lateral branchlets, with initials producing 1-2 elongate-ovoid spermatangia 2-3 Jlm in
diameter.
Tetrasporangia (Fig. 162F) scattered in the outer cortex, basally attached, elongateovoid, 40-50 Jlm long and 12-20 Jlm in diameter, zonately divided.
Type from Port Arthur, Tas. (Harvey, March 1855); lectotype in Herb. Harvey, TeD (Alg.
Aust. Exsicc. 415K).

Distribution: Kangaroo I., S. Aust., to Walkerville, Vic., and around Tasmania.
Selected specimens: Vivonne Bay, Kangaroo I., S. Aust., drift (Womersley, 2.i.1949; AD,
A10625). Port Elliot, S. Aust., drift (Womersley, 17.x.1948; AD, A9371). Cape Jaffa, S. Aust., drift
(Womers[ey, 3.xii.l989; AD, A60039). Robe, S. Aust., 3-4 m deep on jetty piles (R. Lewis & Kraft,
14.v.1972; AD, A44718). Double Corner Beach, Portland. Vic., drift (Beauglehole, l4.vii.1951; AD,
A21750). Lonsdale Bight, Port Phillip Heads, Vic., 6-11 m deep (Macpherson, 2I.v.1961; AD,
A28692). Walkerville, Vic., drift (Sinkora A1601, 23.ii.l972; AD, A43141). Ulverstone, Tas., drift
(Perrin, Feb. 1938; AD, A8961). Dover, Tas., 4-6 m deep (Kraft & Sanderson, 8.iv.1988; MELU,
K7851). Lady Bay, Southport, Tas., 3-5 m deep (Brown & Womersley, 28.x.1982; AD, A56523).
M. hamata is readily recognised by the distichous branching from compressed axes, and
its clumped habit with recurved (hamate) tendrils attaching branches together. It is a
common epiphyte on Amphibolis and some larger algae, ranging from larger tide pools to
17 m deep.
Gigartina cincinnatis Zanardini (1874, p. 502), from Port Phillip, Vic. (Mueller) is not a
Gigartina but may be Mychodea hamata according to Setchell & Gardner (1934, p. 135). It
has not been possible to examine Zanardini's type, but a photograph indicates that may be so.

5. Mychodea disticha Harvey 1860a: 323, pI. 192a; 1863, synop.: xlii. J. Agardh 1872: 35;
1876: 573. Kraft 1978: 542, figs 12, 13,36. Kylin 1932: 65. Lucas & Perrin 1947:
156.
Mychodea compressa Harvey 1862: pI. 201; 1863, synop.: xlii. J. Agardh 1872: 34;
1876: 572. Ktitzing 1866: 26, pI. 75c, d. Kylin 1932: 65. Lucas & Perrin 1947: 156.
Mychodea nigrescens Harvey ex J. Agardh 1872: 34; 1876: 572; 1897: 52. Kylin
1932: 65, pl. 27 fig. 66. Lucas & Perrin 1947: 156.
Mychodea chondroides Ktitzing 1867: 24, pI. 82a.
FIGS 161E, F, 162G-L
Thallus (Fig. 161E) medium to dark red-brown, fading to grey-brown, drying
cartilaginous, 20-45 cm high, erect, with moderately compressed axes 1-4 mm broad
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Fig. 162. A-F. Mychodea hamata (AD, A4471S). A. Upper and lower parts of a cystocarpic branch.
B. Longitudinal section of a young branch. C. Transverse section of a branch. D. Section of cortex with
poJycarpogonial supporting cells. E. Section of cortex with a sunken spermatangiai cluster. F. Section
of cortex with young and mature tetrasporangia. G-L. Mychodea disticha (G, AD, A2945; H-K, AD,
A45012; L, AD, A20862). G. Branches with subterminal cystocarps. H. Longitudinal section of branch
apex. I. Transverse section of a branch. J. Section of cortex with polycarpogonial supporting cells. K.
Section of cortex with sunken spermatangial clusters. L. Section of cortex with young and mature
tetrasporangia. [A-L after Kraft 1978.]
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bearing distichous, usually crowded, compressed laterals from the margins (Fig. 162G),
more or less at right angles, usually 1-4 cm long and 2-5 mm broad; older ones sometimes
with short surface ramuli; laterals and ramuli with acute apices and bases usually slightly
constricted. Holdfast discoid, 2-4 mm across, with one to a few axes; epiphytic on
Amphibolis or larger algae, or epilithic. Structure uniaxial, usually with a distinct apical cell
and a central axial filament (Fig. 162H) in young branches but becoming indistinguishable
below in the filamentous central medulla (Fig. 162 I), an outer medulla of large cells and
slender filaments, and a cortex of anticlinal filaments, outer cells elongate-ovoid to clavate,
2-4 11m in diameter. Rhodoplasts discoid to elongate, ribbon like in inner cells.
Reproduction. Sexual thalli monoecious; procarpic; polycarpogonial. Carpogonial
branches (Fig. 162J) 3-celled, 3-6 borne on enlarged inner cortical cells on both sides of
ramuli, with the auxiliary cell producing gonimoblast filaments (Fig. 161F) and clusters of
ovoid carposporangia to-15 11m in diameter within a filamentous matrix. Cystocarps (1-3)
in the upper part of ramuli (Fig. 162G), swelling the branch lets on both sides but not
deflecting them, with slight enveloping tissue, non-ostiolate. Spermatangial clusters (Fig.
162K) scattered, sunken in the outer cortex, with initials producing 2-3 ovoid spermatangia
1.5-2 J.lm in diameter.
Tetrasporangia (Fig. 162L) scattered in the outer cortex, basally to laterally attached,
ovoid, 40-60 11m long and 17-30 11m in diameter, zonately divided.
Type from the east coast of Tasmania (Gunn); lectotype in Herb. Harvey, TCD (Alg. Aust.
Exsicc. 416 I).

Distribution: Port Denison, W. Aust., to Walkerville, Vic., and around Tasmania.
Selected specimens: Port Denison, W. Aust., drift (Kraft, 14.xii.1971; AD, A44714). Eyre, W.
Aust., drift (Woelkerling, 22.xi.1968; AD, A34235). 16km E of Euc\a, S. Aust., drift (Womersley,
3.ii.1954; AD, AI9296). Wanna, S. Aus!., drift (Womersley, 19.ii.1959; AD, A2238I). Tiparra Reef, S.
Aus!., 11 m deep on Amphibolis (Shepherd, 5.xi.l971; AD, A38312). Stenhouse Bay, S. Aust., drift
(Womersley, 9.iv.1950; AD, AJ3184). Port Elliot, S. Aus!., drift (Min-Thein, 1972; AD, A450l2).
Pennington Bay, Kangaroo I., S. Aust., drift (Womers[ey, 27.i.l946; AD, A2945). Stanley Beach,
Kangaroo L. S. Aus!., drift (Womersley, 27.i.I957; AD, A20862). Cape Jaffa, S. Aus!., drift
(Womersley, 31.viii.l949; AD, A10861). Flinders, Vic., 5-6 m deep near jetty (Kraft, Millar &
Huisman, 12.i.1988; MELU, A37560). Cat Bay, Phillip I., Vic., drift (Womersley, 1O.iv.1959; AD,
A22720). Walkerville, Vic., drift (Sinkora A2064, 26.ii.l975; AD, A48343). Tesselated Pavement,
Eaglehawk Neck, Tas., 0-1 m deep (Brown & Kenchington, 16.x.1986; AD, A576J3).

M. disticha is one of the largest species of Mychodea, distinguished by the distichous
branching, cystocarps in the upper part of straight ramuli, discoid holdfast (c.f. M. ramulosa)
and lack of tendrils (c.f. M. hamata). It is usually a deeper-water species on rough-water
coasts.

6. Mychodea spinulifera J. Agardh 1897: 51. Kraft 1978: 560, figs 20, 41A, B. Kylin 1932:
65, pI. 27 fig. 67.
FIGS 163A, 164A-D
Thallus (Fig. 163A) dark red-brown, 4-6 cm high, with subdichotomous, terete to
slightly compressed axes 1-2 (-3) mm broad, more or less densely covered throughout with
simple, acute, spinous ramuli (Fig. 164A). Holdfast crustose, 2-4 mm across; epiphytic on
Amphibolis. Structure uniaxial, with a prominent apical cell and axial filament in upper
parts, obscured below, with each axial cell producing two periaxial filaments and numerous
cross-connector cells; inner medulla of slender filaments, outer medulla of large cells (with
few filaments) and a cortex of anticlinal filaments, outer cells ovoid, 2-4 11m in diameter.
Rhodoplasts discoid to elongate.
Reproduction. Sexual thalli monoecious; procarpic; polycarpogonial. Carpogonia\
branches (Fig. 164B) 3-celled, borne on enlarged inner cortical cells in the swollen bases of
spinous ramuli, with the auxiliary cell producing several gonimoblast initials towards the
centre of the axis; cystocarps unknown. Spennatangial clusters (Fig. 164C) scattered, sunken
in the cortex of ramuli and main axes, with initials producing 2-3 ovoid spermatangia 2-3
11m in diameter.
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Fig. 163. A. Mychodea spinulifera (AD, A34186). Habit, on Amphibolis. D, C. Mychodea aciculare
(D, AD, A44712; C, AD, A4.471l). D. Habit. C. Cross section of cystocarp with emergence of the
hydrozoan on the right. D, E. Mychodea pusilla (D, lectotype in TCD; E, AD, A44703). D. Habit. E.
Habit of a cystocarpic plant. F, G. Mychodea acanthymenia (AD, A44728). F. Habit of holotype. G.
Section of a mature cystocarp. [D-G as in Kraft 1978.]
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Tetrasporangia (Fig. 164D) scattered in the outer cortex, laterally attached, ovoid,
4D-481lm long and 28-321lm in diameter, zonately divided.

Type from Fowlers Bay, S. Aust (O'Halioran, 1894); holotype in Herb. Agardh, LD, 34058.
Distribution: Eucla, W. Aust, to Fowlers Bay, S. Aust

Selected specimens (all on Amphibolis): Euda, W. Aust., drift (Kerry, Sept. 1975; MELU, 23680).
Head of Great Australian Bight, S. Aust., upper sublittoral (Womersley, 4.ii.1954; AD, AI9158); drift
(Gordon, 4.xi.1968; AD, A34189 and Parsons, 4.xi.l968; AD, A34186).

This little known species appears to be of restricted distribution, only known on
Amphibolis. It is characterised by the terete to slightly compressed, subdichotomous axes
which are covered on all sides by short, acute, spines.
7. Mycbodea aciculare (J. Agardh)Kraft 1978: 555, figs 18, 19,40.
Cystoclonium aciculare J. Agardh 1849: 87.
Acanthococcus acicularis (1. Agardh)J. Agardh 1852: 436. Harvey 1863, synop.:
xxxvii.
Gracilaria aculeolata Areschoug 1854: 352.
Mychodea muelleri Sonder 1853: 679.
Mychodea carnosa sensu Harvey and other authors (see Kraft 1978, p. 555).
FIGS 163B, C, 164E-J
Thallus (Fig. 163B) medium to dark red-brown, firm, 1(}-20 (-40) em high, irregularly
alternately and radially branched, main branches subdichotomous, terete, laterals 2-10 mm
apart, 0.5-2 mm in diameter below, 200-500 Ilm in upper parts, with numerous scattered,
often curved, spines 0.5-1 mm long. Most branches, to near the tips, are infested with the
partly endophytic hydrozoan Plumularia flexuosa Blile (Fig. 164E). Holdfast originally
discoid, later attached by a mat of hydrozoan tubes and by tendril-like ends to some lower
branches; epiphytic on Amphibolis and various larger algae, epizoic on tunicates and
sponges, and on rock. Structure (Fig. 164F) uniaxial, with a persistent axial filament in the
filamentous inner medulla, a large-celled outer medulla with few filaments, and a cortex of
filaments of ovoid cells, the outer ones 4-8 Ilm in diameter. Rhodoplasts discoid to elongate,
ribbon like in inner cells.
Reproduction. Sexual thalli monoecious; procarpic; polycarpogoniaJ. Carpogonial
branches (Fig. 164G) 3-celled, 2-6 borne on inner cortical cells, with the auxiliary cell
producing gonimoblast initials mainly thallus-inwards, then forming rows and clusters of
ovoid carposporangia 1(}-15 Ilm in diameter within the filamentous matrix (Fig. 163C).
Cystocarps (Fig. 164H) developing in the base of the short spines, subspherical, 0.5-1 mm
in diameter, with a prominent spine apex; enveloping tissue slight, cortex normal.
Spermatangial clusters (Fig. 164 I) scattered, sunken in the cortex, with the initials producing
2-3 ovoid spermatangia 2-41lm in diameter.
Tetrasporangia (Fig. 164J) scattered in the outer cortex, more or less basally attached,
ovoid, 25-351lm long and 15-20 11m in diameter, zonately divided.

Type from "Occid. Nov. HoIL"; lectotype in Herb. Agardh, LD, 33993.
Distribution: Cape Riche, W. Aust., to Walkerville, Vic., and around Tasmania.

Selected specimens: Cape Riche, W. Aust., (Harvey, Feb. 1854; TCD, Alg. Aust. Exsicc. 411C).
Tapley Shoal, S. Aust., 10 m deep (Shepherd, 2.ii.1969; AD, A33483 -"Marine Algae of southern
Australia" No. 207). Port Noarlunga, S. Aust., 24 m deep (Ottaway, 3.ii.l981; AD, A52090). Vivonne
Bay, Kangaroo I., S. Aust., on jetty piles, 3-6 m deep (Kraft, 3.xii.1971, 6.iv.l972 and 15.iv.1973; AD,
A44708, A44711, A44710 respectively). Robe, S. Aust., 5-6 m deep on jetty (Kraft, 12.ii.1972; AD,
A44712) and 2 m deep by jetty (Kraft, lOji.l973: AD, A44713). Bridgewater Bay, Vic., drift
(Beauglehole, 26.xii.l950: AD, AI5583). Portsea. Vic., 5 m deep on jetty (Kraft & Ricker, 16.iii.1979;
MELU, K6894). San Remo, Vic., 5 m deep on pylons (Bertlwld, 16.ii.1990; AD, A60205 -"Marine
Algae of southern Australia" No. 207a). Walkerville, Vic., drift (Sinkora A1621, 23.ii.l972; AD,
A43152). North Cape, Stanley, Tas .• 10 m deep (AIMS-NCI, Q66C 4980-F, 10.iU991; AD, A61350).
Birchs Bay, D'Entrecasteaux Ch., Tas. (Rushton & Baily, March 1991; AD, A61249). Tinderbox, Tas.,
6-10 m deep (Kraft & Sanderson, 20.xii.I992; MELU, K9226).
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Fig. 164. A-D. Mychodea spinuliJera (A-C, AD, A34186; D, AD, A34189). A. Branch with procarps
in slightly swollen bases of laterals. B. Section of cortex with a polycarpogonial supporting cell. C.
Section of cortex with sunken spermatang!..al clusters. D. Section of cortex with young and mature
tetrasporangia. B-J. Mychodea aciculare (E, AD, A44713; F, G, AD, A33483; H, I, AD, A44708; J,
AD, A4471O). E. Branches with the endo-epiphytic hydrozoan. F. Transverse section of mature branch.
G. Section of branch with polycarpogonial supporting cells. H. Branch with mature cystocarps and
emerging hydrozoan. I. Section of cortex with sunken spermatangial clusters. J. Section of cortex with
young and mature tetrasporangia. [A-J after Kraft 1978.]

464

MYCHODEACEAE

Mychodea

M. aciculare is characterised by the terete, cartilaginous, branches, prominent axial
filament throughout, position of the cystocarps, and by the presence of the hydrozoan. It is a
common species, from just subtidal to 24 m deep, in moderately sheltered localities, and
appears to be largely a summer annual. It grows on rocks, wooden pilings, and more rarely
as an epiphyte or epizoic.

8. Mychodea pusiIJa (Harvey)J. Agardh 1872: 34; 1876: 571; 1897: 50. Kraft 1978: 533,
figs 7-9,33,34. Kylin 1932: 64. Lucas & Perrin 1947: 156.
Dicranema pusilla Harvey 1855a: 550.
Acanthococcus pusillus (Harvey)Harvey 1863: pI. 266.
Hypneafastigiata Harvey 1863, synop.: xxxvi.
Mychodea fastigiata (Harvey)J. Agardh 1872: 34; 1876: 572; 1897: 51. Kylin
1932: 64, pI. 26 fig. 65. Lucas & Perrin 1947: 156.
FIGS 163D, E, 165A-F
Thallus (Fig. 163D, E) red-brown, tufted, 1-3 (-4) cm high, subdichotomously to
irregularly branched often with numerous short laterals, branches terete, 200-500 11m in
diameter. Holdfast discoid, 200-600 11m across, epiphytic on the stems of Amphibolis.
Structure uniaxial, with a prominent apical cell and axial filament at least in younger parts,
with a filamentous inner medulla, large-celled outer medulla (Fig. 165B). and small-celled
cortex, outer cells ovoid, 3-4 11m in diameter. Rhodoplasts discoid to elongate, ribbon like in
inner cells.
Reproduction. Sexual thalli monoecious; procarpic; polycarpogoniaL Carpogonial
branches (Fig. 165C) 3-celled, 2-4 borne on enlarged inner cortical cells. with the auxiliary
cell (Fig. 165D) producing gonimoblast filaments (mainly thallus-inwardly) which cut off
clusters of ovoid carposporangia 10-22 11m in diameter within the filamentous matrix.
Cystocarps (Fig. 165A) 1-3 in lesser branchlets, swollen, 0.6-1 mm in diameter, with
spinous tips; enveloping tissue slight, cortex normal. Spermatangial clusters (Fig. 165E)
scattered, sunken in the outer cortex, with 4-6 initials each bearing 2 elongate-ovoid
spermatangia 1.5-2.5 11m in diameter.
Tetrasporangia (Fig. 165F) scattered in the outer cortex, laterally attached, ovoid, 30-50
11m long and 15-30 flill in diameter, zonately divided.

Type from King George Sound, W. Aust. (Harvey, 1854); lectotype in Herb. Harvey, TCD
(Trav. Set No. 80).
Distribution: Port Denison, W. Aust., to Walkerville, Vic.
Selected specimens (all on Amphibolis;; Port Denison, W. Aust., drift (Kraft, 14.xii.1971; AD,
A44702). Cape Leeuwin, W. Aust., drift (Kraft, 12.xiU971; AD, A44703). Eucla, W. Aust., drift
(Womersley, 2.ii.l954; AD, A19372). Petrel Bay, SI Francis I., Isles of SI Francis, S. Aust., 2 m deep
(Shepherd, 10.i.l971; AD, A38409). Tiparra Reef, S. Aust., 5 m deep (Shepherd, 20.viii.1971; AD,
A3946I). D'Estrees Bay, Kangaroo I., S. Aust., outer reef pool (Womersley, II.U950; AD, A12696).
Port Elliot, S. Aust., drift (Womersley, 17.x.1948; AD, A9398). Robe, S. Aus!., 0.5 m deep near jetty
(Kraft, 10.ii.1973; AD, A44705). Queenscliff, Vic., drift (Womersley, 8.iv.1959; AD, A22849).
Western Port, Vic., 3-4 m deep on Amphibolis (Kraft & Saunders, 9.i.1992; MELU, K8757).
Walkerville. Vic., drift (Sinkora A2104, 27.ii.1975; AD, A48407).

M. pusilla is the smallest species of Mychodea and is restricted to the stems of
Amphibolis from low tide level to 12 m deep, under moderate to strong water movement. It
is characterised also by the terete radial branches and position of the cystocarps.

9. Mychodea acanthymenia Kraft 1978: 563, figs 21, 22. 4IC-F.
FIGS 163F, G, 165G-K
Thallus (Fig. 163F) dark red-brown, cartilaginous, 3-5 cm high, with flat main branches
3-8 mm broad bearing proliferous ramuli first from the margins and later from the broad
surfaces of the frond (Fig. 165G); ramuli simple or usually branched, spiny. Holdfast
crustose, 1-2 mm across; epilithic or epiphytic. Structure uniaxial with a clear apical cell
and axial filament with each cell producing two periaxial filaments developing primarily in
one plane, giving a flat frond (Fig. 165H) with a filamentous inner medulla, large-celled
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Fig. 165. A-F. Mychodea pusilla (AD, A44705). A. Branches with cystocarps. B. Transverse section
of a branch with tetrasl?0rangia. C. Section of cortex with polycarpogoniaJ supporting cells. D. Section
of cortex with an auxiliary cell producing gonimoblast initials. E. Section of cortex with a sunken
spermatangiaJ cluster. F. Section of cortex with tetrasporangia. G-K. Mychodea acanthymenia (AD,
A44728). G. Upper branches with spinous ramuli (cystocarpic on left). H. Transverse section of
branch. I. Section of cortex with poJycarpogonial supporting cells. J. Section of cortex with sunken
spermatangial clusters. K. Longitudinal section of thallus with tetrasporangia. [A-K after Kraft 1978.]
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outer medulla, and a small-celled cortex, outer cells elongate-ovoid, 2-4 11m in diameter.
Rhodoplasts discoid, elongate and ribbon like in inner cells.
Reproduction. Sexual thalli monoecious; procarpic; polycarpogonial. Carpogonial
branches (Fig. 165 I) 3-celled, 2-6 borne on enlarged inner cortical cells, auxiliary cell with
gonimoblast initial radiating laterally and inwardly, producing clusters of ovoid
carposporangia lQ-15/lm in diameter within the filamentous matrix. Cystocarps (Fig. 163G)
within the spinous ramuli, swollen, 0.6-1 mm in diameter, with slight enveloping tissue and
the cortex breaking down for release of carpospores. Spermatangial clusters (Fig. 165J)
scattered in the outer cortex of the ramuli, sunken, with 4-5 initials each producing two
elongate-ovoid spermatangia 2-3 Ilffi in diameter.
Tetrasporangia (Fig. 165K) scattered in the outer cortex, laterally attached, ovoid, 25-35
/lm long and 14-18 J.lm in diameter, zonately divided.
Type from Cape Lannes, S. Aust. (Kraft, lOji.l973); holotype in AD, A44728, with
isotypes.
Distribution: Pennington Bay, Kangaroo I., S. Aust., to Inverloch, Vic., and SE Tasmania.
Jervis Bay, N.S.W. (Millar & Kraft 1993, p. 22).
Selected specimens: Pennington Bay, Kangaroo I., S. Aust., sublittoral fringe (Kraft, 3.xii.1971;
AD, A44727). Margaret Brock Reef, Cape Jaffa, S. Aust., 4-5 m deep in caves (R. Lewis, 29.xi.l972;
AD, A42924). Lawrence Rock, Vic., in low pools (Beauglehole, 15.i.1960; AD, A24742). Koonya,
Vic. (Lukey, Jan. 1954; AD, A23247). Shack Bay, Inverloch, Vic., 4 m deep (O'Brien, 24.U976;
MELU, 23159). Dover, Tas., 4-6 m deep under Macrocystis (Sanderson & Kraft, 8.iv.1988; MELU,
K7842).
M. acanthymenia is characterised by the flat thalli bearing spinous ramuli, the
prominent central axis, and cystocarps borne in the base of the ramuli. It is known mainly
from uppermost sublittoral rock on rough-water coasts.

10. Mycbodea marginifera (Areschoug)Kraft 1978: 551, figs 16, 17,38,39.
Euthora marginifera Areschoug 1854: 354.
Gymnogongrus foliosus Harvey 1862: pI. 194; 1863, synop.: xlii. Kiitzing 1869:
23, pI. 62a, b.
Mychodeafoliosa (Harvey)J. Agardh 1872: 35; 1876: 573; 1897: 52. Kylin 1932:
65. Lucas & Perrin 1947: 156.
FIGS 166A-C, 167A-F
Thallus (Fig. 166A, B) medium to dark red-brown, 5-15 (-40) cm high, with clustered,
flat, subdichotomous main branches 2-10 (-20) mm broad, with marginal, ovate to elongate,
basally constricted proliferous laterals 2-4 (-to) mm broad, with rounded apices, and later
with small surface proliferations. Holdfast crustose, 1-3 (-5) mm across; epiphytic on
Amphibolis and larger algae, or epilithic or on jetty piles. Structure uniaxial but with the
apical cell and axial filament apparent only in very young (cultured) plants, older apices
domed; mature thallus (Fig. 167B) with an inner medulla of slender filaments, outer medulla
of large cells, and a small-celled cortex, outer cells ovoid, 2-4 ~m in diameter. Rhodoplasts
discoid, becoming ribbon shaped in inner cells.
Reproduction. Sexual thalli monoecious; procarpic; polycarpogonial. Carpogonial
branches (Fig. 167C, D) 3-celled, 2-4 borne on enlarged inner cortical cells, auxiliary cell
producing gonimoblast filaments thallus-inwards and laterally, forming clusters of ovoid
carposporangia 12-20 Ilm in diameter in the filamentous matrix (Fig. 166C). Cystocarps
(1-4) embedded within the rounded tips of main branches (Fig. 167A), 0.8-1.5 J.lm across;
enveloping tissue slight, cortex breaking down outside the persistent auxiliary cell for release
of carpospores. Spermatangial clusters (Fig. 167E) scattered, sunken in outer cortex of main
branches, with several initials each bearing two elongate-ovoid spermatangia 2-3 Ilm in
diameter.
Tetrasporangia (Fig. 167F) scattered, sometimes in patches, on both surfaces of
branches,· laterally attached in the outer cortex, ovoid, 36-50 J.lm long and 15-20 /lm in
diameter, zonately divided.
Type from Port Phillip, Vic. (Mueller); lectotype in Herb. Areschoug, S.
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Fig. 166. A-C. Mychodea rrwrginifera (A, AD, A21154; D, AD, A44725; C, AD, A44723). A. Habit
of tetrasporangial plant. D. Habit of cystocarpic plant. C. Cross section of cystocarp, with cortical
rupture on right. D-F. Mychodea australis (D, AD, A44692; E, F, AD, A41802). D. Habit. E.
Longitudinal section with the darkly staining central filament and an enlarged auxiliary cell. F. Section
of a mature cystocarp with the cortical rupture on the upper side. [D-F as in Kraft 1978.]
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Distribution: Port Denison, W. Aust., to Oabo 1, Vic., and E Tasmania.
Selected specimens; Port Denison, W. Aust., drift (Kraft, 14.xii.I 971; AD, A44721). Head of
Great Australian Bight, S. Aust., upper sublittoral on Amphibolis (Womersley, 4.ii.l954; AD, A19157).
Pearson 1., S. Aust., 5 m deep (Shepherd, 8.i.1969; AD, A33972). Wanna, S. Aust., drift (Womersley,
19.ii.1959; AD, A22367). Victor Harbor, S. Aust., 3-5 m deep on Amphibolis (R. Lewis, 19.iii.l972;
AD, A44726). Port Elliot, S. Aust., drift (Womersley, 1O.viii.l957; AD, A21154). Vivonne Bay,
Kangaroo 1., S. Aust., 1-3 m deep on jetty piles (Kraft, 6.iv.1972; AD, A44722). Pennington Bay,
Kangaroo 1., S. Aust., sublittoral fringe on Acracarpia (Kraft, 3.xii.l971; AD, A44723). Robe, S.
Aust., 3 m deep on jetty piles (Kraft, lO.ii.l973; AD, A44725). Port MacDonnell, S. Aust., drift on
Perithalia (Kraft, 25.ix.1992; MELU, K9092). Lawrence Rock, Portland. Vic., in low pools
(Beauglehole, 15.i.l960; A24025). Queenscliff. Vic., drift on Amphibolis (Womersley, 8.iv.1959; AD,
A22855). Gabo I., Vic., 13 m deep (Shepherd, 14.ii.1973; AD, A43338). Swansea, Tas., drift on
Amphibo/is (R. & G. Kraft. 15.xii.l992; MELU, K9278).
M. marginifera is characterised by the flat branches with marginal (and few surface)
proliferations, all with rounded apices, by indistinguishable apical cells and axial filaments,
and by the submarginal position of cystocarps. It is a fairly common species, epiphytic (often
on Amphibolis or Acrocarpia) or on solid substrates, on rough-water coasts, from low tide
level to 11 m deep. It is the most variable in habit of all the species, especially in height and
width of the branches.
11. Mycbodea australis (Zanardini)Kraft 1978: 566, figs 23, 24,42,43.
Neurophyllis australis Zanardini 1874: 499.
Ectoclinium dentatum 1. Agardh 1876: 575; 1879: pI. 30 figs 1-8. Kylin 1932: 65;
1956: 306.
Ectoclinium latifrons J. Agardh 1885: 83. Kylin 1932: 65, pI. 28 fig. 69.
Mychodea halymenioides sensu 1. Agardh 1885: 82. Kylin 1932: 65, pI. 27 fig. 68.
[NON Zanardini 1874; 501].
FIGS 166D-F, 167G-K
Thallus (Fig. 1660) dark red-brown, (3-) 10-20 cm high, complanately branched with
more or less subdichotomous, flat, main branches 2-7 mm broad, traversed by a fairly
distinct central nerve (axial filament) (Fig. 1670, H), with numerous short, marginal,
compressed, lateral branchlets of varying length, 0.5-1 (-2) mm broad, together with
acuminate marginal spines, especially near branch apices. Holdfast crustose, 1-3 mm across;
epiphytic or epilithic. Structure uniaxial, with a distinct apical cell and a prominent,
relatively broad, axial filament (containing yellow material and forming the nerve)
throughout (Fig. 166E), each cell producing two periaxial cells and cross-connector cells;
inner medullary filaments slight around the axial filament (Fig. 167 I), outer medulla of large
cells without slender filaments, and the cortex of short anticlinal rows, outer cells ovoid, 2--4
11m in diameter. Rhodoplasts discoid to elongate.
Reproduction. Sexual thalli monoecious; procarpic, polycarpogonial. Carpogonial
branches (Fig. 167J) 3-celled, 2--4 borne on enlarged inner cortical cells near apices,
auxiliary cells developing gonimoblast filaments thallus inwardly and laterally, producing
clusters of ovoid carposporangia 10-15 !Jm in diameter within a filamentous matrix (Fig.
166F). Cystocarps (Fig. 167G, H) developing near apices of main and lateral branches,
swollen, 350-500 mm across, with slight enveloping tissue and normal cortex which
disintegrates for carpospore release. Spermatangial clusters (Fig. 167K) scattered on the
faces of branches, sunken in the outer cortex, with 2-6 initials each producing 2 ovoid
spermatangia 2-3 !Jm in diameter.
Tetrasporangia borne in slightly raised nemathecia on the surface of branches, laterally
attached to mid-cortical cells, ovoid, 35--45 11m long and 20-25 11m in diameter, zonately
divided.

Type from Port Phillip, Vic. (Mueller); holotype in Herb. Zanardini, Museo Civico di Storia
Naturale, Venice.
DistributIon: King George Sound, W. Aust., to Oabo I., Vic., and around Tasmania.
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Fig. 167. A-F. Mychodea marginifera (A, AD, A44726, B-E, AD, A44725; F, AD, A44723). A.
Habit of a branch with cystocarps. B. Transverse section of a branch. C. Section of cortex with
polycarpogonial supporting cells. D. A supporting cell with three carpogonial branches. E. Section of
cortex with sunken spermatangial clusters. F. Section of cortex with young and mature tetrasporangia.
G-K. Mychodea australis (G, AD, A44695; H, J, A44692; I, AD, A44693). G. Habit of a deep water
plant. H. Habit of a shallow water plant. I. Transverse section of a branch. J. Section of cortex with a
polycarpogonial supporting cell. K. Section of cortex with sunken spermatangial clusters. [A-K after
Kraft 1978.1
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Selected specimens: Albany, King George Sound, W. Aust., drift on tunicate stalk (Kraft,
Il.xii.l971; AD, A44690). Vivonne Bay, Kangaroo I., S. Aust., 3-6 m deep on jetty piles (Kraft,
15.iv.1973; AD, A44692). Nora Creina, S. Aus!., drift (Kraft 3767, 3.ix.1971; AD, A44693). Portsea,
Vic., 3-5 m deep on jetty piles (Kraft & Saunders, 24.iii.1992; MELU, K8965). Cape Woolamai, Vic.,
40-60 m deep (Watson, 2.iv.1972; AD, A44695). Crawfish Rock, Westernport Bay, Vic., 5-10 m deep
(Watson & Owen, 29.viii.l971; AD, A46061). Gabo I., Vic., 23 m deep (Shepherd, 17.ii.l973; AD,
A43487). Peggy Point, Bicheno, Tas., upper sublittoral pools (Wollaston & Mitchell, 2.iii.l964; AD,
A27870). Fluted Cape, Bruny I., Tas., 10 m deep (Shepherd, ll.iL1972; AD, A41802).

M. australis is one of the most distinctive species of Mychodea, characterised by the
largely complanate branching, main branches 2-7 mm broad, usually with a distinct central
nerve due to the broad axial filament, the cells of which contain a yellow substance, and the
tetrasporangia arranged in slight nemathecia. It is not a common species but occurs on rocks,
wood and also tunicates, from low tide level to 60 m deep.
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GLOSSARY
abaxial: on the side of the branch facing away from the axis.
accessory: additional to the normal branches or structures.
acicular: slender and needle like.
acropetal: growth originating at or near the apex of a branch, with lateral branches
becoming progressively older away from the apex.
acuminate: tapering gradually to a sharp point.
acute: with a pointed apex or a narrow axil.
adaxial: on the side of a branch facing the axis.
adventitious: an organ or structure arising in an abnormal position.
agar: a phycocolloid (a sulphated polysaccharide) occurring in the cell walls of Rhodophyta,
especially Gelidiales and Gracilariales.
akinete: a thick-walled non-motile spore, formed from a thick-walled vegetative cell.
alternate: with branches arising at different levels along an axis.
amorphous: without regular or definite shape.
ampulla(e): accessory reproductive branch clusters of the Halymeniaceae, bearing
carpogonial branches or auxiliary cells at the base of more-or-Iess erect or cupulate
filaments.
ampulliform: with the form of an ampUlla.
anastomosing: union of cells or filaments to form a network.
annular: ring like, as applied to ridges or fertile areas.
anterior: towards the front or apex of a structure.
anticlinal: cell division by a wall perpendicular to the surface of the tissue (usually the outer
layer of the thallus).
apical: the tip of a branch or structure.
apiculate: terminating abruptly in a straight, distinct, point.
aplanosporangium (-a): a sporangium containing a non-motile spore (aplanospore) which
germinates directly into a filament.
apomeiotic: formation of reproductive cells without meiosis.
apomictic: an organism reproducing by apomixis.
apomixis: reproduction superficially normal but without fertilization or meiosis.
arachnoid: very fine, as in a spider web.
aragonite: the orthorhombic crystalline form of calcium carbonate.
arcuate: curved; bent like a bow.
aseptate: without cross walls or septa.
asexual: reproduction which does not involve sexual fusion of gametes or the occurrence of
meiosis.
assimilatory: filaments or cells which contain photosynthetic plastids.
assurgent: inclined upwards (usually curved) from its origin.
attenuate: tapering gradually.
auxiliary cell: a cell which produces the carposporophyte following transfer to it of the
zygote nucleus or one of its diploid progeny.
axial: pertaining to the axis or central core of a branch.
axil: the angle between the axis and a lateral branch or organ.
axile: situated on the axis of an organ.
axis: the main stem or a major branch of a thallus, usually bearing laterals.
bilabiate: with two lip-like structures on the sides of a structure such as a cystocarp.
bilocular: a chamber (e.g. a cystocarp) with a central partition separating it into two.
biphasic: with two phases in the life history.
bipinnate: doubly pinnate.
biseriate: arranged in two rows.
bispore: a spore from a sporangium bearing only two spores.
blade: the broad, flattened part of a thallus, usually surmounting the stipe.
bullate: blistered or puckered.
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caducous: dropping off early.
caespitose: occurring in tufts.
calceolate: shaped like a shoe.
calcified: with deposition of calcium carbonate in or on cell walls of the thallus.
calcite: the hexagonal crystalline form of calcium carbonate.
campanuiate: bell shaped.
canaliculate: with a channel along the length of the organ.
capitate: with a head on a slender stalk.
cap layer: one or two layers (polysaccharide) over each side of the pit-plug between two
cells.
carpogonium: the female reproductive cell (oogonium), usually bearing a trichogyne, in the
Rhodophyta.
carpogonial branch: the uniseriate branch, two to several cells long, which bears the
terminal carpogonium.
carposporangia: the reproductive cells produced by the carposporophyte, and which usually
form the tetrasporophyte.
carpospore: the diploid spore released from a carposporangium.
carposporophyte: the post-fertilization phase of the Florideophyceae, comprising
gonimoblast filaments bearing carposporangia.
carpostome: a small pore in the pericarp surrounding the carposporophyte.
cartilaginous: firm and tough but somewhat flexible.
catenate: association of cells or structures in a chain.
cellules: small cells, markedly smaller than the cells which bear them.
cellulose: the main carbohydrate of the cell wall, usually occurring as fibrils.
chevron: the form of a broad inverted V.
ciliate: fringed with cilia or fine hair-like structures.
circinnate: coiled into a ring or partly so.
clavate: club-shaped, broadest near the apex.
cogeneric: belonging to the same genus.
colonial: an organism formed by lax or defined aggregation of similar cells.
complanate: flattened or branched in one plane.
compressed: flattened but not strongly so, with an ovate cross section.
conceptacle: a flask-shaped cavity, opening to the surface, containing reproductive organs.
conchocelis: the microscopic filamentous phase in the life history of Porphyra and other
related genera, alternating with the macroscopic gametophyte.
conchospore: a spore produced and released singly by a conchosporangium (some
Bangiales).
conOuent: blending into one; passing by degrees from one to the other.
connecting filament: a filament, usually aseptate, through which the zygote nucleus is
transferred from the carpogonium (or nearby cell) to the auxiliary cell.
converging: approaching and finally merging together.
convolute: partly inrolled from the margin.
cordate: heart shaped.
cortex: the outer layer of cells or tissue of a thallus, outside the medulla.
corticate: covered with an outer layer, usually of smaller cells.
corymbose: arranged in a flat-topped cluster.
costate: with a costa or midrib.
crispate: irregularly waved and twisted; curled.
cross-connector cells: cells laterally linking cells of elongate longitudinal filaments.
cruciate: divided into four by cross walls.
crustose: forming. a firm to hard crust or layer on the substrate.
cuneate: wedge-shaped.
cupulate: cup-shaped.
cystocarp: reproductive structure in Rhodophyta consisting of the carposporophyte and
surrounding tissue (usually the pericarp).
cystolith: cells containing calcium carbonate, usually of distinctive form (e.g. in
Peyssonnelia ).

GLOSSARY

495

decumbent: reclining or prostrate but with the apex or margin ascending.
decussate: divided into pairs alternately at right angles.
deltaic: with lines appearing like a river delta.
dentate: with marginal teeth.
denticulate: minutely toothed.
determinate: having a fixed limit to growth.
dichotomous: branching into two equal parts by equal division at the apex.
diffuse (growth): growth in almost any part of the thallus, not localised.
digitate: branched like the fingers of a hand.
dimorphic: with two forms.
dioecious: having the male and female gametes produced on different plants.
diploid: with two sets of chromosomes (2N) in each nucleus.
diploidize: to change to the diploid state by introduction of a diploid nucleus.
discoid: forming a flattened disc with a rounded outline.
discrete: separate, not joined or coalescent.
dissected: deeply divided into many segments.
distichous: in two opposite rows along an axis or branch and thus lying in one plane.
distromatic: with two layers of cells or tissues.
divaricate: branching at wide angles.
dormant: inactive growth phase.
ecorticate: without a cortex.
endemism: restriction of the distribution of a taxon to a particular geographical region.
endophyte: an organism living within the tissues of a host plant.
endospore: formation of spores within the sporangium wall.
endozoic: living within animal tissue.
entwined: entangled or intermixed.
enveloping tissue: filamentous tissue surrounding the carposporophyte.
epilithic: living attached to rock or stones.
epiphytic: living attached to a plant, but not parasitic.
epizoic: living attached to an animal.
erose: with a margin as though bitten or gnawed.
eulittoral: the main intertidal zone between the sublittoral (usually dominated by large
brown algae) and the littoral fringe (usually dominated by Iittorinid snails).

excentric: one sided, with a displaced centre.
excrescence: a wart-like structure on a branch.
fascicle: a cluster or bundle, with the parts subparallel.
fastigiate: with branchlets clustered, erect and subparallel, but tapering above.
fibrous: divided into slender fibres.
filament: a long row of cells attached end to end, usually uniseriate, or a very elongate and
narrow coenocytic cell or part thereof.

flabellate: fan-like and complanate, extending upwards from a narrow base.
flabellule: a small fan-like structure.
flaccid: limp, flabby.
flagellate: with flagella (slender microscopic fibrils conferring motility).
flexuous: axes or branches with zig-zag development, usually with alternate branches on
each side.

floridean hair: a colourless, usually unicellular, elongate cell borne on the outer cortex.
foliose: broadly flattened and leaf-like.
funiform: rope-like.
furcate: divided into two, usually fairly equally, but not strictly dichotomous.
fusiform: spindle shaped, thicker centrally and tapering to both ends.
fusion cell: an enlarged, often irregular, cell formed from the zygote by fusion with other
adjacent cells.
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gametophyte: the multicellular sexual (N) gamete-producing phase of the life history of a
plant.

ganglioid: with the form of a ganglion, i.e. with a central swelling and long slender arms
often with other swellings.

generation: one of the two phases (gametophyte or sporophyte) in the life history of a plant.
gland cell: a small, usually subspherical, cell with highly refractive contents, darkly staining,
which may function in secretion or storage.

globular (globose): nearly spherical.
gonimoblast filament: a filament, usually becoming multicellular and branched, produced
by the zygote or fusion cell and which produces the carposporangia.

gonimolobe: a lobe, usually of a few, of the gonimoblast.
habit: the morphological form of a plant.
habitat: the environment in which an organism lives.
hair: elongate, unicellular or multicellular and uniseriate, extensions, not or only slightly
pigmented, tapering or cylindrical.

hamate: hooked at the tip.
hapteroid: with attachment structures somewhat like haptera.
heteromorphic: with morphologically different gametophyte and tetrasporophyte phases.
heterotrichous: a habit, usually filamentous, with both prostrate and erect systems.
hirsute: covered with long hairs.
holdfast: a basal attachment organ.
holotype: the single specimen or sheet on which an author bases the description of a new
taxon.

homogeneous: similar structure throughout.
hyaline: colourless or translucent.
hypha (-ae): elongate, slender cells or filaments derived laterally from medullary or cortical
cells.

hypobasal: below the base of a structure.
hypodermal: below the outer layer or epidermis.
hypogynous: the cell immediately below the female carpogonium.
hypothallial cell: a cell below the main thallus tissue.
indeterminate: capable of unlimited growth.
initial: the cell from which other specialised cells originate.
intercalary: situation or growth occurring between the apex and base.
internode: part of an axis or branch between two nodes.
interstices: small air-spaces between tissues.
involucre: a group of sterile filaments around a reproductive structure, usually arising
basally (e.g. Halymeniaceae).

isodiametric: with approximately equal diameters or dimensions.
isomorphic: organisms with the gametophyte and sporophyte of similar morphology and
size.

isotype: a duplicate specimen to the holotype.
LIB: length divided by breadth.

lacerate: torn or irregularly cleft.
laciniate: slashed, torn or divided into narrow, usually tapering, lobes.
lacunate: with air-spaces in a tissue.
LID: length divided by diameter.

laminate: flattened to form a lamina.
lanceolate: lance-shaped; long and narrow, tapering to both ends, especially to the upper.
lectotype: a specimen of the type collection selected as the basis of the taxon in the absence
of a holotype.

lenticular: shaped as in a doubly-convex lens.
life history: the sum of an organism's morphological, cytological and reproductive phases.
ligulate: strap-shaped.

GLOSSARY

497

linear: narrow, with parallel sides and several times longer than broad.
lobate: bearing rounded parts on an organ.
loculus (-i): a chamber of a reproductive organ, usually containing a single gamete or spore.
lumeu: the space within a cell or organ.
macroscopic: structures seen clearly with the unaided eye.
macrothallus: the larger, conspicuous, phase in the life history of an organism, as contrasted
with the microthallus.

maculate: with small rounded spots.
medulla: the central region of a thallus, internal to the cortex.
meiospore: a spore formed directly as a result of meiosis.
meiosis: nuclear division in which the chromosome number is reduced from 2N to Nand
genetic segregation occurs.

meristem: a region of cells actively dividing.
microfibrils: minute, (sub)microscopic, fibrillar components of cell walls.
microscopic: small structures only seen clearly with a microscope.
moniliform: arranged like a string of rounded beads.
monoecious: producing male and female gametes usually in separate structures but on the
same individual.

monocarpogonial: where the supporting cell bears a single carpogonial branch.
monophasic: a life history involving only a single reproductive phase.
monopodial: growth by means of a continuous apical growing point.
monosporangium: a sporangium forming a monospore.
monospore: a single spore formed within a monosporangium.
monostromatic: single layered, usually only one cell thick.
mucilaginous (mucoid): slimy, with surface mucilage.
multiaxial: a thallus formed of several to many axial filaments, all with apical or subapical
growth.

multicellular: consisting of many cells.
multifid: cleft into many branches or segments.
multinucleate: with many nuclei in each cell.
multiseriate: with more than one row of cells.
nemathecium: a raised area on the thallus surface containing reproductive organs, often
among paraphyses.

node: the position on an axis or branch where laterals arise.
nom. cons.: nomen conservandum, or a name conserved according to the International Code
of Botanical Nomenclature.

nurse cell: a small cell with nutritive function, attached to larger cells.
nutritive cells (filaments): cells or filaments supplying nutrition to other cells (e.g. the
developing carposporophyte).

obovoid: egg-shaped, but broadest near the upper end (a three-dimensional term).
oogamous: sexual reproduction involving an egg and a small sperm cell.
orbicular: a flat structure with a circular outline.
orthostichous: with straight rows of laterals from the apex.
ostiole: the pore-like surface opening to a reproductive structure (e.g. a cystocarp).
ovate: egg-shaped in outline, broadest near the base (a two-dimensional term).
ovoid: egg-shaped, often broadest near the base (a three-dimensional term).
panicle: a loose cluster of reproductive organs; a branched raceme.
paniculate: with a loose cluster of branches.
paraphyses: sterile filaments, usually uniseriate, on the thallus surface or within
conceptacles.

parasite: an organism growing on and dependent on the host for its nutrition.
paraspore: one of many spores in a sporangium which is not homologous to a
tetrasporangium.
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parenchymatous: a tissue of thin-walled, more or less isodiametric cells, derived by
division in different planes.
parietal: adjacent to the inner side of a cell or structure.
pedicel: the stalk of a reproductive organ.
pedicellate: with a cellular stalk, usually applied at the microscopic level.
pellicle: a superficial membrane on the epidermis (similar to the cuticle of vascular plants).
peItate: a shield-like structure with a stalk from the centre of the lower surface.
percnrrent: extending from base to apex of a thallus as one or more well-developed axes.
perennial: a thallus or part thereof which lasts for several years.
periaxial cell: a cell cut off from an axial cell but shorter and orientated obliquely or at right
angles to it.
pericarp: the protective tissue around or outside the carposporophyte, derived from the
cortex.
pericentral cell: a cell cut off from an axial cell and remaining similar in size and
orientation to the axial cell.
phycocyanin: the blue biliprotein pigment of blue-green and red algae.
phycoerythrin: the red biliprotein pigment of red and blue-green algae.
pinna(-e): a lateral of a distichous, regularly branched, frond.
pinnate: with laterals, ramuli or segments arranged along each side of an axis or branch.
pinnule: a secondary pinna.
pit-connection: a cytoplasmic strand connecting two adjacent cells through a pit in their
wall.
pit-plug: a lens-shaped plug filling the pit-connection, consisting of a proteinaceous central
core and often one or two polysaccharide caps.
placenta: a more or less flat tissue on which reproductive structures are borne.
plastid: the photosynthetic organelle within a cell, carrying chlorophyll and other pigments.
polycarpogonial: a supporting cell bearing more than one carpogoniaJ branch.
polychotomous: division at one point into several subequal branches.
polyflabellate: with several to many fan-shaped or clustered branches.
polysiphonous: having several to many peri central cells around the axial cell.
polyspore: one of many spores in a polysporangium, homologous to a tetrasporangium.
polystromatic: with several layers or stroma.
procarpic: close association of the supporting cell, carpogonial branch, and auxiliary cell in
the one branch system.
procumbent: lying along the substrate.
proliferous: bearing branchlets as irregularly placed offshoots.
prostrate: lying flat on the substrate.
protandrons: sexual reproduction with the antheridia maturing before the oogonia.
protoplast: the contents of a cell.
prototrichogyne: the rudimentary trichogyne found in some taxa of the Bangiales.
protnberant: protruding or bulging out from an organ or thallus.
pseudoconchocelis: a filamentous phase similar to the conchocelis phase of the Bangiales
but of uncertain function (e.g. Compsopogonales).
pseudofilamentous: association of cells in filaments but not in uniseriate, attached rows
(e.g. some Porphyridiales).
pseudolateral: a hair or branch system displaced to a lateral position.
pseudoparencbymatous: parenchyma-like due to lateral adherence or interweaving of
filaments but without cell divisions in all planes.
pulvinate: hemispherical or cushion-shaped, with a broad base.
pustule: a blister or pimple-like structure.
pycnidia: spherical or urceolate reproductive bodies of some fungi.
pyrenoid: an organelle within or attached to a photosynthetic plastid, forming a centre for
carbohydrate synthesis.
pyriform: pear-shaped, attached at the narrower end.
rachis: the axis of a compound (often pinnate) branch or frond.
radial: on the radii of the structure or around an axis.
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ramulus(-i): lesser or ultimate branchlets.
reflexed: bent backwards or downwards.
refractive: contents of a cell which appear dense and uniform in transmitted light, usually
darkly staining.

repent: prostrate.
reticnlate: forming a net or reticulum.
rbizines: thick-walled rhizoid-like internal cells (e.g. in Gelidiales).
rhizoid: a single- or few-celled (without differentiation) attaching or absorptive structure.
rhodoplast: the photosynthetic plastid of the Rhodophyta, with single thylakoids which bear
the phycobilin pigments.

rosette: with a ring of small cells around the margin of a larger inner cell.
rugose: wrinkled or roughened with ridges and furrows.
RVS: radial vertical section.

saccate: in the form of a sac or cavity.
secund: bearing laterals more or less in a row on one side of a branch.
septate: with cross walls to the cells or filaments.
seriate: arranged in a series on an axis.
serrate: marginally toothed with teeth pointing forwards.
sessile: attached directly to the substrate without a distinct holdfast and stipe; not stalked.
sheath: the surrounding tissue of an organ.
simple: unbranched or undivided.
sinuous: with a wavy margin.
sinus: the recess between two structures.
solitary: single, only one from the same place.
sorus(-i): a cluster of reproductive organs, occurring as a surface patch or raised group.
spathulate: elongate, with the end broader and tapering basally.
spermatangia: the cells which contain or cut off the spermatia.
spermatia: the non-motile male cells of the Rhodophyta. usually without a cell wall.
spine: a stiff. sharp-pointed projection on a cell or tissue.
sporangia: spore-producing cells or structures.
spore: a one-celled reproductive cell derived by mitosis (mitospore) or meiosis (meiospore)
and capable of growth directly.

sporeling: the early stage of development from a spore.
sporophyte: the diploid (2N) spore-producing multicellular phase of a life history.
stellate: with the form of a star, with numerous projections from a central region.
stichidia: specialized branches bearing tetrasporangia.
stipe: the stalk, lying between the holdfast and the blade or frond of the thallus, or bearing
the primary branches.

stolon: a prostrate or creeping axis, lying on the substrate, from which erect branches arise.
stoloniferous: stolon-like or stolon-bearing.
striate: with fine parallel lines.
subdichotomous: almost dichotomous but not truly so.
sublittoral: the photic zone below the eulittoral region, from about mean low tide level to
the lower limit of algal growth.

submarginal: just within the margin.
subsidiary cell: a cell in a carpogonial system (e.g. Kallymeniaceae) which is similar to the
lower cell of the carpogonial branch but which does not bear a carpogonium.

subspherical: almost spherical.
subulate: awl-shaped, with a fine sharp point.
supporting cell: the cell which bears one or more carpogonial branches.
sympodial: development of an axis by repeated replacement of the growing apex by a lateral
growing point from below.

syntype: one of the specimens used by the author when no holotype was designated,
separate from one selected as lectotype.

tendril: a twining or clasping branch.
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terete: cylindrical and usually slightly tapering.
tetrahedral: a four-sided figure, as in tetrahedrally divided tetrasporangia.
tetrasporangium: a meiosporangium containing four spores, usually in a distinctive
arrangement.

tetrasporoblast: the cell giving rise to a tetrasporangium.
tetrasporophyte: the diploid generation which produces tetrasporangia.
thallus: the relatively simple plant body of a non-vascular plant.
thylakoid: a flattened sac-like membranous structure associated with photosynthetic
pigments, within the plastids.
tomentum: a dense covering of short hairs.
trichoblast: a simple or branched, usually colourless, filament arising near the apices (e.g. of
Rhodomelaceae ).
trichogyne: the slender prolongation from the carpogonium to which spermatia become
attached.
trichotomous: branching equally in three's.
trimorphic: with three morphological forms.
triphasic: with three phases in the life history.
truncate: with the end abruptly flattened as if cut off.
tuberculate: covered with knobby excrescences.
type: the specimen on which a species (or lesser category) is based (see holotype, isotype),
or the species name which provides the basis of the genus; similarly for higher taxa.

umbilicate: centrally depressed or attached, with surrounding membrane or thallus parts.
uniaxial: with a single axis or central filament within the thallus.
unicellular: with a single cell.
unilateral: branched on one side of the axis or branch.
unilocular: a sporangium with a single chamber, producing numerous spores (usually
meiospores).

uninucleate: with a single nucleus in the cell.
uniseriate: arranged in a single row or series, not more than one cell broad.
urceolate: shaped like an urn; hollow and contracted at the mouth.
utricle: a bladder-like cell usually in the outer layer of a thallus.
vacuole: the liquid-filled centre of the cell, surrounded by protoplasm.
verrucose: covered with wart-like growths.
verticillate: structures (usually branchlets) arranged in a ring or whorl around an axis.
vesicle: a sac- or bladder-like structure, often partly filled with gas, usually forming a
floatation organ.

zonate: with parallel cross walls dividing the spore or tissue into zones.
zygote: the diploid cell reSUlting from fusion of gametes.
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ovatum.......................................
CODIOPHYLLUM........................
bunburyense ........... ..... ...............
decipiens ................ ....................
flabelliforme ...................... ........
marchesettioides ........................

258
427
258
252
256
427
181
73

75
75
126
126
169
170
169
172

356
449
449
449
449
448
272
110
176
110
369
72
47
63
69
63
65
47
347
440
175
328
23
23
346
223
240
241
241
242
414
374
376
216
216
172
216
217

503
spongioides ...............................
squamarioides ................. .... ......
Colaconema bonnemaisoniae.. ........
botryocarpum..............................
daviesii ........................................
deliseae .......................................
humile..........................................
maculum......................................
nakamurai ...................................
nemalionis............... ....................
pacificum.....................................
phacelorhizum.............................
plumosum ............... ......... ............
polyidis........................ .... ............
porphyrae ....................................
secunda tum .................................
spiculiphilum...............................
spongiocolum .. ............... .... .........
tenuissimum....................... .... ......
Conferva daviesii.... ......... ............ ....
floridula .................... ..................
ornata..........................................
oxyclada......................................
Corallina cylindrica .......... ............
marginata..................................
obtusata.......... ..... ......................
CRASPEDOCARPUS...................
hlepharicarpus .................. .........
ramentaceus...............................
tenuifolius .. ......... ..... ........ .........
venosus............ ..... ...... .... ..... ......
Cruoria australis ...........................
Cruoriella dubyi ............................
CRYPTONEMIA..........................
digitata............ ......... ........... .......
elata ..........................................
kallymenioides ..... .... ....... ..........
nitophylloides..... ..... .... ..............
phyllophora .............. .................
undulata... ... ...............................
wilsonii........ .............. ................
Ctenodus billardieri ........... .... .......
labillardieri .............. .................
Curdiea gymnogongroides ............
Cystocloniaceae............ ........ .........
Cystoclonium aciculare .................
camosum.... .................. .... .........
filiforme. ................... .... .............
membranaceum.........................
Dactylymenia digitata ...................
DASYPHLOEA..... .... ..... ...............
gigartinoides ......... ....................
insignis.. ..... ................. .......... ....
tasmanica ..... .............................

216
217
72
55
50
72
63
63
61
73
58
52
57
65
71
48
64
64
48
50
45
23
75
1 16
113
I 12
419
421
425
427
423
166
163
179
181
170
184
185
169
182
179
400
400
327
409
462
451
344
451
181
223
223
223
223

Delesseria interrupta ... .... ..... .........
piocamium var. costata..............
Vat. procerum ........................
ramentacea ...... ..........................
DICRANEMA................................
cincinnalis..................................
filiforme ..... ........................ ........
furcellatum....... ............ ..............
grevillei......................................
pusilla ........................................
revolutum...................................
revolutum...................................
Dicranemataceae ...... .... ....... ...........
Dictyopsis fimbriata.. .... ..... ............
Dicurella affinis .............................
concirma .................. ...... ............
scutellata....................................
DUDRESNAY A............................
australis..................... ......... ........
Dumontia robusta ..........................
Dumontiaceae................... ..... .........
Echinocaulon ramellosum..............
Ectoclinium den tatum ....................
latifrons .......... ...........................
Epiphloea grandifolia ....................
ERYTHROCLADIA........................
irregularis.... ........ ....... .............. ....
subintegra ............. .......................
ERYTHROCLONIUM ..................
angustatum.................................
muelleri......................................
pyriferum ...................................
sedoides .. .... ........... .... ................
sonderi ............... .... ....................
ERYTHRONAEMA ......................
ceramioides .................. ..............
Erythropeltis subintegra ..................
ERYTHROTRICHIA.......................
australis ............................. ...... ....
camea...........................................
foliiformis...... .................. ............
Jigulata....... ..................................
Erythrotrichiaceae ................... .........
Ethelia australis ...................... .......
Euctenodus australis... .... ...............
Euctinodus labillardieri.................
Euthora ?gunnii .............................
marginifera. ........................ .......
membranacea.............................
Fucus capillaceus...........................
concinnus ...................... .............
congestus ............... ....................
constrictus..................................
comiculatus .......................... .....

260
381
383
425
322
324
344
317
322
464
322
324
321
425
320
317
320
225
225
340
218
121
468
468
209
26
26
27
350
353
351
353
353
355
435
435
27
27
28
28
30
28
25·
151
405
400
414
466
414
139
317
356
175
299

504
crenulatus..................................
crinalis ......................................
divaricatus.................................
griffithsii....................................
labillardieri.... ...........................
lambertii ................ ....................
lucidus .......................................
pepricarpos .................. .............
pusillus ............................. .........
radula........................................
rangiferinus...............................
valentiae .. ..... ... ............. .............
GALAXAURA..............................

269

binder; ....... ........ ............. ..... ......

133
441

brachiata ......... ............. ......... .....

269
400
255
137
400
133

290
256
445
112

arborea...................................... 113
cliftoni .... ......... ...................... ...... 94
cylindrica ....... .... ....... ................ 116
dolicarthra ..... ........................... 112

laxa............................................

113
marginata................................... 113
obtusata..................................... 112
robusta ...................................... 112
spathulata........ ..... ..................... 113
tumida ....................................... 112
umbellata .................. ........ ........ 112
Galaxauraceae.................................. 99
Gelidiaceae .................................... 119
GELIDIELLA............ .................... 119
antipai........................................ 123
minima...................................... 122
ramellosa................................... 121

stichidiospora............................

123

GELIDIUM ...................................
asperum...... ..... ..........................
australe ......................................

129
129
132
404

compositum ...............................
constrictum................................ 175
corneum............................. 132,139
var. crinalis........................... 133
crinale........................................

glandulae/olium ........................
lucidum......................................
pusillum.....................................

rectangulare ..............................
proliferum ........... ......................
spathulatum...............................
GELINARIA .................................

harveyana. ..................... ........ ....
ulvoidea................. ....................
GIBSMITHIA............ ....................
womersleyi ................................
GIGARTINA ....................... ..........
acicularis var. pinnata ..............

aciculifera .................................
ancistroclada.............................

133
131
137
133
141
125
133
205
206
206
228
228
297
299
299
303

chondroides ... .... .............. ..........
?cincinnalis ................................
congesta.....................................
crassicaulis ................................
crassifolia ..................................
densa..........................................
disticha.......................................

flabellata....................................
gigantea........ ...... ........... ..... .......
insidiosa.... ............ .................. ...
lanceo/ata ..................................
lanecata .....................................
livida..........................................
longipes ..... ................................
mueileriana ................................

nitens .........................................
orbicularis.................................
ovata..........................................

299
299
308
458
301
296
296
301
310

308
290
294
287
312

296
451
308
290

209
376

pinnata ..... ........ ..........................

312

pinnata.......................................
prolifera.....................................
? pumila.....................................
radula........................................

296
287
301
290

recurva ............... ........... .............
sonderi .......................... .............
wehliae............ ...... .....................
Gigartinaceae......... ............. ..... .......

303
306
312
285
Ginannia australis ........ ................. 405
GLAPHYRYMENIA ..................... 238
pustulosa.................................... 240
GLOIOPHLOEA............................ 107
perriniae .................................... 107
rosea........................................... 108
scinaioides ................................. 107
GLOIOPHYLLIS ........................... 427
barkeriae ............................ ........ 430
engelhardtii........ .................... .... 427
Goniotrichum alsidii ........................ 24

cornu-cervi................................... 24
elegans......................................... 24
Gracilaria aculeolata........... .......... 462
GRATELOUPIA............................

australis .....................................
filicina var. luxurians.... ..... ........

gigartinoides....... .......................
intestinalis..................................
ovata..........................................
tasmanica ..... ........ ......................

Grunowiella barkeriae ..... ......... .....
GYMNOGONGRUS......................
crenulatus. ..... ... ..........................
griffithsiae.... ............. ..... ..... .......

197
235
198
287
202
204
201
430
267
269
269

505

jasligiatus ....... .......... .............. ...
joliosus .... ........ ............ ..............
humilis.......................................
Haematocelis australis ..................
HALYMENIA ....... .... ........... .... .....
australis .... ................ ........ ... .....
? chondriopsidea.......................
cliftonii ............... ............. ..........
digitata......................................
jastigiata ...................................
floresia............ ................ ...... .....
subsp. floresia.......................
subsp. harveyana... ................
floresia .. .... .... ............ ................
harveyana..................................
kallymenioides. .......... ... ... ..........

kraftii............ ............... ..............
membranacea ..... .......................
muelleri ............................. ........
plana..........................................
speciosa....... ........................... ...
ulvoidea........................ .............
Halymeniaceae...............................
Helminthiopsis ? rosea ..................
HELMINTHOCLADIA...................
australis ... ...... ........... ......... ..........
beaugleholei ................................
densa...........................................
dotyi ............................................
lumens.........................................
HELMINTHORA............................
australi s .......................................
densa...........................................
divaricata ....................................
lindaueri ......... ................ .............
lumens.........................................
HENNEDY A.................................
crispa.........................................
Heringiafiliformis .........................
jurcata ........ ...............................
HILDENBRANDIA......................
crouanii .....................................
expansa.................. ................ ....
lecannellieri....... ........ ........ ........
prototypus .................................
rubra..........................................
Hildenbrandiaceae.........................
HORMOPHORA...........................
australasica................................
Hormospora ramosa............. ...........
Hymenocladia ceratoclada............
HYPNEA.......................................
cenomyce.... .................. .............
ceramioides var. uncinata .........

265
466
267
157
188
405
186
184
181
110
189
189
191
191
191
184
192
414
195
195
206
206
167
108
85
90
87
89
85
91
81
83
89
83
82
91
366
368
438
407
142
143
145
145
143
143
142
245
245
23
250
436
446
440

charoides....................................
cystoclonioides...........................
divaricata.......... .........................
episcopalis .............. ...... .............
jastigiata....................................
filiformis .................. ......... ..... ....
jurcellata............. ............... ........
hamulosa ................... ................
musciformis ...................... .........
planicaulis .. ...............................
ramentacea.................................
rigens.........................................
seticulosa .............. .....................
valentiae............... ................. .....
valida.........................................
Hypneaceae ....................................
HYPNEOCOLAX..........................
stellaris forma orientalis.. ..........
subsp. orientalis....... ..............
Iridaea australasica .......................
joliifera ......... .............. ...............
gigantea ............ ............. ....... .....
polycarpa...................................
prolifera.....................................
Iridophycus australasica................
KALLYMENIA .......... ...................
cribrogloea.................................
cribrosa ......................................
nana...........................................
nitophylloides ........... .................
polycoelioides ............................
rubra...........................................
spinosa. ................. .....................
tasmanica ............. ......................
Kallymeniaceae........... ...................
KRAFI1A ........ ............... ...............
dichotoma ............... ...... .............
Kylinia australis...............................
Laurencia ? membranacea.............
Lecithites rangiferinus ...................
LIAGORA ........................................
albicans .. ................... ..................
cheyniana.................... .................
cliftoni .................................... ......
codii.............................................
distenta ................ ................ ........
farinosa ........ ................ ................
harveyana........ ...... ......... ..... .........
pulverulenta.................................
viscida..........................................
wilsoniana....................................
Liagoraceae ................... ...................
Litharthron australis .............. ........
MELANEMA.................................

441
440
441
440
464
438
317
445
445
410
440
440
441
445
440
436
446
446
446
290
287
290
287
287
290
231
233
233
241
185
242
236
238
235
230
226
227
59
414
456
92
98
94
94
92
98
94
96
98
96
98
77
166
362

506

dumosum................................... 363
Meredithia nana ............................ 241
polycoelioides .... ................... .... 242
Meristotheca tasmanica................. 252
Me"ifieldia ramentacea................ 440
MYCHODEA................................ 450
acanthymenia............................. 464
aciculare ..................... ..... .... ...... 462
australis...... ......... ...................... 468
camosa...................................... 451
carnosa............. ................. 454, 462
chondroides............................... 458
compressa ..................... ............ 458
disticha.. .................. .................. 458
Jastigiata ................................... 464
foliosa........................................ 466
gracilaria..................... ..... .......... 454
halymenioides ................... ........ 468
hamata....................................... 456
linearis .......... ............................ 458
longipes ..................................... 451
mallardiae ...................... ........... 451
marginifera ................................ 466
membranacea ........... ......... 451, 454
muelleri .............. ....................... 462
nigrescens ............ ....... .............. 458
obtusangula..... ................... ....... 458
pusilla........................................ 464
ramulosa.................................... 456
spinulifera ................................. 460
terminalis ................ .................. 451
Mychodeaceae... ................ ............ 450
NEMALION.................................... 78
helminthoides ................ .............. 78
? insigne....................... ............... 89
multifidum ................................... 78
Nemastoma comosum ........ ............ 278
? densa ........................................ 89
feredayae.. ..... ............. ............... 276
? gelinarioides........................... 206
? insigne......................... ............. 89
intestinalis ...................... ........... 202
laingii ....... ................................. 279
Nemastomataceae ....... ................... 270
Neoareschougia australis.............. 360
ligulata ......... ........... .................. 360
Neurophyllis australis ...... ............. 468
NIZYMENIA ........................ ........ 404
australis........ .......... ................... 404
Nizymeniaceae............ ................... 402
NOTHOGENIA............................. 108
fastigiata.............................. ...... 110
PACHYMENIA ............................ 208
apoda ........................................ 209

orbicularis.................................. 209
sessilis........................................ 209
slipitata...................................... 209
PELTASTA.................................... 327
australis...................................... 327
Petroglossum nicaeense.. ............... 263
PEYSSONNELIA.......................... 153
atlantica..... ................................ 163
australis............................. 151,155
boudouresquei............................ 163
capensis...................................... 155
dubyi.......................................... 163
foliosa.. ........ ........................ ...... 158
gunniana.................................... 155
inamoena.................................... 164
multifida..................................... 157
novae-hollandiae......... ..... .......... 157
rubra.......................................... 155
splendens ................ ................... 161
squama ria B novae-hollandiae .. 157
Peyssonneliaceae............................ 150
Phacelocarpaceae ........................... 391
PHACELOCARPUS...................... 392
alatus.......................................... 393
apodus........................................ 398
australis ........................... .......... 405
complanatus............................... 396
densus ........................................ 356
labillardieri....................... ..... .... 400
peperocarpos.............................. 400
sessilis........ ........ ....... ................. 396
Phyllophora obtusa var. crispata... 182
Phyllophoraceae............................. 259
Phytoconis purpurea ........................ 23
PLATOMA .. .............. .................... 281
australica.......... ........ ....... ..... ...... 284
foliosa .................. ............... ....... 283
Plocamiaceae.................................. 376
PLOCAMIUM ............................... 377
angustatum ................................ 378
angustum.................................... 378
B pusillum......... ..................... 389
cartilagineum ...... ....................... 389
coccineum ............. ..................... 389
var.flexuosum ....................... 391
costatum............. ........... ............. 381
dilatatum .................................... 385
flexuosum......... .......................... 391
gracile........................................ 378
1eptophyllum...................... 389,391
var.jlexuosum ....................... 391
mertensii .................. ....... ........... 383
nidificum............ ......... ..... .......... 383
patagiatum ................................. 381

507
preissianum ....... ........................

387
383
383

porphyrae .................................... 71
simplex......................................... 50
Rhodocladia lambertii ................... 255

389

RHODQGLOSSUM.......................

jolii/erum ..... .......... ......... ..... ......

PORPHYRA....................................
columbina.... ....... .... .... .................
lucasii ..........................................
woolhousiae ................................
Porphyridiaceae...............................
PORPHYRIDIUM...........................

378
245
246
246
246
246
165
175
175
178
214
36
39
39
37
21
21

marinum......................................

23

procerum ...................................
var. nidificum ........................
pusillum.....................................
telfairiae ............... .... ............ .....
POLYCOELIA ..... .............. ...........

australis...... ..............................
chondroides ...............................
jasligiala ..................... ...... ........
laciniata.................. ...................
Polyidaceae....................................
POLYOPES...................................
constrictus ............... ..................
tenuis.........................................

Polyphacum dichotomum ..............

purpureum ................................... 23
PORPHYROPSIS.. ..... ............... ...... 31
minuta......................................... 31
PREDAEA..... ....... ..... .................... 273

huismanii...................................
Prionitis microcarpa .....................
Pseudoscinaia australis........ .........
PTEROCLADIA ....... ....................
capillacea...................................
lucida.........................................
rectangularis..............................
PTILOPHORA...... ........................
prolifera..... ..... ................. ..........
RHABDONIA ......... .... ......... .........

charoides...................................
clavigera....................................
coccinea................... ..................

dendroides. ................................
globi/era....................................
harveyi....................... ................
mollis.........................................
nigrescens . .............. ..... .............
patens........................................
racemosa ....... ......... ..... ..............
robusta .................. ....................
? sonderi......... .............. .............
umbellata ..................................
verticillata................... ...............

Rhodochorton dictyotae ..................
jloridulum....................................
pacificum.... ............... ......... .........
plumosum............... .....................

274
176
105
136
139
137
141
124
125
345
433
349
345
346
376
346
373
373
373
370
-340
355
340
347
53
45
58
57

gigartinoides ........... ............... ....

lanceo/atum ......... ......................
polycarpum ................................
proli/erum.. ............... ..... ..... .......
purpureum .......... .......................
tasmanicum................................
Rhodomela dorsi/era................. .....
Rhodomenia alcicornis .. ...... ..........
lambertii .................. .............. ....
RHODOPELTIS ............................
australis......................................
RHODOPHYLLIS.........................

barkeriae....................................
bifida..........................................
blepharicarpa ............................
brookeana ........ .................... ......
dictyopsis ................ ...................
Jimbriata ......... ...........................
goodwiniae ................................
gunnii.........................................
? hypneoides .... ............ ..............
marginalis..................................
membranacea ..... ........................
multipartita.................................

nitophylloides .. ....... ..... ..............
ramentacea .......... .................. ....
tenlli/olia....................................
volans.........................................

Rhodothamniella caespitosa . ...........
jloridula. ............... .......................
Rhodymellia coccinea ............ ........
elata...........................................
Jimbriata ....... ....... ......................
lambertii .......... ..........................
membranacea.............................
phyllophora .................. ......... ....
Sahlingia subintegra .......... ..............
SARCODIA ...................................
marginata ...................................
Sarcodiaceae...................................
SARCONEMA..................... ..........
filiforme.....................................

jurcellatum...... .................. .........
SARCOTHALIA................... ..... ....
crassifolia.......... ........... ..............
insidiosa.............. .................. .....
radula.........................................
SCHIZYMENIA .......... ..................
dubyi..........................................

286
287
287
287
287
287
287
287
333
249
255
165
166
413

430
423
421
423
425
425
425

414
410

423
414
416
431
425

427
417
55

45
256

170
425
255

414
169
27
315
315
314
344
344
344
289
296
294
290
279
280

508

SCH01l'ERA............ ..... ............... 262
nicaeensis .............. ........ ............ 263
SCINAIA....................................... 100
aborealis .................................... 101
australis... .................................. 105
australis .......... .......................... 405
monilifonnis.............................. 101
proliferata ..... ............................. 105
tsinglanensis..... ..... ...... .............. 103
Sebdenia kallymenioides ............... 184
SOLIERIA..................................... 339
australis.................................... 340
compressa ................................. 356
mollis......................................... 373
robusta. ..... ......... ..... ................... 340
tenera......................................... 343
SONDEROPELTA........................ 151
coriacea ..................................... 151
Sonderophycus australis ..... ........... 151
Sphaerococcus ? alcicornis ........... 250
asper.......................................... 129
australis...................... .............. 256
concinnus .................... ....... ....... 317
constrictus ................................. 175
coriaceus ................................... 334
crassifolius ................. ............... 296
labillardieri ..................... .......... 400
lambertii.................................... 255
microcarpus .................................. 175
OppOSilifolius............................. 335
radula........................................ 290
revolutus.................................... 322
Spongomorpha oxyclada................. 75
STENOCLADIA ........................... 405
australis..................................... 405
cliftonii ...................................... 405
conferta... ..... ..... .... ............... ..... 405
corymbosa ................................. 405
furcata ....................................... 407
harveyana.................................. 405
ramulosa ..................... ....... ....... 363
sonderiana .......... .............. ........ 405
STENOGRAMME ........................ 260
interrupta................................... 260
leptophylla..... ......... ................... 262
Stictophyllum membranaceum....... 414
venoswll................. ......... ........... 423
STICTOSPORUM......................... 430
nitophylloides. ......... .................. 431
STyLONEMA................................ 24
alsidii........................................... 24
cornu-cervi ........... ..... .................. 24
Thamnocarpus? iaurencia............ 356
mertensii.................................... 383

THAMNOCLONIUM .................... 213
bunburyense ............................... 216
claviferum.................................. 214
codioides.................................... 214
decipiens .................................... 172
dichotomum............................... 214
flabelliforme .............................. 216
harveyanum ............................... 217
hirsutum..................................... 214
marchesettioides ........................ 217
proliferum ............... ....... ...... ...... 214
seminerve ........................... ........ 214
spongioides ...... ............. ............. 216
squamarioides............................ 217
Thamnophora angusta ................... 378
costata .............. ......... ....... ......... 381
mertensii .................................... 383
procera ..... ......... .... ........... .... ..... 383
THAMNOPHyLLIS ...................... 247
lacerata.... ........ ........................... 247
Thysanacladia coriacea ................. 334
dorsifera .................................... 334
harveyana .................................. 337
laxa.................................... 337,339
oppositifolia ...................... ......... 335
TIKVAHIELLA............................. 332
candida..... ................. ......... ..... ... 332
TREMATOCARPUS ..................... 317
affinis......................................... 320
concinnus................................... 317
TRICLEOCARPA.......................... 116
cy lindrica ................................... 116
TSENGIA....................................... 274
comosa....................................... 278
feredayae................. ......... ..... ..... 276
laingii......................................... 279
Turnerella atlantica ....................... 280
TYLOTUS ....................... .............. 328
obtusatus.. .................................. 328
Verrucaria rubra............................ 143
ZyMURGIA.................................. 186
chondriopsidea........................... 186

