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The History of Marine Aquaculture Facilities and

the Net-Cage Culture System

Shigeru MIYASHITA*

Marine aquaculture first began in Japan in 1928 when Sakichi Noami and Wasaburo Noami reared yel-

low tail at an embankment style facility in Kagawa prefecture. For many years the embankment and net

partition styles dominated Japanese marine aquaculture. However, the acceleration of aquaculture facility

development saw experiments focused on the net cage style, with Prof. Teruo Harada of the Fisheries Labo-

ratory of Kinki University starting such developments in 1954. Consequently, the net cage style of marine

aquaculture became the main system worldwide. The net cage style is a compound consisting of a frame, a

cage net and mooring facilities. Over time, the materials used and the style have been considerably im-

proved.
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Development on Techniques of Stock Enhancement for

Pacific Bluefin Tuna Thunnus orientalis by the Fisheries

Research Agency (formerly, Japan Sea Farming Association)

Shukei MASUMA*

Fisheries Research Agency (formerly, Japan Sea Farming Association), at the Yaeyama Station had
worked on the technical development of broodstock and seedling production of Northern Pacific bluefin

tuna in captivity at Ishigaki island of Okinawa prefecture between 1985 and 1997. Young bluefin tuna were
transported to Ishigaki over a long distance (1,300-1,500 km) and time (74-113 hours) by boats. The brood-
stock raised did not spawn, but its growth in the subtropical region was demonstrated to be faster than that

of the other farming sites. The Amami Station began research from 1994 at Amami Island, Kagoshima Pre-

fecture. Spawning of bluefin in captivity started in 1997, and occurred in every year since then. In their re-

search, many findings on the spawning ecology, behaviors, and so on of bluefin tuna in captivity were ob-

tained. Further, the food sequence, management of water in rearing tanks, and countermeasures against

VNN disease for seedling production of bluefin tuna have been developed.

This report was prepared after reviewing the findings and practices of JASFA and FRA during 20 years

(from 1985 to 2005).
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YRASHET L 72 Wi LK BE R % BdG L 727K & W] U 24.3
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OTFRBEECEMOERILICH L Z EPHESNL DS, E
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WL, AFEIEH/NT 0.8 mm Y1 X D/NIPH % FEHT L,
PRAE & KIBICIZ B DM A RS S, EINE 17 ¢ 31
~ 2336 OEEZIZATDI, 512, EINEEZ & KIRD
B IE— R AR TR EN L RWHIRIATED 5 v Y,
2001 fEA S 1%, I S L 72 mtDNA @ D-Loop 78
1% PCR i CHIE L, % PCR W % RFLP (il BREE
W RZR) Ha HWCORIT % 2 & TRESIME % HEE
L, BEUNMESE\ZFEINAERE DI MLA 72, Z Dk
R, REOZ NI, BEIEADSFH L CEINCES
T5Z L, BOMER L TEINTSZ L, FUMAKI6
A5 11 HETEIILTW/Z &2l 5212 L7 2,
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SIRE - 727, 1997 4EH S A FEFHEY CRINH T EE &
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M5t v ¥ — (BIRRBrEarfEmsE L v 5 —) (1993
~ 1995 4E), <IN (1996) & W II%FED 2 CTHEME
L7zo $72, BEREEEL VY —COENPAHTH
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DFEE Y2, R4 ERBRE T 7,
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DTFcikwiifsd, W EEEcB)2K%HEIIOWT,
INFETORYMAREHEZHD T & D72,
SMEAFR - BERE 7 O~ S SEIR O SRTAIE,
Yo — Vi BT S FE AEf150) ICHFE L3t
WZEPA Lk S 7z 70 EaECH 2 i H Y
THAES ST E 3EICINAE L, 20 Bl (ERKIR
275C) 2B L CAEILNEES, T TlXLZEZ A,
A CHE T HKOE®E TR S Nzh8, B LAl
TLEDPT, BEF0.67 RO SMUTRE FE KNI
BTHIENTETCWL Y, ZOMOBITIZH 3T~
55 TR /0 DAMbHFMa%E 15~ 17 B HN Tk L T
WD, RSN & ST AR O I TIE, K
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5Nz,
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(CRYME) B L 72K 2SR ST 7248, 2000 4E12
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WL ENTVD 104uw B /em® & L, F72, BFE
B EFEER) 12X THELNLLTF VY MR
K% FEKE 3 5 EREERBEY EfL 72 2, &
N ORI AT LW HEY, (BRI FERTE & B
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FERE AENFELIIETESESFES I,
EFRTIRWET DR SN Tz, FOEVERE L7
L2 A, WEFEYTOKEMBEM 100 ~ 500 Ix T
5Oz L CANEILNFEEY TIEH 5,000 Ix & E o7z
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43 ¥ A FARBEBICOWTRD, AHEOFEFICKED
SMUFADPVETH LI EER L. INSDHERN
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1997 1 9,10 513~ 7.12 17 433 99.1 83.3

1998 3 5,10,11 523~ 824 T7~48 19,121 98.1~100 83.6~91.1
1999 3 6,11,12 527~ 9.14 3~73 4,258 93.3~97.6 58.3~839
2000 2 7 6.10~10.27 35, 68 4212 96.6~99.2 72.9~81.3
2001 3 5.8 525~11.10 32~96 1,633 87.7~97.1 79.6~82.9
2002 3 6,9 513~929 22~75 48212 88.8~94.9 76.0~86.3
2003 3 7,10 519~ 826 10~65 6,482 96.0~94.4 65.4~78.8
2004 4 5,11 6.6~ 718 2~55 707 100 65.1~69.6
2005 3 6,12 715~ 17.16 12~40 8 100 852
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Development of Thawing Method for Frozen Whale Meat with
High Concentration of ATP

Yuko MURATA, Mitsuhito OGIWARA, Hitoshi FUNAHASHI, Kumiko UENO,
Emiko OKAZAKI, Ikuo KIMURA and Yutaka FUKUDA

Frozen whale meat, which was frozen before rigor mortis, contains a high concentration of ATP. Such

frozen whale meat contracts by using ATP as energy when it thaws, thus the quality of the meat declines. In

this study, a method of thawing frozen whale meat with a high concentration of ATP was examined. Frozen
whale meat with more than 60% of ATP was stored at -1~ —15°C for 1~10days before thawing. ATP% and
pH of the meat before and after thawing, and volume of drip after thawing, were determined. After storage
at =3~ =5°C for 3~10days, the ATP% of the frozen meat was less than 10% and the volume of drip from
quick thawed meat was less than 10%. Pre-treatment under frozen storage at a high-temperature close to 0°

C before quick thawing was a suitable thawing condition for frozen whale meat with a high concentration

of ATP.
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Control of Soft Egg Disease of Chum Salmon by Green Tea Extract

Kei SASAKI, and Syouji YOSHIMITSU

Soft egg disease (SED) is often observed during the incubation of salmonid eggs at hatcheries in Hok-

kaido, Japan. The SED causes softening of the egg membrane and reduces the internal hydrostatic pressure

of the eggs. Thus, the mortality of diseased eggs is increased by unusual premature hatching and by the

handling required for egg picking and transportation at hatcheries. The efficacy of immersing in green tea

extract (GTE) including 43% tannin was examined for the control of SED of chum salmon (Oncorhynchus

keta). The internal pressure of the eggs was significantly higher in egg groups immersed in GTE solutions

(tannin concentration: 700-2,800 ppm) for 30 or 60 min just after fertilization than that of untreated con-

trols. Those GTE treatments also improved the survival rate of eggs during incubation. The present results

suggest that GTE is effective to prevent SED in chum salmon eggs.
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Spawning Season, Mature Age and Length of Released Barfin Flounder

Verasper moseri in the Pacific Coastal Waters off South-western Hokkaido

Hidetsugu YOSHIDA, Yoshiyuki TAKAYA, and Taihei MATSUDA

We investigated the spawning season, mature age and total length of released barfin flounder Verasper

moseri collected on landing markets around the Pacific coastal waters off south-western Hokkaido from

1994 to 2005. Monthly changes of gonadosomatic index and observations of gonads show that the spawn-

ing season is from April to June. The age at first maturity is 3 years old for females and 2 years old for

males. However, we consider that the age at first maturity varies with body size. The length at first maturity

is 453 mm and 338 mm in total length (TL) for females and males, respectively. It is estimated that the

length at which 50% of specimens are mature, based on logistic curves, is 535 mm in TL for females and

371 mm in TL for males.
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Spontaneous Spawning Rhythm and Egg Number of Wild

Barfin Flounder Verasper moseri Reared in a Tank

Ken-ichi WATANABE, Shigenori SUZUKI, Akio NISHIKI and Takashi MINAMI

By way of investigation of spontaneous spawning rhythm and the number of spawned eggs, one barfin

flounder female and two males, which were wild fish, were reared at a constant water temperature of 6 C .

The start of spawning and the spawning period were not same individually. One female spawned 10 or 11

times for one spawning season. Average spawning intervals were from 2.9 to 3.5 days. One female (approx.

720 mm in total length) spawned a low number in the early and last spawning period, and up to 180 thou-

sands of eggs were produced at one time. In the middle spawning period, the proportion of fertilized eggs

was higher than that in the early or last spawning season. Egg diameters became smaller with the increase

of spawning time.
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Effect of Water Temperature on the Egg Hatching of
Spotted Halibut Verasper variegatus

Toyohiko HIRATA and Takayuki ISHII

The effect of water temperature on egg hatching was observed at 6°C, 8°C, 10°C, 12°C, and 14°C us-
ing the fertilized eggs of Spotted halibut Verasper variegatus, sampled from wild fish, released fish grow-
ing-up in ocean, and artificially-incubated fish. The hatching rate was highest at around 10°C for all the
tested broodstock fish, and hatching time was shorter at higher temperatures. The water temperature at
which hatching can occur was estimated to be in the range of 8°C to 12°C. This range is higher than that of
the same genus Verfin flounder Verasper moseri, and narrower than that of Japanese flounder Paralichthys
olivaceus and Slime flounder Microstomus achne. The observed adequate water temperature for egg-hatch-
ing control differed from the test results of other organizations to some extent which suggests the difference
comes from broodstock management and local ocean conditions. Also, the survival rate of hatched larval
fish at the stage of mouth opening showed an increasing tendency at around 10°C, thus allowing the as-
sumption that temperatures around 10°C are favorable for initial survival.

2008 4F 3 A 31 H32fF, 2008 -9 H 4 H#
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Occurrence Process of Pereiopod Deficits in the Seed Mass

Production of Kuruma Prawn Marsupenaeus Japonicus

Fumihiro YAMANE, and Akira TSUJIGADO

We observed occurrence process and degree of the pereiopod deficits in the seed mass production of

kuruma prawn Marsupenaeus japonicus and examined connection with the density as an outbreak factor.

The pereiopod deficits were first observed on 5-10 days old postlarvae, and almost all of the prawns on 20
days old postlarvae had this deficit. The pereiopod deficits were not observed by the breeding of the low
density,and outbreak frequency became higher as density rose. We guess that the cause of pereiopod deficits
are individual interference, and outbreak frequency increases because the tank bottom becomes overcrowd-

ed with the growth. Therefore, it is effective in the seed mass production to shift postlarvae to intermediate
rearing of low density after 15 days old postlarvae as soon as possible.
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BrifiZEld, 1963 4E (DEF1 38 4F) |2 A PR 3T
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Effectiveness of the Fin Removal Marking for Pacific Cod

Gadus macrocephalus Juveniles

Nobuhiro TEZUKA, Daisuke ARAI, Yasuhiro SHIMA, and Hiroshi KUWADA

On the 8th day after marking, the survival rate of a group which was marked by removing the right

ventral fin (33~116 mm TL) was higher than the groups with an anchor tag (43~116 mm TL) or loop

tag (64~108 mm TL) . In observations of marking conditions at 151st day, the proportion of condition A
(visually discernible) was 100% for anchor tag, 88% for fin removal, 56% for fin cut and 0% for brand
mark. However, since anchor tags many remain embedded in the body with as the cod grow, these results

suggest that fin removal marking is the most effective external marking for pacific cod juveniles.
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A Novel Method for Mass-Collecting Otoliths Using a Portable
Aspirator in Tiger Pufferfish Takifugu rubripes

Shigenori SUZUKI, Masaharu MACHIDA, Masahiko NARIU and Kenji SAKAE

Takifugu rubripes is one of the most important species for stock enhancement in Japan. To develop a

method of evaluating the stocking effectiveness of released puffer juveniles marked on otoliths by alizarin

complexone, we examined the mass-collecting of otoliths from a pufferfish- processing plant. The otolith

collection efficiency by the aspiration method using a portable aspirator (81% collected) was significantly

better than the conventional scrape method (33% collected). By the aspiration method, otoliths could be

collected from 8.7% of the fish landings in Shizuoka Prefecture in the 2007 season. These results demon-

strated that stocking effectiveness can be evaluated with high accuracy by this collection system using a

portable aspirator.

This report was reviewed over their findings and practices having been worked by JASFA and FRA

during 20 years (from 1985 to 2005).
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Trial for Rearing Pike Eel Muraenesox cinereus Larvae

by Applying the Japanese Eel Larvae Rearing Method

Shunji KAJI, Akefumi NISHI, Hiroshi HASHIMOTO,
Hitoshi IMAIZUMI, and Junichi ADACHI

We tried to rear pike eel larvae by applying Japanese eel larvae rearing method on which feeding was

done by impelling larvae to locate the food on the bottom of rearing tank using their negative phototaxis. At

first, we reared them by this method. But they were dead within 10 or 11 days after hatching as same as lar-

vae without feeding. According to observation of negative phototaxis of pike eel larvae, it rised in propor-

tion to a rise of illumination below 3,0001x and was almost steady above 3,0001x. So, we tried to feed larvae

rising illumination to 4,0001x from 250-4001x. They survived on and after 11 days after hatching (one sur-

vived for 43 days after hatching), and some larvae obviously grew (one was 24.9mmTL). This result sug-

gested it was possible to rear pike eel larvae applying Japanese eel larvae rearing method.
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