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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.

Shigekatsu Sato - Japan
William N. Shaw - United States
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Joint Statement of the UJNR
Aquaculture Panel
October 3-4, 1978, Tokyo, Japan

The seventh session of the UINR Aquaculture Panel convened in Tokyo, Japan, October 3-4,
1978. The subject of the session was marine finfish culture, excluding ocean ranching.

Mr. Haruhiko Horikawa, Director General, Secretariate, Agriculture, Forestry and Fishery
Research Council, and Mr. Toshio Sugawara, chief, International Development Division, Science
and Technology Agency, presented welcoming addresses and opening remarks.

Panel members and observers were introduced by respective chairman. Seven technical papers
on finfish culture were presented by members of both panels. Presentation of technical papers was
followed by discussion periods.

During the business session the scientist exchange program was reviewed and suggestions for
future exchanges were presented. It was concluded that scientists from Japan, including Mr. T. Mat-
susato, would be sent to the United States to study fish pathology in 1979.

The U.S. panel presented five proposals:

1) That Japanese scientists contribute to and utilize the National Registry of Marine Pathology.

2) That the UINR Aquaculture Panel support ICES in developing the Index of Marine Aquaculture
Diseases.

3) That the UINR Aquaculture Panel support a review on the effects of pollution on marine and
freshwater aquaculture.

4) That Japanese scientists participate in the National Aquaculture Information System at the
Virginia Institute of Marine Science.

5) That Japanese scientists participate with the University of California in a joint study on abalone
seeding.

The Japanese Panel responded positively to items 2, 4, and 5. Proposals 1 and 3 will be given fur-
ther consideration and correspondence will be exchanged on all five proposals.

A report on the ongoing cooperative study related to summer oyster mortality and the develop-
ment of disease resistant oyster seed was presented by the Japanese Panel. The Japanese Panel also
recommended that a joint study on oyster breeding be developed.

The U.S. Chairman discussed plans for the 1979 UJNR meeting on freshwater finfish culture.
Field trips are planned including visits to catfish and bait fish farms and processing plants in the
south, and salmon and trout farms and fish hatcheries in the northwest. Seattle, Washington, was
suggested as the meeting site. A tentative travel schedule was presented. Ideally, the date of the next
meeting will be in the autumn of 1979.

Respectfully submitted

Shigekatsu Sato - Japan
William N. Shaw - United States






Development of Biological Characters in Early Stages
of Seed Production of
Commercially Important Marine Fishes

OSAMU FUKUHARA!

INTRODUCTION

In recent years, substantial progress in aquaculture technology
has allowed the mass production of useful marine fishes.
Presumably these efforts were undertaken since natural seed
resources for farming were limited and the fishery of some
economicaily important species had markedly decreased. Total
production of marine fish fry reaches over 5 million seedlings
annually, much of which is attributable to red sea bream, Pagrus
major, (Fig. 1) as described by the Japan Fisheries Resource Con-
servation Association (1977) and Yamaguchi (1978). Aquacultur-
ists have successfully reared larvae and fry from naturally spawn-
ed eggs to maturity, mostly for stocking net cages but also for the
release program by prefectural and national hatcheries in order to
recruit natural stocks within the Seto Inland Sea. Similar pro-
grams have been carried out for other species such as porgy,
parrotfish, and Kuruma prawn. Much experimental work has been
accomplished to identify optimum conditions for survival in both
artificial and natural habitats. These investigations contribute to
our knowledge of survival and yield of liberated animals.

In order to ascertain optimum environmental rearing conditions
and habitat structures as well as optimum seed size for release, it is
usefu] to study the development of morphological characteristics
of fry in relation to their behavioral development in given en-
vironments. The development of biological characteristics in both
reared and wild fish is not well known.

This paper describes briefly the morphological development of
the red sea bream, Pagrus major, porgy, Acanthpagrus schlegelii,
and parrotfish, Oplegnathus fasciatus, on which artificial propaga-
tion and releasing programs have been performed extensively in
Japan. The significance of differentiation during the life cycle of
these fishes is stressed. Furthermore, the adaptability of seedlings
to changing environmental conditions during cultivation is
discussed for various developmental stages with special reference
to the optimum stage for releasing and intensive farming.

Discussion and conclusions are based on morphological obser-
vations of external organs, i.e., fins, scales, and transverse stripes,
from fishes reared under laboratory conditions.

REASONS FOR THE DEVELOPMENT OF
MASS PRODUCTION PROCEDURES

Environmental rearing conditions significantly affect some
biological characters of artifically produced juveniles. It is
therefore desirable to control important environmental factors

'Nansei Regional Fisheries Research Laboratory, Ohno-cho, Saeki-gun, Hiro-
shima Prefecture, Japan 739-04.

Figure 1.—Seedlings of red sea bream, Pagrus major, reared from eggs and
raised In net cages.

during the entire rearing period, as well as during and just prior to
the spawning period. The main steps in the operational procedures
for mass propagation are outlined diagrammatically in Figure 2.
The life cycles of most fishes used for aquaculture are controlled
artificially; this is also the case with the red sea bream, porgy, and
parrotfish. Control of the whole life cycle, breeding the fish from
egg to maturity, allows a continuous high production of seeds for
any of these species. Therefore, techniques for complete control of
the life cycle should be increasingly adopted for the mass prop-
agation of useful marine organisms. The main procedures of larval
rearing of the three most important species, red sea bream, porgy,
and parrotfish, are outlined below.
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Figure 2.—Outline of operational procedures for artificial mass propagation of
marine fish. Upper units shown in broken lines are probably found In natural
grounds and those shown in solid lines show the sequence of artificial propaga-
tlon. Wild fish are sometimes captured as seed fish for net-cage culture, and
raised fish are also released to recruit the natural resources. Spawners can be
obtained among the rajsed fish.

Egg Collection

Parental fish are kept in tanks on land for natural spawning.
Spawners are taken from fish raised from egg to maturity, or they
are captured as adults from wild stock. In either case, adult
spawners 3-6 yr old are usually maintained at a density of 1-3
fish/m> in net cages of about 70-100 m? capacity or in settling
tanks of 10-100 m? volume until the spawning season approaches
(Fig. 3). A higher percentage of fertilization and viable hatched
larvae occur in natural spawning, when compared with artificial
fertilization techniques. Therefore, natural spawning is preferred.
In general, it is possible to obtain more than 90% fertilization and
2 to 5 million viable eggs from one female during the spawning
season when using natural spawning techniques.

Figure 3.—Spawned eggs are collected in a flne-meshed net through the outlet of
the concrete tank containing parent fish.

Larval Rearing

Newly hatched larvae are usually maintained in 1-100 m?
capacity rearing tanks (Figs. 4, 7) at a density of about 5-50
larvae/l. Water in the tank is exchanged as needed during the in-
itial 2 to 3 wk and exchange rates gradually increase. “‘Flow
through” systems are employed after the transitional or juvenile
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Figure 4.—The smallest plastic containers used for larval rearing. They are
usually installed indoors or under cover.

stage, about 20-35 d after hatching depending on ambient water
temperature.

Larvae are initially fed marine rotifers, Brachionus plicatilis,
(Fig. 5) cultured artificially with phytoplankton in the tank. In
general, the density of rotifers in the rearing tank is maintained at
a level of more than 5 individuals/ml. Trochophores of the
Japanese oyster, Crassostrea gigas, are used as food organisms for
initial feeding in small-scale culture, but are not utilized for
feeding larvae in large-scale culture due to the difficulty of secur-
ing and preparing large numbers. Copepods (Tigriopus japonicus)
(Fig. 5) are then introduced into the rearing tanks as the fish ap-
proach the juvenile stage and their initial feeding period overlaps
partly with that of marine rotifers. Artemia nauplii are occasional-
ly supplemented to the T. japonicus diet. Minced and/or chopped
meat of fish, shellfish, and artificial combined diets are given just
prior to and after the transitional phase. An experiment on syn-
thetic diets has been carried out recently that would allow pellet
feeding at very early stages. It is hoped that there will soon be
some progress in this field.

High mortality during rearing trials is occasionally encountered
at the transitional phase from larva to juvenile. Low mortality,

Figure 5.—Marine rotifer, Brachionus plicatilis (left) and copepod, Tigriopus
Jjaponicus (right) cultured under laboratory conditions.



however, is observed generally after metamorphosis. Therefore,
reliable estimates of survival potential are possible beyond this
stage. Survival can be > 50% or < 5% of the initial stock. One of
the most important factors in continuous aquaculture operations is
to obtain stable survival rates.

Metamorphosed fish are usually transferred from indoor rearing
tanks to rearing facilities such as floating net cages or large out-
door tanks (Figs. 6, 7). When net cages are used, an electric bulb is
often installed at night above each of them to attract plankton
which enter the net cage through the mesh. This procedure is con-
tinued for a few days after transfer of the fish from the tanks to the
cages. Fish are transferred with a siphon and/or container. Den-
sities of 1,000 to 3,000 fish/m? are used to rear fish up to 10-20
mm SL; thereafter, stocking density in floating net cages is reduc-
ed as the fish grows.

Plankton Culture
Large tanks are generally used in culturing phytoplankton and

zooplankton (Fig. 7). First, agricultural fertilizers are added to the
settling tank of cultured phytoplankton at the rate of about 100 g
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Figure 6.—Floating net cage, 5§ X 5 X 4 m used for rearing of fish after meta-
morphosis. Mesh size of net is changed according to fish growth.

Figure 7.—Outdoor tanks utilized for phytoplankton cultures; sometimes they
are also employed for raising juveniles.

ammonium sulfate/m?, 50 g calcium superphosphate/m?, and 10 g
urea/m3. Inocula of single-celled algae (Chlorella), called green
water, are then introduced into the tank and cultured to a concen-
tration of about 20-30 million cells/ml. This is used to feed
marine rotifers (Brachionus plicatilis) and copepods (Tigriopus).
Recently, bread yeast has been employed as a supplementary
foodstuff for zooplankton culture, due to the long period needed
for blooming of Chlorella and the huge number of rotifers needed
in large-scale fish propagation.

The density of marine rotifers cultured with green water is com-
monly only 50-70 individuals/ml; for rotifers cultured with bread
yeast, it is common to obtain a density of 500 individuals/ml. The
culture of marine rotifers with bread yeast, however, creates some
nutritional problems involving fatty acids, causing high mor-
talities and skeletal deformities in the reared fishes (Kitajima et al.
1977; Fukuhara 1977a).

After several trials to avoid the ill effects of yeast feeding, it
became clear that using a mixture of yeast and cultured Chlorella
decreased the influence of yeast feeding mentioned above.
Therefore, combined feeding of both yeast and algae is employed
to culture food organisms at high densities. This seems to produce
rotifers of high nutritional quality. Culture techniques of the
copepod Tigriopus japonicus are not as efficient as those of the
marine rotifer. Densities between about 1,000 and 2,000 indivi-
duals/I are obtained at practical levels.

DEVELOPMENT OF EXTERNAL ORGANS

Optimum utilization of the designated species at each develop-
mental stage may be based on observations of morphological
features which affect behavior and habitat, not only in the wild
but also under rearing conditions.

Fin Development

The fin is a functionally important and primitive organ in-
timately related to locomotion. In most species, fins are formed at
an early stage in the life history. Figure 8 illustrates contour
changes of fins in reared red sea bream and parrotfish from newly
hatched larvae to juvenile stages (Fukuhara 1976a; Fukuhara and
Ito 1978). Fin development of porgy is comparable with that of
red sea bream (Fukuhara 1977b). Larvae at this stage swim in the
upper layer of the rearing tanks by undulating body movements
until Stage D. Postlarvae with a continuous fin fold are subject to
water movement from aeration in the rearing tank. Striking
behavioral changes, however, are observed after the Stage E
juvenile. Most of the surviving red sea bream and porgy swim in
the lower layer of the rearing tank. Cannibalism, as well as terri-
torial and aggressive behavior patterns, is observed. Those pat-
terns are more pronounced for red sea bream fry than for parrot-
fish. At this juvenile stage, living food organisms such as marine
rotifers and copepods are replaced by ground food such as minced
and/or chopped meat of mussels and fishes.

During ray development in paired and unpaired fins, segmenta-
tion of each fin commences at the size range of 6-8 mm SL and is
completed at about 10 mm SL except for the pectoral fin which is
completed at about 18 mm SL in red sea bream and parrotfish,
and at 15 mm SL in porgy. After the completion of ray segmenta-
tion, branching begins. Branching in the three species is complete
at about 30 mm SL. Segmentation and branching are significant
characters in ascertaining the functional development of the fins.
Functional changes of the fins are induced by the progress of



segmentation and branching, which largely influence the develop-
ment of larval behavior.

Metamorphosed fish with completely segmented fin rays are
hardy during transportation from rearing tanks to succeeding rear-
ing facilities such as outdoor tanks or floating net cages. Juveniles
of about 30 mm SL, with branched fin rays, display new behaviors
which more closely approximate those of the adults.

Morphological development of paired fins is similar to that of
unpaired fins.

Scale Development

The functional role of scales is generally considered to be pro-
tection of the body surface from external stimuli or variations in
environmental conditions. Scales of the fish treated in this paper
are of the ctenoid type. Based upon their functional role only,
development of scales reflects the increased ability of the fish to
endure and adapt to various stimuli encountered in changing en-
vironmental conditions, such as water temperature, salinity, and
water current.

Formation of the scales is shown in Figure 9. In the three
species considered, squamation occurs at the transitional phase
from postlarva to juvenile (i.e., 7 mm SL for red sea bream, 10
mm SL for porgy, and 12 mm SL for parrotfish) and forms quick-
ly, taking about 1 wk from initial formation to completion for red

Figure 8.—Semidiagrammatic drawing of fin development of red sea bream
(left) and parrotfish (right). Scales denote 1.0 mm.

sea bream (Fukuhara 1976b) and porgy, and about 2 wk for
parrotfish (Fig. 10). The scales increase in length as the fish grow,
while the outline of the scales changes from the placoid to ctenoid
type. The size of the fish at which the scale assumes ctenoid form
is 30 mm SL for red sea bream and porgy and 50 mm SL for
parrotfish. Structural features of the scales — ctenii, ridges, and
grooves — increase in number as the fish grow.

Formation of Black Stripes

Transverse stripes of red sea bream and porgy are not clearly
distinguishable in the adult form, but are quite clear in adult
parrotfish. Band formation in each species occurs during the early
stages of its life history. The black stripes are thour * to be in-
volved in concealment, communication, and advertisement. For-
mation of black stripes of each species shown in Figure 11 begins
before and continues after the transitional phase when the
juveniles attain about 8.0-10.0 mm in standard length (Fig. 12).

Transverse stripe formation is complete in about 2 wk for red
sea bream (Fukuhara 1978) and parrotfish (Fukusho 1975), and
about 3 wk for porgy, appearing at the anterior portion near the
head for parrotfish and porgy, and the posterior portion for red sea
bream (Fig. 11).

Functionally, completion of the formation of transverse stripes
in the juveniles may be adaptive for concealment after the transi-
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Figure 10.—Relation between developmental stage of squamation and standard

length for (left to right) red sea bream, porgy, and parrotfish. Refer to Figure 9
for {lustrations of the developmental stage for each species.

tion from the pelagic environment in which they have been living
to a new habitat where rocks and vertical seaweeds are added.

Figure 9.—Diagrammatic fllustration of squamation in the three species, red sea

bream (upper left), porgy (right), and parrotfish (lower left). Scales denote
1.0 mm.

MORPHOLOGICAL DEVELOPMENT AND
RELATION TO BEHAVIOR

A similar sequence in the development of morphological and
behavioral changes is observed in all three species. In Figure 13,
the sequence of development of morphological characters in red
sea bream is illustrated, along with various behavioral changes of
the red sea bream observed in the rearing tank.

Formation of the observed organs begins before and is com-
pleted after the transitional phase from postlarva to juvenile. At
the same time, feeding habits change from a diet of live food
organisms, such as rotifers and copepods, to a diet of dead food
consisting of minced meat of mussels and fishes. Behaviorally,
fish which have swum in the upper layer of the rearing tank move
to the middle and/or lower layers; this new mode occurs
simultaneously among the fish.

In conclusion, it is assumed that during the transitional period
in morphological development and behavioral characteristics,
namely between about 8 and 10 mm SL, the fry are very sensitive
to variations in environmental conditions. At 30 mm SL, forma-
tion of such external morphological features as fins, scales, and
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Figure 12.—Development of black stripes plotted against standard length for
red sea bream (left) and porgy (right). Refer to Figure 11 for the developmental

stage.

Figure 11.—Band formation of red sea bream (left) and porgy (right).
Scales denote 1.0 mm.

transverse stripes, are mostly completed and these features are
nearly equivalent to those of the adults. Therefore, it is considered
reasonable in terms of the functional development of organs and
adaptability of fish to environmental conditions, that a size of 30
mm SL is suitable as the minimum seedling size for farming and
releasing.

To obtain high survival rates of liberated animals, it is probably
effective to use artificial reefs as protective areas from predation,
incidental catching, and starvation during the critical phase im-
mediately after release. It is also desirable to reduce the increasing
overfishing of natural stocks, especially on young stages, and to
obtain seed fish for net-cage culture by means of artificial rearing
from eggs rather than by catching young wild fish. Gradually, fish
farmers have realized the implications of these theories and now
few farmers produce seeds for pen culture by themselves.
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Present Status and Future Potential of
Yellowtail Culture in Japan

TOSHIHIKO MATSUSATO!

BACKGROUND

About 9,000 yr ago, the Japanese lived mostly along the coast
and used many kinds of fishes as food. Fish bones were found in
shell heaps on the coast of Tokyo Bay and were identified as
belonging to 10-12 species including tuna, common mackerel,
anchovy, common sea bass, red sea bream, black sea bream,
flounder, mullet, horse mackerel, and yellowtail.

The Japanese like to eat fish; however, until 1950-55 low yields
of commercial fisheries and inadequate culture methodology
limited the supply of edible fishes. Moreover, the Japanese prefer
raw fish rather than cooked fish. Raw fish, called “sashimi,” re-
quires very careful preparation. The quality of the meat is affected
by changes in temperature that occur in refrigeration and freezing.
Fish meats that can be used for sashimi are 3 to 10 times more ex-
pensive than the same kind of fish meats unsuitable for sashimi.

Thus, culture and preservation methods are important in preparing
sashimi.

Figure 1 compares the prices of live and dead red sea bream.
Prices of live and dead yellowtail vary more than those of red sea
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Figure 1.—Prices of llve and dead red sea bream in different districts (after Yagi
1974).

bream. The price of dead fish ranges from 150 to 200 yen/kg; live
fish cost from 750 to 800 yen/kg. Although cultured horse
mackerel, Trachurus japonicus, are fed cheap horse mackerel from
commercial fisheries, the cultured fish are very high priced
(Statistics and Survey Division, Ministry of Agriculture, Forestry
and Fisheries, Japanese Government 1960-79).

Fish culture started in Japan in the 9th century with carp. In
1928, Sakichi Noami initiated yellowtail culture at Adoike,

'Nansei Regional Fisheries Research Laboratory, Ohno-cho, Saeki-gun, Hiroshi-
ma Prefecture, Japan 739-04.
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Kagawa Prefecture. Before this time, there were many short-term
fish farms. In these, anchovy were held as bait for skipjack
fishing, and the red sea bream and other fishes were maintained.

Noami chose yellowtail of the many kinds of fishes and selected
Adoike as the first location for yellowtail culture for the following
reasons: 1) Young yellowtail bring a high price at the Osaka-
Kyoto marketing area. Areas of “hamachi,” “fukura,” and “‘buri”
consumption are shown in Figure 2. 2) In addition to having good
culture characteristics, yellowtail is considered a “lucky” fish.
Table 1 gives the names of this fish at each growth stage. 3)
Juveniles measuring 5 to 150 mm (*‘mojyako”) are found near
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Figure 2.—Areas of hamachi, fukura, and buri consumption,



Table 1.—Name changes of growing yellowtail.

80 90
Body length 2 yr (BorS5yr
(cm) 0-10 20 30 40 old) old)
Common Mojyako Wakana Hamachi Inada  Warasa Buri
and local  Abuko Yazu Wakanago Ao Warasaba Doburi
names Hideriko Wakashi Aoko  Megiro
Fukura Yazo  Hanagiro
Tsubasu

floating seaweeds and can be collected easily with nets. A map of
the mojyako collecting areas is shown in Figure 3. 4) After the
mojyako stage, the feeding habits of yellowtail change from eating
crustaceans to fish. Cannibalism and biting increase the frequency
of injury and it is estimated that 11 to 20% of the population are
affected. However, cannibalism is useful when feeding dead fish
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Figure 3.—Yellowtall seed collecting sites.

Table 2.—Some biologlcal characteristics of cultured yellowtail, Seriola quin-
queradiata.

Distribution Pacific Ocean and Japan Sea

Optimum water temperature 120-28°C

Biological minimum size 4-5 kg (body weight)

Fecundity 5-30 x 10°*

Period of embryonic development
(fertilization to hatch out)

48-75 h (18°-23°C)

Egg size 1.25 mm (floating egg)

Critical size in food change 40 mm (BL), 1.0 g (BW)

Daily feeding ratio 30 g (BW):60% 1,000g: 7%
100 g:28% 1,400g: 4%
150 g: 18%
500g:12%
700 g: 10%

Growth rate 10-20 g (BW): 10% (per day)
400-500 g : 22%
1,000g: 1%

2,000g: 0.5-0.8%

Oxygen consumption 360-500 ml O/kg per h
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to captive fish. 5) There were many fish holding ponds along the
coast of the Seto Inland Sea, and local fish growers were ex-
perienced in fish husbandry. Noami was one of the pioneers in
this field. 6) The biological characteristics of yellowtail are useful
in culture. Table 2 shows some of the more important
characteristics.

Hamachi culture started in 1928 but, unfortunately, did not ad-
vance substantially for 20 yr.

ADVANCEMENT OF YELLOWTAIL CULTURE

After the end of World War II, many restrictive regulations
were rescinded and hamachi culture developed rapidly. The
number of culture areas expanded considerably. However, the
amount of yellowtail caught by fishing boats stayed the same —
about 30,000 to 40,000 tons. Weights of cultured and captured
yellowtail are shown in Figure 4. Despite technical and economic
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Figure 4.—Weights (tons) of cultured and wild yellowtail from 1961 to 1976.

difficulties, the yellowtail culture industry has advanced. The ex-
pansion of hamachi culture is shown in Figure 5. (Yagi 1974.)

The main reasons for the advancement of hamachi culture are
1) economics, 2) techniques, and 3) the ability and determination
of fish culturists.

Economic Factors
The decrease in the availability of desirable fish species is

shown in Figure 6, and the changes in prices of feed and cultured
fish are shown in Figure 7. Fisheries economists define the ratio



Figure 5.—Expansion of yellowtail culturing areas from 1928 to 1975 in Japan.

TONS(x1000)

Red Sea Bream

Black Sea Bream

Kuruma Prawn
Sawara
Blue Crab

Yellowtail

Sea Eel

1955 1960 1965 1970 1974
YEAR

Figure 6.—Changes in the annual production of wild marine fish and shellfish
in Seto Inland Sea from 1953 to 1974.

in price of feed to cultured fish as an R-value. R-values in hamachi
culture are consistently 11 or 13. Hamachi culture is unprofitable
if growers cannot obtain feed fish at a price which is 1/11 or 1/13
of the price of cultured hamachi.

Production costs of the average commercial hamachi grower
are as follows:

juveniles 2 to 30%
feed 30 to 70%
labor 10 to 30%
equipment 5 to 20%
all other costs 5 to 20%

Generally, growers pay particular attention to the prices of
juveniles, feed, and marketable adults.

The development of yellowtail culture has proceeded in four
stages. The first stage, early development, occurred from 1928 to

Kuruma Prawn

1500+

Red Sea Bream
1000+

YEN/KG

500+

Yellowtall
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Figure 7.—Prices of feed fish and highly graded cultured fish and shellfish.

1956. The second stage, from 1957 to 1967, was characterized by
sudden growth. During this period, floating net cages were
developed and suitable areas were used to culture yellowtail. Two
infectious diseases, nocardiosis and pasteurellosis (bacterial tuber-
culosis), appeared. The third stage, which began in 1968, was
characterized by long-term culture of yellowtail for production of
“buri” (larger than 3.5-4 kg in body weight). During this period,
the culture of buri increased. By the end of 1974, cultured buri
and hamachi could be found in the public fish markets of most
cities. Culture methods and materials have changed considerably.

Technical Factors

Techniques of yellowtail culture have changed. For example,
mojyako were 10-15 cm in body length in 1964 and 1965; at
present, most are 1.5-2.5 cm in length. However, the survival rate
of the latter is two to three times higher than that of the former.
Higher survival is possible because juveniles are fed fish meat,
and drugs, antibiotics, and vitamins are used. Also, treatment of
cultured yellowtail to prevent vibriosis and other diseases has
been developed (Fig. 8).

Ability and Determination of Fish Culturists

Generally, fish culturists in Japan are highly competent.
Pioneer fish culturists belonged to the social and economic middle
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Figure 8.—Problems related to the development of hamachi culture.

class. Now, most of their successors have graduated from fishery
high schools or universities. Fish culturists are determined to be
successful since the quality of their lives has improved substan-
tially since they started yellowtail culture.

PRESENT STATUS AND PROBLEMS OF
YELLOWTAIL CULTURE

Today, hamachi culture has been developed along a major por-
tion of the coast of Japan. Some figures relevant to yellowtail
culture in 1977 are as follows:

1) collecting and juvenile production farms: 82 (200 persons)

2) number of juveniles: 18 million

3) commercial yellowtail farms: 3,809 (11,222 persons)

4) area: 5,431 km?

5) yield (weight per square meter): about 20 kg/m?

6) feed fish consumed: 10 million tons

7) number of feed fish: 82 million

8) yield of cultured yellowtail: 101,618 tons (yellowtail account
for about 95% by weight of the cultured fishes).

Problems in yellowtail culture include 1) a stable supply of
juveniles, 2) pollution and self-contamination from metabolic
products and feed, 3) losses from disease, and 4) shortage of feed
fish.

Juveniles

Today, about 50 million juveniles are collected per year, about
10-25% of the yellowtail juvenile population. Collecting juveniles
may become more difficult, and their price may rise yearly. These
difficulties will press for the hatchery production of juveniles.

Pollution and Self-Contamination

Pollution from industrial wastes and sewage in the Seto Inland
Sea is one of the most typical examples, and pollution in yellow-
tail aquaculture areas is another type, eutrophication. Pollution
causes eutrophication which causes red tides and the accumula-
tion of some heavy metals in fishes. Self-contamination by
feeding yellowtail is shown in Figure 9. Mass mortalities of
cultured yellowtail caused by lack of oxygen in the water occur
when there is much self-contamination.

Losses From Disease

Losses caused by diseases of cultured yellowtail in 1972 are
shown in Table 3. The value of the losses in 1972 was about 600
million yen. Losses from diseases have increased. At present,
25-30 diseases of cultured yellowtail are known; nocardiosis,
pasteurellosis, and streptococcosis are the most serious. The
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Figure 9.—Partitioning of *‘self contamination”’ (as nitrogen content).

Table 3.—Losses from disease in 1972.

Disease Loss (% 1,000 yen)
Pasteurellosis 518,000
Nocardiosis 4,400
Vibriosis 6,000
Microsporidiosis 8,200
Dropsy 0
Lymphocystis 100
Nutritional disease 50,800
Mass mortality from red tide 2,800
Others 4,500

Total 594,800

geographic distribution of these three diseases is shown in Figures
10, 11, and 12.

llosis from 1964 to 1972.

Figure 10.—Distribution and expansion of p

Availability of Feed Fishes

Fishes usable as feed are listed in Figure 8. Today, obtaining
and keeping feed fishes for yellowtail culture is not very difficult,
but may become more difficult each year.
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