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Some characteristics of the Water Mass observed in the Seto Inland Sea
off the central part of Yamaguchi Prefecture

Akihito WaANisHI

Water quality in the Seto Inland Sea off Yamaguchi Prefecture was investigated in May,
August and December, 2006 and January, 2007. At each station, transparency and vertical profiles
of water temperature and salinity were measured. Sea water samples were collected at the depth of
0, 5, 10, 20, 30, 40 and 1m above the sea bottom, and dissolved oxygen (DO) saturation and
concentration of dissolved inorganic nitrogen (DIN), phosphate-P (PO;-P) and chlorophyll-a
(Chl-a) were determined. Vertical or horizontal distributions of these items had some unique
characteristics. At the offshore bottom layer, lower temperature water mass with higher
concentration of DIN and PO,-P existed at the end of August. Judging from the characteristics of
the water mass, the bottom waters of the open sea may intrude along the shelf-slope from the
Pacific Ocean and have some effect on the water quality of the Seto Inland Sea.

Key words . Water quality; bottom intrusion; Seto Inland Sea
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Fig. 1 Maps showing the study area. Closed cir-
cles, monitoring stations; Dotted line, the
boundary between Suo-Nada and Iyo-Nada.

FEMNERIZ BT, Kilkd K OIES DSE 270 % A
EY = STD(7 L v 7 &EF (#) AST-500) & FH T K
WOSm ZEIZHEL 72, BHEOMER & v F—
ko> TT - 727, EEEEFR (DO) i Winkler HIZ Xk -

THEL, Z0mME (DO RRE) 2K 7%, ¥&
BOAMIZEA -V T FIAF—(TF Y - = (k)
TRAACS800) # i L, ME=REE=RK(DIN) B &LV
U VERREY v (PO-P) DIRE KD 7>, runa7 4
JL-a (Chl-a) ZMEEDICHE D THIFE L, Jeffrey
and Humphrey @ 3 Y TEH L7z, DO, HEIE
B & O Chl-a OFIEIZEEL TE, KBRS E & EA)
ELT, OmfB(XRB), S5mfE, 10mfE, 20mfE, 30
mkE, 0mEL XCHBEL1 mBE(ERE) KL -,
ZREAROBAIIEFEEI) v FLDRT VL A8 FY
TiFY, ZTOMOBIFE2 Y v P L OFAKE (KR
ALY I — BANEHIRAL) TIT - 72,

s E S
FEIIH 23 2ZE, B L oKiR, E7,
DO fafiEE, DIN i&E, PO-P #E % LU Chl-a B
IZDWTC, Pl BEFEEL LT -2 BER LIS
Fewi, £, FEMUE Z & OBANS B X UBHRE
ZEDEIZDOWTIE, £2~51IRL7

Table 1 Monthly average (AVG), standard devia-
tion (S.D.) and data number (N) of water
temperature, salinity, transparency, dissolved
oxygen (DO), dissolved inorganic nitrogen
(DIN), phosphate-P (PO.-P) and chlorophyli-a
(Chl-a) at each layer

(a) Water Temperature (°C)
Depth 26 May, 2006 30 Aug., 2006 20 Dec., 2006
(m) AVG SD. N AVG SD. N AVG SD. N
0 1649 032 11 27.28 0.34 11 15.86 0.64 11
5 1598 0.30 11 25.88 0.53 11 15.85 0.63 11
10 15.62 0.43 11 24.30 0.52 10 15.85 0.62 11
20 14.82 0.34 10 2331 035 9 1597 0.51 10
30 14.20 036 9 2254 042 8 16.03 0.56 8
40 13.77 0.13 2 2203 028 3 1630 028 2
B-1 1439 0.66 11 2261 0.74 11 15.87 0.63 11

(b) Salinity
30 Aug., 2006
AVG SD. N
31.00 0.20 11
31.54 0.18 11
31.92 0.16 10
32.16 0.06 9
32.24 0.06 8
32.31 0.05 3
32.23 013 11

26 Jan., 2007
AVG SD. N
12.23 052 11
12.21 055 11
12.22 0.54 11
12.35 0.50 9
12.47 0.53 17
12.82 038 4
12.25 0.52 11

(psu)

20 Dec., 2006
AVG SD. N
32.54 0.22 11
32.54 0.21 11
3255 0.21 11
32.59 0.16 10
3261 0.18 8
32.69 0.08 2
32.56 0.21 11

Depth 26 May, 2006
(m) AVG SD. N
0 3274 012 11
5 3285 0.10 11
16 3297 015 11
33.13 0.08 10
33.24 0.07 9
33.36 0.04 2
B-1 33.20 0.14 11

26 Jan., 2007
AVG SD. N
32.80 0.22 11
32.81 0.22 11
32.83 0.19 11
32.87 0.17 9
3291 0.19 7
33.05 0.12 4
32.83 0.19 11

(c) Transparency (m)

30 Aug., 2006 20 Dec., 2006
AVG SD. N AVG SD. N
84 16 11 177 22 11

(d) DO Saturation (%)

30 Aug., 2006 20 Dec., 2006
AVG SD. N AVG SD. N
108.6 6.6 11 101.3 20 11
105.3 3.6 11 1014 29 11
103.0 57 10 1010 38 11
956 74 9 1009 21 9
8.2 65 5 1030 56 5
775 98 2 1038 37 2
88.2 161 11 1008 2.6 11

Depth 26 May, 2006
(m) AVG S.D. N
— 65 20 11

26 Jan., 2007
AVG SD. N
99 256 11

Depth 26 May, 2006
(m) AVG S.D. N
0 1100 22 11
5 109.7 35 11
10 105.9 22 10
20 1009 38 10
30 1015 62 5
40 926 08 2
B-1 100.2 9.0 11

26 Jan., 2007
AVG SD. N
1043 1.0 11
1046 15 11
1051 1.0 10
1059 14 9
1053 21 5
1039 12 2
1047 21 11




(e) DIN Coneentration (uM)

Depth 26 May, 2006 30 Aug., 2006 20 Dec.. 2006 26 Jan., 2007
(m) AVG B8D. N AVG SD N AVGSD. N AVG 8D N
0 1.15 0.74 11 126 047 11 429 191 11 313 212 11
5 0.63 055 11 040 027 11 446 183 11 261 1.60 11
100 0.73 041 10 046 045 10 432 225 11 224 093 10
20 L.14 070 10 089 089 9 392 080 9 242 054 9
0 126 066 5 179 107 5 417 061 5 294 113 5
40 275 031 2 3.64 137 2 409 033 2 330 064 2
B-1 175 1.22 11 274 1.76 11 426 1.81 11 2897 216 11
(f) PO-P Concentration (uM)
Depth 26 May. 2006 30 Aug., 2006 20 Dec., 2006 26 Jan., 2007
(m) AVG 8D. N AVG 8D. N AVG 8D. N AVG 8D. N
0 002 000 11 001 001 11 039 0.04 11 021 0.06 11
5 005 009 11 006 002 11 039 004 11 021 008 11
10 0.08 0.08 10 0.08 004 10 089 004 11 024 0.05 10
2 0.13 0.0% W 015 009 9 039 004 9 025 005 9
30 012 006 5 022 008 5 041 003 5 028 005 5
40 025 0.1 2 039 013 2 041 003 2 027 003 2
B-l 014 0.09 11 030 018 11 039 0.04 11 022 0.07 11
lg) Chl-a Concentration (ug L")
Depth 26 May, 2006 30 Aug., 2006 20 Dec., 2006 26 Jan., 2007
{m) AVG SD. N AVG SD. N AVG SD. N AVG 8D. N
0 280 126 11 194 105 11 153 029 11 236 093 11
3 250 115 11 147 047 11 L75 0.62 11 289 0.656 U
100 238 L14 10 145 049 10 178 050 11 262 0.83 10
20 154 085 10 191 088 9 L76 047 9 248 061 9
30 110 074 5 127 030 5 127 018 5 206 084 5
40 038 006 2 122 004 2 136 021 2 261 016 2
B-1 161 10T 11 1.91 107 11 169 056 11 292 077 11

*B-1m, a layer at one meter above the sea bottom.
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Fig. 2 Vertical distribution of water temperature (A) and salinity (B) on 29 May, 2006 (a), 30 Aug., 2006 (b),

20 Dec., 2006 (c) and 26 Jan., 2007 (d), respectively.
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Fig. 4 Horizontal distributions of dissolved oxygen (DO) saturation (a), dissolved inorganic nitrogen (DIN)
concentration (b), phosphate-P (PO.-P) concentration (e¢) and chlorophyll-a (Chl-a) concentration (d).
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Table 2 Sea depth, transparency, water temperature, salinity, dissolved oxygen (DO), dissolved inorganic
nitrogen (DIN), phosphate-P (PO,-P) and chlorophyll-a (Chl-a) observed at each layer on May 29, 2006

Station No. A A1 Az Aa B B1 Bz B3 C C Cz

34° 34 33 33° 33° 33° 33 33 38° 33° 33
02.50" 00.000 56.87 53.73  50.60' 51.00" 51.40° 51.65° 51.90" 54.78'  57.90

Latitude N

131° 131° 131° 131° 131° 131° 131° 131° 131° 131° 131°
42.05° 40.000 37.05° 34.100 31.15° 37.25'° 4335 4855  53.75'° 46.85  45.15

Sea Depth (m) 13.0 23.5 31.5 33.0 32.5 37.0 46.0 46.5 40.0 39.5 315
Transparency (m) 4.0 5.0 5.0 5.5 5.0 7.0 8.0 10.0 9.0 8.0 4.5

Om 16.46 16.60 16.53 17.15 16.39 16.92 16.30 16.10 16.46 16.05 16.39
) 15.95 16.02 16.35 16.57 16.05 15.67 15.77 15.73 15.91 15.56 16.18

Longitude E

Water 10 15.78  15.81 16.12 1646 15653 1535 1532 1511 15.04 1554 1575
Temperature 20 15.37 1475 1472 1399 1483 1484 1498 1482 1497 1490
() 30 1468  14.31 13.75  13.86  13.91 13.95 1431 14.33  14.73

40 13.86  13.68

B-1 15.77  15.25 14.67 14.31 13.75 13.85 13.81 13.68 1426 1423  14.72
Om 3261 3260 32.70 3259 3274 3270 3291 3289 3284 3289 3271
5 32.82 3290 3283 32.70 3272 3282 3294 33.04 3288 3290 3284
10 32.88 3292 3290 32.83 3282 3288 3316 3320 3319 33.01 3287

E%géiaty 20 3301 3303 3312 3320 8302 3313 3325 3320 3313  33.11
30 3314 3321 33.28 3330 3331 3334 3325 3322 3313
40 33.33  33.38
B-1 3289 3305 3315 3320 3328 3330 3334 3338 3325 3325 33.14
Om 1105 1114 1098 113.0 107.8 1065 107.3 1126  110.2 1087  112.1
5 1009 1078 1123 1132 1104 1095 1090 1093 1133  109.1 1124
DO 10 103.9 1028 1068 1104 1063 1051 107.3 1059 107.0  103.5
Saturation 20 1009 965 998 961 998 1040 1056 1062 1035  96.9
(%) 30 94.2 99.1 1019 1111 1014
40 920  93.2
B1 942 972 912 1106 1083 91.2 915 966  111.3 955  114.2
0m 031 006  0.76 1.01 1.21 121 081 106 266 207 152
5 050 056 042 043 009 008 20l 094 100 021 070
DIN 10 027 046 062 061 037 095  0.30 1.44 112 118
Concentration 20 0.72 199 053 074 059 095 234 073 075  2.09
(uM) 30 133 219 036 107 1.36
40 297  2.53
B1 080 .80 3.09 014 058 275 317 325 103 235  0.28
Om 002 000 001 002 00l 00l 003 004 003 001  0.03
5 001 000 001  0.01 0.02 002 030 003 006 004  0.03
PO,-P 10 003 002 00l 004 003 014 008 026 016  0.02
Concentration 20 0.04 0.12 0.07 0.05 0.09 0.13 0.33 0.21 0.07 0.14
(M) 30 016  0.17 0.12 0.02  0.13
40 0.26  0.24
B1 005 011 023 002 004 018 025 026 011 023 005
Om 533 269 242 319  2.33 169 2.6 119 293 218 484
5 379 213 3.08  3.02 196 213 163 08 181 210  4.99
Chl-a 10 258 231 207 251 320 0.9 100 095 163 456
Concentration 20 2.69 1.03 1.10 2.15 2.75 0.59 0.91 0.57 1.33 2.27
(ug-L 30 1.48 0.57 0.74 2.22 0.50

40 0.42 0.33
B-1 3.17 1.29 0.88 2.29 2.71 1.00 0.70 0.50 1.21 0.59 3.35




Table 3 Sea depth, transparency, water temperature, salinity, dissolved oxygen (DO), dissolved inorganic
nitrogen (DIN), phosphate-P (PO,-P) and chlorophyll-a (Chl-a) observed at each layer on August 30, 2006

Station No. A A1 Az A3 B B1 Bz Bs C Cl CZ

347 30 33 33 33 33’ 33 33 33 33 33

Latitude N 0250 0000 5687 5373 50.60 5100 5L40 5165 5190 5478  57.90

131° 131° 131° 131° 131° 131° 131° 131° 131° 131° 131°
42.05° 40.000 37.05 34.10' 31.15° 37.25" 43.35 48,55 53.75° 4685  45.1%

Sea Depth (m) 10.0 20.0 30.0 31.0 31.5 35.5 45.5 46.0 40.5 41.0 33.0

Transparency (m) 5.0 10.0 10.0 9.0 10.0 7.0 6.5 8.0 10.0 9.0 7.0

Om 2797 2712 2709 2747 2136 2749 2682  27.27 2754 2692 2698
5 26.23  25.55  25.55 2496 2632 2516 2583  26.65 2588  26.40  26.18

Longitude E

Water 10 2434 2438 2354 2495 2387 2391 2518 2468 2423  23.95
Temperature 20 23.44 2333 2328 2268 23.04 2392 2339 2358 23.14
() 30 2273 22,65  21.65 2217 2287 22,69  22.79  22.80

40 21.76  22.02 22.31

B-1 2427 2316 2294 2273 2265 2164 2175  21.97 2248 2231  22.76
Om 3097 3139 3115 3097 3087 3095 308 3066 30.90 3117 3111
5 3151 3170 31.68 3140 3142 3149 3131 3148 3195 3142 3153

o 10 3191 3199 31.82 3195 31.69 31.63 3207 32.08 32.04 3197
S&};ﬂ;ty 20 32.22  32.23 8217 3213 8210 3211 3214  32.25 3213
30 32.30 3216  32.33  32.21  32.25 3228 3222  32.18
40 32.35  32.32 32.26
B-1 3191 3213 3225 3230 32.16 32.34 3235 3232 3229 3226  32.19
Om 1267 1054 1062 1028 1060 107.3 1053 1056 1060  110.7  112.2
5 1125 1019 1031 1031 1021 1033 1029 1088 1101 1047  105.7
DO 10 984 1000 1071 1091  99.2 1043  109.0 1079 1025  91.2
Saturation 20 95.1 1048 1022 896 894 1024 937 1006 829
(%) 30 772 887 942 890 918
40 705 844
B-1 1057 800 934 1132 1142 688 742 844 829 771 158
Om 122 035 153 109 175 148 122 166 189 068 096
5 085 066 006 052 032 032 039 069 006 043  0.09
DIN 10 045 021 058 028 003 036 024 024 055 166
Concentration 20 0.74 0.66 0.12 0.33 1.87 0.51 0.69 0.23 2.82
(uM) 30 3.45 1.81 0.61 1.92 1.18
40 461 267
B1 012 201 112 136 115 587 418 273 308 421 433
0m 000 002 00l 001 001 00l 002 002 001 001l  0.02
5 001 007 006 005 002 008 009 006 007 007 007
PO.-P 10 009 008 006 006 007 005 004 006 007  0.19
Concentration 20 014 007 008 015 020 009 014 010  0.37
(uM) 30 035 024 014 021 0.6
40 048  0.29
B1 003 02 015 013 010 057 048 031 036 046  0.49
0m 489 147 138 132 163 161 147 163 189 138 264
5 273 161 104 138 148 121 138 130 112 113 174
Chl-a 10 161 136 140 121 139 166 097 092 128 267
Concentration 20 969 271 110 265 281 09 097 095 234
(ug-LY) 30 141 139 09 163 097

40 1.32 1.12
B-1 447 3.26 1.67 2.40 1.39 095 1.30 1.38 1.38 1.24 1.52




Table 4 Sea depth, transparency, water temperature, salinity, dissolved oxygen (DO), dissolved inorganic
nitrogen (DIN), phosphate-P (PO:-P) and chlorophyll-a (Chl-a) observed at each layer on December 20, 2006

Station No. A A1 A2 Aa B B1 Bz B3 C C] CZ

3¢ 3 33 33 33 33 33 33 33 33° 33
02.50° 00.00 56.87 53.73 50.60' 51.00' 51.40' 51.65° 51.90° 54.78  57.90°

131° 131° 131° 131° 131° 131° 131° 131° 131 131° 131°
42.05'  40.00' 37.05° 34.10' 31.15° 37.25' 43.35° 4855  53.75' 46.85  45.15

Sea Depth (m) 13.0 23.0 32.5 33.5 32.0 36.5 46.0 45.5 39.5 38.5 30.5

Transparency (m) 4.0 8.5 5.5 7.0 10.0 7.0 6.0 7.0 11.0 10.0 9.0

Om 1458 15.79 1566 1603 1545 1523 1612 1650 1680 1650  15.77
5 1460 1581 15.68  16.04 1544 1520 16.12 1648 1679 1648  15.76

Latitude N

Longitude E

Water 10 1463 1581 1568 1604 1543 1520 1611 1647 1679 1646  15.73
Temperature 20 1581 1572 1604 1543 1515 1611 1647 1679 1646 1573
(c) 30 1576 1604 1543 1515 1610 1647  16.80  16.47
40 16.10  16.50

B-1 14.66 15.82 15.76 16.04 15.43 15.16 16.12 16.53 16.80 16.47 15.75
Om 32.08 3253 3247 3262 3235 3237 3263 32.74 3284 32.76  32.52
5 32.11 3251 3248 3261 3239 3238 3263 32.74 3284 3276 3251
10 32.13 3252 3248 3262 3238 3237 3265 3274 3284 3276 3251

Salinity

(psu) 20 3253 3250  32.62 3239 3236 32.65 3275 3285 3277 3251
30 3251 3262  32.39 3236  32.64 3274  32.86 3277
40 32.63  32.74
B-1 3214 3252 3251 3262 32.38 3238  32.66  32.77 32.85 3277, 3251
Om 985 1005 103.3 1018  99.3 1005 101.2 1036 1023 1043 986
5 957 1044 1033  99.8 1030 1019 998 1055 1034 989 996
DO 10 954 991 1061 1009  99.3 1005 1087 1029  101.8 984 984
Saturation 20 1058 1011 1014  99.1  100.9 100.7 1009 993 986
(%) 30 97.7 995  103.2 1023 1121
40 106.4  101.1
B1 9.2 1004 1005 1012 1007 1054 1037 989 1029  98.2  100.2
Om 962 442 314 361 2.87 321 350 408 529 432  3.10
5 945 4923 344 354 240 391 381 461 497 516  3.58
DIN 10 1068 342 355  3.32 1.89 358 402 425 503 431  3.48
Concentration 20 312 3.01 256 389 388 428 513 431  3.34
(M) 30 3.29 4.03 4.21 434 4.97
40 386  4.32
B-1 92 414 277 405 215 851 380 435 455 448  3.83
0m 034 03¢ 035 041 034 040 039 042 047 044  0.36
5 036 036 036 039 035 039 039 041 047 043  0.36
PO,-P 10 035 036 036 037 034 038 038 041 048 043  0.39
Concentration 20 035 038 035 039 039 041 047 044  0.36
(uM) 30 0.38 0.38 0.42 0.46 0.43
40 039 0.43
B1 037 038 036 038 035 039 039 043 047 043  0.37
Om 218 162 148  1.27 1.71 1.54 1.12 1.54 1.62 1.55 1.20
5 337 180 207 1.34 178 1.25 156 143  1.03 1.66 1.95
Chl-a 10 257 145 187 142 178 121 154 210 1.27 169 272
Concentration 20 2.31 1.56 2.28 1.60 1.51 1.86 0.85 1.69 2.21
(ug-LY 30 1.27 1.27 1.53 1.03 1.25

40 1.51 1.21
B-1 3.01 1.65 1.45 1.25 2.09 1.35 1.32 1.27 1.12 2.11 1.95




Table 5 Sea depth, transparency, water temperature, salinity, dissolved oxygen (DO), dissolved inorganic
nitrogen (DIN), phosphate-P (PO.-P) and chlorophyll-a (Chl-a) observed at each layer on January 26, 2007

Station No. A A, Az Aa B B: B: Bs C Ci C.

3¢ 34 33° 33 33 3% 33 33 33 33 33"

Latitude N 0250 0000 5687 5373  50.60' 5100 5140 5165 5190 5478  57.90

131° 131° 131° 131° 137 131° 131° 131° 131° 131° 131°
42.05° 40.000 37.05° 34.10' 31.15° 37.25' 43.35 48,55  53.75° 46.85°  45.1%

Sea Depth (m) 11.5 20.5 30.0 32.5 29.5 36.5 46.0 47.0 42.0 41.5 31.0

Transparency (m) 5.5 7.5 11.0 12.0 11.0 10.0 12.0 11.0 13.0 10.0 6.0

Om 11.70 1177 1210 1221 11.92  11.70 1242  13.05 1325 1241 12.04
5 11.42 177 1210 1223 11.92 1173 1242 13.05 1325 1241 12.04

Longitude E

Water 10 1149 1180 1210  12.23 1192 1172 1242 1304 1324 1239  12.05
Temperature 20 12.10 12.23 11.92 11.76 12.42 13.05 13.25 12.40 12.05
() 30 12.23 1177 1259  13.04 1324 1240  12.05

40 1261 13.02 1323 12.40

B-1 11.56 1182  12.09 1223 11.92 11.80 12.61 13.00 13.23 1240  12.05
Om 32.38 32,68  32.77 3280 3271 3264 3290 3312 3316 3296  32.69
5 3240 3267  32.77 3280 3271 3266 3290 33.11 3318 3296 3273
10 3205  32.69  32.78  32.80 3270 3267 3290 3312 3317 3296  32.74

Salinity

(psu) 20 3278 32.80 3272 3268 3291 3311 3317 3294 3274
30 32.79 3268 3295 3311 33.18 3294 3275
40 32.96 3312 33.17 3293
B-1 3254 3270 3279 3281 3271 3268 3296 33.12 3317 3293 3275
Om 1040 1057 1046 1056 1036 1032 1056 103.7 1035 1046  103.4
5 101.6 1058 1046 1061  103.3 1034  106.4 1047 1037 1064  104.4
DO 10 106.2 1038 1067 1044 1040 1059 1058 1044 1048  104.6
Saturation 20 1056  107.7 1063 1041 1058 1050 1065  108.2  104.2
(%) 30 103.6 1079 1027 1064  105.9
40 103.0  104.7
B1 1011 1055 1054 1088 1062 1034 1053 103.3  103.0 1063  103.9
0Om 916 226 182 214 264 232 262 3.8 327 134 297
5 792 244 213 130 201 18 243 255 308 219 154
DIN 10 254 226 125 216 177 270 385 333 074 180
Concentration 20 245 178 229 271 244 297 318 145 251
(uM) 30 2.37 2.56 375 4.42 1.60
40 285  3.75
B1 858 270 245 089 245 120 171 428 409 134 293
Om 010 011 021 016 021 023 022 030 025 020 029
5 007 012 02 017 018 025 021 030 035 022 022
PO,-P 10 016 022 020 02 025 024 030 034 024 023
Concentration 20 0.21 0.19 0.22 0.24 0.21 0.30 0.34 0.21 0.31
(M) 30 025 026 031 036 023
40 0.25 0.29
B1 012 014 02 017 021 025 021 034 035 020 023
Om 374 294 134 157 149 167 199 167 261 394  2.98
5 427 343 254 270 235 241 252 244 268 384  2.60
Chl-a 10 331 322 140 214 292 201 223 176 407  3.10
Concentration 20 1.95 2.41 2.63 2.46 2.00 2.11 2.16 3.97 2.63
(ug-LY) 30 294 235 250 305 446

40 2.72 2.50
B-1 4.29 2.72 2.63 2.92 2.55 2.50 2.15 2.54 2.55 4.55 2.13
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Long-term Variation of Surface Water Temperature
at Alo Bay in Yamaguchi Prefecture,
in Relation to the Influence of Air Temperature

Akihito WanNisHI

Long-term variation of surface water temperature at Yamaguchi Fishing Port located in the
inner part of Aio Bay in Yamaguchi prefecture was statistically analyzed using the daily measured
data (at 9 a.m.) for the past 27 years from 1980 to 2006. Annual average of surface water
temperature showed a rising trend, and the rate was estimated 0.041°C per year or 1.1°C for 27
years. Air temperature during the same period also showed a rising trend, and the rate was more
rapid than that of water temperature and was estimated 0.061°C per year or 1.6°C for 27 years.
Statistical analysis revealed that water temperature varied synchronously with air temperature,
suggesting that each phenomenon correlated closely. Because of the elucidation for the influence of
the rise in water temperature upon the marine organisms, we should make thorough investigations

continuously.

Key words . Water temperature; long-term variation; air temperature; Aio Bay
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Fig. 1 Maps showing the monitoring stations.
Yamaguchi Fishing Port (closed star) and
Yamaguchi Fisheries Research Center (open
star) were the monitoring stations for daily
measurement (at 9 a.m.) of surface water
temperature and air temperature, respectively.
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Fig. 2 Time series of surface water temperature at Aio Bay from 1980 to 2006.
(a) Daily measured temperature (notched lines) and its approximate values (W7, sine curves) of each year
expressed as: WT,=a+b-cos(d-2n-365")+c-sin(d-2n-365") where a is annual average, b and c are
coefficients for amplitude and d is Julian day number.
(b) Average temperature every 10 days (thin line) and average temperature at each month (closed circles).
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Fig. 3 Changes in average surface water temperature of each season at Aio Bay from 1980 to 2006. Winter,
Spring, Summer and Autumn denote the months from January to March, from April to June, from July
to September and from October to December, respectively.
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Fig. 4 Changes in surface water temperature at
Aio Bay from 1980 to 2006.
(a) 366 days running mean of daily tempera-
ture (thin line) and its approximate line (thick
line) .
(b) 12 months running mean of average tem-
perature at each month (thin line) and its
approximate line (thick line).
(¢) Annual average temperature (thin line)
and its approximate line (thick line).
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WTr=17.2—7.27- cos(D -2 x -365")

—6.03- sin(D -27-365%)  (2)

Table 1 Averages of surface water temperature
of each day at Aio Bay from 1980 to 2006

o Month
v Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

D

1 96 7.7 87 113 16.1 19.9 230 271 26.8 23.1 184 13.7
2 95 7.7 87 114 162 199 23.2 270 26.8 23.2 18.1 13.3
3 94 75 87 117 161 20.0 23.7 272 26.8 233 18.2 13.2
4 95 74 87 120 162 204 23.6 271 268 23.1 18.0 13.0
5 92 75 88 12.2 165 20.6 23.7 27.3 266 229 18.1 13.0
6 90 7.7 9.0 126 169 21.1 235 274 264 228 179 126
7 90 7.8 9.1 125 16.8 21.3 23.8 27.5 26.1 223 17.9 126
8 89 7.7 91 12.7 169 21.3 241 27.6 26.2 22.0 17.8 12.6
9 88 78 9.1 128 171 213 243 276 262 219 175 125
10 89 7.7 93 129 174 21.2 246 27.7 260 21.7 17.2 124
1 88 7.8 95 129 174 214 246 275 259 21.7 17.0 123
12 87 7.9 95 13.1 175 21.6 246 276 256 21.8 17.0 11.9
13 86 7.9 96 13.2 18.0 21.6 24.8 273 254 21.8 166 11.8
14 85 80 98 131 178 219 246 27.2 253 21.7 165 11.5
15 83 81 10.0 134 17.5 21.8 24.9 274 254 21.5 162 114
16 86 82 9.9 136 173 22.0 252 27.6 25.2 21.2 16.2 11.2

17 84 81 101 13.6 17.7 223 25.0 27.6 25.2 21.0 16.0 11.2
18 85 82 101 141 175 225 25.2 27.5 25.0 20.8 158 11.0
19 85 82 10.2 143 180 224 253 27.2 25.0 20.6 155 10.8
20 83 83 104 143 181 224 259 274 248 204 155 10.8
21 83 84 105 143 181 22.6 26.4 27.5 24.7 20.2 153 10.7
22 81 85 106 144 184 225 26.2 27.4 245 20.1 15.0 10.6
23 81 84 107 14.7 185 226 264 27.1 243 198 150 10.5
24 78 84 108 148 189 225 264 27.1 243 194 14.8 104
25 7.8 84 107 14.8 19.0 22.7 26.5 27.3 24.0 194 146 10.2
26 78 85 109 150 19.0 22.9 266 273 23.9 19.3 14.6 10.1
27 79 84 109 152 189 22.8 266 27.2 23.7 19.0 141 9.9
28 79 85 11.1 156 19.0 22.9 27.0 27.0 23.7 189 142 99
20 7.8 86 11.3 156 193 229 27.1 269 23.5 188 141 96
30 78 11.2 16.0 195 23.1 27.1 27.1 23.0 188 140 9.5
31 77 11.4 19.6 27.1 270 18.7 9.7
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FLWI~12AICE 1 » Ad 70 4 CLLETREL %,

Table 2 Monthly and 1st to 3rd every ten days
averages of surface water temperature at Aio
Bay from 1980 to 2006

days days
Total 1-10 y11-20 i Month e 10 1120 oL
Jan. 85 92 85 79 Jul 252 237 250 267
Feb. 80 76 81 85 Aug 273 2713 274 272
Mar. 100 89 99 109 Sep. 252 265 253 239
Apr. 136 122 136 150 Oct. 210 226 213 19.3
May 178 166 177 189 Nov. 162 179 162 146
Jun. 218 207 220 227 Dec. 114 129 114 101

Month
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Fig. 5 Time series of air temperature at Aio Bay from 1980 to 2006. (a) Daily measured temperature. (b)
Average temperature every 10 days (thin line) and average temperature at each month (closed circles).
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Table 3 Averages of air temperature of each day
at Aio Bay from 1980 to 2006

Day Month

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
1 50 39 75 108 168 205 236 275 262 216 149 9.0
2 48 37 64 113 174 202 23.7 276 26.7 219 145 91
3 63 33 66 11.8 164 21.0 244 27.7 26.6 214 143 83
4 58 3.7 63 122 168 21.4 245 278 26.3 20.6 145 83
5 42 47 7.7 126 173 21.5 248 27.7 256 209 155 86
6 46 44 73 129 179 219 242 278 254 203 150 179
7 52 47 176 129 174 218 245 278 254 198 154 7.7
8 51 47 7.1 134 17.7 215 249 278 26.0 20.0 144 81
9 45 46 7.1 133 181 21.8 25.2 27.8 254 198 139 176
10 48 48 8.0 134 181 21.5 25.6 27.6 24.7 199 136 7.5
11 52 44 81 135 18.0 223 254 279 252 202 142 7.7
12 45 54 7.8 134 18.0 21.9 253 27.5 246 203 145 6.7
13 43 46 8.1 13.8 189 21.9 256 279 242 20.7 130 6.5
14 46 59 88 135 185 22.0 25.7 274 244 195 126 68
15 41 57 94 138 180 219 259 27.6 239 195 13.0 6.5
16 44 6.1 8.8 14.2 178 223 26.1 28.0 243 189 125 59
17 48 52 94 14.1 185 226 258 279 240 182 120 7.0
18 49 56 94 152 181 226 262 27.6 240 180 115 5.7
19 42 62 96 147 189 232 260 27.7 238 180 115 63
20 4.1 55 95 152 188 22.8 266 275 235 176 121 5.7
21 45 60 98 146 189 22.7 27.1 275 234 172 115 6.6
22 35 56 98 150 19.0 225 274 275 228 176 105 6.3
23 44 6.2 103 155 19.2 224 27.7 27.0 223 168 108 59
24 38 6.4 10.2 155 19.7 228 27.1 268 223 165 10.7 5.7
25 39 55 96 152 199 227 27.2 274 222 166 109 59
26 3.7 57 104 15.7 19.7 235 269 272 222 158 108 58
27 4.0 5.7 10.1 16.1 196 236 268 268 219 16.0 109 5.1
28 35 6.2 105 165 19.6 23.3 276 269 21.3 159 103 48
29 35 6.7 107 165 20.1 23.7 276 27.1 215 165 9.7 43
30 47 11.2 166 20.2 239 275 268 214 157 9.6 48
31 38 11.2 20.6 216 27.0 15.1 5.4
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Table 4 Monthly and 1st to 3rd every ten days
averages of surface water temperature at Aio
Bay from 1980 to 2006

days days

Month— o 110 1120 2 "ol 110 a0 o
Jan. 45 50 45 39 Jul 259 245 259 273

Feb. 52 43 55 59 Aug 215 217 217 211

Mar. 8.8 7.2 89 103 Sep. 241 258 242 221
Apr. 141 125 141 157 Oct. 187 206 19.1 163

May 185 174 184 197 Nov. 126 146 127 106

Jun. 223 213 224 231 Dec. 67 82 65 55
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Fig. 7 Changes in 12 months running mean of
normalized anomaly for monthly averages
from 1980 to 2006. Thick line, water tempera-

ture at Aio Bay; Thin line, air temperature at
Aio Bay.
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Fig. 8 Comparison between the approximate value
curves of average surface water temperature
(WThp, thick line) and average air temperature
(ATp, thin line) at Aio Bay. Triangles and
circles represent minimum and maximum
values, respectively. D, elapsed days from the
1st of January.
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Fig. 9 Change in days when surface water tem-

perature was 17°C or higher at each year at Aio
Bay from 1980 to 2006.
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Catch Forecasts of Photololigo edulis in Coastal Waters
off Yamaguchi Prefecture in the Southwestern Japan Sea

Mitsuhisa Kawano

The purpose of this study is to investigate the fluctuations of the catch of Photololigo eduslis in
coastal waters off Yamaguchi prefecture in the southwestern Japan Sea and to develop the methods
that can forecast the catch. The catch was in a relatively high level in 1982-1986. Then the catch has
fluctuated widely and the population structure of the squid has changed since the 1987’s oceanic
regime shift, suggesting that water temperature would influence on the long term change in the
catch. Multiple regression analyses showed that water temperatures during the spawning to early
developmental stages and the catch before or early the fishing season were useful factors to

forecast the catch.

Key words . Photololigo edulis; Forecast; Catch; Southwestern Japan Sea
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Fig. 1 Survey area for catch analysis of
Photololigo edulis. Star marks (A,B) show the
hydrographic observation stations. Closed
circles show the two major fishing ports where
monthly catch records were collected.
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Fig. 2 Annual changes in catches of Photololigo
edulis at the two major fishing ports shown in
Fig.1 by seasonal group. Spring & summer-
group: catches in January-July, autumun-
group:catches in August-December.
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Fig. 3 Monthly mean catches of Photololigo edulis
at the two major fishing ports shown in Fig.1
in the following three periods. H-period: high
abundance period (1982-1986), F-period: fluctu-
ating period (1987-1999), L-period: low abun-
dance period (2000-2006).
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Table 1 The result of multiple regression analysis of catches of Photololigo edulis in winter fishing period.

X X,

Partial regression coefficient 1.518 —9052.997
Standard partial regression coefficient 0.691 —0.213
t value 4,368 1.348
Constant term 133476.621
Multiple correlation coefficient 0.783
F value 13.495*

X 1.000
Correlation coefficient matrix X» —0.304 1.000

Y1 0.756° —0.424

Data used for the analysis were from 1987 to 2006 (n=20).

X, : Catch (kg) of Photololigo edulis in December in the previous year.

X:: Average surface water temperature (‘C) in February in the previous year.
Y:: Catch (kg) of Photololigo edulis in winter fishing period (January-March).

a: Significant at 0.1% level.

Table 2 The result of multiple regression analysis of catches of Photololigo edulis in spring fishing period.

Xs X,

Partial regression coefficient 1.872 —9136.402
Standard partial regression coefficient 0.741 —0.183
t value 5.059 1.254
Constant term 176739.1
Multiple correlation coefficient 0.824
F value 17.984*

X 1.000
Correlation coefficient matrix X, —0.348 1.000

Ys 0.805 —0.442

Data used for the analysis were from 1987 to 2006 (n=20).

Xs: Catch (kg) of Photololigo edulis in March.

X.: Average surface water temperature (‘C) in March in the previous year.
Y:: Catch (kg) of Photololigo edulis in Spring fishing period (April-June).

a: Significant at 0.1% level.
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Table 3 The result of multiple regression analysis of catches of Photololigo edulis in summer fishing period.

X5 XS

Partial regression coefficient 1.535 1874.338
Standard partial regression coefficient 0.961 0.09
t value 16.63° 1.561
Constant term —24599.108
Multiple correlation coefficient 0.971
F value 141.963°

X5 1.000
Correlation coefficient matrix Xs 0.068 1.000

Ys 0.967 0.156

Data used for the analysis were from 1987 to 2006 (n=20).

X;: Catch (kg) of Photololigo edulis in July.

Xs: Water temperature (°C) at 50 m depth in August in the previous year.
Ys: Catch (kg) of Photololigo edulis in summer fishing period (July-August).

a: Significant at 0.1% level.

Table 4 The result of multiple regression analysis of catches of Photololigo edulis in autumn fishing period.

X Xs

Partial regression coefficient 0.61 —37695.237
Standard partial regression coefficient 0.561 —0.539
t value 4.083* 3.922°
Constant term 614859.678
Multiple correlation coefficient 0.826
F value 18.38°

X 1.000
Correlation coefficient matrix Xs —0.127 1.000

Y, 0.63° -0.611°

Data used for the analysis were from 1987 to 2006 (n=20).
X;: Catch (kg) of Photololigo edulis in April-July.

X;: Average surface water temperature (°C) in April.
Y,: Catch (kg) of Photololigo edulis in autumn fishing period (September-November).

a: Significant at 0.1% level.
b: Significant at 1% level.
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Discarded Fishes by a Offshore Trawl
Operated in the Southwestern Japan Sea

Mitsuhisa Kawano and Tomokichi KoBayasHI

We surveyed the discards by a offshore trawl operated in the southwestern Japan Sea during
April, 2005 to March, 2006. Weight of discards and discarded rate (discards / catches, % in weight)
were large in September, October and January-March with a peak month of January. Most of the
discards were fishes and two to four species of fishes amounted to more than 66 % of total
discarded fishes in number by month. In January, unmarketable fish, Malakichthys wakiyae and
marketable fish, Doederleinia berycoides were dominant. Total lengths of discarded D. berycoides
were 80-140 mm. Therefore, invention of codends which make the small fishes escape would be

expected.

Key words : Discarded fishes; Offshore trawl ;Southwestern Japan Sea
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Fig. 1 Fishing ground of offshore trawls in the
southwestern Japan Sea (shaded regions).
Rectangular region shows the sampling loca-
tion of discards.
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Fig. 2 Monthly changes in discards (kg/haul) and
discarded rate (discards(kg)/catches(kg), %)
by a offshore trawl operated in the southwest-
ern Japan Sea during April, 2005 to March,
2006. No trawling from June to July.
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Table 1 Number of species, individuals and weight of discards by a offshore trawl operated in the
southwestern Japan Sea on May 22, August 31, November 18, 2005 and January 30, 2006.

Catch date
Class May 22, 2005 Aug. 31, 2005 Nov. 18, 2005 Jan. 30, 2006
N. of species Pisces 45 42 30 31
Crustacea 8+ 4 7 5+
Cephalopoda 7 3 3 3
Total 60+ 49 40 39+
N. of individuals Pisces 1899 4277 1934 16348
Crustacea 117 21 2370 2987
Cephalopoda 799 686 32 350
Total 2815 4984 4336 19685
Weight (kg) Pisces 90.1 188.0 66.7 371.0
Crustacea 0.7 0.1 11.8 10.2
Cephalopoda 29.2 11.9 1.5 12.8
Total 120.0 200.0 80.0 400.0
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southwestern Japan Sea.
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Table 2 Fishes of discards more than 10 % in number of total fishes caught by a offshore trawl operated in
the southwestern Japan Sea on May 22, August 31, November 18, 2005 and January 30, 2006.

Date Species N % in N
May 22, 2005 Eopsetta grigorjewi 605 31.9
Lepidotrigla microptera 223 11.7
Lepidotrigla abyssalis 219 11.5
Rajidae sp. 218 11.5
Others 634 33.4
Aug.31, 2005 Trachurus japonicus 2076 48.5
Dentex tumifrons 828 19.4
Others 1374 32.1
Nov.18, 2005 Dexistes rikuzenius 826 42.7
Lepidotrigla microptera 238 12.3
Glossanodon semifasciata 226 11.7
Others 644 33.3
Jan.30, 2006 Malakichthys wakiyae 9439 57.7
Doederleinia berycoides 5100 31.2
Others 1809 11.1
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Table 3 Discarded rates* of marketable fishes caught by a offshore trawl operated in the southwestern Japan
Sea on May 22, August 31, November 18, 2005 and January 30, 2006.

Species name May 22, 2005 Aug. 31, 2005 Nov. 18, 2005 Jan. 30, 2006
Pagrus major 0.0 0.0 - —
Microstomus achne 0.0 — - -
Paralichthys olivaceus 0.0 - - -
Evynnis japonica - 0.0 - -
Conger myriaster 0.0 0.0 0.0 0.0
Sphyraenta pinguis - - - 0.0
Navodon modestus 0.0 0.0 - -
Priacanthus boops 0.0 - - -
Nemipterus virgatus 0.0 - - -
Scomberomorus niphonius - - - 0.0
Loligo bleekery - - — 0.0
Pleuronichthys cornutus 0.0 1.0 - -
Lophius litulon 0.0 0.0 0.0 2.8
Tanakius Ritaharai 0.0 0.0 0.1 4.5
Zeus japonicus 0.0 6.3 - 0.0
Dentex tumifrons 2.8 17.5 - 0.0
Raja sp. 16.3 0.0 — -
Trachurus japonicus 45 334 - 0.0
Todarodes pasificus 94.9 1.8 - 0.0
Eopsetta grigorjewi 32.5 100.0 1.9 2.0
Photololigo edulis 0.0 2.6 100.0 -
Octopus sp. 100.0 - - 0.0
Saurida spp. 0.0 100.0 - —
Hoplobrotula armata — — 100.0 22.3
Cleisthenes pinetorum herzensteini 100.0 - 100.0 1.0
Scorpaena sp. 5.9 100.0 100.0 -
Doderleinia berycoides — — — 100.0

*: Discarded rate (%)=discards (kg)/catches (kg) X100.
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Spawning Period, Spawning Ground and Larval Occurrence
of Red Tilefish, Branchiostegus japonicus
in the Southwestern Japan Sea

Mitsuhisa Kawano and Chie Amano

Spawning habitat and larval occurrence

of

red tilefish, Branchiostegus japonicus in the

southwestern Japan Sea were studied. Gonadosomatic index was high and the matured fishes

increased during June to October with a peak month of August.

The larvae (TL2.0-5.9mm)

occurred from August and they were most abundant in September. These results indicate that the

spawning period is during June to October with a peak month of September.

The spawning

grounds were estimated to be in waters with depths 100-130 m off Yamaguchi Prefecture. Depths
of the main distribution areas of the larvae were in accordance with the estimated spawning

grounds.

Key words . Branchiostegus japonicus; Spawning period; Spawning ground; Larva
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Fig. 1 Map showing the larval sampling area in

the southwestern Japan Sea. Monthly sam-

plings were conducted at Stations 1-7 (star
marks) off Yamaguchi Prefecture in July-
November, 2005. Larval samplings were also
conducted at the stations (dot symbols) in the
southwestern Japan Sea on September 25-29,
2006.
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Fig. 2 Monthly change in relationship between the
total length and gonadosomatic index (GSI) in
females of Branchiostegus japonicus. Closed
circles: GSI=1.5, open circles: GSI < 1.5.
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Fig. 3 Monthly change in relationship between the
total length and gonadosomatic index (GSI) in
males of Branchiostegus japonicus. Closed
circles: testis weight =0.2 g, open circles: testis
weight < 0.2 g.
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Fig. 4 Distributions of catch (kg) of Branchiostegus japonicus (total length =30 cm) by five fishing boats in
the southwestern Japan Sea during June-October, 2003 and 2004.
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Fishery Condition and Biological Characteristics
of Yellow Sea Bream (Dentex tumifrons)
in Coastal Waters off Yamaguchi Prefecture
in the Southwestern Japan Sea

Mitsuhisa Kawano

The author revealed the basic information on fishery condition and biological characteristics of
yellow sea bream (Dentex tumifrons) caught in coastal waters off Yamaguchi Prefecture,
southwestern Japan Sea. The main fishing season by small trawl fishery was in August to
December. The catch and CPUE (catch per fishing day) have increased since 1993 and the latter
was in a high level in 2004. The fishing grounds were formed at the depths of 80-130 m and sandy
bottom, and they hardly changed by season and by commercial size. The spawning season was
estimated to be during May to November (peak months in June to August). Frequency of females
was larger than 50 % in the fork lengths smaller than 250 mm, but it remarkably decreased in the
larger fork lengths, suggesting that sex reversal would occur approximately in the fork length of

250 mm.

Key words . Dentex tumifrons; Fishery condition; Biological characteristics
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Fig. 1 Sampling area (shaded region) for yellow
sea bream used for biological analysis. Dot
symbols show the major fish markets in
Yamaguchi Prefecture. Closed triangle shows
the sampling location for the food study.
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Fig. 2 Trends of catch (tons) and CPUE (kg/fish-
ing day) of yellow sea bream by small trawl in
coastal waters off Yamaguchi Prefecture,

southwestern Japan Sea. Open circles: catch,
closed circles: CPUE.

il B4 - oiEiER (CPUE) & (Fig.2),
19644E-D48.1kg/ H A 519844 (14.1kg/H) 1223 C
BRELEBBAFVERSEDI L, ZO#%I321.0~
42 5kg/ A OFHE THER L Tz b, 19934 LIRE RS M
IZER L, 2004610 I3 AR & D 100.9kg/ HISE L 72,

Table 1 Monthly catch (kg) of yellow sea bream by fishery at four major fishing markets of Yamaguchi

Prefecture in 2005

Fishery Jan. Feb. Mar. Apr. May Jun.

Jul. Aug. Sep. Oct. Nov. Dec. Total (%)

Small trawl 7403 3363 4112 6871 17091

Long line 1477 894 561 563 980 1678
Others 1054 1146 743 655 1455 1547

— 32111 16817 21215 25522 21393 155898 83.5

1468 1715 2266 2922 3595 1429 19546 10.5
818 1481 1015 1004 341 52 11311 6.0

Total 9935 5403 5416 8089 19526 3225

2285 35306 20098 25141 29458 22874 186755 100.0
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Table 2 Composition (%) of fork length of yellow
sea bream by commercial category

FL(cm) < Dead small small Middle Large
6 0.08 0.00 0.00 0.00
7 0.84 0.00 0.00 0.00
8 3.44 0.00 0.00 0.00
9 4.44 0.00 0.00 0.00
10 9.39 0.04 0.00 0.00
11 23.55 0.31 0.13 0.00
12 27.33 2.31 0.00 0.00
13 23.39 12.32 0.32 0.00
14 6.87 22.95 1.64 0.00
15 0.59 22.60 2.65 0.14
16 0.08 18.42 4.92 0.00
17 0.00 11.25 11.42 0.28
18 0.00 5.38 17.35 2.07
19 0.00 2.22 12.30 2.35
20 0.00 1.38 13.63 0.55
21 0.00 0.44 14.64 3.32
22 0.00 0.13 10.09 7.19
23 0.00 0.18 4.98 9.82
24 0.00 0.04 3.91 10.93
25 0.00 0.00 0.95 9.13
26 0.00 0.00 0.50 10.79
27 0.00 0.00 0.19 12.31
28 0.00 0.00 0.25 11.48
29 0.00 0.00 0.13 10.79
30 0.00 0.00 0.00 5.81
31 0.00 0.00 0.00 1.94
32 0.00 0.00 0.00 1.11
Total 100.00 100.00 100.00 100.00
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Fig. 5 Frequency distribution of fork length of
yellow sea bream caught by a small trawl
fishing boat in coastal waters off Yamaguchi
Prefecture in 2003.

Table 3 Monthly catch in number of yellow sea bream caught by a small trawl fishing boat in 2003 by

commercial size category

Size category Jan. Feb. Mar. Apr. May Aug. Sep. Oct. Nov. Dec. Total (%)
Large 59 44 37 309 287 624 867 419 345 228 3218 5.22
Middle 291 275 308 1036 1327 2476 3690 2719 2929 1101 16152 26.22
Small 202 134 470 1915 1949 5847 5982 3562 5108 1579 26749 43.43
Dead small 0 0 219 1168 730 2993 5622 1241 3066 438 15478 25.13

Total 552 454 1034 4428 4293 11941 16160 7941 11449 3346 61597 100.00
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Fig. 6 Relationship between fork length and gonadosomatic index (GSI) of female yellow sea bream by month.
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Fig. 7 Relationship between fork length and gonadosomatic index (GSI) of male yellow sea bream by month.
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Fig. 8 Frequency (%) of females of yellow sea
bream by fork length.
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Table 4 Stomach content composition (%) of yellow sea bream by month

Month Apr. May Aug. Sep. Oct.
Year 1999 1999 1997 1998 1997
No. of specimens (A) 24 172 327 351 301
No. of specimens with empty stomach (B) 21 75 195 136 191
Ratio of empty stomach % (B/AX100) 87.5 43.6 59.6 38.7 63.5
Stomach contents
PISCES 0.00 5.81 14.68 12.25 9.63
OPHIUROIDEA 4.17 23.84 17.43 40.74 15.28
MOLLUSCA 0.00 2.33 2.45 1.14 2.66
CRUSTACEA 4.17 11.05 16.21 9.69 17.94
POLYCHAETA 0.00 4.07 2.14 2.28 2.99
Digested matters 4.17 22.09 5.20 3.70 6.31
Table 5 Stomach content composition (%) of yellow sea bream by body size
Fork length (mm) 50-99 100-149 150-199 200-249 250-
No. of specimens (A) 21 435 612 83 24
No. of specimens with empty stomach (B) 16 218 330 35 19
Ratio of empty stomach % (B/AX100) 76.2 50.1 53.9 42.2 79.2
Stomach contents
PISCES 0.00 6.67 11.76 19.28 20.83
OPHIUROIDEA 0.00 31.49 23.69 21.69 4.17
MOLLUSCA 0.00 0.69 2.29 9.64 0.00
CRUSTACEA 4.76 11.26 16.01 20.48 4.17
POLYCHAETA 0.00 0.46 3.76 8.43 0.00
Digested matters 19.05 8.51 6.21 8.43 0.00
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Occurrence and Distribution of Upeneus bensast
larvae in the southwestern Japan Sea

Mitsuhisa Kawano

Larval samplings in the southwestern Japan Sea were conducted in 1986 and 1987. Upeneus
bensasi larvae (<50 mm in TL) occurred during June to October with a peak month July or
August. The larvae smaller than 10 mm in TL were distributed in coastal waters off Yamaguchi
Prefecture, shallower than 130m deep. On the other hand, the larvae larger than 10 mm in TL were
distributed not only in the coastal waters but also in the offshore waters, suggesting that the
larvae in the offshore waters would have been transported by the offshore branch of the Tsushima

Current.

Key words . Upeneus bensast; Larvae; Distribution; Southwestern Japan Sea
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individuals in 1986 and 1987, respectively.
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Changes in the Distribution and Abundance of
Maurolicus japonicus Eggs and Larvae
in the Southwestern Japan Sea

Mitsuhisa Kawano

Monthly and yearly changes in the distribution and abundance of Maurolicus japonicus eggs and
larvae in the Southwestern Japan Sea were studied using the data collected with a plankton net
during 1986-1994. The fish spawned almost all year and the main spawning season was May to
October. Abundance of the larvae increased from July-August to October-November. It was
estimated that spawning grounds were mainly formed in the waters off the east coast of Korea
and expanded toward coastal waters off Yamaguchi prefecture as the abundance of spawners

increased.
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Fig.1 Map showing the sampling area of
Maurolicus japonicus eggs and larvae. Dots
show the sampling stations. Shaded regions
show the area where the egg and larval
abundances were calculated.

Table 1 Number of net tows for collecting eggs
and larvae of Maurolicus japonicus in the
southwestern Japan Sea in 1986 to 1994

Month
Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
32 30 30 30 30 30 30 30 30 30
30 3 30 30 3 30 30 30 30 30
30 30 3 30 30 29 30 30 30 30
30 30 30 30 30 30 30 3 30 30
30 30 30 30 30 3 30 30 30
30 30 30 30 30 30 30 30 30
30 30 30 30 30 3 30 30 30
30 30 30 3 30 30 30 30 30
30 3 30 30 3 3 30 29 30

Year

1986
1987
1988
1989
1990
1991
1992
1993
1994
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Fig. 2 Monthly change in egg abundance of
Maurolicus japonicus in the southwestern
Japan Sea during 1986-1994.
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Fig. 3 Monthly mean of egg abundance of

Maurolicus japonicus in the southwestern
" Japan Sea during 1986-1994. Vertical bars show
the standard deviations.
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Fig. 4 Monthly change in larval abundance of
Maurolicus japonicus in the southwestern
Japan Sea during 1986-1994. No data; during
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Fig. 5 Monthly mean of larval abundance of
Maurolicus japonicus in the southwestern
Japan Sea during 1986-1994. Vertical bars show
the standard deviations.
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Fig. 8 Monthly distributions (n/n) of Maurolicus japonicus eggs in the southwestern Japan Sea in 1991 (high

abundance year).
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Table 2 Relationship between abudances of eggs and larvae of Maurolicus japonicus in each month during

1986-1994
Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov.
Correlation coefficient 0.76 0.68 0.09 0.71 0.38 0.84 0.99 0.81 0.81
p-value <0.05 >0.056 >0.05 <0.05 >0.05 <0.01 <0.001 <0.02 <0.02
Number of data 8 8 8 8 8 8 8 8 8
FLEMEL T A2 -2 56, Bizk- TIH i
B REITITT B AR A D R B T L AR X B, # Ly

% 2T, AR & HEFOBGFROMBE % FN7RER,
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Monthly Change in Egg Diameter of Firefly Squid,
Watasenia scintillans and its Possible Cause

Mitsuhisa Kawano

Net samplings and measurements of egg diameters of firefly squid, Watasenia scintillans were
conducted in the southwestern Japan Sea in 1986 and 1987 to study monthly changes in the egg
diameters. The egg diameters were larger in spring (cold water months) than those in summer
and autumn (warm water months). There found a negative correlation between the monthly mean
egg diameters and water temperatures at 50 m depth. Plankton abundance was low in spring to
early summer and high in mid-summer to autumn. These results suggest that the squid would
change the egg size in relation to the environmental conditions: the squid would make their eggs
large in cold and poor prey condition and small in warm and abundant prey condition to get high

survival rates.

Key words . Watasenia scintillans ; Egg diameter; Water temperature; Plankton abundance
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Fig. 1 Map showing the study area. Dot symbols
show sampling locations of firefly squid eggs
and hydrographic observation stations.
Shaded region shows the area where the mean
temperature and mean plankton abundance
were calculated.
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Fig. 2 Monthly mean egg diameters of firefly
squid in the southwestern Japan Sea in 1986
and 1987. Vertical bars show the standard
deviations.
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Fig. 3 Monthly mean water temperatures at 50 m
depth in the southwestern Japan Sea in 1986
and 1987.

B B (Y) & 50 m KR (X) & DFHBY
AENER, WEOMCIARSLAOHBEERLSE
»ohnt (Fig .4, Y=—0.021X+1.724, n=14, R=
0.791, P<0.001), 2% v, IFRIIEARMICkZ <,
BARBIICNE S BB Z LB PIIE ST,



16 ®: 1986
0: 1987
E
E-15 ° o®
z " Y = -0.021X + 1.724
5 n=14, R=0.791,
© P<0.001
g
5 14
)
LNi)
w
(o]
1.3 A . )
10 15 20 25

Water temperature (X, °C)

Fig. 4 Relationship between monthly mean egg
diameters of firefly squid and monthly mean
water temperatures at 50 m depth in the south-
western Japan Sea in 1986 and 1987.
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Fig. 5 Monthly mean wet weights and settling
volumes of plankton in the southwestern Japan
Sea in 1986 and 1987.
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Species Composition and Distribution of Fish Larvae
in the southwestern Japan Sea in 1987

Mitsuhisa Kawano

Larval Samplings in the southwestern Japan Sea in 1987 revealed the species composition and
distribution of fish larvae. The number of individuals and the diversity of larvae increased from
June and peaked in August. Engraulis japonicus and Maurolicus muelleri were dominant species.
Most species except for the above two species were distributed mainly in the nearshore waters off
Yamaguchi Prefecture where the first branch of the Tsushima Warm Current flew. Therefore, the
water temperatures and salinity of their distribution areas were dependent to the water properties
of the Tsushima Warm Current during their occurrence periods.

Key words : Fish larvae; Distribution; Southwestern Japan Sea
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Fig. 1 Map showing the study area. Dots show
the larval sampling and hydrograhic observa-

tional stations.
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HF 2D ARIHEBEKR

HeAF O BRE®REIE (Tablel), 3HIZRED
< 33MEATH 572, ZORIZKBISHML, 8 AIC
A (1203fEHK) 2R U7, 9 ALIBRIIRRARICEA
LU, L2RICI342EHR E TR L 7=,

HeAT D MBHERBCT BB 22 £ < %55 6 ~107
Z20FER e £ < a5 fEmAERL, ZOMMICENS
MEREE -7z (Tablel),

HMAsBEL TRLEMBEL-BRBE A2 F (4T
RKTHFoy)Ly
Murolicus muelleri % »7-, ZOfiz, X5 §
Labridae spp., ## 4 ¥} Pleuronectidae spp., ¥4

¥ Engraulis japonicus T,

7 ¥ Sardinops melanostictus, /> ¥'F Gobidae spp.,
Y ) X 4 9 ¥ Etrumeus teres, 7 ¥ # ¥ T F}
Scorpaenidae spp., * A v FF} Carangidae spp.,
v+ ¥ B Anguilliformes spp. L7 10F % &8 7=
(Table1).,

EEMEFRAOMBEIZ, RO 7T O2ORIFEHI N
(Tablel). (1) FEHHBA . ZOROAEIIES

Table 1 Number of individuals and total lengths of fish larvae collected with a larva net in the southwestern

Japan Sea in 1987

Species

Mar A r May Jun. Jul. Aug. Sep Oct. Nov. Dec. Total Occurrence season TL (mm)

Engraulis japonicus | 1932 Spring-winter 1.6-11.0
Murolicus muelleri 570 Spring-winter 1.6- 5.6
Labridae spp. 140 Spring-winter 1.8- 5.6
Pleuronectidae spp. . 119 Spring-winter 2.0- 4.2
Sardinops melanostictus 96 Spring 2.0- 6.6
Gobidae spp. 75 Spring-autumn  2.2- 5.0
Etrumeus teres 65 Spring-summer 3.3- 7.6
Scorpaenidae spp. 64 Spring-winter 1.6- 6.6
Carangidae spp. 0 0 63 Spring-winter 1.3- 4.0
Anguilliformes spp. 0 0 31 Summer-autumn 4.0- 9.6
Synodontidae spp. 0 0 30 Summer-autumn 2.6- 8.5
Champsodon snyderi 0 0 . 1 22 Summer-winter  3.3- 6.6
Apogonidae sp. 0 0 0 20 Summer-autumn 2.3- 5.1
Monacanthidae spp. 0 0 0 15 Summer 2.3- 3.9
Cynoglossidae spp. 0 0 0 - 13 Summer-autumn 2.0- 6.6
Myctophidae spp. 0 0 1 12 Summer-winter 2.6- 3.7
Paralichthydae spp. 0 0 0 12 Spring-autumn  2.5- 4.5
Pomacentridae sp. 0 0 0 0 10 Summer-autumn 1.8- 4.3
Eopsetta grigorjewi 0 0 9 Spring-summer  2.3- 4.7
Tanakius kitaharai 0 0 8 Spring-summer 1.2- 3.1
Triglidae spp. 0 0 7 Spring-summer  2.8- 5.6
Tetraodontidae sp. 0 0 0 7 Summer 2.1- 3.6
Scombridae spp. 2 0 0 7 Summer 2.6- 5.5
Sparidae spp. 0. 0 0 5 Summer-autumn 3.0- 3.1
Platycephalidae spp. 0 0 : | Summer-winter  6.7-18.5
Others 8 7 24 188 216 70 33 2.4- 9.0
Total 33 59 239 872 727 1203 487 256

Number of species 10+ 9+ 15+ 24+ 25+ 26+ 20+ 21+
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Fig. 2 Distributions of the main larvae in the southwestern Japan Sea in 1987. CW:species occurred in coastal
waters, WW:species occurred in coastal and offshore waters, OW:species occurred in offshore waters.
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Fig. 3 Range of water temperature at 50 m deep
where each main larva occurred. HT:species
occurred at 18-25 °C, LT:species occurred at <18
°C, WT:species occurred at 12-25 °C.
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Fig. 4 Range of salinity at 50 m deep where each
main larva occurred. HS:species occurred at
>34.0, WS:species occurred at 32.8-34.8.
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Vertical Distributions of Fish eggs and Larvae
in Coastal waters off Yamaguchi Prefecture,
Southwestern Japan Sea

Mitsuhisa Kawano

MTD net samplings at four layers (Om, 25m, 50m and 75m deep) were conducted in order to
elucidate distributions of fish eggs and larvae in coastal waters off Yamaguchi Prefecture,
southwestern Japan Sea in April and September 1992, and May 1993. In May 1993, the main
distribution layers of eggs and larvae of Japanese sardine (Sardinops melanostictus), anchovy
(Engraulis japonicus) and round herring (Etrumeus teres) were Om, 25m and 50-75 m deep,
respectively. On the other hand, in April 1992, they were distributed deeper than those in May 1993.
It was considered that since vertical mixing in April was stronger than in May, these eggs and
larvae would have been transported to deeper layers in April. In September 1992, more species
appeared than those in April 1992 and May 1993, and they were distributed mainly at 25-50m deep

layers where a pycnocline was formed.

Key words . Vertical distribution; Fish eggs; Fish larvae; Southwestern Japan Sea
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AL, BAMERE LR ETI199294 A, 9
AB X U193 5 Hiz75 v 2 b v 2y b DEGATE
HE ATV, TR X OHET R ORI O S8 4 1 %
o2 L=DT, HREWMET S,

B LVHE
Bl X UHEFRUL, LD RS A A R A (148
bY) 2k 019924 4 H13~14HH L TV9 A15~16H
KIIOEHR RO Stn. A (Fig. 1, K&EH9%m) T,
F O R EEREMLS A LB Q19 ) 12X D 1993
5 H19~20H1Z Stn.B (Fig. 1, AK¥%£125m) T
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BADORELZFNB 79012, BHEBBRENIIRDO L B
DEL7, BROFEAEL U TI9924 4 A13H 1813247,
14H138F 4 57, 9 A15H118%324, 178405y, 19934F
5H20H 2 205 b & UN13K:304, RBDOFAE L LT



19924 4 H14H 0 B#435r, 6 K504, 9 A15H 22850
T L UL6H 685 3 ICME BRI L7, FREL M
Wik S OHAITAIZI0% R <) YK CEEL, 8
BB 2%, MOBEEET-72, /2, &#E
FRAAIFICIIRE RIS 1T 2K, BEHB I UEEDOH
BAHmA2TET3 -9, CTD (19924F 4 A13H & &
U9 AIBHIZIET v v 2 B4 8! AST1000, 19934
5 H20H2id Sea Bird Electronics #1514 SBE19) %
HWT, K - OB T - 72,

I 1 i

|
4 T . - . 150"
[{5um Il —_
Japan Sea P) \tb /
| b
@ Stn.B
— 100m~r™ =
’
J
[
\
4 -
|~
- 1-34° 10" N
|
130° 40" E 131° 30"

Fig. 1 Map showing the sites of larval sampling
with MTD nets. Surveys were conducted at
Stn.A on April 13-14 and September 15-16,
1992 and at Stn.B on May 19-20, 1993.
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21.78kg/nd, EEBT2U4.71kg/mE R L7 (Fig.2).
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18.0°C, KRB T15.9°C, #5537 133 8 T34.54, JEEFE T34.68,
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Fig. 2 Vertical distributions of water temperat-
ure, salinity and density (os.) at Stn.A on
April 13-14 and September 15-16, 1992, and at
Stn.B on May 19-20, 1993. Closed circles: Stn. A
in April 1992, closed triangles: Stn.A in
September 1992, open squares: Stn. B in May
1993.
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Table 1 Percentage occurrence of fish eggs and larvae by time and depth at Stn. A off Yamaguchi Prefecture

(see Fig.1) on April 13-14,1992

. Daytime Nighttime

Species Om 2m 50m 75m Nedit Om 2m 50m 75m oo i

Eggs  Sardinops melanostictus 28.3 24.7 664  22.7 529
Etrumeus teres 21.6 97  20.0 55
Engraulis japonicus . 290 31 133 15
Unidentified fishes 13.6 59 184 38
Total no. of ind. 851 140 637
Larvae Sardinops melanostictus 160  21.1 204
Engraulis japonicus 17 5 142
FEtrumeus teres 6 24
Paralichthys olivaceus 8 17
Eopsetta grigorjewi 7 16
Trigliae spp. 10 4
Pleuronectidae spp. R 6
Mugiloididae sp. 4 3
Scorpaenidae spp. 1 4
Sebastes pachycephalus pachycephalus 4 - - — — 0
Sebastiscus marmoratus 2 — - - — 0
Callionymidae spp. 2 — - — - 0
Hexagrammos otakil 1 - - — — 0
Cepola schlegeli 1 - — - - 0
Unidentified fishes 5 167 16.7 66.7 0.0 6
Total no. of ind. 330 125 71 134 96 426

% The shaded column shows the highest percentage occurrence in each fish.

tus, VI X 4T Etrumeus teres, #42F AL 7
Engraulis japonicus & & BHIZHMEI & D & % < R
L7,

MEAF RN & 135 127 R (42618HA) D F A2 (330
k) & E<HB L (Tablel), AMERIZA
%& (Tablel), HBRMBEHEEO L2 -7 5 A,
TATY, AETFADY, UALAALTY, I A
Paralichthys 4 v iV 4 Eopsetta
grigorjewi X T NTCIRBIZL D E S HBE LA, 2D
iz & & ¥ K Bl Trigliae spp., # L 4 B
I 7 F Z#} Mugiloididae sp.,
7 4 51 % T8} Scorpaenidae spp., 4 F V4 Sebastes
71 % I Sebastsicus
marmoratus, % X v KF} Callionymidae spp., 7
AIVFT HEF
Cepola schlegeli BB L 725, ZhHIZDWOTIEH
BB D 50, B HBYE R XTI
e,

RIZFHATEDOBIRN KRR 345 % A% L (Table
1), BITEA I BXU YL A4 7V IEEME
FOTERI L 3 75m & (30.4~44.3%) 2R E s,

olivaceus ,

Pleuronectidae spp.,

pachycephalus pachycephalus,

4 F * Hexagrammos otakii,

Omf@E TIZITHELL MLz, 22 F4 IV
BEIZIZ0mE (41.9%) #HLELTEEALLN~
S0mBBIZH A LA, 7ERIZIE0m B B
L, 25~75mf@ (86.7%) 2 FIH4L 7=,
MEAFHTIE (Tablel), ¥4 7 Y i38R1I21E25m
Jg (45.0%) #ZHDE UTFIZB~T5mBICoMmL 7=
2, ERENIZ0~T5m B Z THAMBILEAYD, 50~T5m
F& (62.3%) 1“%< HMiLi=. HEOF4 7V
BEUKBE L0~T5mBE THHL 72, HMHDOHL
ZERIZIZ25mME (16.2%) TH - 724, ®BIZIZ0
mhg (48.6%) IZER L7z, v 4492 38ME &
CRRE L $50m B (HH83.3%, 1ER154.2%) % rhil»
(2, 50~T5mBIcEITAMLE, I A 3BMBLY
HRIE & F1225~50m g (75.0~T76.5%) A6 L 7=,
AYHVAIGEBMEIZIZSmE (571%) & T5m @
(42.9%) AL, ERENZIZS0~T5m)E (62.6%)
ERLELTERED EBICB AL 72,

1992F 9 HOAS - MFAOHESH
BERINOWHBEBIZOWTASZ L (Table?2),
BUNIERE (149) oF H%ER ) kv %<



HB L7, 205 b EEOMRNRTE 20 IXERIZH
BHL2AZ2FA9VIMIEORTH -7,

HEAF BN & [R) AR (A2 R (382118l {A) D 757 A3 7 ] (239
k) KL< B L~ (Table2), 7, B
BERUEREE 6 4 AICINBIREEE L <L 72,
MR A D L, MBUEERD S 5 7= AL 9 ffEo
5%, * Xy AR, v Y 28 Cynoglossidae spp.,
N I F & Holichthys sp. D WBEEEIZ BB DT
BEBL D ED 5720, HEIF 472 BEBDOEH
HIBAAE R Z H -2, NEF Gobiidae spp., #Y

v ¥ ) ¥ 4% Soleidae spp., LV FlSynodontidae s
pp., v 7 ¥ 8 Anguilliformes spp., ¥4 w7 A H
Bregmacerotidae spp.® H B E &I ERM & M &
TIRIEFECTH 72, ZOMDERE LT, A XA

& 4 B} Pomacentridae sp., 7 ¥ & ¥ I Bl
Scorpaenidae spp., 7 =¥ X Champsodon snyderi,

kA 2324 9F Synagrops philippinensis, * =
#+ 3 ¥ B} Synanceiidae spp., 7 ¥ ¥ 7 & 4 Ft
Apogonidae spp., &% b 7 ¥ ZJ& Spinapsaron sp.,
& v &4 Callanthias japonicus % & M HER

Table 2 Percentage occurrence of fish eggs and larvae by time and depth at Stn. A off Yamaguchi Prefecture

(see Fig.1) on September 15-16, 1992

Species Daytime Nighttime

Om 25m  50m  75m  No.ofid  Om 25m  50m  75m  No. of ind,

Eggs  Engraulis japonicus \M{} 1 — — - — 0
Unidentified fishes 148 10.0 11.1 17.8 ”ﬁlwlf 90
Total no. of ind. 149 9 10 16 55 90
Larvae Callionymidae spp. 113 0.0 94 531 315 32
Gobiidae spp. 44 91 718 136 00 44
Cynoglossidae spp. 54 4.8 33.3 0.0 21
Soleidae spp. 16 00 625 125 16
Synodontidae spp. 12 0.0 0.0 13
Hoplichthys sp. 18 0.0 40.0 b)
Anguilliformes spp. 10 0.0 ’ 0.0 13
Bregmacerotidae spp. 11 0.0 54.5 27.3 11
Engraulis japonicus 3 214 0.0 14
Pomacentridae sp. 7 : 16.7 0.0 6
Scorpaenidae spp. 8 . 4 25.0 0.0 4
Champsodon snyderi 4 0.0 0.0 70 250 4
Synagrops philippinensis 3 0.0 0.0 iﬂﬂﬁ 0.0 )
Apogonidae spp. 1 33.3. 667 0.0 0.0 6
Spinapsaron sp. 4 0.0 0.0 333 667 3
Synanceiidae spp. 7 0.0 0.0 1@@0 0.0 1
Callanthias japonicus 5 0.0 0.0 100(} 0.0 1
Parapercis sp. 4 - — - - 0
Platycephalidae spp. 2 & 00 00 00 1
Sacura margaritacea 3 - - — - 0
Labridae spp. 00.4 2 00 1000 00 00 1
Bothidae spp. — — - — 0 0.0 1000 0.0 2
Apogon semilineatus — — - — 0 59.9 0.0 0.0 2
Carangidae sp. - 100 0.0 1. 0.0 0.0 0.0 1
Ophidiidae sp. - 1000 0.0 1 - — — — 0
Siganus fuscescens 0.0 0.0 1 - - — — 0
Percophididae sp. 0.0 100.0 1 - — - - 0
Limnichthys sp. 0.0 0.0 ] 1 - - — - 0
Trichonotus sp. — - - - 0 0.0 0.0 1000 00 1
Stephanolepis cirrhifer — — — — 0 ilﬁﬁ 0.0 0.0 0.0 1
Unidentified fishes 0.0 7.7 39 . 52 323 9.7 31
Total no. of ind. 10 57 382 17 103 94 25 239

% The shaded column shows the highest percentage occurrence in each fish.
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T5mfE (84.5~94.5%) IZFizHmLAi, v4 7 Vi
Bk LOEBE S0mBIZKES 20 L (96.4~
97.3%), S0mRE LD TREIZEGMLE» 7=,

HEDFATY, UAAALTVELIOVA T VO
fFfix, ZhZhode KPSl amEnRL
(Table3)., Thbb, HFIF L7213 BmlF
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Table 3 Percentage occurrence of fish eggs and larvae by time and depth at Stn.B off Yamaguchi Prefecture

(see Fig.1) on May 19-20, 1993

Species Daytime Nighttime

50m 75m  No. of ind. Om 25m 50m 75m  No. of ind.

Eggs  Engraulis japonicus 22 140 136 2671 578 144 239 2993
Etrumeus teres 9 807 238 84 436 508 55
Sardinops melanostictus . 0.0 0.0 56 ) 0.0 0.0 37
Unidentified fishes . “l@“ﬁ 0.0 4 0.0 0.0 35

Total no. of ind. 430 382 2815 456 742 3120

Larvae FEngraulis japonicus 42.9 9.5 580 34.2 0.0 360
Etrumeus teres 18.5 ;55.6 27 — - - 0
Sardinops melanostictus 13.0 4.3 23 — - — — 0

Pagrus major 0.0 0.0 2 — - - — 0
Callanthias japonicus 0.0 0.0 2 - 0
Mugiloididae sp. - - - - 0 0.0 1
Callionymidae sp. - - — — 0 0.0 1
Cololabis saira 0.0 0.0 0.0 1 — 0
Acanthopagrus schlegeli - — — — 0 0.0 1
Unidentified fishes 4.2 20.8 8.3 24 0.0 17

Total no. of ind. 48 262 73 659 0 380

% The shaded column shows the highest percentage occurrence in each fish.
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Whales occurred at the Japan Sea Coast of
Yamaguchi Prefecture in Recent Years

Mitsuhisa Kawano

Seven species and twenty-one individuals of whales occurred at the Japan Sea coast of
Yamaguchi Prefecture during 1996-2006. Minke whales (Balaenoptera acutorostrata) were most
abundant species (12 individuals) of them. They occurred only in cold seasons (autumn to spring).
It was considered that they would occur at this area on the way to the spawning ground (low

latitude regions) or to the feeding ground (high latitude regions).

Key words . Whales; Balaenoptera acutorostrara; Japan Sea Coast; Yamaguchi Prefecture
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Fig. 1 Map showing the locations where whales occurred during the period 1996-2006. Numerals indicate the

sample number shown in Table 1.

¥y 3292 Y5 Physeter macrocephalus, =4 2
¥ 7 Balaenoptera edeni, * #7231~y 2% Kogia
simus, Y /¥ <2 ¥ 5 Balaenoptera omurai, &
¥ v 7 i B A MYSTICETI sp.@ 7 f#21§8 T,

Table 1 Whales occurred at the Japan Sea coast of Yamaguchi Prefecture from 1996 to 2006

ZOWNI Vo2V IHIBRERE B H o7z (Tablel),
HRMEEOFEGEREIE 2 ~1Tm T, ZOP/NIOD 3
YoYU BRREYESD: (Fig.2), 3vooY
FSORREIZ2~6mT, B4 ~5 mOEENE 25

No. Date Location* Species Condition in(g\il{ligfl als
1 April 15, 1996 Kiwado, Nagato city Balaenoptera acutorostrata Catch by set net 1
2 May 15, 1996 Kayoi, Nagato city Balaenoptera acutorostrata Catch by set net 1
3 April 18, 1997 Kawatana, Shimonoseki city Mesoplodon sp. Staranding 1
4 September 11, 1998 Amagase, Shimonoseki city Balaenoptera omurai Swimming 1
5 October 1, 1998 Yuya Bay, Nagato city Physeter macrocephalus Swimming 1
6 October 5, 1999 Off Mishima, Hagi city Balaenoptera edeni Swimming 2
7 February 27, 2001 Tadanohama, Nagato city MYSTICETI sp. Stranding 1
8 April 2, 2001 Mouth of Fukawa River, Nagato city Kogia simus Stranding 1
9 November 26, 2001 Ohshima, Hagi city Balaenoptera acutorostrata Catch by set net 1
10 November 12, 2002 Yutama, Shimonoseki city Mesoplodon sp. Stranding 1
11 February 5, 2003  Yoshimi, Shimonoseki city Balaenoptera acutorostrata Stranding 1
12 April 3, 2004 Koshigahama, Hagi city Balaenoptera acutorostrata Catch by set net 1
13 April 29, 2004 Kiwado, Nagato city Balaenoptera acutorostrata Catch by set net 1
14 February 10, 2005 Koshigahama, Hagi city Balaenoptera acutorostrata Catch by set net 1
15 February 28, 2005 Kiwado, Nagato city Balaenoptera acutorostrata Catch by set net 1
16 December 25, 2005 Senzaki, Nagato city Balaenoptera acutorostrata Catch by set net 1
17 March 8, 2006 Ohiminato, Hagi city Balaenoptera acutorostrata Catch by set net 1
18 April 11, 2006 Yuya Bay, Nagato city Mesoplodon sp. Swimming 1
19 May 25, 2006 Kayoi, Nagato city Balaenoptera acutorostrata Stranding 1
20 November 21, 2006 Kayoi, Nagato city Balaenoptera acutorostrata Stranding 1

* Each location is shown in Fig.1l with the sample number.
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mDEEKIEZY /22 VI3 TH -7 (Fig.2),
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Fig. 2 Composition of body lengths of whales
occurred at the Japan Sea coast of Yamaguchi
Prefecture, 1996-2006. Solid regions show
minke whales.
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Fig. 3 Number of individuals of whales occurred at
the Japan Sea coast of Yamaguchi Prefecture
by month. Solid regions show minke whales.
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Stocking Effectiveness of Devil Stinger Inimicus japonicus
Fingerlings Released in the Coast of
Yamaguchi Prefecture of Hibiki-Nada Sea

Yoshitaka OcusHi
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