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Taxonomic studies on the Gelidiaceae (Rhodophyta) in Cheju Island

1. Some members of Gelidium®
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Abstract

A preliminary work was made on some members of Gelidium from Cheju Island. Morphotax-
onomic characteristics were investigated with the taxa, G. amansii, G. sesquipedale, G. comeum var.
pinnatum, G. divaricatum, G. pusillum, and G. vagum. The morphology of thallus, tetrasporic or
cystocarpic ramuli, and cortical cells, the outlines of main axes represented by cross section, and the
distribution of rhizoidal filaments were employed for classification of the taxa. The morphology of
tetrasporic or cystocarpic ramuli and the outlines of main axes represented by cross section were
appeared to be rather useful for delineation of the taxa. It still needs further investigation to find

diagnostic characters for specific and generic circumscription of the Gelidiaceae in Korea.

Introduction

Gelidioid algae occur in the wide range of tidal and subtidal zone all the year round in Cheju
Istaind. The plants are composed of prostrate and erect filaments. The prostrate filaments are
generally less expanded than the ercct filaments, usually terete, contorted, with 2 role of fixig the
erect filaments to substratum. In some taxa, short and wart-like attaching apparatuses are issued
from erect or prostrate filaments (e.g., G. divaricatum, G. pusillum). The erect filaments of gelidioid
algae are various in morphology such as simple or branching, terete to depressed linear or
foliaceous. Fine rhizoidal filaments develop between medullary cells, linear with thick wall, and run

generally along the growing axis. The rhizoidal filaments of G. divaricatum run in longitudinally

« The present study is supported by the Science Research Program of the Ministry of Educauon, 1987.
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mnterlacing mode along the growing axis.

Ultimate branchlets are generally transformed into tetrasporic or cystocarpic ramuli. The
tetrasporic ramuli are rather depressed and pale in color, in which tetrasporangia are distributed.
The cystocarps are also born on terminal to middle parts of the ultimate branchlets and mature in a
biconvexed form with one or two pores on each side.

Gelidioid algae are known to be various in morphology depending on. habitats, seasons or
sexualities (cf. Dixon gnd Irvine 1977). Weber van Bosse (1921) attached taxonomic importance to
the arrangement of cortical cells in surface view of gelidioid algae. Akatsuka (1970) advocated that
the morphology of cortical cells could be an effective criterion for classification of Gelidium.
Generally, the distribution of rhizoidal filaments and thallus morphology have been emploved for
specific circumscription of Gelidium (e.g., Newton 1931, Okamura 1936, Dawson 1944, Tavlor
1945, Segi 1957, Abbott and Hollenberg 1967, Dixon and Irvine 1977, Sohn and Kang 1978, etc.).
Stewart and Norris (1981) confirmed the variation of the rhizoidal filament distribution by
observation of serial sections of an erect filament. Rhizoidal filaments of depressed erect filaments
appeared in end-view to be more congested at the marginal part than at the central part. The shape
and arrangemenc of fructiferous ramuli was aiso regarded as a useful criterion for classification (e.g.,
Segi 1957, Gardner 1927, etc.). However, no diagnostic character has been known for delineation of
Gelidium taxa to date. Theretore, it is difficult to discern cystocarpic, tetrasporic, male gametangial,
and sterile plants in a single taxon. Sohn and Kang (1978) indicated that it would be better to
employ all the characters mentioned above for classification of Gelidium.

This is the preliminary wark on the taxonomy of the Gelidiaceae in Korea. Therefore, only some
of the members of Gelidium occurring in Cheju Island are treated in this paper. | am grateful to
Professor Dr. In Kyu Lee, Department of Botany, Seoul National University, for his kind advice.
Thanks are due to Dr. Hae Bok Lee, Department of Biology, Chongju University, for critical

reading this manuscript.

Materials and Methods

The plants were collected in the intertidal and subtidal zone by skin SCUBA diving during the
period from March 1987 to January 1988. The collected material was fixed with formalin-seawater
(10%) and transported to the Laboratory. Some representative plants of a taxon were selected for
dried specimens. The erect filaments and fructiferous branchlets were taken for microscopic
observation. The cross section of the upper, middle, and lower parts of main axes were obtained
with the freezing microtome (MFS 222+250) in order to get hold the outlines of main axes and to
observe the rhizoidal filament distribution and cortical or medullary cell morphology. Occasionally,
the longitudinal section of the middle part of main axes was obtained for side-view of the internal
structure. Karo (30% +few drops of formalin) solution was used for mounting the slide

preparation.
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Description of Taxa

Gelidium amansii Lamouroux (1813, p- 41)
Texc Figs. 1-12.

Korean name : 2774} e

Plants are tufted wich many branches, 8-10cm high (Figs. 1, 2). Prostrate filaments are terete,
contorted and issuing branches. Erect filaments are linear, slightly depressed at middle part with a
composite of short and long branches subdistichously. The outlines of erect filaments represented by
cross section are : ellipsoid along the whole length of erect filaments, 450600 #m thick and
S00-1100 um wide (Figs. 6, 7, 8). Occasionally, the middle part of erect filaments in cross section is
rather depressed and showing linear in shape. 200-220 #m thick and 12001400 #m wide (Figs. 9,
10} Corucal cells are globose to subglobose. The inner cortical cells. are ellipsord and clongating
parallellv ro surtace n end-view (Fig. 11}, Medullary cells are fusiform  with slender  cell-
contents (Fig. 123 Rhizoidal filaments are 3-8 2 m thick. congested in the outer medullary lavers and
somewhat loosely scattered in the center of medulla Figo 11,

Tetrasporic ramuli are born on the short branchlets of the lower part of erect tilaments and
become lanceolate with a short stalk. Cystocarps are formed on the terminal or middle part of the

ulumate ramuli developed from the short branchlets of the lower part ot erect tilaments.

Collections examined: LYP 491, Hengwon. Cheju, 1987-M-18 (leg. K.J. Lee). LYP 330, Bomokr.
Cheyu, 1987-T-14 fleg. K.J. Lee). LYP 539, Bukchon, Cheju, 1987- X -21.

G. amansii has been known as a polymorphic taxon (¢f. Okamura 1934), Thus. Okamura ;1934
divided this taxon into four forms: G. amansii f. typrea, f. elegans, f. elatum and £ teretivisculum,
mainly based on the morphology of erect filaments. The plants from Cheju Island agree quite weil
with the illustrations and descriptions of G. amansii £ fyprea given by Okamura (1934 i the thallus

morpaology and the shape and arrangement of tetrasporic ramuli. No authentie illustration or ¢

Fig. |. Gelidium amansii. A tetrasporic plant. scale umi:  Fig. 2. Gelidium amansii. A cvstocarpic plant. scale umc

mm. mm
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Fig. 3-12. Gelidium amansii. Fig. > A branchlet beanng cystocarpic ramuby scae hars tmroe Figs. 430 Branchlets
bearing tetrasponic ramuly, scale barst tmme Figse o780 Outlines ot srect filaments represented by cross
section of upper. nuddle. lower. muddle and muddle parts respectively scale bars: 3ikum. Figs. T1ULL Internal

structures of erect dlaments cepresented by cross and longitudinal secnon respecnvely seale bars: 50 um.
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amansit given by Lamovroux could be consulted during this study. It will be interesting to observe
the polvmorphism according to environmental factors or sexualities.

G. amansi was first described as Fucus amansii by Lamouroux in his dissertation(1804), Later, he
has established a genus Gelidium including this taxon. Theretore, some authors treated this taxon

under the name, G. amansii (Lamouroux) Lamouroux (e.g., Lee and Kang 1986).

Gelidium sesquipedale (Turner) Thuret (in Bornet and Thuret 1876, p. 61) Text Figs. 13-29.

Basionyms:Fucus corneus var. sesquipedalis Clemente 1807 ; p. 31.
Fucus sesquipedalis Turner 1808-1819; wab. 257, fig. f.

Korean name:7H4| &5 7habel (AL

Plants occur solitarilv and are somewhar rnigid, 7-10cm high (Figs. 13, 143 Erect tilaments are
broadlv depressed and doubleedged Janucapito-compressed) at the lower part iFigs. 18, 243 The
long branches are tew and ssued at varnious intervals. The ulumate branchlets are discicheus i
arrangement and dentate mnoshape. Ourlines ot crect tilaments represented by cross section are
longish cllipsord, 240-320 22 m thick and 1100-1300 «m wide at the upper part Figs. 15, 23), hnear,
190-380 . m thick and 1800-2200 & m wide at the middle part (Figs. 17, 25), tusiform. doubleedged.
545360 2 m thick and 1300-2400 um wide at the lower part of erect tilaments (Figs. 18. 24).
Corucal cells of crect filaments in cross section are clhipsoid and anuclinally clongating to surface at
the upper part (Figs. 16. 28), small and globose at the middle part {Figs. 19, 26). cliipsoid and

parallellv clongatung to surtace at the lower part of erect filaments (Figs. 200 291, The cortical cells 1in

14

13 "‘ i : ‘ ( ;\‘s ‘z

Fig. 13. Gelidium sutrosmmmm. A steniie plant. scale unic Fig. 14, Gelidium smbeostatum. A cvstocarpic piant scaic
mm Uﬁ;a?fedl/e ame mm “e‘g;lf“{/,,d;/e'
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Fig. 22-29. Gelidium sesqquipedale. Cyvstocarpic plants. Fiz. 220 A branchlet bearing cvstocarpic ramule scale bar Tmm.
Figs. 23.24.25. Outhnes of crect filaments represented by cross secnon of upper. lower and middie parts
respectively. scale baes: 300um. Figs. 26,2829, Internal structures of erect filaments represented by cross secnon
of muddle, upper and lower parts respectively. scale bars of 26 and 29 30um. scale bar of 28, 2um. Fig. 27. A

longtudinal ~ection of crect Nlaments. seale bae: 30 um.
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longitudinal section are also globose to ellipsoid (Figs. 21, 27). Rhizoidal filaments are congested in
the outer medullary lavers of the upper part. but in the whole medulla of the middle to lower part
ot crect tilaments (Figs. 16, 19, 20, 26, 28. 29).

Cystocarpic plants are smaller and more branched than sterile ones (Figs. 13, 14). Cystocarps are
born subterminally on ulumate branchlets of the upper part of crect filaments.

Collections examined : LYP 331, Bomokri, Cheju, 1987-0-14 (leg. K.J. Lee). LYP 497,
Hengwon, Cheju, 1987-V-12 (leg. K.J. Lee).

The plants of Cheju Island agree well with the illustration and description given by Gayral (1966)
except the thallus height. The plants of Cheju Island are also related to Gelidium subcostatum
Okamura in having a midrib on crect filaments. However. the latzer tavon has big cells in the outer
medullary lavers. Kvlin (19360 established 2 new genus. Berkere'la. i the Gelidiaceae on the basis of

the disunce midnb on cthe lower part of crecr dlaments and mernzes (5 swheestanon i this CCTUS,

Santelices and Stewart e genus, derkerso s hovmg e colls inotie outer

medulla, [t needs mere accumuianon of mrormaton on the celici tabup Beoween

liamr and

Berkereila.

selidium cornetm (Hudson) Lamouroux var. pinnanon Kuetzing (3849, p. 764

Text Figs. 30-38.

EARE=S -v,ALgi (Li;

Fu

Korean name:

Plants are more or less tutted, 5-7 ¢m high (Fig. 30). Ercect flaments are terete and slender at the

Fig. 30. Gelidium corneum var. pinnatum. A tetrasporic plant. scale unit: mm.
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lower part, broadly depresscd at the middle part, and gradually attenuating toward the apex.
Branches are issued secundly, distichously or irregularly from the edges of ercct filaments.
Particullarly, the ultimate branchlets are arranged pinnately on the same plane. The apices of erect
filaments and branchlets are depressedly inflated and retuse (Fig. 34). Outlines of erect filaments
represented by cross section are ; circular to ellipsoid, ca. 500 #m thick and ca. 800 #m wide at the
upper part (Fig. 32), longish ellipsoid, ca. 400 #m thick and ca. 1500 #m wide at the middle part
(Fig. 31), circular to orbicular, 600-650 #m in diameter at the lower part of erect filaments (Figs.
33, 35). Cortical cells of erect filaments in cross section are ellipsoid and anticlinaily clongating to
surface at the middle to lower part of erect filaments (Figs. 37, 38). Medullary cells have a thin wall.
Rhizoidal filaments are 6~7 2 m thick and congested in outer medullary layers and scant in the center
ot medulla.

Tetrasporangial sori occur in the terminal to middle part of ultimate branchlets. The retrasporic

ramuli are clavate in shape (Fig. 34). Cystocarpic plants are not observed in Cheju Island.
Collections examined : LYP 511, Hengwon, Cheju, 1987-XI -6 (leg. K.J. Lee).

The plants of Cheju Island agree quite well with the descriptions and illustrations given by

Kuetzing 1849, 1868) in branching mode and thallus morphology. The plants of G. corneum var.

pinnatum from Cheju Island are characterized by patently pinnate branchlets on the terminal region
of erect filaments, retuse branchlets, and medullary cells with a thin wall. The thallus morphology is
rather related to the plants of Prerocladia robusta Taylor (1945) in clavate and retuse branchlets.
However, the rhizoidal filaments of the plants at hand are congested in the outer medullary layers
and poorly scattered in the center of medulla. Bornet and Thuret (1876) regarded G. corneum var.
pinnatum (sensu Kuetzing) as Pterocladia capilacea (Gmelin) Bornet on the basis of the single
cystocarpic loculus. However, the thallus of the latter taxon had rhizoidal filaments in the central
part of medulla. [ preter to regard the plants from Cheju Island in Gelidium on the basis of rhizoidal

filamene distribution pending that cystocarpic plants are found.

Gelidium divaricatum Martens (1866, p. 30, t. 8)
Text Figs. 39—

Korean name: o 7| %% 7} 42l

Plants are caespitose, torming a thin mat on rocks, less than 10 mm high. Erect filaments are
terete or slightly depressed, contorted or decumbent, branching subdistichously and patently, and
1ssuing wart-like attaching apparatuses here and there (Figs. 39, 40, 42). The crect filaments and
branches attach to each other or substratum with the attaching apparatuses. Qutlines of erect
filaments represented by cross scction is somewhat ellipsoid, 600-700 ¢#m thick and 1100-1200 # m
wide(Fig. 41). Outermost cortical cells are ellipsoid and anticlinally elongated to surface. Inner ones

are globose in a cross section, but cllipsoid and anticlinally eclongate to surface in a longitudinal
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section (Figs. 41, 44). Medullary cells are terete and larger at the center than the outer part of
medulla. Rhizoidal filaments are 4-5 #m thick and interlace between medullary cells (Figs. 41, 44).
Tetrasporic ramuli are formed by transformation of ultimate branchlets, more or less flattened,

and brighter in color than the other part of a thallus.

Collections examined : LYP 473, Daepori, Cheju, 1986-V]-8. LYP 486, Onpyong, Cheju, 1987-
XII-e.

The plants of G. divaricatum are growing on rocks forming a broad mat in the upper tidal zone in
Cheju Island. Occasionally, Caulacanthus okamurae Yamada associates with this species.

Gelidium divaricanim is distinct from other gelidioid algae in Cheju Island in the development of
rhizoidal filaments, which are interlaced between medullary cells. The interlacing rhizoidal filaments
also appeared 1n the plants of G. microphysa Setchell et Gardner (Sohn and Kang 1978). The dwarf
habit of G. divaricatum is related to G. pusillum. However, the latter taxon has toliaceous erect

filaments and rhizoidal filaments running parallelly to growing axes.

Gelidivn pusillum (Stackhouse) Le Jolis (1863 p. 139)
Text Figs. 45-32.

Synonym : Fucus pusillus Stackhouse 1795, p. 16, Tab. VI.
Korean name: 4 %% 7442

Plants are small, caespitose, composed of prostrate and crect filaments, 6-12 mm high. The
prostrate filaments are as much expanded as erect filaments, contorted, terete and issuing erect or
prostrate filaments on one side and attaching apparatuses on the other side. Occasionally, a part of
the prostrate filaments is also depressed and broadened (Fig. 45). The erect filaments are abruptly
broadened (to 1 mm wide) at the base showing a longish ellipsoid foliaceous form, also simple or
1ssuing foliaceous to spine-like laterals (Fig. 48). Outlines of erect filaments represented by cross
section are linear. slightly arcuate, ca. 80 #m thick and to | mm wide (Fig. 47). In cross section the
cortical part of erect filaments are composed of 34 cell lavers. The outermost cortical cells are
ellipsoid, anticlinally elongating to surface and inner ones are globose to subglobose in both end-and
side-view (Figs. 49, 50, 51). The medulla of the foliaceous erect filaments are composed of 1-2 cell
layers. Rhizoidal filaments are scantly distributed between medullary cells.

Tetrasporangial sori occur in the upper to middle part of foliaceous crect filaments (Fig. 46).

Tetrasporangia are immersed beneath the cortical layers (Fig. 52).

Collections examination : LYP 474, Daepori, Cheju, 1986-V1-8.
LYP 485, Onpyong, Cheju, 1987-X1-6. LYP 518, Onpyong, Cheju, 1987- X1 -6.

The plants of G. pusillum occur associated with Caulacanthus okamurae Yamada or Gigartina



Fig. 45-52. Gelidium pusillum. Figs. 45.48. Tetrasporic and sterile plants respectively. scale bars: Imm. Fig. 46
Fohaceous erect filaments bearing tetrasporangial son. scale bar: Imm. Fig. 47, Aan outline of foluaceous crect
filaments represented by corss scction. scale bar: Titbum. Figs. 49,50, Cross sections of erect tilaments. scale bars
20um. Frg. 51 A longitudinal section of crect filaments. scale bar: 20um. Fig. 32 A cross section af 1 part

beanng tetrasporanual sori. scale bar: 30um.



9% E " BH B2 H R

intermedia Suringar on sheltered rocks or crevices in the intertidal zone in Cheju Island. The plants at
hand show an affinity with forma of the species, G. pusillum f. foliaceum Okamura (1934) in thallus
morphology. However, Dixon and Irvine (1977) indicated that the plants of G. pusillum became
leafy when growth slow down or stops from March to November and cyhndrical during actve
growth from December to February in British Isles. Thus, they merged several refated taxa into G.
pusillum (e.g., G. crinale and G. pulchellum). It will be very interesting to investigate the seasonal

variation of thallus form.

Gelidium vagum Okamura (1934 ; p. 58)
Text Figs. 53-63.

Korcan name: =-$-%7k4}z

Plants are growing solitarily associated with other gelidioid algae, 7080 mm high (Figs. 53, 34).
Ercct tilaments are broadly depressed and strongly tapering roward apices showing terete linear
tilaments at terminal parts. Branches occur disuchoealternately from the muargin of mam axes at
intervals. Ultimate branchlets are short and spine-like in shape and occasionally transtorming into
tetrasporic ramuli. The outlines of erect tilaments represented by cross section are ; terete, 500-800
um in diameter at upper part (Fig. 58), longish ellipsoid to fusitorm, 350—00 zm thick and
2000-2600 g4 m wide at middle part (Fig.39). terete, 500600 z#2m in diameter at lower part of ecrect
filaments (Fig. 60). The cortex ot crect filaments is composed of 3— cell-lavers. The outermost
cortical cells in cross section are globose to oblong. Inner ones are ; globose at upper part (Fig. 57),
ellipsoid and parallelly elongating to surface at middle part (Fig. 62), irregular in shape at lower part

of erect filaments (Fig. 61). Rhizoidal filaments are densely congested in the outer medulla at the

Fig. 53. Gelidium vagum. A tetrasporic plant. scale umc

mim.
Fig. 54. Gelidium vagum. A tetrasporic plant. sale unic:

mm.
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upper part and in the whole medulla at the middle to lower part of ¢rect filaments. The medullary
cell contents are rather flattened or linear in the thick cell wall at the upper and the lower part of
erect filaments. The cell contents at the middle of erect filaments are finely linear.

Tetrasporic ramuli are born on terninal part of distichouse branches and main axes, ellipsoid to
obclabate with a short stalk (Figs. 55, 36). Occasionally, the tetrasporic ramuli show the slight

constriction at their middle parts.

Collections examined : LYP 509, Hengwon, Cheju, 1987—IX-5 (leg. K.J. Lee). LYP 3548, Heng-
won, Cheju, 1987-[X-16 (leg. K.]. Lee).

The plants at hand agree well with the description and illustration given by Okamura (1934).
Okamura (1934) described some plants having soft and twisted erect filaments. However, the plants
ot Cheju Island are rather rigid and spread their branches on the same plane. In this point of view,
the plants of Cheju Island may be a distinct taxon from G. vagum.

Okamura (1934) indicated that the distribution of rhizoidal filaments of G. vagum was similar to
Prerocladia plants, but the former differed from the latter in having more congestion of rhizoidal
filaments at the outer part than at the central part of medulla. On the other hand, Sohn and Kang
(1978) mentioned that the outermost cortical cells of G. vagum showed a similar form to those of

Prerocladia species.

Discussion

Dixon (1961) concluded that a“polysiphonia type” of life history might occur in a British species
of Gelidium, although some irregularities were detected. Santelices (1974) said that the discribution of
thizoidal filaments, the cystocarpic structure and the external morphology of thallus constituted the
most important and most discussed generic characters. Akatsuka (1979) suggested that the shape of
cortical cells in surface-, end-, or side-view would be useful to delineate Gelidium and Pterocladia
species. However, this suggestion needs more examination with variety of taxa to contirm whether
the character would be species specific or not. Sohn and Kang (1978) found the cortical cells of G.
vagum similar in morphology to Prerocladia species.

G. comeum var. pinnatum has been known as the same taxon as Pterocladia capilacea. The plants of
G. comeum var. pinnatum collected in Cheju Island agreed well with Kuetzing’s illustration of the
taxon and also showed an external morphology similar to Prerocladia robusta (Taylor 1945). On the
other hand, the rhizoidal filaments of the plants from Cheju Island are congested at the outer
medullary layers, which is known to be characterist:c in Gelidium species.

Both tetrasporangial and cystocarpic phases of G. amansii and Both sterile and cystocarpic phases
of G. sesquipedale were regarded to occur in Cheju Island. Such thought of the occurrance of the two

phases of a single species, G. amansii, or G. sesquipedale, was drawn by the similarity of the external
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morphology and enternal structere of a thallus. Dixon and Irvine (1977) said that one could do little
more than compare external form and internal structure when faced with a bewildering assemblage
of sterile or tetrasporangial specimens. Although Sohn and Kang (1978) regarded that the
arrangement and form of cystocarpic ramuli might be same as that ot tetrasporic ramuli, there was
no valuable clue to confirm the two phases in a single species. Thus, 1t 1s hard to discern with
conviction the tetrasporangial and cystocarpic phases of a single species because no cridcally useful
character was detected to date.

The branching mode, the shape of ultimate branchlets, the position of cystocarps or tetrasporan-
gial sori, the outlines of erect filaments represented by cross section, the shape of cortical cells in
end- or side-view and the distribution of rhizoidal filaments were employed to discern the taxa of
Gelidium in Cheju Island. The shape of ultimate branchlets and the outlines of erect filaments were
more useful to delineate species than others.
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