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An experiment of compact aquaculture employing unutilized small Japanese
Cockles within an underused fishing port in the Kagawa Prefecture:
As anew side job for old and female fishers

Tetsushi KAGAWA ™, Atsushi YUTANI**, Naoshi HASHIMOTO*** | Tatsuo HAMANO***, Naohiro OKA ***, Takayasu
YONEZAWA **** Minoru SAITO™**** and Tsutom MIYATA *****

[abstract]
Prefecture. The term “compact aquaculture” refers to small operations serving as a side job for local fishers. The experiment was done in and around an

We experimented feasibility of a compact aquaculture system using the Japanese Cockle in the Muromoto Fishing Port, Kanonji, Kagawa

underused fishing port employing idle fishing equipment and cockles smaller than the regular landing size that are fished as bycatch in the small-scale
bottom-trawls. Despite low density of chlorophyll a showing scarcity of planktonic food items for the shells, the tested farming ground was capable of
harvesting the shells between September and next June. Since maintenance or landing are light works that could be done inside the fishing port, elderlies and
women could safely participate in the aquaculture on the day of'a week when bottom-trawl fishing is off. The aquaculture was shown to eam revenues with

income ratio of 0.4. These results insist on the feasibility of “compact aquaculture” as a side job for local fishers.
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Fig.1 Map showing the Muromoto Port in the eastern
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Fig2 Schematic diagram of the equipment for suspended culture in the port.
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Fig.3 Experimental baskets; cylindrical
container with conical net.
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experiment.
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Table 1 Changes in survival, shell length, daily growth, and density of cultured cookles during the

culture experiment

Month No. Sheus Shell length (mm) Growth  Density of shells
survived Mean + SD Min— Max (mm/day) p/cage 7/100 cm>
Oct 2016 221 52.8+4.8 34.9-61.6 — 20 1.26
Nov 341 54.1+4.7 36.7-62.6 0.05 20 1.26
Dec 382 56.1+5.0 37.4-64.8 0.07 20 1.26
Jan 2017 393 58.5+5.5 39.8-72.0 0.10 20 1.26
Feb 376 60.7+6.2 42.1-73.4 0.09 20 1.26
Mar 374 61.6+6.2 43.3-77.5 0.06 12 0.75
Apr 317 63.4+6.6 44.7-78.4 0.06 12 0.75
May 292 64.1+6.6 44.9-77.6 0.04 12 0.75
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Table 2 Summary of the management income and expenditure in the aquaculture experiment

Category Unit Quantity Note
Number of powered vessels vessel 1 overboard motorboat
Tonnage of powered vessels t under 1
Area of facility for marine aquaculture m? 50
Number of persons engaged at the peak  person 2 A family carries out shipment
Total number of working days day 15
Total number of Working hours hour 32
Quantity of catches kg 19.8
Fixed assets of fishery yen 0 ;—Ir\;\?a?/\s/eor\?v%%rg motorboat was
Fishery earnings Z 12,251
Fishery incomes % 29,700
Sales of culture products / 29,700
Fishery expenditures /” 17,449
Costs for the employee / 0
Fuel charges ” 5,000 Gasoline (money)
Feed charges / 0
Seeds and saplings / 0
Repair expenses /” 0
Sales charges v 1,633
Debt interest charges ” 0
Taxes and public charges /” 0
Depreciations ” 10,816 Anthracite is repaid in ten years
Income ratio 0.41
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T AE T DN TRERAEERRR
ARHE
Artificial seedling production test of Sargassum horneri (Tumer) C.Agardh

Keiji HONDA

As a test for the production of artificial seedlings of Sargassum horneri, a consistent culture experiment ranging from indoor to
outdoor culture was conducted from mid-August to mid-March on 24 embryos of S. horneri that had been kept refrigerated at 5°C
for two months, and 14 thalli of S. sorneri were produced and transplanted to the existing artificial seaweed reefs. Based on the
results of the experiment, it was considered effective in terms of promoting algal growth and deterring fish feeding damage if indoor
culture was started in early July and transferred to an outdoor tank from mid-October to early November, and culture was continued
until early to mid-December, when the water temperature was approximately 15°C, and then transplanted to the reefs.

SO R THEY, BN B R

7 J1€ 7 Sargassum horneri (Tumer) C.Agardh |37~ >
O ITRO—EAET, ZDBLERITNTTERL, #FE
DFEYNG SRS DRI & U CHEE e 2 R
TIFD, AEFERSADISH D BT IR AT A
T CODOWIE? & LTHZOERENEE->T
YR

AR CTHEMEDOREIZL Y, THEI BELHTE
D N TG A MED TND D, RIEEHICE D EZA
MREVN, Z 2T LY BRI s O 5T
THTD, T HE 7 ONTFEFARERGRICHD AT
ZITE, BOEFEEA RN = 2 T VR
L7,

MRELUVAE
O BEORE EHEDTHESR

U] 4~5 FICATEEIR OB U T- R ZEEE L, %)
AT DT EE 7278, B9 X9 ICREERFICA
59, 6 A 17 HICAT LR (Forui CEEAmes
PRO—ERCZREINDMTHE L CUNT) DAl & st
BRI 5 Z LN TEI, AFLIZRERIZOWTL,
ERFHEDOMNZED R OINIIUR T 7 2 TH R & L,

TEEEK CHEg LT, Z D% 1BL AR U AN T L,
51 DB AR — A TR N IR K 2 DN T 72708
SUREE LT, BHAY OEOHEKE B3y N T 1mL
VFEBLL, BUSEE Ot L CHIRD SR S 7= DT,
BIRD A TWDH Y DK% 3 FHO B G Of
(1,000 pm=>500 um=>300 pm) “CEVIEE L, HEsekass:
DA A B B Z LK) 70 B A L 7=,
7R BARER T, thoitBk & OBIR CHIRDRZEER
WAL DVENH S T-720, SOV T
WK Tl LTz & w7 3—IZ A, TV ARA L CalE
w2 A (5°C) PRAFLTZY,

Fig.1 Collected Shorneri embryos.  (Scale bar =200pm)
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@ Y (k) OEANEE 8 7 17 Bh SREHE)

(1) =497 L— ML 258EE

IR L QO SIR A K C 3 [|Iad L, BH
WEE T TRy E Ot ATZ BT L bbb & D &ER]
L, 12 7 =/b~A 7 a7 b— MI2ERT DU L=,

SRS TG B, VEEORIERMEA ¥
A=K —NTOROEEEE FTRES EDOIYVE 4583 %
&, AET 100 RS BV @ v A 7 r T L— R))
FOHNEY &b,

BEH TR KIS PESUEIR 9 & EERORAZ I
T 5720 GeOy KR > ZENZENIRIMLTZH D

(PESIEZHE) ZAifH L7, BRI RSO IE %
AMEL 9, 20°CITERE L7- (Tablel),

Table1 Culture regimes used in growth tests on Sargassum horneri

embryos in a 12-well cell culture plate
19 T )LIZHEBKANL+PES | Bi&
PESIsEHi 40pL+GeO, 80pL (0.1mg/mL 30 &
Stock solution : BEERER)
EEERE 20°CCRA%A
12L:12DCRAB L, 2 L DM %
H ke
AEEH A )L E¢LTLK
fE 80~100pmol/ni/sec.

BEHIY 4~5 HIEIME CAQHA L7z, iR CHEESE) Y
ZCETRRY, 322475 U /L i EiieEE K Coag
L, &b PESISIROUIEE D UKD L, £97
%2 LT, TE DA 0 TRREECIREE LT,

Brbiaats 1 JEFFEE CHOMiR LREHAR L 720,
BIHEEA TS & & bIg, AR LT
/a7 L— NOEmMIRED X, BRaatid o272
TITHUEE< 72572 (Fig2),

Fig2 Early germling with first leaf and rhizoid after 7 days
from the start of embryos culture. (Scale bar = Imm)

B0 1 MARKEET D &, X BICHEEROIEN TR
SHNRE 7otz ZOBBECHRED BRIt D% 3k
AL, (URAZ BRI/ 7 COI it-7-1%, #/-lZ 6
Vv A7 a7 L— M ERT OB L7 (Figl).

ZOEFE T LI OBHRRE A 20°C = 23°C, B
A 7 L% 121:12D = 14L:10DIZZ5 8 LTV 7z,

Fig3 Shornerithalliina6-well cell culture plate after 37 days
from the start of embryos culture.

6 Ux/lvArub— MIBEIY, B 2IE
NipnEolevA a7 11— hemRiEEd->< i
0 72N HEEER Al LTz,

6 7z~ A7 a7 L— NTOPESI O &,
ZOMOEEFRSIHE Table2 O L 580 . B34 A
A CAcHL L, EERESEDNRIET 235A130 08 Ly
=/VEFH LT,

Table2 Culture regimes used in growth tests on S./orneri thallus in
a 6-well cell culture plate

179 T JLIZKE B K8mL+PES | /&
PESIHEH 160pL + GeO, 80uL (0.Img/mL 3R %
Stock solution : EERER)
EERE 23°C
BRAEEH 4 2 )L |14L:10D
RE 80~ 100umol/ni/sec.

(2) TESRICK BHRIEE

AN S BITRE L, ENEZ Co v zl~vf /1
7'L— NCFZ 72> TETZEHE T, 500mL T A5HEIC
B UMAZ 7=, 1 #idHT= V) 3~4 BRFREE & Uil &t L7
(Fig4), HEHUIMER S HFFRCAZHA L, MERJEFICZ X
LRHOENRHIUSL, DI LT,

RN E HIZHER LT 500mL A TR R-> T
LA, ILT BRI Uit 7= (RIS 2 BRFERD)

500mL JENFONT 1L SR L7205,
ZFAVEH Table3 AFONT Tabled D EF0



Fig4 . horneri thalli in culture in 500 ml bottles after 67 days
from the start of embryos culture.

Table 3 Culture regimes used in growth tests on S.orneri thalli in
a 500mL bottle

PESIH5 1

i B8 7k 300mL + PES 1 [§ & 3mL +
GeO, 300 ¢ L (1mg/mL 5 # Stock
solution : EEERER) ER—X &L L,
EERUEHMOIREICEL Y, BKEHR
UYIZhmrEs+E THE,

BERE

23°CHM B5AMMNITTA LI D25°CE
TLFB, 25°CII3EMHEBEEL, %
DESABMNIFT2CETIZTFIF, &
512 LT D20CETTIFTL (10
BAHhatEET) . 0B TAMSI2AT
AIZhIFT20ChB14CETAHLT D
TIFTWLL,

BAEEH A VL

14L:10D (23°C) THATA L, Lltk
13L:11D (25°C) =12L:12D (22°C) =
11L:13D (20°C) L 10AhHIEFE TIZA
LI DBEZTFLEASHEBMEE<
LT, 1185 aF TL11L13D,
11 B FEILARE(F10L:14D,

ﬁlt

fein

80~ 100pmol/ni/sec.

Table4 Culture regimes used in growth tests on S.iorneri thalli in
a 1L bottle.

i B 38 /K 600mL + PES I & & 6mL +

GeO, ImL ( Img/mL 8 % Stock
PESIES solution : EEERER) #N—X &L,
BERUEMOIREICEL Y, BKEN
VIZHEMHEEETRE,
ReREE IUVRICANE Z =B m LABES500mLEE D
mEam= EHERL,
- ILRICANE R 1=BF = LARE500mLER D
BREE Y1 U )L EHLEFELC.
*E 80~ 100pmol/nf/sec.

13

Q HhEDEIIKIEEE

IEDREFEEAZZE LT, 11 ARa)~12 A Pz
iR, EAKAE QA : T2 09m X 1.28m X 0.4m D
AL R BDKIEZER) ~SEZE &R BLT
BEe ailoe LT, 727K~ TR, IESED LL
7einote 28RE, 1 A FAICHEA U aX—H—(C
IR LU=,

BAMKAECIL, BEIRE S CAREDI S [~ H T
HESTMmDHL, FEFENVEH L2NWE S IO F
SEAKEOKIE L W EIZH A KO ICEE L, E5HIZ

R UV CROBIEZ N & BT T, NEROKRDN A
TR 5 L DR Lie, KIS ik ik 2
DT 72235 (FEKMECIE 1.26th), K HIT-72 (Figs).

Fig5 Growth testson.S.horneri thalliin the square tank. (0.9m X 1.28m
X0.4m)

RN S BITAER U CTHEEAS)S 1L TR
STZBPET, MU gy M CTRWEL 7R Iohiis
B L CHsR Ak L7z (Fig5,6).

Fig6 S.hornerithalli cultured in a circular container made of
tricale net.
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NU B F sy MEORENT, 57ecmX 50em YA AD BEE~OREY, 3 Banx 1 L L, fdsy FET
N BTy BEFEIRIZL, ZOHRICANWTT 2T EE LTz, DN 1 SORGRD B, fOREFIE
v 7 WONFE (B 17em) %% v SO D 1lem e LTERBIROFR Y b (M ARy ) ZH
DBV Z DR D L ICAAR, SHITH Y 7= (Fig8).,
kDA RGN R CREE L CTRYE L7 (B S 50em,
R 17em) .

Z LTI IR SN O RO E BL T 5729,
HEEL Y Aoy MAfEAIZ 3 emX3em DIES
FARDO R IR SN D K D12, Y2 CUIwn
TL7 (Fig6,7).

Fig8 . horneri thalli in the containers after 200 days from the start
of embryos culture and before being transplanted into the
artificial seaweed reefs.

(2) MYHHT @) 0k

3 H 14 BITEARIEZEC LY, ShikD A>T 3 DM
Fasde (GFF9 2588, 1480 Z Wl LICHY 7,
B0 FHF T3 ReE D Hige A 7 OfdE & R U vy b
DY B 2B OREFR N RCEE L Tfro72 (Fig9).

F72, 4 A 21 BICBAGREZEIE L, T HE7 DS
RDZ OB DRI D LT,

Fig.7 A container for transplanting S.iorneri thallus to be
placed on the artificial seaweed reefs. A round white
plastic basket containing a 1kg sandbag was inserted
into a cylindrical shape made of tricale net and fixed

in place.

@ EEHEABhE

(1) BYfHT @54 &

BERE EOEIROBAEY, BIMEECHEHA LB
Uty MUOREREZDOFE FIHH L, NTHHE L
T ) SRS IR A Z Bz 0 ToT,

FIRRELTESEDH-D, AWVIEEOHIZ 1kg D
i (CGfa—F—HAEY AR T ST
X FCTHRY AL D) & ATz,

I ~DT T1E T PWERDOE TS, ResNOIEE
OF < EHZICRIUES TRy Mz e —7"TRHEO,
ZORNZT TE 7 OEHEE R a4, Mgk
THEONEE L7z, JRAN AR TRRE LIS, A X
DINEIPDTRRZOWTIE, 2 BT OHmA AT,

Fig9 The containers carrying S./iorneri thalli just after placed on
the artificial seaweed reefs.
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2 M HREWERAF T DA OREEE L LT 10 f8iE
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5, INAEENEEORIN 135 2 b -Tz, $h
IREREURF Zef A U3 2%, AR b
77,

RIZELTZ 14 kDo b, EORHFNHDT
12 AEEEICZEEME Lagd7223%, 1 H 22 ARIET
2R (BUREMIE U702 PM DSl £ TORK
) 13K llem T, —f7epkR & D &
D/hs®7Z-7= (Fig10),
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TR O
2 13 14 15 16 17 19

Fig.10 Shornerithalli after 158 days from the start of embryos culture.
Branches forming pinnatiparited blades. Shoot elongation was
observed.

ZNTH 3/ A% (REECERE LT 38 A% 04 A
21 B, BEDORD -T2 BRITARR 60~70cm 1T L
TEY, BEO—ICATHERR W IRMED) ©
e MR ST (Fig1l), £D— THEDIENT
W2FRD D 12 BRIZSH E 0 R Loz,

KA, PEEOFPREONT b U sy MR
25D T HIAOBFEN D2 D5 L TEBY, #ADH
A XDINSUVGTELS, T LIeAEREEORRIZ ST
LEV, HEDHESN, KENSBIGENZZ L
N—REEZEZ DN, BEIBEL UL, HIOBREOK
TR (R Uik E Lo s bz,

WEOHSIROEFEITER 8 A MZEIKEET
TR CIE, W < 72 0 BEEBHAAREIAS
ENDIEE, Wi LA & - S
FW~OBITIEND DS, gk & ok 2 R

Fig.11  Shorneri thallus after 38 days of transplanting on the artificial

seaweed reefs. Some receptacles were confirmed.
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Artificial seedling production test of Sargassum fusiforme (Harvey) Setchell

Keiji HONDA

We conducted an artificial seedling production test using about 113,000 embryos obtained from mature S. fissiforme plants
collected in Yashima Bay from mid-June. As the results, only 35 seedlings were produced in about a year culture (in a land-based
tank and offshore). The main reason for this was thought to be that diatoms and other algae that appeared in summer and early fall
inhibited the growth of many S. fusiforme thalli due to lack of photosynthesis and other factors, causing them to die. If technological
development to solve this problem progresses remarkably in the future, it is considered that artificial seedlings of S. fussiforme could

be produced more efficiently and stably by land-based culture.
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Fig1 Two 30L circular tanks were set up inside the
square tank (0.9 mx1.28 mx04m) filled with running
filtered seawater, and Sargassum fusiforme embryos were
seeded on the substrate in the circular tank (right side) and
culture was started. The other circular tank (left side) was
used to gather S. fusiforme embryos with al3L bucket in it.

Fig2 After7 days of culture, S. fisiforme embryos grew
into germinating bodies and were attached to the substrate
(the string) with their rhizoids. (Scale bar =2mm)

Fig3 After 29 days of culture, the fast-growing S.
fusiforme embryos grew into thalli. Diatoms and
miscellaneous algae also began to grow around the
substrate to which thalli were adherent. (Scale bar=2mm)
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Fig4 After 38 days of culture, the amount of diatoms
adhering to the substrate was quite high, almost
covering S. fusiforme thalli. At this time, many thalli
began to die and drop out, but more thalli dropped out
on the chemical string than on the Cremona string.
Remaining thalli are visible in the yellow circles.

Fig.5 After 110 days of culture. To reduce damage
caused by miscellaneous algae, the relatively large
sized S. fusiforme thalli were moved outside of the
circular tank with their substrates. (Scale bar =2cm)

Fig.6 One ofthe S. fisiforme thalli 164 days after
the start of embryos culture, and the longest at 11
cm in total length.
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Fig7 Changes in the mean total length of S. fissiforme

thalli (filled circles) and water temperature (dotted lines)
from Aug.15 to June 2. Here, the water temperature from
Aug.15 to Feb.23 represents the temperature of the culture
tank, and the one from Feb.24 to June 2 represents the
temperature at a depth of 0.5 m in Yashima Bay. Error bars
indicate standard deviations.

Fig8 . fusiforme thalli at 266 days after the start of
embryos culture and 16 days after transfer from the land
tank to the fish farming raft (Sm X 5m).

3 i Gy i Bl - : (i
Fig9 S fusiforme thalli at 348 days after the start of
embryos culture and 98 days after transfer from the land
tank to the fish farming raft (5Sm X Sm).
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Experiments of new bed materials for compact culturing Japanese Cockle

Tetsushi KAGAWA", Takayasu YONEZAWA™, Naohiro OKA™, Tatsuo HAMANO™

N VU B A Fulivamutica 1%, ~/VAZ L BHLITARHT
BT 2RO "R H T, AARTIHRmEZBRL KON
VESCPNHEDZKIE 10~30m DORSIRIEIZZ L RT3 D,
BT, PEERCATE 3 2 Ry 370 C b
0, INEOX REIFEEOREE/LEIR CTh 503, TR
BEEMMEGE L TWB, 22T, EF 513, FEShTn
BEAGY A RLL RO/ N N Y A Z2himkd & Ll
>7C, WEEBE NN RIS TR A D=
XY NEH| BRRER L TE P,

kU A FHEHOUNTIL, T Tl RS e
i, A)IRCRE T, e AERR NV EPE LT MY
HA & FAWTHE FEFHZ TV, HlliORER & L CHGe
LTRY, BN LI TS 59, Zhbodk
HEHO N Y A O FEGHE, AV v BB AST
UVRUY B0X40XTES 20 em DT AF v Zfila LT
TIHEE LTT AT A NEBNT MY Al
% NI, EH 6 ZERE 72 BRI F L Cf T T
WD, T ATHA MIHENNESL (14~1.6), fiE
0 BEDEBRNDT b Y A DERD LoD HEIH
HELE U THERSILCWND D, LnLens, TV AT
HA M, 300 A3 7,000 HEEMTH Y, BEF LA
DAY I UAEH ST 5 39,

o OIL, MNUEOSMEfEER ORIZE S LTS TR
M7 eI AEA R L CE I RIS TV D/ VL R Y
A BFFFEE T2 2 & SCEEOREI L D70
TIAF AT EAY v KD AST=T T AT
v I BOH ANTEF Lz, L, ZOLEIThIDH
N HEIZT VAT A NOEETHY, ISE%
UEET HToDITIEIT Y AT A M 2 27 %
Z IS EIN T 29,

Z 2T, AT, BECTEIETHDIH T A
BEFN (RA— =)L, T2 KL, LUFRIET 7
) DMEHRTRENE D DR aA T o7z, ZOIEH T A
X, BT AOAE VA 7V UT-ERESIEM G, WK
\ZWE R 2B E 2~3 mm ORBEOHEETH S, F)I
5, e (A, Sl —e 24 28 b
VA BFROTLEN G S IR L s L C0Dm, 7
VATHA N ERA LT TEAUREANR T AT

PA NOMEHEZIZ, BREOHIIZ/R D &2 Dild,
T TCT AT A NEBAZRETL: LIRS LT
HELHEL, N A BRI rTREd ka1 T 7
DT, WET 5, 728, 1EEMHIOWTL, a7 X,
BALBIL, TVATHA FERERTHY, FFTH-
THRIEIT RV,

MHELUVAE

FINEAKPERSRS (ENAGR) 13, WEPNED P IS
(IAEES D IR B ER OB EERIZH Y (X 1),
Z ORISR E SN TV DRSS H 24T 19
L HIECRERE T T,

FIAA T ANZOWNTUE, FFEA~OFRNATHENE S 7
LD D T2 b D ik Gk 1) 21772, £ L G,
FREORTHRNC, AT T A, A LT U ATHA K
R LI B A > Gl G2 #1772

B EE, FIID 22351048 I (QWEE
102300, =H) (2 v MOEME 40 2%, PIEE2.0

N

®

™ 34°40°'N

2 e
o %:) BER

- 3420
£

0 km .
— I~ 34 00

] ]
134°00° \134"40’E

B .

FIR

]
133°20°

1 FEFBRET o 1-FNIRKERERIE DS

FINRoKERERY C4RF) < SRR AN EIRPESE 7R K a7 —



22

2 fABsRICAN-HT

mm) ZPVECRENMIT, 20 bEa R =518
DIEHECEST- L ORI L= (K 2), iBRBIGH%IL,
Al 1A 22 HFEOAESEAMER L, B EOHIE
wAToT, T L CHADMNEAMZ 2 T THRE L, 1
IKZ NIV TGS SO O S AR U=, SE1C L
72 R U AT BRE, 3XCo b Y Ao 2R
DL NTFEEIZE LIAATIRRECEE T LT,

HED N, WEOBRGEZEORE T T J8E
DOFFE R, FiE 0 A2 IEOHEER & U THREL
TeDTEN, Z Z THIFE ORI A RES 5 2 &1TTER
o7,

BEBOICE)AKGRIVKIBBIIMEE ~RE L, mH9
REDOAKEE 1.5m OKIRAE AR L TND, ZOKIET—4
ZHIGOKIRE LT Lz GBIV ERBR R — 2
~— : http//prefkagawa.lg jp/suisansiken, 2022 -6 H 12
H),

SHER 1
FAWTZ B U A1, 2019 56 A 10 BEREEER Tl
L7/ VOSSR B AT L, FIAGRT 1000 D

N TA MK E 2T BN & T LT
ZREL QW LOR R LI, T ATV A M-
T T2 T TR T AN AR T2 T
EHEL, £ 10@D R A 2R LTz, Rk
1%, 201946 A 14 B 5 8 H 17 HD 2 M HREFEE L
7=, &1

8 HOEY EFHei Co 23 BT — 421~ MEOH
BEAETOWTHL, #%F1E Mann-Whitney O U BET, 4
FEFIZOWTEZ DOFF S TOESEDE RS AU
Fisher OIEMEERMEEIC L » THIMT L7,

R 1 OFREFRA R, FPEOFFEHIEND 2 A 6
AETO4DARM, ToATHA N, AT T A, T
AT A ML AFEE 101 TRA LHEE D 3
DFECTHEBR LT,

FZ R U ATA 1, 2020 472 A 20 HIhR#REk G
U/ VR OE R D AT L, BB 1 L [RERITK
PERBR CER L QU b D& LT, —Epaint A
AP Y HTA LB LT,

FERIE, TORTHA N AT T A T ATHA
#4703 FFEOIE Z 212 2 ATHEL, 93T
DA TN ED Y A 2 U, 3R, 2020
2 H26 HH5 6 H 30 Ho 4 72HBER L7- (G 2),

8 HOEY EIFW R Co2iREtDT— 2 » MEOH
B IOV, #d=IE Tukey-Kramer FE T, 78R
[ZDOWTIEZF DR F TOEFEDOEARE A {#\ N Fisher
DIFFERERIRTEIC L > TR L=,

#w B

ook, BERaBRtt L7726 A 14 HIZ204°C T
HoT=bON, BERE T3 58 H 17 HIZIX265°C £ T

Kl RUE-FEHZH-EM)HAFERIOBR

& (mm) HEEE

s PEES ] g ——————
HELE 2 smy  EF o =E Ezmﬁf L0
cm

64 20 100 47.1+7.1  28.0-55.5 - 4.17

FTURZHA b 7H 18 90 53.5+5.2  40.9-59.7 0.22 3.75
8A 11 55 56.0+6.5 37.5-61.6 0.07 2.29

68 20 100 45.0+6.7 34.9-57.1 - 4.17

AR 7R 16 80 49.9+7.4  37.2-59.8 0.17 3.33
8A 11 55 50.74¢7.9  37.2-59.8 0.02 2.29




FHLE (X3),

TV ATYA MK EFAHT T A ROV, 38k
BHAARIFZ 47.1mm & 45.0mm TH-7273, FH 53.5mm
L 499 mm EHINL, FERAKL T LZ8 H 17 HIT 56.0
mm & 507 mm (ZRR LTz, T AT A RXOHH
53 mm REL eo7203, WXOBICHEEZEITRED bl
72737~ (Mann-Whitney @ U #27E, p>>0.05)

T2, FEEZBALI-EAOT A 1B HETO 1A
T~ ET DRI T L L 1~3 H DL,
80% LA EDAEFEERTIH 7278, 8 HIZAD L/KiEN 25°C
PHRZHETIC RS L, ~VET 5K 8 A 17 AL
1%, 3~6 AL, mXE Y 55%DAFERITIK T
L7z, ZONBRIRGUIVER O EAT AL o 7

(Fisher DIEfERERIRE, p>0.05),

HER 2

FERAZBRIE LT=2 A 26 HO/KIEIE, 102°C Th-7-
S, ZD% AL, 3R A& T L2 6 A 30 HiZiX 22.2°C
& 20°C % FRIB AR TH-7= (K3),

TUATYA MK, AT T AKX ET VAT A F+
BAIRAXO VR, RERBAARZ 572 mm, 550

23

&0

6A 1R 8A
20194

» | o

) _\W//
10 7

28 38 48 5A 6A
20204

3 EBIZOKEDEL

#AB(C)

582 mm, 55.6mm, 548 mm &7V, YRR T0.6~
1.6 mm ORE LR o -Tz, £723 KORICH
BEITED bR~ T- (Tukey-Kramer F7E, p>0.05),

x2 ROGo-EEEZE - M)A HAERBR2OBER

| BE (nm) —_ mEER
z == ARRE — ———
HEEE Roosmm SOF T Ry 10

cm
2R 22 100 57.246.0 40.4-68.4 - 0.92
3R 22 100 56.9+6.0 40.6-68.4 -0.01 0.92
TURAZ9A4 b+ 4R 22 100 56.9+6.1 39.9-67.8 0.00 0.92
58 20 91 56.7+4.5 47.2-67.8 0.00 0.83
68 14 64 58.245.0 52.9-71.5 0.04 0.58
2H 22 100 55.0+£7.1 37.2-65.2 - 0.92
3R 22 100 54.6+7.1 36.8-65.2 -0.02 0.92
RaAHIR 4R 22 100 55.3+6.3 36.8-65.6 0.03 0.92
5H 22 100 55.5+6.0 39.3-65.1 0.00 0.92
6H 21 95 55.6+5.9 40.1-65.0 0.00 0.88
2R 22 100 53.246.5 34.0-60.4 - 0.92
a 3R 21 95 54.1+5.0 39.6-60.4 0.04 0.88
7:/T$Zg’r k AR 21 95 54.1+5.0 39.9-60.0 0.00 0.88
) 5H 20 91 54.8+5.1 39.8-63.3 0.01 0.83
6H 13 59 54.8+6.3 40.8-67.3 0.00 0.54

mm, 532 mm TH-o7-703,

HAERET L2 6 A 30 HIZ

— T, BRI EEDRAON ., T AT YA



24

FNRET U ATHA N HRAIRGROAFERL, 2 H)
5 5 A FE T 90% ClERICHERS L7=23, 6 AlcidTr >
ZTH A PR 64%, T2 ATV A bHEAREXIL,
59% & KMEAR T L7z, L, FiaH 7 AX D4R
1%, 5 HET100%, 6 AT 96% & my VAR L 720,
fthoo 2 BEHXIZ N E VAR EZ R LT, T AT
A MXET U ATHA MHBAREKICEEROFE
FET RSN~ 7= (Fisher DIEFERERIFTE, p>0.05) 23,
T T AT 2 K EFERZZN R B (Fisher
DIEFEMERRE, p<0.05),

% =B

AR 1T, 2019 2 6 Akl CHigET 2/ MR OYE
MIESETHRIESN QD MY A AR S CT A
THA NOWAT T AEIEI AL 8 AFTHEL
T2E A, K 55% &RMRWVAEFRRTH - 7203, IEH
PR R D, 2 BEHEICIAR 2 3R o e -T2,
Z OFERINOIIAN T A% FEEI\ AT 5 Z LT AlEE
EEZ N, £, REHIE2 6 A0S 8 HTh-o7-
ZEMD, HEREERT, 7 HETIEARBRES, 022
mm/H, 0.17 mn/H ENER72RR Th-7273, 8 HDHEL
D _HFRRZIE, 0.07mmy/H, 0.02mm/H &RED L L
T2 &0, AEFERT, 7 HIZ90%, 80% ThH-7-H
DN, 8 AIZHX & 55% & KIBIAK T L=, ZDJFIA
EUTC KEDN 7 HNAINS N A& > TR
59 F 0 BRI LD EE ZIFR0F 25°CY% 1A% &
NI DT Z L, fRESRAFRICEN N B2 5
iz,

AR 2 T, 2020 4F 2 Ik CSE T A/ VIR ONE
MEETRIEINTCWD N A (ERELA XD K
VHALGET) #6 HETHB LIZEZA, Bl LIt
3 X E AR R STRO BT, 3 KA
PRS2 R D L, 3 XEH 5 HETIE 90%LL ED
R R LT LD, EOIE S ) IEEIEHAT
XHEBZOND,

Bk 2 CRkEMEN LI JRRNE, SBT3 @R 7
Mol Z Lnb, BEL L RRRIZEIRN IR DAk
FEEmcE &2 605,

—7, HIHEROAFEROH DL, 3XKELS
A ETIX0%LL EDOAEFRREZ R LTEDS, 6 HOAFERIZ
L3 KON 22N T, T AT A NS
T U ATHA N HRATRARIZHARTIIAT T A XD
BAFRRAFRIIE 7o o T OIS A B LT
Z D, BN AOHT-HE L U TfFCE 5 2 &
AYHIH L7z,

PR 1 KOSER2 0D, AT AE, ToATHA
NI ZEN 2 < AFRITEe LA BIRfER & 70

ST, PEd AU K UERMFRIRET, MV FLE
Moo Z Linh, N TAFIEOIE L U THEHTE S

EEZBND, BRI T A%, BT A
B PR D AEPE ST C, 7 U AT %A MZEh
RTCHTHD (T ATHA FONFELLT) , 551,
ST T ANEL D bV A BRI S, 3
b Z LR S,

—J, TV ATYA MNIRAEIRG LI RE D, 7
AT YA MR BN o, ARV A R
ENRONIRINST-Z ENBIEE & LT ATRET
HDHEEZ BN, ZOBRANL, T ATYA N
EANZIE 1/14 & REZCTH D Z &b, ZORA
FIRAELUERTD L 1 h 34720 2508EH (53%)
L7, BREOHEEXND Z LN TEDL EEZLND,

#

AFREAT ST, #HHAEGR AN N Y AT A D
7y e < N LAY byl Y 1 LEPARV/AY @3 E A ToiE SR NN S
FLWMEOT %, AT T A (PEikh « A==V L)
RN T2V B RS T o RGN - L E
9, £z, ZORBRBIE EZTAWTZARMETE A YD
PEFES A ARSI TG - LET,

X

1) M KEE: 1992, HAED R HAERIZET 5
M. GRS BOIKT, BUR,  188pp.

2) B/ F-Ta R R IR e
77w 2020, F)IEDFO/INEROEE
CHRIESND bV A R D #HED A
HEME. AR, 19, 1-8.

3) B/ - rERE fo- [ EZL - REPEER - EH
fih 1 2020, /IR HESEDOBEEAF GO
HNE I~ R IR L= N A o=
LRy N L OREIC OV T, INHRTEESE,
33, (3), 2735

4) B/ - GH BRSO B -
BER « KA - 790k Fo - EH il 2023,
JHE ORI ek 3B 2 RFI /N - U A
DENIAVAN I (DF WIS (e ey e
MO IEROY: & LT —. FARRIER, 22,
1-10.

5) TUINER 11997, HUHNFD NV 77 A ZhaaRoDH,
R BAMRE=2—2X, 379, 59.

6) TH LR IR « BEILTEH - AARE
e WEE [ 2014, B UK A BT
REYE (B . R4k



7)

8)

9)

T HE, 30-32.

HREGE - WIRE R - BEIRIES £ 1995, b
U WA BT D28 — 1T — Y A5
TEASERPNIC I BB IZHW T, v
¥, 18, 57-61.

B ERZ - MR B BROYEIR - fE R

& : 1981, b U A A Fulvia mutica
(REEVE) OfgsHE &L mKRIC T
B ~NEE ORIRIZHOUWNT. B PE AKHFRF
), 13, 19-28.

HREGE - BRIFIES - RHES 1993, b
U A EIEICBET A0F9E-1 MY A RKAEE
NHEE 3 X OVEA S O&5 RS &
L COMPEIZSWT, FUENEE R, 16,
28-34.

25



26



FAGEIER 5225 (2023)
Bull. Kagawa. Pref. Fish. Exp. Stn., No.22, 2023

27

B

2020 £4E 11 BITBBE ClREIN- 7 u~afifaDY A XL At

ZCERE

B

Size and feeding habit of young Pacific bluefin tuna Thunnus orientalis

caught in Harima-nada, eastern Seto Inland Sea in November 2020

Masaaki ABE

Size and feeding habit of young pacific bluefin tuna Thunnus orientalis caught in Harima-nada, eastern Seto Inland Sea in
November 2020, were examined. Average fork length was 47.0cm, and average body weight was 2,225g. These fish were estimated

to be 0 age, about half year after hatching. Stomach contents were mainly loliginid squids and largehead hairtail 7richiurus lepturus.

F—U—F:ru~rnu, Jifs, SAX '

7 a~7a Thunnus orientalis 1, FIEIZIBUNTA]
WELRNOGMLTEY D, ZORR< —SRHSHHE PN
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7B, ATRAY, IS AR S LR O
RfFEZT, F)IEEREI RSSO —BRE LT
FEhi L7,

MRELUAE

PNHHEEIFFLATTBO S Hit L & Ligifses~
FRIARDEEL & B RATAIE LT, 2 B IR L CRgR
%, 2 (m), BXE (m), K& (g, HNERHD
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EREER

2020 4F 11 A 12 B35 29 BITHNT TOfER G
39 ROMARZAFT -, 1T SRR D/ NIRRT C
otz (Fig 1), FHAfEFZ Table 1 127,

BRIE 50.6~57.1em (¥4 53.6cm), XL 43.8
~50.1ecm (P 47.0cm), AEIE 1,949~2,568g (145
2,225¢), NEMEEIL 194~23.6 (F#4)21.0) Th-o7z,

BANRIL 37 BlzBWTttish, Yo RuAh
Yo, ZFUANEERTHH-T-, ZZHEREED-HFE
EEHENT 0~104 (4 19) ThoT,

7 a7 aOEEIIEIR OVEINE, 4~7 AIZHAD
I DERIBOEM, 7~8 AIC A AR E Z 25
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- Made by proﬁessing blank map provided from Geographical Survey

Fig.1 Sampling area of young pacific bluefin tuna Thunnus orientalis in Harima-nada in November 2020.
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Tablel Size and feeding habit of young pacific bluefin tuna Thunnus orientalis caught
in Harima-nada, eastern Seto Inland Sea in November 2020
Fork Stomach contents weight (g)

Sam Catch Total  length Bo_dy Condition largehead ) . Stomach

ple monthvday  length  (FL) wegh factor Horse hairtail FEN  oliginid S99 ppgic  Rubber  Total @IIness

No- (2022)  (em)  (cm) W) (CF) ~Sardines o kerels Trichiurus PECES g L?ids (Species ¢ oments  band (scw) index

(@ lepturus unclear) q unclear) 9 (SF1)
1 11/12 54.6 476 2,302 21.3 0.66 0.66 0.0
2 11/12 53.9 47.0 2,300 221 1.82 1.82 0.1
3 11/12 56.7 49.0 2,568 216 15.67 0.81 7.26 23.74 0.9
4 11/12 54.2 473 2,228 21.0 1.15 1.15 0.1
5 11/12 57.1 50.1 2477 194 32.09 32.09 13
6 11/12 51.5 453 2,028 215 33.98 33.98 17
7 11/12 53.8 47.0 2,106 19.5 84.78 84.78 4.2
8 11/12 54.0 46.8 2,141 20.8 1.93 9.93 033 12.19 0.6
9 11/13 54.2 472 2,197 20.9 1.26 0.24 1.50 0.1
10 11/13 52.7 455 2,020 214 0.00 0.0
11 1113 51.6 449 1,968 21.7 1.26 1.26 0.1
12 11/13 53.5 46.5 2,093 20.8 0.28 0.28 0.0
13 11/13 54.1 473 2,116 20.0 1.53 1.53 0.1
14 1117 55.5 48.4 2,347 20.0 76.67 6.47 83.14 3.7
15 11/17 54.6 476 2,323 21.2 25.81 10.89 36.70 1.6
16 1117 54.0 470 2,339 21.9 47.16 18.27 65.43 2.9
17 1117 54.0 470 2,331 223 17.72 17.72 0.8
18 11/17 53.2 47.0 2,359 224 33.02 33.02 14
19 1117 53.5 476 2,218 20.5 9.51 9.51 0.4
20 11/18 53.0 47.3 2,300 20.7 110.22 110.22 5.0
21 11/18 52.5 456 1,960 20.6 3.65 3.65 0.2
22 11/18 54.5 483 2,309 20.1 38.95 38.95 1.7
23 11/22 51.6 46.2 2,094 20.0 85.34 33.86 119.20 6.0
24 11/25 54.0 478 2,286 20.8 11.90 11.90 0.5
25 11/25 56.0 49.0 2,438 20.3 41.95 7.10 49.05 2.1
26 11/25 52.5 46.0 2,146 22.0 0.00 0.0
27 11/25 54.0 48.4 2,346 20.6 6.47 6.47 0.3
28 11/25 56.3 489 2,453 20.9 5.96 5.96 0.2
29 11/25 55.8 49.1 2,521 21.0 37.83 37.83 15
30 11/27 51.7 46.0 2,213 22.7 7.83 7.83 0.4
31 11/27 53.9 47.0 2,459 23.6 11.54 11.54 0.5
32 11727 52.5 46.0 2,161 22.0 23.80 23.80 11
33 11/29 54.5 475 2,250 20.2 74.05 6.82 80.87 3.7
34 11/29 53.8 48.0 2,201 19.5 32.74 13.91 46.65 2.2
35 11/29 50.9 43.8 1,959 22.6 63.49 63.49 3.3
36 11/29 51.9 453 2,023 20.6 104.35 3.77 108.12 5.6
37 11/29 50.6 443 1,949 20.3 176.17 7.50 183.67 10.4
38 11/29 53.1 476 2,291 20.5 61.30 14.92 76.22 34
39 11/29 51.2 453 1,949 19.7 107.21 10.26 117.47 6.4
Minimum 50.6 43.8 1,949 19.4 0.0
Maximum 57.1 50.1 2,568 23.6 10.4
Average 53.6 47.0 2,225 21.0 19

CF=(BW-SCW)/FL*x1,000

SFI=SCW/(BW-SCW)x100
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