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Tetraspores of the crustose red alga Erythrodermis sp. from Oshoro Bay, Hokkaido

gave rise to upright plants, morphologically and anatomically similar to Gymnogongrus
Aabelliformis HARVEY, in unialgal culture. Sexual reproductive structure did not develop
on these plants. Carpospores of G. flabelliformis from Muroran, Hokkaido germinated in

culture to form crustose plants anatomically similar to Erythrodermis. Transfer of these

crusts from full strength enriched seawater medium to unenriched seawater resulted in

the formation of seriate intercalary tetrasporangia.

Tetraspores germinated to form

Gymnogongrus plants. The specific determination of the crustose tetrasporophyte (Ery-

throdermis) awaits further comparison with species from other geographic areas. On the

basis of our studies it is evident that Gymnogongrus flabelliformis exhibits an alternation

of independent, heteromorphic gametophytes and tetrasporophytes.

Michio Masuda, Department of Botany, Faculty of Science, Hokkaido University,
Sapporo, 060 Japan; Thomas C. DeCew, John A. West, Department of Botany,
University of California, Berkeley, California 94720, U.S. A.

Recent life-history studies of several spe-
cies of the Gymnogongrus have demon-
strated the existence of two types of life
history within the genus. In the first type
the Gymnogongrus plant alternates with a
tetrasporangial crust. These include G.
leptophyllus J. AcarpH (DECEW and WEST
1977 a), G. furcellatus (C. AG.) J. AGARDH
(Canbpia and Kim 1977) and G. martinensis
SETCHELL et GARDNER (?) (WEST and DECEW
unpublished observation). In the second
type, a tetrasporangial phase develops on
the gametophyte, termed “tetrasporoblastic”
by ScHOTTER (1968). These include G.
crenulatus (TURN.) J. AGARDH (ARDRE 1978)
and G. platyphyllus GARDNER (DECEW and
WEsT, unpublished observation). In addi-
tion, KAsAHARA (1977) reported a dsitinct

type of life history for G. flabelliformis
HARrRVEY. Its alternate crustose phase pro-
duced ‘“monospores” which gave rise to
an upright thallus. Thus, the situation
regarding the life history of Gymnogongrus
seems to be complicated.

However, our culture studies of Gymno-
gongrus flabelliformis started from tetra-
spores and carpospores have shown this
species to have a crustose tetrasporophyte.
In this paper the naturally occurring and
cultured tetrasporophyte of G. flabelliformis
is reported.

Materials and Methods

Fertile crustose tetrasporophytes were
collected intertidally in Oshoro Bay, Hok-
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kaido in Japan, on November 4, 1977 and
November 16, 1977 by M. Masupa. Unial-
gal cultures were established according to
methods reported for Neodilsea crispata
(Masupa 1973) and kept in freezer-incuba-
tors at the laboratory of Department of
Botany, Faculty of Science, Hokkaido Uni-
versity, Sapporo. Fertile cystocarpic plants
were collected intertidally at Muroran, Hok-
kaido in Japan, on November 29, 1975 and
shipped on ice to Berkeley by J. A. WEsT.
Unialgal cultures were obtained using meth-
ods reported for Hildenbrandia occidentalis
and H. prototypus (DECEw and WEST 1977 D)
and maintained in plant growth chambers
at the laboratory of Department of Botany,
University of California, Berkeley. At Sap-
poro laboratory, the cultures were kept at
5°C, 16:8 LD (light and dark cycle); 5°C,
8:16LD; 10°C, 16:8LD; 10°C, 8:16LD;
15°C, 16 :8LD; 15°C, 8:16 LD; 20°C, 16:8
LD ; and 20°C, 8 :16 LD, each of which was
illuminated with cool-white fluorescent
lamps (2500-3000 lux). At the Berkeley
laboratory, cultures were kept at 15°C, 16:
8 LD, 210 lux; 15°C, 8:16 LD, 500 lux ; and
20°C, 16:8 LD, 3100lux, each of which
was illuminated with cool-white fluorescent
lamps.

Resnlts

Observations of  tetrasporangial — crusts
collected in the field: The crusts grow on
stones or rocks and are associated with
Gymnogongrus flabelliformis, Rhodoglossum
and Dictyopteris
They are circular to elliptical in shape (Fig.

Japonicum divaricata.
1) and dark red in color. Fertile crusts
reach 1.6-2.6 cm in diameter and are 300-
580 /tm thick in the central portion (in-
cluding the nemathecia). They are com-
hypothallus,
which consists of radiating filaments and
attaches firmly to the substrate, and a

posed of a monostromatic

polystromatic perithallus, which consists of
tightly packed erect filaments (Fig. 2, A-C).
The cells of the hypothallus are rectangular
and 7.3-12.5 ytm high and 9.4-30.5 #m broad

in tangential section. The perithallus is
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IFig. 1. Habit photograph of a field-collected
crustose tetrasporophyte of Gymno-
gongrus flabelliformis (arrow) on a

pebble.

thick and composed of 18-40 cell layers at
the central portion of the thallus but be-
comes thinner toward the growing margin.
The erect filaments of the perithallus are
simple or dichotomously divided (Fig. 2,
A-D). The cells of the erect filaments are
8.8-12.5 ym broad near the hypothallus,
becoming slightly narrower distally, and
are 5.3-7.5 /tm broad at the distal end. They
are 0.5 to 2 times as long as broad. No
lateral fusion between cells of adjacent erect
filaments was found.

The tetrasporangia are formed in large
nemathecia, a characteristic of the Phyl-
lophoraceae (Fig. 2, D-E), so that the
nemathecia can be discriminated under a
dissecting microscope. The nemathecia are
circular to elliptical and 1250-2500 /m in
diameter and 110-280 ¢m thick in the center.
The tetrasporangium initials are trans-
formed from intercalary cells of the erect
filaments constituting the nemathecia (Fig.
2, D). The tetrasporangia are formed in
3-9 successive cells of a single filament in
the center of the nemathecia and in 1 or 2
cells in the marginal portion (Fig. 2, D-E).
All erect filaments of the nemathecium
except the marginal ones produce tetra-
sporangia. Therefore, the nemathecium is
packed with numerous sporangia. The ter-
minal one or two cells of the fertile fila-
ments remain sterile (Fig. 2, D-E). The
mature tetrasporangia are ellipsoidal or
globular in shape, measuring 20.0-30.0 ptm X
17.5-22.5 m, and are cruciately divided (Fig.
2, E).

Culture experiments with tetraspores :
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Fig. 2. Tangential sections of field-collected tetrasporophytes of Gymnogongrus flabelliformis. A.
Marginal portion. B. Near marginal portion. C. Central portion. D. Marginal portion
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of the nemathecium. E. Central portion of the nemathecium.
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Fig. 3.

Fig. 4.

Tetraspores and the early development
of Gymnogongrus flabelliformis.  A.
Three tetraspores. B-E. Tetraspore
germlings grown at 10°C, 16:8 LD,
B, two-day old; C, seven-day old:; D,
fourteen-day old:; E, one-month old.
(Arrows indicate two colorless hairs.)
Scale in A applies also to B-D.

Upright thalli derived from tetraspore
germlings and field-collected Gymno-
gongrus flabelliformis. A. Two-month-
old plant issuing a young upright
thallus (arrow) from the crustose base
grown at 10°C, 16:8 LD for 1 month
and transferred to 15°C, 16:8LD. B.
Three-month-old plants grown at 10°C,
16:8 LD for 1 month and then trans-
ferred to 15°C, 16:8LD. C-D. Seven-
month-old plants grown at 10°C, 16:8
LD for 1 month and then transferred
to 20°C, 16:8 LD. E. Young thallus of
G. flabelliformis collected in Oshoro
Bay on June 22, 1978. Scale in D ap-
plies also to E.
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Liberated tetraspores are globular, pale rose
in color, and 13.8-18.8 #m in diameter (Fig.
3, A). They were first cultured at 10°C,
16 : 8 LD. They attach to the substrate and
divide into two cells within 1 or 2 days
after inoculation (Fig. 3, B). The observed
developmental stages are essentially similar
to those described for carpospores of this
species (KasaHara 1977), and the germlings
grow into polystromatic crusts (Fig. 3, C-E).
However, the majority of the crusts formed
colorless hairs (Fig. 3, E) which were not
mentioned by Kasanara for the carpospore
germlings. After one month, the crusts
reached 90-140 #m in diameter and formed
1-4 hairs which were 200-320 #m long and
2.5-3.0 #m broad.

One month-old cultures were divided into
eight groups and grown under four different
temperatures and two different light regimes
(see Materials and Methods). Three weeks
after transfer, the crusts grown at 15°C,
16:8 LD and 20°C, 16:8 LD, each formed
an upright thallus near the center of the
crust (Fig. 4, A). Seventy days after culture
initiation, the crusts maintained at 10°C, 16:
8 LD also produced upright thalli. By three
months after culture initiation, the crusts
grown at 10°C, 8:16 LD, 15°C, 8:16 LD and
20°C, 8:16 LD formed upright blades, and
six and a half months after culture initia-
tion those grown at 5°C, 16:8 LD and 5°C,
8:16 LD produced upright blades.

The crusts subsequently produced several
upright blades. The upright blades grew
well at 10-20°C and more rapidly under
long-day conditions than under short-day
conditions. By three months after culture
initiation, the upright thalli grown at 15°C,
16 :8 LD and 20°C, 16:8 LD had reached
4-7mm in length (Fig. 4, B). The thalli
were terete below but became flattened
above. By seven months, the plants grown
under these two conditions had developed

Fig. 5. Anatomical structure of cultured plants
of Gymnogongrus flabelliformis. A. Lon-

into dichotomously divided upright thalli gituding] section of & upright thallus
(Fig. 4, C-D), but the plants grown under at 1 mm from the apex. B. Cross section
the other culture conditions remained un- of the middle portion of an upright
divided. None of the cultured plants had thallus. C. Tangential section of a basal

become reproductive as of August, 1978, but holdfast.

they resemble field-collected Gymnogongrus
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Cultured tetrasporophytes of Gymnogongrus flabelliformis. A. Young
tetrasporophyte grown at 15°C, 16:8 LD. B-D. Portions of tetra-
sporangial nemathecia, showing tetrasporangial mother cells in B-C and

cleaved tetrasporangia in D. [E. Tetrasporangial nemathecium on a crust.
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fabelliformis in both external and internal formed and continued to grow in thickness
structure (Fig. 4, C-E, 5, A-B). The struc- and diameter (Fig. 6, A). When the discs
ture of the basal crusts in both cultured were about 1.2cm in diameter (about 19
and field G. flabelliformis is similar to that months after culture initiation), several
of the tetrasporangial crusts described a- treatments were tried to induce tetra-
bove (Fig. 5, C). sporogenesis: abrasion, changing daylength,

Culture experiments with carpospores: dehydration, and reduction of nutrient lev-
Carpospores measuring 11-13 #m in diam- els. Two weeks after reducing nutrient
eter germinated either directly or by for- levels from full strength PESW to only
mation of a germ tube. Discs subsequently sterile seawater, tetrasporogenesis occurred.

£
(%]

Fig. 7. Tetraspores, germinating tetraspores and upright thalli derived from cultured
tetrasporophytes of Gymnogongrus flabelliformis. A. Series of tetrasporangia
releasing. B. Tetraspores releasing from tetrasporangial wall. C-G. Germi-
nating tetraspores. H. Eight-month-old plants grown at 15°C, 16:8LD for 5
months and then shifted to 20°C, 16:8 LD. Scale in D applies also to E; scale
in G applies also to C and F.
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None of the other caused tetrasporogenesis.
Further investigation into the developmen-
tal pattern indicated the following. The
tetrasporangial mother cells become notice-
able about five days after the nutrient
reduction. They increase in size and cleave
into tetrasporangia about five days later.
Cleavage of the catenate series of 4-6 moth-
er cells generally takes place basipetally, the
first division taking place transversely (Fig.
6, B-C). The tetrasporangia remain in a
nemathecium for about three days (Fig. 6,
D-E) before release. The tetrasporangial
nemathecia resemble those of field-collected
crusts described above. The entire series of
tetrasporangia release as a chain, following
abscission below the lowermost tetra-
sporangium in a series (Fig. 7, A). The
chain of tetrasporangia then breaks indi-
vidual tetrasporangia which in turn release
tetraspores measuring 9-12 #m in diameter
(Fig. 7, B). Thus, the tetraspore size of
cultured plants differs from that (13.8-18.8
#m) of field plants, although the anatomical
structure of the both plants is essentially
similar (Table 1). It is uncertain whether
this difference depends on different environ-
mental conditions, Z.e., laboratory and field,
or not. The liberated tetraspores germinate
either directly as discs (Fig. 7, C-E) or by
a germ tube (Fig. 7, F-G). These grow into
small crusts which produce upright axes.
The uprights remain small in 15°C, 16:8
LD and 15°C, 8:16 LD. However, upon
shifting these cultures to 20°C, 16:8 LD, a
marked increase in growth rate took place.
Plants grew to 3cm in eight months (Fig.
7, F). Thus far none of the plants has pro-
duced either procarps or spermatia.

Discussion

An alternation of the upright game-
tophyte and crustose sporophyte in Gymno-
gongrus flabelliformis was reported by
KasaHArRA (1977). According to him, the
sporophyte formed “monosporangia”. This

is contrary to our results described above.
A comparison of the development and
morphology of the plants cultured by Ka-
SAHARA with our cultured plants indicates
that while KASAHARA’s observations were
partially correct, they may be incomplete.
What he interpreted to be “monosporangia”
may have actually been tetrasporangial
mother cells. Interpretation of the tetra-
sporangial mother cells as monosporangia
is certainly conceivable, since the mother
cells do not cleave into tetrasporangia until
several days before release.

The tetrasporophyte of G. flabelliformis is
similar to Erythrodermis haematis (HoL-
LENB.) DEN1ZOT (HOLLENBERG 1943 ; DENIZOT
1968) and E. pacifica HOLLENBERG (1969).
The tetrasporophyte of G. flabelliformis
differs from E. haematis in the presence of
coalescent filaments. It can be more closely
allied to E. pacifica in the possession of
coalescent vegetative filaments, but differs
from E. pacifica in the position and size of
tetrasporangia, and crust thickness. The
sporangial filaments of the crustose phase
of G. flabelliformis possess 1-2 sterile cap
cells, thus the sporangia are intercalary.
The sterile cap cells become dislocated prior
to sporangial release, therefore appearing
somewhat like E. pacifica in which cap
cells are lacking (HOLLENBERG 1969). The
crusts of the latter are thinner and tetra-
sporangia are smaller.

The tetrasporophyte of G. flabelliformis
also resembles the cultured tetrasporophyte
of Ahnfeltia concinna J. AGARDH (MAGRUDER
1977) and Ahnfeltia sp.)) (DECEwW and WEST
1977 ¢). The tetrasporophyte of G. flabel-
liformis and A. concinna are similar in the
coalescence of perithallial filaments, where-
as in Ahnfeltia sp. perithallial filaments
are spreading. The crusts of all three
species contain intercalary seriate tetra-
sporangia; however, their position and num-
ber varies. The cultured tetrasporophyte
of A. concinna possesses 2-4 sterile cap cells,
2-4 tetrasporangia in a series, and the sori

1) This isolate originally reported as Ahnfeltia gigartinoides is now considered to be an unde-

scribed species.



Table 1. Comparative structure of tetrasporophytes from culture and field material of Gymnogongrus
and Ahnfeltia. The data is derived from unpublished observations of the authors
T Species Erythrodermis Erythrodermis . Petrocelis o ..
i sp. & Gha ematis & Erygz;zieorg;;sg?%;) anastomosans & Ijﬁzm;ellis sp. 23;; SI’;I %hng;};y;;;a
ymnogongrus ymnogongrus L2 e T Gymnogongrus nfeltia sp. e
Characters \ Surcellatus leptophyllus flabelliformis martinensis ? gigartinoides
4-8
Number of tetrasporangia Muroran
in series 4-5 4 . 3-4 1-3 1-2
N Oshoro Bay
20-23x16-18
Tetrasporangial 18-20 long 10-12 long Muroran . 12-15 long 18-39 long
dimensions (#zm) 16-18 wid 8-10 wid 20-30x17.5-22.5 8 longx8 wide | 11 wide 8-13 wid
o € 1de Oshoro Bay ! e
;l:rgi:ﬂ,gl;?:f'al cruciate cruciate cruciate “bisporangial”?® cruciate cnz’g':atfe to
Tetrasporangial sori nemathecial nemathecial nemathecial non-nemathecial | non-nemathecial nemathecial
Number of cap cells 1 1 1-2 5-10 3-6 1-2
Thick ¢ g 250-300
ickness of reproductive . Muroran . . .
crust (¢m) 170-200 200-280 300-580 180-200 180-230 130-210
Oshoro Bay
Number of cell rons
umber of cells in Muroran
perithallial filaments 8-10 8-10 18-40 20-23 14-16 8-10
Oshoro Bay
Number of cells in
subhypothallial row® 1-4 1-4 — — 1-2 -
8-13 wide (basal)
4-6 wide (distal)
. 0.5-1X long as broad
Perithallial cell 8 long 5 long Muroran 4 long 10 long 5 long
dimensions (#m) 6-8 wide 5 wide 8.8-125 wide (basal) 4 wide 5 wide 5 wide
5.3-75 wide (distal)
0.5-2X long as broad
Oshoro Bay
E:;(;::?:tlil:;l filament semi-spreading spreading coalescent spreading spreading coalescent

1) The data in the upper half of eachs quare is for lab cultured tetrasporophytes of the Muroran isolate and in the lower half for field-collected

tetrasporophytes from Oshoro Bay.
2) This isolate originally reported as Ahnfeltia gigartinoides (DECEW and WEST 1977 c) is now considered to be an undescribed species.
3) The “bisporangia” observed in these specimens were probably in the first cleavage of tetrasporangial formation.
4) In culture crusts often become separated from the glass substrate and a series of coalescent cells develop downward from the hypothallus.
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are non-nemathecial’. The crustose tetra-
sporophytes of G. flabelliformis possess 1-2
sterile cap cells, 3-9 tetrasporangia in a
series, and are nemathecial. The crustose
stage of Ahnfeltia sp. possesses 3-6 cap
cells, 1-3 tetrasporangia in a series, and is
non-nemathecial.

The presence of a nemathecium may be
influenced by both the number of vegetative
cells in a series which are differentiated
into tetrasporangia, and the depth of this
series within the crust (i.e., the number of
sterile cap cells above the tetrasporangial
series). At present we do not know to
what degree the above mentioned characters
are subject to environmental variation.

In all species of Gymnogongrus and
Ahnfeltia which have been discussed the
single unifying character appears to be the
presence of seriate tetrasporangia (Table 1).
The presence of this character in the tetra-
sporophyte of genera with heteromorphic
life histories is consistent with its existence
in the tetrasporophyte of genera with
isomorphic life histories in the Phyllopho-
raceae.

We wish to acknowledge Professor Mu-
nenao Kuroci of Hokkaido University for
his criticism of the manuscript. Our thanks
are also extended to the members of the
Institute of Algological Research, Hokkaido
University and of the Oshoro Marine Bio-
logical Station, Hokkaido University for
permitting use of the laboratories.

References

ARDRE, F. 1978. Sur les cycles morphologiques
du Gymnogongrus crenulatus (TURN.) J. AG.
et du Gymnogongrus devoniensis (GREV.)
SCHOTT. (Gigartinales, Phyllophoracées) en
culture. Rev. Algol, N. S. 13: 151-176.

CANDIA, A. I and KiM, D. H. 1977. Resultadods
preliminares de los estudios de ciclo de vida
de Gymnogongrus furcellatus (C. AGARDH)
J. AGARDH (Phyllophoraceae, Gigartinales).
Gayana, Miscelanea. No. 5. Primeras Jor-
nadas Nacionales de Agricultura. p. 77-78.

DECEw, T. C. and WEST, J. A. 1977a. Life
history relationship between Gymnogongrus
leptophyllus and Erythrodermis (Petrocelis)
haematis. Br. phycol. J. 12: 118.

DECEwW, T. C. and WEST, J. A. 1977b. Culture
studies on the marine red algae Hilden-
brandia occidentalis and H. prototypus (Cryp-
tonemiales, Hildenbrandiaceae). Bull. Jap.
Soc. Phycol. 25, Suppl. (Mem. Iss. Yamada):
31-41.

DECEw, T. C. and WEST, J. A. 1977c. A life
history of Ahnfeltia gigartinoides: A possi-
ble link between the Phyllophoraceae and
Gigartinaceae. J. Phycol. 13, Suppl.: 16.

DENIZOT, M. 1968.
croutantes (a 'exclusion des Corallinacées).
Mus. Natl. Hist. Nat. Paris.

HOLLENBERG, G. ]. 1943. New marine algae
from Southern California. 1I. Am. J. Bot.
30: 571-579.

HOLLENBERG, G. J. 1969. New species of marine
algre from Washington, U.S. A. Syesis 2:
163-169.

KASAHARA, K. 1977. On the life history of
Gymnogongrus flabelliformis HARVEY (Rho-
dophyta, Gigartinales). Bull. Jap. Soc. Phycol.
25, Suppl. (Mem. Iss. Yamada): 87-94.

MAGRUDER, W. H. 1977. The life history of
the red alga Ahnfeltia concinna (Rhodophyta,
Gigartinales). Phycologia 16: 197-203.

Masubpa, M. 1973. Neodilsea crispata, a new
species of red algae (Cryptonemiales, Rho-
dophyta). J. Jap. Bot. 48: 36-48.

SCHOTTER, G. 1968. Recherches sur les Phyl-
lophoracées.
67 (1383): 1-99.

Les algues Floridées en-

Bull. Inst. oceanogr. Monaco

1) “Nemathecium” as defined here indicates an elevated reproductive structure.
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