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In Vitro Growth and Photosynthesis of Three Edible Seaweeds, 
Betaphycus gelatinus, Eucheuma serra and

Meristotheca papulosa (Solieriaceae, Rhodophyta)
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Abstract:  Three species of Solieriaceae (Rhodophyta), Betaphycus gelatinus, Eucheuma serra and 
Meristotheca papulosa are economically important species, that are found in subtropical to tropical 
waters and are well represented in the coastal area of Ryukyu and Kyushu Islands of Japan. This 
study was motivated by the need to establish basic information regarding their physiology, in order 
to design a cultivation system. Two experiments were conducted to determine how five tempera-
ture treatments of 16, 20, 24, 28 and 32℃ influenced growth and photosynthesis, as determined 
by a dissolved oxygen sensor. An additional experiment examined how nine irradiance levels of 0, 
13, 26, 48, 68, 168, 248, 342 and 536μmol photon m-2 s-1 at 24℃ influenced photosynthetic rates. 
Optimal relative growth rates of B. gelatinus and E. serra under 90μmol photon m-2 s-1 occurred 
from 24℃ and 28℃, while for M. papulosa it ranged from 20℃ and 24℃. Maximum photosynthetic 
rates (Pmax) for B. gelatinus, E. serra and M. papulosa were 135.0, 65.0 and 52.4μg O2 (mg chl-a)-1 
min-1, respectively and saturated beyond 94.9, 69.4 and 35.4μmol photon m-2 s-1, respectively. 
These characteristic results were closely related to their depth of the habitat and local distribution 
in southern Japan, and provide information required to design their mass-cultivation systems.
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The pan-tropical/ temperate red algal family, 
Solieriaceae (Gigartinales), includes many eco-
nomically important species, of which three 
genera, Eucheuma, Betaphycus and Kappaphycus, 
which are actively harvested in the Philippines 
and other Southeast Asian countries (Parker 
1974; Trono 1993) are regarded as one of the 
major sources of carrageenan in the world 
(Santos 1989; Glenn and Doty 1990). Species of 
these genera are also well represented along the 
shores of southern part of Japan (Yoshida 1998), 
with seven species recognized for the region 
(Yoshida and Yoshinaga 2010). Meanwhile, other 
taxa in the Solieriaceae, Meristotheca, are also 
distributed in Japan, and three species have been 

reported.
Traditionally, these Japanese species have 

been used as the ingredients for soup and salad 
in the Ryukyu and Kyushu Islands, southern 
Japan (Ohno 2004; Shinmura and Tanaka 2008). 
In these regions, Betaphycus gelatinus (Esper) 
Doty ex Silva (Fig. 1a), Euchemua serra (J. 
Agardh) J. Agardh (Fig. 1b) and Meristotheca 
papulosa (Montagne) J. Agardh (Fig. 1c) can 
be regarded as important regional resources. 
Notably, E. serra and M. papulosa are mainly 
harvested in southern Kyushu Is. (Kagoshima 
and Miyazaki Prefectures), and B. gelatinus 
is harvested in Ishigaki and Miyako Is. of 
Okinawa Prefecture. All are indispensable to 
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the local dietary culture of these regions. 
However, as a result of anthropogenic activity, 
there is a great possibility that these resources 
will decline, especially for economically impor-
tant and actively harvested species such as 
M. papulosa (Shinmura 2000; Makurazaki and 
Ohsumi-misaki Fisherman’s union yield data 
unpublished) as well as other species (e.g., 
Shinmura and Tanaka 2008). 

Ecological and physiological studies of 
Eucheuma and related genera have been 
reported from a variety of locations in the 
world, since the 1970’s (e.g., Dawes et al. 1974; 
Paula et al. 2001, 2002; Hung et al. 2009), and 
they have contributed towards the elucidation 
of their characteristics of growth and carra-
geenan contents to conserve natural resources 
and enhance of cultivation techniques and 
supply. However, there is little knowledge for 
Japanese taxa, which could lead to innovations 
in cultivation. Studies to date have examined the 
yield and characteristics of lectins (Kawakubo 
et al. 1997, 1999), photosynthesis versus irra-
diance (P-I) characteristics of Meristotheca 
papulosa (Yokohama 1973; Murase et al. 1989; 
Maegawa et al. 1993), experimental tank culture 
studies (Ohno et al. 2002), and the effects of 
water motion on nutrient supply (Nishihara and 
Terada 2010). Currently, no commercial-sized 
Euchuema sensu lato (includng Kappaphycus and 
Betaphycus) / Meristotheca cultivation systems 
has been established in Japan. Although a trial 
experiment of M. papulosa aquaculture was 
started by the Government of Ehime Prefecture 
(unpublished), its system is still incomplete.  
We suggest that optimum temperature and light 
conditions, and growth characteristics must be 

elucidated so that we can innovate advanced 
cultivation technology, strategy, and conserve 
natural populations. 

In this study, we focused on elucidating the 
photosynthesis and growth response of the 
three edible seaweeds, B. gelatinus, E. serra and 
M. papulosa from Ryukyu and Kyushu Islands, 
southern Japan, by manipulating light and tem-
perature conditions.

Materials and Methods

Specimen collection and culture
The three species examined in this study 

were collected from different shores. Specimens 
of B. gelatinus (Fig. 1a) were collected from 
Yoshiwara, Ishigaki Island, Okinawa Prefecture 
(24˚27’25.07”N, 124˚09’20.00”E; Depth: 2 m) 
on 26th December, 2007. Meristotheca papulosa 
(Fig. 1b) and Eucheuma serra (Fig. 1c) were col-
lected in Kagoshima Prefecture at Makurazaki 
(31˚15’58.84”N, 130˚17’24.14”E; Depth: 10 m) 
on 9th May, 2008 and at Ohtomari near Cape 
Sata (31˚01’14.60”N, 130˚41’09.33”E; Depth: 
5 m) on 1st June, 2008, respectively. Each sample 
was collected by SCUBA and skin diving by the 
authors or local fisherman. Collected algae were 
stored in 500 ml seawater and transported to 
the laboratory in a cooler at approximately 20℃. 
The specimens were maintained at the Faculty 
of Fisheries, Kagoshima University, Japan in an 
aquarium tank (2.0×1.0×0.5 m3) containing 
seawater of salinity at 33 PSU, pH of 8.0, 90μmol 
photon m-2 s-1 and 20℃ under 14:10 light: dark 
cycle. Temperature of the aquarium tank was 
decided on the basis of natural seawater tem-
perature at the collecting date. 

Fig. 1. Species of Solieriaceae in their natural environment used in this experiment. a, Betaphycus gelatinus; 
b, Eucheuma serra; c, Meristotheca papulosa.
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Monitoring of the growth 
Culture studies were carried out using the 

modified procedures of Terada and Yamamoto 
(2000) and Nishihara et al. (2004a, 2004c). 
Before conducting the culture experiment, 1.0 to 
1.5 cm sections of the thallus of each macroalga 
was cleaned to remove any attached epiphytes, 
and microscopic organisms were removed by 
brushing under a microscope. Cleaned speci-
mens were transferred to a 50 ml screw bottle 
containing the half concentration (1/2) of 
Provasoli’s Enriched Seawater (PES) medium 
(Anderson 2005) with GeO2 (10 mg/l), 33 PSU 
and pH of 7.8. These cultures were grown in an 
incubator (MLR-351, Sanyo Electronic Co. Ltd., 
Tokyo) for 2 weeks under 90μmol photon m-2 
s-1 (fluorescent lamp) and a 12L: 12D light cycle 
to establish unialgal culture. After 2 weeks accli-
matization, cultured explants free from contami-
nants were used for experiment. 

Five temperature treatments with five rep-
licates were examined at 16, 20, 24, 28 and 
32℃ with the same fluorescent lamp at the 
same light irradiance (90μmol photon m-2 s-1) 
to examine the effects of temperature on the 
growth of B. gelatinus, E. serra and M. papulosa, 
respectively. Nutrient concentrations and other 
physical parameters were similar to those used 
during creation of explants. These cultures 
were maintained in the Multi Thermo Incubator 
(MTI-201, EYELA, Tokyo Rikakikai Co., Ltd., 
Tokyo) for 20 days. Thalli weights were mea-
sured every 4 days using an electronic balance 
(Mettler Toledo AG 204, Ohio). Culture media 
were changed every 8 days.

Weight gain (%) and relative growth rate 
(RGR, % day-1) were calculated over the expo-
nential growth phase using the following equa-
tions:

Weight gain = [(W1-W0)/W0]×100 (1)

RGR = [( ln W1- ln W0)/(t1-t0)]×100 (2)

where, W0 and W1 are the explants weight at 
time t0 and t1, respectively.

Experimental condition of temperature effect on 
the photosynthesis

Five temperature treatments of 16, 20, 24, 
28 and 32℃ with four replicates were exam-
ined at an irradiance of 248μmol photon m-2 
s-1 that was higher than saturation irradiance 
(Ik) determined from the photosynthesis versus 
irradiance (P-I) experiment, and provided by 
a metal-halide lamp (Nishihara et al. 2004a). 
Irradiance was measured with the LI-193SA (with 
LI-250) underwater quantum sensor (Li-Cor 
Inc., Nebraska). Temperature was adjusted and 
maintained by a temperature controlled water 
bath (Coolnit CL-80F, Taitec, Inc., Tokyo). 
Photosynthetic rates were determined by mea-
suring the dissolved oxygen concentration 
(mg/l) every 5 minutes for 30 minutes after 
pre-incubation for 30 minutes acclimatization at 
each experimental condition. Dissolve oxygen 
(DO) was measured by using a polarographic 
probe and a DO meter (Model 58, and 5100, 
YSI Incorporated, Ohio). Explants used in this 
experiment for B. gelatinus, E. serra and M. 
papulosa were approximately 13, 7 and 75 mg 
wet weight (mgww), respectively. Explants were 
cut from the plants in the aquarium tank, 
and were acclimatized overnight with steril-
ized seawater in the incubator (Muraoka et 
al. 1998; Serisawa et al. 2001). To start the 
experiment, they were placed in BOD bottles 
containing 99.2 ml sterilized seawater. The DO 
sensors were placed in the sterilized seawater 
in a manner so that there no visible bubbles 
occurred. Seawater was continuously stirred 
during the measurement.

Experimental condition of irradiance effect on the 
photosynthesis

Photosynthetic rates were determined at 
eight treatments of irradiance at 13, 26, 48, 68, 
168, 248, 342 and 536μmol photon m-2 s-1 with 
four replicates in 24℃. As with temperature, 
photosynthetic rates were determined every 
5 minutes for 30 minutes by measuring the DO 
concentration (mg/l). Methods used for this 
experiment follow those of the temperature 
experiment. 

The P-I parameters for each temperature 
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were determined by using a nonlinear least 
squares regression of the following equation:

Pnet = (Pmax×tanh [α/Pmax ×I]) + Rd (3)

where, Pnet was the net O2 production rate, Pmax 
was the maximum O2 production rate,  α was 
the initial slope of the photosynthesis versus 
irradiance curve, I was the incident irradiance, 
and Rd was the dark respiration rate (Jassby 
and Platt 1976; Henley 1993). Saturation irradi-
ance (Ik) was calculated as Pmax /α and com-
pensation irradiance (Ic) was Rd /α (Schubert 
et al. 2006).

Measurement of chlorophyll-a 
Samples were extracted under refrigeration 

by using 10 ml N, N-dimethylformamide sol-
vent for 24 hours, and the absorbance (Abs) 
was determined using a spectrophotometer 
(UV-1600, Shimadzu Corporation, Tokyo) at 
700 nm, 646.8 nm and 663.8 nm. Chlorophyll-a 
(chl-a) was calculated according to Porra et al. 
(1989) by using the following equation: 

 chl-a (μg ml -1)=12.0×(Abs663.8-Abs700)
-3.11×(Abs646.8-Abs700) (4)

where Abs663.8 was the absorbance at 663.8 nm, 
Abs646.8 was the absorbance at 646.8 nm and 
Abs700 was the absorbance at 700 nm.

Statistical analysis
A one-way ANOVA (α<0.05) was used to 

examine how the temperature affected the 
growth rate and photosynthetic rate by using 
the software Super-ANOVA. The Duncan new 
multiple range test was selected to identify sig-
nificantly different means among the tempera-
tures. 

Results

Effect of temperature on the growth
Weight of explants increased steadily during 

the 20 days of laboratory cultures, however, 
explants of M. papulosa cultured at 32℃ lost a 
little of their characteristic red pigmentation at 
the end of the experiment (Fig. 2). Initial weight 
of B. gelatinus was around 14 mg. After 20-days 

culture, the maximum weight was observed 
at 24℃ (52.9 mg), and the lowest was 16℃ 
(29.4 mg). In case of E. serra, initial weight was 
around 7 mg. After the culture period, the maxi-
mum weight was observed at 24℃ (57.6 mg), 
and the lowest was 16℃ (22.3 mg). Meanwhile, 
initial weight of M. papulosa was around 73 mg. 
After 20-days culture, the maximum weight was 
observed at 24℃ (109.4 mg), and the lowest 
was 32℃ (89.3 mg).  

Maximum weight gain of B. gelatinus, E. 
serra and M. papulosa occurred at the same 
temperature of 24℃ and after 20 days of cul-
ture, they were 52.9, 57.6 and 53.2%, respec-
tively (Table 1). The lowest weight gain for B. 
gelatinus and E. serra were observed at 16℃ 
with rate of 29.4 and 22.3%, respectively, while 
for M. papulosa occurred at 32℃ with rate of 
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Fig. 2. In vitro growth of Betaphycus gelatinus (a), 
Eucheuma serra (b) and Meristotheca papulosa (c) at the 
five different temperature levels in 20-days cultures (△, 
16℃; ○, 20℃; ▲, 24℃; ◇, 28℃; □, 32℃). Bars show the 
standard deviation.
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26.9%. Statistically, there were significant dif-
ferences (P<0.05) among temperature levels 
(16, 20, 24, 28 and 32℃) for each species of B. 
gelatinus, E. serra and M. papulosa. 

Maximum RGR of B. gelatinus was 2.1% day-1 
at 24℃ followed by 2.0% day-1 at 28℃ (Fig. 
3). However, these RGR were not significantly 
different (P >0.05) from each other. The RGR 
at 20℃ and 32℃ with value of 1.7 and 1.4% 
day-1, respectively was significantly lower com-
pared to 24℃ and 28℃. The lowest RGR of B. 
gelatinus was 1.3% day-1 at 16℃ and did not sig-
nificantly differ with RGR at 30℃. The highest 
RGR of E. serra was 2.3% day-1 at 24℃, but was 
not significantly different with RGR at 28℃ with 
rate of 2.2% day-1. Moreover, the RGR signifi-
cantly decreased (P<0.05) to 1.9% day-1 at 20℃, 
followed by 1.3 and 1.0% day-1 at 32℃ and 16℃, 
respectively. In the case of M. papulosa, maxi-
mum RGR was 2.1% day-1 occurring at 24℃, 
and it was not significantly different (P<0.05) 
with RGR at 20℃ with a value of 2.0% day-1. 
The RGR value decreased significantly (P<0.05) 
at temperature level of 16, 28, and 32℃ with 
value 1.8, 1.5 and 1.2% day-1, respectively.

Effect of temperature on the photosynthetic rate 
Photosynthetic rates of three macroal-

gae based on chl-a are presented in Fig. 4. 
Photosynthetic rates gradually increased by 
increasing the temperature from 16 to 24℃, and 
further decreased by increasing the tempera-
ture to 28 and 32℃. The highest photosynthetic 
rates were observed in B. gelatinus. There 
were significant differences (P<0.05) among 
five temperature treatments on photosynthetic 
rate in B. gelatinus. The highest photosynthetic 
rate of B. gelatinus was 101μg O2 (mg chl-a)-1 
min-1 at 24℃ and was not significantly differ-
ent with photosynthetic rates at 20 and 28℃. 
Furthermore, the lowest photosynthetic rate 
was 52.7μg O2 (mg chl-a)-1 min-1 found at 16℃ 
(Fig. 4).

As for M. papulosa, increases in temperature 
from 16℃ to 24℃ increased the photosynthetic 
rate from 22.9 to 48.8μg O2 (mg chl-a)-1 min-1 
and dropped to 21.7μg O2 (mg chl-a)-1 min-1 at 
32℃. Maximum photosynthetic rate at 24℃ was 
not significantly (P>0.05) different with rate at 
20℃ (Fig. 4). 

Similarly, the highest photosynthetic rate of 
E. serra was also found at 24℃ with rates of 
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Table 1. Weight gain (%) of Betaphycus gelatinus, Eucheuma serra and Meristotheca papulosa at the five 
different temperature levels after 20-days in vitro cultures

16℃ 20℃ 24℃ 28℃ 32℃
B. gelatinus 29.4±3.7 41.3±3.2 52.9±3.7 49.4±3.7 32.4±3.6
E. serra 22.3±2.7 46.0±4.0 57.6±4.3 53.5±4.5 30.2±3.1
M. papulosa 34.1±2.6 49.9±4.9 53.2±3.9 43.2±2.8 26.9±2.9

Errors show the standard deviation (n=5).

Fig. 3. Relative growth rate (RGR) of Betaphycus 
gelatinus, Eucheuma serra and Meristotheca papulosa at the 
different temperature levels in 20-days cultures (□, 16℃; 
■, 20℃;  , 24℃;  , 28℃;  , 32℃). Bars show the stan-
dard deviation. Means with different alphabet (a, b, c, d) 
are significantly different (P<0.05).

Fig. 4. Photosynthesis versus temperature (P-T) curve 
of Betaphycus gelatinus (◇), Eucheuma serra (□) and 
Meristotheca papulosa (▲) at the different temperature. 
Bars show the standard deviation. Means with different 
alphabet (a, b, c) are significantly different (P<0.05).
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62.2μg O2 (mg chl-a)-1 min-1, followed by 56.0, 
51.5 and 30.4μg O2 (mg chl-a)-1 min-1 at 28, 20 
and 16℃, respectively. The lowest photosyn-
thetic rate was 28.8μg O2 (mg chl-a)-1 min-1 
observed at 32℃. The highest photosynthetic 
rate at 24℃ was not significantly different with 
the photosynthetic rate at 28℃ (P>0.05), but 
significantly different with other treatments 
(P<0.05) (Fig. 4).

Effect of irradiance on the photosynthetic rate
Photosynthetic rates could be modeled with 

the hyperbolic tangent form of the P-I equation 
(Fig. 5). Respiration rates (Rd) of B. gelatinus, 
E. serra and M. papulosa was 34.6, 6.8 and 
10.0μg O2 (mg chl-a)-1 min-1, respectively. 
Photosynthetic rates then increased sharply 
from 13 to 168μmol photon m-2 s-1 then 
increased slowly until 248μmol photon m-2 s-1. 
Maximum photosynthetic rates of B. gelatinus, 
E. serra and M. papulosa was 100.8, 62.2 and 
48.8μg O2 (mg chl-a)-1 min-1, respectively, and 
all photosynthetic rates reached their maximal 
values by 248μmol photon m-2 s-1.

Regarding the parameters of the P-I  model, 

Pmax for B. gelatinus, E. serra and M. papulosa 
was 135.0, 65.0 and 52.4μg O2 (mg chl-a)-1 
min-1, respectively; saturating irradiance (Ik) 
occurred at 94.9, 69.4 and 35.4μmol photon m-2 
s-1, respectively and compensation irradiance 
(Ic) occurred at 24.3, 7.3 and 6.7μmol photon 
m-2 s-1, respectively (Table 2).

Discussion

The successful cultivation of macrophytes, 
such as the three species we examined in this 
study, requires the detailed elucidation of their 
physiological response to environmental vari-
ables that are commonly under the control 
of the aquaculturist. Our study clearly shows 
the effects of temperature and irradiance on 
the physiology of B. gelatinus, E. serra and M. 
papulosa and provides fundamental knowledge 
of the growth and photosynthetic parameters 
that can be used to develop cultivation sys-
tems and methodologies, which may lead to 
the sustained availability of high quality prod-
ucts and the protection of natural populations. 
Especially, the range for optimum temperature 
and irradiance will contribute to the design and 
management of mariculture programs and tank 
cultivation systems. 

Maximum weight gain occurred at tempera-
tures that are known to be optimal for similar 
tropical / sub-tropical species, such as Eucheuma 
denticulatum and Kappaphycus striatum (Gerung 
and Ohno 1997). Expectedly, these optimal 
temperatures reflect those of their natural habi-
tat (Lobban and Harrison 1997). In this study, 
an optimal temperature range can be defined, 
based on the statistical insignificance of growth / 
photosynthesis rates, and therefore we sug-
gest that the range of optimum temperatures 

Fig. 5. Photosynthesis versus Irradiance (P-I) cur ve 
model of Betaphycus gelatinus (◇), Eucheuma serra (□) 
and Meristotheca papulosa (▲). Bars show the standard 
deviation.

Table 2. Photosynthesis versus irradiance (P-I) parameters of Betaphycus gelatinus, Eucheuma serra  
and Meristotheca papulosa  in this study

Parameters B. gelatinus E. serra M. papulosa 

Pmax (μg O2 (mg chl-a)-1 min-1) 135.0 65.0 52.4
Rd (μg O2 (mg chl-a)-1 min-1) 34.6 6.8 10.0
α(initial slope) 1.4 0.9 1.5
Ik (μmol photon m-2 s-1) 94.9 69.4 35.4
Ic (μmol photon m-2 s-1) 24.3 7.3 6.7
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of B. gelatinus and E. serra were at least 24 
and 28℃. Meanwhile, those of M. papulosa 
were thought to be 20 and 24℃. These optimal 
temperatures closely corresponded with those 
of their natural temperature. For example, 
although B. gelatinus can be found throughout a 
year at Ishigaki Is, Okinawa, meteorological data 
(Japan Meteorology Agency 2010) indicates that 
the mean monthly water temperature of Ishigaki 
Is. from January to December 2008 ranged 
from 23 to 30℃. Whereas, in the southern part 
of Kyushu I., E. serra and M. papulosa can be 
found only in the spring and summer season. 
At the time, the mean water temperature from 
May to July in Makurazaki, Kagoshima was in 
between 20 and 26℃, while in Ohtomari, Cape 
Sata of Kagoshima the temperatures ranged 
from 20 to 28℃ from May to August (2008). 

Our findings suggest that optimum tem-
peratures of B. gelatinus and E. serra might be 
higher than M. papulosa, again reflecting the 
conditions of their natural environment and dis-
tribution, since B. gelatinus and E. serra can be 
frequently collected in relatively warmer envi-
ronments than M. papulosa. This suggests that 
for tank cultivation, where water temperatures 
can exceed local water temperature due to phe-
nomena such as solar heating, these more heat-
tolerant species may be cultivated with relaxed 
temperature control. Indeed, Fig. 3 and 4 sug-
gests that even at high temperatures, cultiva-
tion is possible. Hence, based on these findings 
cultivation of B. gelatinus may be conducted 
from throughout a year in Ishigaki Is., and from 
May to July for M. papulosa and E. serra at 
Makurazaki and Ohtomari of Cape Sata respec-
tively under natural seawater temperatures. 

Convergence of the nonlinear least squares 
regression of the hyperbolic tangent model 
was almost swift for all species (Fig. 4). 
Furthermore these were similar to that of 
Kappaphycus alvarezii reported by Schubert et 
al. (2006), although the saturating irradiances 
of the species we examined were somewhat 
lower. The biological significance of these dif-
ferences should not be over-interpreted, given 
that handling and processing methods, as well 
as experimental protocol and environmental 

history, can all lead to measurable changes in 
photosynthetic performance. 

The model revealed that the photosynthetic 
parameters of B. gelatinus were, in general, 
highest among the three species. However, 
measured net photosynthesis at the initial slope 
(13, 24, 48 and 68μmol photon m-2 s-1) was 
relatively higher than those of estimated model. 
As the result of another calculation of initial 
slope by multiple linear regression coefficients, 
Rd (10.93μg O2 (mg chl-a)-1 min-1) and Ic 
(10.86μmol photon m-2 s-1) were smaller than 
those of the hyperbolic tangent model. If so, the 
value of Rd and Ic might be similar among the  
three species. Therefore, a better model of the 
nonlinear least squares regression of the hyper-
bolic tangent might be required for future stud-
ies. 

Nevertheless, in this study, B. gelatinus 
appeared to require higher levels of irradiance 
than E. serra and M. papulosa to saturate pho-
tosynthetic rates. We suggest that this is partly 
due to the irradiance conditions of their natural 
habitat, where B. gelatinus grow at around 2 m 
depth on the coral reef, E. serra can be found at 
2-5 m, and M. papulosa grow subtidally from 
3-20 m depth on the bedrock and boulders in 
wave-expose and as well as sheltered shores 
(Faye et al. 2005). Hence irradiance is reduced 
as water depth increases. Given the low values 
of irradiance needed to saturate photosynthe-
sis, perhaps these species are shade-tolerant. 
For example, in one sub-tropical species of 
Laurencia, it was suggested that their pecu-
liar distribution within a coral reef flat was 
partly related to photosynthetic performance 
(Nishihara et al. 2004a, 2004b). Indeed, in the 
species examined in this study, we often col-
lected them in the “shadows” of rock. In the 
case of B. gelatinus, specimens that could be 
found on the top of the reef were prostrate, 
which can minimize exposure of the thallus sur-
face to irradiance.

In conclusion, these results provide funda-
mental knowledge of temperature and irradi-
ance conditions that are necessary to conduct 
land-based cultivation of these three important 
fisheries species. This study is unique in that it 
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provides information on both growth and pho-
tosynthetic processes, which are parameters 
that are often optimized in cultivation systems. 
Based on these results, we suggest that at the 
very least. The cultivation of B. gelatinus can 
be conducted throughout the year in Ishigaki 
Is. (Okinawa), while for M. papulosa and E. 
serra cultivation is possible from May to July in 
southern Kyushu Is. (Kagoshima and Miyazaki 
Prefectures). Through optimal selection of tank 
materials and cultivation setup, it may also be 
possible to cultivate these species year-round 
in hot-houses under both natural and artificial 
light, given the wide tolerance for temperature 
and generally low requirement for light. 
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食用海藻 3種，カタメンキリンサイ，トゲキリンサイ，
トサカノリ（紅色植物門ミリン科）の室内培養による生長及び光合成

LIDEMAN・Gregory N. NISHIHARA・野呂忠秀・寺田竜太

カタメンキリンサイ，トゲキリンサイ，トサカノリ（紅色植物門ミリン科）は，熱帯・亜熱帯域に
生育する有用海藻であり，日本では南西諸島や九州でよく見られる。本研究では，これら 3種の養殖
技術を確立する上で必要な至適光・温度条件を検討することを目的とした。温度（16，20，24，28，
32℃）が生長や光合成に与える影響については，培養による生長試験と溶存酸素計を用いた光合成試
験の 2つの実験で行った。また，水温24℃，光量0から536μmol photon m-2 s-1 の条件で光合成速度
を測定し，光合成-温度曲線を作成した。光量90μmol photon m-2 s-1 における最適生長率はカタメン
キリンサイとトゲキリンサイで24℃と28℃，トサカノリで20℃と24℃の範囲だった。最大光合成速度
はカタメンキリンサイで135.0，トゲキリンサイで65.0，トサカノリで52.4μg O2 (mg chl-a)-1 min-1で
あり，それぞれ94.9，69.4，35.4μmol photon m-2 s-1 以上で飽和した。これらの結果は各種の生育水
深と日本南部における分布と密接に関連しており，各種の養殖可能時期について考察を行った。


