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Fig. 1.Year-to-year change of kensaki-squid, Photololigé edulis
catch in each prefecture in the southwestern Japan Sea.
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Fig. 2. Relative frequency of kensaki-squid, Photololigo edulis
landings by fishing gear. 0.t., Offshore trawl fishery;S.a.,
Squid angling fishery;S.s., Surrounding seine “gochi-ami”
fishery;S.n.,Set net fishery;P.s.,Purse seine fishery;O0s.,
Others.
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Fig. 3. Fishing grounds of kensaki-squid , Photololigo

edulis in the southwestern Japan Sea.
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Fig. 4 Time and space changes in monthly

mean bottom depth(m) at fishing loca-

tions of Photololigo edulis anglers.
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Fig. 13. Relationship between mantle length compositions of Photololigo
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Table 1. List of release and recapture of
kensaki-squid, Photololigo edulis (Male).

Table 2. List of release and recapture
of kensaki-squid, Photololigo edulis

(Female).
Release Recapture Release Recapture

Mantie Mantle Time Mantle Mantle Time
Date Length Date Length Elapsed growth/day Date Length pDate Length Elapsed growth /day

(om) (mm) (days) (am) (am) (am) (days) ° (am)
1981 1981 1981 1981
June 5 184 June 26 225 21 1.95 Sept.21 144 Sept.22 146 1 2.00
June 19 170 July 17 250. 29 2.76 1082 1982
Sept. 7 145 Sept.17 155 10 Loo July 7 152 July 23 177 16 1.56
Sept. 7 156 Sept.18 170 11 L27 July 9 169 July 12 174 3 1.67
1982 1982 July 9 170 July 12 175 3 1.67
June 9 205 June 22 248 13 33 Juty 13 128 July 15 134 2 3.00
June 24 255 July 8 333 14 . 5.57 July 15 135 July 30 166 15 2.07
July 7 207 July 14 235 7 4.00 July 15 130 July 30 152 15 147
July 8 234 July 20 286 12 4.33 Oct. 21 114 Nov. 7 119 16 0.31
July 15 145 July 22 161 7 2.29 1083 1983
July 15 141 July 27 180 12 325 May 4 187 May 21 188 17 0.06
July 15 129 July 30 144 15 Loo June 9 150 June 17 156 8 0.75
Oct. 14 150 Oct. 17 155 3 167 June 9 131 June 18 136 9 0.56
1983 1983 . June 24 194 July 1 203 7 1.29
June 8 185 June 12 194 4 2.25 June 27 187 July 1 190 4 0.75
June 8 179 June 22 208 1 2.07 June 27 242 July 8 259 1 155
June 8 170 June 24 193 16 144 June 28 176 July 8 165 10 *
June 9 170 June 28 199 19 1.53 July 7 142 July 12 149 5 1.40
June 15 235 June 17 238 2 1.50 Aug. 4 165 Aug. 5 154 1 *
June 15 217 June 18 220 3 100 Aug. 4 175 Avg. 7 184 3 3.00
June 15 223 June 29 231 14 0.57 Aug. 4 129 Aug. 8 125 4 *
June 24 241 June 30 268 6 4.50 Aug. 4 132 Avg. 9 136 5 0.80
June 24 198 July 2 215 8 213 Aug. 4 140 Aug. 9 152 5 2.40
June 24 224 July 10 211 16 * Aug. 4 124 Aug. 10 126 6 0.33
June 27 196 July 4 212 7 2.29 Aug. 4 154 Aug. 10 164 6 1.67
June 27 181 July 5 197 8 2.00 Aug. 4 170 Aug. 11 185 7 214
July 6 272 July 7 272 1 0 Aug. 4 134 Aug. 11 150 7 2.29
July 6 224 July 9 235 3 3.67 Aug. 4 152 Aug. 11 150 7 *
July 6 174 Juty 9 190 3 5.33 Aug. 4 141 Aug. 11 M5 7 0.57
July 6 204 July 10 213 4 2.25 Aug. ¢ 152 Aug. 11 159 7 100
July 6 156 July 18 175 12 1.58 Aug. 5 147 Aug. 9 156 4 2.25
July 7 181 July 10 188 3 2.33 Aug. 5 150 Aug. 11 162 6 2.00
July 7 172 July 11 191 4 4.75 Aug. 5 128 Aug. 11 136 6 1.33
July 7 222 Aug. ¢ 313 28 325 Sept. 6 118 Sept.24 125 18 0.39
July 8 153 July 19 162 11 0. 82 1084 ‘ 1084
July 8 145 July 20 172 12 2.25 Sept. 6 191 Sept.13 192 7 0.14
July 8 215 July 20 243 12 2.33 Nov. 8 144 Nov. 18 156 10 120
Aug. 4 224 Aug. 7 235 3 3.67 Nov. 8 178 Nov. 17 182 9 0.44
Auvg. 4 212 Aug. 7 213 3 0.33 1965 1985
Aug. 4 191 Aug. 8 228 4 9.25 Aug. 29 144 Sept. 6 146 8 0.25
Aug. 4 154 Aug. 9 158 5 0.80 Aug. 29 152 Sept. 6 151 8 *
Aug. 4 168 Aug. 9 178 5 2.00 Aug. 29 116 Sept.11 121 13 0.38
Aug. 4 148 Aug. 24 200 20 2.60 Aug. 29 132 Sept. 9 137 11 0.45
Aug. 4 137 Aug. 25 197 21 2.86 Aug. 29 147 Sept. 5 150 7 0.43
Aug. § 193 Aug. 9 211 4 4.50 Aug. 29 143 Sept.11 156 13 1.00
Aug. 5 191 Aug. 11 207 6 2.67 Aug. 29 127 Sept.11 143 13 123
Oct. 21 185 Oct. 27 190 6 0.83 Aug. 29 131 Sept. 9 139 11 0.73
1984 1084 Aug. 29 131 Sept.11 143 13 0.92
Nov. 8 172 Nov. 24 184 16 0.75 Aug. 29 140 Sept. 9 140 1 0
1985 1985 Sept. 4 134 Sept. 9 134 5 ()}
Aug. 29 127 Sept.10 128 12 0.01 Sept. 4 126 Sept.10 131 6 0.83
Avg. 29 147 Sept. 16 160 18 0.72 Sept. 5 129 Sept. 9 13¢ 4 125
Sept. 4 152 Sept.10 168 6 2.67 Sept. 5 142 Sept. 8 142 3 0
Sept. 4 171 Sept.10 161 6 * Sept. 5 105 Sept.10 105 5 0
Sept. 4 149 Sept.11 151 7 0.29 Sept. 5 115 Sept.11 116 6 0.17
Sept. 4 151 Sept. 9 153 5 0.40 Sept. 5 143 Sept.16 151 11 0.73
Sept. 5 139 Sept.10 M1 5 0.40

% ! Negative growth

% . Negative growth
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Fig. 19. ¥alford graphs of mantle length of Phorololigo edulis at recovery(L:+1) plotted
against length at tagging(Lt). The lengths at recovery(L:+:) were based on the
data transformed to 15 days growth by means of propotional alloment.

1/ 1/t
(10 °mm) Early Summer (10 3 mm) Autumn

101 10L

L oMale oMale
« Female +Female
8L 8L 3
. //
Oe
- g =.o/ - 850/'.
| % o
8%

g ke A 57 0

4 & ol ’/
I 68

i

L g !
L 21

0 PN L L &L " L 1 i L O 1 i 1 " 1 i i L 1
0 2 4 8 8 10 171t 0 2 4 6 8 10 171

(10 mm) (10%mm)

Fig. 20. Walford graphs of mantle length of Phetololigo edulis for logistic growth curve.
The lengths at recovery were based on the data transformed to 15 days growth by
means of propotional alloment.



23

IOWT, KR 1 B2 15HBE LT, MR HE (5H4A~8H3R) &tk (8H2TE~1
1H8RH) oz hThOHREETRT,

Mo &Iz, BREOAEER L EHFHEZIAEZRE L TEMLROAETR L L0k
HANIENSOREOBEERTEREROBEXIT 1 b LRI LOREVIFERELS, LI
8o T ValfordD FERN & > THRENAEEEERD L LB TERVDOT, F U FAADOMK
Ex%Robertson= ¥ 7-i3BertalanffyX TR I ERIARAHETH 5,

o F AL HDILE EXDEBRDBRELFHODRERIZ X > THZE L7-FIT Natsukari et al.
(1988) Lshicizrad | BER. 1 A B REIEAEXONEFTRMRD £ — FELEBHT 5 EEH
Bk > THEEINTWLA (FFE - E8.1949 ; AR.19TD o L L. ABREREROZHHE
{E(Figs. T- 1D HHEEINS LD IT. HEORERDH 254, €— FOMBEERFET D3k
WTHL ., SEREETRERBARET A ERRRETH S, Lo Ty I THFHADKE
B O3 LA A HET A LIESRREEHAT AL LT F v F M ADIMLR ERE
RUTGEDBRBIIODWTRHLIZZOHE. RO LD LHFMREE, $HbL. O LERRER

Maile

400[

300[

{(mm)

200|

Mantle Length

100/

MJJASONDJFMAMJ JASONDJFMAM
“Month

Fig. 21. Growth process of Photololigo edulis (male) with consideration for two different
growth groups in the population. Histograms show mantle length compositions of
Photololigo edulis from Kawajiri to Kasumi in 1981-’ 85.
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Fig. 22. Growth process of Photololigo edulis (female) with consideration for two different
growth groups in the population. Histograms show mantle length compositions of

Photololigo edulis from Kawajiri to Kasumi in 1981" -85.
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Table 3. Number of individuals(upper) Table 4. Comparision of the numbers of
and mantle length compositions individuals(upper) and mantle length

(lower)of juvenile squid collected compositions (lower) of juvenile
by surface tow in 1982. squid collected by oblique tow and

bottom tow in 1981.

Sampling Date Oblique tow Bottom tow
stations ; Total Sampling Total
June. 8 July. 2 July. 30 Aug. 31 Oct. 12 stations June June June June June June
t-5 9-1016-17 1-5 9-10 15-17
Stn A 1 1
Stn B 2 2 Stn 1 1 t 2
Stn C 0 Stn 2 1 1
Stn D 1 1 2 Stn 8 1 1
Stn E 0 Stn 4 1 !
Stn F t 5 6 Stn 5 ! t
Stn G 1 1 Stn 6 1 3 4
Stn 7 7 1 8
Total 4 2 6 0 [ 12 Stn 8 1 1 2
Mantle Length Total 1 11 8 2 20
(mm)
2-29 3 3 Mantle Length
3-39 1 1 5 7 (mm)
4-49 -1 1 2-29 1
5-59 ' 0 3-89 1 1 2
6-69 0 4-49 0
7-79 1 1 5-59 2 4 6
6-6.9 4 i 2 7
Total 4 2 6 0 0 12 7-79 s 3
8-89 1 1

Total 1 11 6 2 20
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Table 5. Number of individuals(upper)
and mantle length compositions
(lower) of juvenile squid collected
by bottom tow in 1982.

. Date
Sampling Total

stations

May  June. July. Aug. Sept. Oct,

Stn 1 6 6

Stn 2 8 8

Stn 3 0

Stn 4 0 1500 * 1978 ?\

Stn 5 1 1 % ° 1979 Y

Stn 6 3 8 3 = 1980 i

Stn 7 3 3 E CoN
5 1000 | ©1981 o

Stn 8 1 1 2 ;E_ 41982 Do o .
° ' \ N

Total 1 3 0 0 8 - g

0 19 23 5 sool ‘ N\

Mantle Length ' Total 5 m A S
(mm) = B30 T i
5~ 59 1 1 J FMAMIJ J ASOND
6— 6.9 2 3 5
7- 179 8 8 Month
8- 89 ¢ 4
9- 9.9 3 3
10~109 1 1 Fig. 25. Monthly changes in number of
11-119 0 individuals of young kensaki
12-129 0 squids collected otter trawl
13-139 1 i net
Total 1 3 0 0 0 19 23

2~12mD G A FITIZ T v F A ALUNOELEET N TV B REHLH 5,

T30 bRy NEBUE Ry Mok - THREUHFOBEEE ENELEM K% Tables3-5
IR U7, BREEEBIL TS 07 b ok y POBREIDEXBU X TIAUEAK, EUE Xy FOURIOD R
MTINMEAECI9814E) | 4210 A TLMEAE(19824E) TH D, IHhHDHREMEDNEYEMARKIL
TS50 bRy PORBRETIIMARICE— FRHBDICH L, EUFERXy P TIE6~TmHIC
T— FAH B, Lichio Ty SMEEBORFIZX v FORBREITL > THRENTETH D, DD
BRETHEEVER Y PTORENEER D, TNODHRED AN SHFVLEBET 2 LIFE
THIELRBTELVY, REICKET. BHICEETREINTHLAIEN S, FREDAERL L
TEEINTVALH)UERMICHEBIH LT IWERDOH 5 2 L0 HEIN S,

RIS, BRMIZ & > TREINGA AT OV THRITT 5, AEEES2mE LDy V4 F 47
BRBEHREICEABERTIOT, OY VA AROHA HERFITE S, NETEIZmE Lo
Y XA NDHA HBZAEREIND D FEBMEEDSSZ OEHIZT~12HTH > T, 1~6H D
SEEHZDE L (Fig 25). HREMAEEORMTI03EBETATEISTH Y. TO®KIAICIE
Woc AR T 505 I0ATH~I2AICHEUE -7 088 h 3, BERBMEBOFMEL(Fig 1D% 2 5
ELBBRAROE-IRBEFELHECBRNIIE0 O, IREB IV ZDOBRORRICET A IEMEZR
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THEGAADEEK~ZDOHRR TN THELEOBRBRBICHR TS EHEEIND, ZOI &
BHRIE TRy v 3 A AONETR EHEILEDBHRFigs. [3-10)ITH VT, Sh1 H D FE
WIRHBDOE— 7 L& EORBBROBEIMEEH ENRILSFETEIENL DN S,

VBN X Hic. BERBEERREBRICRET 27 v 24 HOBERBRRIZIZER, E2HOE—
IBHO. TRITHIELSA AOHBENRBDOND, o F o HFAAOTEERFIZOVLTIR
SROABIIHOEIANEZ O, FORMBOEIGIL. ERREANSIC [BA A8 ] g
ENTWARI0~50mDKEHFNZTD—DEZEZ LD, X 5HIT, EINEIZ100~120mDKEHIZE
RINTU B A[EEHEDNSH 5,

4) B#H
BAGERSNFRTREINY VXA HAOFNBEYEFT T L DM RATFig 26127 Lz,
BEROEEREFEMERICL > TRIES1D. BRSO HEHLOEITRENELEDTH Y,
U708 TEFRITHEMICHEB TE QR0 TR TS EERE S HED 5D 5 BRI KD
B,

ARABDIER. KREBEETREIN T V1 HOERL, UWEAD EABHRENS. ¥
YH XA ORI BUDOEAZH ST L NEERSmU LOBEKIZEE LTAEEER
LT3 &8 Ui, BRAITDIERKBOZBR TREINEROTFRAFY L HAEICD-T

Yamaguchi Shimane Hyogo
__100
>
1) o
& °°r K
g 2
&= 7
0 e "
J ASONDJ
Month
; = ]
il Osteichthyes == Unidentified | =
%Cephalopoda [:[ Empty stomach 2
Il crustacea

MJJASONDIJ

Fig. 26. Stomach contents compositions of kensaki-squid, Photololigo edulis.
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AELKER. HRINTOWEASEOBOREIRETH - o RERICERICHERET 5 &8,
EODIFEDOHAE. BREZEHBLTVEELTV S, oy IWOENBKERRBVITHL - 12
B EAHOENBMHEBIIENTIE. ECITHYEDY VY E A AVHRALTWAEEDE 1T
WHOLETHAZLAEALTWLS, ThHLOERN L. BREBEEREROY V¥ A HDOEE
BEERNIFL SKICPT TIOBBETROERT IO LETHELEELTLIDA D,

48 oY FAL HOBEH - O

AT HARBREEIGFIRTEM Uy 29 F 4 47 OFESER S FROMSRICETE, £&LT
ot R4 AOFMNTBE) - BRI U TR LGRSOV TN S,

BEEAE

1974~ 824EIC B AR #RIPO MR CHRIM L7c Y 4 F 4 A OEHBROBWE % Table 6127 L1,
EREKERABRB D974~ TTHRICHEEE U722, 118 (U OEN#/k R BRI 0%19804F 12 5Lk L /=2,
R1RLAME. 1981~ 824E 1T, BiR. BRI, RECJEARAEMEPICHRK LD TH 5,
2EEZBLUTOFEEFEHBIZL 5% TH D, RNALAIZDONTORER GERIZH. 197 L&
UTHEMARIERE,

AV AESEIE. 1980~ 81 I IO BN KERBRBNERA LR v RO boLSNELTT »
A= TEOBDTHY. WTHORDERBBERITE VDI ohTHRIN A, BIRIZY > T
WO REAEKERBREIABTMEER LN LTY U934 A8V BEMICEMLTITE -
W, HREEIIETERBICSREBIIL->-THREL/- DOTH S, ZITIHBONEBERERITT v
B XA HOFEMPIREE ST — VARSI L. FETEREINS T Y FAHD 2 DOKRHICD
WTHE Lo, X510 v R A HORIMEEEAHET A7, B OB E TOZREEEK
EZOMOBEER L OBRERAN ., 2RNICEHENYRZVOT. F—F EREREICBE
U BLETERKELRD 2 I TRIR Uiz, BB, FAlE UCHIES EBlS & RS ERER
= HEhEER S LT,

HRLER

PRI EE U EREA MR ~4E LTERIZ—E UTRR U, 2628 0 THED, S BH
FTCOHMITE . B 2 W A28 TEE I/ EEIEZHD T 1 f (41, Cruise-12) 25
EFRV, TNODEREHICARNEHE L THME KO ThETNOFEREFig 2TICR Lz, #B5
NIHERDH B, BEAH. BEHER. BHEBEIIOWTHEELKOEREEME LT, oMK
> R EBERLHERITERS,
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T I i 1

Oki
136° N q;}
Japan Sea
Korea
July8-16, 1977
357

June 8 -9, 1981

Early Summer

Is.

July28, 1981

64

Tsushima

Autumn

133°

. g ; 133° 134°E
O LI i - '
T T I 1 I
Oki Is.
Japan Sea Q
36° N @ -
Sept. 8, 1981, Oct. 15-16,1981
Oct. 30, 1981
357 Sept. 29 - Oct. 2, 1981 —

|’.11.° E

Fig. 27. Two typical examples of charts showing sites of tagging (large open circles)
s beside the site

and recapture(smll solid circles) of Photololigo edulis. Numeral
of tagging indicate number of individuals released.



Table 6. List of tagging and releasing of kensaki-squid, Photololigo edulis.

Institute Dates of tagging No. of inds. No. of inds. Recovery
and releasing released recovered rate (%)
Yamaguchi June. 18 -20, 1980 86 2 2.3
Prefectural June. 28 - July. 9, 1980 1,298 19 1.4
Open-Sea July. 22 -25, 1980 351 4 1.1
Fish. Nov. 11 —19, 1980 1,186 5 0.4
Exp. May. 19-22, 1981 56 1 1.8
Stn. June. 8-9, 1981 650 32 4.9
June. 15—19, 1981 967 22 2.2
June. 23 — 24, 1981 498 3 0.6
Sept. 29 ~Oct. 2, 1981 1,596 22 1.4
Oct. 6-7," 1981 660 3 0.4
May. 27- Jun. 1, 1982 539 3 0.6
Nov. 8 -19, 1982 938 11 1.2
Shimane June, 12 -13, 1974 329 6 1.8
Prefectural June. 19-23, 1975 1,596 5 0.3
Fish. July. 8-16, 1977 853 7 0.8
Exp. July. 14, 1981 325 2 0.6
Stn. July. 15, 1981 357 4 1.1
July. 16—-17, 1981 1t 0 0
Sept. 30, 1981 195 4 2.0
Oct. 12-13, 1981 70 0 0
Oct. 30, 1981 88 2 2.2
June, 8-11, 1982 387 7 2.0
June. 21-24, 1982 378 17 4.4
July. 65— 7, 1982 118 5 4.2
July. 13-15, 1982 723 39 5.3
Oct. 5-7 1982 347 4 1.2
. Oct. 13-15 1982 341 6 1.7
Tottori June, 5, 1981 8 1 12.5
Prefectural June, 19, 1981 51 3 5.8
Fish. July. 28, 1981 64 2 3.1
Exp. Sept. 7, 1981 172 3 1.7
Stn, Sept. 8, 1981 145 3 2.0
Sept. 21, 1981 229 6 2.6
Oct. 27, 1981 113 1 0.8
June. 21, 1982 51 1 2.0
June. 23, 1982 28 0 0
July. 7, 1982 69 4 5.8
July, 8, 1982 41 2 4.9
July. 9, 1982 80 3 3.8
July. 138, 1982 110 1 0.9
Sept. 12, 1982 39 1 2.6
Sept. 16, 1982 119 1 0.8
Sept. 17, 1982 54 1 1.9
Oct . 14, 1982 27 0 0
Oct . 21, 1982 65 1 1.5
Nov . 18, 1982 84 1 1.2
Tajima reg. Oct . 14-16, 1981 1,330 89 6.7
Office of June, 8- 9, 1982 39 3 .7
Fish. June. 15-16, 1982 90 3 3.8
Affairs Sept. 10—-11, 1982 174 2 1.2
Oct . 15—-16, 1982 315 12 8.5
Total 18,490 379
2.05

Mean
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MBITHR U EEIE. HO5WAHEICBEIL T AH, HaAHh S8R a~BET 5
BB, ZRUTH LTy BKITHE U7 fB8EO i A~ BE) L 8E b DTS Hh B8,
BB BB U EEDIZE ) BE 0,

BEIEMEE A2 & KO KTEAIT 91 E LT O M E I e THBEES R, FIZIE, BiC
BERFETHRINMEESHERETHERIN TV S (FR4) ot Uy EUEN L0
F 7o BIRIRIR R TR U7 B S 2 DIBERFR THEBINFIZ 0, $4. s
FANBE) LB ERAMANEE LA KT 2 & A~ LA BEO AR LY % ~BE
el

HEBBEEIIEIETH D00 0. 4ktiZBR 0 (Fig 28) . BB S350 B L o> Ak
DHIIZDNTHAS E. TOBEIHEIL). 1~0. ktEHEFIND, T, BEHEICIZHRIZ L BE.
FIH U ERRUBOFMIC L 2213700, X510, BAMETHAE VD BEH AL 2 BEE
BERAELEIIL,

UEBERUIHERD D b, ROBFEE I &3, BRICES THE~EITIZdL E (EHA~D
BE) $4THAI. | LI FHREB—HLENIETHD, ThODEEEFHE—IIZHRRT 3
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Fig. 28. Linear distance between release and recapture sites of Photwololigo edulis VS.
days elapsed from relesed to recapture. Solid circle in autumn (upper left,
north of Yamaguchi;upper right, north of Shimane; lower left, north of Tottori;
lower right, north of Hyogo ).
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TeHiTidy SEHTHONMI LK Iy v FA AT ZODOLEFEANEET I L2 EZ B4

BEXH 5B,

oY FA AIIRAER S A O HBREH. FEICLZREROEL ENS OO IS ET
B ENABETH B0 HEBBIROERY SEHEMELXFT LI LI TEAL, £ITL £ —
OO [ERRE] ELT Zo0EFEEAVEAET L ERELT, €hoE (1 70—F] & 1
TN—=T] EWZGFBH. IO N—TOGEEOMBIZ DN TIRYFEINTNIEET S, £
LTROEDIZEZ S (Fig.29) o THbB. O [170—7] BAMARMTEBLTEHTS
> T B~HRIdL L (RABE) U, URET (E~BE) L TEBLE~ERT S, 170,

COKUBBAG T T 2B IE~MEOI EBOBLEEICHRT B3HTH S,

....... e,

wintering ‘

Wintering %
Ground 1}

Fig. 29. Possible migration patterns of Photololigo edulis (Upper, spring to summer;lower

autumn to winter ).
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@ [I27)V—7] ZAXGEEFEROBM EICBREE S b, B~ ILETEERLE Tl
HHNIEAANBE L. HETHERIANGET 5, HAEANOBENI DDA T DO, B
BEB~OMABL LATAANOBE &L - THNS, JOBRREICRERTELELRTL D,
COFAEEICHRT ABIIKUMBMURESLUAETIIE S UTHE. BB TIREAA~OBEET L.
BU B AR TE SN O BAIF~ERT 3,

@ T170—=F) TDZN—F) EHITERNRIIERT S,

ZO [ERRER] &, NEEKOERIGTHEREME L THONMNI Ul & MBI TERS
L& BE~NMEARLEAANBET A0 (1 7/0—7] ( BHA~BETZ013 (1 2L—F] &
LTHEDIoNE, [170—7 ] GEUMCRFERTER LD BRRTADOT (0 7)—7]
IZHATHBOBKIAEH NP, RUBEFA~BE L THEBINABOERKI [1 71—
T ICBTAEGETHY. [T 7—7] IZBT BEMEDPICId LS THTE L 7 EER N 0
FHITEND, 2L, [TI70—7] OB SKITHT TOREREH L ERHI NS OEMAA~D
BEHTHDED O, 7 U FA 7 —EH 0 BENREBRICERINZ I E4EMTEE, (D170 —
71 LB T AR A ERE NS I B LATIC R U TRIC I BIC DLW EEZ S h B,

1975~ T6F ~ MBI ALTE B HE R CHEME U7 EAS, 46MERD 7 v 4 A O EBHRTAER %
M L7cEAA9TT) B KUFEKRBFAIIDIE. oY F A4 « T RIS AOEHEER A5 L.

(7 oY XA ABBERMIIIEFE~ERCIL EE R E UTHRigR (JuMIbmERRE) IcHBE L.
------ BUBIIHE - ERTHEELTHM8EBE LTOWRETRT ] EBELTHD, Fhy [7
R A 3K ~ZZFC AR BTR IR & HATHR « B~ EBRICEFTT3bDEEI NS
R RERARLERE ] ELTHE, BRAITDOH - - ERPEUNORKERETH Lo &
IWEELDD, b LR (AR 1977, TRI2) ) It bB->THBE. BURTICHRKEZI N
DI ITRULERERIC TIEE] 32330& THT) T3500 _DOBNELET LI &I
KA <o Uledts Ty HRAITDNRAR U Tde LB & [HFEE k. sheEh (1 Z20—7F)
B THN7IN—T] ICHETEEEITINTH A, BRAITTDEEITITIKEED i B
BB [T R4 AZEREOHBN 5 I TK~LZFICHABEESEEAO ST 2] SHEL
THWAENERIN S,

INo—EOKER (B 1977; FkBF. 197 EHIEiE COBBEEPET (1 -7 &
(7N —=T ] iIZDWTERT L L. ERADERNS by v F A AITIZER Y — L A RIT
THLODEMIPFLET A LR EMTAIENTES, TLT, VUL ESTODEFMMNELET
BEVHRREUTEILICL T ERBROERICR L BEREE52 2 ENTE 5,
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BABEEHRICEIT A7 v A AREOEBELAEIA A —EH Y TH O ARk
LA ETORED LB E { « KEI0mLRORERNERIGITES (1) ,
IRRIBITRET BBERINT AL, 7 T A A0S - BB, SHFORE. EWEe%n
BEBBHEBRANPLETSH 3, LY PRI > TRESATIR. EFICBT 2 @GR REN L
EZREVEICT LI ETELL, L L. KBS, NAETEEROZHE. 1 HD MBS
F—v. REREOFMICLZZRIEELHET L. FlRICHEL TR EH Z>OEMMH
FHETHELTED, RARRIESEERIRICEZIIHBT 0T, ThThESRER. 55
BB L THRHBLED D,

FERBBIT. REORBEESRIEUA) hoklEXh, SRS SSANERE L 505
bHOR~THIZRBEINLE LD, COFRFRABIIENEED 2D ICIRBEERALHE L T,
(BA A1) OMFEL->TWD (381) KBUEGER (NEEERKE ; 30cmBl L. #2Temll L) TH -
T\ BRARIESGEETLOEC. HEHML LB, EEEROBERERNS. JOBRIRE~Y
Ricdbb»H B0IIRAABBHEET 5 LEEIND (1) . ERRABOEINSITIREROR
EDBEHREFOREOBBREERINTE Y, JOENBICHRT 29/ HOHBRIZTATE~
BRIZE—/7 &725 (3M) . T UTHKERE. RELENSHEARABE L TEY FiEOBLE~
BMTTaEMHEINDS (A1) .

EERABIETERS~IF IS IHTH . JORBEERISBERIC 5D 5 EEIEL
(3f) . EIRGOMBERBED EIAEBAINTOEYL, EERBBICET 2EE&IIEREMIZIL
EFERBBEO TN EEZZRTON, REEEZFEFRAH LB LU TED (3) , JOESHRME
DORIFRII . BINTIIRFRBEE & R, BREUHOERTIIPLL. WORMETHEDS
Vo L7cis T BRBMEGOSHFEEIBELVOBRTLOEL . KLY OBETEN, BHEAL
DEWEZEIZDAHZ [T M A HANIBIZ TT ] ERATNS, COEFICETAY V4
FAAOBE - HET. BRI HAEEERNEOREN L) O BOREEAEE U CHEEL
T2, TOBAEEICHRT 2BITHE L THUMEOMEN Lo LA E~MRT S5 (44) .
EIAT, 4HITRRUA [ERRE] CHMEELAIER. EBIZ M1 70—7] R T0 7V
—7] OBEHY. TNTNTRINSBRIFEET I0ENTH S, [0 7)—T] OBEEIC
DWTid. BFREHEGEROBEMN LTRET 24 2 T 5 REANERHED RESKT BRI RIS R
(PEZKBF. 1978 /NI« (LEIS 1983) 2. ZOHHRIZH V9 F A AVBHEL TN B I EDBHL D
Y DODH B, TOMICBUTRRETIOIZEL B~ S,

. (1 7)0—7] OBRGIBAED EIAERINTHEL, LML, BV FRIIAHHET S
T FAATODOTRANIERIZONABDIE (R FEICHET 54 U4 F 4 AT iR
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AT DD EHERIEDR] LEATEY, IO LRERTREATH B, ERUAITDIE
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FT7N—=7] BRYHBIAHT B v FANCL0, TL7V—7] BEEREDIATNS
TROANTE B EHBET LI ENTE D,

UL, BERGEEREERICRET 57 V5 F 4 A QA EMFBLRARITRE LR, &
DU v FA RITIPEL ESFRBORLSE _DORREHBELELTHE I EPHLDTH B,
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28 TUYFAH—FHY ORRICKRITTERL BIFOERIGHE

AETIH. BXGHELRRBRORENLT v 4 HRBICE T 2 0IRER S5 — L ORI R

EBNB, BT T U A ADBREBICE T 3 —FS 0 BICRIZTHAEE S EEYO BE
(FRM < /IS 1986) ZF¥MET 2, X 5IC. & v F 4 A ORIEHRICED 2 BIRELEEH S0
T BT, REBRERO T % X4 A BBOHRBHRER (B - /NI, 1985) Hho. by
Y ¥ A ARG OB RO FHEE & OBEETHRE LIRS 7 WA Al 3
FetEe  DKRICERAH L TO BN EH ST B,

18 RROBFERILLEFHEL

HENBBBICBI BT VY FAHOBB Y — v EHOMNIT B &3, AFEORMNET S
TP RANDERBERFFHEERASNCT S ) X TR EANLBEEO—DTH B, ZoTIRE
AT ARO RENTINERBIC BT 3 RO SEBLE THE{LORITOEELE b &Sz, BE
SHRUEPRD 12T P RED IO E T B IR HIRE RSO RO BYOEBIER & th &0 B IR & o B
2Bt 5.

BHEAHE

S ITHO MBS B R RE RS, OBk, BRI s R O S I ERE
B (Fig. 3)TRELI—EBVITL BT V¥ F 4 HDHFIKBITFETH 2, ThoDfkEDEL
I B ARG EERRERORENL Y v F A ARIBEHL > T S,

BRBRFRED T v ¥4 ARBRIIOVT, MERE (6~TH) &k (9~108) ozh
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A ABBEDOEENN L TiE. WRMADY 4 A A BRERBOIEL L TAAEEHRRL R
BEETHME2T ) RBRERAOREREE A,

a2 %) ABMERBREDKIERD D b, 1975~ 30DV Tk, ¥ V¥ ¥ 144D
1 RSO BB (UTIOBERCPEE T 2) 20T EEOERE LT, BHREK (BE - &
Bl3%9) JEoFHEELR~ (Fi. 1986),
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RREER

(1) BEE

WG D Y oY F 4 HRBEOBREENFiL IDITLEE. BRIFEFITLIZETNREINT
EICMA T, BB NS — VItRBHTEDH LI ERBHONDE, TITHR-EMREREOL K
AMOHEBREERD S & KRR LEOMICERSHEBRENRS Shicd. £OMoREHO
HBREITEE T (Table T),

T YA AREOBELFig J0ODOHBALRITHERT S &, BREEY [REFY+95%F

Table 7. Correlation coefficients betweem landings of kensaki- squid, Photololigo edulis

at major fishing ports.

Akasaki Hamagda Kawajiri Kanezaki
Akasaki - 0. 0.156 0.247
Hamada 0.645%% 0.254
Ka;vajiri - 0.265

Kanezaki

¥%,significant at 1% level;others,nonsignificant at 5% level

ZOL Akasaki
r f/\ i Jﬂ /~”5’iIL;?"
0 o \/ W"’\«“’\o
3 /\ Hamada
) f\ /‘ P
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1965 ‘70 ‘75 '80 '85 ‘90
Year N

Fig. 30. Year-to-year changes in the
. landings of kensaki-squid,
Photololigo edulis by major fish-
ing ports in the southwestern
Japan Sea.
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BROT Y XA HBREBEORELEL(Fig.
DA S#EE LT, SRERELRO LIEEE
B, 7 oA AOHBEHI RO Eiqg
WBITHENTHEAOND, REFIRERD
BAEZEAL(Fig. 30D S 13, ORI HR &
& oh 5 HEIRE (R TOPRD DK
ULBBENIECHTHE LI EL LN A
BOWEROFHMIZEHTHHENRD S,

(2) Z%At
TNILE D @R IR g (Fig. 3)TIE, 5~
TRIZBRAEUZ THERNE -7 L5 5
N ~IHDRBRIB6~TADE—- /D%
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NEHBEUTHLMIAIEL, 0AIZPPH

”“mi%«mﬂmu R mLTOb, KlcREES S (Fig 31), KD
’i D ¥ — 7 1TTED © hic Ko LTI &
8 BEBHAE L, TRREES DL, S
L 4;/ R T LI LITBEDL, 28 F Tl
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BOOERMBEBTIIOE (5~TA) THADITH L., REMTIEIK (9~108) IR-TH Y.
HEAICN BRI/ S — VB SN D, JOL)BRROSHNESR V5 — 2 HEHM
BTHB L. BRLRREOBMIMET ZERENAORERBTIY. EHORKETEFOEZO
2HBOFHEAE LT ES D I ENTE B (Fig 31),

(3) AHHLFEEEO BREBLE) & il & DB% ,
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(x10°) Nagasaki A BBROREL(AT U, BBRIZET
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Fig. 32. Year-to-year changes of kensaki- HEORBREIIE r=0.342(n=25)THVEE
g por e S oy AMSBNTHETH B, I THRTNES
ing season (June-July)during 1966- Sl ERBERO R (EEEEC V. =
90 (upper), and annual landings of o
kensaki-squid, Photololigo edulis at 0. O3 RIFRO I (EHRHC. V. =0. 24)
Nagasaki Pref. (lover). CHBUTHEADBINEL LRSI ET

HbB, ¥, RRROBEEITIBIERDZLICE > THAERBALTHROLDIZ DD S
T\ EHRFRRGOMERHOr 34 AR BRIIELCERKEIIHSZ, 20 L3, MERY
D v F A AERDOKEZGABI YT HRBINFRICKT 27 v ¥4 Ho 3. 240+
DBEOBBEEBIIMA THOBERNEE L THWAIEERELTVWALIICEIOND, TOAIC
B L Tk T~ 3,

(4) BFGEERETEEN LOBEREE) & fain & OB%

AAEEGEEROM AN LA ERGELETIHE2 2 ) ABMERBICL Sy V31 H REE
DREFERA(Fig 33, TBOEA S &, 19864 F TIIMBARVE LIN S L THMEm %S L
ZORIBBVEANCH 5, ZOME2TH RBMIERMICL B, v 4+ (4D CPUE OHBHSH
(Fig. 3% 45 & SHMEBEDOEVKERIZ, FItk > TBLOEGIEH 550, HEREKEHI SR
BIZOI COBBREENSHBFIBILAICERBRTH S, £z, 7 v F A HOAHEEIZH
BT RERORETSH > 719754 . BEEIRATH - 2198UEITIRIE, THb B,
SHEOPLERDFBHROBHEEEOHK « BDIZE B > THRBLEK « f/AL T3 SRR
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Fig. 33. Year-to-year changes of kensaki-

squid, Photololigo edulis at Hamada fish-
ing port for autumn fishing season (Sept. -
Nov. ) during 1966-" 90Cupper), and annual
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BIENTE, JOI SR EAREKBRL
ARBRERHRIC B 27 VX1 ADH
DPLD—DTHBI EETELTI B,

EERERIBIC B BREED S, £ 4
HBEROEELE(Fig 33. LB AEE
HEHRO AWM LIk Aha 225 %
BAVERMO BB RDEEEL (Fig. 33, F
B LAMHT 3 & BEOEBITL HIE
LTH Y. Z0HMBEHEIE r =0.587(n=16)
EMEIICOEE (HRK%I8%) TH 5,
ZIT\ SHOFRTH B E#EINN
BALRERK RO Wi & S DB H 244
% A SR B D B D AR BAL D EBD
BVERET S &, A2 D RBIERN
D REROREL(L (EBEMC.V. =0.32)
TR RSO BB ROREEL (BB
HC.V. =0.64) DkE . FHORLRTIE

landings of kensaki-squid, Photololigo edulis
by pair trowling fishery in the south-
western Japan Sea(lower).

7D FBI RO REZE LB LW
ZERbd A,

P E%8#19 5 & ONUMILREO SR & RIEHR LRI 0O #ISH & TIHREN L RIRE
Bj(Table DHRLY . IS ERWIIENNETH 3DICH U %BEWRKTH - TEX 3 (Fig.
IDIENS. TNOHD2O0RBTIREMEXRIST A v HFA A2 TN ThRBONEELT
WBHEEZ LIS, QFH &) FLELERII IR LEHE 2 BRIBOIZIZPRIBICHEELTE D
(Fig. 3\ RUEDFHEE)/NY — 2B T, IR ERD ZHOBRINH 5 bOD. R
DHEBERXEFELTNAI LI, ChoDBETE - >OEMAA4RBONELE LTHEIEORET
HHEEZOND, QOORFHOMBESHED PRI Y, —HIdAMILBEREIC. Al
BCEET 2 LEL 005, @FE, AXBHETEREROIIZHREMLET 2 RABERIBICE
DEHMEDT Y XA A RBROEHL. RBERICEI B, Y F A A RBROEH &IFIIHEL
T3 (Fig. 3D EREFIC. TOMBIICY V¥ F A ARBROLET. HEEEERSEMAEN L
ZEIT5ME 2% ) ABNERBEORBEOER & SHEL TV 3Fig 33), ®X Siz. 220%&
MOZNTND Ty o4 F A W HEORDIBITH 1 5 EHEGR S RERBRTIE. 2hEhOAGEO+
DTS 5 RBR L B ABFTE RN SR LI T BB BEELIE LU,
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1975~ 83.
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Fig. 35. Location of coastal fishing grounds

of the southwestern Japan Sea off Hamada. BRIZ DV TIIEEE (1953)D FHkic#¥ L.
Acoustic survey lines and stations for " _ - .
oceanographic observation (solid circles) RBOFES, &, ETERERES & - TH
where the data was derived are shown. The PrEFTEERE (0.7594Y) Mo OMEEmEL
dotted area indicates the dip net and seine

net fishing ground for pelagic fishes. BHBERE LTER U, AREORICX
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6H D BEED IR BL(Figs. 36-3T) %45 & HMO—DIF. KIENEIRDRE  INRHF 0 ITREE
DBEFBAHBNERINTNEZIETH S, THEIFFITKEIN~125nD M EEIZ b BBDOIG
VREDHNDD JOMAEHOABIATPHPEICHRALTOL B ERBSAL, TOkHIMmE
ST oY FA A=K EIROBREMBAMNGXE S &, BMZTEICEF D DKIE25~50nD
KETHELT S, 10HDAEES (Figs. 38-3DDHd KRS WAMIT. 6HICAOND L5 L
CIBITNy FRICERT 28NS 5N ARIZHAETHM P EICKETS~ 12500 Kigic #4k1
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COXINBERBOAGABRIBRITREDLNIDITH U, ¥ v ¥ F A4 H—FH 0 B0 BLI1I %K
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BEE{—HULTHEY. WADY oY 4 A RBRABOBBICHE L THEBAB -7 E 55
EINTE S,

(2) WHLED R %* DBRME(LLY 4 F4 H iR & DB%
AIATIE. 7 V9 ¥ ADBBMEE WD LEOBELABRAEBRI L —BT 32 & 457 Ui,
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Fig. 36. Daily distributionos of sardine
and anchovy school(fish abundance:
10°m?2/ (.75 nautical mile transect)
boats on acoustic survey at day-time
and squid-angling boats at night
(Junel4-17, 1983).

Fig. 37. As in Fig. 36, expect for June
18-22, 1984.

45

Fig. 38. As in Fig. 36, expect for Oct.
17-21, 1983.

Fig. 39. As in Fig. 36, expect for Oct.
16-18, 1984

L OMIEBREBE L2 (Fig. 40), 727l &
FHIRBBDZ O ER (Fig. 35) AR RO &F
DAEHO. 6H 10812431 THRET L7,
LRBEER LK 2R JIARERERD
BIMELBIBNTRELICY VY 4 H—%E
D Ao CPUEE @ I3 IED MHBBE AR &
Nz, 10HOMHEBRE (r=0.713) oFEA%ER
88% & PPES T, HEAMICIEFEEREREZR
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WS, 6HAEBARE (r=0.667) IZHBEKHEII%
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— v EDREE
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—A$ D REOBEWRM(Fig. 3DTHIME (6
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12 Bk %99, 5% O FEUOIED FE BRI RN R &
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Fig. 40. Correlations betwen daily total
fish abundance as measured by echo
sounder and CPUE of Photololilgo edulis.

/ r=0.900 (Conf.Level:99.5%)
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Fig. 41. Relationship between landings of
sardine juveniles in June and July
at Yasuda Port and landings of Pho-
tololigo edulis in June and July at
Hamada Port. Regression lines were
computed using a least squares pro-
gram. Numerals denote year.
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HE - HREBRUNOHEFADLE  FTREHD
HHEIENEZOND, PIZIE, BEYEE S

v FA HRiEOAOHEBAKIZONT, H E g o -

RDREBEEY VY FA HRREDOBREERE 8 77 oo
LINIC98DIE, BBy vy %4 nE0l £ 5 L ™.

MR AMAMEITHET B CERE S T wobs

LT3, U, AU Al aacs §6 L7 e
ShAHEMOAOHBEEMcOLTIR, Th I &

HEBEE S LY HAH EDEMED C BHEH % %
REZRLI2BDTHEINENICTONTIH. Landings of sardine and anchovy
DERD SHIZHBTTERLL, SHOKRFRED at Yasuda from Sept.to Dec. (tons)
—oTH B, Fig. 42. Relationship between landings of

sardine and anchovy juveniles from
September to December at Yasuda Port

(4) ©b URAERORMBRBIE r >y & 8 Indines of il sty o1

A A D /Sy — v ED % The curve was to guide the reader’s

b E A A OEEREN S EL SNS eye. Numerals denote year.
LLEICR RIS ERESRS SN S BIZIE. BE - /DI 1979, £I T LW LERED
SEEREEBIIHIE LT VY F A HOREBENERMICINMICERH L THO A0 %F A~/ (Fig. 43),
/MIC1982) 131967~ 80ED L b LEAD BIRE B RO 3 B THRE L. 370b b 3 &id.
OAy 7 F4 7l (1966~ T0F). @QHF7 7 FA IV 62 A DU ~DEBEOZES (19
TI~T54E) . RU@ <A 7V Ell (1976~ 804F) THB, I TEHINCHLS-T. Fl&EkE<
1981~ 0FED 10FEM % SAEA 1 & 51981~ 854F & 1986~ 904E I X 43 L TR,

hE7FA7 Y EEH(Fig 43 D TIRER XZEBKRE O ZoMBIck 5 ABIRERD
EHEOE— 70T 3, 1971~ 1540 EBEO R B (Fig. 43 OTiRWIizAa L1210
ADE— 2730/ 0, 6~TRIZE — 7 HBICEN 5, X 51T, 19T6ELBO <A 7
v EMH(Fig. 43 S, Mar. )TI36A~THO =/ BEICHE LKL - TIHD E— 7 3B o hidy,
1981~ 854F. 1986~ YVEDO MMM TR OFHMMN L SIL. BHE L DI~THOE— 7 RHBE L
b, 1986~ ETIIVA IR BEBO E— 7 WHBICLD 2 ETH B, 2D, B8/ Yy — ViCikB
LTahid. 1981~ 854E(Fig. 43 COEBMBRIIH ¥ 7 FA 7o dboA 7 ~DOXEM (Fig.
43 ODEBRREBUUTH . 1986~ 904 (Fig. 43 S Nay) DEFHERII A I 7 F A IV DEE
B (Fig. 43 DOEERRNEMUTH B EAB I ENTE S, 1BIELELTIXREOTIITIVE
BIAICEMTAHDD. 19864ELUIEA 5 7 F 4 7 2 BEBIICA SN A KBENDOBITHZBD Sh i
(Fig.43 S, May) T &0 T Fllh « FEFI98DIE <A 7Y DEESIMIO [ XL ] A 4&H LT 5,
TRbL, 74 7Y OEEBITH 5 IIBEREROMOHBADOE — 71k, 1980£FTIH3AT
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Fig. 43. Differences in patterns of monthly landings of kensaki-squid, Photololigo edulis
at Hamada Port between the five periods. Division into five periods correspond
to alternation of dominant species in sardine and anchovy were based on Nakahara
and Ogawa(1979).

A-period:anchovy dominant period(1966° -70)

S, Mar. -period:sardine dominant period(main spawning season
is March :1976-' 80)

S, May. -period:sardine dominant period (main spawning season
is May : 1986-"90)

C-period:transitional period from ‘A’ to ‘S’ Mar.’

C’ -period:transitional period from ‘S’ Mar.’” to ‘S’ May

H ot T SIELIBIZAANEBAIE U, SMELIRRIZEN - HAFOHBIISHICIZSE|E L ->TE
—ZI3SANEBIT LI ZD LI <A T VD - #FOUBRHD B BE 212 UHI-1981
FEREELT, r o F A A RBRKBBEICE UIED I & 2H2AH 30BN LD - #F
DO HBLFHO B PREEAICEREKBOBERAO (XU ] IFTHELTHEI ED 2 4
NoL 181ELIED r 3 F A HBEOKBEIANDERRIZ, <1 T OEFRHIEL BE T Lok
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vHFANORRELEAT HEELEHERNDO—DTHLIEATTHDTH S,
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WHHBIEER L, FHTRIICE > TH OB ERIL, OF v ¥ ¥4 1—F8 0 G
DU, FIC T DOFHPEBD/ Y — 2T~ QEBIREYT VY 4 7—F§ ) BIFTOY)
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BIIHAHHAERORBILNEE THS (Fig. 3),
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e, BB TREZEO—HLE LT 1964~
BRI BIREUKERBR B FHEM [BEA
THEHE L ARIERBHBO 5 b, KRho
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1(Fig. 4O TH o7k « B0 BRIMELFA
L7,

—H. ZOBBIIEOTEREKERRE L
Wi OIS gk BE AR 5 3 S R & 26 U o D%

e bt Sy A aisuzrzs  Fig 44, Geography of coastal waters off
ﬁﬁﬁ?ﬁ“kpﬁ L“C‘i\ J”n (1969)0)ﬁmﬂr&u+n’ﬁ Hamada and IOCatiOI'l Of hYdrographiC

ICETSE. HFKBOY oY FALH—FH Y stations. At station 10,a current

e 1o . drogue was released and tracked at

B UTKRIOMBERICER SIS (1% 24h intervals. Small solid circles

1) ZEAZRLOO. AR — indicate locations of fising opera-

L ‘ tions by squid angling boats in June
THLIICRAZRE L2, oHBOYy Y white small open circles indicate

FA N WEOBHOEHESS £ WEEIC October 1983,

BEOY - 738N 5(Figs. 314D &0 5. HAEFPE LTIIBERINICHYT 268 L 108 %58
E LT, bbb, BRIAIZI8E6HI3~1TA. RUI0BIT~21HTH - 12,

CORBHM P FAE UTFig AIRTI6RIAIZEWTH V¥ VBN L 2 E%EE TOKE
B OSTIBEHEORELEUFHBE IRV BE LR, UL, HRROLHAXHEBO—HER
FLcBbH B, ITRBROFHHERICE L) RBNEOHELRITL I ELAMEL
TWaDT, BrHL. 6. WAThThoREYHANOBHEDELERAWTHRITTSIEEL.
BRES FHETRIRNU ., CAOBRANCIZ BRI KERRBOFAM MBHE] (39.438 b)) |
WADEINIZRE [BRAL] (139.068 ) 2ThEhERA LI, JOBAEETL THRER
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TUYFALADEERREITE ) LEDIT. L—F—ItL B4 A HRMOSHRE % 2 KiiEiIc8
L. BBDOMEEFH~I -,
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(1) BB EREY
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Fig. 45. Vertical isopleths of monthly mean temperature and salinity at SN-Stn. 1 shown
in Fig. 44.
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Fig. 46. Vertical isopleths of monthly standard deviation of mean temperature and
salinity at SN-Stn. 1 shown in Fig. 44.
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XU EERBICHET 385 34% RO KBS KO EERZEITL 1% & EEAKDERERFEE
BB LTKRE U,

IKBOBRERED ZHNED, Y —  TRHEME ST, B~ICEEKSNHET 2 EBMHED
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RLTLAHLOEEMUDOLDEEZ LN, 7 VY F4 ARBTOBEEE &L E OBERIZON
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(3) & oy F A B R HRER

6HENHDY v F A A MBS KB HKEHOZERE 75 7 Tl Uz (Fig. 47),
KiEEAB E. CHOKENIMUERTIRIT~2ICTH 505, 108 TIF20~23CTHRMIIZEWVEE
Ao LU KRTImEETIRI0A D 120m MIEDEE 2B X 50m LD & 9 L HBEEIES S
NIECIE B, 10FIZIE KE120m BUED EE A IS AN ATKBOED ISCLLU T Ok B MR
A TOKBRIZNIFAI6DN [ERBK] EMAL GO EREOKKREELELSND, —H. ES
IERIZIZRRIZD 7 » TR L LD EZFTHN 1001213 34% RO KRR E B S 7k EE50
MBIZETEL TS, TOLIIT. WA B EEBITIZKE20°CLLE 353 34% KD HEXE
I MR ARE KRS BT A 20 [HE - KE ] KizWbbw s REHERE K (BRI
B, 1993DTHSHEEL LN b,

Y FAAOERMTH H6AKRUI0A (Fig 31D R0 gt kig - a0 EMAEX
(Fig 4)THRT, SRR MBI+ ELTE 59, KR, EAOHBEBEEIRAZVK
AV BRAIMEIZK > THRE IV KBIRRED0°CH S EEMHEDISCTE TOHAITH Y .
5531334, 3~34. 4% BREE D /KB RIBIZ A LT B (Fig. 48). 1081272 3 E WM Kk & @A D
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Fig. 47. A comparison of water characteristics in June and October at the fishing ground
off Hamsda shown in Fig. 44.

BLU. KEES0~TomE o THERFHOEBIER I N5 (Fig 49), . ZEERELIEIC
3T BIKBD KA A5 & JKIR20°CLLT . #4334%. Ll LA L TH 15 CLUT DKk
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CD LT, 6HELIVADRBOBHFEEENH L TR EHNAZ I i3 108120 53t
BFRE KD MBI E D73 - KBRS I [HE - K] WkBick-ThE»oh
BIETHD, 2O [HiE - &I kO MBI & > TR OKEILLEDKIKIZERE E T
5333. Sh LI T DIEIEIKBRIC L - THDON S, L LN ERFIC, KEDOKZWHLMFHFDITIZI0
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Fig. 48. Vertical sections of temperature(left-upper) and salinity (ritht- lower) in June.
Dotted area indicates “higher-temperature(above 20°C)” in June.
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Fig. 49. Vertical sections of temperature(left-upper)and salinity(right-lower) in October

Dotted areas indicate
34. 0%0)" water masses.
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RICHFEHMBBELIRIC. 6HORBITHN LT kSIS E WS A R4 eicrEER -« &)
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D& SEHFERD B SESRAKOBI S EHET I EIBELL, UL, 6 BOKENESH
KOWTHHNAER S D RAROEMEED LI ENTEEEPEREIN S,

(4) BEHEEDFHEAAIRGERICE LITTHE

RICT G < (KR VKSR RED S TR EE THIT 2 LW HFE (Fig 49) & 6 Aicid
25~50nDIKIRFHIZEF IR X N B BdG A} 108 113 L CTmELED S IR I N B &)
BE (Fig. 4) £EZHE B & KOBBOMALBRSIE. /MINZD (1982) HWELAL DT,

131°50' 132°E 132100 131°50° 132°E 132°10'
1 L) 1 ¥
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T oect. .
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Fig. 50. Distributions of temperature(left), salinity(right) at the sea bottom and
locations of fishing operations(solid circles). Open circles denote the posi-
tions of observation stations.
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BEERRETIERO—DE#HRINS, X512, 6ALI0AICEBIRERICHRT 27 o4 F
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NTOROD, 7o F A AIHE2Z I RBRERMBICL > THOUILTHREINTIS (1
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L Us EBOBRRAHED PRI ET 2 BEROEBO S TRESNEDTIEREL, 2 8
THR L& DTy & v 4 A0 R b LEES SN 3 RBO S RICABIE L TRRE
NTHD (Figs. 36-39) Ho. 71 ARBRE VD UEO KBRS f i3 RER & OMICH
BREOHBHRD 5h T3 (Figs. 40,4]) , X 5ic, HBEORBIASNS D LEDEM
M BROEBNY VY2 A HORICEE LTV A - EbRES N (Fig 43) . THb L. KH
WER TR, Wb LEDAME/ S5 — RSO EARET 2BEERERTH ANV THL L
b UBRED BOEBNY v $ A AORRALALT 2~ BERTHEIEERLTH S, i, 6
BITIRIREES . MhAH & b B — KB L :

THBI DD S5F . WG THE IR
KOAERENBZDONEND M (34 1T— 20} l‘T[
DOMERELBLDTH S, S s ﬁ l

FAEMELTOVD LED AR BRURER F I
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T3 (Fig.51) o —H. BoE#icf@x  Fig 51. Monthly changes in body lengths
of sardine caught in coastal waters
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ZOEEN © BEABEESEEOY XA the location of hydrographic stations in
ADFRETHB & @ 4 H—KEID fafd 1983 and 1984. Dotted circle with cross

denotes the location where a current
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Fig. 53. Construction of the current

L& THEHFBRAIERE L1, €OBRICD drogue used for Lagrangian current
WTIRTTIZ2ETHE LD TI I Tt measurements in coastal waters off
NIZHD KEBEOBEE A Table 9 ITRT, flanada.

M U7 ifg AR O HEARIZO0GAVA et al. (1978)F K TU/MIT (1983) Hit Bl COHIEIZ AL 7:
bOLIBIBR—TH A0, BHRNEABORKEIERKROODO LD LHEREXL L, BEOHEE/N
ELTHILITBEL(Fig. 53), TOHBHEMOTMIZ. Ea—7+— FRHIKESZ 4L (FHEE
6. Tn/s) LT O@REHT TIIBONIIMED 0% LT DR THILAEZRB L1 5 (0GAVA et al.
1978), HIFEHIM P, TE#ANCER LN - VRAARRT GBLERERSHR, o9 —5
(3G E LS. 65mD W EICHRBEINTN D) KL -> Ty BEMFICER L2 RO %&#4Table 10iC
Yo ZCTHEODIEAIZKUTSUNADACI982) 1o ¥ UTEHE L7t AEIZ DL TIREHhDOEE) &3t
KA 57cHIC. TERORHTW AT %2 TREE] ELTERR LA,

HREER

BIRAOREY S REROTENES S & RARESTIITITEAEL S ILBITE 3 HREBICFEST
BIROD R INEM LTS (Figs. 54-57) o @HROB Xz WL MO BERRIZW 5 { 81T
ZRTHDORN—TEHEbORE, LIELIE boas FHBROBEHIED Shiz, 248508
(HHVEFZTNL LBFRREEHAETH > REBOKEHO Y 4 7L ZDHER D B EARE
(Table )EMLLTHB E. FHREINNINEZIL—-TE2bDboaq FERD, FHlERKX
785 EREATENCI A MADH - e IOITHERKEL LB EL W boaa FRo g R
HoNIE B, Thid. HLROBHIZ L ZREFZDREENVD EDDBEREMBEIN BN, HIE
BROZD SNITWREF b H -7 (Figs. 54-59) ., hoaA FHiROFEHIZEROICTFHEIN
HEHURAMFIZIE, DEFANT, 1961) D& 3 B-E&DHE(0GAVA et al. 1978) EBHTLLBEULT



Table 8. An outline of the results of current-derogue tracking in coastal waters off

Hamada.

Series Date Locations Duration Direction Mean speed Cross shore Long shore
No. ‘ Launching Recovery (h} (T") (kt) Comp. (kt) Comp. (kt)
1 13 June 1983 34" 55,3’N 131" 58.9E 34" 59.5N 132" 01.8'E 6 29 (0.87) (~-0.27) ( 0.83)
2 14 June 1983 34" 545N 131" 58.8'N 34" 59.8N 132" 10.2'E 23 61 0.47 0.11 0.46
3 15 June 1983 34" 546N 131" 58.7’N 34" 57.8N 132" 05.2E 23 57 0.27 0.05 0.27
4 16 June 1983 34" 54.4'N 131" 58.8'N 34" 56.0'N 132° 54.3'E 15 290 (0.27) (—0.24) (=0.12)
5 17 June 1983 34" 54.6'N 131" 58.6'N 34" 56.6'N 132" 00.6'E 12 41 (0.23) (—0.02) ( 0.23)
6 17 Oct. 1983 34" 54.6'N 131" 58.7N 34" 54.0N 132" 57.3'E 3 245 (0.43) (—0.13) (—0.41)
7 18 Oct. 1983 34" 54.4'N 131" 58.8'E 34" 54.5'N 132" 58.1'E 6 277 (0.13) (—O.iO) (—0.08)
8 19 Oct. 1983 34" 54.3'N 131" 58.8'E 34" 52.6'N 132" 57.8'E 15 200 (0.13) ( 0.06) (—0.12)
9 20 Oct. 1983 34" 54.4'N 131" 58.8E 34° 57.8'N 132" 00.0'E 23 14 0.16 —0.09 0.13
10 21-22 Oct. 1983 34" 54.5N 131° 58.9E 34" 59.7N 132° 04.6'E 27 42 0.27 -0.02 0.27
11 18 June 1984 34" 54.5'N 131" 58.5'E 34" 59.3'N 132" 02.3'E 24 30 0.24 -0.07 0.23
12 19 June 1984 34" 54.6'N 131" 58.8'E 34" 00.2’N 132° 10.9E 22 62 0.47 0.11 0.46
13 20 June 1984 34" 54.7”N 131" 58.7E 34 01.I'N 132" 02.3'E 24 23 0.28 —0.12 0.26
14 21 June 1984 34" 54.5N 131" 58.4'E 34" 56.5N 132" 02.4'E 23 60 0.15 0.03 0.14
15 22 June 1984 34" 54.I'N 131" 58.6'E 34" 58.6'N 132" 06.3'E 23.5 . 55 0.34 0.04 0.34
16 24 June 1984 34" 54.6'N 131" 58.8E 34" 57.4'N 132" 04.2'E 24 58 0.21 0.03 0.21
17 25 June 1984 34" 54.3N 131" 58.6E 34" 03.3’N 132" 08.0'E 23.5 40 . 0.49 —0.06 0.48
18 15 Oct. 1984 34" 54.4'N 131" 47.0E 34" 47.0N 132° 42.6'E 22 242 0.68 —0.16 —0.66
19 16 Oct. 1984 34" 54.5N 131' 58.5'E 34° 49.8N 132" 58.0'E 15 189 0.31 ( 0.19) (—0.24)
20 16-17 Oct. 1984 34" 54.6'N 131° 58.9E 34" 48.6'N 132" 53.1'E 33+ 211 0.16 0.04 -0.15
21 18 Oct. 1984 34" 54.6'N 131" 59.1'E 34" 50.5N 132" 57.7E 17 195 0.27 “( 0.15) (-0.22)
22 20 Oct. 1984 34" 54.9N 131° 58.5E 34" 55.5N 132" 03.6'E 12 83 0.36 ( 0.20) ( 0.33)

« Data of this series were used only for 24h of the 17th, October.

Parentheses indicate the cases that trackings were made for short durations less than 20 h.

29
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Table 9. An outline of the results of hydrographic observations in coastal waters off

Hamada.
. No. of stations Min. temp, at
Date Time occupied the bottom ("C)
14 June 1983 08 :30-17:30 16 16.28
15 June 1983 08:32-16:39 16 15.28
16 June 1983 08:24-16:37 16 13.07
17 June 1983 09:02-13:18 8 (16.98)
17 Oct. 1983 08 :52-16: 42 16 12.50
18 Oct. 1983 08:46-10:29 3 (18.86)
19 Oct. 1983 08 :50—16:05 16 8.45
20 Oct. 1983 08:28-15:51 16 9.58
21 Oct. 1983 08:32-15:36 -16 10.86
18 June 1984 09:48-19:56 16 14.33
19 June 1984 06:14-14:13 16 15.01
20 June 1984 09:52-17:16 16 14.68
21 June 1984 07:12-14:48 16 14.45
22 June 1984 08:11-16:15 16 14.30
16 Oct. 1984 09:34-16:57 16 11.25
17 Oct. 1984 09:38—16:52 16 13.38
18 Oct. 1984 (09:37-13:28 8 (17.33)

Table 10. Wind conditions during the current-drogue trackings shown in Table 8.

The parentheses indicate the cases that a part of the 16 stations was occupied.

Wind (Average)

Mean wind stress (1072 Pa.)

Series D
No. ate Direction ~ Speed - Cross shore  Long shore
(T*) (m/s) comp. comp.
1 13 June 1983 224.7 2.8 —-0.8 12.3
2 14 June 1983 220.7 4.2 -5.5 28.3
3 15 June 1983 52.8 1.0 —-0.1 -5.0
4 16 June 1983 62.4 8.6 —14.0 —115.4
5 17 June 1983 17.6 4.0 0.7 —20.6
6 17 Oct. 1983 38.0 13.2 5.9 —-344.1
7 18 Oct. 1983 42.6 9.4 1.3 —-152.2
8 19 Oct. 1983 174.9 0.4 -0.6 0.5
9 20 Oct. 1983 37.5 5.3 4.7 ~72.3
10 21—-22 Oct. 1983 67.1 1.8 —-2.4 —6.6
11 18 June 1984 42.2 0.5 0.1 3.6
12 19 June 1984 55.5 5.8 3.7 61.0
13 20 June 1984 197.5 2.8 2.8 —-33.4
14 21 June 1984 206.8 1.2 0.7 —6.9
15 22 June 1984 207.7 1.4 0.5 ~5.0
16 24 June 1984 16.0 0.3 -0.3 1.0
17 25 June 1984 215.8 1.1 0.2 —4.5
18 15 Oct. 1984 251.9 5.6 -12.3 —58.2
19 16 Oct. 1984 8.1 2.1 —3.8 12.4
20 16—17 Oct. 1984 339.7 1.5 -9.1 1.1
21 18 Oct. 1984 195.7 4.7 14.8 —56.3
22 20 Oct. 1984 37.8 7.3 1.4 93.0
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| June 13, 1983

132°E

11;2°E

| June 14, 1983

132°E
| June 15, 1983

| June 16, 1983

132°E

132°E
|_June 17, 1983

Fig. 54. Trajectories of the current drogue for 5 successive tracking series from June 13
through 17 in 1983. Open circle with a cross denotes the location where the current
drogue was released.

Noon and M. N. (mid-night) are indicated with solid circles.
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| Oct. 18, 1983

16201010
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| Oct. 19, 1983

i Oct. 20, 1983
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E

| Oct.21-22,1983

T
132°E

Fig. 55. Trajectories of the current drogue for 5 successive tracking series from October
17 through 22 in 1983. Open circle with a cross denotes the location where the cur-
Noon and M. N. (mid-night) are indicated with solid circles.

rent drogue was released.
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Fig. 56. Trajectories of the current drogue for 7 successive tracking series

from June 18

through 25 in 1984. Open circle with a cross denotes the location where the current

drogue was released

15 through 20
current drogue was released

circles.

Noon and M. N. (mid-night) are indicated with solid circles

132°E

M.N
Oct.15, 1984 /:Pf
NOON f

| 34°-50° Takashime s

132°E
Oct. 16, 1984

£

| Svw S S TS S |
 Ths | 5
o
132°E 132°E 132°E
Oct .16-17, 1984 L 35°N Oct. 20, 1984
Oct .18, 1984
| 35°N ]

Fig. 57. Trajectories of the current drogue for 5 successive tracking series from October

in 1984.
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Open circle with a cross denotes the location where the
Noon and M.N. (mid-night) are indicated with solid
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Fig. 58. Fluctuations of sea wind stress when inertia current was
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June 14, 1983
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Fig. 59. Fluctuations of sea wind stress when trackings were made for long durations more
than 22h.
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Fig. 59. (continued)

#HEROKBPREBERE UTHEIND, £ T, #EY Y — PO EHF#E & RO IEHDFE
BED Z W T OO RERISFATE S A5t U7 R (Fig. 60). AZEOMICIZERAMENIED 5
hd, CORICRINGHE EROEBICEEL TRAGEET S5 L0 HHS (Fig. 60)iiz. @ B
FIZi o 1B A DB EBT 5 &Ik - Ty @ BRICHARFAA~DI Y < ik (EKHAN, 19
03) VREL. TOHER @ BRI > TOKMPEL. @ ZOKMEILHBERICFEATH A
DRNOKEEFIEERI LTI B, W EFE (FIZIE, CSANADY, 1982 Bfils 7L & LTH
Zonb, BE, EHAEOEAINEEL TOABITIIMERY. EABEAXORNEBLTIS
FICIBERS TN THURDIC OB ICHA L TRET S I 8RN TWS (Fig. 61), # ik



69

« alongshore comp.
ocross shore comp.

June 25,1984
Ol s—gpoeooe PP
U:Y/ - hd ./.—--
NN
-30
™ 0] 06 18
g PR VU i U S S GNP UN S ST SO v W S ST S Shr |
a
‘I’
o i 0ct.15, 1984
: O_ 0 %% 0o P~} =2 -
s . - I
- [ e—s o . ~
&—') [ o /\ o]
-50[ / \ .
o
2 WAV
z v
-100} /.\
I ._../
o, . .. .%, I S
Hour
Fig. 59. (continued)
NE
N 1 Onshore
Ve=000537 + 0.2271 sT © Vi = 0.00207 TL + 000698 0
= - = pLos
r=058 (=009 3 - r=082 (a=001) = -
! L P
1 3
.- y . > +
ow T Toa '
b 50 7+ (107%pa) sw, oY L . . NE
e < 50 an?
%%Conf.{.imnt 1-05 el T (107Pa)
* (o :1983 1-01
e : 1984
e 2N (s 1983
sSwW “" 98% Conf. Limit .}-0.2 * : 1984

Fig. 60. Correlation between alongshore
components of wind stress and
those of current.

Oftshore

Fig. 61. Correlation between alongshore
components of wind stress and
cross-shore components of cur-
rent, which suggests development
of the Ekman transport.
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Fig. 64. Cross-correlations between alongshore components of wind stress and cross shore
components of current.
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Fig. 68. Correlation between adjusted sea levels and daily minimun temperatures
at near-bottom.
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Fig. 70. Cross-correlation between
alongshore components of wind
stress and adjusted sea levels.

B E—HT B, L L. TTICHEE
Liz&diz. Eo Ca Stn. 20 B EELITHE
FENTME L ROIEAPKRALOELED N
SRR RN Esg U BEBRTIZAE W,
EEZh SOXSERERIC. BROISAD
RER:ICEAT L RS Lk E DB RS
Bk & R E L OBOHEMR AR
R (Figs. 70,71 « WFhb I AL 57
0HDEIAITE—I A LN, HEATHICH
FEREOHBUERDH R L5,
DI &R ROEEEIREKMLOKE. RV
NEKNLOEE & RREDOKE & DOBIZIE.
AR = CIREFHOBNRIIRETEAWNHI
EERLTWHS,

PUED &S i, BERBEESORBIRER
TER U REBAR R, Ky — 7Pk
ROBEEELHERCEBEN RO



78

Adjusted Sea Level Deviation Sea Bottom Temperature Deviation
from that of the Previous day.a¢ from that of the Previous day,aAT

Cab. Stn.1 Cab. Stn.2
06} OB e = 001

s 420,02 L

04l \\\\\ , 04 \\\\

02 y 02

0 - + :\ + ¢ 0 | . :\-
02| \\//" ~02|

®

Cross-correlation Coefficient

L 1 i 1 L 1 1 1 ] 1

0 1 2 3 4 0 1 2 3 4
Time Lag (days) Time Lag (days)

Feg. 71. Cross-correlation between adjusted sea levels and sea bottom temperatures. a
means the confidence limit.
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Fig. 72. Correlation between alongshore
components of current and CPUE of
Photololigo edulis. Data in June suggest
a significant correlation (r=-0.832),
while no clear correlation was found
as a whole (r=-0.056).
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Table 11. Summary of the sub-population structure in kensaki-squid.

Group

Reproduction
Spawning season

Spawning ground

Spring(ealy Apr.~late May)
Near shore of 30~50m depth,
deeper 100m depth(?)

Summer (mid.Aug.~mid.Sept.)
Deeper 80m depth(?)

Growth

fast
Male: 2.11~2.45mm/day
Female:0.80~1.33mm/day

slow
Mate: 0.76~0.81mm/day
Female:0.51~0.55mm/day

Maximum mantle length

large

Male: 45cm ; Female: 29c¢m

small

Male: 38cm ; Female:23cm

Migration

Migrates from the west of
Kyushu in spring and returns

to the west in autumn

Migrates from the shelf off western
San’ in distric and returns to the

off shore

Occurrence
Fishing season
Fishing ground

Wintering ground

Apr.-Aug. (mainly in early summer)
Near shore{(depth of 25~50m)
Off the west coast of Kyushu

Aug.-Dec. (mainly in autumn)
Off shore(deeper 75m depth)
Continental shelf in the southwestern

Japan Sea

Water mass characteristic

warm temperature (16-20°C)
high salinity(34.0-34.6%0)

slightly high temp. (19-23°C)
low salinity(33.7-34.3%)

o8



86

B FENTES TR HBORFADOFLENRED Shhid. ThoOEAERBET 20O 0EHEENT
TR O ETLOEBRNTH S, I TIC2ETHONMILAL I IZ. SOZODRBIIREOZTL
FALICEHEBETABEME LTHEELEREL L, RETFHl - RETELTEI LTHRHTE
ERMEE2LDLLDTH S,

28 BEREBAOHKEE

Wb LEO BFE/KEOEBNTHIE L RO RMOEB/ Ny — V2 2HTHEE LY. 0k
IR OFRZr — LD R E LA TER Ry —LOREGIREO—EH REILLITFE
BERBELNEDO—DTH b, COLIREARyr—LORRIZIOVWTIE3ETHRIT L. BLRAOEE
IWERY 3 EHKORBINT VA AORRERE~NOMAITHER S LT E I EEZH ST
L7cDT. EHRSRETHS WEETH S,

KGO RBHEII DL TIE mEa&/#$4ﬁ@E%P*@%%%%HT%Abb@Fﬁ«E
BiaZ Ltk T REBICRBIERENS (3FE3H) . —H. EMWEMITIE. 2E2HiT
BR L& Do, BRIy 3 A ADEEYTHAESHMO VO LESMEICZSESH LT
WBDT, 7 v FA AL IORFHICHEISERTAZEILL>TIOV O LELEHRTE I L
NTED, TOLILHEENMEDBREDL DT V¥ A A CEMEENREL L TOEEKRKE
DX GBI v F A A OEBREANDHIGRE L AL INDS, KOBRFUIPTINIEDH -
T 7 ot F A A LIESKRKEOBEBITHETROD. 7 v F A HOMEEI SIBE~NOBE)
IZESBEKPNEERS L THREL LI IcBbh s, #KiTid. MIEICRERTH - & IRFEOHEIR
Kidbb LREIZARE T, ERRKES o434 EOBIGHBERIIEDE L,

oA HORFRENOHABBIIERIC L > THDR Y EL S, TTICBR~NRBRFEER
TORERIE. BREPREHLPFERTOZAEREOBERN (Fik. 1985) TH AL, WORAE
HBINEETOBREIERL S, 40D, 1B81EOME. ILORBEABREDY V3 FA14 1 520E
2. BB BRELE 6 IO - TEBRE U/MI (1983, B onBR»SBRICH
DOBERBRORKELURFHIERENBO I EEZEHL. COBBRTHERNEST 2, o4+
A ABEIMED SIRFRFIHBREIND, LOERER LI, TOXIIC. BREBREDBIRIL
BETEITHYNTH Y. =DV EDDBBII DWW TEKNARENLETH 55, LB L T8
BEEMEOHISHMR] OHEIEETHLEEZ D,

3F RRFALERERE

KIFFEOKEREREIC, AXRBEGERRRICE T 57 V334 1 —F80 REO BRI FROTEEH
AT D, COWMBICKE L THRENREL DI o434 ABRIZ. BREBEANEL D, LB%
IO B TER ZDORBD OHAIN TV S, SO OORBIIRENICEELRERETH
BDT. T H5EMRICLARETFHZRIT 2 LENH 50, FRIET) OO FELRAITK



87

D3IHRTHb,

@ F2MO BRI - MEEHK— KB LT, HEHE LTOWD LED BHES) - FRNE(LH
(&) -BOLNS ] OBBREAL Ty VY F A AOBRBRBEEIZEAES L. Zhdr v 434 HD%
ROFHEE/ VY — VICTRBREIN TS (2E2f) OT. Wb LEOBRHNLEBRREEL L £
DUTHED Wb LB « A0 MBI, SIEER. 2HEHZE0RICERT 5,

@ MERMOEGELTr V3 FA ABOAHEO POIAMILTERERIZH 2 (2E 1) O T,
OB BB TR DO TR AMITERRICE T 24 v ¥4 A BEOBAERIEREDOREBRE
BRI HET 3,

® KBHDEREL By v Y FA AT, BRBEERNSEM LICHHEOPLNH D, BE
IRET ABROBMEEBIMARTORBR S EOHMBMREETS (2E1) OoT. HE2%
) HBMEREDY VY ¥4 H BRBEOBAL S MEBREOREL FMT 5,

ChSBRABONTWAERTH Y. R TFHIET D LCHEASHMMBELVBETH A,

—F YA A ORREEIZ OV TR LA FEHEN(1986DIE 7 V4 51 7 O Bk
6 (FIEFIH1986a) &BEWLWOFEE (WEIZHN1986) ZH8ERICHE LT, BR(I9854E) 1ok
WTIREBEREBLHRT2HRATORREREOLEHIIHNE LTS, BHMKERID S35
BOBADEAIIRDEECAFEIMDN, f40RBIIONTHS L. BABHERERO HEO RS
NORBROBVDVIEE > THA L) ICHEIND (2F 1) &, MERHOBIRLTBRASR
PEHELBRETROCTOAZ EQEIFDVERTE S, T LTIhSDTO0MEIT. K
THONI LI v F A AD ZODRBEOAHBROZATIC TN ThHEYTS (1FEL1fH 2%
1) » LIELIEEMINTWE L) IC. BEOBDIBKEEYDSHEROMNEED, £T046
ORABTHREROBY . FALEHE LTHNEZIEE2ELIHDES & HAHEEBRFRICEK
WY BT YA ADRFRBIILT LS EBHETELVBERICH B EER D, 4. 70 ¥4
AWEDOBEEEEAITE HDBEE. FHETHOS M Uity V¥ F A H O BFME & B ESSE
BHRUZh O DOHBEBFRICESEY T TRIATILENRH B EEZ B,

REBIZ. 7T FAHOBHEEEIMRO I LURS, BELZBELTHLOIDDTHI I LMK
FALTEEL L, I3, BEFHRLLUTREBEEBOSVPLELSRITNERL SR I EE2EK
5, MEEBOVEGRELHRAEE S > T BEEERICFA L. PR8N - BRET AL O A
REBERZZEPRBLEE L, COMETHOMIINAHRAIL, REENATHCREEES
TREICY > TOERUGES LY, BRTFRETEIICBLUTHEALHWERD DTN b L%
%,

»

Mo



88
m X E B

7 oY FA N Photololigo  edulis t&. BEGHIEREBIZEIT 54 2890 MEOER L RENRE
THD. T FAHBRITRET 2IRBEAH—FH Y REOEEHD O WRELSRETFAEER
BHERDIHOEMBARPINLEINT VS, LU F U F A HOEDORIER U EEE LD
Babdh-T, £REN. BEFOEHAIENTHS,

ZDEHIBERICETNT, FRRI T v F A ADRE TN BERER AT 57200 i
MAMREBAZ EAANE LTHRDN, %3 BEABEESOY V4 51 H REO LT
U COREBETER U REEMFNRBEREERIC. FEOEFERIT OV TR, FLEE.
BB B BE - BRSO L,

Wi BAGHESORKOLRBICE T BT V3 A RBROER/ Sy — VEBTT5EE
bIZ. BREOA AV REICBEETIMERELHENOLEBEFE L, i, ¥ U F A AR
BOBHEARRELEIC. RBOBIIENE Y v F4 H 8RR ERENBEOFHNER EDMET
i L7,

oI, EAMDT U F A ARG TERE LB REEET LT, JoBR0ERESICH
BT 3 EMEKOEBBELH S0 U, BRRKOEBNY v ¥4 HDOIRERBE~OIMARE
KARX{BEELTWHWAI LB LI,

FHEORREBENTEEUTOBY TH 5,

1. F 954 HDORELEYFNSHE

TUYFAHBEORE: HiNEED SESRREERCES BRBEERRO, ¥ ¥4 AR
B3, 1966~ Y0ED L FBEENG, 105 b »TH -7, BEI, BREFEIORBEHESESB L.
BREUNAOEER (BEE. WOE. BIE. RER) TS 280 REICLIEEVHEIN -7
BRETIIHAEHESNEN L TRET LG 2 T ABMERMIC LA EA050%EL & LD
TWADPREHIITH Y. Tl 1 A—FKHVOEDIEES ZNITROLTEL. 1 HA—FHHOD
BiF3E L UTKEI0mEERDIEBITERIN T,

SYEaEE . BABREERERISRET 57 LY 34 A ONEERMR EHERBIRBO ZHE
LERNIIER NEBTRMED S J ORI EEORERIH 505, BEBRBOE— 7 IFRF
EHEFD 2HEBN., HERBORED SEFRMM LHEFRABICRGITE A, LU, D28
DNWTORBILERZRED SNTh -7,
FEEDOREERTREEOF AN S BABHERERICEOTE~ME LRICRERR SN
BT VY FAAR. TNTNHEDOPE~K EFEDOBHK~REDFRIIIME LB TH S I &bt



89

Note, BBBOREIZEDr v F A ADOREEHEE LR, REREZMC L O KX, K
RIS D ITEBENRE NI L. RERERFEHCL > TEXRH Y. B~HEICHET A,
PXAAPKDT VY FAHEDBREVIERPASDER 572,

EFRMBEOENZO —DI3KEN~0micERINDG (B A80 ) BIGTH S LT3N,
722U BERAROKED O, EIGIT Z0 L) BIREEO A3 T o KEI00m LHED i
BHICHERINTO BRSNS 2 X o, ERRBBOENBIIOVLTIREARETIIRE
ATERD 12 DR ELEFRBBOERGO—DOLEEIN [BA A8 Big L3
HMIZRZ > TWA L ICHEINI, HRMII L2 ERREHERICLE & AEEEIIcL TD
HAAR 1 FEBCTHRT 0, BEFRGRITATA~8HA AL THE~I2AD 2HE -7
ERUIce SOEINRE-I EFRTHEITOThEZRBH L ETRBBICHR TS BTSN,

BABYMDOABRERD O v XA HORUAHRET L. TELFAMIAETH., P TH
NEBIZRIIAGT 20O LEDY - ETH B I Edbd -7,

1Eh - Bk : 1974~ 82A4EDMHRNIT 1S, 490MEED & v H F A AVMERBTEI N DD HITYEGE
HEMIN CFHE-R05%), ChERIC. YU R HAOBE - EEER LR, 7
YHFANCREERBNRIE L ZODOBRNFET S EREINIL, TO—DIIAMELTHELL
TE~EICHFEESNLLE#EL. TOROBEEICL > TRE UABIKUBETT5, o
B A0 LRESMOEN L THL Uk, EEUTEUBERL. JhichRT3HEER
PKUBIZIHEBABET 5, COREOBRIEREDLNTVE T FUAHICEYT I EHEEXN
oo T FAHOBBHEEE . BIREAEHREAEBALERLEBE L LKELTHET S &
FhUd 0. 4ktEBZ A2 L3 FAFEMOBRIC L2 REOZRIAD SN, 50HRL LB
B U7 BMEITEHE L. 0. 1~0. 3kt TH » 72,

2. TUHFAA—FHYBRRICRITTERLRIFEOHF RIS

B BAGEEORROSESEICE T 2 BERANT LR, Jofici3fulitfEzs
EAHROPLES L, MEICHREO Y- 7 RN IHE. AHoPLLEHIzH b, FKIZEED
E— 0 PBRNIBO2HNEET I ERHONEN 5T, TDLIRIDOBDOBKIE. ThE
NOSAHOPLRICBIT 2BERETCHISEL TR I &5, AENSEKBOIZIZRRICHET S
RGO RREFIZE > TRU, X512, REDEXBIIBED /O POLBIZH~NTHH
OBABUZH - BB TELLRENWI ERDh -7,



90

BRICRIZTHEEVORE : EHNOY U434 A—KRN D BRIBICE T, ABEIBRIZ L&
MEARAERTLIEARIC. V—F—BRICL->TY V¥ FA ARBOMBEER~N. —H &7
vHFAHOEENTH LD LHEOBMEENY v 34 HBICRIZTHEL TN, TO
R VHOUBEHEHBINZAROSHGRE S V4 34 A RIBEIIBEIIC L —F U, RIZ. &
HEEROB DR EFEYBROB 2 BLOEEE LT, ThiEy U934 HREO B~ DEAL
EXH U TR LR, MEOMICIZIEDOHAMBRIRD Shic, F/. #18 (6~TH) <A
DORBERES XA N EEREOMICH EOBBRBFRIED Sz, X5IT. EBBOLRHEE
LTHaons b LEORBINES S Wb LEOERPOENNYT VY 4 ADBBICRBRENT
WAEIEPHERINT, ThHDIENL. Lh LEDOS/ Y — U RBNEEZRETHLERT
H 5 EREFIZ. Wb LEOEEEEENY 9 ¥4 A BOBEELREHERICE > TS EHEL,

b oYE A H—FNYRBOBRISE :  REMNTRE L AR AR T, Ut E
A 71 DALY PO A A IR E OB TR Ui, $7c. REMO, V4 51 7 MIBO &
BHITH 5 ME ERKITER U B RICE S 7 U 54 A ORIBIIE & L M
PRI, BRI, FTELICIEBERNTHY - 7K ZE25~50m DB HERICERITE R X h B b5, K
KRS M RO M A RIC A U THRE NG . MEEKDY L4 4 H RGO BEMED R b
KERER ., MR RS AN [EH - 58 KRTED SNE0H LT, Bl
FIE HKRTSmATE E TR I [HE - &8 AKRIHBT 22 ETH S, ChHDI Ed
by KOK U A A RIBOMALIY VY24 HD TEE - B KB~ EIE% K L7 5
RTHHERE U, Fho, RSV RO E OBETIE, J ORI HET 3
JEERRKDBIIANT & » T & BB LENEAT B 2 EXB SN E » 72,

3. BRICRIZTERDRE, BICESRSKDOE

TOYFAH—FHNYRBADEROTRNEZOXT : HAGHEESOERBERIZE T, #BHRK
BERICE O 7 oY F A AHDOBBRUZOBLFBROTNO LB AR ~I, T OHHETIIERIZH
> HADFENPEE L TN B2 BRISFATRSII DV CHlE SO i & JE R To
# LRO BPBEE ERET 5 & BEOMICHAERELEOHBMEFEIED S, X512, £E
DFINOEB & Z OHEO EEEIC BT 2 EHBKOLB & AR T2 &0 —FEDORKNED ©
N, EERKIIERRDEE - LRI RET AHALDH B I EEEHT A ENTE .,

EERSKOETEE . EHEMOT V%4 ARG TERE Ul ERRRER. BIEr — 7Lk
DERELHFREHBOMAL T — 51t ED& | REBKOETBHBERIT Lz, TOHE. K



91

ERiakid e bR - RO I DBERITEATA RS — ORI EH L Th . TOEDBRDIEHIZL -
TSI ZSRINTIRREEATHLIERHOH L EX2ERH LI,

BRICRITTESSKOEE . LROBEBEIRE. ChEBTOITE 77 v F A D
WRR, FORTHRET 54 A800 o BRTER . RUEREIIC S 3RO BHRR 2857
Wid b Ek-TH v A HOBRERBAOMBBBE BRI L, TORE, PBRBRH S
JEH DTS < 75 5 & MRS BIF & 72 A EEOED iz, Bkt ERD T — 555 b RO MR
EHEMTIIENTEAN, IOICRRIRE L2 2 HRICREVBIFEL LI E0HOMEXR
ste TOBELEMAKOEHEEE G ICTERTEE, oA Al LERICLST
AR X, JERIDEE 18 - i, TR LRSI RET AR ESAKICEEINT,
NRRBICERETAZ S o7,



92
B ®

EBIFAE L BICH ) BRUME & ERED % £ - < I BASE M e S R
LD E D BHARL LB, i AU HRBOREE > TR S ERAHNE £ -
T IR RS A B AR R R, [ - %SRE Bt EBAZTYREEST #
LIS U LT3,

ERFEO IS KEFORENRBERCET LD [N BB KRG ERRRRL AL
CBELTAR DN, COBEEEL TRRELZGTT 51040 . U DENGKERRES LD
K. BE T o THE SIS KR B AR K KM B RSN EE B0 &
VBHOBEET, Th. OFRHEDDUNDS, BB ORREBUTERL T B
BEKERRBOBH. IOE. BRERCEERORMESM. & 0biF. IOENGSKERR
BEPWIERTEEA K, BRKERRSFR RIUARNR, REREEKESHHEFESRE
REENRICE BB L LT 5, BREKERREHRFRAE I AENORNEAELLE
A8 U TR 7ot e, 18 B B,

RHFFE T 5N REOD BR I BRI ERRISEEN THER . [ - (BEL . L0E
Nk EERBRHAEM [BHHL] ORENBHABHICAI EIANKE D, IR U THBEAL
CRBOEEET,

RO H 10 . BIREKERRSERBTEEELIBOCRE LB OWELE
B - 7 BREKERRSEERENERE PN LI HEART, 2. EXTUOERITELT
BRI REFRORR T4 LTI RERWH T2 7, BUTERET 2,

BOIC, BARE. BELERE. MANEE, RIS ZI0E0THR SHAL RO RS
BO7r Y FAHh—KRHOBEEDO K 2 IZRHT 5.



9
X ik

REY - KEFUE984) 7 vH F A HOBBORFRUOKREROKEE. BFiET oy 7 AR
FoER. 2. 20-32

CSANADY, G. T. (1982) Circulation in the Coastal Ocean. Ist ed. v+279pp. Dordrecht, Holland,
D. Reidel Publishing. Co.

DEFANT, A. (1961) Physical Oceanography. Vol.2. 1st ed. Vii+598. New York, Pergamon Press.

EKMAN, V. ¥. (1905) On the influence of the earth’s rotation on ocean currents. Ark. f. Math.,
Astron. och Fysik. 2 (11),1-33.

HHEAHAITD HATRICBIT A7 VY FAAICDONT - 1.AEER - £FBRORHFIZ/L. 8
MV FEERRKGAF A REH. 25-31

GILL,A.E. and A. J. CLARKE(1974) VWind-induced upwelling, coastal currents and sea level
changes. Deep-Sea Res., 21, 325-345.

GILL, A. E. and E. H. SCHUMANN(1974) The generation of long shelf wave by the wind. J. Phys.
Oceanogr. 4, 83-90.

# wo962) IEEAFRGICHY IMERED S HERET. HBERGHEFRFNINFAELSHR
XA, 168-179.

AEHEK - 85K 2950) *TEEROKELMLIZONT. HEBEERIE.I 1-4.

MEZE " - SRIEE - B F R - FkEl - BERAITT BEBREA ABREREO/ DO
HEMAOIE. 1. 1957~19624FIc BB 4 T T ATmEBAFOSBBRE TR ONK
7 KA 71 Loligo edulis budo WAKIYA & ISHIKAYA (HF%& Y oA A1) OEREEZOHRMB
Bl HKPPFR. 28.29-49.

FHRER98D) 4 4 54 A ORYM 5B I RE, BHUKATFIE. 3.31-35.

MREE - NOEE - LHRE « MEE - S0 - METEE - EEEERAITD BEXENaEICE

1 B AEBER AV A A HOFEH EBEICONT. ARIBRIVA A AFRARERESE (BKPHR .
157-171.
AR (1969) AKEBBOBAIZRIOWT - AFNLREFRAERFTOEERNEZ S (F
) . KB FESHE. 16.81-95.
FIEFRA « IMNIEE « FEF « ImH%EE - REEN1986a) AEBEREICLS “VoqA" &
ERMAEOHEE. ARBEEERICERT S “vaah” (FoddA4R-TRoA7) IZHE
T ARG E. 2.68-T4.

FIEEA « INIFEE - REEN - IWHEZEY - FHEFE(1986b) HABREMGERICERTS “V o
47" OBFEESE. HAGEMSERICEETS “Yoah” (FodIA4h - TFRI44) -



94

T AIEPERESE. 2. 124-133.

EESE (1921) HXBOWHER. HHEPE BANKEEE. 342pp. KHEAKES, HE.

KUNDU, P. K., J.S. ALLEN and R. L. SMITH(1975) Model decomposition of the velocity field
near the Oregon Coast. J. Phys. Oceanogr. 5, 683-704.

KUTSUWADA, K. (1982) New computation of the wind stress over the North Pacific Ocian. Jour.
Oceanogr. Soc. Jap., 38, 159-171.

ML - BARE - SMEF986) EERFEOROAOEOEN. NEEEFRE — b, 23,129
-138.

EIFER(1953) BABOKIIZIOWT (BEETFEOPED) . IbifgEXKPFPER. 7. 1-65.

HFHBTEA98)  “voAh” RREREEDOBRIIDNTOD ) — b, KEGHEFESER. 47448,
191-192.

FET(1986) BAHBEHMAGKBICHIT S " OA4Hh" Loligo edulis DR OELEE. BEiE
BRI ERT S v a4 A" (FudRA A - T R4 ) BT 2 RAREHES. 2.
12-18.

ABETF989) BAEEERRICKIT 2 EAEERE (1) BEOMEN O KEBHENES
#, 53,277-278.

HIGET « FERA (1987)  HABEESGEFRICE T 5 18IFEHUERD " oA A" Rl Z
HAR BRR . KEEM AT R 8. 51.290-292.

HREY - PERE < IBEHA9Y) BERBEISRFKBIZEITS Y oq4 A7 RREEO KR
WEGHA ADOWBARE. BEBEBERICEETS “vaaA" (FobFAH T RI47)
ICBEY A EpFIER G E. 1. 51-63.

HET - /NIFEE985) EEBRKBICKE T 2BEEEOFHEICE L) “DoAh” #
BRI E D HIIRRIZAL.  KEREEFE R, 47-48.29-47. :

FET - /NNEEA986) SHAEMELTOWLD LHOEEN " oAh” OBRGERE RTAEE
ICRIZT R, KEHEPIZIESER. 50.114-120.

FIEF - DNFEEZA988)  “EERK” Ol i, ALK, 50, 25-47.

T - NIEEU989) BABEERRICEIT S ERSK OESE~DEE. HIKPF
Wr. 51.167-181.

AT - /MNFEZEA9D REICKW DKLE “EEKRK OXEEOMB. KEREPE. 55
307-31.

BEEF - R - KBS - HEDEA - X1 8(1986) HABEINARKRICERSHGT S
“YaA N Loligo edulis DIMLR EEKE. BARGEIBRICEERT S “Yoah” (XU
H¥AH T RIA7%) T LLEREHRSEHE. 2.19-27.

o EFER s EEEH(1949) RERLICAT 3EEEYORREFENHE-ITEIAH - Y IAH



95

T YA ADEEMRROERIZ DT, HkEE, 15.161-165

MIERS(1986) FFBERICL 540 UV EYRARROMTE. HEET 0y 7 RBRFRES. 1.
37-44.

FEEFE 1969 inEAAKBEMIZANT 5 EEEASO REEEFOBE. DN BRI
11, 1-70.

FEREFA7) BAGOINOREN S 7 F4 7 2 OEYE0sHE & RnER. L ONEKRFE

&, 14,41-61.

FIRRS - MIFEEA9TY) REBICK 2 2BEO RS- GEOBYES EMEROE(. ki
et 34, 21-31

89760 & oY A A DEISOBKELR. B, 35 206-318.

NATSUKARI, Y. (1983) Taxonomical and Morphological Studies on the Loliginid Squids— .
Nipponololigo, a new subgenus of the genus Loligo. VENUS, 42, 313-318.

NATSUKARI, Y. (1984) Taxonomical and Morphological Studies on the Loliginid>Squids~IV.
Two new genera of the family Lolinidae. VENUS, 43, 229-239.

HAj & P Lk - PES 719860 S LY FAADTA VA L (PR . ARG
RBTD “voAh” (FuvdFA4h - TRIAH) iCBTEERAREREE. 2.145-151.

NATSUKARI, Y., T. NAKANOSE, and K. ODAC1988) Age and growth of Loligined squid Photololigo
edulis(Hoy1le, 1885). J.Exp. Mar. Biol. Ecol., 116, 177-190.

MIFEZA9ISD BEREMERREKBROHRAENE & 20 REAYFNES. IO KRR,
18, 1-96.

INIFEEZ(1982) oA OBRREBICRIZTTEAYNOBNERO BE. KEBENESH.
41.11-16.

INNFEZA983)  BAGEESSRRIBICETS “Yoah” RRLEHRO A © 2o BI%D —
Bl OKEEMGEMTE . 42, 1-9.

OGAWA Y., T. MIITA, A. ICHIHARA, N. HASEGAWA, and N. INOUE(1978) Fluctuation of the Tsushima
Current measured with the current drogue.Bull.Seikai Reg. Fish. Res.Lab.,51, 13-44.

INIEE - ZRIGEF(1985) HIRFEERICEIT S “Y oA h" L s o BI%E 73855
IKEEHG T 49.7-15.

INIFE - ZREEF(1986a) REIRFKBICE T 2ROE/ICHE I BENOEE. BEAE oy 2
RERPIFESRER. T.1-13.

INIFE « FRIGET(1986D)  “IREBHK™ OBy, HALKBFFFER. 48.97-114.

/INIFEE - RGBT - IUEEH - MEBHEM1983a) AABETESREKRICEITS “voqh”
—AF IS EOFMEL (FH) . BRBESHRICERTS “Yoq4h” (FudFEALh

© T RUA7) BT A HEMAE#RESE. 1.97-119.



96

INNEE » GBS - (IHK - @BF1983b) 4 FItRMEEMBRAED OHEE S5 HEHE
BEMICETS “Yoa4A" OB BEBESERICERTS ‘“Yoah” (Kot FRAN
« T RTA7H) ICBT AAFERFERES. 1.65-96.

IMINFEE < WHEZEH983) BAEBEEMENARIZEIT S “Yoa A" Ok, KEGBHEFER
. 44, 1-8.

INNEE « WA - BHRER - HHETE(1982) BEREBEGREKRICETS “Yoa4A" @5
DHFRAFE.  KEREFRESHR. 41.1-10.

W B#R - BRFH - FHEE - (LHHXA983) 4BEAFBAZICLS “Yoa A" OBEFER.
HAEEINBIRICAERE TS “Yoah” (FordA4h - TRoAh) 1CB83 5 LRAFEHRE
#. 1.1-28.

BABHE973) BEIHETFIREEE (175 28 - AEOF5. HilgDKKPHR. 74.83-
111 ,

WAEFE975) BAEEETHREEE (A5 048, BEOFIIOEHMITIE. RKilgKKkpf
#H. 83.41-44.

HBAERA979) DU oA AROSHEARE. EBEEAEY. 1, 19-23.

BAED(1980) % - MWRAHAAABRE. 2EA AMITEBRES. H%. 66pp.

WAED - EIESE - | BBA98T) HAMEMEALOELE. BAKERER#EHS. Hi.
194pp.

PICKARD, L. G. (1963) Descirptive Physical Oceanography. 1st ed.,Vil +199pp. Oxford Pergamon
Press.

POLLAD, R. T. and R.C. MILLARD, JR. (1970) Comparison between observed and simulated wind
generated inertial oscillations. Deep-Sea Res., 17, 813-821.

SASAKI, M. (1929) A monograph of the dibranchiate cephalopods of the Japanese and adjacent
¥aters. J.Coll. agric. Hokkaido Imp. Univ., 20(supplement), 107-109.

o XOKEERFZEAT(1978) BHARBHIZE W 27 w4 ¥4 HEFEARBHATHESE. 92pp.

SHOJI, D. (1961)  On the variations of the dailymean sea levels along the Japanese Island.
J. Oceanogr. Soc. Japan, 17.141-152.

WAEE - REHEZE98D FREBMARICE Y57 oA A0BEBHEHEIZ LT, KEBERFR
2H. 39, 1-6.

ARSI LA OER.  #wEE. 46.87-96.

HAAERKC197T)  JUMALFR ROy v F A h & 20 BEAE oy 7 ARAER. 1
81-96.

HAIERK(1979) W Figr w3 F A4 ARBRABERICOVT. RE/KAFHR. 5, 45-52.

HAAERK « FUKERHE - FTHKL - SEATA8D R FHicahid 27 v FAAhiIi20T. &



97

ik EPr R 7.21-30.

FHEKE(93D BARLHSHFEEEN (BAKIETEZES F 1918-1930) LR L O #
EXNABRICHNT (B2#H: —A XY ARAE) . KEARBRERSE 2.59-81.

A EERES - | B(1921) HEERBEMAREICHKOT. BERMEE. 33, 279-292.

BOFEFC1985) FERISOFE H2RIEEREFME I SICRARRIEREN FRI#RLER (B
ko) .

(WEZE « ANIEE - FHBE - MBFEM983) BEREESBRERICKBI 2y v F4A4 -7 F
VA AADOHEEREEE. BABEHEBICER TS voAA” (FUYFAA T EOARN)
Y A SRR EE. 1.29-50.

(I F3ERE « WBFEA « BRIGEY - RETEH986) HAEEMREKBEICHETS “Yo4A" @
BEEHTE. ARBESERICERTS “vaah” (FudbFRAH T4 H) BT 3
R EHRSES. 2 75-90.

i %(1969) JEEHIKICOWT. KEFEMRESH. 14.93-101.

o HE - BE & . REHEZ984) LRERORBEFE. RAMKFEER. 27(B-2), 611-
620.

YI,S. (1966) Seasonal and secula variations of the water volume transport across the
Korea Straits. J.Oceanogr. Soc. Korea 1, 1-7.

HEEAR(1953) B - BHkEOA 7 EOPZE. BEilgXKFFFHR. 2.1-251.

HHEHFE978) BRRHEOBE. IEEAEHE — b 15.96-102.



98

Ecology and Fishing Condition of Kensaki-squid, Photololigo

edulis, in the Southwestern Japan Sea

Summary

"Kensaki-squid (Photololigo edulis)” is one of the most important fishery resources for
squid angling fisheries in the southwestern Japan Sea. Because the coastal squid angl-
ing fishery which depends on the kensaki-squid stock is principal fishery, development
of the tecnique both for forecasting fishing condition and for management of fishing re-
sources have been ardently desired. The kensaki-squid study, however, has been backward
in the field of biological and fish resources investigations mainly because of the mor-
phological and taxonomical confusions.

Based on these backgrounds, this study focuses on obtaining the fundamental informa-
tion which can help to establish the tecnique of fishing forecast and resource
management of kensaki-squid fishery. First, an outline of kensaki-squid fishery in the
southwestern Japan Sea were described, and the biological charactaristics such as
maturity, reproduction, growth, food habitat, and immigration in the life history of the
squid elucidated based on the results of the fishery biological surveys conducted in the
southwestern Japan Sea. Next, variabilities of kensaki-squid landings were analyzed by
using catch data at the major fishing ports. Influences of the changes in offshore
kensaki-squid resources and in prey abundance on the fishing conditions of coastal squid
angling were evaluated. Then, seasonal changes in hydrographic conditions of kensaki-
squid fishing ground in the southwestern Japan Sea were examined in special reference
with the seasonal occurrences of the squid and seasonal movements of fishing ground for
the squid. Finaly, possible mechanism of fluctuations of “Bottom Cold Water (BCW)”— the
low temperature water which exists on the continental shelves of the southwestern Japan
Sea off Hamada — were described, which obtained by analyzing the data derived from
oceanographic experiments carried out in Hamada coastal waters. These results show that

the BCW significantly influences upon coastward migration of kensaki-squid.
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The following surmarizes the achievements of this study.
1. Fishery Biological Charactaristics of Kensaki-squid

An Outline of Kensaki-squid Angling Fishieries:

Mean annual landings of kensaki—squid from off Chikuzen (north of Kyushu) to off
Tajima (north of Hyogo) reached 6, 105t during 1966-1990. The ratio of squid landings by
fishing method was the largest in squid angling fishery. It is amazing, however, to
recognize that, in Shimane prefecture, the landings by offshore trwal fishery conducted
on the continental shelves in the southwestern Japan Sea were account for almost 50
percent of all landings, and squid angling was the second largest. Fishing grounds were

formed in the shallow region of waters of less than 100 m deep along the coast.

Biological Charactaristics:

Seasonal changes in mantle length compositions and maturity conditions of the squid
which migrate to the coastal waters in the southwestern Japan Sea were examined. Based
on the analysis of the mantle length compositions, it is investigated that several migra-
tory groups coexists in this coastal waters. Peaks of group maturity rate appears twice
in a vyear, namely in spring and summer. Thus, it may be understood that there are
two groups which differ in maturity season, that is mature-in-spring group and mature-
in-summer group. Indentification of the two groups is difficult from external apperance.

Data of countings of growth rings in statolith, which indicate daily rings, reveals
that one group of kensaki-squid which appears from spring to early summer fishing season
has hatched from early summer to autumn in the previous year, and the other group in
autumn fishing season has hatched mainly from late autumn in previous year to spring.
Results of tag and recovery experiments show that growth rate of males is higher than
that of females; there is a big difference in growth rate by individuals;growth rate of
the squid differs in season, namely a group appearing in the fishing ground mainly
before summer grows faster than the other group in autumn.

It is presumed. that one of the spawning ground of spring-mature-group coincided with
"hiruika-fishing” ground which is formed in shallow waters at the depth of 380-50 m.
According to the daily 1log-books obtained by angling boats operating in the area,

however, there is a possibility that the spawning ground of spring-mature-group exists
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not only in shallow coastal waters but in offshore waters deeper than 100 m. Although
the spawning ground of the summer-mature-group could not be discovered in this study
it seems that summer spawning ground is geographically different with “hruika-fishing”
ground which is presumed as one of a spring spawning ground. Results of otter trwall
surveys show that the young squid smaller than 10 cm in mantle length appears throughout
the year. It is also recognized that there exists seasonal changes in catching numbers;
a first peak appears in late June to early August, and second one in late October to De-
cember. It is considered that the first peak and the second peak are originated in
spring-mature-group and summer-mature-group respectively. Analysis of stomach contents
of kensaki—squid reveals that this squid is a fish-feeder. This fact indicates that
the most important item of the diet for this squid is fishes especially young/juvenil
of sardine and anchovy which exists abundantly and distributes broadly in the coasta

lwaters.

Migratory Movement:

Tagged kensaki-squid, total 18,490 individuals, were liberated in the southwestem
Japan Sea during years from 1974 to 1982, and 379 individuals of them were recovered.
This study reveals that two different groups of a kensaki-squid population exist, judging
from their migratory movements. One group migrates to coastal waters of the southwestern
Japan Sea from the west of Kyushu in spring and returns to the west in autumn, although
wintering ground for the group still remains to be unfound. The other group migrates
from a wintering ground on the shelf off western San’in distric to coastal waters in
spring and returns to the wintering ground in autumn. It is considered that the second
group correspond to the squid which has been classified as budo-squid(Loligo edulis budo).
¥hile migration speeds of kensaki-squid vary over a wide range from (.0l kt to a
maximun 0.4 kt, speeds of individuals which travels a considerable distance over 50
nautical miles range from 0.1 kt to (.3 kt on a moderate caluculation. There is no

difference in migration speeds between the two groups or in seasons.
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2. Factors Affecting the Fishing Conditions of Kensaki-squid Angling Fishery and
Hydrographis Features of the Fishing Ground

Fluctuation in Annual/Seasonal Landings of the Squid:

The catch statistics are analyzed at several major fishing ports in southwestern
Japan Sea. There exist two groups of the squid in this survey area; one group mainly
appears in early summer and has major habitats in the western coastal waters of kyushu,
the ther group appears coastal waters in autumn and distributes mainly off San’ in in
southwestern Japan Sea. Long term trend of the fluctuation of early summer fishing con-
ditions and autumn fishing conditions significantly coinsided with the squid catch in
the main fishing grounds in the western coastal waters of Kyushu and off -San’in in the
southwestern Japan Sea respectively, which is evidenced by the catch data at off Hamada
which locates almost central part in this survey area. It is clear that the year-to-year
catch fluctuations at the edge of the distribution area is greater than that at the

central area of the fishing ground.

Influences of Pelagic Fishes as Prey on the Catch Fluctuations of Kensaki-squid:
Daily acoustic surveys for counting the pelagic fish schools and Rada scanning obser-
vations on the locations of fishing boats were carried out in kensaki-squid fishing
grounds at the coastal waters off Hamada. At the same time, influence of changes in
quantity of sardine and anchovy as prey on the squid catches was evaluated. Fishing
grounds of kensaki-squid coinsides with distributions of pelagic fish school vely well;
field observations reveals that day-to-day fluctuations in CPUE of the squid occurred. in
company with day-to-day variations in quantity of fish schools within the fishing
grounds. In terms of year-to-year changes in the squid landings, a significant corre-
lation is observed between the squid catches and the quantity of juvenile sardines as a
food item in early summer. Fouthermore, long term changes in the dominancy of pelagic
fish communities and lag of spawning period is reflected as long-term changes in season-
al patterns of kensaki-squid catches. Findings show that changes in quantity and distri-
bution patterns of pelagic fish are important factors not only for deciding the location

of fishing ground but for fluctuations of the fising conditions.
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Hydrographic Features of the Fishing Ground for Kensaki-squid:

Seasonal changes inhydrograhic conditions of the fishing ground were examined in re-
lation to seasonal occurences of the squid, using the data of monthly hydrograhic obser- .
vation conducted off Hamada. Relation between locations of fishing grounds for the squid
and oceanographic structure were also investigated. In early summer, fishing grounds are
formed in the narrow region at the depth of 25-50m along the coast, while the fishing
grounds move to the off-shore region at the depth over 75m in autumn. A grate differnce
in hydrographic conditions of fishing ground for the squid between two major fishing
seasons (early summer and autumn) is that although the waters of “higher-temperature
(above 20°C) and lower-salinity (below 34.0%)” exists in shallow past at the depth of
less than 75m in autumn, water masses of “lower-temperature (below 20°C) and higher-sa-
linity (above 84.0%)” similar to those in early summer remained to stay only at the
depth over 75m. These facts show that the movement of the fishing grounds to off-shore
region proves on the adaptation of the squid to the water masses of “lower-temperature
and higher-salinty” .  Available data in relation to characteristics of the local sea
conditions at the off Hamada also indicates that the fluctuations of the BCW directly

affects the variations of locations for the squid fishing grounds.

3. Influences of Sea Conditions on the Fishing Conditions of Kensaki-squid
with Special Reference to Fluctuations of Bottom Cold Water(BCW)

Current Fluctuations of the Kensaki-squid Fishing Ground:

Current fluctuations were investigated by mean of Lagrangion currnet measurement meth-
od in the squid fishing grounds around coastal waters of southwestern Japan Sea off Ha-
mada. Long shore components of current prevailes in this area. A significant correlation
was found between daily mean long shore components of current and these of wind stress
at the sea. Judging from the relationship between current conditions at surface and
fluctuation of BCW, it is suggested that BCW grows larger when northeastward current

decreses.

Mechanism of Fluctuation of BCW:

Possible mechanism to explain fluctuation of BCW was described by using the oceanog-
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raphic data, temperature data obtained from repeaters attached to the submarine cable at
the off Hamada, and sea level data on Hamada coast. It is clear that BCW fluctuates in

accordance with the changes of long shore component of sea wind stress. This fact sug-
gests that fluctuations of BCW at the off Hamada are the up/downwellings generated by

local wind stress.

Influence of BCW on the Squid Fishing Conditions:

Immigration mechanism of kensaki-squid to coastal waters was investigated by analyzing
data of current observation, experimental fishing of the squid, fishing statistics ob-
tained by the fishing boats oprerating around the sea, and wind data at Hamada. Judging
from the results of the experimental fishings, it can be said that the fishing condition
becomes better when northearst ward current decreases. Inspection of catch and wind data
also reveals the same tendency as above. Moreover, a closer inspection of catch data of
kensaki-squid indicates that an increase of CPUE coincides with a decrease of northeast
ward currents which occurs two days after the northeastward currents prevailed. Evi-
dences available suggest that kensaki-squid immigrates to offshore waters when north-
eastward currents develop, then into coastal waters when the currents decrease in accord-

ance withthe development of BCW.
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Appendix 1. Charts of showing sites of tagging (large open circle) in coastal off
Yamaguchi Prefecture and recaputures (small solid circle) of Photololigo

edulis.

Numeral beside the site of tagging shows number of individuals

released and numerals in parentheses beside the sites of recapture time
elapsed after release to recapture in day.
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Appendix 1. (continued) Charts of showing sites of tagging (large open circle) in
coastal off Yamaguchi Prefecture and recaputures (small solid circle) of
Photololigo edulis. Numeral beside the site of tagging shows number of
individuals released and numeral in parentheses beside the sites of
recapture time elapsed after release to recapture in day.
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Appendix 2. Charts of showing sites of tagging(large open circle) in coastal off
Shimane Prefecture and recaputures (small solid circle) of Photolotigo
edulis. Numeral beside the site of tagging shows number of indiciduals
released and numerals in parentheses beside the sites of recapture time
elapsed after release to recapture in day.
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Appendix 2. (continued) Charts of showing sites of tagging(large open circle) in
coastal off Shimane Prefecture and recaputures (small solid circle) of
Photololigo edulis. Numeral beside the site of tagging shows number of
individuals released and numerals in parentheses beside the sites of
recapture time elapsed after release to recapture in day.
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Appendix 3. Charts of showing sites of tagging(large open circle) in coastal off

Tottori Prefecture and recaputures (small solid circle) of

edulis.

Photololigo

Numeral beside the site of tagging shows number of individuals

released and numerals in parentheses beside the sites of recapture time

elapsed after release to recapture in day.
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Appendix 3. (cpntinued)Charts of showing sites of tagging(large open circle) in
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Photololilgo edulis.
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individuals released and numerals in parentheses beside the sites of
recapture time elapsed after release to recapture in day.
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Fig. 1-2 Diagrammatic illustration on a seasonal change of ovarian maturation
index with relation to molting, copulation, spawning and hatching out
in the 10th and 11th molting stages. 4 (1980)
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®2-6 RUAERICE T 2EEREE (1)

£ A 8| RERENC | RERET | BEARRF | BERE | BEREN
1989, 11, & 1,376 42.3 0. 157 0.129 10. 667
e 3,181 | 32.8 0.122 0. 103 30, 883

T 2.575 42.1 0. 156 0.129 19, 961

1989, 12, 1, 467 3.5 0. 117 0.099 14, 818
h 1, 883 44.8 0. 166 0.137 13,744

T 1, 859 72.3 0. 268 0.211 8, 810

1990, 1, & 952 45.3 0. 168 0.138 6, 899
' h 3,602 3.8 0. 129 0.108 33, 352
T 1, 837 42.5 0. 158 0.131 14, 023

1990. 2. & 1,428 26. 4 0. 098 0. 083 17, 205
g 1, 580 17.9 0. 066 0. 057 21,719

T 840 34.8 0. 129 0.108 7,444

1990, 3.k 7,998 23.9 0. 089 0.076 105, 237
M 8,951 33.8 0. 125 0. 105 85, 248

at 39, 493 0. 099 396, 010

#2 -7 RUEELARRICETAEEREE (2)

£ A | REBERC | RERE | REEKTF | REEE | BFEEEN
1989, 11, £} 11,160 24.6 0.199 0. 151 73, 907
19,000 35.8 0. 291 0.212 89, 623

T 14,189 44.0 0. 357 0. 253 56, 083

1989, 12, L 3,378 25.6 0. 208 0. 158 21,319
& 3 177 39.2 0.318 0. 229 13,873

T 1, 937 74.5 0. 605 0. 385 5,031

1990, 1, k 1,823 57.3 0. 465 0.314 5, 806
e 9,595 38.17 0.314 0. 226 42, 455

T 539 84.2 0. 683 0. 421 1, 280

1990, 2, E 496 39.4 0.319 0. 249 1,992
T 250 6.3 0. 051 0. 041 6, 098

F 0 0 0 0 0

1990, 3, k£ 552 11.1 0. 090 0.071 1,715
i 690 6.4 0. 052 0. 042 16, 429

it 67, 186 0. 196 341, 781
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FRITEEICEI) 2 BRIROERMEILI2ETH Y, 2HEEIIETH S, FR2EEDERS
ok, MOREBRENERICEAINTO RV DRBROEEITIAFETH 5,

%2 - IR EOBFERIER S A RERELR U, BRERORRORRIL, FIAL
TOABREOL XL 5T, BRSO RBRESDIE NI E, SVRINIBEOBE
DEETHAZ ETH B, 72, BEREMIZITAOBIICA - TH 61, HORBIHEHEE L
TWAIEHHMT, RERMEBIREIELS>TVS,
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£ OA 8| BRE | REEH | REREC |ERERERN | PHEERNS | AASIEX | BHREAET | HHEr
A X J ¢ 7 § J $ J § J I
1989, 9, £| 17 22 m A7 95.7] 94| 33| 0.6 2155 783|127 | 46 | LO| 0.4
Skl 18 177 62| (4 1.5] 86| 0.6 0.5 | 270.0| 228.0) 150 | 127 | 15| I3
T 3 294 219 ) 207 36 0.9 0.2 | 2433] 220.0) 10.6 | 9.6 [ 0.8] 0.7
1989, 10, £ 23 330 3% 2] 29.20 0.8] L3 | 0.03] 303.8] 400.0f 13.2 | 174 | 0.9/ 12
2 229 401 M| 40.8y 24 L8| 0.1} 2008] 0.0 9.7 | M8 1O} LD
Tl 2% 448 7| 151) 3.1y 45] L2 | 0.2 | 305.8| 7500 1.8 | 2.0 | 0.7] L7
1989, 11, k| 16 185 659 | 6,571 39.0( 350.7| 2.4 | 219 | 274.6| 300.0) 17.1 | 188 | L.5| L6
RIRE 139 | 1086 105| 134.4 92.3| 10.3 | 17| 1054 6.8 81 | 4.8 | 0.8] 0.4
T B3 18 | 4172 1,336 131.8] 105.4) 10.1 | 81 | 1160) 1649] 89 | 127 ] L.Of 1.5
1989, 12, 2 259 | 1,690| 3,820| 148.3| 328.2| 7.0 | 156 | 238.0) 244.9) 1.3 | 1.7 | 0.9] 0.9
i 229 | 1,005) 1,37; 63.5) 8.8/ 45 | 6.1 | 2233| 222.4| 159 | 159 { LO} L0
Tl 15 154 | L415] 43| 94.9| 66.5| 63 | 44 | 246) 100.7] 150 1 67| L4107
1990, LE| 19 152 | 2,552 1,564 393.7| 236.1] 20.9 | 12.4 | 1221 1261} 64 | 66 | 0.8) 0.8
118 235 | 2.828| 4,103 | 163.5| 288.3| 9.1 | 16.0 | 310.8| 256.4| 17.3 | 142 | 1.3} LI
Tl 18 295 | 1,473 869| 131.1) 46.8) 7.6 | 2.6 | 193.8) 334.2| 10.8 | 186 | 0.7 1.2
1990, 2L 20 312 | 1426 360| 83.1| 45| 42| 0.7 | 399.5| 514.2] 169 | 257 | L1| L6
to18 318 865 9 8.3] 45 49| 0.25] 176.5) 360.0] 9.8 | 20.0 | 0.6] L1
T T 220 718 0p 8.2 0 £ 1 0 181 0 1] 0 0.6/ 0
1990, 3, £ 19 236 608 67 1349 10.6] 7.1 | 0.6 | 8.6 HLT| 45| 59 | 0.4 0.5
f 18 167 425 93| 88.7; 141} 22| 0.8y 199.2] 116.3 10.7 | 65 | L2| 0.7
T B 92 5 3 67 03 05| 0.02) 108.0f 150.0{ 83 | L5 | L2} L6

(3) HHITHAMO BEEEOEN

FRITE~ 2AEEICRE L AMOBRETREBTO LY, FRIUEEILFEIEHRER 6 £
FBUITEDSOTHEM Ui, 2 - 10ICTEEREFRBMIBRE L TO 3B RO ERERBERY
HEREAR U, BERRBOLHER L, BEENOSLATHE TORMOKGEE EHIT/NE
(7 ->TW3, COBPEAITIEERD ERBAEMOFEIZIZ—H LTS, DITHEBRDOHE,
FMALTORERRENDIEL, FEXKTOAREENE—T, REZNENEERGIIEFIOATH
57:%, AMENPKELTHDIEIRETH S, TP THBEDOFT L5 —D20RHTH A,
DIWOBBRELER LI ONEKS - 11TH D, HEFRITI90F2 A LGIA0%EBITEY,
2RCH O OVREBTH B BHIHAEE L TORERIZ8. 6% T, EREDEEROKSHETH S,
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£ A @ | REREEC | REHME | REANF | REEE | ZEREN
1989, 9, £ 711 12.7 0. 191 0.129 5,512
Gy 162 15.0 0. 226 0. 150 1. 080

T 219 10. 6 0. 159 0.109 2,009

1989, 10, & 395 13.2 0.199 0.134 2,948
4” 401 9.7 0. 146 0. 101 3,970

T 367 11.8 0. 178 0.121 3, 033

1988, 11, L 659 17.1 0. 257 0. 168 3,923
o 1, 086 8.1 0.122 0. 085 12, 776

T 1,172 8.9 0. 134 0. 093 12, 602

1989, 12, £ 1. 690 11.3 0.170 0.116 14, 569
p 1, 005 15.9 0. 239 0.192 5,234

F 1,415 15.0 0. 226 0. 150 9, 433

1990, I, b 2,552 6.4 0. 096 0. 068 31,529
G 2,828 17.3 0. 260 0.171 16, 538

T 1,473 10. 8 0. 163 0.112 13, 152

1990, 2, Lk 1, 426 16.9 0. 254 0. 167 8,539
H 865 9.8 0. 147 0.101 8, 564

T 718 8.1 0. 122 0. 085 8. 447

1990, 3, L 608 4.5 0. 068 0.049 12, 408
& 425 10.7 0. 161 0.110 3,864

T 54 8.3 | 0.125 0. 087 621

Bl 20, 231 0.110 183, 751
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FH 6| BRE | AR | RBRY | RERER | VORERN | A9BAR | AORERE | ADE
A X | ¢ N’ ¢ X’ f r
1989, 11, F | 4 | 1,200| 7,013 | 2.0 6.5 1078.9 269.7 0.9
1989.12. £ 4 | 1.800| 7.740 | 17.2 13 1800.0 450.0 1.0
M0 4 | 1800| 7.758 | 169 4.2 1847. 1 461.8 1.0
T 4 | 1,200] 3.23 | 105 2.6 1244. 6 311.2 11
199, L,E| 4 | 1,800 7.485 | 17.2 1.3 1740. 7 435.2 1.0
#0 3 | 1,000] 302 15. 1 5.0 1004. 2 3%4.7 1.0
F| 3 | 120 8468 | 2.0 7.3 1160. 0 386. 7 0.9
1990, 2 E| 3 | 1,800 16,303 | 26.6 8.9 1831.8 610.5 10
|3 | 1,200] 7.657 | 17.2 5.7 1343.3 447.8 L1
Fl 3 00] 2127 | 171 5.7 373.2 124. 4 0.9
®2 -1 EEFEHRRICET SRBERE () (O IR
1 B | RORRHC | BGRE( | RERKE | MEEE | RIERBKN
198911, F | 7,013 269. 7 0.251 | 0.207 | 33,879
1989, 12, £ | 7.740 450. 0 0.418 | 0.319 | 24,263
el 7,758 461.8 0.429 | 0.327 | 23,724
F| 323 311.2 0.289 | 0.235 | 13,770
1990, 1, L 7. 485 435. 2 0. 405 0.312 23,990
Wl 5,021 334.7 0.311 | 0.249 | 20,165
F| 8468 | 3867 0.359 | 0.282 | 30,028
1990, 2. | 16,303 610.6 0.568 | 0.407 | 40,057
M| 7,657 447.8 0.416 | 0.319 | 24,003
F| o 2121 1244 | 0.116 | 0.102 | 20,853
it 72,808 i 0.286 | 254,732
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