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EBRIE, ) RBERNT TS N2 T 4 VA H (Sepioteuthis lessoniana) & VA 71 (Heterololigo bleekeri) % Fi\ iz,
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6.0%D A [IZANT=EZA, TIZD3 12.5%LL ECRRERZD D) o7, TAVA T EEE, PIA T THfEKE ANDZEICK
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BT 5, A NRBERERRERATTIE, (BR) REXHT 5

NHWAED B AVEE A K ZBUKL, WRE BB 7=
WK, TRIEAK LRI 2 IFEL T D,

B EOWEEERIT 40 FFRTETIIH R Ny 7 E2 755
TN, BUEIT 8 (2T, HEA AR B KB PN oD 1 S 1 il
RKEBPORM e ENOA %M LT 52 L3 iffcx
PR\, BRI, A DO EAEPE RN TE UK, S FnooeE



WCBITHEMAEDZ L, B — ORI 43 1T
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TG A 70 CIIMEME |2 L0 AUE 3 D70 8 Bk 1L C
=7, R E AN — R TH D, 728, KIRMEZ
TRV AL T IR CRRIIRREIZ A2 DEiE CTE DD,
Bit%, BEAMLIOFHAEEEANRETHD, VW olT), K
BN 72NT VA B2 ETOKIBE T TII T T 5, &2
AT, AT~ T AT LT a— )V TR DD
Lansd W, B, RAEE T AVA DS B AEE
BABUERIFED A0 ] (LUF, (2230) #nifE Ak Cldas
EHWEE, MPRREIC/2 D22 AL, Thbas
T, AR T, BECERSISNDRERET AV AD
(Sepioteuthis lessoniana) &YV A 71 (Heterololigo bleekeri)
EXRFEEL, A CBEMNEHNTHR DR EHE,
TEA 70 O 1518 PERIE EL AT DR A3 A T,

2. MIRAE
2.1 #ER4EYD

FRRZIE, BB TEBEMIC QRS- T A YA D
(Sepioteuthis lessoniana) &Y VA 71 (Heterololigo bleekeri) Z%,
BNz, MR, SRR Tl K e 2 —
(ZIEE, 1N 22T ENDE AR, F553 10 L OSESMRIEIE
MK OKIE 18°C, ¥5757 34, pH 8.4, 117k 8 mg/L) &K,
fABE T2 o1, 728, KBS HIE TR —427 VER
G CM-31P A (T —7—7—+L, H 50, pH
TEIZIFZ T 4 pH A—4  D-51(HORIBA £f;, F#)FL T
WFlRFE (DO)WEIZIZ Tt DO A—4—ID-150 (fl 5
B LM, B abbu,

2. 2 FREGHEI

(BR) BEBHT S\ W ARE, B ARHEE A /K ZE & (L7
KT 332 m BIRABT, WHZBEIEALER I L BRI,
WaAPEL TWD, 20 B AR A KBS RICB VT
BIPEM 17 Ak | (BLTR, 3Au7K) MEEHENS, Th3A K]
DO—EBIISHITFRELC, NZA T T 22, [
AR IDIFZEAEITBEFESND, [ AR ENZV T,
2 DT R LWINE FNTND, ABFZETIE, BEIES
NDIMAKIZDH WD FETHT20, JORERE DR

ESofel=th, ZiveAJIEMEAN L,
2. 3 1 HEDORMEEER

AT, FTRROEREIB ooz, 70k, FERIX
BIRKFDO TR OHEICHEC THERMLI=,

20L hRuZ U7\ ZEAN IR KA 100 EE,
1.0:2.0:2.5:3.0°4.0+5.0+6.0%& 725 I3 | 2N
L7, ENBIZ, TAVAH(321.0 £189.5 g) HDHWETIA
77(205.5+65.0 9 ZTEH 1 BANT-, 2Dk, T4V
AHDITE A~ —F 74> (Apple 11, USA) (2 L0 Ehiifz
FUT-, 1218 20 43C, RENL D MR LT, REhL7e
STERIZ A YO EICFE L%, BgfERA T
—F¥—hk CASMATCH (7} =24k, B LEbicA~
—h 7 HANTEVERE LT, REIOMEARIT, SRR S
KOHZAE 10L A, =7 —Z@E5 LT 201 PAR &
AT, REDDEFUCIRAE (FRE) 1272 07 2 BlE3 LTz,
N30 IR 38 KOV ER H O /KR S48 20 E IR
— X T NVELRRERG CM-31P Y, pH JIE i T
+4 pH A—% D-51 ZLC DO H{EIZIF/ N> T 4 DO A—
2 —ID-150 ZH Bz,
2. 4 #ErFHLE

AETE BT = R U, EI H Z L3R
BRIX D ZEREST DT80, IR DB 5 —TTEE /Y
HT (one —~way ANOVA) #3372 -7-1%, A EZENDTRDHIVIL
I¥ Tukey-Kramer Test(P < 0.05) 2KV ZHEILERITEE BT
7potz, BRIEIZIE, super ANOVA (Abacus Concepts £, CA)
EHBUE,
3. WIE#KHER
3.1 ZAHIVAHIZHBKIFITIZAYIDEE

F9°, TAVADBNZY NI R DimFE % B
FERERR LT, 6.0%[IZH30 | Z WML T2 iEKIC T A VA D1 %



AN A, TAVA B (a) fillfia o Kbz (258) , (b) 5=
M, () Biis X OVRE) (BRIFRIRER) &V D — 1 DI TE 2R L
72 (K 1), NS EHXOITENIE oM Thh
7o D CEREZOREH LR ORI A FHI T 528 & LTz,
T A VA D% EPRIED NIH [NIEIE UMK RE 272 -
TR 2R 2 1TRLTz, £, 1.0%N2A30 ) Tl Eke
JRER BB 72 D72 o T2, *ji 2.0%MZA0 T, &
H-FCORFRIIT 176.0 £60.8 5, FREIRAE FTORFMIE
362.0+97.1 B TH-o7o, 2.5%MZH0 T, JkETo
WX 125.0+£27.8 BT, BREIRRE £ ToRFEIZ

154.0 £25.0 B Tih-o7z, 3.0%MZHY | TIE, BrkETo
Rf [ 2% 109.0+11.2 F, Jik Bk 58 £ T o K [H 11X
131.8+£35.6 B ChH-o7z, 4.0% 2030 | TlX, BHFTO
e 1L 70.9+21.7 # T, FREMIR BB £ C o FE[H] 1X
99.9 +33.9 B CThH 7=, 5.0%MZ230 ) Tlx, ErFTORF
fH72% 62.0 7.1 F, MRBPRIRREE CORFRHIA 55.7 £ 114 B
Thole, ZLT, 6.0%MZH0 )T, EHFETORMIX
53.0 2.6 F5C, FRIEIRRE ECTORERIT 62.0 £ 2.6 BV TH
oT2e 2O XN, NIHY JIREARFFAIIZ RIS L ORI

RHEE CTORFMINFL NN LD RS LT,
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bET, T R DO KRB ZACZ T ~T2, K
RITFREEAT T 175+ 1.3°CTE o7z, AR NTn0 )
1.0% T 4y 35.10+0.38, 112280 | 2.0% T 4
38.30 £ 0.46 Z/~L, THLL EITHIE R Al O FEEZ R LT,
N30 | BREERT% O pH T fE AR 3 (TRLTZ,
1.0%1Z230 | CILFREERT pH 1% 8.45+0.01, 20 43%% pH
I% 8.35+£0.03 Th-o7z, 2.0% /30 | TIIFRELRT pH 23
8.47 +0.09, WI% pH 1% 8.31+0.11 Th-o7=, 2.5%M1Z
230 | CIIFRBERT pH 13 8.58+0.02, FRELFE pH A
8.53+£0.03 ThH-o7z, 3.0%Z230 ) TIXFRELRT pH 23
8.53 £ 0.06, kE:% pH 7% 8.44 +0.12 Th-7-, 4.0%/1Z
N0 TIXRREEET pH 13 8.53+0.05, FREETE pH 1X
8.51+0.06 ThH-o7=, 5.0%Z30 | TIXFREEAT pH
8.57 +£0.01, ilEt: pH 2% 8.59+0.01 TH-7=, £LC,
6.0%[ (2230 | CIXRIFERT pH 1E 8.52 + 0.01, JFREH% pH I
8.48£0.02 Thol=, oFV, pH [TBEEHW-HZTHE
DOBRNWIERDI ST,

FlEReE, T30 | FRIEFTE OFFRESE (DO) Z i~ 7
FERAZR 3 IR, 1.0%012230 ) TIXEERT DO 1
8.03 £ 0.06 mg/L, 20 534 DO 1% 4.63 + 0.86 mg/L T
720 2.0% 12230 | TIZRREFRT DO 28 7.42 +0.80 mg/L, Jik
% DO 13 4.22 + 1.73mg/L TH-o77, 2.5%12A30 ) Tl

R EE AT DO X 7.77+0.06 mg/L, #k Frfk DO 73
7.00 £ 0.10 mg/L Toh-o7z, 3.0%1Z030 | CILFREEET DO
28 7.77 £ 0.06 mg/L, JFEFE% DO A% 6.98 + 0.60 mg/L T
o726 4.0%1Z7230 | TILFREEFT DO 1% 7.78 + 0.44 mg/L,
RS DO 78 6.96 + 0.54 mg/L Tdh-77, 5.0%12230 | T
WX FERT DO 2% 7.51+0.63mg/L, FEEEH% DO I
8.00 £0.00 mg/L Th-o7=, ZL T, 6.0%[ 2230 Tk
ML AT DO 1 827+0.06mg/L , Ff B % DO I
6.67+0.15mg/L Th-o7z, Lh D, TIZn0 | kEEE
DO (TFREMZ D DD S RV MEIR B IZETH B SN DT L
NDESHERST,

W, FREOREBLFFMZR 4 Rz, £,
REIRAE L T T2 2.0%M12230 ) T, RWEEE TORFRHIT
515.5+321.7 B CTH-o7, 2.5% 2030 | TlE, HEEETO
BEM2Y 495.7 +£112.5 B CTH-7=, 3.0% 2230 1Tl 7
EEETOREIT 932.0+579.6 B TH-72, 4.0%12230)
TIE, HEEE CTOREM2Y543.0 £ 341.7 B CTH 7=, ZL T,
5.0%MZ230 Tl REEE CTORERIL 307.3+43.7 BT
bole, REEETORMIL, ARECBREMEEE LIRS
< Az IZEDERDI, 7035, 6.0%ZA0 1T, 3 fElE
o 2 A, 2 HIZIIFETE L2720, HEREIZ L T,
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TREE CORFMIE, ARESCRREMRELIZRRRS,
gi“i El L:fiﬁftbflf:y), '%:‘EE& L/fciz))of\_o

3.2 YUAHIZHBKETTIZAYIDFE
YVAIETHVADRERE, N2V 2L, (a) K&, (b)
Bt (o) FRRiEL Y — O TEN Z R LT,
YUA T 2B IREDO NN NIRIE LB RS
e 2R 5 1ORLTZ, 77, 2.0%M1230 )Tk, Skl
FIRAE I3 e Ben o T, —J7, 3.0% 1230 T, &k
FTORRIE 1723 +£204 BT, FRERREEE TOR
197.7 182 BV Th o7, 4.0%1Z230 | TIX, EH-FTORE
M 2% 123.4+759 B> C, JFkEIRRE £ C o BT
167.8 £932 B Tdh-7=, 5.0%1ZH30 T, BrtFTOR
13947 £ 4.0 BT, HRFRREEE CTORFRIA 1193 £ 8.1 7
Thol=, ZL T, 6.0%Z230 ] TiL, |EFETORH
783 £25.6 #0C, BREKAEE CTORFRAY 120.7 £20.1 BT
bole, ZOZEND, YA T AVA AR, TITHN IR
JERAFIN SR M3 JOVRER RE £ CORERE AL N2 &
75‘52975)07‘:0
(230 RT3 DK B 2B AT~ T KRR AT
% T 13.5+0.3°CIE o7, M IT A VA ORERLIFERET
3%LL ETIEEEARL, BIERRE CThoTz, 120 i
O pH ZFH 7=, 2.0% 12230 | TIXFELRT pH 1
8.64+0.01, 20437 pH I3 8.58 £0.00 Tdh-7=, 3.0%[1Z
230 ) TIXFREEAT pH 13X 8.68+0.01, WiEE# pH (%

et sYiel

3.0%

Zizks

L.0% 6.0%

By 98K
P = %El

LN, 6.0%NIA0 1 TIE, 3 @A 2 fE{E,

7.60+1.72 Thol=, 4.0% 2230 | TIXRREERT pH 1%
8.68 +0.05, Jiflt4 pH 1% 8.63 £0.04 TH -7, 5.0%[1Z)8
0 ] CIIBREEAT pH (X 8.68 + 0.01, R pH 1% 8.67 = 0.00
ThHhol=, ZLT, 6.0%ZHA0 | TIXREFT pH X
8.66 +0.00, JFfH% pH 1% 8.64+0.02 THY, YVAIHLT
FUAAERE, pH ITEEHW-#% THE DL/ -7,

<HAT, NI HIED DO 2~z 2.0%M12A30 1T
IXFREERT DO 1% 823+0.12mg/L, 20 43 %% DO |%
525+ 049 mg/L CTH-77, 3.0%Z230 ) TILMELRT DO
23 8.30 +0.00 mg/L, k% DO (X 6.97 +0.47 mg/L Th
572, 4.0%1Z230 | CIERIFERT DO 73 8.50 + 0.09 mg/L, ik
% DO 78 7.40 +0.54 mg/L Tdho7=, 5.0%12230 Tl
i B Al DO 728 8.60+0.00mg/L, k%% DO I
7.80+0.30 mg/L TH-7=, LT, 6.0% 12030 | TILMEE
A7 DO 1% 8.70 £ 0.00 mg/L, JFKE% DO 73 8.13 + 0.06 mg/L
THY, YIAIETAVAH[REE, T30 FE% DO 13
B DR RVVVRREIZEHBE S TV,

HELT 3.0% 1230 | TR LI, WEEE TORRIX
67.0+1.0 o ThoT, 728, 4.0%LL EOTZH0 | TIXIE
W K2, B RIIFEBRICHOA 3 ERELIET
L7728, WEEE L7272,
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X5 YUA AN | TR, FRFLREEIZ/2D E TORRHE
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a.0% B, 0%

TAVATEE, YUATE NI | RN R (AT L) B L ORRRRKEE (77 47 L) £TORERH 238>

W B TED,
4., EE

REEKPEMNZIUNT, A 0F O FRIPHIZ B35 50
RIZZLW, ZIVET, A0 F D BEAIEL T 3%
LAAFKRBIO 1.5%TH ) — VgD W 7257
FVA T DFRIHIEL T 1~3%=F LT /La—/LifFK1.5
~ 2%t~ 7 AT MK I LR 3~ 4%t~ 7 R
DHEIK D | ZIVAAL T NEAT7 T T A T D FREREA L L TR
WK O BB TND, EHIZ, 20 mM  Fifig~27 12w
LDHEAKIT, RENA T O L2V AL T7 VAT D D BRI
RBHZELMESN TS, EMTEBWTHRREMENE, HR s
F2 SR OB RE A A P A R, TERRIE ) - [ 6 ) -
M=) - A8 e EOERZIRICS [ EEEZ T Lsivd, &
T, BEREERBE KON D, TAIA D EY VAT
DORREERIZ s JIE 3 A0 I ROERZ B 2T,

ERIHLD W T HVA Y IATIL, B AR A K
R FRICRBITDEIFEY T 112 XD, (a) o S s
(i), (b) B, (o) KRR K OV B (BRERIRRE) o —
HEOITENE /R LTz, ZOZEnh, NIR0 I, (KIRmE
DIRNT AVA T VA TN IR E 2R 32030
7o TZT, SESFRWEO NI | mREICTMLIZE
25, THIATTIENTAD12.0%LL F, YUAH TN
30 13.0%L0 BT N2 IR BRI SR 23 o T2,

y

WFED 230 [IZ DR ) DI FE 25 1T FEDE Y
EBZOLNDLH, FEBRREOKIEZAELE 2 1D, EEE, fHT
(XA — R CH KRS KRR C D0 DI FE N B2 5 ®)

L%, MREZL BT, N2 [TED B DD FE
RAKIBDFENEZFERZTH DT ETHD, L2AT, NI
D30 | RE- 0 DRI AR VIE Y, BRE N B SHIRTE
B BME FL Tz, £72, TAVABIENTAY 16.0%LL
b, PUATENZH 14.0%LL EClE, REEE, SE1T35
HIRNRBDBINT=, ZDZEND, TA VAT D RERZIE
N2 12.0%L0 E 6.0%A0, YUA T OBEZIZNIZH30 |
3.0%LL E 4.0%A A BV EB 2 BT,

B, NCB R ELI-E2h, ~ 7 R T LG
AEIT 55%% 5T, 22T, BER V&1, Kil
18°CIZC 25 mM B LT 40 mM Hilit~ 27 F 0 L& T A
A77(970.0 +246.7 ) ITIZIE L7223, S, O\ THRRERR
REICIZE LD T, £z, IS0 JFRIITTHRI Y A2
E2RLT=ZEDD, KR 18°CIlT T LN Y AUz k
DGy 40 \ZU7=HEKICT A VA 7 (286.5 + 127.0 g) Zi=E
U723, BRIIRREIZIZE DAeh o7z, EZAM, Kl 18°C
27T 15.0mM , 17.5 mM, 20.0 mM, 22.5 mM, 25.0 mM
BHDHNT 30.0 mM DALFE X (FFaFHHED 72D 4 PRl
BAIESETTNE)ICTAYA D (327.0+£93.6 g) &1



BELIZEZA, 15.0 mM TIEEM:, FREMIO BT
2, 17.5mM LW X CTIXBEEEToRMIX
334.8 £ 0.1 FC, BERIRAEE TORRIIX 369.6 £0.1 T
bl £z, 20.0 mM (L FWE X TILEME TOREH
131302+ 0.0 ) C, MRELIRAEE CORFHIX 1344 £ 0.0 7
ThoTz, 22.5mM LFEWE X CTIEEMEETORRIX

87.6 0.0 FVC, FRELIRREE TORERIX 126.0+0.0 FVC
Ho7z, 25.0mM LEME X TIETEHFETORMIZ

70.0 0.0 F0C, BRECRIEE TOREMIX 76.8 £ 0.0 B CTh
272, ZLC, 30.0 mM (EFHE X TIEEMETORFH]
1361.0 0.0 FC, FRFREEE TORFMIL 73.0+£ 0.0 )T

BHoT, ZOFERIE, 4.0%BLN 5.0% 12050 LT
5, 8 XIS OGRS (DO) Zii~T-L25,

17.5 mM b5 E CIFBREMATIE 9.06 +0.05 mg/L, R
#1%7.06 £ 0.71 mg/ L Toh->7=, 20.0 mM {LFW'E X
VIBRIERTIE 9.06 £ 0.09 mg/L, JFREM%(3 8.42+0.11 mg/L
Tholo, 225mM {LFWE X TIE kR AT Ix
9.18 +0.04 mg/L, 41T 8.44+0.13 mg/ L TH-o7=,
25.0 mM (b X CIIRRERATI 8.78 + 0.08 mg/L, ik
FLt%13 8.34 £ 0.33 mg/L Th-o7-, LT, 30.0 mM {5
W X TIIRREEATIE 8.76£0.05 mg/L, FRE:T% X
8.40 +0.14 mg/ L Th-7=, DY, {LFEWE X TlxEet,
FRIRIRAE £ T ORI AN Z L5, DO DWHE VD720
EEZ DI, HOET, MBRIRREL 72572 17.5 mM (b5
W X TlL, REEE CTORHIE 484.8 £0.1 P ThH-o7z,
200 mM 1EFIE X Tl BEEE TORHEIL 204.6+0.01
Bchol, 225mM {LFWE X Cl, TEEE CORFHIIL
121.8£0.01 B Ch-o7=, 250 mM {LFWE X T, HlEE
TORIL 141.0£0.05 B TH-7=, ZL T, 40.0 mM L2724
E X TlE, REEETORIE 129+0.01 @‘“@‘&)Oko Dk
(2, REEF COREB ) -T=ZEM, , 22 Xk
% X %:r“ﬁhﬁu ZHHBUWEER RV R, 551X

b= WY T, ATIFREHI DI DA = A N
%ﬁ?é% %6
5. S§#NEE

AWFGENZLY, TAVA T 17.5°CTHIA 12.0%LL E
6.0%A, YUA 1% 13.5°C T30 13.0%LL E 4.0%A
i T, R Z DT HZEN R WNERBEENT, <A T,
N30 NZEENDIFEWE X DREMERZ B S 7
ZeHR MUz, ZORREZT, SFE, BT 0LEh

PR ZYER L TN, B 4 4R, BEBET DY
TIL, A DO RDIghofe, 22T, BF0 5 FELL
b, WEA N E LS AFTHIENTEIEE, &5 kR
BAEFEi 35, H T, NI NIEDA T DRREED D
DLy AH =R LEFI DI, N2 2 F oA
TIED RS — 7 =2 AT 2ATH T IETH D,
nE, WHEARE LSHEEGIL, RIS L2
HAHERE A 7K DS, AV AA J1(Todarodes pacificus) DRE
WO IHENCE 545289, ©F A(Paralichthys olivaceus)
DA ZBPIANE T 2L 0% LT, 2ROk
HIX, N h Scientific reports EEIZHEHL, AMFZEBIAL
EEECREHEIL 7, <A T, ZNOORERIFERNKED
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Summary

In 2022, the catch of squid in Japan decreased by 93.7% compared to the peak year of 1968. Noto Town in
Ishikawa Prefecture, Japan is one of the largest squid catch areas in Japan, following Hakodate City in Hokkaido,
Japan and Hachinohe City in Aomori Prefecture, Japan. However, in recent years, the stock of squid in the Yamato
Bank, a good fishing ground for squid in the territorial sea off Noto Town, has been drastically reduced due to illegal
operations by foreign-registered vessels using fish-collecting lights with such high illumination that they can be seen
from space. The drastic decrease in squid stocks has led to the depopulation of Noto Town, which has become a
potentially vanishing city. The principal researchers are therefore attempting to develop a locally produced and
consumed live squid transport technology that can achieve high value even with small catch, in order to contribute
to Noto's fisheries industry and the creation of a SATOUMI. However, squid are difficult to rear because they spit
ink under stress and the rising ammonia etc. caused by the ink deteriorates the water quality. Furthermore, live
squid transport is generally done in individual packages because of fighting, and high-density transport is not
possible. In this study, a specific anaesthetic for squid was developed and high-density transport of live squid under
anaesthesia was attempted.

The experiments used bigfin reef squid (Sepioteuthis lessoniana) and spear squid (Heterololigo bleekeri)
caught in Noto Town, Ishikawa Prefecture, Japan. These squids were acclimatised for several days in UV-sterilised
filtered seawater from the Noto center for fisheries science and technology, Kanazawa university. Recently, we
found that squid immersed in 6% Japan Sea proper water salt by-product 'bittern' (hereafter referred to as 'bittern’)
became anaesthetised after spitting ink. Therefore, we measured the convulsions, ink vomiting and anaesthesia
time of squid immersed in seawater with various concentrations of 'bittern'. Squid were also placed in seawater
containing various concentrations of components other than magnesium in 'bittern' to elucidate the component of
'bittern' that induces convulsions and vomiting of ink, and to investigate the duration of action.

The bigfin reef squid were placed in 1.0, 2.0, 2.5, 3.0, 4.0, 5.0 and 6.0% 'bittern' and became anaesthetised at
2.0% or more 'bittern'.  All were awakened by the addition of seawater, but a few deaths were observed at 'bittern'
5.0% and above. Next, when spear squid were placed in 2.0, 2.5, 3.0, 4.0, 5.0 and 6.0% 'bittern', they became
anaesthetised at 2.5% 'bittern’ or higher. ~ As with the bigfin reef squid, the squid was awakened by the addition of

fresh seawater, but there were several deaths at 'bittern' 5.0% and above. The pH of the anaesthetic solution with



'bittern' and each squid was around pH 8.4, similar to natural seawater, and the dissolved oxygen was concentration-
dependently close to 10 mg/L of natural seawater. This indicated that higher concentrations and shorter anaesthesia
times resulted in lower dissolved oxygen consumption. As a result, it was estimated that "bittern" of between 2.0%
and 6.0% is good for anaesthetising bigfin reef squid and "bittern" of between 3.0% and 4.0% is good for
anaesthetising spear squid. In the future, it will be examined whether anaesthesia can be applied under these

conditions and whether high-density rearing is possible.
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