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Productivity of the Inshore Fishing Grounds

Changes of Productivity in the Seto Inland Sea
(Review)

Kaoru TATARA

The Seto Inland Sea is the largest inshore fishing ground — about 19 x 10°km? — in Japan.
Annual production amounts to more than 400 x 10° m.t. in the boat fishery and about 300 x 10°
m.t. in the aquaculture, totaling more than 38 m.t./km?/year. In the present paper, the fishery of the
Seto Inland Sea is outlined initially.

The Seto Inland Sea includes eight fishing grounds which are connected by passages and channels.
Although hundreds of islands and strong tidal currents create diverse environmental conditions, water
is moderate and clam as a whole with the average depth of 30 meters and the annual range of
water temperature is about 10°C to 25°C. Under these conditions, the area is the largest nursery
ground along the Japanese Islands. More than 600 species of marine organisms including more than
100 commercial species are reported from this area. Those commercial species can be categorized into
three ecological groups; (a) Spawner entering type (Spanish mackerel, Red sea bream, etc.) which
enters the Inland Sea in their spawning season from the outer sea area, (b) Younger entering type
(Mackerel, Horse mackerel, Kuruma prawn, etc.) which flows into the Inland Sea in their various stages
of egg or juveniles and then extend its distribution to the outer sea area, and (c) Proper type (Sea bass,
Sand lance, etc.) which stays in the Inland Sea throughout their life history.

As described above, the Inland Sea fishery resources consist of a large number of species, but the
quantity of each species is very small. Only the catch amount of Anchovy exceeds 102 of the total
production, Sand lance and Short necked clam attain 5%, while Red sea bream and Kuruma prawn
are less than 0.7%. Reflecting these facts, fisheries business in this area is small and diverse. The small
type fisheries were modernized and had become equipped with high powered boats during the period
of high economic growth during the 1960s. As a result, fishing efforts intensified sharply, and total
production increased by 1.7 times in that single decade. The increased demand for species with higher
commercial values was particulary notable and this eventually caused depletion of the resources.

The 1960s also saw a tremendous growth in the aquaculture industry: including of breeding of
Yellowtail, Red sea bream and Kuruma prawn, and oyster and seaweed cultures. The improvements
in technology allowed a larger scale cultivation possible and increased the productivity. The present day
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aquaculture faces a dorp in the market demand for its products which seems to restrain the growth
of the industry.

Water pollution and coastal reformation caused serious environmental problems in the 1960s. Indus-
trialization and urbanization of the coastal land area induced the eutrophication. Thus, the primary
production of the inshore water increased considerably. The appearance of red tide in various parts of
fishing grounds then caused numerous problems to the fishing industry.

Productivity of the fishing grounds was very high as mentioned above, however, the productivity
differed from one fishing ground to another. The inshore fishing ground with strong eutrophication
seem to attain higher productivity. The relation between the water depth of fishing ground and the
productivity showed clear relevance as shown in Figs. 7 & 8. In order to study these relations, the

degree of inshoreness for each fishing ground was calculated by the following equation.

E=k/D-T
where
E = degree of inshoreness
D = mean water depth of fishing ground in meter
T = transparency in meter
k = constant

The relations between the productivity and E were plotted, and the two curves showing changes
in productivity per km? (Fig. 10) and another curve per km® (Fig. 11) were drawn. These curves
indicated that the productivities and the degrees of inshoreness are related.

It had been conjectured previously that the primary production of the sea increased by the
eutrophication. The amount of primary production utilized through fishery during the period from
1951 to 1977 was estimated by the method presented in the separate paper: *Relation between the
Primary Production and the Commercial Fishery Production in the Fishing Ground”.

Using the figures derived from the above method, the historical changes of the relation between
the amount of estimated consumption of primary production and the actual catch amount was then
discussed.

Generally the relation seems to be a linear one (Fig. 12), excluding last three years (1975-1977).
The total catch amount increased by 2.6 times during twenty five years since 1951, and the estimated
consumption of primary production increased by 1.6 times in the same period. Figure 13 shows that
the mean trophic level of the catch decreased accompanying the quantitative leveling up of the catch.
The fish of the higher trophic level has, most case, higher commercial value. Then degrading of the
trophic levels of the fish caught results a significant impact in the commercial fishery.

In the Seto Inland Sea, the catch amount could be increased up to the level of 600 x 10° m.t.
However, at the same time, the mean trophic level should be lowered about 0.25. Therefore, it can
be summerized that the utilization of primary production in the sea area is characterized by the fishery
and the features of the fishery resources which are continually transformed by the change of fishery.

The recent three years of unprecedented growth in catch amount were derived from the
effective catchings of the outbursted shellfishes and squids in the eutrophicated fishing grounds. The
exploitation of these multiplying species became very important in recent years as a surplus catch.
To make this surplus harvest a promising one, there should be a systematic coorporation between the

scientific monitoring of resources and the management of commercial fisheries.
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Fig. 1 Fishing grounds of the Seto Inland Sea.

Areas, volume and mean depths of fishing ground in the

Seto Inland Sea. (Ministry of Construction, 1975)

s ‘ Area Mean Depth Volume

Fishing ground } km? 9 m kms® %
1 Kii-Channel ; 1,554 8.3 56.0 87.0 14.3
2 Osaka-Bay 1 1,529 8.2 27.5 41.8 6.9
3 Harima-Nada i 3, 426 18. 4 25.6 88.7 14.6
4 Bisan-Seto 916 4.9 13.9 12.7 2.1

(East Total) : (7,425) (39.8) (30.9) (230.2) (37.9)
5 Hiuchi-Nadab } 2, 250 12. 1 16.7 38.0 6.3
6 Aki-Nada® , 1,909 10.2 26.8 51.2 8.4
7 Iyo-Nada® 3,974 21.3 53.7 213.6 35.2
8 Suho-Nada ! 3, 100 16.6 23.7 73.6 12.1

(West Total) (11, 233) (60.2) (33.4) (376. 4) (62.1)

Total 18,685 100 32.6 606. 6 100

1) : Including Bingo-Nada and Geiyo-Channel

2) : Including Aki-Nada and Hiroshima Bay

3) : Including Beppu Bay
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Table 2. Catch amount by species and by fishing ground (Boat fishery 1977).

T ,,,,\hil_sgng ground No. Kii Osaka Harima
Species T 1 2 3
1 < A v v Sardine 2, 888 19,930 331
2 A a 7 # Anchovy 6, 262 17,916 22, 385
3 > 5 # Shirasu (Anchovy larvae) 5,696 3,337 1,329
4 7 b3 ¥ Horse mackerels 1,939 405 1, 880
5 A s ¥ Mackelels 1,827 1,175 237
6 7 Y Yellow tail 193 21 115
7 7 # Bastard halibut 38 6 19
8 £ A # Fine spoited flounder 116 162 601
9 fhoHsvA - &34 Other flat fishes 378 796 2,029
10 + A %5 Sharks 27 54 4
11 = ~ . 7 5 ¥ Croakers 149 497 272
12 = Vi ¥ Lizard fishes 1,892 165 218
13 + Eel (Muraenesox cinereus) 296 41 18
14 % Ea 74 4+ Ribon fish 4,231 68 154
15 A # % 4 Butter fish 3 1 —
16 = A ¥ Skates 19 29 14
17 = & 4 Red sea bream 240 93 74
18 7 = & 4 Black sea bream 90 30 365
19 7 5 Sawara (Scomberomorus) 281 132 529
20 K ¥ ¥7 Mullets 124 348 810
21 A X % Sea bass 128 708 751
22 A bl > = Sand lance 1,636 3,646 15,022
23 7 5 = Eel (Astroconger) 238 1,024 1,204
24 = 7 v = Gizzard shad 269 517 2,377
25 # # = - £ .3, Rock fishes(Sebastes) 138 178 616
26 fth D f  Other fishes 6, 700 2,332 4,431
27 = 74 4 # Sepia (Cuttle fish) 4,320 227 1,101
28 ft o £ # Other Squids 239 177 994
29 % B4 ¥ Octopuses 431 528 1,892
30 7 /A = = ¢ Kuruma prawn 142 112 171
31 f o = " Other shrimps 1,573 1,376 2,495
32 + : Blue crab 153 61 163
33 fb o H = Other crabs 118 38 183
34 v = Sea urchins 46 - 1
3B < 2 Sea cucumbers 117 43 617
6 ¥ 2 Mantis shrimps 126 669 1,980
37 = & v ¥ Polycheatas — 3 22
38 fft o Kk & Other benthos 4, 260 — 14
39 7 14 £ Abalone 114 29 10
40 + > Turbo 150 4 87
41 -~ = 7 Yy Clam i 13 — 32
42 7 + 1) Short necked clam 17 1 352
43 = A 1 Ark shells 7 25 —
4 X it 7 % Pen shells — — 111
45 fih D H Other shell fishes 195 62 792
46 v # # Wakame sea weed 145 28 150
47 fit o # E Other sea weeds 1,026 98 2,313
SUB-T 48,990 57,092 69, 265
% 12.1 14.1 17.1

— 140 —




5 X Aéu A Suélo Total % S;;‘(l:ll
— — — 152 — 23,301 5.7 6
213 42, 879 8,251 8,964 134 107,004 26.4 1
— — 181 986 — 11,529 2.8 9
6 230 145 297 29 4,931 1.2 18
1 10 44 89 - 3,383 0.8 24
10 33 13 54 1 440 0.1 39
43 158 10 85 14 373 0.1 39
442 594 305 423 248 2,891 0.7 26
1,221 1, 460 534 1, 366 2,436 10, 220 2.5 10
— 105 7 60 2 259 0.1 39
3,665 810 281 357 310 6, 341 1.6 12
27 1,461 226 800 330 5,119 1.3 16
— 17 9 36 1 418 0.1 39
— 458 408 774 18 6,111 1.5 13
- — — — — 4 0.0 44
7 108 23 79 87 366 0.1 39
23 1,418 502 594 16 2, 960 0.7 26
486 785 260 183 573 2,772 0.7 26
177 1,024 137 474 259 3,013 0.7 26
286 691 288 939 1,488 4,974 1.2 18
306 430 117 283 676 3,399 0.8 24
3,412 728 4 — — 24, 448 6.0 4
580 1,116 492 365 814 5,833 1.4 15
319 524 392 399 552 5, 349 1.3 16
410 747 219 323 353 2,984 0.7 26
3,051 5, 105 2,383 8,349 5,719 38,070 9.4 2
571 4,536 480 3, 448 797 15, 480 3.8 8
101 541 45 2,115 289 4,501 1.1 22
621 837 641 795 1,157 6,902 1.7 11
35 52 24 189 257 982 0.2 36
1,129 3,519 1,487 4,920 4,028 20, 527 5.1 7
48 426 48 2 6 907 0.2 36
548 193 32 89 340 1, 541 0.4 32
8 252 34 413 24 778 0.2 36
97 476 1,661 1,044 840 4, 895 1.2 18
582 1,523 160 88 816 5,944 1.5 13
7 29 17 - 35 113 0.0 44
i1 — — — 32 4,317 1.1 22
— 4 19 115 3 294 0.0 44
28 373 56 282 213 1,193 0.3 34
— — — — 83 128 0.0 44
103 1,798 1,003 637 22,846 26, 757 6.6 3
1,301 — — — 192 1,525 0.4 32
1,297 — — 162 485 2,055 0.5 31
2,174 5,892 3,040 2,224 9, 946 24,325 6.0 4
467 200 24 93 52 1,159 0.3 34
2 325 290 602 191 4, 847 1.2 18

23,815 81, 867 24,292 43,649 56, 692 405, 662 100.0
5.9 20.1 6.0 10.8 14.0 100.0
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Fig. 2 Change of catch amount by boat fishery in the Seto Inland Sea.
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Table 3. Catch amount of boat-fishery by year, by fishing ground and by bio-production
series (unit: m. t). Small numerals are the ratios of each value to the value of

1958 in %.
=\
g Year
E_ Fm 1958 1963 1964 1965 1966 1967 1968
82 | ground|
38 | \
1 Kii 21,2670 17,077 g0 14,7376 19,328 01 19,1995  24,564116 23, 261100
2 Osaka 29, 406100 41, 701142 28,543 o7 41, 504141 42, 955146 42, 477144 38, 530131
3 Harima 29, 260100 28, 222 96 31, 49948 49, 659170 38, 656132 46, 472159 63, 680213
Ly] 4 Bisan 4, 647100 4, 745102 6, 100121 5, 023108 7, 350155 7, 928171 6, 878143
g: (East) 84, 580 91,745 80, 879 115,514 108, 160 121, 441 132, 349
é. 100 108 95 137 128 144 156
8, 5 H1uch1 18, 229100 13, 220 73 15, 599 g6 14, 076 77 25, 907142 20, 837114 28, 198155
& | 6 Aki 9,88l 7,1747s  5,6735  6,03ls 60186 56635 6,063 a
g 7 Iyo 8, 696100 8, 403 97 13, 097151 9, 872114 9, 520109 12, 938149 17, 031195
% 8 Suho 4, 130150 4, 680113 5, 348,29 3,682 g9 3,412 g3 4, 165101 3,574 g7
@ (West) 40, 936 33,477 39,717 33,661 44, 857 43,603 54, 866
100 82 97 82 110 107 134
Total 125, 514100 125,220100 120,595 o5 149, 174119 153,016122 165,041131 187, 21310
1 Kii 11,1255 10,783 o7 7,334 6 8,798 70  12,162100  11,305102 13, 555122
2 Osaka 15, 473100 13,720 g 26, 500171 16, 545107 13, 164 s5 18, 38111 11,781 75
= 3 Harima 17, 156100 17,645102 21,35312¢ 19,858156 20,9342z 22,856133 20,1217
g 4 Bisan 13,3800 16,8291 23,0072 18, 785140 15, 941119 19, 610147 17, 708132
& | (East) 57,134 58, 977 78,194 63, 986 62, 201 72,152 63,165
(?) 100 103 137 112 109 126 111
Y 5 Hiuchi 19, 681100 27, 962142 32, 094163 24, 396124 25, 448129 25, 704131 23, 087117
% 6 Aki 8,649 10,062116 14,0131z  17,598203  20,073232  22,230257 19, 151z;
o« 7 IYO 8, 554300 11, 991140 15, 117177 14, 653171 17, 746207 15, 939186 13, 338155
5 8 Suho 24, 093100 26, 710111 29, 419122 31, 281130 38, 804151 33, 648140 42, 692177
g | (West) 60, 977 76,725 90, 643 87,928 102,071 97,521 98, 268
100 126 149 144 187 160 161
Total 118, 109100 135, 700115 168, 836143 151, 913120 164, 271339 169, 670144 161, 431137
1 Kii 32, 391100 27, 859 4 22,071 ¢s 28, 126 g7 31, 361 97 35, 868111 36, 815114
2 Osaka 44,8790 55,420;23 55,043125 58,049  56,1191z5 60,8581 50, 311u12
3 Harima 46, 415100 45, 866 99 52, 852114 69, 517150 59, 589123 69, 327149 83, 801151
4 Bisan 18,026100 21,574120 29, 106361  23,808132  23,290129  27,537153 24, 585136
(East) 141,711 150,719 159, 072 179, 500 170, 359 193, 590 195, 512
100 106 112 127 120 137 138
; 5 Hiuchi 37,909100 41,182100 47,693126 38,471301  51,355135  46,540123 51, 285135
E, 6 Aki 18,530100 17,2359s 19,6851 23,62815 26,0911 27,8921 25, 21313
7 Iyo ].7, 250100 20, 394113 28, 214164 24, 525142 27, 266153 28, 876167 30, 369175
8 Suho 28, 222100 31,3891 34,767123 34, 963124 42, 215150 37, 8131x 46, 265164
(West) 101,911 110, 200 130, 359 121, 587 146,927 141,121 153,132
100 108 128 119 144 138 150
Total 243, 622100 260,919107 289,43119 301,087124 317,286150 334,711137 348, 644w
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1969 1970 1971 1972 1973 1974 1975 1976 1977
20,755 08 22,498106  24,736116 26,685125  26,08412s 29,8511 35,75216s 30,5681 29, 103437
52,8065 43,122147  45,346150 33,772115  42,120143  50,707172  47,67%62 62,3122 49, 222467
55,532190 66, 840228  54,303156 47,85216¢ 41,208141  44,891153  40,912140 56,1590z 48, 717166

6, 013126 6,252135 12,7497  10,58722s  9,49020¢ 17,049367  7,040151  13,335287 6, 274135

135, 106 138,712 137,134 118, 896 118,902 142, 498 131, 383 162, 374 133, 316
160 164 162 141 141 168 155 192 158
25, 046137 24,502134 26,0573 52,660z 36,534200 33,423183 40, 859254  48,06426¢ 50, 521277

5,547 56 5,786 s9 5,403 55 5,587 57 6,311 ¢4 7,641 77 8,265 11,3365 11,073112
18, 294210 22, 922264 21, 105243 17, 298199 12, 651145 11, 042127 13, 642157 14, 180163 1.7, 492201

3,395 52 3,221 78 3,384 g2 3,875 94 3, 895 o4 6, 250151 3,909 o5 4, 273103 4, 985121
52,282 56, 431 55,949 79, 420 59, 391 58, 356 66, 675 77,853 84,071

128 138 137 194 145 143 163 130 205
187, 386140 195, 142155 193,081154 198, 315158 178, 291142 200, 852160 198,055158 240, 22719, 217, 387173
19,408;74 16,832151  15,960143 18,409165 15,421130 18,584167  20,020180 21,095100 19, 88717¢
10,721 6 9,217 10,5116 12,120 2 7,363 4 11,841 & 7,509 49 10,554 65 7,870 51
23, 711139 20, 641120 20, 802121 21, 648125 21, 189124 24, 255141 21, 417125 20, 936122 20, 548120
18, 110135 22, 258155 20, 915156 19, 686147 16, 935127 20, 496153 17, 171128 15, 564116 17, 541131
71,950 68, 948 68,188 71,863 60, 908 75,176 66, 117 68, 149 65, 846
126 121 119 126 107 132 116 119 115
39,050198 32,438165 27,597140 26,260533 23,30411s 31,777160  28,55714s 33,851172 31, 34615
17,9912 16,806104 15,5995 17,796206 15,676151 15,840133 13, 268155 14, 407167 13, 220453
11,976140  13,369156  14,86117¢  20,104235  17,923510  21,390250 23, 36127z 26,800s13 26, 157306
52,4972  47,292106  59,925249 101,757422  69,440288 58,377242  45,672190 37,3911ss  51,707215
121,514 109, 905 117,982 165,917 126, 343 127, 384 110, 858 112, 449 122, 430
199 180 193 272 207 209 182 184 201
193, 462154 178, 852151 186, 168153 237, 779201 187, 249159 202, 558172 176, 972150 180, 598153 188, 276159
40, 162124 39, 330121 40, 695125 45, 094139 41, 505123 48, 435150 55, 771172 51, 662159 48, 990151
63, 526142 52, 338117 55, 856]24 45, 892102 49, 482110 62, 547139 55, 188123 72, 866162 57, 092127
79,243:171 87,4811  75,105162 69,500150 62,39713¢ 69, 146140  62,32813¢  77,095166 69, 265140
24,12213y  28,51015  33,663157  30,27316s  26,424147  37,544208  24,21013  28,899160 23, 815132
207,053 207, 659 205, 319 190, 759 179, 808 217,672 197, 497 230, 522 199, 162
146 147 145 135 127 154 139 163 141
64,095169 56,9390 53,6541z 78,91920s 59,838155 65,2007z 69,415183  81,915216 81, 867216
23,538127 22,59212;  21,002113  23,38212¢ 21,98619 23,481ly; 21,5321 25, 743139 24, 292131
30,270175  36,29050 35,9662 37,4017  30,573177  32,43113s  37,003215  40,980235 43, 649253
55,89219s  50,513170  63,308224 105,632374 73, 334260 64,626220 49,580176 41, 664148 56, 692201
173,795 166, 334 173,930 245, 334 185,731 185, 738 177,530 190, 302 206, 500
171 163 171 241 182 182 174 187 203
380, 848156  373,993154 379, 249156 436, 093170 365, 539150 403, 410166 375, 027150 420, 824173 405, 662167

— 144 —




Table 4. Catch amounts and its statistical values in the periods of years
by fishing ground and by bio-production series (unit: m. t.).

\g\\\Year 1963—1969”
‘é_ ‘ Fishing 1958
85 | sround max min X S.D C.V(% max
28
1 Kii 21, 267 24,564 14,737 19, 846 3,396 17.1 35,752
2 Osaka 29, 406 52, 806 28, 543 41,217 7,154 17.4 62, 312
g' 3 Harima 29, 260 63, 680 28, 222 44,817 12,829 28.6 66, 840
é’a 4 Bisan 4,647 7,928 4,745 6, 291 1,173 18.6 17, 049
é. 5 Hiuchi 18, 229 28,198 13,220 20,412 6,158 30.2 52, 660
"; 6 Aki 9,881 7,174 5, 547 6,024 549 9.1 11, 336
g. 7 Iyo 8,696 18,294 8, 403 12,736 3,804 29.9 22,922
“ | 8 Suho 4,130 5,348 3,395 4,037 741  18.3 6, 250
Total 125,514 187, 386 120, 595 155,378 26,754 17.2 240, 227
1 Kii 11,125 19, 408 7,334 11, 906 3,900 32.8 21,095
w | 2 Osaka 15,473 26, 500 10,721 15, 830 5,399 34.1 12,120
f':-’; 3 Harima 17, 156 23,711 17, 645 20, 925 2,009 9.6 24, 255
% 4 Bisan 13, 380 23, 007 15,941 18,570 2,299 12.4 22,258
g 5 Hiuchi 19, 681 39, 050 23, 087 28,249 5,588 19.8 33,861
E. 6 Aki 8,649 22,230 10, 062 17,303 4,066 23.5 17,796
%1 71Iyo 8, 554 17,746 11,976 14, 394 2,119 14.7 26, 800
5' 8 Suho 24,003 52, 497 26,710 36, 436 8,953 24.6 101, 757
Total 118, 109 193, 462 135, 700 163,612 17,683 10.8 237,779
1 Kii 32,391 40, 200 22,100 31,752 6,265 19.7 55, 800
2 Osaka 44, 879 63, 500 50, 300 57,047 4,290 7.5 72,900
3 Harima 46, 415 83, 800 45,900 65,742 13,751  20.9 87,500
- 4 Bisan 18, 026 29,100 21,600 24,860 2,588 10.5 37, 500
% 5 Hiuchi 37,909 64, 100 41, 200 48, 660 8,342 17.1 31, 900
<16 Aki 18, 530 27,900 17,200 23,326 3,709 15.9 25,700
7 Iyo 17, 250 30, 400 20, 400 27,131 3,577 13.2 43, 600
8 Suho 28,222 55, 900 31, 400 40, 472 8,435 20.8 105, 600
Total 243,622 380, 800 260, 900 318,989 39,838 12.5 436, 100

1) Before eutrophication
3) 2nd period eutrophicated
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2) 1st period eutrophicated
4) Unit is 100 m. t.




1970—1977% 1958—1977

Total

min X S.D C.V(%) max min X S.D C.V(%)
22, 498 28, 160 4, 096 14.5 35,752 14, 737 24,092 5, 497 22.8
33,772 46,785 8,192 17.5 62,312 28,543 43,263 8, 554 19.8
40,912 50,110 8,719 17.4 66, 840 28, 220 46, 491 11, 376 24,5
6, 252 10, 347 3, 868 37.4 17,049 4, 647 8,216 3,540 43.1
24, 502 39,078 10, 822 27.7 52, 660 13, 220 29, 608 12,874 43.5
5, 403 7,675 2,398 31.2 11, 336 5, 403 7,091 2,009 28,3
11, 042 16, 292 4,173 25.6 22,922 8, 403 14, 261 4, 389 30.8
3,221 4,224 980 23.2 6, 250 3,221 4,136 823 19.9
178, 291 202, 669 18, 569 9.2 240, 227 120, 595 177, 157 35, 311 19.9

! 21, 095 7,334 15,042 4,385  29.

15,421 18,276 2,046 1.2 | 1
7,363 9,623 1,913 19.9 ' 26,500 7,363 12,704 4,848 38.2
20,548 21,430 1,203 5.6 24,255 17,156 20,942 1,83 8.8
15,564 18,821 2,338  12.4 23,007 13,380 18,371 2,540 13.8
23,304 29,391 3,575 12.2 39,050 19,681 28,285 4,903 17.3
13,220 15,327 1,615 10.5 22,230 8,649 15,774 3,523 22.3
13,369 20,496 4,930 24.1 26, 800 8,554 17,080 5,251 30.7
37,391 58,945 19,904 33.8 101,757 24,093 46,919 19,49 4L.6
176,972 192,307 20,020  10.4 237,779 118,109 175,115 27,352 15.6
39,300 46,438 5,804 12.5 55,800 22,100 39,144 9,301 24.0
45,900 56,413 8,335 14.8 72,900 44,900 55,963 6,971 12.5
62, 300 71,538 8, 301 11.6 87,500 45, 900 67, 431 12,138 18.0
23,800 29,163 4,674 16.0 37,500 18,000 26,581 4,764 17.9
53,700 68,463 11,391  16.6 81,900 37,900 57,894 14,639 25.3
21,000 23,000 1,549 6.7 27,900 17,200 22,856 2,832 12.4
30,600 36,788 4,191 1l.4 43,600 17,300 31,350 7,109 22.7
41,700 63,163 19,830 314 105,600 28,200 51,057 19,418 38.0
374,000 394,963 25,357 6.4 | 436,100 243,600 352,256 56,668 16.1
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Fig. 3 Changes of catch amount by east and west fishing area
and by bio-production series in %.
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Wi X > CTORBIENBD TR ED, FHEHTHCRRERIH LT fHlml e, KRS « &%
ZF L3 SORMTIEE » TV 25, O 5 HIgH - 0078 - FPES 2 L B#EmL ¢, FEEo B
MEL,

AP ER I RAEARBHICRER OB 25 L HEED XTI —BR LW % (Fig. 3),

BARO BRI TR TIX19604 ¥ TRFHCRIAN L 7ob LImAE Sk 2, BEAKR TG
Wb Ui & AT Hm L 7o,

Y ARRTEEMD B EBEHEEC, HEEABRL T TIZ19652E 8 & PSR TR 19734E E D H 1Y
IMIRBRcu,

WA CHERD 2 5 7o (BEA 200 LAED) SERDVBAEF - v F 2AB8FROWThIZL Rbh
%, BARTHITOERUBCHBABIC L EIARC LM T B, <V b AAROEEEREN 2 Shigx
T EBARECIT 4 BHR T, BRI L TI965E D o bR 5,

VREEE D 2 (LU RSN U 74RO - B KO BB FRCRIN L 7ok S O L e b, Table 5wz ofE
BALRAL o, EPENEYEECOTIO8G, RARREEORMIE LV ML, EfT3A4rr = (19
6BEELIE), ~ A7, v A (L9765ELME), FRMHBTRH & 27547 > (196MELIER) ThHD, —H,
AV ABBRTRESABRCIIFHCEN L AL O E ST, BT 7Y « 244 « o B & BES
F, Fva, heEEEBIC 2 v A A QITSEDE) feE VRN LT B,

U & < ICRB R T HEBIORBE S HECR - 7o, TOBEBILE LT/, K
ekl UTREFELS 2 TAREE RO c s 2305, FSAIK L /T - BB M 313 5 19744
EHOL LD ) v 7 1 2 OEFEHKS, COREBBNOBENEL-Twb, 177 T 2WTIHERIHAL
T ESEH B Tew Ay, FEOWRC L » GAER/ EOFERBr Lo L RERY hRS %
EELZ RS, PR IFAT ONERACECHEINL 7o, SHNA 7 v (BHERE EL, BEAO
FHRE LCAES b D) AL TETULHAOFEN L LTHENS T, BEIHEMLACLDTAHS,

3. FHFABICKUIEMEEDOHE

TP NS R A BAECOVCTHEL L5, SHRDEOBHAEERESH 1T + v (19774F)
HEREENDRAE8ZITEE R, L LIARREC SO DEGIIHAERES LR LI, AT
WESEEOHTRERT, BT H197T7TEDEERT, WEREDAOLTS T YL T, 2759
T (DOAER A FRTERL AT, ARG TRBERED USTERICH L ToRE FIICE LT
B, BMEBEDI0YG, KBEEDNLZITME, = OETINEC ST 5 BREEOCHB Y EH T2 (Table 6),

195547 BAYI0ERIC S\ TR NI B 2 BIA ER O IERITIOBHMGIVE L WA D TH - 2, 4
EEEORDL SV VOBEN, ATHRFES R IRIC1960E £ TR 5 70 b il T\ /- (Figd),
Lo L, 1963 ma B o R+ 2 BB IS £ THINIMEWT v AR IEE-5Tw i,
ZORHE CIRHA L ERBELL, 2 VEECH L L TORE DR HL T e, FERSEmolRIC X
o THBEIRER SRS T, 19748143305 b viIcdZ L1205, FOBIEERBALRSOBEHTEER
g T b, BIEFH23H + v OKETHRB L T35,

7 % BRE D AR 19504E (BRI IR % 7o (Fig. 5)o 19594E 12 1 F b v (X&) LITFO4ET
BHotehd, 1962FEITIZ1. 58 b v, 1968%E1Ti33. 35 P VIR KA, L, BREMIDEALLESRS
TER (WH5h v/ ) ORFENED, 2B L TI%EICIT L6 5 b VICER LA, FOREHEITIR:
LODBEAEK 2T T b v ORECIE > T b, ’

A== EURBESOEMFEAECE VT COMTRABETH S, 1960F ¥ TOLEER KT A
=FTHY, FEBIEE P VBT -, L LTOBBEEOITE, HfiioEsd R LTk
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Table 6. Amount of aquaculture production by year and by fishing ground.

=
;\\Y\ear
g. | Fishing\‘\\ 1958 1963 1964 1965 1966 1967 1968
a ‘ ground
1 Kii 366 581 834 1,399 1,367
2 Osaka 413 66 140 173 184
é_’- 3 Harima 1 2,999 4,327 3,984 4,822 5,297
2 | 4 Bisan | 736 652 753 766 1,024
g | 5 Hiuchi 116 323 268 501 465
o |6 Ak 88 112 119 211 217
g 7 Iyo ‘ 51 70 41 102 69
2 | 8 Suho 2 48 60 84 103
‘ Total 307 2,382 4,793 6,179 6,195 8,054 8,724
|
| 1 Kii 36 24 12 20 12
- 2 Osaka ¢} 4] 4} 0 4]
3 Harima 1,088 1,060 1,204 1,236 1,500
. 4 Bisan 440 268 304 228 140
‘g ‘/ 5 Hiuchi 2, 684 3,656 1,928 2, 368 2,008
8 | 6 Aki 17,840 19,732 23,568 26,140 29,264
7 Iyo 60 332 36 20 52
) 8 Suho 68 60 60 24 36
Total | 8,477 922,133 22,208 25,128 27,112 30,036 33,008
1 Kii 7,404 5,130 8, 898 7,918 7,048
2 Osaka 164 468 570 1,130 1,674
3 Harima 4,132 4,026 6, 406 7,944 6,646
¥ | 4 Bisan 2,046 2,832 1,890 4,268 3,114
: 5 Hiuchi 27,982 12,050 17,572 29,508 21,870
§ 6 Aki 3,476 1,502 2,232 3,234 1,850
® 1 7 Iyo 3,182 2, 366 4,664 4,954 4,002
‘ 8 Suho 29, 348 20, 842 34,920 28, 886 36,042
Total 33,078 57,698 77,730 49,212 77,146 87,926 82,240
1 Kii 7,804 5,735 9,744 9,335 8, 426
2 Osaka 577 533 709 1,302 1,857
3 Harima 8,219 9,412 11,501 14,000 13,440
4 Bisan 3,219 3,752 2,944 5,261 4,276
g | 5 Hiuchi 30,780 16,027 19,766 32,464 24,340
B |6 Aki 21,400 21,343 25,919 29,585 31,329
7 Iyo { 3,292 2,767 4,739 5,074 4,122
8 Suho 29,440 20,949 35,039 28,994 36,180
Total | 41,862 82,213 104,731 80,518 110,451 126,015 123,970




(ton)

1969 1970 1971 1972 1973 1974 1975 1976 1977
1,534 1, 601 2,003 1, 458 2,007 1,633 1,522 1, 494 1,594
224 354 334 260 178 40 61 100 203
6,672 6,550 6, 847 2,795 5,058 6,133 7,115 7,712 4,441
741 881 1,361 1,417 2,433 2,930 2,215 1,868 2,033
682 416 369 383 442 585 422 411 418
213 75 170 203 354 302 362 515 297
74 66 71 104 101 116 109 145 191
154 94 109 134 129 116 113 144 58
10, 290 10,033 11, 264 6, 750 10, 698 11,853 11,917 12,389 9, 233
20 24 28 4 0 0 0 0 4
0 0 0 0 0 0 0 0 0
1,204 1,556 2,236 2,392 2,500 2,100 2,544 3,736 3,848
32 20 20 12 16 4 4 28 76
1,336 872 1,112 1,552 1,672 1, 540 1,688 1,688 1,416
21,176 13, 540 19, 696 21,784 23,720 22,388 21, 436 21,688 15, 140
12 24 20 32 36 32 48 52 116
40 8 4 0 0 0 0 0 4
23,816 16, 048 23,108 25,776 27,940 26, 060 25,720 27,192 20, 600
9, 840 10,916 9,722 15,038 17,622 20, 342 10, 986 14, 208 12, 140
3,920 16, 384 17,134 8,622 11,956 17, 502 14, 604 15,980 17,646
20, 466 24,582 41, 590 64, 224 82,412 112,130 57,510 100,982 95,034
10, 406 9,684 10,128 15, 254 19, 360 26, 820 9, 806 27,074 22,156
46, 642 34,016 33,302 43,198 52,180 56, 218 35, 400 43,930 38,738
4,624 4,578 3,034 4,212 4,706 5,282 3,042 2,894 2,674
13,878 14, 332 12,934 13,024 16, 840 15,190 12, 452 13, 448 8,280
68, 388 67,936 54, 266 60, 288 75,614 71,594 63, 802 72,110 54,130
178, 160 182, 426 182,104 223,860 280,688 325,078 207,596 200,622 250,796
11, 392 12, 539 11,751 16, 500 19, 629 21,975 12, 507 15,701 13,739
4,143 16, 738 17, 467 8,882 12,134 17, 542 14, 664 16, 079 17, 848
28,341 32, 689 50, 672 69, 409 89,969 120,363 67,168 112,430 103,323
11,176 10,583 11,507 16, 682 21, 807 29,752 12,024 28,969 24, 261
48, 658 35,303 34,781 45,132 54, 292 58, 341 37,510 46,027 40, 570
26,012 18,193 22,897 26,197 28,779 27,971 24, 839 25, 097 18,108
13, 961 14, 420 13,023 13,160 16,974 15, 336 12,607 13,646 8,585
68, 581 68, 039 54, 377 60, 422 75,742 71,709 63,913 72,253 54,193
212, 264 208, 504 216,475 256,384 319,326 362,989 245,232 330,202 280,627
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Fig. 4 Changes of aquaculture production amount in the Seto Inland Sea.
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Fig. 5 Changes of aquaculture production amount in the Seto Inland Sea.
—OQyster without shell—
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Fig. 6 Changes of aquaculture production amount in the Seto Inland Sea.
—Fishes including prawns—

TARCHIINL, 1970FEF T 1A b vl b kEErE L. (Fig. 6),

19704E 6 2 THI0 7 EEDOFE BT, KHROBTR X - T, AERBHCHERTELLALh T, i,
BEEE» REEALIERERE L8R L LCHA TV EARN BB O e, AR - BRERO
PR EIVEEL M-I LIIELHTHED, FLEEERMCISZAEEROEREFRCISHEL L
SVAEEMEERE to T3, BRBEOELCEREL L2FBHE0S ML LBV ITLELITH
h, MR REROMEREDHTE W THEEROAZERIIAKELL, RBRERK BT
ZOLONMBEE B HELH TR, ChHLOBEBEREE LT, 1970FRF¥E)» Sidkhiliciiv-2 ah3
THAFEOHDLHFLEL D, BEIASLIEL Y EEREOHMIE bRy,

ChOBEECRTOEEEDOHBY RS &, FEERYWNLE— 4 v I & UTEBEIELSOHME
Fafl ez e %, TOFBEMEERE L THBEX AL KBERBAY B X218, 19705R
AR AD &, BROCIAEREVERY FHEIBIHATI I L ilot, LB LI LOBRFEEY
CHFEECHRA N HLETHHY, BAREERIFEY LELRSCRE( Ry, EEFRRLEC LS
WDl EENMET LIcEEALDRS,

CORABMEOHBY RA &, B4 OHHNEROC-OEAELERIIBEN LR TSHE Y, TOEENC
BEHLMCHRNN DD LEL TR,
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4 FBFARABOEMNEE (km’) HIUTEMRRE (km®) LY AER

1) RIBOEEM

BOBERECRY, TOEERCOWTR<E 5, WSOREAERTBMERY ) FRER KX
hHA, EREREBORELEND, BROEARBEREOHTTIE, FLIEWEEXRLTVS, fIxEE
HOBBENTEITIL L ~5 b v/kn?/ 4 OFTHIO L v/ km/fE L E O EVEETHD, BRI H
EEOTEDTHEILH2L b v /kn2/ THB (Table 7),

BRI 1 km? X4 1SEEOSEY BS L RRED36.9 v bLETHD 0.3 F vETHAEOEENSS,
BEYYBRAERLSV P ARRIH TS &, BRFABET CLRAROEEYE, BT~ ARROE
EMAEL, FRAEORLENTHDIBE L HEEE T, EES0 vk DL ETRIREBAR E
DEEID LE,

Fig. 7 X B0 TR L HERY D MEROBGRE /R L /2. AAFKEQD & KBEQR)D £ BB H ki
HEATRHRCEVERRT I LR SR L, I0BBIREZSSVGRECHOLTHD,
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Fig. 7 Productivity (catch per km?) and mean depth of water in each fishing ground.
Circled numerals are fishing ground number. Productivities are the average
catch per km? of 1970-1977.
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Table 7. Average catch amount per area (1km?) and per volume (1km?®)), by fishing ground

and by period.

F: Catch amount of fish-feeding series,

T: Total catch amount,

B: Catch amount of benthos-feeding series,

Fishing ground |, —Y%8T| 1958 63’69 7077 |Volume 1958 6369 7077
D(empgh Ia(r:f:) p roductlon\ (ton/km?) km? (ton/km?3)

56.0 1,554 13.7 12.8 18.1 87.0 244. 4 228.1 323.7
(1) Kii Channel 7.2 7.7 11.8 127.9 136.9 210.1
20.8 20.4 29.9 372.3 365.0 533.8
27.5 1,529 19.2 27.0 30.6 41.8 703.5 986.1 1,119.3
(2) Osaka Bay 10.1 10.4 6.3 370. 2 378.7 230.2
29.4 37.3 36.9 1,073.7 1,364.8 1,349.6
25.6 3,426 8.5 13.1 14.6 88,7 329.9 505. 3 564, 9
(3) Harima Nada 5. 6.1 6.3 193. 4 235.9 241.6
13.5 19.2 20.9 523.3 741.2 806.5
13.9 916 5.1 6.9 11.3 12.7 365.9 495, 4 814.7
(4) Bisan Seto 14.6 20.3 20.5 1,053.5 1,462.2 1,482.0
19.7 27.1 31.8 1,419.4 1,957.5 2,296.3
16.7 2,250 8. 9.1 17.4 38.0 479.7 537.2 1,028.4
(5) Hiuchi Nada 8. 12.6 13.1 517.9 743.4 773.4
16. 8 21.6 30. 4 997.6 1,280.5 1,801.7
26.8 1,909 5.2 3.2 4.0 52.2 189.3 115.4 147.0
(6) Aki Nada 4.5 9.1 8.0 165.7 331.5 293.6
9. 12.2 12.0 355.0 446.9 440, 6
53.7 3,974 2.2 3.2 4.1 213.6 40.7 59.6 76.3
(7) Iyo Nada 2.2 3.6 5.2 40.0 67.4 96.0
4.3 6.8 9.3 80.8 127.0 172.2
23.7 3,100 1. 1.3 1.4 73.6 56. 1 54.9 57.4
(8) Suho Nada 7. 11.8 19.0 327.4 495.1 800.9
9. 13.1 20.4 383.5 549. 9 858, 2
Total 6.7 8.3 10.9 607.6 206. 6 255.7 333.6
32.3 18, 658 6.3 8.8 10.3 194. 4 269. 3 316.5
13.1 17.1 21.2 401.0 525.0 650. 0
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P - RERBIILEBNKEI R, RE» BRI TERARETE AL {AHASRTLS, 22T
Table. 7 /2 BDOFHARELER L2 OABEHEL, BAsE (1km®) M9 OFRE + v HERD T,
R TIL 650+ v/km¥/5E THH, BREFR (333.61+ ) &1v bt 2A/R% (316.5 b v) DfEEHIIIT
FaTHD, BHIILRDREBOMEES (#92,300r v/kn¥/fE) L BEAEL, FTFHE 70+ v/ knd/
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Fig. 8 Productivity (catch per km?®) and mean depth of water in each fishing ground.
Circled numerals are the fishing ground number. Productivities are the average
catch per km?® of 1970-1977.
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Table 8. Degree of inshoreness (E = DkT )

Kii Osaka Harima Bisan Hiuchi Aki Iyo Suho
1 2 3 4 5 6 7

Fishing ground | (Year)

Mean depth  (D™) ‘ 56.0 27.5 25.6 13.9 16.7 26.8 53.7 23.7

‘ 1951 12.5 5.0 7.5 7.7 8.2 8.4 12.0 8.3
i 1958 10.5 4.8 9.0 6.6 9.3 7.5 10.3 5.7
. 1965 9.2 4.6 6.9 6.0 5.8 6.1 9.3 7.1
‘ 1972 7.9 4.3 5.1 3.7 5.9 9.6 10.1 5.6

Transparency (T™)

1951 1.4 7.3 5.2 9.3 7.3 4.4 1.6 5.1
Inshoreness (E) 1958 L7 7.6 43 109 6.4 5.0 1.8 7.4
1965 1.9 7.9 5.7 12.0 10.3 6.1 2.0 5.9
) 1972 2.3 8.5 7.7  19.4 101 3.9 1.8 7.5

T: Data of transparency are from M. Kondo, 1978. (Umi to Sora, vol. 53, No. 2-3).
Values E were calculated by D, T and k (equals 1,000).
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FEEYER < L LT W s KBRS TR REBLOET AP B 2pThH D,

HNEED 8 BEZ o\ TNESEE EEER L OMBY R I >, TEMYEEROVT Fig. 10 iRl
1o, WTEROEEIOWT L, 19584 « 19654F « 1972 DN TR, 19720 N EEE* AR TH 5,
o OEE S KIRE L RCHFAKER, BRBICH AT R EE R E BRI S D C LaGRE s h S (Fig. 10),
FLARKL Y RER SOBFRTIR I 0E - HENEE A RONS (Fig. 11), ‘

TOX S ERE LTEOBRERY b - HBS I HENE HEREMAE bR, RBEORV-EHR
FHEEMEAED LARLTWA, FRE U TRERY B> THBENKRE kb, RBCE AR
LbEE Sl LWL THDL, EWEERFICAEER L OHBAYRS &, ARRTEAATIDENKREL,
NV P ARBTRAAFTOIDEDTUINICEELDS,

— 157 —



@ Kii-Channel
@ Osaka-Bay
(3) Harima-Nada
(4) Bisan-Seto
10
>
<
o
3
o
fﬁ
g
-
5
~
L. . —
1951 1955 1960 1965 1970 1975
Year
m
(® Hiuchi-Nada
® Aki-Nada
@ Iyo-Nada
Suho-Nada
10p
>
()
<
53
=
<
o
w
c
<
e
[
5%
~
1951 1955 1960 19‘65 1970 19‘75
Year
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Fig. 10 Inshoreness of fishing ground and the productivity (ton,km?/year).O—0O—®

represent the productivities of Harima Nada, fishing ground 3, in 1958-1965-
1972.
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Fig. 11 Inshoreness of fishing ground and the productivity (ton,km?year).

O—0O—@ represents the productivities of Bisan-Seto, fishing ground 4, in
1958-1965-1972.
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Table 9. Annual catch amount by bio-production series and by east and west fishing area

(in m. t.).

E: Fishing ground area 1, 2, 3and 4. W : Fishing ground area 5, 6, 7 and 8.

F: Fish-feeding series. B: Benthos-feeding series. T: Total

\ \B;D_\‘i’ ef - E 7 w ~ T )
production |
seres. | R B T F B T F B T
Year sl
1951 70,939 38,239 109,177 33,906 48,884 82,790 | 104,845 87,123 191,967
1952 61,451 39,865 101,315 31,968 52,767 84,734 93,418 92,631 186,049
1953 73,467 47,190 120,656 36,082 61,742 97,823 109,548 108,931 218,479
1954 79,953 51,332 131,285 46,792 58,514 105,306 126,745 109,846 236,591
1955 75,270 50,206 125,475 50,700 61,346 112,046 125,970 111,552 237,521
1956 94,846 54,548 149, 393 43,752 63,495 107,247 | 138,598 118,043 256,640
1957 95,534 54,411 149,944 39,407 59,872 99,278 134,940 114,282 249,222
1958 84,642 57,075 141,717 40,642 64,200 104, 841 125,284 121,275 246,558
1959 91,064 57,638 148,701 33,516 67,172 100,687 124,579 124,809 249,388
1960 98,098 55,746 153,843 42,032 71,286 113,317 140,129 127,031 267,160
1961 110,805 54,742 165,547 32,865 74,065 106,929 143,670 128,807 272,476
1962 98,204 68,052 166,255 35,691 66,223 101,914 | 133,895 134,275 268,169
1963 91,657 59,057 150,713 33,355 78,615 111,969 125,011 137,671 262,682
1964 80,929 78,143 159,072 39,667 90,693 130,359 | 120,596 168,836 289,431
1965 115,566 63,934 179,500 33,655 87,932 121,587 @ 149,221 151,866 301,087
1966 108,594 61,765 170,359 44,897 102,030 146,927 153,491 163,795 317,286
1967 121,947 71,644 193,590 43,688 97,434 141,121 165,634 169,077 334,711
1968 132,423 63,090 195,512 55,009 98,123 153,132 187,432 161,213 348,644
1969 135,547 71,507 207,053 52,495 121,301 173,795 188,041 192,807 380,848
1970 138,603 69,056 207,659 56,655 109,690 166,344 | 195,258 178,746 374,003
1971 | 137,843 67,476 205, 318 56,217 117,714 173,930 | 194,059 185,189 379,248
1972 120,324 70,436 190,759 79,850 165,484 245,334 | 200,174 235,920 436,093
1973 121,834 57,975 179,808 : 59,829 125,903 185,731 181,662 183,877 365,539
1974 ‘ 148,346 69,326 217,672 :‘ 59,005 126,734 185,738 | 207,351 196,060 403,410
1975 ‘ 132,031 65,467 197,497 67,281 110,250 177,530 | 199,311 175,716 375,027
j :

1976 163,030 67,492 230,522 78,619 111,684 190,302 | 241,649 179,176 420,824
1977 134,121 65,041 199,162 84,892 121,609 206,500 | 219,013 186,650 405,662
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Table 10. Estimated consumption of primary production through the commercial catch by
year, by east and west fishing area and by bio-production series. (inx10°m.t.).
E: Fishing ground area 1, 2, 3 and 4. W: Fishing ground area 5, 6, 7 and 8.
F: Fish-feeding series. B: Benthos-feeding series. T: Total

i —.__Area| T
\ i@ﬁ E ) w
Year ™. F B T F B T F B T
1951 4.6 3.3 7.9 3.4 3.9 7.3 8.0 7.2 15.2
1952 3.7 3.1 6.8 2.6 3.5 6.1 6.3 6.6 12.9
1953 50 3.7 8.7 3.5 4.2 7.7 8.5 7.9 16.4
1954 5.3 3.9 9.2 3.8 4.2 8.0 9.1 8.1 17.2
1955 5.6 4.2 9.8 | 42 4.4 8.6 9.8 8.6 18. 4
1956 6.7 4.5 11.2 4.2 4.8 9.0 10,9 9.3 20.2
1957 6.5 4.3 10. 8 3.9 4.4 8.3 10. 4 8.7 19.1
1958 6.2 4.8 11.0 3.9 4.8 8.7 10.1 9.6 19.7
1959 6.0 4.4 10. 4 3.7 5.0 8.7 9.7 9.4 19.1
1960 6.1 4.5 10.6 4.0 5.1 9.1 10.1 9.6 19.7
1961 6.4 4.8 11.2 3.6 5.2 8.8 10.0 10,0 20.0
1962 6.1 5.3 11.4 3.9 4,9 8.8 10.0 10.2 20.2
1963 5.8 4.5 10.3 3.8 4.8 8.6 9.6 9.3 18.9
1964 5.4 4.6 10.0 4.0 5.4 9.4 9.4 10.0 19.4
1965 6.7 4.1 10.8 3.8 4.7 8.5 10.5 8.8 19.3
1966 7.1 4.8 11.9 4.1 5.0 9.1 11.2 9.8 21.0
1967 7.6 5.1 12.7 4.1 4.9 9.0 11.7 10.0 21.7
1968 8.2 5.0 13.2 4.4 4.6 9.0 12.6 9.6 22.2
1969 8.6 6.2 14.8 4.3 4.5 8.8 12.9 10,7 23.6
1970 8.9 5.6 14.5 4.9 4.7 9.6 13.8 10.3 24.1
1971 8.6 5.4 14.0 4,7 5.2 9.9 13.3 10.6 23.9
1972 8.5 6.1 14.6 5.8 5.9 1.7 14.3 12.0 26.3
1973 7.8 4.9 12.7 4.7 5.4 10.1 12.5 10.3 22,8
1974 9.2 5.5 14.7 5.0 6.3 11.3 14.2 11.8 26.0
1975 8.7 6.1 14.8 6.0 7.3 13.3 14.7 13.4 28.1
1976 10.1 6.9 17.0 6.9 8.0 14.9 17.0 14.9 319
1977 8.2 6.4 14.6 7.4 7.5 14.9 15.6 13.9 29.5
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Table 11. Mean trophic level of catch by year, by east and west fishing area and by

bio-production series.

E: Fishing ground area 1, 2, 3 and 4. W : Fishing ground area 5, 6, 7 and 8.

F: Fish-feeding series. B: Benthos-feeding series. T: Total
\ Bio- Ar—e\a E w T
production i
series F B T i F B T F B T
Year ~ \

1951 2.03 2.26 2,11 k 2.19 2.19 2.19 2.08 2.22 2.15
1952 2.06 2.16 2,10 ‘ 2.03 2.00 2.01 2.05 2.07 2. 06
1953 2.10 2.15 2.12 2.14 2.02 2.07 2.11 2.08 2,09
1954 2.09 2.16 2.12 2.15 2.15 2.15 2.11 2.16 2.13
1955 2.11 2,22 2.16 2.14 2,11 2.13 2,12 2.16 2.14
1956 2.11 2,21 2.14 2.18 2.11 2.14 2.13 2.15 2.14
1957 2.10 2.15 2.12 2.17 2.09 2.13 2.12 2.12 2,12
1958 2,11 2.21 2,15 2,18 2,14 2.15 2.13 2.17 2.15
1959 2.07 2.14 2.10 2.23 2.09 2.14 2.11 2.11 2.11
1960 2.07 2.19 2,12 2.16 2.03 2.08 2.10 2.10 2.10
1961 2.06 2.27 2.13 2.21 2.01 2.07 2.09 2.12 2.11
1962 2.07 2.08 2.07 2.23 2.09 2.14 2.11 2.08 2,10
1963 2.07 2.07 2.07 2.23 1.90 2.00 2.12 1.97 2.04
1964 2.07 1.85 1.96 2.14 1. 89 1.97 2.09 1.87 1.96
1965 2.04 1.91 1.99 2.15 1.82 1.91 2. 06 1. 86 1.96
1966 2.05 2.13 2.08 2.13 1.78 1. 88 2.07 1.91 1.99
1967 2,03 1.98 2,01 2.10 1.76 1.86 2,05 1.85 1.95
1968 2.04 2.10 2.06 2.08 1.69 1.83 2.05 1.85 1.96
1969 2.04 2.19 2.09 2,07 1.53 1.70 2.05 1.78 1.91
1970 2.04 2.12 2.07 2.09 1.62 1.78 2. 06 1.81 1.94
1971 2.03 2.12 2,06 2.09 1.63 1.78 2.04 1.81 1.93
1972 2.03 2,18 2.09 2.08 1.52 1.70 2.05 1.72 1.87
1973 . 2.03 2.18 2.08 2.05 1.61 1.75 2.04 1.79 1.91
1974 2.01 2.10 2.03 2.02 1.70 1.80 2.01 1.84 1.93
1975 1.98 2.28 2.08 2.12 1.94 2.01 2.03 2.06 2.04
1976 2.01 2.38 2.12 1 2.13 2.00 2.05 2.05 2.14 2.09
1977 1. 96 2.34 2.08 ¢ 214 1. 89 1.99 2.03 2.05 2.04

— 163 -



R NR R (Table 9: Ek Bl AR, HERIBERE) L0 OBBRIHETS L
4 (Table 10: EkF), HEFOREY L@ L TR LICERER), kXU REBYOFH MR
(Table 11: E&5l, EHY, LERFBEDORBER) ¥ HEC I 2EREEOFBI(H 4R, 1981)
TRl FEC L - CEHE L.

¥ Fig. 2 il BLBc kI RBER L TORBYYEL TR L LTS EEEERD
Bifx At L, 25 LTRS EEHRCH L cHBBGR A RN 5, 11975~ 1977 DRt 3 FERlik
19514E LR D BN 7eBIGRD S AR TV B, CARKERTS Lo EE, & RBETHKECRITS )
T A A EDRBECHKD LD THD, BBEEIFI205 + v bH42F + VicEm LB, FIRLCE
g EOHEEEILH 1,500 5 F v HES3,000 5 F YKL TWA, 0F h ZOMOBES oMb
X o THBOEYEEDSF ALY GDIc E8375,

30

25F

(X10%ton

[\
(=]
-

15p

Utilized primary production

A
~~
o 260 '%60 0
: 400
Catch (X 10%ton)

Fig. 12 Catch amounts and utilized primary productions by year.

— 164 —




S ORITEFERB T o £ RN LEBR e fAE R R T, Bkl UREmTH D, PHEEKK
DAY ABRBOBEIREERO K E M (2.565) wb#n T ERAEOFMAIL Thig MR L TVWi
L (LB L L, HEO AV ARRIT MRS R BB @, BEEORNE L bTRALE
B ERD AT WML 2B THD,

#ic Fig. 13 QN 2RoOmER &L PSR EEMN X olfy Ve, L, ORI
(R SR A O MBS i, LS VERUREIN A B R IR RO A L LS TR LET
LTWwh, #2722 OB L19754E LD 3 LRI 7cBIR X 0 BB EVE & oo T 5,

AR ORI S T, AL SRR ORI A ThORB Y - Tho b ERK ST R
HIADOFEALEA LIS, DF D EERCELVGREBEBRRILET LTS,

Zh b0,

T RESHOBL-SEHEL Fio L CRESBIHYRMZEZ 952 &,

g
=3
—y

Mean trophic levels

1.9p

re

200 300 400

Catch  (x10°m.t.)

Fig. 13 Catch amounts and mean trophic levels.

— 165 —




@ Lr LERFCHERORENELE L LTI LHRLTVA,
Lo b HEBEORES T, —BILERE LTI L L 0OXBRERISE {, EMHELRERES
Bumb, HERE LTI OEREIERSAZ,

6 &

%

1) BPFABICETIAREEORT

7. PR - BETRTS 2 KER

PR« PIESISR O BT A 2 B PIIER 2 (RIS A X W ERE 7o < Shic, Fhiipgo®
fhe TEICE - T, BRRSEEOSL L, REAHSOFELYRTAREE2 bREY, BEEDEY
TRTLRO 2 OO KBEEERAYRALLETCLRVTHA 5, b, FHBENE - RBRBCEITS

HigEs#ElL

IS L o (R5D ik
Th5,

LLAOAMPNBRESS > HEERECTHIANATEL D, ERENAFRTOER LIPS LiIC
FREASS A S, L L THES oML LEROEREL WD MEBMCETLTVS 8, &M
HEMCHE SRR T FOFEMEL oo, Lol EMOEEIE L B L » B EOES L &
LD BRI L L, BREEYESD I EIZ LT, WMEBNIIERIIE T Y TARCEL R
LHEIRLEL FUTE— Sy REO R AR L L AR RETEORE L1, ERLESIC
SHSIbL WD THocbdz Lo, THRIDIHIBEMIEARD LITELHL, P2 ZD ISR
WT, WEOEBEY LLATHLLEYNHD,

Tz & 5 EEEEEARLE S X 2 REHE AR ORI BN T H A O ERBILIL, SBEEEOMKR
T2 XY VIR IS THBMZIRT VS ERT LV, TOKREL THRBOEAREER DB R L
PIEDWTE, BIRERN BT T, WIEHE L LT O NEEXRA L LAREEOLE LD LT
BONZENRDETHAH S,

CORMCEEEES SOBICEDL o K OWTORFEES Ty, BXRBLIAEALEICIZK
R THE 7+ AV ETT 7+ v BERERESHALCLROhAEHMYA S S, LA LAIHO X 5
CoOBAN & 274 7 OB EEERMINC IS T4 v &) OHER, FEREC I > THECLILH
AHLETL, BEEIIEDLNIE, 75 v 7 b VABERMAZEEOERELLT LFUOT5C Li
EkRThB,

L, WEEE2AL LTI OH30ERC B L TREBES D bR LIZ#EN T, Thitko
THREDHEY B2 TELILEHLNTHL, FICHEDOENIEAIZE LS, BRNCRLIBIYEFRNET
RIS BbESTHELERD | LSRR TH- T, COFEIKEOEYEENH B HTRET
AEER L L TIIHMAMIELIBAE Ll il b ELBRD,

2 N - AERARCHT D RAMETREN

BB OV R FERNE - BEROBICI R BB E YW 6o I HIBIRGR A 55, RES A HIEL
THERBXHAL LY T2 L, BEMCEIHEMLT, @EEREEDHRNWHBOE TR LV EREY
Hmexs, L, [MHCEAREREEEOSIG7 52T, MEHD FHNMBIIET 5,

HTfi<fo Fig, 13 Ofa#E L ATEEHEOMEEL LD BISIZ TSR R TH D ME0 b, EWE
AR B 5 EHBFCEEOFROT T 8 LWVHE S5 2 LWL TH S,

P BT A LB S A MEXR B EEEEO RN ERET A EANAE Y, L L
LAAOBGRIL, BORAOBE T L - €, BERRHNTEC ENETH I LERLTVD, 1o

— 166 —




R B V2 B iy D BBy RE DS T 1T AL,

IO X5 BRI L TR DO Y S E ool REEERECHT L BHAE
EHTHALET, HHITE 2 TREBERIR G, EWEEDPIMCHAL XS 3500, OB
HEE, TOLHOBHINLETHD, FERBEOS EFANT—BERAELHET R L, T
BEAEEROWMEH LB OLERBOHELYTL IR L, TOHEYHEICL, BRAIIEE #S
RigdhiEie b,

CITEEAI LIWMECEEREYINMICHERTLINTSH S, BROAE Y RAEMICIVELT S0
BROEEZEITHEN D, FTOREEBOREIF—HKI1 v EikhH, VERD CRANMEEEDHHATEA
MATRES Eleatcl LIS, A7 vESSERELTIAT REREOREXED - ORKEBN BB
Bohidhdiebiol, TORRBHNC L~ TOL, BEMOQE NERINDZEAHS. L, flxE
BEREC ST A HRESYBERO0T v H60H b v ~50% DMK E2 & Thid, PRy
L9 BL 7T 2ET 45 S FHL e oy, FRCEEREO S BRRERHNE O 7o b1,
Flothic) OBEIDETHD,

3 ARRERBFEOHB

FIZE  ABRECRTAREBEEENLLTUL AFEERTHEACHL ABRLBOFHLEECTH L,
POTREERELELh L AEOKERED D > Th, BAMEIME THRENGE AL -0), B
BRENAR e XD, TOFBEANFN T » BEN S, L LITRELFEHERO 7 5 « 04 o
FPYHAREDHBER YY) ¥ r 4 270 X3 CECEAMMEEFE L OMAELRD, LrbHEEN L x-T
Wh, ¥ FOMBNEL, BRERYHAIEL, BEDP YV Y r 4170 X5V F ARREORERE:
CRETIHENED, AEFI7FATVETI Vv VABOREIFAREEH TS, ThbinBEg
LR 2F L E - RESETEAXBERFRBEOSHA»Z\ -,

ThbokEREE, FORBEGYFHESIEEL TG ARVGEIRTIAE « RFBEEDFSATA T »—
HTHBH, LaL Fig. 12 2 Fig. 13 @R 21975~197T40 v ) ¥ r A 2% £ LT0EHDO L 512,
BEEENODRWFIBOBE CREEABERY L > CBEAS, Ld, SRFORERTEOE=5Y v
7 LEBN T TREBYER T L0 L-T, ThOLORBREEYNERERBOERERL LTEH
T5Z LRBAEOERCIWTHERATETH 5,

4B EC, REREROMROIELMER, AWEAHHEFNIER GIREE) KikE-Twike
WL HDH, L, BERERRISUNAC L ) I<AEFTBCHHSRD2PMETHH, HHELS
LZRELOD 1O, APRESFCILE S THRSEWFHLRB L o ITERFEL Tlhidhdlizs
eV, BEPIR &TBUERD systematic 7oEESALEE XNWDFLUTHS,

BPENBREEROBRREE, fhho L2, FREERCR LB LTW 230k, 17
Hic PHBHEERCLELEARL DD, AFRRECBLL V203 FE LT » BRERETHS.
o, HEABEESARE TS BER S OLW T EBRCFEOIEARHENETHD, —HPER
ERRSC OV TIREREFERCEREREREROTR L AT, AENCAE TS ERSENRE
{LDHEERE 2 P iXisbicl . ThICL - THE - NEEHDOLE TR —RBHRCHETS 2 L2379
LB THAD,

2 % X B

HIIERK, 1961 : W3 LD PIHEZEE.
i - UEERR, 1963~1977 : P NEBRERNFETE.
hEN R, 1975 B NEEY.

— 167 —




