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Prediction of the anchovy catches in the Seto Inland Sea
by using multiple regression analysis

Tatsuki Nacai, Toshihiro Hicakr*, Hiroaki HAsHIMOTO*
and Kiyohide IsHioka

The relationship between the Japanese anchovy catches in the Seto inland Sea and environmental ele-
ments in the initial fishing season during May-June was examined to make a catch prediction in the main
fishing season of July-October by using multiple regression analysis. The relationships were significant
at the Osaka Bay, the Harima-Nada, and the Hiuchi-Nada. The relationships become clear in the
reanalysis after dividing the Iyo-Nada into the two sub-area of Hikari and Matsuyama. The coefficients
of determination were high in the inner area, while those being low in the outer area. No significant re-
lationship was obtained in the Kii-Channel. In case of “shirasu” (mainly consisted of the anchovy post
larvae), a clear relationship was obtained in the Harima-Nada. The partial regression coefficients of wa-
ter temperature were minus and those of precipitation were plus. The coefficients of air temperature
were plus in May and minus in June.
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Fig. 1. Map showing the statistical area in the Seto Inland Sea.
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Table 1. The list of stations of oceanographic and meteorological observation used in the
present analysis.

Stations
Area
Oceanographic Meteorological

Kii-Channel Wakayama 1-15, Tokushima 1-19, a, b Tokushima
Osaka Bay Osaka 1-20 Osaka
Harima-Nada Hyogo 1-30, Kagawa 1-7, Okayama 1-3, 15, 16 Himeji
Hiuchi-Nada Kagawa 15, 16, 24, 25, Ehime 1-17, 25 Tadotsu
Iyo-Nada Ehime 1-15, Oita 1-21, Yamaguchi 9-11 Matsuyama
Hikari district Yamaguchi 9-11 Matsuyama
Matsuyama district Ehime 1-15 Matsuyama

Table 2. Annual catches by statistical area and gear (fisheries co-operative association or district) used for
partition into monthly catches.

a) Anchovy
Area Year o
Prefecture 1953 1984 1085 1986 1987 1988 1989 Gear/FCA/District
Kii-Channel
Wakayama 245 154 50 256 12 25 195 P.S.
Hyogo - 13 36 82 107 24 41  (Wakayama)
Tokushima 3032 7433 6890 7237 820 2054 1815 (Wakayama)
Osaka Bay
Osaka 24068 8061 20857 16985 1099 105 1810 P.S.
Hyogo 3897 2804 3695 3873 1055 288 272 (Osaka)
Harima-Nada
Hyogo 1635 2620 1426 1164 164 44 33  (Kagawa, Tokushima)
Okayama - - - - - - -
Kagawa 1612 2080 2511 1712 433 1011 241  Tosan (1986; Kitanada)

Tokushima 2970 6435 8660 5458 1395 2536 199 [P. S.; Kitanada]
Hiuchi-Nada
Hiroshima 2440 2466 3903 2973 2258 3999 2662  Hashirijima (1983-1985; Kagawa)

Ehime 13356 11544 16145 14314 7649 9792 6406 Kawanoe

Kagawa 12142 15946 17824 17332 10719 16611 12336  Ibuki~Ohama
Iyo-Nada

Yamaguchi 2447 1806 2101 2108 724 2279 1236  Hikari

Oita 980 387 391 3385 1853 543 2452  (Yamaguchi, Ehime)

Ehime 6240 5346 3464 4480 2545 4102 1884 Matsuyama
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Table 2. (Continued)

b) Shirasu
Area Year o
Prefecture 1983 1984 1985 1986 1987 1988 1989 Gear/FCA/District
Kii-Channel
Wakayama 3411 2017 3591 3708 2784 3853 4439 Minoshima, Tasugawa
Hyogo 633 1011 881 1326 1000 1251 1119 (Wakayama, Tokushima)
Tokushima 7474 5349 8773 8421 5986 4693 7616 Wadajima
Osaka Bay
Osaka 4449 3969 3709 3717 2676 3114 1810 B.S.
Hyogo 11107 6467 9796 9746 6390 6413 6654 Awaji
Harima-Nada
Hyogo 5834 5248 9838 11579 6834 8256 8755 lkuhaura
Okayama - - - - - - -
Kagawa 1131 612 987 1177 837 727 332  Tosan
Tokushima - 20 46 15 19 115 97  (Hyogo)

P. S.; Purse seine. B.S.; Boat seine. FCA; Fisheries co-operative association.

The parentheses indicate the monthly catch ratio of other area was substituted.

The bracket shows fishing log books obtained from the 200 miles research survey was used for making monthly
catches.
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Table 3. Selected predictor variables and AIC’s by forward selection of multiple regression analysis.
a) Anchovy

Area Step Variable F value D. F. AIC C.D.
Kii-Channel 1 Air temp. in May 2.40 1,10 172.1 0.19
2 Dur. of sunshine in June 2.24 2,9 171.9 0.33
3 Water temp. in May 1.56 3 8 173.2 0.37
Osaka Bay 1 Air temp. in June 6.26* 1,16 324.5 0.28
2 Dur. of sunshine in May 5.79* 2,15 322.2 0.44
3 Precipitation in June 4.04* 3,14 323.2 0.46
Harima-Nada 1 Water temp. in May 4.95 1,10 195.1 0.33
2 Air temp. in May 8.04%* 2, 9 189.6 0.64
3 Salinity in May 6.37* 3 8 189.3 0.70
Hiuchi-Nada 1 Precipitation in June 10, 70%* 1,10 201.9 0.52
2 Water temp. in May 7.04%* 2, 9 201.3 0.61
3 Air temp. in June 7.42* 3 8 198.6 0.74
[yo-Nada 1 Dur. of sunshine in May 3.92 1,10 171.7 0.28
2 Water temp. in June 3.47 2,9 170.8 0.44
3 Air temp. in June 2.96 3, 8 170.7 0.53
Hikari 1 Salinity in June 10.23* 1, 7 91.2 0.59
2 Precipitation in June 10.70* 2, 6 87.6 0.78
Matsuyama 1 Precipitation in June 8.49* 1, 5 88.0 0.63
2 Water temp. in June 9.78% 2, 4 84.5 0.83

b) Shirasu
Area Step Variable F value D. F. AIC C.D.
Kii-Channel 1 Air temp. in May 4.46 1,10 179.9 0.31
2 Water temp. in May 291 2,9 180.4 0.39
Osaka Bay 1 Precipitation in May 2.60 1,16 277.2 0.14
2 Air temp. in May 2.17 2,15 277.3 0.22
Harima-Nada 1 Water temp. in June 6.63* 1,10 188.8 0.40
2 Precipitation in May 4.45% 2,9 188.7 0.50
3 Air temperature in May 5.19*% 3, 8 186.0 0.66

D. F.; Degree of freedom. C. D.; Coefficient of determination.
*; Significant at 5% level. **; Significant at 1% level.

l-e. HFTH—HZ 7 FL47%

5 B0 HBREERE (0.28), 6 AdkiE (0.44) :&E (0.53) %R L7z, AIC THBHEH
2D E BIZBANE R ST, LAL, WTROFHR BN T FHEIE5 BKRKETHEETE >
725
1-f. HER—H¥r 5147

6 At (0.59) EBEKE (0.78) #FRL 7. AIC EHALEY 2 HORRIZ/HE L, FIE
b5 %KETHETH 72,

I-g. BMWHBER—H 57 F L7
6 HOBEAkE (0.63) &Kkl (0.83) #&EIRL L. ZOM AIC izEA L, FiEL L %KET




WEPBEN 5+ 47 L DS T

HETH 7,
I-h. #HFEKE—TF 2

5 HOSE (0.31) &kiR (0.39) % #EIRU/-. BBBEHEELTIZON, AIC ML 7.
WENROFTRER S FHENDBKETEREE L LG -7
I-i. KRB — I X

5 AokEkE (0.14) ERE (0.22) 2&IRL7-. HBHEET 20127 5&, AIC ML 7,
WIROFHR D FESS BRETHFRIIRL D7,
1-j. #HE#E— 72

6 Hokid (0.40), 5 ADBAE (0.50) &4&R (0.66) %R 72, SHALED 3 BADOE
12 AIC 3T, FEEES %BKETHEETH 7.

2. HALLFRAREFRIT SV
HIHTHRRIA S I F AT T ADBBRETFANCHCHBER, #EL I 2-9 K

Table 4. Partial (or standard) regression coefficients estimated by multiple regression analysis.
a) Anchovy

Variable
Area Constant C.D. C.D.*
X, X, X3
Osaka Bay Air temp. () Sunshine (M)
— 7290 141.3 150740 0.44 0.36
(—0.58) (0.40)
Harima-Nada Water temp (M) Air temp. (M) Salinity (M)
—3602 3577 —3117 91450 0.70 0.59
(—0.71) 0.62) (—0.26)
Hiuchi-Nada PCT () Water temp. (M) Air temp. (J)
44,06 —3690 —5475 189220 0.74 0.64
(0.58) (—0.48) (—0.40)
Hikari Salinity (J) PCT ()
773.1 0.8235 —25390 0.78 0.71
(0.86) (0.44)
Matsuyama PCT () Water temp. (J)
4.133 —445.0 9231 0.83 0.75
(0.58) (—0.49)
b) Shirasu
Variable
Area Constant C.D. C.D.*
X, Xz Xs
Harima-Nada Water temp. (J)  Water temp. (M) Air temp. (M)
—3050 35.50 2272 11530 0.66 0.53
(—0.55) (0.58) (0.48)

C. D.; Coefficient of determination. PCT; Precipitation.
C. D.*; Coefficient of determination adjusted by degree of freedom.
The alphabets in parentheses indicate month, i.e., May or June.
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Fig. 2. The observed catches of anchovy (or shirasu) and calculated catches by multiple regression analysis.
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