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The vegetative and reproductive morphology of Halymenia acuminata (Holmes) J. Agardh is described
and illustrated from materials collected near the type locality. This species lacks distinctive anticlinal
medullary filaments a critical feature of Halymenia. The structure of its auxiliary cell ampullae and the
developmental pattern of its pericarps are most like Grateloupia within the family Halymeniaceae. A
mediate discal type of spore germination pattern also differs from that of Halymenia and is typical of
Grateloupia. The resurrection of Grateloupia acuminata Holmes is therefore proposed.
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In 1896, Holmes described Grateloupia
acuminata based on a specimen collected at
Enoshima, on the central Pacific coast of
Japan. Subsequently, J. Agardh (1901)
transferred the species to Halymenia. Since
then, the binomial H. acuminata has been ac-
cepted by Okamura (1908) and other workers
(Segawa 1956, Lee and Kang 1986).

Recent authors consider genera within the
family Halymeniaceae defined on vegetative
features, and Halymenia is often characterized
by the presence of conspicuous anticlinal fila-
ments in the medulla (Abbott 1967, Kraft
1977, Maggs and Guiry 1982, Gargiulo et al.
1986). However, my recent study of a new
species of Grateloupia (Kawaguchi 1990) has
suggested that the anticlinal medullary fila-
ments may not be as strong a generic charac-
teristic as previously thought. The distinc-
tion between the two genera could rather alter-
natively made on a combination of reproduc-
tive features and a spore germination pat-
tern. The ultimate characterization of these
genera thus remains to be resolved.

In the present study, vegetative and
reproductive details of Halymenia acuminata are
described principally from specimens collect-

ed at Shichirigahama (1 km east from the type
locality), and the germination mode of its car-
pospores and tetraspores is clarified in labora-
tory culture. The results are presented as a
step toward a better understanding of generic
criteria within this family.

Materials and Methods

The materials from the following localities
were used for study: tetrasporangial, Shiraha-
ma, Wakayama Pref., 30. iii. 1957, 5. iv.
1957, leg. Y. Tsuji, SAP 047499-50; cystocar-
pic, tetrasporangial, Inamuragasaki, Kanaga-
wa Pref., 26. ii. 1967, leg. M. Yoshizaki,
SAP 031317-8; cystocarpic, Zushi, Kanaga-
wa Pref., iii. 1940, leg. T. Tanaka, SAP
021553; cystocarpic, Shichirigahama,
Kanagawa Pref., 14. v. 1955, leg. Y. Tsuji,
SAP 047504; cystocarpic, tetrasporangial,
Shichirigahama, Kanagawa Pref., 2. iv.
1984, leg. S. Kawaguchi, Kawaguchi 1037-8
(cast up ashore); cystocarpic, tetrasporangial,
Shichirigahama, Kanagawa Pref., 28. iii.
1990, leg. S. Kawaguchi, Kawaguchi 1017-9
(cast up ashore).

Although the type specimen (probably in
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Figs. 1-4. Halymenia acuminata (Holmes) J. Agardh. Fig. 1. Holmes’ original illustration. Fig. 2.
Okamura’s specimen used in Algae Japonicae Exsiccatae (no. 31, SAP Okamura herb. as Grateloupia acuminata
Holmes). Figs. 3, 4. Cystocarpic plants (Kawaguchi 1038, 1037). Scale in Fig. 3 applies also to Fig. 4.

BM) has not been examined, the above speci-
mens agree well with Holmes’ illustrations
(Fig. 1) and Okamura’s specimen collected at
the type locality in April 1897 and used in his
Algae Japonicae Exsiccatae (as Grateloupia
acuminata in SAP Okamura herb., Fig. 2).

Sections were made by hand using a razor
blade, stained with 0.5% (w/v) cotton blue in
a lactic acid/phenol/glycerol/water (1:1:1:
1) solution and mounted in 50% glycerol-sea-
water mixture on microscope slides.

Carpospores and tetraspores were obtained
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from the drift specimens collected by the
author at Shichirigahama on April 1 1989 and
March 28 1990. Liberated spores were inocu-
lated into small petri dishes (6cm in di-
ameter) containing full strength Provasoli’s
Enriched Seawater (PES). Plants were
grown at 20°C, 12: 12 light and dark cycle
under white fluorescent light 1500-2000 lux.

Abbreviations of herbaria follow Holmgren
et al. (1981).

Observations

Vegetative morphology

The upright thalli arise caespitosely from a
discoid holdfast. The stipe, up to 3 cm long
and 2mm in diameter, gradually expands
into a simple or a few times branched, flat,
linear-lanceolate blade. Branching may oc-
cur also in the stipe. The margin of the blade

is beset with pinnate proliferations that are be-
set again with pinnate ramuli. Minute
proliferations may also arise from the sur-
Some of the marginal proliferations
grow into bladelets with similar appearance to
the main blade. The main blade reaches
50 cm high and 4 cm wide (Figs. 2-4). The
texture is very gelatinous when young, but
becomes somewhat firmer with age. The
color is rose red to blood red.

The blade is up to 600 #m thick, composed
of a rather thin cortex and lax medulla (Fig.
5). The cortex consists of about 6 cells, with
an outer of 2-3 elliptical to rounded cells ar-
ranged in anticlinal rows and an inner of 3-4
larger, irregularly-shaped cells often laterally
connected by secondary pit-connections.
The medulla, about the three-fourths of the
blade, consists of sparsely-intermeshed fila-
ments, running in various directions (Fig. 5).

faces.

Figs. 5-10. Halymenia acuminata (Holmes) J. Agardh. Fig. 5. Transverse section of young branch showing
sparse medulla. Figs. 6, 7. Carpogonial ampullae. Arrow shows carpogonium with trichogyne. Figs. 8, 9. Aux-
iliary cell ampullae branched to the second order. Arrow shows auxiliary cell. Fig. 10. Connecting filaments (ar-

rowheads) produced from slightly enlarged cell (arrow).

Scale in Fig. 6 applies also to Figs. 7-10.
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Reproduction The carpogonial branch is two-celled and posi-

Carpogonial branches and auxiliary cells tions in the center of the ampulla (Figs. 6,
are formed in separate flask-shaped ampullae 7). The auxiliary cell ampulla is somewhat
of filaments branched to the second order. larger in size and usually the fifth cell of the
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Figs. 11-18. Halymenia acuminata (Holmes) J. Agardh. Fig. 11. Connecting filaments (arrowheads) from
enlarged cell (long arrow) with withered trichogyne (short arrow). Fig. 12. Early stage of gonimoblast develop-
ment. Long arrow shows fusion complex, short arrow shows gonimoblast initial cell and arrowheads indicate in-
coming and outgoing connecting filaments. Fig. 13. Slightly advanced stage of gonimoblast development. Long
arrow shows gonimoblast initial cell, short arrow indicates fusion complex and arrowheads show connecting fila-
ment. Fig. 14. More advanced stage. Note that pericarpial filaments are well developed. Fig. 15. Mature
cystocarp with pericarp. Fig. 16. Basal portion of mature cystocarp. Long arrow shows fusion complex, short ar-
row indicates elongated gonimoblast initial. Note that ring-like structures (small arrowhead) and foliar radiating
processes (large arrowhead) are seen along the initial. Fig. 17. Spermatangia formation. Fig. 18. Tetrasporangia
formation. Scale in Fig. 13 applies also to Figs. 11, 12 and 16-18.
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primary filament functions as an auxiliary cell
(Figs. 8, 9).

The early stages of fertilization were not
traced with certainty. However, several con-
necting filaments were observed to be cut off
from a slightly enlarged, irregularly-shaped
cell with a withered trichogyne (Figs. 10,
11). The connecting filament fuses with an
auxiliary cell. The filament may terminate
here, but often an outgoing filament is
produced from the other side of the auxiliary
cell (Fig. 12). After fusion a gonimoblast ini-
tial cell is cut off from the auxiliary cell
toward the surface, and the ampullary cells
then begin to produce lateral branchlets.
The initial cell successively cuts off several
gonimoblast cells and these in turn divide to
form carposporangia (Figs. 12, 13). As the
gonimoblast develops further, the ampullary
filaments and the branchlets
become elongated to form a thick involucre

derivative

Figs. 19-24.

tube formation (arrowhead) two days after inoculation.

Halymenia acuminata (Holmes) J. Agardh. Fig. 19. Liberated carpospores.
Fig. 21. 6-day-old germling. Note that spore content

(=pericarp). Neighboring vegetative cells
and their derivatives also contribute to the
pericarp formation (Fig. 14). The pericarp
remains distinct around the fully developed
carposporophyte (Fig. 15). The mature cys-
tocarp is spherical in outline, 300-400 #m in
diameter, deeply immersed in the thallus and
opens by a pore (an ostiole) in the cortex (Fig.
15). In old specimens, foliar radiating
processes and small ring-like structures were
observed along the side of the elongated
gonimoblast initial (Fig. 16).

Male reproductive structures were found
scattered on the plants bearing cystocarps.
Spermatangia are cut off singly or in pairs
from the outermost cortical cells (Fig. 17).

Tetrasporangia are dispersed over the
blade as are the sexual organs. Tetrasporan-
gial initials are cut off laterally from the corti-
cal cells in the third layer from the surface.
Mature sporangia are broadly ellipsoidal, 15-
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Fig. 20. Germ-

evacuated into germtube. Fig. 22. 10-day-old sporeling developing into crust with marginal meristem and empty

spore wall (arrowhead). Fig. 23. 14-day-old crust.
thalli. Scale in Fig. 20 applies also to Figs. 21, 22.

Fig. 24. Two-month-old crusts beginning to develop erect
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18 #m wide by 33-40 #m long, submerged in
the cortex, and cruciately or decussately divid-
ed (Fig. 18).

Development of spores

Liberated carpospores are 18-22 #m in di-
ameter (Fig. 19). One or two days after set-
tling, the spore developed a germ tube (Fig.
20) into which the spore content migrated
(Fig. 21). A septum was then formed, leav-
ing only the original spore wall behind. Ir-
regular divisions of the germ tube cell gave
rise to a multicellular, discoid sporeling (Fig.
22). The disc grew by divisions of the margin-
al meristem and after one week reached
50 gm in diameter. In two weeks, the disc
reached 100 #m in diameter (Fig. 23), and in
five months, 3-5 mm (Fig. 24). Upright thal-
li arose from near the center of the disc after
two months. Tetraspores developed in a simi-
lar manner to carpospores. The developed
discs reached 2mm in diameter in two
months and gave rise to upright thalli two
weeks later.

Discussion

The genus Halymenia is often characterized
by a single vegetative feature, i.e., the occur-
rence of conspicuous anticlinal filaments in
the medulla (Kraft 1977, Maggs and Guiry
1982, Gargiulo, et al. 1986). In H. acuminata,
the anticlinal medullary filaments are detecta-
ble, but dispersed among obliquely or pericli-
nally directed filaments and are not as con-
spicuous as those reported in the type species
H. floresia (Clemente) C. Agardh (Codomier
1974, p. 27, Fig. 4). While all known species
of Halymenia appear to possess distinctive an-
ticlinal medullary filaments, the presence of
such filaments are not exclusive to this ge-
nus. I have recently reported their presence
in Grateloupia kurogii (Kawaguchi 1990), as did
Scott et al. (1982) for Cryptonemia kallymenioides
from Australia, although they were not
present as regularly nor predominantly as is
usual in the genus Halymenia.

Chiang (1970) proposed that the morpholo-
gy of auxiliary cell ampullae is generically di-

agnostic within this family. The ampulla of
Halymenia acuminata is sparingly branched up
to the second order and conical in outline.
This type of ampulla corresponds well with
the Grateloupia-type in Chiang’s scheme, and
in contrast to the Halymenia-type which is pro-
fusely branched to the fourth order and tends
to be wide across the top (Chiang 1970).
Although Kraft (1977) and Guiry and Maggs
(1982) have shown that the ampullar types are
not invariably a consistent generic characteris-
tic, the present alga is allied more to the genus
Grateloupia than to Halymenia in this regard.

The similarity of this alga to Grateloupia is
also found in its comparatively thick pericarp
constructed not only of ampullary filaments
but also of neighboring vegetative cells. This
differs to Halymenia where the pericarp is
reported to be derived only from ampullary
filaments (Balakrishnan 1961, Chiang 1970,
Maggs and Guiry 1982, Gargiulo ¢t al. 1986).

The most decisive feature to separate H.
acuminata from Halymenia and ally the alga to
Grateloupia is a spore germination pattern. In
Halymenia, spores initially develop into bran-
ched uniseriate filaments (Hoek and Cortel-
Breeman 1970, Codomier 1974, Maggs and
Guiry 1982), whereas in Grateloupia spores
give rise to discoid sporelings as is the case
with those of H. acuminata (Chemin 1937,
Inoh 1947, Hayashida and Chihara 1967,
Kawaguchi 1990). This difference is consis-
tent between the two genera.

I have discussed in my previous paper
(Kawaguchi 1990) that the genus Grateloupia
could well be distinguished from Halymenia on
a combination of a spore germination pattern
and certain reproductive features rather than
solely on vegetative features as the presence of
anticlinal medullary filaments. The discus-
sion applies equally well in this case with the
present alga best allied to Grateloupia. The
resemblance of the alga in texture or color to
Halymenia, which had been foreshadowed by
Holmes (1896, p. 254), is considered superfi-
cial. Grateloupia turuturu Yamada is a good ex-
ample that supports this consideration. G.
turutury has lubricous texture and bright red
color, but its reproductive features and spore
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germination pattern are typical of Grateloupia
(Kawabata 1962, Hayashida and Chihara
1967).

On these grounds, I conclude that H.
acuminata does not belong in the genus
Halymenia but in Grateloupia. 1 therefore pro-
pose the resurrection of the following binomi-
al:

Grateloupia acuminata Holmes, Linn. Soc.
J. Bot. 31: 254, fig. 2a-c. 1896.

Synonym: Halymenia acuminata (Holmes) J.
Agardh, Sp. Alg. III(4): 130-131. 1901.
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NARS : BRECEL AT/ VBT 398/ —+
1. Halymenia acuminata (Holmes) J. Agardh.

Holmes (1896) 3L/ Eid>® Grateloupia acuminata D4 CFR# L, J. Agardh (1901) 12 X > TA ¥ 7 -~ F & Halyme-
nia T INIAF 27T 7 Y H. acuminata DRERE, EFRHELRHE Lic. FBIA Y/ ~F BB &
ShBEECHAVEZCIBDOIT, £ OB ampulla, ER% G Is pericarp OWERL LA LA T/ Y
B Grateloupia I b 50\ EBER Lic, IbIE, HEBREORTRFEFRAIINETI YV / ~F+BTHEZL
IRRERALLERRD, 2577 VBRARNTHD, T, FEII1 Y/ ~FRBTEAELSL2T /IR
DEELTHRI ONFUTHD LG Lic, TTDBTH D Grateloupia acuminata Holmes 2 HEIET B Z L ¥ REL
oo (812 BRTRKAR6-10-1 JUNKFERFMKEXHE _HE)





