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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. 13. Relationship between mantle length compositions of Photololigo
at the coastal waters off Kawajiri and back-calculated birth date
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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. 17. Growth of Photwligo edulis derived from tag and recovery experiments. Arrows
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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.
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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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Fig. 23. Locations of fishing operation Fig. 24. Locationos of fishing operation
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“Hiruika zuri” , in coastal waters “Hiruika zuri” , in coastal waters
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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,
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FANBE) LB ERAMANEE LA KT 2 & A~ LA BEO AR LY % ~BE
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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,
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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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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
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EBNB, BT T U A ADBREBICE T 3 —FS 0 BICRIZTHAEE S EEYO BE
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(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
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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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Fig. 33. Year-to-year changes of kensaki-
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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
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1975~ 83.
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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
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D Ao CPUEE @ I3 IED MHBBE AR &
Nz, 10HOMHEBRE (r=0.713) oFEA%ER
88% & PPES T, HEAMICIEFEEREREZR
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Fig. 40. Correlations betwen daily total
fish abundance as measured by echo
sounder and CPUE of Photololilgo edulis.
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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
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v FA HRiEOAOHEBAKIZONT, H E g o -
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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
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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.
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EHEOE— 70T 3, 1971~ 1540 EBEO R B (Fig. 43 OTiRWIizAa L1210
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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
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NoL 181ELIED r 3 F A HBEOKBEIANDERRIZ, <1 T OEFRHIEL BE T Lok
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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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L= —BRIOHERIZL 514 280 MO MREEA D & BEHOH £ 10H & Ti3RED
MEBEICRKEBEZEPTEH OND (Fig. 44), §HITITHIMBEII KB ~50mD IR KB IZBERIZH -
THRICAHHT D, T ODREREEEIIFNTKEI0mLIREDKIBIZ SET S M ETRD OIS
D NS RANAA AEERRERFEET A VEIHOBMTH S, s LTI B
DRFRITE A5 E . REOBIUIKETIMLEO KB LU TE D KESME B KBIZiT i
BHTEEROTEROTYA D, A& (Fig 4DodtfEmEicafmd 2 8micid. 6AREIL
A AZHPITHET S RM0TENS,

6RA LA B 2 lmO N RE(Fig 4D 2 8T 5 & BEMFig DDT ¥ A H s
3. © MEOBREKO BRI &ETIHRGOMENRLD . @ MEOBRMICIT. BBFIIREEF
D OHFEICH RO OEICIR > TR INZ0IH L « @ #HoOBRIICE. R0 MEGLS
HO PRI EBOBEONEBRICEET S 2 E0b0 5, XSICHEMICADE. @ 6HOK
B EIAENEERORA~EFREFRVIR > THWA I EIt&ff, chielT. ® 108
D WBFOLE IS TEMLURO M3 D ICHAN D S DD FHBITINZ T BBO N6 L H~RTRA~TE
M TORBBHOEIERITR > THEEVLHIRHMIBDOND, ZOLITT v FA A0
Bt FICK > THIEBHICRL > lBRITERINIDATHEL . REOEHICLEREEYD
LI ENTED,

(3) & oy F A B R HRER

6HENHDY v F A A MBS KB HKEHOZERE 75 7 Tl Uz (Fig. 47),
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IERIZIZRRIZD 7 » TR L LD EZFTHN 1001213 34% RO KRR E B S 7k EE50
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B, 1993DTHSHEEL LN b,

Y FAAOERMTH H6AKRUI0A (Fig 31D R0 gt kig - a0 EMAEX
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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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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
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(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,
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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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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
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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
Er o F A HRBREIOBRIIONTINE
WIABNC A5 & MEOBREICITEEHEM
BEDSND (Fig 40, 41) H KO BRI {
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& 7KiB16~20°C. Hi5334. 0~34. 6%t KD ¥ — 7 D4, kiB19~23C. #5133, T~34. 3% ¢
BETHDEZELOND, bo &b, THODHEITFEHENODHEMETH > T TOEREREED
54 BE. BK0TC, 0.3%BEOBERH VB L, LHL. LTHITLTHHO E— I BDH R
MEOE— 7B H~T [HE K] OMIR->TW5EEX 5,

flid — DD ML, BUZBAGHALT B L bt 68 EHNTRIFGO ELNRAERLORH
METEEIR-> T AETHS (3 . ZOHKIE. 4FITHOTHBT AFITITERBHOILR
I EHBASHET A E 0O R (Figs. 49,50 & L SHIELTE Y. 7 ¥ F 4 A3KiEIST
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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.

132°E
| Oct. 17, 1983

132°E
| Oct. 18, 1983

16201010

132°F
| Oct. 19, 1983

i Oct. 20, 1983

132°

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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YT RO (S s i |
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June 22,1984 June 24, 1984 June 25, 1984
| 35°N | 35°N 1 35°N

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
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| 35°N ]

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

in 1984.

145

uw

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

observed. NE: +, onshore: +
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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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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.
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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
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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
coastal off Tottori Prefecture and recaputures (small solid circle) of
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.’

Photololilgo edulis.
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Appendix 3. (cpntinued)Charts of showing sites of tagging(large open c@rcle) in
coastal off Tottori Prefecture and recaputures (small solid circle) of

Photololilgo

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 4. Charts of showing sites of tagging(large open circle)in coastal off
Hyogo Prefecture and recaputures(small solid circle)of Photooloigo 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.





