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Studies Concerning the Forecast Technique of Fall Chum Salmon
Fishery Fluctuations in the South Hokkaido Sea—I
Fluctuations in the number of spawners in salmon

runs and the application of satellite information

Noritatsu Sano*, Tetsuya NARKANURA**
and Gen ANma**

Abstract

Practically all salmon rivers in the Hokkaido region have hatcheries which catch salmon
for egg collection. Hence, the relative sizes of the fall chum salmon populations in these
rivers are reflected by the number of salmon caugth at the hatcheries in each river. Table
1 gives the fall chum salmon catches along the Hokkaido coast for 1980 through 1985.
Year-to-year and day-to-day changes in the coastal and river catches of fall chum salmon
during the above period are illustrated in Tables 2 and 3. We carried out a comparison of
the fall chum salmon catch results with the calculated results based on an analysis using the
power spectral method.

Remote sensing of the ocean in playing an increasingly important role in fishery research.
Satellite sensors provide extensive and detailed images of sea surface temperature. Synoptic
daily sampling by satellite can provide a unique view of the ocean surface that can be
extremely useful when used in conjunctin with conventional shipboard data.

We wish to report herein on several findings obtained as a result of our investigation on
the fluctuations in fall chum salmon catches. Note however, that we have conducted the
present research primarily to gather reference data on the number of spawning fish in
individual rivers. Therefore, this data is still insufficient and the investigation is still in

progress.
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B, WERTARECAERSHND D, OB LRI HEHRASOMT L, TOEERYR
L, BEEBCST By rBROERLTEATELENOBLY BN ET5,
ABFZEciE, JLEREREEINCER LKy r o MBS L IRRER OBRE L O, B
BEPRELCVCHHEERYRBE TS, 7, BREMKTERCESVWT, INECESRFY R
L, RCYEAREOEL LW BEECETIICOWT, YA L5B, Hic, BEERLL
T, EEAKBOEH RS \THEBHRE A, AN, FEce=2-1, ILKAETH
XAGHEBIEH EBELAAORE TS, cOMABEECEHRS YRR T IZEERL*FD
HEEAIEE T XU, Ky 7y 0RETFHLRREFERE & W)l LT 5 R Ao FHIE
WO AREL it b, BEEECHENLHFFEOMRELTE LA 5, 4H, 1985 FOER
A R R R & R B B LR E L, Ky 7 OERRET 5 EROIEFE
WFRA TR THEMOMIY BH & LTHIEL T, EToMmRA2BLocHET5,

il IC BT 38y oRRRE

1980 “E A5 1984 £ % C, dbigE e BT 5 BXE GV r DRERER, WIHERYE 1 R T,¢
# i g, e o BRER X, 1980 4 15,445 TR A 5 1984 F10i3 21513 TR LEHL, &
HICBERE L BT hE, ERECERYBRIEL TV, s R ERIIBEENTE % 1980 £%
100 & LT RE R 2 1R T, F 2056 1981 FE & 1983 ST LB BB CH - 7-03, 1984

Table 1. Average number of fall chum salmon by coastal areas and in various rivers of
Hokkaido between 1980 to 1984. (data from Fisheries Agency of Hokkaido, Salmon

Hatchery).
Year .
. 1980 1981 1982 1983 1984
Region Area
Coast 3,332 5,599 3,993 4,793 3,223
Okhotsk sea River 562 175 375 331 477
Total number 3,894 5,774 4,368 5,124 3,700
Coast 407 799 734 1,168 1,839
Japan sea River 158 313 240 431 292
Total number 565 1,112 974 1,599 2,131
Coast 4,011 5,365 5,822 6,241 5,882
Nemuro sea River 412 397 439 411 369
Total number 4,423 5,762 6,261 6,652 6,251
Coast 4,164 5,251 5,051 4,891 4,257
past of Cape River 345 508 515 306 313
rimo
Total number 4,509 5,759 5,566 5,197 4,570
W ‘e Coast 1,871 3,282 2,670 4,142 4,541
est of Cape .
Erimo River 183 237 201 300 380
Total number 2,054 3,519 2,871 4,442 4,921
- q Coast 13,785 20,296 18,270 21,235 19,742
okkaido .
Grand Total River 1,660 1,630 1,770 1,779 1,821
Total number 15,445 21,926 20,040 23,014 21,573

Unit: thousands of fish
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Table2. Index values designated to total catch of fall chum salmon in Hokkaido

regions.
Year
Region 1980 1981 1982 1983 1984
Okhotsk sea 100 1483 112.2 131.6 95.0
Japan sea 100 196.8 172.4 283.0 3712
Nemuro sea 100 130.3 137.0 150.4 141.3
East of cape Erimo 100 127.8 123.5 115.1 101.4
West of cape Erimo 100 1713 140.6 216.3 239.6
Hokkaido grand total 100 142.0 129.8 149.0 139.7

(Fisheries Agency Salmon Hatchery data)

Table 3. Index values designated to total coastal and river catches of fall chum salmon in
Hokkaido regions.

Year .
. 1980 1981 1982 1983 1984
Region area

Okhotsk sea ) Coast 100 168.0 119.8 143.8 96.7
River 100 32.1 66.7 58.9 849

Japan sea Coast 100 196.3 180.3 287.0 451.8
River 100 198.1 151.9 272.8 184.8

Nemuro sea Coast 100 133.8 145.2 165.6 146.6
River 100 96.4 106.6 99.8 89.6

East of cape Erimo Coast 100 126.1 121.3 117.5 102.2
River 100 147.2 149.3 88.7 90.7

West of cape Erimo Coast 100 172.5 142.5 2214 242.7
River 100 129.5 109.8 163.9 207.7

(Fisheries Agency Salmon Hatchery data)

FRAABX E =) 2 DEEXATEE & EE L CBEE S BN LABRITED L,

—7%, BRAIBRERVCRAE MK 5y r BERBOTBIEEOHR X AD L, R
R L o, 1980 E AR ESEMOER X RV ETREME SIS b, £OWBILEE
THb,

AbimErg e || oA

e ETE ey, BAGRENER, BREBEREX KO =) LEBERO 3BX L1, BEX
O U S h -8y 7 OBHRER R BucOWT, 1981 4E4 100 & L EBRR A FR 4
RS, EAwr s e, =) 2 LAEGK TR, 1981 ELREEERAREA L, 1985 FEiclt- TR
WA MER R RL, BERKSBEMERRCHS, Ric—ERPFTH TRULHBEL LN
e W TS5, 1981 5 1985 £ ¥ ¢, BARBERERICH 5 R TRERTIALZTT,
%5 CEROTEBIRK OB 27T, BRI T 1985 iR AEHME L Y EL <ED
L7,
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Table 4. Index values designated to spawners caught in southern Hokkaido region, 1981 to 1985.
Year 1981 1982 1983 1984 1985
Times of Times of Times of Times of Times of
Index Fishing Index Fishing Index Fishing Index Fishing Index Fishing
Region (days) (days) (days) (days) (days)
Female 100 95 114.7 101 129.7 91 155.4 96 132.6 102
Southern Japan Male 100 9 1150 101 171.6 91 1476 96 1157 102
Sub-Total 100 95 114.0 11 152.4 91 151.2 96 1234 102
. Female 100 80 104.4 88 154.9 80 197.7 85 190.3 101
ggfffc‘; strait Male 100 80 1155 88 206.7 80 215.2 85 204..3 101
Sub-Total 100 80 108.1 88 181.7 80 206.8 85 197.6 101
Pacific C Female 100 111 74.6 116 65.0 109 72.1 106 148.1 105
acific Coast,

west of cape Erimo Male 100 111 76.4 116 74.6 109 80.9 106 187.8 105
Sub-Total 100 111 75.4 116 69.3 109 76.1 106 166.0 105

(Fisheries Agency Salmon Hatchery data)

Table5. Index values designated to spawners caught in Atsusabu river, 1981 to 1985.

Year 1981 1982 1983 1984 1985
Times of Times of Times of Times of Times of
Index Fishing Index Fishing Index Fishing Index Fishing Index Fishing
River (days) (days) (days) (days) (days)
Female 100 81 101.9 78 131.6 77 200.6 76 124.1 81
Atsusabu Male 100 81 120.3 78 207.6 77 197.3 76 84.7 81
Total 100 81 111.8 78 172.3 77 198.3 76 120.9 81

(Fisheries Agency Salmon Hatchery data)
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Table 6.

Index values designated to spawners caught in Tugaru Strait district, 1981 to 1985.

Year 1981 1982 1983 1984 1985
Times of Times of Times of Times of Times of
Index Fishing Index Fishing Index Fishing Index Fishing Index Fishing
River (days) (days) (days) (days) (days)
Female 100 80 92.6 88 120.7 61 146.4 71 63.1 91
Shiriuchi Male 100 80 103.9 88 183.7 61 110.1 71 713 91
Total 100 80 97.5 88 148.2 61 130.5 71 66.7 91
Female 100 61 265.0 78 325.1 51 139.7 65 336.7 76
Kamekawa Male 100 61 250.4 78 269.7 51 123.9 65 340.5 76
Total 100 61 257.6 78 296.9 51 131.6 65 338.7 76
Female 100 65 88.3 73 301.1 51 691.0 65 1,391.0 78
Daitoubetsu Male 100 65 144.1 73 464.8 51 855.5 65 1,408.6 78
Total 100 65 121.2 73 400.4 51 790.8 65 1,401.7 78
Female 100 65 123.2 78 283.4 61 320.7 65 299.2 67
Moheji Male 100 65 133.6 78 342.6 61 328.6 65 264.8 67
Total 100 65 129.2 78 317.6 61 325.2 65 279.3 67
Female 100 68 140.5 7 133.0 61 248.8 80 298.1 82
Hekirichi Male 100 68 161.3 77 175.5 61 362.4 80 412.7 82
Total 100 68 149.9 77 152.2 61 300.1 80 349.9 82
Female 100 76 84.9 90 99.8 72 185.6 88 196.9 84
Shiodomari Male 100 76 68.9 90 107.2 72 169.6 88 175.2 84
Total 100 76 76.3 90 103.8 72 174.1 88 185.3 84

(Fisheries Agency Salmon Hatchery data)
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Table 7. Index values designated to spawners caught in various rivers west of Cape Erimo, 1981 to 1985.

~ 98¢ —

Year 1981 1982 1983 1984 1985
Times of Times of Times of Times of Times of
Index Fishing Index Fishing Index Fishing Index Fishing Index Fishing
River (days) (days) (days) (days) (days)
Female 100 71 56.1 88 54.6 73 52.5 74 92.9 79
Shirikishinai Male 100 71 8.2 88 66.9 73 60.7 74 129.3 79
Total 100 71 67.4 88 60.9 73 56.7 4 111.6 79
Female 100 61 108.5 78 25.2 61 32.0 65 156.9 9
Ofuna Male 100 61 86.9 78 28.8 61 49.6 65 219.0 69
Total 100 61 100.1 78 26.6 61 38.9 65 181.2 69
Female 100 59 103.8 72 173.6 59 201.0 76 350.5 68
Oshironai Male 100 59 114.0 72 230.5 59 267.5 76 568.7 68
Total 100 59 107.5 72 194.2 59 225.1 76 429.9 68
Female 100 T4 109.9 76 86.0 66 42.3 63 199.1 66
Otoshibe Male 100 74 66.6 76 45.8 66 33.6 63 104.4 66
Total 100 T4 84.5 76 62.4 66 37.2 63 143.5 66
Female 106 61 380.0 T4 337.9 56 4314 72 859.1 67
Torizaki Male 100 61 325.6 4 449.7 56 790.2 72 1,804.9 67
Total 100 61 360.0 74 378.6 56 562.2 72 1,235.5 67
Female 100 91 48.6 81 30.9 89 48.2 94 66.3 105
Yurappu No. 1 Male 100 91 372 81 28.7 89 42.4 94 103.6 105
Total 100 91 43.7 81 30.0 89 45.8 94 82.3 105
Female 100 75 37.1 88 41.0 69 16.4 88 62.5 69
Yurappu No. 2 Male 100 75 72.2 88 66.0 69 22.2 88 68.5 69
Total 100 5 54.2 88 53.0 69 19.2 88 65.4 69

(Fisheries Agency Salmon Hatchery data)
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Fig. 1. Power spectrum of fall chum salmon caught in Moheji river, 1985.
a) Female b) Male c) Total
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Table 8. Power spectrum of spawners caught in various rivers of southern Hokkaido, September
to November 1985.
. . Number
Region River Frequency (day) of peak
Southern Female | 214 250 316 — 546 — — 4
Japan sea | Atsusabu Male 231 — 300 37 546 — — 4
district Total 214 — 300 — 546 — — 3
Female 2.14 261 — — 4.62 — 15.0 4
Shiriuchi Male 2.10 250 333 — 4.00 750 — 5
Total 210 240 — 375 — 7.50 — 4
Female 230 3.7 500 — — — — 3
Kamekawa Male 240 375 5.00 6.67 — — — 4
Total 240 375 500 6.67 — — — 4
Female 214 272 315 546 — — — 4
Daitoubetsu Male 2.14 273 333 5.46 — — — 4
Total 214 272 333 546 — — — 4
Tugaru Female | 240 3.75 500 — 1000 — — 4
strait Moheji Male 231 312 500 — - — — 3
district Total 214 300 462 667 — — — 4
Female 2.14 400 546 — — — — 3
Hekirichi Male 214 400 546 — — — — 3
Total 2.14 400 546 — — — — 3
Female 231 286 — 462 6.67 — — 4
Shiodomari Male 222 240 353 — 6.67 — — 4
Total 214 300 — 462 6.67 — — 4
Female 222 261 3.00 429 - 6.00 — 5
Shirikishinai Male 222 261 300 429 — 6.00 8.50 6
Total 224 286 — 400 545 — 8.57 5
Female 231 — 316 546 — — — 3
Ofuna Male 231 261 316 — — — — 3
Total 230 — 316 546 — — — 3
Female 222 261 333 5.00 — — — 4
Oshironai Male — — 333 — — 6.67 — 2
Total 230 273 333 — 6.00 — — 4
Female 2.73 429 —  6.67 — 12.00 — 4
Otoshibe Male 261 — 500 — 7.50 — — 3
West of

cape Total 273 — 500 667 — — 15.00 4
dE.“tht Female | 214 273 333 — 546 — 7.50 5
wstre Torizaki Male 222 261 333 400 546 667 — 6
Total 214 — 3.00 4.62 — 6.67 — 4
Female 214 261 316 3.75 6.00 — — 5
Yurappu No.1 | Male 222 261 316 37 600 — — 5
Total 214 261 316 3.7 600 — — 5
Female | 2.31 250 3.00 353 462 667 — 6
Yurapp No. 2 Male — 250 — — 462 — 8.57 3
Total 207 240 300 — 4.62 — 8.57 5
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Fig. 2. Position of observations.
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Table 9. Average temperature at various stations in southern Hokkaido, recorded every ten
days from September to December, 1985.

September October November December

Region Station
1-10 11-20 21-30(1-10 11-20 21-31{1-10 11-20 21-30| 1-10 11-20 21-31
Tomari |190 183 160| — 53 53| 63 27 —21 |—60 —65 10
Suttsu 216 186 163 (159 123 95102 35 06 |—13 —38 —09
Southern | Okushiri 259 240 197 |182 169 155|139 91 50 | 42 27 25
DA S8 | aised 226 173 157|152 118 90| 95 39 20 |—08 —32 —03
Kumaishi | — 194 174 (162 133 92| 98 60 33 | 04 —14 —09
Esashi 240 193 175|171 137 106|118 58 32 | 08 —21 —
Tugara | Yoshiocks (235 190 168|158 129 92| 97 44 22 |06 —33 —05
strait Shiriuchi |243 213 189 (174 147 124 |I1L7 71 26 |—003 — 10
distriet | gegn 242 193 195|182 142 106|117 56 48 | 31 — —26
Usujiri  |228 187 17.1 164 136 106|112 59 31 | L1 —14 07
West of | Shikabe |23.1 200 178 [175 140 114|121 64 35| 05 —17 09
Eae s Mori 245 204 179 |17.1 138 114|121 57 34 07 — 0.7
district | Toyoura |23.8 200 202 (201 162 159| — — 50| 29 33 06
Date 227 187 163|160 129 100|104 49 17 |12 —45 —08

(Hokkaido Aquaculture Development Authority data)

Table 10. Average surface temperature at various stations in southern Hokkaido, recorded every
ten days from September to December, 1985.

September October November December

Region Station -
1-10 11-20 21-30(1-10 11-20 21-31|1-10 11-20 21-30|1-10 11-20 21-31
Tomari  |220 219 199 (184 168 148 [140 121 105| 86 177 7.7
Suttsu 215 209 193 |17.3 160 140 |129 120 104 | 92 75 69
?g;;lrlle:za Okushiri {238 922.7 214|186 173 149|140 125 109 | 88 74 79
district Taisei 246 230 212|193 184 168 (152 145 135|117 104 94
Kumaishi | — 214 201 (187 173 156 (136 118 96| 82 72 62
Esashi 240 225 205|179 172 138|138 122 105| 93 71 —
Tugaru Yoshioka [22.2 21.8 199 [175 176 153 |145 138 128 |15 103 95
strait Shirivchi  |22.6 230 205 [186 18.7 168|160 152 139|124 — 101
district Esan 211 194 182 158 156 143|134 109 105102 — 176
Usujiri 21.3 202 178|160 153 134 (128 105 87| 75 175 74
West of | Shikebe 214 206 180|161 158 133 |122 107 89| 73 58 49
cape Mori 227 213 185|167 155 13.7 [115 110 93| 78 — 46
Erimo Toyoura |22.3 205 185|166 157 124 (115 104 78| 64 49 43
district Date 218 196 172 (158 149 123|117 101 80| 66 52 49
Murorsn [19.7 184 166 155 143 124 123 105 82| 65 59 66

(Hokkaido Aquaculture Development Authority data)
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Table 11. Number of rainy days at various stations in southern Hokkaido recorded every ten
days from September to December, 1985.

September October November December
Region Station
1-10 11-20 21-30{1-10 11-20 21-31|1-10 11-20 21-30({1-10 11-20 21-31
Tomari 1 — — | — 2 — | = 2 1 - = —
Suttsu 2 1 1 4 1 2 1 1 1 — —
§°uthem Okushii | 2 — 2 {2 2 1 |— — —|— — 1
sea
e | Taisei 3 1 1|3 2 —|l1 — 2|— — =
Kumaishi — 1 1 2 3 1 — 2 2 1 — —
Esashi 1 1 2 3 2 2 3 2 1 - - —
Tugaru Yoshioka - 1 2 2 4 — 1 1 — 2 — —
strait Shiriuchi 3 1 1 1 2 — 1 — 1 - = —
district Esan — 1 - 1 — 1 — 1 1 1 — —
Usujiri — 1 2 2 1 — 1 — 2 1 — —
i — 2|11 - —]2 1 1 - - =
West of Shlk.abe 2
cape Mori - = - - - -] - - - - - —
Erimo Toyoura 1 — 11l2 383 —~—|1 2 —-—]1 - -
district Date L . 1 . . 9 9 I .
Muroran 1 — 2 3 1 — | = 2 1 1 — —

(Hokkaido Aquaculture Development Authority data)

Table 12. Number of strong gale days at various stations in southern Hokkaido recorded every
ten days from September to December, 1985.

September October November December
Region Station
1-10 11-20 21-30(1-10 11-20 21-31|1-10 11-20 21-30{1-10 11-20 21-31

Tomari 2 — 1 3 1 8 4 5 4

Suttsu 1 — 3 4 4 2 3 1 3 3
Southern | Qpushiri |2 — 3 |4 — 1|4 1 3 |- — —
Japan sea L
district Taisei - - - - -y - - - | = - -

Kumaishi _ = 2 3 2 1 — 5 4 4

Esashi 2 — 2 3 3 1 6 7 —
Tugaru Yoshioka 2 — 2 5 2 1 1 4 1 — 1 —
strait Shiriuchi 1 1 4 — — 7 — 1 - = —
district Esan _ 1 _ P I o

Usujiri 1 4 4 2 2 4 — 2 2 1 2
West of Shllfabe 1 1 — 1 1 — — | — 1 1
cape Mori - = - | - = - |- = - |- - —
Erimo Toyoura 2 — 1 - — - | - - 1 - = 1
district Y

Date - — 1 2 — — — - | - - 3

Muroran 1 1 3 7 5 1 2 6 6 5 8 7

(Hokkaido Aquaculture Development Authority data)
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Photo 1. Distribution of sea surface temperatures ("C) from NOAA-9 Advanced Very High
Resolution Radiometer, corresponds to instantaneous sea surface temperature pattern.
a) Time of observation; 12:30 on September 21, 1985.
b) Time of observation ; 13:44 on October 3, 1985.
¢) Time of observation; 14:10 on October 10, 1985.
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Fig. 3. Location of atomospheric and oceanographic stations and distribution of surface
temperature in October, 1985. (data from Hakodate Marine Observatory).

—233—



d K K E & # 38(3), 1987

BARRIC & DiEeimig - ALiERT - AAERSERSER (HEHERRSRM)
FRMERAA (34648) wX b, 1985410 A3 HAH 11 A BE COHBRREERAKEES
K 3 it BBl — 2k, ERBRCEBRS AL =) 2FOF A IONMEECRYBELT
Wh, BEIE- AR, SRR h 5 ARBKROEMsSEACEIEL, 38 NUBIELT
WAERETH D, T, SEFO IFION 225 42°N, 144" E 1w i T, BEH 240 8, HFEH 60
BOAMB AL TV 5,

B IcHET>EENER

b EEEBEIcH AN H LT 58Ky yRAL, 8 AFGELLEINPE W ICEEL#LE
TRERNOTFaALRLELD, RBRUERCHTHE AL, Lr20bERRBLLEA R
BETEHEILBDT, TORKBEEHIEAE IS,
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Yoneshiro Yoneshiro

Fig. 4. Locations of tagged chum salmon recovery in coastal area of Tugaru strait, 1984.
Distribution of coastal catches of fall chum salmon released from Hakodate: (data from
Fisheries Agency of Hokkaido, Salmon Hatchery).

a) Of 130 chum salmon tagged on October 16, 86 were recovered.
b) Of 140 chum salmon tagged on November 8, 80 were recovered.

Fu : Fukushima River Sh : Shiriuchi River

K : Kikonai River Ka : Kamekawa River

D : Daitoubetsu River Mo : Moheji River

He : Hekirichi River O : Ono River

S : Shiodomari River Sr : Shirikishinai River

X : Location of release @0 : Location of recovery
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Fig. 5. Locations of tagged chum salnon recovery in coastal area of Tugaru strait, 1984.
Distribution of coastal catches of fall chum salmon released from Todohokke. (data from
Fisheries Agency of Hokkaido, Salmon Hatchery).

a) Of 116 chum salmon tagged on October 16, 44 were recovered.
b) Of 130 chum salmon tagged on November 6, 54 were recovered.

Fu : Fukushima River Sh : Shiriuchi River

K : Kikonai River Ka : Kamekawa River

D : Daitoubetsu River =~ Mo : Moheji River

He : Hekirichi River O : Ono River

8 : Shiodomari River Sr : Shirikishinai River

X : Location of release =~ @0 : Location of recovery
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Table 13. Age composition of fall chum salmon in samples from various rivers operations,
1985. (data from Fisheries Agency of Hokkaido, Salmon Hatchery).

. . Sampling Age composition (percent) Sample

Region River date g 3 4 5 6 size

Southern Japan | g yusabu 919-1125 | — 17 875 108 — | 293
sea district

Shiriuchi 10.11-11.25 — 116 844 40 — 487

Tugaru strait Kamekawa 1022-1124 | — 14 570 416 — 290

district Moheji 10.19-11.26 | — 3.7 823 140 — 377

Hekirichi 11.22-12.23 — 379 609 12 — 199

Shirikishinai 12.5-12. 7 | — 99 857 44 — 80

W . Ofuna 12. 5 — 17 940 43 — 100

est of cape . .

Erimo district Oshironai 12.25 — 88 898 14 — 100

Torizaki 12.25 — 130 870 — — 100

Yurappu 10. 9-11.16 | 0.6 11.8 542 325 09 451
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HHETH D, T, LBEBFTRRERCK TS 1984 £ Ek L - EBSkkok R, BREE
HABEERESZ L2066, BIOBRINTHECL S,
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