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The production and germination of tetraspores of Dたtyotterislongifolia Papenfuss (in edふ were
promoted at 200C and 22 pmol.m-2.s-1 irradiance. Growth rates of the thalli and primary rhizoids of 
germinating tetr田poreswere compared at different temperatures; 200C was found to be optimal. Produc-
tion of tetrasporangia began within the cortex， followed by the elevation of a “cu ticle" by the enlarging 
spore mother cell， prior to meiotic division. Germination of the tetraspores was initiated by elongation 
and division of a single primary rhizoid which established attachment， before production of a secondary 
rhizoid or thallus development. The production of unusual tip morphology of rhizoids， not repo口edin 
the genus before， is described 
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Members of the genus Dictyopteris (Dictyo-

tales， Phaeophyceae) are found world-wide in 
tropical and temperate regions (Allender and 

Kraft 1983). This study investigates Dic.汐0-
pteris longifolia Papenfuss (in ed.)， which is 
found locally abundant along the sub-tropical 

east coast of South Africa (Stephenson and 

Stephenson 1972). The mature thallus (Fig. 
1) consists of a fibrous holdfast and flat， 
dichotomously branching laminae which may 

reach a width of 2 cm and attain a length of 
70 cm. The plants occur in clumped stands 

in areas of varying exposure to waves and 

sand inundation. 

Tetrasporogenesis in Dicりopterisdivaricata 

was examined by Inoh (1936) and Ishii et al. 
(1959). Germination ofthe tetraspores ofthe 
latter species was compared to two other mem-

bers of the Dictyotales， namely Padina Japonica 
Yamada and Dictyota dichotoma (Hudson) 

Lamouroux (Nishibayashi and Inoh 1959). 

I Present address: Natal Parks Board， St. Lucia， 
Natal， South Africa. 
2 To whom correspondence should be addressed. 

Various studies have been performed to deter-

mine the effects of environmental para-

meters on the germination process in mem-

bers of the order. Few reports， however， 
repo口theeffect oftemperature on the produc-

tion and morphogenesis of tetraspores in 

members of the Dictyotales. 

This investigation examines tetraspore 

formation on the surface of the lamina， mor-
phogenesis following release and the effect 

of temperature on these features in D. 
longifolia. 

Materials and Methods 

D化りopterislongifolia was collected at Palm 
Beach on the Natal coast of eastern South 

Africa (Fig. 2) in mid-May (autumn) 1989. 
Entire plants were removed from shallow 

pools and exposed reefs， at low water of 
spring tides. The material was collected in 

plastic bags and transferred to the laboratory 

in cooled， insulated boxes. After being 
cleaned of superficial epiphytes， individual 
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Fig. 1. Habit of Diclyo戸lcruLongijolza. 

laminae w巴1'ewiped with 100% alcohol and 

dipped in a ge1'manium dioxide solution 

(1 mg.l一1)in o1'de1' to 1'educe subsequent 

cliatom contamination (Lewin 1966). Each 

lamina was cut into segments (approximat巴ly

1.5 cm by 1.0 cm) and placed in “Ste1'ilin" 
1'epli-dishes， in 5 ml of unfilte1'ed seawate1' 

The clishes we1'e kept in a Labex (model 

L.T.G.C.) g1'owth chambe1' at a t巴mpe1'atu1'e

of 21.50C (::t20C) and an irradiance of 22 
μmol.m-2. s一1 with a 14: 10 light: cla1'k 

• JOHANNESBURG 

/ ¥SOUTH AFRICA 
三

¥¥、ー

(_ DUR8AN 
-... Palm Beach 

/"  ¥ CAPE TOWN /'  rO"'''' 
ノ/ o入 、. r----'〆 一、》

ヲ句、 k¥ ~. --v 一 ¥ 'v"'-
-O..~. ，，"，，"_ 1"" 一
り >-1 50U1H cô"， 、

Fig. 2. J¥!Iap showing the southern African 
coastline and the position of Palm seach on the 
Na凶 coast(biogeographic zones after Stephenson 
and Stephenson， J 972) 

cycle， fo1' 30 days. 
Following release， tet1'aspo1'es of D. 10πgz-

foha we1'e t1'ansferrecl to 50 ml， p1'e-ste1'ilized 

Erlemeye1' flasks， using Pasteur pipettes. The 

flasks we1'e maintained in the1'mostaticaIly 

cont1'oIled wate1'-baths at an i1'1'adiance of 

70μmol.m-2・S-I，supplied by “cool" white 
fluo1'巴scent tubes. Cultu1'es we1'巴 keptat 

temperatu1'es of 10， 15， 20， 25， 30 and 350C 

(土20C maximum va1'iation). T巴t1'aspo1'巴

g1'owth was measu1'巴clon a Wild Inve1'ted 

Microscope with a calib1'ated， graduated eye-

piece. Th巴meanof 30 measu1'ements of the 

length of both the thaIlus and longest 1'hizoid 

W巴1'etaken and graph巴d

Sections (50μm thick) of the spo1'e p1'oduc-

ing thallus we1'e cut using a f1'eezing mic1'o 

tome， in a supporting medium of Tissue-Tek 

(Miles Laboratories， USA). Sections were 
stained with Toluidine Blue and mounted in 

glyce1'ol fo1' viewing under a Zeiss Photomic1'o-

scope. D1'awings and photog1'aphs w巴r巴

1'eco1'd巴d.

Results 

Tet1'asporogenesis was found to occu1' afte1' 

28 days in material maintained at 21.50C 
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Fig. 3. a) Early spore mother cell development prior to division; b) Spore mother cell division (arrow); c， d) 
Fonnation ofthe individual tetraspores; e) Tnit山 ionof tet1'aspo1'e ge1'mination whilst still in a c1ump on the I凶a剖打InJ羽3刊川川111
su1'face; f) Fo1'mation of the悶
P戸1'0町trus引ion，showing the raised cuticle (c); h， i) Mature spo1'e mothe1' cell， p1'io1' to meio山c1ivisioll)P凹a1'口1川 H川yF 
e引III百，beddedwi日ththe cortex， showi時【hestalk cell (s); j) Vacated tet1'aspo1'angiulll (a1'1'ow) following 1'elease of the 
tet1'aspo1'es; k) U nreleased tetraspo1'e ge1'lllinating w凶 inthe tet1'aspo1'angium. Scale bar= 1000μm 

(土20C)，at an irradiance of 22μmol. m -2. sporangia (i. e.， site of meiosis) each produced 

s一 Tetrasporangiadeveloped within sori at four t巴trahedrallyarranged tetraspores (Figs 

the surface of the laminae (Fig. 3a). The 3b， c， d). The sporangium began develop 
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Fig. 4. a-f) Tetraspore germination (juvenile gametophyte)， primary rhizoid elongation prior to develop-

ment 01' the thallus 01' secondary rhizoid; g) Tetraspore w凶 twowell-developed rhizo凶 ;h) Tetraspore showin】
early cl白lev河el同O句叩pmen川tof seconclary r巾hiはzo印idand t山ha叫allu凶lS;i， j) Multicellular tl 叫 lus in early stages 01' development; 
k) Juvenile gametophyte with multiple rhizoids and hairs (h); 1) Apex 01' juvenile gametophyte showing divicl-
1月 meristematiccells (arrow); m-o) Enlarging gametophyte ancl “jigsaw puzzle'¥aseptate， terminal outgrowths 
of rhizoids grown at 20oC; p) Normal rhizoid apex. Scale bar= 1000μm 

ment from a sub-epidermal cell (Fig. 3f)， 
which divided unequally to give rise to a stalk 

(basal) cell and sporangial initial. Th巴

sporangium increased in size and secreted a 

bi-layered cuticle (Figs. 3g， h， i) before divid-
i可 and releasi月 thetetraspores (Fig. 3j)ー
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the sporangium at all before germination was 

initiated (Fig. 3k). Lack of water movement 

around the spores under experimental condi-
tions may account for the in situ developmen-
tal patterns observed. Germinating tetra-

Fig. 5. 

Observations indicated that the stalk cell did 

not divide further (Figs. 3g， h， i). In some 
cases the four spores produced by meiosis， did 
not separate before germination began (Fig. 
3e) and occasionally were not released from 
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spores on the blades of D. longifolia have not 
been observed in the field. 
Morphogenesis of the spores began with an 

initial elongation of one side of the cell (Fig. 
4a)， before the first division occurred (Fig. 
4b). The latter polarised the spore into 
rhizoidal and thalloid poles (Figs. 4b， c). Fur-
ther growth was observed to occur with rapid 
elongation and division of the cells of the rhi-
zoid (Figs. 4c， e， f). In some spo問 saseconda-
ry rhizoid was observed to develop prior to， or 
during， thallus development (Figs. 4g， h， 
respectively). Once the thallus became mul-
ticellular (Figs. 4h， i， j， k， 1) and well estab-
lished， the apical meristematic cells and pit 
became visiblej hairs were also produced 
(Figs. 4k， 1). It was observed that a large 
number of the individuals maintained at 
200C developed a highly branched “jigsaw 
puzzle" terminal rhizoid system (Figs. 4m， n， 
0)，部opposedto the normal rounded tip (Fig. 
4p). This phenomenon was rare in cultures 
kept at other temperatures. 
Growth and development of the tetraspores 
differed under the various temperatures (Fig. 
5). The optimum temperature range for 
development of both thallus and rhizoid was 
between 200C and 250C， at 70μmol ・ m-2 's- 1 •

The increase in length of the longest (prima-
ry) rhizoid at 200C and 250C， and to a lesser 
extent at 150C and 30oC， was considerable 
up until day 8. After this the rate of elonga-
tion decreased in all treatments. No elonga-
tion of the primary rhizoid occurred at lOoC 
or 350C. The thalli elongated at a much slow-
er rate than the rhizoids， but the 200C and 
250C individuals sti1l had the greatest growth 
rate. There was either a slight initial elonga-

tion (150C and 300C) or no elongation at all 
(100C and 350C) of the thalli at the other 
temperatures. At 350C there was no develop-
ment of either the thallus or the rhizoid. 

Discussion 

Development of the tetrasporangium in D. 
longifolia differs from that described for D. 
di，仰z叩:

is reported to have a supporting stalk cell 

which divides into two to four cells. The 
tetraspore mother cell is initiated and de-

velops superficially and there was no elevated 
cuticle reported for the field collected materi-
al. D longifolia， however， has a single stalk 
cell (Figs. 3h， i) and the sporangium elevates 
a bi-layered cuticle (Figs. 3g， h， ij 6). The 
spore mother cell remains pa此iallyembedded 
in the cortex of the thallus. Meiosis results in 
the production of four tetraspores on the sur-
face of the thallus. This pattern of tetrasporo-
genesis is similar to that described for Padina 
japonたa(Ishii et al. 1959) which similarly has 
one stalk cell and an elev:ated cuticle. 
However， the tetrasporangium in P. japonica 
develops externally， which is more similar to 
D. divaricata. 
The lack of separation of released spores， or 
lack of release of spores from the sporangium 
altogether， prior to germination (Figs. 3e， k) 
was not observed to occur in the field where 
plants are exposed to wave activity. All the 
aggregated spores appeared to be equally 
viable in culture and germinated in the same 
way and at the same rate as separately 
released spores. 

Development of the tetraspores of D. 
divaricata was described as first producing a 
“multicellular， oval body" that developed one 
or several protruding cells， which later became 
the meristematic， apical cell of the juvenile 
gametophyte plant (Nishibayashi and Inoh 
1959). Inoh (1936) described the division 
and elongation of the rhizoid， prior to the de-
velopment of the protrusion from which the 

thallus developed. A tetraspore may produce 
more than one of these protruding cells. 
Although D. longifolia was not observed to 
produce more than one protrusion， the 
process of the initial elongation of the rhizoid 
followed by the development of the thallus， 
was similar to the previous author's descrip-

tlOns. 
Initial morphogenesis of D. longifolia tetra-
spores was similar at all temperatures investi-
gated. However， at the stage when a seconda-
ry rhizoid emerged or the thallus began de-
velopment， there was considerable variation 
and a large number of peculiarities were 
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Fig. 6. Tetrasporogenesis in Dictyopteris longifoli・a.

observed. The “'jigsaw puzzle" terminal 
rhizoid observed in D. longifolia (Figs. 4 m， n， 
0; 7)， has been repo目edfor the developing 
tetraspore rhizoids in Dictyota dichoto問
(Nishibayashi組 dInoh 1959; Gaillard 1977; 

Gaillard et al. 1986). The structures consist 
of lobed proliferations of the terminal cell of 

the rhizoid， lacking any cross-walls. This 
undivided proliferation of the rhizoid has not 

previously been reported for other species of 
Dictyopteris. Other than this peculiarity， 
morphogenesis was similar to that described 

by Nishibayashi and Inoh (1959) and Inoh 

(1936)， with the primary rhizoid emerging 
and developing prior to the development of 
the thallus from a protrusion of the original 

spore (Figs. 4a-h). Taking similarities of 

spore production， germination and juvenile 
gametophyte development into consideration， 
there seems to be a high degree of consistency 

in the Order Dictyotales. 

D.long静liais found in sub-tropical to tem-
perate waters with a seawater temperature 

range of 15-250C. Temperatures lower or 
higher than these are rarely experienced. It 

could thus be expected that the optimal 

temperature range for spore germination 
and growth would occur in this range. The 

growth study performed on the spores of 
D. longifolia showed that maximum growth 
of both the rhizoid and the thallus occurred 

at 200C to 250C. There was slight initial 
growth at temperatures lower than 200C but 
this ceased after the first five days. At temper-

atures greater than 250C， there was an initial 

Fig. 7. “)igsaw puzzle. terminal rhizoid pro-
liferations in Dictyopteris longifolia. 

increase and then subsequent decrease in 

length due to necrosis (Fig. 5). 

Large numbers of tetraspores are produced 

by a single lamina and， although many do not 
germinate， prolific production may explain 
the clumped appe町 anceof patches of D. 

longifolia in the field. Tetraspores may get 
caught in the mats of rhizoids and laminae 

of adult plants and germinate without disper-

sal. Alternatively， the unreleased or unsepa-
rated spores may increase clump size. A fur-

ther possible explanation for clumping has 

been reported in D. membranacea (Katsaros 
and Galatis 1988)， in which it was observed 
that cells of the germinating spore were capa-

ble of vegetatively producing pl叩 tules. This 

may account for the very localised distribu-

tion of the plants. D. longifolia was not ob-
served to produce more than one plantule 

from each tetraspore. However， isolated 
rhizoids from the holdfast of D. longifolia are 
capable of producing plantules vegetatively 

(own observation)， as has been reported for 
D. di叩n・'cata(Tokida et al. 1953); this may 
be another contributing factor to the clumped 

distribution of individuals in natural stands. 
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(アミジゲサ目)の研究1.四分胞子の生殖と形態形成

褐譲D化tyotte間 longifoliaPapenfussの四分胞子襲形成と四分胞子の発芽は 200C，光強度 22μmol・m→'S-1の条

件下でおこった。葉状体と四分胞子の発芽体の一次仮根の成長速度を様々な温度条件下で比較したところ 200C

で最も成長が良かった。四分胞子穫の形成は皮層内で始まり，続いて減数分裂に先立つ胞子嚢母細胞の増大によ

るクチクラの上昇がおこった。四分胞子の発芽は一本の一次仮根の成長と分裂により始まり，これにより基物に

付着した。続いて二次仮根の発達と業状体の発達がおこった。この属でこれまでに報告されていない特異な形態

の仮根末端部の形態につき報告した。 ('Nata1Parks Board， St. Lucia， Nata1， South Africa， 2Department of Botany， 

University of the Witwatersrand， Johannesburg， P 0 WITS 2050， South A仕ica)
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