
Jap. J. Phycol. (Sorui) 35: 178-188， Scptember 20， 1987 

Culture studies on Caulerpa (Caulerpales， Chlorophyceae) 11. 
Morphological variation of C. racemosa var. laetevirens 

under various culture conditions 

Hideo OHBA * and Sachito ENOMOTO 

Marine Biological Station， Faculty ~f Science， Kobe University， Ii凹aya，A即aji-c1IO，均logo-ken，656.・24Japan 

OHBA， H. and ENOMOTO， S. 1987. Culture studies on Caulerta (Caulerpales， Chlorophyceae) 11. 
Morphological variation of C. racemosa var. laetevirens under various culture conditions. Jap. J. Phycol. 
35: 178-188. 

The e汀ectsof temperature and light intensity on the morphogenesis of Cauleψa racemosa var. 
laetevirens from southern Japan were investigated in unialgal culture under 25 combinations of 5 tem-
peratures (20.00-30.00C) and 5 light intensities (0.5-8.0 klux). The morphological variation of 
the present alga is correlated with environmental factors. The laetevirens-type assimilator observed 
on the mother plants was formed under combinations of low temperatures (20.00， 22.50C) and high 
light intensities (5.0， 8.0 klux). By contrast， under combinations of!ow and high temperatures (20.00-
30.00C) and low light intensities (0.5， 1.5 klux) the teltata・typeassimilator was formed. The interme-
diate-type between these two types of assimilators was formed under the remaining combinations. 
The results suggest that C. racemosa var. laetevirens and C. racemosa var. teltata are morphological 
variations (ecophenes or ecads) of a single species. 

Key lndex Wordc: Caulerpa， Caulerpa racemosa var. laetevirens， Caulerμles， Chlorothyceae， 
culture， morphogenesis， morphological variation， plasticity， southern Japan alga. 

The genus Caulerpa LAMOUROUX is a large 

group of coenocytic siphonous marine 

green algae exhibiting a remarkably high 

degree of morphological variation (plas-

ticity). The thallus is characterized by 

having a prostrate cylindrical rhizome 

with branched filamentous attachment rhi-

zoids and assimilators. The assimilator 

consists of an upright shoot bearing nu-

merous ramuli (branchlets). 

The occurrence of intermediate or transi-

tional growth forms between various taxa 

of Caulerpa has often been reported. More-

over， different parts of the same thallus 
sometimes have features characteristic of 

two or more taxa. Many investigators 

>1< Present address: Laboratory of Phycology、To・
kyo Uni¥'ersity of Fisheries， Konan， Minato-ku， 
Tokyo， I08Japan. 

have suggested that this morphological 

variation may be strongly affected by 

environmental factors (WEBER-VAN BOSSE 

1898， SVEDELIUS 1906， BOERGESEN 1907， 

GILBERT 1942， EUBANK 1946， TAYLOR 
1950， 1960， NIZAMUDDIN 1964， REHM and 

ALMODOVAR 1971). 

T ANDY (1934) made field transplant 

experiments on several taxa of Cauleψα 
and offered evidence that C. peltata and 

C. fastigiata were only forms of C. raαmosa. 

GILBERT (1942) and EGEROD (1975) em-

phasized that the use of cultures should 

prove a most valuable aid to systematic 

studies in the genus. However， there have 
been few culture studies on the relationship 

between morphological variation and巴n・

vironmental factors. 

PETERSON (1972) transplanted and cul-
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tured wild plants o[ several taxa o[ C. 

racemosa in a light-controlled aquarium. 

He demonstrated that wh巴n a single 

specimen o[ C. racemosa var. llvifera was 

exposed to diffi巴rent Jight intensities， it 
formed new assimilators that w巴rechar-

acteristic of other taxa. He st且ted that 

the abiJity of C. racemosa to change growth 

form in altered Jight environm巴ntsprovicl巴S

evidence [or an environm巴ntalcontrol of 

this kind o[ mcrphological variability. 

Moreov巴r，he sugg巴steclthat the varieties 
o[ C. racemosa， such as v己r.ρeltataancl var. 
lam01l1"01lXii， shoulcl be consid巴redccological 
phenotypes (ecophenes or ecacls). CAL-

VERT (1976) confirmecl thes巴 results， show-
ing that when白vetaxa of Call1eljJa w巴re

transferrecl into aquaria and cultured with 

a Iight intensity lower than that typical o[ 

their natural habitat， th巴Irn巴wlyformed 
ramuli changecl in arrangement [rom raclial 

to bilateraJ. 

As mention巴d above， CauleljJa racemosa 
shows 2.n extreme clegree of morphological 

variability， which has lecl to taxonomic 
con[usion. 1n a previous paper on culture 

stuclies of reproduction ancl clevelopment in 

C. racemosa var. laelevire11s (ENOMOTO ancl 

OHBA 1987)， the au tho1's briefly men-
tionecl the morphological variation of this 

alga. The present paper provicles cl巴tails

o[ assimilator formation uncle1' 25 combi-

nations of temperatur巴 andJight intensity 

regimes ancl offiεrs some taxonomic clis-

cusslon. 

Materials and Methods 

Plants of Callleゆaracemosa (FORSK.) J. 
AG. var. laeleviTens (MONT.) WEBER-VAN 

BOSSE (Figs. IA， lB) were co!lectecl at 
Muroto-misaki (33016'N， 134014'E)， Shi-
koku 1sland ancl Ayamaru-misaki (280 

28'N， 129043'E)， Amami-dshima 1slancl 
in the southern part of ]apan. Co!lections 

Fig.卜 1へiildplants of Call1erta raeemosa val 
laelevirells. A. Typical plant from low lidal mark 
at lVIllrolo-misaki; B. Morphologically complex 
plant from 3.0 m deplh at Ayamarll-misaki， wirh 
laet削 rCIルlypeassimilators (single arrow) and telll山ー
type assimilators (dollble ar1"Ow). Scale: 10 mm 
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Fig. 2. Schematic rcpresentation of thc temper-
alllre and light intensity gradients llsed in lhe present 
cllltllre cxperimenls. A symbol is given 10 each com-
binalion 

were macle cl uri暗 Mayancl ]uly o[ 1981-

1985. The proceclures of pre-cultur巴 for

wild plants ancl isolation of zygotes are 

d巴tail巴cl in a previous paper (ENOMOTO 
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and OHBA 1987). All experiments were 

conducted in unialgal culture. Zygotes 

were cultured under the following condi-

tions: 2500， 1ふ 3.0k1山， L:D=14:1O hr 
in screw-capped glass tubes (18 x 130 mm) 
with 15 ml of PROVASOLI'S ES medium. 

After about two months， zygotes grew to 
filamentous germlings (protonema-like 

plants) which were about 10-20 mm long. 

These germlings were used for the present 

experiments. Oulture strains A and B 

were isolated 企om thal1i collected at 

Muroto・misakiand Ayamaru-misaki， re-
spectively. 

For the analysis of morphological varia-

tion 25 sets of culture conditions were used 

by combining 5 temperatures (20.00， 22.50， 
25.00， 27.50， and 30.000) with 5 light 
intensities (0.5， 1.5， 3.0， 5.0 and 8.0 klux). 
These combinations are represented sche-

matically and each is given a symbol in 

Fig. 2. A daylength of 14 hr (06:00-

20:00) was employed. T可o邸sl品h曲 adaylight 

flu∞o町re白sc白en凶tlamps (6100 K; FL40SD開SDL)
were used as the 1ight source. Light 

intensity was measured at the beginning 

and the end of an experiment. When 

germlings reached about 10 mm in length， 
each was transferred to a separate glass 

vessel (90 x 90 mm) containing 350 ml of 
the same medium (PES). Three vessels 

were placed under each set of conditions 

mentioned above. The medium was 

changed every two weeks. After 4 months， 
the germlings were analyzed as to assimi-

lator morphology. 

The wild plants of C. l'acemosa var. laete-

virens from Muroto・misaki(Fig. lA) and 

Ayamaru-misaki were found to agree well 

with the description given by OKAMURA 

(1913， 1936). The rhizome is cylindrical， 
branched， and intricate， 1.0-3.0 mm in 
diameter， 10-30 (-50) cm in length. The 
upright shoots are cylindrical， simple or 

rarely branched diはally，20-60←100) mm  
in height， bearing 20-70ト100or more) 
imbricate ramuli. The ramulus is cylin-

drical with an obtuse or somewhat swollen 

head， 1.2-6.0 (-8.5) mm  in length， 0.5-
2.0 mm  in diameter at its head， 0.3-0.9 
mm  in diameter at its base. 

On the Pacific coast of Japan， this alga 
is common between Bdsd Peninsula (350N， 
1400E) and Amami-dshima Island (280N， 
1290E)， but is rare on Okinawa Island 
(260N， 1280E) (SEGAWA 1935， OKAMURA 
1936， YAMADA and TANAKA 1938). It is 
usually found on sunny rocks in the lower 

intertidal zone， but sometimes it grows at 
a depth of 4--5 m on the waveswept outer 

margin of the reef where light intensity is 

relatively high. 

Sometimes morphologically complex 

plants were found (Fig. lB) in which 

laetevirens-type assimilators were produced 

by rhizomes exposed to the sun while 

teltata-type assimilators were produced in 

the shade. Such plants grow at a sunl 

shade interface， as in hollows and on the 
undersurface of overhanging rocks in shal-

low water. 

Results 

E砂>erimentson strain A 

1. Oross-gradient experiments: 

The germlings that had been cultured 

for two months under 25 different sets of 

conditions began to form assimilators. 

After four months， the assimilators were 
sufficiently mature to allow a morpho-

logical analysis to be carried out. The 

morphology of assimilators varied with 

the culture conditions (Figs. 3 and 5A). 

Three aspects of the assimilators were 

considered for morphological analyses: 

shape of the ramuli， arrangement of the 
ramuli on the upright shoot， and overall 
appearance. In all instances the rhizomes 
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Fig.3. Morphogenetic responsc ofstrain A to the cross-gradients oftempcrature and light intensity. Scale: 2 mm. 

and upright shoots wer巴 cyJindrical.

Three types of assim日atorswer巴 rec-

ognized: 

1) Laetevirens-type: Th巴 r悶aml凶1

lindr‘ical wヘv川、vぺi比thobtuse heads and are ar司r崎anged

in a polystichOl 

cussate， or spiroscaJate phyllotaxis) on th巴

upright shoot. These two characters ap-

pear to be linked. The overall appearance 

of th巴 assimilatorsis similar to that of the 

mother plants. This type develop巴dunder 

3犯 tsof conditions， A(4，5) and B(5)， i.e・3
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Fig.4. Morphogenetic rcsponse o[strain B LO the cross-gradients o[temperature and light intensity. Scalc: 2 mm. 

10"" temperature and high light intensity. 

This type is shown in Fig. 3 ancl is rep-

rese川eclby the symbol L (C P) in Fig目

5A. 

2) Peltc山 ーtype: The ramuli have the 

form of a shielcl， with flat discoiclal heads， 

and ar巴arrangedin a monosticholls pattern 

(solitary or secuncl) on th巴 uprightshoot 

or the rhizome. The shape of the ramuli 

was linked to th巴irarrangement 011 th巴

upright shoot. The overall appearance 

o[ the assimilators was similar to that o[ 



Morphological variation of Caulerta racemoslI var. laelevirem 183 

A 
A B c D E 

5 L L 
C P C P T P T M TM  

4 し P 
C P T 0 T 0 TM  SM  

3 P P P 
T 0 T 0 SM  SM  SM  

2 I P P P P 
TM  S M SM  S M S M 

P P P P P 
S M S M S M SM  SM  

(klux! 

8.0 

5.0 

3.0 

1.5 

0.5 

B 
A 

L 
C P 

L 
C P 

L 
C P 

L 
C P 

T 0 

B 

L 
C P 

L 
C P 

T P 

TM  

P 
S M 

c D E 

し 5 
C P T M T M 

4 
T 0 T M T M 

P 3 
TM  T M S M 

P 2 
T M T M S M 

P P pl 
S M SM  S M 

20.0 22.5 25.0 27.5 30.0 (.CI 20.0 22.5 .25.0 27.5 30.0 (.C! 

assimilator form ramulus shape arrangement 

L: 1aetevirens-type C: cylindrical P: polystichous 

1: intermediate-type T: tru皿petform D: distichous 

P:盟主主主-type S: shield form M: monostichous 

Fig. 5. Diagrammatic 閃P陀sentationof the morphogenetic re湿ponseto the cross-
gradients of temperatur官 andlight intensity. A. Strain A， B. Strain B. 

c. racemosa var. peltata. This type de-
veloped under 13記 tsof conditions， A( 1)， 
B(I，2)， C(I，2，3)， D(I，2，3) and E(I，2ム4)，
i.e.， from low to high temperature and 
low light intensity. This type is shown in 

Fig. 3 and is represented by the symbol P 

(8 M) in Fig. 5A. 

3) Intermediate-type: The ramuli are 

trumpet-form with obconical heads. The 

arrangement of the ramuli on the upright 

shoots or the rhizomes varied with the 

culture conditions， allowing the recognition 
of three kinds of intermediate-type as圃

similators， as follows: 
(a) Intermediate-type a羽milatorwith 

polystichous arrangement of ramuli. This 

kind developed under only one set of 

conditions: C(5)， i.e.， moderate tempera-
ture and high light intensity. It is shown 

in Fig. 3 and is represented in Fig. 5A 

by the symbol 1 (T P). 

(b) Intermediate-type a問milatorwith 

distichous (opposite or alternate) arrange-

ment of ramuli. This kind developed 

under 4 sets of conditions: A(3)， B(3，4) 

and C(4)， i.e.， Iow temperature and 
moderate light intensity. It is shown in 

Fig. 3 and is represented in Fig. 5A by 

the symbol 1 (T D). 

(c) Intermediate勾 peas町nilatorwith 

monostichous arrangement of ramuli. 

This kind developed under 4 sets: A(2)， 
D(4，5) and E(5)， i.e.， low temperature 
and low light intensity or high temperature 

and high Iight intensity. It is shown in 

Fig. 3 and is represented by the symbol 1 

(T M) in Fig. 5A. 

The formation of assimilators was in-

hibited at 30.00C， the assimilators being 
dwarfed. 

2. Transplant experiment: 

When a thallus that had formed laete-

virens-type (polystichous arrangement) as-

similators under 22.50C， 5.0 klux was trans-
ferred and cultured under 20.00C， 0.5 klux 
for a month， it formed intermediate-type 
assimilators on its rhizomes and upright 

shoots (Fig. 6A). 

Experiments on strain B 

1. Cross-gradient experiments: 
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A 園田

Fig. 6. Transplant experiments. A. Plant(strain 
A) with Lael四trelルtypcassimilators (single arrows) 
produced in culture uncler 22.50C， 5.0 klux after be-
ing transplanted to 20.0oC， 0.5 klux. Note newly 
formecl intermediate-type assimilators with trumpet-
form ramuli (clouble arrows). B. Plant (strz.in B) 
with a Laeteviwムs-typeassimilator (single arrow) pro・
clucecl in culture uncler 20.0oC， 3.0 klux after being 
transplantecl to 22.50C， 0.5 klux. Note newly日ormecl
ρeLtata-type assimilators (clouble arrow). Scale: 10 
打1m目

The form and arrangement of ramuli 

and the overall appearance of assimilators 

produced in strain B unde1' each of the 25 

sets of conditions corresponded essentially 

with thos巴 ofstrain A， but with several 
minor exceptions. Laetevirens-type assimi-

lato1's occurred under six 1'athe1' than 

th1'ee sets of conditi.ons and typical peltata-

type assimilato1's appea1'ed in only th1'ee 

rathe1' than eight sets of conditions. Re-

sults are shown in Figs. 4 and 5B. 

2. Transplant experiment: 

When a thallus that had formed laete-

virens-type assimilators under 20.00C， 3.0 
klux was transferred and cultured under 

22.50C， 0.5 klux for a month， it fo1'med 
メielLa/a-type assimilators on the o1'iginal 

rI市ome(Fig. 6B). 

Process of assimilaLor jormation 

Th巴 dev巴lopmentof assimilato1's of laete-

virens-type， intermediate-type (with dis-
tichous arrangement)， and peltata-typ巴 1S
shown in Figs. 7 and 8. 

1) Laetev川町ーtype: A conical e1'ect shoot 

was fonnecl on a creepi時 rhizome(Fig. 

8A-a). After 5-7 hr， a pair of tiny whitish 
outgrowths were fo1'mecl opposite one an-

other a little below the apex (growing 

point) of the shoot (Figs. 7A， 8A-b). 

A丘erabout 10 h1'， each outgrowth elon-

gatecl and became an acute， cylindrical， 
lateral branchlet which curved upwa1'd 

slightly (Figs. 7B， 8A-c，c1). Subs巴quently，

it continu巴CIto elongate， attaining a size 
of 0.5 mm c1iam. x 2.0-4.0 mm  long (Figs. 
7C， D， E， 8A叫 f). After about 601叫

its tip enlarged and developed into a 

cylinclrical ramulus with an obtuse head 

(Figs. 7F， 8A-g). About 4-5 hr afte1' the 

appearanc巴 ofth巴 primarypair of out-

growths， a seconclary pair was procluced 
a littl巴belowthe apex of the up1'ight shoot， 
i.e.， a little above the primary pair. It 
was formed at an angle of 600-900 to the 

primary pair in a horizontal plane (Figs. 

7B， 8A-c1， e). A丘erabout 60-70 h1'， the 

seconcla1'Y pair of outgrowths c1eveloped 

into ramuli (Figs. 7F， 8A-h). The for-
mation of successive ramuli proceeded in 

the same sequenc巴(Figs.7G， 8A-i). About 
one week after the appearance of the erect 

shoot， the assimilator had grown to a 
height of 10-20 mm  (Fig. 7H). After 

2 weeks， it had grown to 25-30 mm. 

2) Intermediate-type with trumpet-form 
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Fig. 7. The process of assimilator formation. A-H. Laeleuirens・type，I-M. Peltata-type・ Scale:2 mm 
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Fig. 8. Schematic representation of the process of assimilator formation. A. Laetevi:開ns-type，B. 
Intermediate・typewi出 trumpet・formramuli arranged distichously， C. Peltata・type.

ramu1i: An erect shoot was formed on 

a creeping rhizome and elongated (Fig. 

8B・a). When it grew to a 1ength of 2-3 

mm， it produced 1aterally a tiny whitish 
outgrowth a little below its apex (Fig. 

8B-b). The outgrowth appeared in the 

morning (around 08:00). A長erabout 10-

12 hr， it elongated upward and became a 
cylindrica1 protuberance which measured 

0.5-1.0 mm  in 1e時 th(Fig. 8B吋. Sub-

sequently， its apex expanded and became 
an obconical head (Figs. 8B-d， e). After 
36-48 hr， it developed into a trumpet-form 
ramulus which measured 2-3 mm  in di-

ameter (Figs. 8B-f， g). During the forma-
tion of the primary ramulus， the apex of 
the erect shoot (growing point) continued 

to elongate， producing a secondary ramulus 
in the same sequence (Figs. 8B叫 f). A 

tertiary ramulus and successive ramuli 

were formed in the same way (Figs. 8B-

g， h， i). The ramuli are arranged alter-
nately or nearly opposite one another. 

After about two weeks， the assimilator had 
grown to 20-25 mm  in height. 

3) Peltata-type: First an erect shoot was 

formed on the upper surface of a creeping 

rhizome (Fig. 8C-a). When it grew to 

about 2 mm  in 1ength， a tiny whitish 
outgrowth was formed a 1ittle below its 

apex (growing point) (Fig. 8C・b). This 

outgrowth appeared in the morning (a-

round 08:00)， after which the erect shoot 
ceased to e10ngate. After about 7-8 hr， 
the outgrowth had attained a 1ength of 

0.5ー1.0mm  (Figs. 7I， 8C-c). Subsequent-

1y， it thickened (Figs.刀， 8C-d) and its 
apical portion began to expand into an 

obconica1 head (Figs. 7K， 8C-e). The 
head continued to expand horizontally， 
becoming a disk measuring 2.0-3.0 mm  

in diameter (Figs. 8C-f， g). After about 
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36 hr， the outgrowth had developed into 
a primary peltate or shield-form ramulus 

and its head measured 4.0-5.0 mm  in 

diameter (Figs. 7L， 8C・h). Sometimes， 
when a primary ramulus was completed， 
the apex of the erect shoot began to elon-

gate again (Figs. 7M， 8C・h，i)， producing 

a secondary and a tertiary ramulus in the 

same sequence (Figs. 8C-i， j). 

Discussion 

The present experiments reveal that the 

form and arrangement of ramuli in Caulerpa 

may vary considerably with temperature 

and light intensity. They prove that the 

morphological plasticity of the present 

alga is correlated with environmental fac-

tors rather than with genetic polymorphism. 

All cross-gradient experiments were car-

ried out using thalli derived from the same 

plant at the same time. As shown in 

Figs. 6A and 6B， when a thallus was 
transferred into a different set of conditions 

it developed assimilators of a different 

shape. The fact that the results of the 

cross-gradient experiments in strain A are 

almost identical to those in strain B sug-

gests that morphological plasticity is not 

the expression of a single genotype and 

that similar results could be expected if 

other populations of C. racemosa var. 

laetevirens were investigated. 

PETERSON (1972) reported that when 

wild plants of several taxa in C. racemosa 

were transferred into an aquarium， they 
changed their form in response to d出erent

light conditions， and that C. racemosa var. 
uvifera f. intermedia， after being transferred 
to high light (21.0 klux) ， produced laefe-
virens-type assimilators， which were not 
found on the original plants. CALVERT 

(1976) also showed that when wild plants 

of five taxa in Cauleψa were kept under 
low light， the arrangement of their ramuli 

varied from radial to bilateral. In the 

present study， at 20.00 and 22.50C， the 
assimilators varied in form with increasing 

light intensity from peltata-type with shield 

form ramuli through intermediate-type to 

laetevirens-type with cylindri臼 ramuli.

These results suggest that the laetevirens-type 

assimilator is adapted to high light intensity 

and that the peltata-type is adapted to a 

lower light intensity. SVEDELIUS (1906) 

thought that radial arrangement was adapt-

ed to high light and bilateral arrangement 

to low light. In the present study， a 
polystichous arrangement was favored by 

low temperature and high light intensity. 

In the field， laetevirens・typeassimilators 
were observed on typical plants of C. 

racemosa var. laetevirens growing on sunny 

rocks in shallow water and on morpho-

logically complex plants growing on sunny 

rocks in hollows. Peltata-type assimilators， 
on the other hand， were found on typical 
plants of C. racemosa var. peltata in deep 

water and on morphologically complex 

plants growing on shady rocks in hollows 

and on the undersurface of overhanging 

rocks. Light intensity is probably a factor 

affecting vertical distribution of the three 

types of assimilators. 

In the present experiments， the laete-
virens-type assimilator appeared at rela・

tively low temperatures (20.00， 22.50C)， 

but did not appear at relatively high 

temperatures， whereas the peltata-type ap-
peared at low and high temperatures 

(20.00-30.00C). These results correspond 

with field observations that plants with 

typical laetevirens-type assimilators are com-

mon in relatively cold water at Muroto・

misaki and Ayamaru-misaki， but were not 
observed in warm water at Okinawa 

Island. Seawater temperature is probably 

a factor in the geographical distribution of 

these two types of assimilators. The exist-
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ence of morphologically complex plants 

and the results of the present experiments 

suggest that C. racemosa var. laetevirens and 

C. racemosa var. peltata are probably eco-

phenes (ecads) of a single species. 
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大葉英雄*・笹本幸人:緑漢スリコギヅタの各種設定条件下での発現形態について

室戸岬および奄美大島産のスリコギヅタの単藻培養体を用い，温度および光照度が形態発現に及ぼす影響を調

べた。 20"C-30"Cの5温度と O.5-8. 0 kluxの5照度を組み合わせ， 25の実験区を設定した。低温・高照度

(20"C， 8. 0 klux)では母藻体と同様のスリコギヅタ型直立部が，高温・低照度 (27.5"C， 0.5 klux)では母藻体

とは全く異なるタカツキヅタ型直立部が形成される。他の実験区では両者の中間的あるいは移行的な形態を示す

直立部が発現した。本藻の著しい形態的変異は遺伝的多型性によるものではなく，生育環境条件によるものと考

えられる。またスリコギヅタ，タカツキヅタは生育環境によって生じる同種のエコフェーン(エケード)であ

る可能性が示唆される。 (656-24兵庫県誇名郡淡路町神戸大学理学部臨海実験所。*現住所:108 東京都港区

港南4-5-7 東京水産大学植物学教室)




