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Morphology and Reproduction of Polysiphonia atlantica
Kapraun et J. Norris (Rhodomelaceae, Rhodophyta)

Kim, Myung-Sook and In Kyu Lee*
Department of Biology, Seoul National University, Seoul 151-742, Korea

Morphology and reproduction of Polysiphonia atlantica Kapraun et J. Norris were studied
on the basis of field and laboratory cultured materials collected from the coast of Korea. The
plants consisted of prostrate and erect axes with an extremely soft flaccid texture. Axes were
ecorticated and had four pericentral cells. The plants except for female gametophytes had few
trichoblasts. Branches in the upper portion of the thallus grew to the same level, resulting in
a flat-top form. Tetrasporangia were arranged in straight series. Spermatangial branches re-
placed whole trichoblasts and had a 1-2 celled sterile tip. The procarp had a four celled car-
pogonial branch. After fertilization, the carpogonium contacted the surface of the supporting
cell. The formation of the auxiliary cell from the supporting cell was somewhat delayed. P.
atlantica from Korea was similar to P. subtilissima Montagne in some featares. However, the
taxonomic differences between the two species were identified in the development of branches
and the number of sterile cells at the tip of spermatangial branches.
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The morphology of the female reproductive struc-
ture in the genus Polysiphonia has been previously
investigated only in a few species by Fritsch (1945),
Kylin (1956), and Hommersand and Fredericq
(1990). However, their results differed among
species, so that no definite opinion could be induced
in the reproductive development of the genus.

In the present study, we studied the behavior of
the carpogonium and the formation of the auxiliary
cell in Polysiphonia atlantica Kapraun et J. Noiris
(1982). Our observations were compared with those
of previous researchers regarding the fusion of the
fertilized carpogonium and the time of the auxiliary
cell formation.

P. atlantica is one of the common species in the
Atlantic and Indian Oceans (Maggs and Hom-
mersand, 1993). This alga is characterized prin-
cipally by having four pericentral cells, thizoids in
open connection with pericentral cells, rare or absent
trichoblasts, and spermatangial branches replacing
the whole trichoblast. In studying the Korean
species of Polysiphonia, we found these taxonomic
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characteristics occurred commonly among several
species such as P. wrceolata (Dillwyn) Greville
(1824), P. subtilissima Montagne (1840), P. abscis-
sa Hooker et Harvey (1845), P. morrowii Harvey
(1856), P. pacifica Hollenberg (1942), and P.
pungens Hollenberg (1942). Therefore, a com-
parative study for the delimitation of the species is
needed to evaluate the stability of each taxonomic
feature.

In this paper the morphological and reproductive
characteristics and the life history in laboratory cul-
ture as well were reinvestigated with P. atlantica
based on materials collected from the Korean coasts.

MATERIALS AND METHODS

Materials were collected from the coasts of Korea
during 1991 and 1994. Plants were examined in
fresh or preserved state in. 4% formalin seawater.
Materials for culture were obtained in January, 1991
from Daesambudo (34°03' N, 12723 E), in the
southern coast of Korea. Unialgal culture was ex-
amined according to the method of Boo and Lee
(1983). Cultures were kept at 15°C under white flu-
orescent light at 30 umol-m 2-sec™ and 12:12 LD.
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Description and illustrations were carried out und-
er light microscope. For anatomical investigation the
materials were cleared with 5~10% NaOH in dis-
tilled water for 2~7 days, and rinsed with distilled
water. All drawings were made using a camera lu-
cida on a Olympus microscope. Specimens ex-
amined were deposited at the Herbarium, Seoul Na-
tional University (SNU).

RESULTS
Vegetative structures

Thalli are 0.5~1.5 cm high, dull red to brownish-
red in color with an extremely soft flaccid texture
(Fig. 1A). They consist of prostrate and erect axes,
and branch in 4 orders (Fig. 1D). Axes are ecor-
ticated with one slender central cell and 4 per-
icentral cells (Fig. 1E). Prostrate axes are curved
downwards at the tip, providing a large conspicuous
apical cell divided transversely. The first-formed per-
icentral cell is placed in ventral position (Fig. 1B, C).
Branches are endogenous near the apex, and 50~100
um in diameter when fully grown. Rhizoids are
formed medially from the pericentral cells and re-
main in open connection with the cell (Fig. 1F).
They are 30~50 pm in diameter and up to 1 mm
long.

Erect axes are curved adaxially when young, and
become straight in adult. Primary laterals are en-
dogenous, emerging adaxially near the apex. Ad-
ventitious ‘laterals originate at a distance from the
apex and endogenously. They never arise from scar
cells or pericentral cells. Exogenous branches and tri-
choblasts are occasional to common in female plants,
but rare or absent in male plants, tctrasporic and
vegetative plants. Plastids are angular plate or bead-
ed forms.

Reproductive structures

Spermatangia are developed om a monosiphonous
determinate branchlet derived from the central cell.
In a fertile axis, every segment at the distal end pro-
duces a spermatangial branchlet. Thus, the ar-
rangement of branchlets shifts from alternate-dis-
tichous to a spiral arrangement. The spermatangial
branchlets are polysiphonous, except for two prox-
imal and two to three distal segments. The basal seg-
ment is always embedded in the central frond,
whereas the suprabasal segment protrudes freely.
Each segment of spermatangial branchlet produces
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four pericentral cells. All the terminal cells derived
from the pericentral cell, including pericentral cell it-
self, become spermatangial mother cells. They pro-
duce two to three spermatangia respectively. A ma-
ture spermatangial branchlet is a slightly incurved
cone-shape. They terminate in a single or two con-
tinuous sterile cells and become 290~340 um long
and 45~60 um wide. Trichoblasts are not seen in
the male gametophyte (Fig. 1G).

Procarp formation is initiated on the second seg-
ment, a suprabasal cell of the trichoblast near the ap-
ical cell (Fig. 2A). The cell cuts off five pericentral
cells in an alternate manner (Fig. 2B). The fifth per-
icentral cell produced lastly always becomes fertile,
and acts as a supporting cell. This supporting cell
first cuts off the initial of the first sterile group
(lateral sterile group) on the lateral side, then the in-
itial of the carpogonial branch, and lastly the second
sterile group (basal sterile group) initial below the in-
itial of carpogonial branch (Fig. 2C, D). The car-
pogonial branch becomes four-celled: the first, deriv-
ed from the supporting cell, is relatively large, and
the fourth gives rise to a long upwards trichogyne
(Fig. 2E, F). After fertilization the trichogyne is cut
off, the carpogonium broadens to touch and adheres
to the surface of the supporting cell (Fig. 2G-I). The
auxiliary cell is cut off from the upper portion of the
supporting cell after a presumed transfer of the zy-
gote nucleus. The two sterile groups divide once, so
that the first sterile group becomes four-celled and
the second group two-celled (Fig. 2J). The gon-
imoblast initial is cut off from the distal end of the
auxiliary cell which is gradually enlarged, and forms
a single compacted gonimolobe. Sympodial div-
isions are seen in the early stage of cystocarp for-
mation, The terminal or subterminal cells of the gon-
imolobe are subsequently transformed into car-
posporangia. The fusion between the auxiliary cell
and the supporting cell is extended to the neigh-
boring axial cell of the fertile segment and the lower
cells of the gonimolobe, so that a large fusion cell is
formed at the base of the cystocarp (Fig. 2K). A ma-
ture cystocarp is urceolate, and about 400~450 pm
long and 300~400 um wide (Fig.- 1H).

Tetrasporangium formation is always restricted to
the second or third pericentral cells. Tetrasporangia
are produced from the pericentral cell of a stichi-
dium. The fertile pericentral cell first cuts off two
cover cells at its upper end, and then the tetrasporan-
gial initial from the abaxial side to the central axis
of the stichidium. Mature tetrasporangia are divided
tetrahedrally and are 100~110 pm in diameter. They
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Fig. 1. Polysiphonia atlantica Kapraun et J. Norris. A, Herbarium specimens collected in Daesambudo; B-C, Apices grow-
ing from large domed apical cells; D, Prostrate and erect axes; E, Four pericentral cells without cortication; F, Rhizoids
without septation (arrowhead); G, Replacing the whole trichoblast of the spermatangial branches; H, A urceolate shape of a
mature cystocarp; I, Straight series of tetrasporangia (scale bars; A=1 cm, B=100 um, C=60 pm, D=250 pm, E, G=50

um, F=70 pm, H, [=200 um).

are arranged in straight series (Fig. 1I).
Laboratory culture

Unialgal cultures were obtained from the
tetraspores isolated. Released tetraspores were spher-
ical and 30~40 pum in diameter (Fig. 3A). Aftached
spores began to germinate in five hours (Fig. 3B).

They elongated until the first division occurred to
form two unequal cells (Fig. 3C). After three days,
the germling became filamentous with seven to
gight cells and a rhizoid (Fig. 3D-G). The early
germling showed a distal erect type. Spermatia were
produced after five weeks, and procarpic structures
after six weeks. They fertilized successfully, and ma-
tured into cystocarps in three weeks (Fig. 3H). The
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Fig. 2. Polysiphonia atlantica Kapraun et J. Normis. A-B, Development of procarp; C-F, Formation of four-celled car-
pogonial branch and sterile cell; G-I, After fertilization, carpogonium contacting the surface of the supporting cell; J, Aux-
iliary cell cutting off from the distal end of the supporting cell; K, Incorporation of supporting, sterile, and auxiliary cells to
the fusion product (au=augxiliary cell, ax==axial cell, cb=carpogonial branch, cbi=carpogonial branch initial, cp=car-
pogonium, st=sterile cell, su=supporting cell, tb=trichoblast cell, tr=trichogyne, scale bar=30 pm).
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B-C, Germination of tetraspore; D-G, Typical di-

stal erect sporeling and initiation of first lateral branch; H, Female plant with cystocarps in culture (scale bars; C, D=23 um,

E=20 pm, F, G=15 pm, H=0.5 ¢m).

released carpospores developed into tetrasporophytes
in eight weeks after germination. As a result, P.
atlantica required about three to four months to com-
plete a life history in laboratory culture. The tri-
choblasts were not observed on the male, tetrasporic
and vegetative thallus of these cultured plants.

DISCUSSION

Species of Polysiphonia have been identified by
major distingnishable characteristics such as: 1) the
pumber of pericentral cells, 2) the existence of cort-
ical cells, and 3) whether the rhizoids are connected
to the pericentral cells or not (Hollenberg, 1968;
Womersley, 1979). According to our study, the ex-
istence of prostrate branches can be added as one
more important characteristic, because the plants are
usually composed of the erect branches or the pros-
trate and erect branches. In laboratory culture, the
plants did not produce vegetative trichoblasts as in

the field. Thus, we consider the absence or rarity of
trichoblasts of this species as a stable diagnostic
characteristic, although it may be a characteristic of
local populations as well. P. atlantica also has the
feature in which alternate branches arise two by two
at the upper part, and has determinate branches, like
P. morrowii. P. morrowii, however, is characterized
by an acute tip of apical cells, in contrast to P. atlan-
tica, which has dome-shaped apical cells in the de-
terminate branches.

The position of spermatangial branches provides a
major identification basis for the species of Po-
lysiphonia (Hollenberg, 1942; Maggs and Hom-
mersand, 1993). Spermatangial branches of P. atlan-
tica are replaced by the whole trichoblast bearing a
sterile tip of 1-2 cells. In this replacement, P. atlan-
tica may resemble P. morrowii. However, the mor-
phological characteristics of the spermatangial
branches differ; P. atlantica has a 1-2 celled sterile
tip, while P. morrowii has a 5-8 celled one (Kim et
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al., 1994).

Procarp formation of Polysiphonia is essentially
the same as that in the other genera of the Rho-
domelaceae (Hommersand, 1963; Masuda, 1982).
However, detailed examinations on the post-fer-
tilization process somewhat differ among in-
vestigators  (Kylin, 1923; Broadwater and Scott,
1982; Hommersand and Fredericq, 1990). Kylin
(1923) reported that in P. nigrescen, the supporting
cell produced the auxiliary cell simultaneously with
fertilization. Broadwater and Scott (1982) suggested
that in P. harveyi a hormone was released from the
fertilized carpogonium, and transported through the
carpogonial branch to the supporting cell, where it
triggered the formation of the auxiliary cell. Hom-
mersand and Fredericq (1990) described that in P.
harveyi two connecting cells were formed from the
carpogonium, and the auxiliary cell expanded and
fused with the connecting cell, and a derivative of
the fertilized nucleus was transferred to the auxiliary
cell either by a carpogonial process through direct fu-
sion or the transfer was mediated by a connecting
cell. In the Korean Polysiphonia plants, however,
we could observe no definite connecting cell. In P.
atlantica the connecting cell was also not observed,
and the formation of the auxiliary cell seemed to be
delayed as in Laurencia similis (Nam and Saito,
1991).

Womersley (1979) mentioned that P. subtilissima
Mantagne, P. abscissa Hooker et Harvey (1845),
and P. pacifica Hollenberg (1942) are a complex of
closely related taxa and may prove to comprise only
one species. He suggested that P. atlantica (as P.
macrocarpa) and P. subtilissima Montagne were
closely related by the rhizoids in open conmnection
with pericentral cells, branches replacing trichoblasts,
and the spermatangial branches replacing the whole
trichoblast. However, he mentioned that P. atlantica
differed in habit by forming lower more spreading
mats or tufts, in contrast to the erect fastigiate tufts
and flat-topped branch system at the apex of P. sub-
tilissima. In our study, P. atlantica is distinguished
by having a 1-2 sterile apical cells on the sper-
matangial branches, while P. subtilissima has 4-6
celled sterile tip (Womersley, 1979).

Kapraun (1977, 1979) and Kapraun et al. (1983)
added taxonomic characteristics of these taxa in the
western Atlantic, mentioning that P. atlantica gave
rise to unilateral filaments from prostrate axes, pro-
ducing a dorsiventral habit, while P. subtilissima
had a radial development of branches in the pros-
trate axes.
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The Korean plants of P. atlantica have long been
known to be somewhat similar to P. subtilissima
(Yoon, 1986). According to our investigation,
however, they are well identified as P. atlantica by
the following unique characteristics: 1) an extremely
soft and flaccid texture, 2) a well developed pros-
trate system, 3) small height, 4) an urceolate cys-
tocarp, 5) 1-2 sterile cells at the spermatangial
branch tip, and 6) a habitat of normal salinity sea
water.
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