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PREFACE

The United States and Japanese counterpart panels on aquaculture were formed in 1969 under the United
States-Japan Cooperative Program in Natural Resources (UJNR). The panels currently include specialists
drawn from the federal departments most concerned with aquaculture. Charged with exploring and develop-
ing bilateral cooperation, the panels have focused their efforts on exchanging information related to
aquaculture which could be of benefit to both countries.

The UJNR was started by a proposal made during the Third Cabinet-Level Meeting of the Joint United
States-Japan Committee on Trade and Economic Affairs in January 1964. In addition to aquaculture, cur-
rent subjects in the program are desalination of seawater, toxic microorganisms, air pollution, energy, forage
crops, national park management, mycoplasmosis, wind and seismic effects, protein resources, forestry, and
several joint panels and committees in marine resources research, development, and utilization.

Accomplishments include: Increased communications and cooperation among technical specialists;
exchanges of information, data, and research findings; annual meetings of the panels, a policy coordinative
body; administration staff meetings; exchanges of equipment, materials, and samples; several major
technical conferences; and beneficial effects on international relations.

William N. Shaw - United States
Masaru Fujiya - Japan
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Information on the Culture of Phytoplankton for
Aquacultural Needs in Japan

Yunosuke Saito'

INTRODUCTION

Aquaculture of useful marine organisms is, at present,
relatively advanced in Japan. Artificial mass production of
selected species for seeding natural waters is intensively practiced.
In many operations involving rearing of seedlings, cultured
phytoplankters are utilized directly or indirectly as food organisms
and to control environmental conditions in the rearing tank.
Additionally, the products of some cultured phytoplankters are
used as an ingredient in the preparation of artificial combined
foods for aquatic animals. In this report, some information is
presented on techniques used in Japan for the mass culture of
phytoplankton for rearing aquatic animals,

LARVAL AND JUVENILE FOOD

The species of phytoplankton used in production units or
experimentally in rearing larvae and juveniles, and the species of
aquatic animals for which they have been used for food, are
listed in Table 1 (Hirano 1963; Imai and Shiraishi 1971).

In mass production of marine fish seedlings, Brachionus
plicatilis (rotifer), Tigriopus japonicus, and nauplii of Artemia
salina (brine shrimp) are used as primary food organisms.
Brachionus plicatilis and T. japonicus are themselves cultured
by feeding them on marine Chlorella sp. and/or bakers' yeast.

The technique of marine Chilorella sp. culture is as follows.
The culture tank of plastic or concrete is filled with filtered
seawater and placed either indoors or outdoors. Ammonium
sulfate at 100 g/kl, calcium superphosphate at 10 g/kl, and urea
at 10 g/kl are added to filtered seawater, but the quantities of
nutrients added vary with researchers at the various seedling
hatcheries. After inoculation with stock Chiorella seed, the
seawater medium is actively stirred by aeration, or water is cir-
culated by an underwater pump.

For mass culture, marine Chlorella is cultured by the above-
mentioned method using a large outdoor tank of 100-200 ki
capacity, One-half of the Chiorella suspension is drawn from
the tank for feeding Brachionus and Tigriopus when the concen-
tration of Chlorella has increased to 10-20 x 10* cells/ml. After
harvest, the tank is refilled with filtered seawater and the culture
is reinitiated. After this process has been repeated two or three
limes, the scawater in the tank is again fertilized. Within a few
days another Chiorella bloom occurs and the process is repeated
(Fukusho et al. 1971, 1976).

In the carly days of artificial rearing of Kuruma prawn,
Penoeus japonicus, the larvae were fed with cultured
Skeletonema costatum. In recent years, the larvae of Kuruma
prawn and various food organisms are cultured together in a
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tank in which seawater with such nutrients as potassium nitrate
(the level of N:100-200 mg/m’) and potassium phosphate (the
level of P:15 mg/m’) (Hudinaga and Kittaka 1976) have been
added. Quite recently, however, it has been learned that
Chaetoceros sp. resistant to higher water temperature is suitable
for food of Kuruma prawn larvae, and mass culture of this alga
is being undertaken.

In the culture of the blue crab, Neprunus tritubercularus, the
larvae are fed with B. plicarilis and T. japonicus. To feed these
food organisms, marine Chlorella is cultured as a part of blue
crab culture by methods similar to those used in marine fish
culture described previously (Takahashi and Matsui 1972)

Many species of phytoplankton are widely utilized for rearing
the larvae of marine molluscs (Imai and Shirmishi 1971,
Koganezawa 1975). Pure cultures of phytoplankion such as
Monochrysis lutheri and Chaetoceros calcitrans are used for
food of the larvac and juveniles, either mixed or in a single
species culture. In general, these phytoplankion species are
grown as pure cultures in a vessel of 5-10 liter capacity by the
usual culture methods. In large-scale culture of these species, the
seawater is purified continuously by a high speed centrifuge
(10,000-14,000 rpm) with exposure to ultraviolet light, or by
filtration through a ceramic cartridge rather than by sterilization
by autoclaving (Imai and Shiraishi 1971; Koganczawa 197%)

Miquel’s scawater with vitamin B,; and P6-Metal added s a
suitable culture solution, but sometimes enriched scawater, as
shown in Tables 2 and 3 (Sato and Serikawa 1968), s used in
specialized culture.

As an example of large-scale culture of phytoplankton, the
culture method of M. lutheri for rearing larvae of the pearl
oyster, Pinctada fucata, is presented. Scawater that has been
filtered through a ceramic cartridge (mesh size Sx) is used 1o fill
a tank of 25 liter capacity and is fertilized with the nutnents
shown in Table 2. The culture tank is placed under an intensity
of 4,000 lux of illumination in a room kept at a constant
temperature of 20 = 1 °C. The culture solution is stirred by acra
tion of 30 liters/min. It is inoculated with Monochrysis at a con
centration of 2 x 10* cells/ml in the culture solution. A half
volume of the Monochrysts suspension is taken from the tank
for feeding the larvae when the population level excoeds a con
centration of 3 x 10* cells/ml, usually after 2 or 3 d. Then more
fertilized scawater is added to bring the volume back to 24 ey
and the concentration of Momockrysis 10 3 x 10° cells ' mi, and
the culture is continued. Numerous harvests from one culiure
tank produce about 150 liters of Mosockrmt suspension at the
concentration of 4 x 10* cells/mi during about | mo (Sugun e
al. 197%).

In the culture of abalone, MHaliodts spp.. a pecubar type of
collector is used for the purpose of culturing attached distomn
and the creeping abalone larvae on . The collector o a
transparent (or transhucent) corrugated plastx plate  Many



Table 1.--Species of food algae used to rear the larvae and juveniles gf aquatjc
animals. Arrows indicate the direct utilization as food items to rearing species.

Sbecies of algae Method of utilization Species reared
Chrysophyceae
Monas Sp. > Crassostrea gigas

Anadara broughtnit
Pteria penguin
Spisula sachalinensis
Pinctada fucata
Haliotis gigantea

Haliotis discus

Monochrysis lutheri Anadara broughtnii

Y

Atrina pectinata
Patinopecten yessoensis
Pinctada fucata

Pecten albicans

Chlamys nobilis

Fulvia mutica

Spisula sachalinensis

Sehizothaerus keenae

Bacillariophyceae

Chaetoceros caleitrans > Anadara broughtnii
Patinopecten yessoensis
Pecten albicans
Chlamys nobilis
Fulvia mutica
Meretrix lamarckii

Spisula sachalinensis

Chaetoceros simplex > Anadara broughtnii
Sehizothaerus keenae
Haliotis gigantea
Haliotis discus

Pseudocentrotus depressus



i
rable 1.--Continued.

iplciu of algae ' Method of utilization Species reared

Chaetoceros gracilie Anadara broughtnii

-
Chaetoceros Sp. > Penaeus japonicus
Meloeira sp. » Haliotis gigantea
Haliotie discus
Skeletonema coetatum - Penaeus japonicus
Pgeudocentrotus depreseus
Amphora sp. - Haliotie gigantea
Haliotis discus
Novicula sp. - Haliotis gigantea
Haliotie discus
Cocconeie SP. - Haliotis gigantea
Haliotis diecus
Nitaschia closterium » Penaeus japonious

Pinetada fucata
Meretrix lamrckit
Haliotie gigantea
Haliotis discus
Phaeodactylum tricornutum g Anadara broughtnii
Spiesula eachalinensis

ryptophyceae
Rhodomonas ovalis -> Anadara broughtnii
‘hlorophyceae
Chlamydomonas SP. — Mytilus edulis
Pgeudocentrotus depressus
Duwnaliella terteolecta —— Green water ——— l::r:.ne fishes and shell-
shes

Pteria pengiun
Platymonas Sp. > Baliotie discus hannai




Table 1.--Continued.

Species of algae

Method of utilization

Species reared

Chlorella Ssp.
(marine)

Chlorella Sp.

or

(freshwater)

Brachionus

plicatilis ———

Tigriopus japonicus —

Green water ——

—— Daphnia pulex ——

Pagrus major

Opegnathus fasciotus
Acanthopagrus schlegelii
Kareius bicoloratus
Limanda yokohamae
Sebastes inermis

Pugu rubripes
Lateolabrax japonicus
Paralichthys olivacus
Neptunus trituberculatus

Marine fishes and shell-
fishes

Freshwater fishes

Table 2.—Composition of culture solution for Monochrysis lutheri.

Seawater
NaNO,
Na;HPO-12H,0
NaHCO,

EDTA -2 Na
Clewat - 32*
Vitamin B,,
Vitamin B,
Biotin

1,000 ml
100 mg
14 mg
12.6 mg
18.1 mg
500 mg
0.2 ug
100 ug

1 u

*Chemical composition: Fe, 3.8 g; Mn, 7.7 g; Zn, 1.6 g; Cu, 0.07
g; Mo, 6.3 g; B, 24.7 g; Co, 0.17 g; EDTA, a bit.

Table 3.—Composition of culture solution for Nitzschia closterium.

Filtered seawater 1,000 ml
NaNO, (5 g/100 ml) 2ml
NaHCO, (16.8 g/1) 10 ml
Na; SiO; (2 g/1) 2ml
Na; HPO, " 12 H;O (5 g/1) 2ml
Pl. solution 1 ml
Sterilized at 80°C for 30 min
Pl. solution
Na,EDTA 30g
FeCl, - 6H,0 0.24g
ZnCl, 0.03g
MnCl, -4H.0 0.27g
CoCl, - 6H,0 0.8 mg
CuSO. - 5H.O 0.4 mg
H,BO, 3.4
Distilled water 1,000 ml

sheets of the collectors are hung in a tank filled with seawater
and placed under suitable light; subsequently various species of
attached diatoms grow on the surface of the plate. These collec-
tors are transferred and hung vertically in the abalone rearing
tanks just before the planktonic stages of the larvae transform
into the creeping stage (Shibui 1971).

In the culture of red sea urchin, Pseudocentrotus depressus,
phytoplankton species such as C. simplex and 8. costatum are
utilized for food of the larvae. These algae are cultured by
methods similar to those described for the culture of Pinctada
larvae (Hirano 1963).

INGREDIENTS OF
ARTIFICIAL COMBINED FOODS

Attempts have been made to utilize Chlorella pyrenoidosa
cultured in freshwater as an ingredient to increase the conver-
sion efficiency of artificial combined food for the creeping
larvae of abalone.

Recently, the production of Spirulina sp. has reached
commercial scale. The mass culture of S. platensis and S. maxima
has been underway since 1974 by an industrial chemical company,
through a technical agreement with Institut Francais de Pétrole
(Nakayama 1975). The company built a culture facility with 5,000
m* area at Miyakojima in the Ryukyu Islands. They expect to
produce 33 t (dry weight) of Spirulina annually. Because of high
production costs, Spirulina has, in the past, been utilized only for
deepening the red body color of goldfish and fancy colored carp
by taking advantage of its high carotenoid content (Honma et al.
1974). In recent years, however, Spirulina has been utilized as an



r ! in the artificial combined food for Kuruma prawn, as it
~ also has high protein content. In the near future, the demand for
‘.“.l*uhul for aquatic animals may be substantially in-
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Recent Problems of Nori (Porphyra spp.) Culture in Japan

HITOSHI KITO'

INTRODUCTION

Nori culture in Japan began in a primitive form during the Edo
Era (late 17th century). However, modern culturing techniques
were not developed until the mid-1920's. Before that time a
method of culturing, called “‘soda hibi,"" using branches inserted
vertically into the bottom as the substrate, was employed. In the
late 1920's the methods of **sudare hibi'* (floating bamboo slats)
and “‘ami hibi"* (rope nets) were introduced. The annual yield of
nori was greatly increased through use of these new substrates.

In 1949, K. M. Drew discovered the conchocelis phase of Por-
phyra umbilicalis, which stimulated experimentation on artificial
conchospore collection in Japan. At the same time, Japanese
fishermen began using a floating culture system outside the bays.
The combination of experimental effort and expansion of grow-
ing areas resulted in a standardization of nori culture methods
(1955-60) and in increased annual yields. The annual yield was
around 1 billion sheets prior to 1949, increased to 2 billion sheets
in 1955, and reached 3 billion in 1962 (Fig. 1).

In 1965, a net-freezing technique was developed at the Aichi
Prefectural Fisheries Experimental Station which facilitated
storing nori nets for use throughout the season. In addition to
this technique, new strains which were developed by fishermen
using selective breeding have been employed widely throughout
Japan since 1970. These new strains and new methods increased
the annual production to over 9 billion sheets of nori in 1973,
and the supply became far greater than the demand. Since 1974,
in order to protect themselves from the decline in the nori
market because of overproduction, the National Federation of
Fisheries Cooperatives and the National Federation of Nori and
Shellfish Fisheries Cooperatives jointly established a planned
production system and have allotted an annual production
quota to each prefecture before the beginning of the culture
season, In recent years, annual production has been constant at
around 7 billion sheets, which is close 1o the planned production
quota,

STATE OF THE ART
Culture Species and Strains

In the carly days of nori culture, P. tenera was used almost ex-
clusively, but today it has been mostly replaced by the hardier P.
yezoensis, which has a wider temperature tolerance than P.
tenera. Other species used less widely in Japan are P. psewdo-
linearis, P. kuniedai, and P. crispata.

One of the most active areas of nori research today is the im-
provement of the quality of the final product. The market
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qualitics of P. temera are higher than P. yezoensis; therefore, an
attempt 10 determine which non traits are dewirable and 10
develop new strains which optimize these trauts s being made
Two strains, “ocoba-asakusanon’™ and “‘narawa-susabnon.”™
are now gaining widespread recognition. Ooba-asak wanon s
developed from P. tenerg and narawa-susabinoni from P e
zoensis by sclective breeding (Miura 1970). The snportant trast
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monospores and late maturity. Production has been greachy wn
proved due to the development and use of thewe two wraem
More study is needed 10 further improve the gualiny of the noet
products as well as to find more disease rewstant vanctas



Figure 2. —Artificial seeding of conchospores in the field using conchocelis nets.

Techniques of Culture

Maintenance of conchocelis cultures and collection of
conchospores.—As the use of artificial conchospore collection
has increased, it has become necessary to artifically maintain or
culture the conchocelis stage. At first, the stage was cultured in
prefectural fisheries experimental stations and/or other facilities
for the nori culturists. Today most culturists raise their own sup-
plies of conchocelis stages; therefore, the actual number of con-
chocelis cultures has greatly increased, bringing about a problem
of insufficient supply of oyster shells suitable for use as a
substrate. This has resulted in the development of artificial
substrates.

Recently, the free-living method of growing conchocelis stages
has been used by government research laboratories and private
companies. This method facilitates genetic studies and breeding
in the field, because a large number of conchocelis stages can be
produced from a single mother thallus. The drawback to this
method is contamination by diatoms and other seaweed spores.
Direct conchospore collection has not yet been artificially
achieved.

Seeding methods commonly used are “‘zubo’ and ‘‘han-
zubo.”’ In the han-zubo system, tanks (1 m x 20 m x 0.5 m
deep) made of heavy gage flexible vinyl are floated on the sur-
face of the sea so that the sides are about 10 cm above the water
surface. Each tank contains about 50 ‘‘net hibi’’ and about 500
oyster shells implanted with conchocelis stages. The zubo system
is similar, but is completely enclosed (Fig. 2).

Recently, a conchocelis net, the ‘‘zubo net’’ which has been
improved from the earlier zubo apparatus and made of small-
meshed double nets, is used for artificial seeding. At seeding, a
conchocelis net with about 300 shells, which have been previous-
ly arranged within it, is set on a framelike simple raft; usually
about 50 nori nets to be seeded are spread and staked on the
raft. Finally, the raft is covered with a vinyl bag, but inside calm
bays the raft is often floated without a cover. The raft is then left
about 3 d to achieve good implantation on the nori nets.

To insure success in these methods, suitable and careful
maintenance of the conchocelis stage is required; the collection
of conchospores must be done within a few days, because of the
environmental conditions that are created in a closed sys-
tem.

Maintenance of juvenile to adult thallus stage.—Net hibi are
used universally in Japan today. There are two major support
structures:

1) The ““kotei shiki** (or fixed method) is used in shallow and
calm waters, e.g., within a bay where poles are embedded
in the bottom.

2) The ‘‘betanagashi'’ (a floating method) is used offshore
and in the open sea where various buoyant objects provide
flotation and anchors maintain the position and shape of
the system.

There is a third method which is intermediate between the
above two methods. It is called ‘*han fudo shiki'* (a half floating
method) and is used where there is a large tidal fluctuation. This
method is used to avoid excessive drying during low tide periods,
but keeps the Porphyra at the water surface for maximum light.

The most important difference between kotei shiki and
betanagashi, as far as Porphyra spp. are concerned, is the provi-
sion for drying during cultivation. Thalli grown under nondry-
ing conditions are more susceptible to disease, and the nori pro-
duced without a drying period are not as high in quality as the
nori grown with a drying period. However, to date it has not
been scientifically substantiated that drying is the direct cause of
the increase in quality.

In the past it was not possible to allow a controlled drying
period using the floating raft method. The juveniles were
cultured with the fixed method inshore and then transplanted to
a floating raft offshore 15-30 d before harvest. Recently M. Ina-
yoshi, a nori culturist, improved the betanagashi method by
adding a structure which facilitates raising the nets out of the



vater (Ueda 1973). This improved system is becoming increas-
ngly popular throughout Japan (Fig. 3).

One of the most important developments that has caused the
eneral upward trend in nori production is the net-freezing
echnique. This technique makes use of a practical application
f a normal physiological characteristic of Porphyra spp.—the
haracteristic being that Porphyra has high survival at low
emperatures. Porphyra is usually grown to about 1-3 cm, but
ommonly 5-10 cm, on the net hibi. It is then transferred to land
nd partially dried, and placed in a freezer at —20°C. The net
an then be set in place as needed to continue the culture cycle.
lacement of the nets is staggered so that culturing can be con-
inued without interruption throughout the season. Nets that
jave been harvested once or twice, or nets that are defective are
eplaced with new ones. With the development of this freezing
echnique, it has become possible to attain rapid growth rates
ind freedom from some of the diseases which usually plague the
lants in late October and early November (Fig. 4).

It is well known that after multiple harvests thalli begin to
jecelerate in growth, Therefore, by having the capacity to
xchange the nets during any given cycle, the viability of culture
as been greatly increased. Today, nori culturists set over five

times more nets at the time of seeding than before. The extran
are frozen for the uses mentioned above. From an econom
standpoint, this insures stability in the market and an increase in
annual vicld (Fig. 5)

PROPOSALS FOR THE FUTURE
Simpler Methods for Conchocelis Maintenance

The work required of fishermen for the maintenance of $,000
oyster shells bearing conchocelis throughout one-half of the year
is demanding, requiring the control of the culture temperature
and light intensity, and the protection of the area from con
tamination by diatoms. Because of these difficuities the alter
native, free-living culture of conchocelis stages, should be made
suitable for use by fishermen

Only a few liters of freeldiving conchocelis culture are
necessary for successful transfer to mass culture. The principal
difficulties preventing the adoption of the free-living technique
by fishermen are contamination by diatoms and other
organisms, and the lack of practical methods of conchospore
collection. In the laboratory, however, chemicals effective

FOR DRYING
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Figure 4.—Frozen nori nets stored in —20°C freezer. Nori nets are packed in a vinyl bag after semidrying and then
the bags are sealed, since Porphyra should be protected from fresh air to minimize their respiration.
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Figure 5.—Nori harvesting with a rotary blade, suction-type harvester,

against diatom propagation, such as GeO,, were discovered
(Kirita 1970; Kida and Enomoto 1975). The entire free-living
technique is still experimental and requires improvement before
transfer to mass culture.

Improvement of the Maintenance Technique from
Juvenile to Adult Thalli

It is well known by the cultivator that drying the growing Por-
phyra is an effective way to remove contaminating seaweed such
as Enteromorpha spp., Ulva spp., and diatoms, and also to

grow healthy young thalli of Porphyra. Moreover, the sheets
made from the thalli which have undergone the drying process
are of better quality than the ones grown without it. However,
the drying results in a lower growth rate of the thalli. Con-
sidering these facts, the improved floating raft should be
employed extensively throughout Japan, and physiological
studies on the effect of drying the thalli should be continued.

Development of Effective Species and Strains

The quality of the two most popular species and their new



strains has been compared in terms of their industrial value.
Porphyra tenera often yields the most expensive product due to
the thinness of its thalli; however, this species undergoes
decolorization more readily than P. yezoensis. Porphyra
yezoensis has a wider tolerance range to environmental change
and to disease than P. tenera. The difference in growth rate be-
tween the two species is not large, but care must be taken to
choose a suitable environment for each.

The two new strains were produced by selective breeding. The
object of the effort was to produce algae that have a high growth
rate. At present, however, these new strains are not considered
to produce good quality sheets. If selective breeding is begun
with the objective of producing good sheets, however, the pros-
pect of developing additional useful strains is good. When
fishermen deploy the two new strains that have been developed,
there is a tendency to overlook the environmental characteristics
of their district. Furthermore, these new strains tend to grow
thickly and undergo decolorization rapidly. They are especially
unsuitable for cultivation in the northern region of Japan. To
enable the further expansion of the nori industry, species and
strains must be developed for each district. For example, P.
kuniedai, which occurs mainly in the northern district, might be
experimented with in that district.

The most popular method of breeding in general agriculture is
crossbreeding. There are many difficulties in applying this
method to Porphyra, however. The chromosome numbers of
Porphyra spp. are small, characteristically 3 or 4, If any changes
occur on the chromosome level, the phenotypic change may be
quite drastic. There are many methods for producing mutants in
land plants, but there are none reported in the literature for
seaweed. It is therefore necessary to develop an effective
artificial technique to produce Porphyra mutants.

Al present, the most important study required for industrial
development of nori is the classification of each species to de-
termine its suitability for quality sheet production. Concur-
rently, the ability of each species to adapt to the existing condi-
tions of each district must be studied. Until now many species
and strains have been employed with little concern for scientific
methodology. The major object has been to obtain heavy pro-
duction. Species have even been imported from foreign coun-
tries with little attempt at taxonomic identification. Such efforts
should be restricted because of the possible deleterious effects of
such introduced species if they spread throughout the culture

areas. Organized research work for the preservation of existing
strains and the controlled and systematic search for new straims

should be established as soon as possible.
Technique for Protection from Disease

The discases to which nori culture is prone have been
classified into two groups: Parasitic and nonparasitic. Of the
parasitic discases the most severe damage today is caused by
“red rot"' (akagusare), which is caused by the fungus Pythium
porphyrae. Physiological characteristics of this fungus have
been studied in axenic culture. An effective chemical technigue
for protection from the fungus has not been developed,
however, since the use of chemicals in the sea can produce
unforseen negative effects on other organisms living in the same
arca. Because of this, only indirect methods, such as extended
drying periods, freezing, or net replacement, have been
employed in the nori industry. The same methods are also used
in the event of nonparasitic diseases. Because of the possible
effects on other species, the application in the field of fungicides
and bactericides developed for agriculture should be avoided. It
is important that new discase-resistant strains be developed

Efficient Use of Culture Fields

Overcultivation of culture fields has been restricted in certain
districts. Such limitations have not gained general favor
throughout the districts, since in the areas where restrictions
have been advocated or imposed there has been no consistent
scientific policy for insuring efficient yields to replace the former
method of overcultivation. In the future the potential produc
tivity of each culture field should be examined and classified,
and then the culture field should be used efficiently, according
to its potential productivity (Fig. 6).

City sewage and heated discharges of modern civilization can,
if applied to the culture field in a controlled manner, have a
small positive effect. To date, unfortunately, these wastes have
been discharged into the aquatic environment with little regard
for their effect upon aquaculture. This attitude must be changed
if such material is to be regarded as a nonharmful addition 10
the sea environment. Aquaculturists must take the initiative to
understand the problem and recommend intelligent waste
discharge methods. For aquaculture 1o survive these new poten
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tial dangers, the priority of water quality must be recognized by
all concerned.

CONCLUSIONS

Although nori cultivation is almost standardized in Japan,
there still remain a few constraints. Nori is marketed as raw
sheet nori or processed nori. At present, the demand for raw
sheet nori (which is premium nori) is greater than the supply. On
the other hand, the supply of processed nori is greater than the
demand.

In view of the present situation, the future success of the nori
culture industry can be best achieved by encouraging increased
consumption. This can be done by maintaining the highest
quality in the product and lowering production costs. New
technological improvements could influence and insure high
quality. Production costs can be lowered by changing or im-
proving existing practices through cooperative efforts similar to
those used in agriculture: 1) cooperative cottage industry, 2)
modified cooperative unions, and 3) full-scale cooperative union
management. An economic evaluation of the industry would
also be desirable.
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The Present Status of Brown Algae Culture in Japan

YUNOSUKE SAITO'

INTRODUCTION

Many edible seaweeds are intensively cultivated in Japan. The
cultivation of the brown algae Undaria (wakame) and
Laminaria (kombu) is quite popular and advanced.

Recently, demand for other brown algae, such as
Nemacystus (mozuku), Cladisophon (okinawamozuku), En-
darchne (habanori), and Heterochordaria (matsumo) have in-
creased gradually because of current popularity of natural
foods. At present, Nemacystus and Cladosiphon are cultivated
commercially and Endarchne culture techniques are being
developed under laboratory conditions. Also, in order to
replenish coastal marine resources, attempts in aquatic plant
population enhancement with seaweeds belonging to the
families Laminariaceae and Sargassaceae have been carried out.
One of the important objectives of the fisheries industry in
Japan is to further develop the techniques of aquaculture of
brown algae.

The purpose of this paper is to describe briefly the present
status of aquaculture for Phacophyceae and also to mention new
aquaculture techniques devised recently in Japan.

INTENSIVE CULTURE
Undaria and Laminaria

Recent variations in annual production of Undaria cultivation
are show in Figure 1. In 1975, about 19,000 growers were engaged
in intensive cultivation of Undaria cultivation grounds about
13,000 ha in area. They produced about 100,000 t (wet weight)
(Statistics & Survey Division, Ministry of Agriculture and
Forestry, the Japanese Government 1977). The process of
Undaria cultivation is shown in Figure 2. The alga can be fully
controlled artificially through its life cycle and a comprehensive
cultivation system has been established for this species (Saito
1975). Recently in Japan, however, increased production of
Undaria has resulted in an oversupply, and, in addition, the quan-
tity of imported Undaria has increased. Consequently, the
economics of cultivation are difficult.

Lamtinaria is mainly cultivated along the coastal waters of
Hokkaido and the northeastern region of Honshu. Figure 3 shows
recent annual vanation in production of Laminaria. In 1975,
cultivation grounds of Laminaric were about 1,200 ha in area,
producing about 16,000 t (wet weight) (Statistics & Survey Divi-
sion, Ministry of Agriculture and Forestry, the Japanese Govern-
ment 1977). The process of Laminaria cultivation is shown in
Figure 4; a comprehensive cultivation system has been established
(Hascgawa 1976). Special techniques have been developed for
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cultivation in warm scawaters, such as the Seto Inland Sea, where
Laminaria does not occur naturally. Laminaria cultivation o
advancing gradually, but at present its management is difficult
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Figure 3.—Annual variation in production in Larninaria cultivation.

Under these circumstances, managers of Undaria and
Laminaria culture operations are expected to increase production
per cultivating unit and improve the quality of products. To attain
these goals, it is necessary 1) to improve techniques to prevent
infections and competition from harmful organisms, 2) to have
efficient field fertilization, 3) to breed excellent strains, and 4) to
culture healthy seedlings.

Nemacystus and Cladosiphon
Nemacystus dicipiens grows on sargassaceous algae, especially

on branches of Sargassum patens, and is distributed on the
southern Japanese coast, the west coast of Kyushu, and the north-

ern Japanese coast of Honshu. The annual harvest from natural
beds is estimated at several thousand metric tons (wet weight). Its
life cycle, ecological characteristics, and cultivation techniques
were studied by Migita and Yotsui (1972), Yotsui and Migita
(1974), and Yotsui (1975a, b, 1976) (Fig. 5).

Cladosiphon okamurans is found chiefly on the skeletons of
dead Madreporaria and seaweeds, sometimes on pebbles, cans,
shells of dead shellfish, and other hard substrates. Its natural
distribution is limited to the Ryukyu Islands. The annual harvest
from natural beds is estimated at a few thousand metric tons (wet
weight). Its life cycle, ecological characteristics, and cultivation
techniques were studied by Shinmura and Yamanaka (1974a,
b) and Shinmura (1974, 1975, 1976) (Fig. 6).

The cultivation of these two species involves similar methods,
except for the water temperature necessary for spore release,
germination, and growth. A characteristic difference between the
two groups of cultured algae is that cultivation procedures include
the entire life cycle for Porphyra, Undaria, and Laminaria, and
only part of the cycle for Nemacystus and Cladosiphon. In
autumn, the gross sporophytes bearing plurilocular sporangia col-
lected from the field (and also small sporophytes that have been
cultured in containers since spring) are placed in tanks under il-
lumination of 2,000 lux with gentle aeration. After a large number
of spores have been released into the seawater, culture nets made
of synthetic fibers are put inside the tank to collect the zoospores.
After the collection of zoospores, the nets are left in the same tank
for 1-2 d and then transferred to sea, where they are spread in
water of about 0.3 m deep for Nemacystus and of about 1 m dee
for Cladosiphon. The culture nets are supported in the desired
water layers by buoys and held by anchors, as shown in Figure 7.
A few months after the collection of zoospores, Nemacystus grow
to 10-30 cm long and Cladosiphon to 2040 cm long under
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Figure 4.—Larninaria cultivation process flow diagram.
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sporangi

Figure 5. —Life cycle of Nemacystus decipiens (Migita snd Yotsul 1972).

suitable environmental conditions. The harvest from one sheet of
culture net (1.5 x 18.2 m) amounts to 30-60 kg (wet weight) for
Nemacystus and 80-110 kg for Cladosiphon.

For further refinement of cultivation of Nemacystus and
Cladosiphon, it is necessary 1) to define adequate culture condi-
tions on the cultivation grounds, such as water currents, light in-
tensity, and water quality; and 2) to prevent Ectocarpus sp.
from growing on the culture net in the case of Cladosiphon.

EXTENSIVE CULTURE

Several artificial devices for growth of useful scaweeds have
been tried, i.e., provision of artificial substrate, reef blasting,
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weeding and recruitment of seedlings, etc. However, these devices
are practiced only with Laminaria spp. and Heterochordaria
abientina in the brown algae, since these are the species in high de
mand, and with effective cultivation it is easy 1o achieve a return
on the invested capital (Hasegawa 1976).

The combined methods of stone planting and recruiting of
scedlings are widely employed for aquatic afforestation with
brown algae. Stones or concrete blocks of vanous forms and sizes
are planted on the sea bottom, and then cultured seedlings are
transplanted on them by winding the seed twine around them. In
another method, spores or embryos naturally attach on such
substrates. Species of the families Laminariaceae and
Sargassaceac, which are now used for aquatic plant population
enchancement, are shown in Table 1. The culture methods of
scedlings of algae of the family Laminaniaceac are fundamentally
similar to those used in intensive culture

The culture methods for algae of the family Sargasaceas are
follows. Mature fronds are floated in scawater tanks 1o collect em
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bryos. Sometimes they are shaken in the seawater to induce the
release of embryos. The collected embryos are filtered with a

Table 1.—Species of brown algae used for afforestation.

Methods of recruitment
of seedlings

Setting Transplanting
mother cultured
Species name fronds seedlings

Laminariaceae
Laminaria japonica
Eisenia bicyclis 0
Eisenia arborea
Ecklonia cava o
Undaria pinnatifida

Cystoseiraceae
Cystophyllum sisymbrioides 0

Sargassaceae
Sargassum piluriferum o
Sargassum patens o
Sargassum pinnatifidum
Sargassum horneri o
Sargassum serratifolium
Sargassum tortile
Sargassum fulvellum
Sargassum ringgoldianum
Sargassum thunbergii
Sargassum assimile o
Sargassum siliquosum 0

(o}
0 0 0 0 0©°

(]
=}

0 00 0 o 0o
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small mesh net, washed with seawater, and suspended in cleal
seawater. The embryo suspension is then sprinkled onto the seed
ling twine which is wound evenly on a square plastic frame placec
in a shallow tank. The material used for seedling twine is mostly
synthetic fiberspun yarn, about 2-3 mm in diameter. Two or thre
days later, the frames are removed and hung vertically in a deepe;
tank. When the buds grow to 5-10 mm long, the frames are taker
from the tank and suspended in the sea from a raft. Here the
frames remain until the buds develop into healthy young thall
about 10 cm long (Tomiyama 1974; Yoshida and Nishikawa 1975
Yamaguchi et al. 1977; Toma et al. 1977). ;

These propagation procedures are often unsuccessful owing tc
predators. As shown in Table 2, various predators on macroalga
are found in Japan. It is not desirable to kill all species of
predators prior to the establishment of seaweed beds; since some
useful species are present and interactions are complex, it i
necessary to keep the biological balance between aquatic faunz
and flora in the area. To achieve this, three methods have beer
tried: 1) To capture or kill unused herbivores, 2) to supply useful
herbivores with additional food by cultivating a large amount of
algae at or near the sea surface and then to harvest these her-
bivores after they reach a suitable size (Kikuchi et al. 1975), and 3]
to use nets to cover the newly established substrates to which
seedlings are attached, until the seaweeds have grown to a certain
size, as shown in Figure 8 (Yamaguchi et al., 1977).

For the further development of brown algae propagation in the
sublittoral zone, it is necessary to: 1) further clarify the
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Figure 8.—Net for protecting young buds, for example, from harmful grazers (Yamaguchi et al. 1977). A. Square net (mesh size 2
cm). B. Frame rope for fence net (2.4 cm diam.). C. Anchor rope (1.8 cm diam.). D. Concrete anchor. E. Fence net (mesh size
1.2-1.5 cm). F. Underwater zipper. G. Lead chain sinker.
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mechanisms involved in the attachment of spores or embryos in
relation to environmental conditions, such as current and wave
action, and to develop techniques which can improve these en-
vironmental conditions; and 2) study the mechanisms of succes-
sion of fauna and flora in the propagation grounds and to
develop techniques to control the succession.
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