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Life history polymorphism and the population dynamics of wakasagi (Hypomesus nipponensis)
in Lake Abashiri, Hokkaido, Japan*!

Masaru TORISAWA * 2

The life history polymorphism and the population dynamics of wakasagi Hypomesus nipponensis MCALLISTER in
Lake Abashiri, Hokkaido, Japan were examined in this study. The catch-yield of wakasagi in Lake Abashiri always
has a superior rank among the places of production of wakasagi in Japan. Lake Abashiri is also important as a base
supplying eggs as artificial seeds to various areas of Japan. The catch-yield of wakasagi in Lake Abashiri, however,
has been unstable. The mechanism of population dynamics of wakasagi in Lake Abashiri had not been elucidated.
Wakasagi H. nipponensisis a diadromous fish and there are wakasagi with different types of life history polymor-
phism concerned with diadromous fish in Lake Abashiri. The mechanism of divergence of the life history polymor-
phism, however, had not been elucidated either. In this study, the author followed the whole life history of wakasagi
in Lake Abashiri and discussed the mechanisms of divergence of life history polymorphism and population dynam-
ics.

The peak of spawning season was April to May and the period of ascending into rivers for spawning seemed to be
controlled by water temperature. Ascending and descending rivers for spawning occurred during nighttime. Males
ascended the rivers before females and took part in spawning for long periods. On the other hand, females finished
spawning a short time after ascending rivers and descended soon after spawning. A mating experiment combining
males and females with different body sizes revealed that successful mating had nothing to do with combinations
of body sizes between males and females. Besides, most fertilized eggs normally hatched out. Consequently, strict
reproductive isolation seemed not to occur between fish with different life history polymorphism even if the spawn-
ing seasons or the body sizes were different according to the life history polymorphism.

Hatching out of wakasagi larvae was concentrated in a brief interval soon after sunset. The hatching periods had
a little difference according to years and there were a couple of hatching peaks each year. Wakasagi in their early
life stages were partially distributed in the lake and were abundantly distributed near the rivers flowing into the
lake in May. However, after May, there was no fixed distribution pattern that was common to every year. Biomass
and body sizes in early life stages fluctuated over the years.

Daily seaward movement and daily amount of seaward migration were examined in anadromous-form 0+ aged
fish using traps in the Abashiri River flowing out from Lake Abashiri. As a result, the movement of the fish was
nocturnal and passive to the flow so that their direction and speed were changed according to the ebb and flow of
tide, and no active movements to the sea were observed. Seaward migration mainly occurred between July and
September every year and the movement was closely connected with the cycle of the tide. The amount of seaward
migration, the peak period of seaward migration, and the body length at the peak of seaward migration were quite
different each year. Furthermore, the daily sizes of seaward migrating fish in the same year were not constant and
gradually became larger day by day. The amount of seaward migration suddenly increases when the density of fish

exceeded some value in the lake just before the seaward migration occurred. No universal differences were ob-
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served even in body sizes, condition factors, and body colors between the residual fish in the lake and the fish
migrating seaward. It became clear that wakasagi had high salinity tolerance beginning just after hatching from
an experiment carried out using individuals at different developmental stages. Therefore, it was concluded that
the divergence of life history polymorphism did not depend on genetics but on the population density in the lake
just before the divergence occurred.

The autumn ascending period of 0+ aged fish from the sea was estimated from CPUE (catch per unit effort) of
autumn wakasagi fishing in the lake. The autumn ascending period was estimated from the daily change in the
number of individuals captured by a trap set in the Abashiri River between the sea and Lake Abashiri, too. As a
result, the autumn ascension of 0+ aged wakasagi from the sea occurred from middle November to late November
in most years. The various measurements of the fish indicated that the autumn ascension was connected with
neither growth nor sexual maturity. On the other hand, the number of spring ascending fish was significantly
fewer than that of autumn ascending fish. Non of the females captured in the river on the way from the sea to the
lake had reached ovulation. An experiment that was conducted using those females suggested that not only water
temperature but also salinity had an effect on the completion of maturation

The biological aspect of wakasagi was studied based on periodical samplings from the catch in the lake and the
river flowing into the lake. 0+ aged fish and fish older than 0+ could almost be distinguished based on body length.
0+ aged fish grew from spring to late October or to early November. In some years, body length components in the
lake changed suddenly between mid November and December. The change seemed to be caused by the difference in
body length between the residual fish in the lake and fish ascending from the sea. The body length underwent
virtually no change between January and March. Male maturation exceeded female maturation and the matura-
tion of larger individuals progressed ahead of smaller individuals in both sexes. The body length at which individu-
als could be distinguished as mature or immature was between 60 and 70 mm. Therefore, the rate of matured fish
fell in years when the mean body size was smaller. The sex ratio (female: male) was almost 1: 1 in 0+ aged fish
every year but females were apparently fewer than males in the fish older than 0+ year. The imbalance of sex ratio
in fish older than 0+ year seemed to be derived from higher mortality in males caused by the difference in spawn-
ing behavior between male and female.

The yearly catch (population) of wakasagi in Lake Abashiri changed with a negative relationship to the catch in
the year before. The changes of yearly catch balanced if the catch was about 250 tons in the year before. The yearly
mortality of wakasagi in Lake Abashiri seemed to fluctuate between the egg stage and the juvenile stage and to
stabilize in fish beyond the juvenile sage. The mean body weight changed with a negative relationship to the
population size in both anadromous-fish and residual-fish. The yield rate from eggs to juveniles had a positive
relationship to the body weight of parents and a negative relationship to the effective number of spawned eggs.
However, there was no significant relationship between the body weight of parents and the effective number of
spawned eggs. Therefore, both the body weight of parents and the effective number of spawned eggs separately
affected the yield rate from eggs to juveniles. It was concluded that the population of wakasagi in Lake Abashiri
stabilizes cyclically as follows: the population size increases — the body size becomes smaller (or the number of
spawned eggs increases) — the early survival rate falls — the population size decreases — the body size becomes
larger (or the number of spawned eggs decreases) — the early survival rate rises — the population size increases —
+++. The divergence of life history polymorphism concerning to anadromous fish seemed to be closely related with
the mechanism of population dynamics mentioned above. Furthermore, to continue to use the resource of wakasagi
stably in Lake Abashiri, it seemed necessary to keep about ten billion eggs every year and to protect the surround-

ing environment including the lake itself, and the spawning rivers.

F—U—F 0 UAYE, WEW, LIRS, e, B, EYN, TR, BEEAD)



F1E

1. BEMICE T2 hyFEE

TR ADIA DA A7Z DI HR27~284 (1894~
18954F) LIET, HHIA344E (19014) ODiEEikfilERI
RN ZEME R E I NT=0Y, MBS LU TERAST
DIND LD EDIIKIES, 9F (1919~19204) LA
BTHHEIND, FOBROEEDEBIIF I - RG>
IZREL W dbifgsl, fEMIZ B W T, 7 1 Hypomesus
nipponensisi3FATERNEE RSB L UKET ST, vv b
T3 Corbicula japonicalZ KN TH 2 A\ DALE Z 5
TWd, fERICBIL VTP OEENEINL /-
DV, FEMOE S BEN LA UIAD /219604 AN S
THDHDITHR L, 7 HHF M EN CARERY IR EN T
DODNDHEDITI - RIES, 9F (1919~19204F) » YK
MESHETOM, £OOTEERBENSEE LT
W5 (Fig. 1), U LHEEMIZBIT U A g
BEEFHPRKEN ENASNT NS,

TR OEEREEML, AR, HEEE, IR
M, J\BHE, KEW, Bk EY T, WIinehDT,

MAEMET A F OEED LG I - EREBEE 3

L

[l

1,400
Wakasagi
1,200 - Brackish-water clam
1,000 -
~~
2
Q 800 A
Nl
<
8 600 -
2]
&
400 A
200 1
0 T T T == ’;..".I - |"-‘| ‘-|"'- T 3 i l“’ T
0w O O 1 O 1O IO IO 1Y O 0
N BB F F B WD DOE D DD D
R R = e - L IR B e R R I
s i i i
Year

Fig. 1. The annual catch of main fishery targets in
Abashiri Lake.

Table. 1. The best ten ranking in annual catch of wakasagi by the water system in Japan from 1991 to 1994.

Year
Ranking 1991 1992 1993 1994
Catch Catch Catch Catch
Water system (tons) Water system (tons) Water system (tons) Water system (tons)
1st Lake Ogawara 673 Lake Ogawara 609 Lake Ogawara 578 Lake Ogawara 636
gnd  Lake 421 Lake 328 Lake 363 Lake 251
Kasumigaura Kasumigaura Kasumigaura Kasumigaura
3rd  Lake Abashiri 339 Lake Shinji 299 Lake Abashiri 317 Lake 242
Hachirohgata
4th Lake Shinji 270 Lake Abashiri 226 Lake Shinji 190 Lake Abashiri 205
Lake Lake
5th Lake Towada 218 Hachirohgata 118 Hachirohgata 182 Lake Suwa 110
6th Ishikari River 136 Ishikari River 106 Lake Suwa 96 Ishikari River 101
7th Lake K}taur;i / 109 Lake Akan Ishikari River 80 " Lake Akan 60
Tonamisakaura
8th Lake Suwa 105 Lake Suwa 74 Lake Akan 58 Lake K}taura/ 38
Tonamisakaura
Lake Lake Kitaura / Lake Kitaura / R
9th Hachirohgata 89 Tonamisakaura 2 Tonamisakaura 57 Takase River 31
10th  Lake Akan 88 Lake Towada 48 Tone River 39 Tone River 27
the whole 2,938 the whole 2,408 the whole 2,333 the whole 2,082
country country country country

from "Annual Statistical Report on the Yield of Fisheries and Aquacultures (Statistics and information Division of the
Ministry of Agriculture, Forestry and Fisheries)" and "Annual Report of Hokkaido Hatchery”
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Fig. 2.

The fishing method using seine-net under the

ice in Lake Abashiri in winter.

The arrows with Arabic numerals indicate the
steps to tow ropes. The fishing is repeated three
times in a same fishing ground changing holes
in order.

n: net; r: rope; htn: hole to throw a net (1.3
m X 0.6 m);

hon: hole to open a net (0.6 m X 0.6 m);
hin: hole to land a net (1.7 m X 0.7 m)
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Fig. 3. Map showing Lake Abashiri and surroundings.
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Fig. 4. Schematic diagram of the life history of wakasagi in Lake Abashiri. (after Utoh'?)
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Thick solid lines express frames made of stain-

less steel bar with diameter of 7.5 mm. Arabic

numerals indicate sizes of net in cm. The net is

spliced net with 7 mm bar measure meshes.
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Table 2. Maturation stage of gonad of wakasagi used in this study.

Appearance feature
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Sex stage Shape Color Others fixed sample
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part is a little wide . out
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The height of front Opaque whitish Many lateral
. . . Qocytes are .
2 part is a little wide yellow to opaque . . grooves exist on the
. inseparative
to wide yellow surface of ovary
Semi-translucent Oocytes are The surface of mass
3 - deep yellow to . .
separative of oocytes is smooth
orange
. i- ined
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translucent

often exist
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Table 3. The daily catch of wakasagi for artificial fertilization in the Abashiri River flowing into Lake Abashiri.

Year
Date 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
Apr. 1
Apr. 2
Apr.3
Apr. 4 3
Apr. 5 11
Apr. 6
Apr. 7
Apr. 8 600 1,434
Apr. 9 1,400 4,114
Apr. 10 3,232 4,275
Apr. 11 1,731 5,218
Apr. 12 734 4,678 3,628
Apr. 13 6,699 1,795 6,283 2,382 1,852
Apr. 14 5,711 376 6,321 952 3,004
Apr. 15 1,902 4,872 2,733 4,163 1,361 5,848 526
Apr. 16 2,107 3,718 1,602 8,325 1,615 5,696 135
Apr. 17 4,059 7,927 1,591 250 7,041 495 2,538 3,342 820
Apr. 18 2,901 9,426 5 3,628 473 2,071 2,527 782
Apr. 19 1,040 1,464 6,253 504 1,011 1,790 274
Apr. 20 5,468 1,528 801 1,004 286 700 2,328 77 2,270
Apr. 21 8,766 1,293 3,687 3,687 600 2,727 1,380
Apr. 22 6,199 2,695 799 3,683 800 976 2,380 953
Apr. 23 6,412 5,335 977 41 100 6,783 1,020 538 1,893
Apr. 24 2,949 4,113 6,440 1,000 550 743 932 1,927
Apr. 25 3,229 755 1,909 240 30 399 262
Apr. 26 438 1,972 60 280 464 385
Apr. 27 5,059 1,486 90 66
Apr. 28 227 1,118 90 322
Apr. 29 528 3,732 179
Apr. 30 175 437 78
May 1 19
May 2 2,100 204
May 3 4,653 198
May 4 66
May 5 *1,315
May 6 *1,190
May 7 *680
May 8 *690
May 9 *460
May 10 o
May 11 *250

Total 34,063 18,621 16,052 38,053 33,002 11,280 47,932 26,997 27,672 9,491 31,067 11,687
* The weight includes the catch in the Memanbetu River
Unit; kg
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Table 4. The daily catch of wakasagi for artificial fertilization in the Memanbetsu River flowing into Lake Abashiri.

Year

Date 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
Apr. 1

Apr. 2

Apr. 3

Apr. 4

Apr.5

Apr. 6

Apr. 7 1,471

Apr. 8 50 1,868

Apr. 9 91 2915
Apr. 10 97 2,398 853

Apr. 11 414 1,839 2,047

Apr. 12 60 280 1,960 2,070

Apr. 13 620 152 594 336 1,179
Apr. 14 854 178 1,059 124 10 1,657

Apr. 15 295 645 220 580 281 5 2,534 80
Apr. 16 384 465 127 444 233 45 1,904 76
Apr. 17 392 148 407 87 335 320 976 13 1,787 301
Apr. 18 147 150 294 215 288 755 45 525 980
Apr. 19 476 147 100 122 116 70 140 353 682
Apr. 20 614 75 40 527 57 69 60 545 442 509
Apr. 21 422 469 62 126 31 74 20 586 749
Apr. 22 70 385 16 227 148 10 1,185 480 955 761
Apr. 23 170 230 70 25 63 983 350 188 1,178
Apr. 24 120 140 ' 216 108 1,342 424 972
Apr. 25 100 94 60 179 884 410 150 810
Apr. 26 60 236 54 466
Apr. 27 10 147 624 20 111
Apr. 28 973 19 195
Apr. 29 293 30 114
Apr. 30 378 11 114
May 1 30 175
May 2 560

May 3 313

May 4 460

May 5 *

May 6 *

May 7 *

May 8 *

May 9 *

May 10

May 11 *

Total 1,972 1,388 1,518 438 4,571 1,000 5,298 14,191 10,331 3,054 16,201 8,271

* The catch is included in the catch in the Abashiri River
Unit; kg
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Fig. 7. The changes of daily catch of wakasagi caught
in the spawning rivers, the Abashiri River and
the Memanbetsu River, in the spawning sea-
son of 1996.
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Fig. 8. Daily and total sex ratios of wakasagi caught by
trap-nets for the artificial fertilization in the
Abashiri River.
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Fig. 9. Daily and total sex ratios of wakasagi caught by
trap-nets for the artificial fertilization in the

Memanbetsu River.
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Fig. 10. The changes of sex ratios and maturation stages
by the sex of wakasagi caught in the Abashiri
River and the Memanbetsu River flowing into
Lake Abashiri during the spawning season of
1996.

Data in the Abashiri River from April 15 to
May 3 and in the Memanbetsu River from April
11 to May 1 were obtained from the fish caught
by trap-nets. Data in the Abashiri River from
May 20 to June 28 and in the Memanbetsu
River from May 18 to June 28 were obtained

from the fish caught by cast-nets.
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Fig. 11. Body length frequencies of wakasagi caught in
the Abashiri River flowing into Lake Abashiri
during the spawning season of 1996.
Data from April 15 to May 3 and from May
20 to June 28 were obtained from the fish
caught by trap-nets and by cast-nets, respec-

tively.
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Fig. 12. Body length frequencies of wakasagi caught in
the Memanbetsu River flowing into Lake
Abashiri during the spawning season of 1996.

Data from April 11 to May 1 and from May
18 to June 28 were obtained from the fish
caught by trap-nets and by cast-nets, respec-

tively.
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Fig. 13. GSI (gonad weight (g) / body weight (g) < 100)
of male wakasagi caught in the Abashiri River
flowing into Lake Abashiri during the spawn-
ing season of 1996.

Data from April 15 to May 3 and from May
20 to June 28 were obtained from the fish
caught by trap-nets and by cast-nets, respec-

tively.
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Fig. 14. GSI (gonad weight (g) / body weight (g) X 100)

of male wakasagi caught in the Memanbetsu

River flowing into Lake Abashiri during the
spawning season of 1996.

Data from April 11 to May 1 and from May

18 to June 28 were obtained from the fish

caught by trap-nets and by cast-nets, respec-

tively.
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Fig. 15. GSI (gonad weight (g) / body weight (g) X 100)
of female wakasagi caught in the Abashiri River
flowing into Lake Abashiri during the spawn-
ing season of 1996.

Data from April 15 to May 3 and from May
20 to June 28 were obtained from the fish
caught by trap-nets and by cast-nets, respec-

tively.
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Fig. 16. GSI (gonad weight (g) / body weight (g) X 100)

of female wakasagi caught in the Memanbetsu
River flowing into Lake Abashiri during the
spawning season of 1996.

Data from April 11 to May 1 and from May
18 to June 28 were obtained from the fish
caught by trap-nets and by cast-nets, respec-

tively.
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Table 5. Fecundity of female wakasagi in Lake Abashiri in the spawning season.

Body length (mm) N Mean Maximum = Minimum S.D.
55 - 59 3 1,354 1,658 1,068 241
60 - 64 24 1,727 2,342 1,033 378
65 - 69 48 2,406 3,810 1,125 657
70 - 74 93 3,474 6,205 1,737 929
75 - 79 147 4,365 10,387 2,045 1,269
80 - 84 122 5,256 9,340 2,704 1,095
85 - 89 69 6,418 11,238 3,795 1,528
90 - 94 41 7,939 12,464 4,607 1,819
95 - 99 16 10,095 14,843 5,255 2,331
100 - 104 11 13,216 19,938 10,191 2,958
105 - 109 8 15,505 20,393 10,736 3,046
110 - 114 7 17,054 23,317 11,918 3,616
115 - 119 3 19,535 20,443 18,978 648
120 - 124 1 24,801 24,801 24,801 -
125 - 129 2 32,189 43,776 20,601 11,588
130 - 134 1 31,212 31,212 31,212 -
Total 596
50000 PR 5 nmiiE Z &R O S, Bk - SeIME, R
' Xz T5mm MR &k (Table 5).
InY=3.832 +» InX-8.346
n =428 et
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fecundity of female wakasagi in Lake Abashiri

in the spawning season.
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Fig. 18. The number of individuals of wakasagi caught
by trap-nets every two hours in the Memanbetsu
River on April 15-16, 1997 and on May 14-15,

1997.
Upward and downward bars indicate in-
dividuals migrating upward and downward,
respectively. Closed bars under horizontal axes

indicate nocturnal periods.
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Fig. 19. Frequency distributions in body length of all
wakasagi caught by trap-nets in the Memanbetsu

River on April 15-16 and May 14-15, 1997.
Upward and downward bars indicate indi-
viduals migrating upward and downward, re-

spectively.
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Fig. 20. Maturation stages of wakasagi caught by trap-
nets every two hours in the Memanbetsu River

on April 15-16, 1997.
Upward and downward bars indicate indi-
viduals migrating upward and downward, re-

spectively.
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Fig. 21. Maturation stages of wakasagi caught by trap-
nets every two hours in the Memanbetsu River

on May 14-15, 1997.
Upward and downward bars indicate indi-
viduals migrating upward and downward, re-

spectively.
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Table 6. Body measurements of the wakasagi used for mating experiment.

The measurements were carried out just after the experiment.

Plot Sex Body length Body weight Maturation Gonad weight GSI
Females Males (mm) () stage of gonad ()

Large Large Female 98.6 6.11 4 0.06 0.98

Female 98.6 6.93 4 0.06 0.87

Female 103.5 8.43 4 0.07 0.83

Male 97.2 7.05 4 0.03 0.43

Male 92.7 6.36 4 0.03 0.47

Male 87.3 5.82 4 0.04 0.69

Large Small Female 99.4 9.45 3 2.02 21.38

Female 106.8 8.43 4 0.26 3.08

Female 102.6 6.85 4 0.09 1.31

Male 771 3.70 3 0.04 1.08

Male 76.8 3.60 4 0.02 0.56

Male 80.4 3.95 4 0.02 0.51

Small Large Female 69.7 2.32 4 0.02 0.86

Female 83.2 4.18 4 0.02 0.48

Female 81.7 3.05 4 0.03 0.98

Male 90.7 6.02 3 0.09 1.50

Male 96.5 8.34 3 0.15 1.80

Male 92.8 6.86 3 0.09 1.31

Small Small Female 76.9 3.23 4 0.02 0.62

Female 74.7 3.12 4 0.03 0.96

Female 73.8 2.73 4 0.02 0.73

Male 75.5 2.98 4 0.01 0.34

Male 75.4 3.27 3 0.03 0.92

Male 83.0 3.70 4 0.02 0.54
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Days after fertilization
Fig. 22. Daily changes of the number of hatched larvae
from eggs fertilized in combinations of parents

with deferent or similar body sizes.

Table 7. Results of hatching experiment for eggs derived from the mating experiment.

Female Large Large Small Small
Plot Male Large Small Large Small Total
Date of fertilization April 30, 1996 April 30, 1996 April 30, 1996 April 30, 1996 April 30, 1996
First date of hatch May 21, 1996 May 21, 1996 May 21, 1996 May 21, 1996 May 21, 1996
Last date of hatch June 10, 1996 June 7, 1996 June 2, 1996  dJune 2, 1996 June 10, 1996
Larvae hatched normally 622 (0.916) 598 (0.849) 392 (0.829) 840 (0.948) 2,452 (0.894)
Larvae hatched abnormally 2 (0.003) 1 (0.001) 4 (0.008) 1 (0.001) 8 (0.003)
Total hatched larvae 624 (0.919) 599 (0.851) 396 (0.837) 841 (0.949) 2,460 (0.897)
Eyed dead eggs 19 (0.028) 23 (0.033) 10 (0.021) 31 (0.035) 83 (0.030)
Non-eyed dead eggs 36 (0.053) 82 (0.116) 67 (0.142) 14 (0.016) 199 (0.073)
Total dead eggs 55 (0.081) 105 (0.149) 77 (0.163) 45 (0.051) 282 (0.103)
Total hatched larvae 679 (1.000) 704 (1.000) 473 (1.000) 886 (1.000) 2,742 (1.000)

and dead eggs
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Fig. 23. Map showing sampling stations for 0+ aged
wakasagi by a larva-net or a seine-net in Lake
Abashiri.

iron frame ring

cotton spliced net with 3 mm bar
measure meshes

canvas

silk GG54

130 37

|

300 e 150 —-sies

front view lateral view

Fig. 24. Schematic diagram of larva-net (Maruchi net)
used for sampling of 0+ aged wakasagi in Lake
Abashiri.
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Table 8. The sampling dates and the sampling stations by a larva-net or a seine-net.

Sampling by a larva-net Sampling by a seine-net
Year Time Date Stations surveyed The n\n"nber Time Date Stations surveyed The nuprer
of stations of stations

1981 1st Jun. 17 St. 1, 3-5, 8-15, and 17 13 1st Jul 20 St. 1-3, 7, 11-12, and 14-16 9
2nd Jul. 20 St. 2-3, 6-7, and 11-15 9 2nd Aug. 24 St. 1-3, 7, 11-12, and 14-16 9
3rd Aug. 24 St. 1-3, 6-7, and 12-16 11

1982 1st May 13 St. 1-2, 4-13, and 16-17 14 1st Aug. 3 St 2-16 15
2nd May 30 St. 1-2, 4-13, and 15-17 15 2nd Sep. 10 St. 2-5, 7-9, 11-14, and 16 12
3rd Jun. 24 St. 1-2, and 4-17 16
4th Jul 14 St. 1-2, 4.9, and 11-17 15

1983 1st May 10 St. 2, 4-17 15 1st Aug. 4 St 2-16 15
2nd May 19 St. 2-17 16 2nd Sep.5 St 2-16 15
3rd Jun. 3 St 2-17 16
4th Jun. 23 St. 2-17 16

1984 1st May 30 St. 1-2, and 4-17 16 1st Jul 19 St. 2-116 15
2nd Jun. 12 St. 1-17 17 2nd Aug. 9 St.2-9and 11-16 14
3rd Jun. 29 St. 1-17 17 3rd Sep.5 St.2-16 15

1985 1st May 17 St. 2-17 16 1st Jul 18 St. 2-17 15
2nd May 29 St. 1-17 17 2nd Aug. 7 St 2-17 15
3rd Jun. 21 S8t. 2-17 16 3rd Sep. 13 St. 2-8,10-11, 13, and 15-16 12

1986 1st May 14 St. 2-17 16 1st Jul 22 St. 2-16 15
2nd May 28 St. 2-17 16 2nd Aug. 12 St. 2-16 15
3rd Jun.11 St. 1-17 17 3rd Sep.9 St 3-16 14
4th Jun. 24 St. 1-17 17

1987 1st May 12 St. 2-17 16 1st Jul. 13 St 2-16 15
2nd May 26 St. 2-17 16 2nd Aug. 4 St 3-17 14
3rd Jun.9 St. 2-17 16 3rd Sep.3 St 3-17 14
4th Jun. 23 St. 1-17 17

1988 1st May 18 St. 2-17 16 1st Jul 12 St. 2-16 15
2nd May 31 St. 2-17 16 2nd Aug. 8 St. 3-16 14
3rd Jun. 14 St. 2-17 16 3rd Sep.6 St 3-16 14
4th Jun. 28 St. 1-17 17

1989 1st May 23 St. 2-17 16 ist Jul 12 St. 3-16 14
2nd Jun.1 St 2-17 - 16 2nd Aug. 8 St. 3-4, 7-8, 10-11, 13, and 15-16 9
3rd Jun. 13 St. 1-17 17 3rd Sep.5 St. 3-16 14
4th Jun. 27 St. 1-17 17

1990 1st May 17 St. 2-17 16 1st dJul 16 St. 3-16 14
2nd May 29 St.2-17 16 2nd Aug. 6 St. 3-16 14
3rd Jun. 12 St. 2-17 16 3rd Sep.3 St 3-16 14
4th Jun. 25 St. 1-17 17

1991 1st May 13 St. 2.17 16 I1st Jul. 15 St. 3-12 and 14-16 13
2nd May 27 St. 4 and 7-17 12 2nd Aug. 5 St. 3-16 14
3rd Jun/10 St. 2-17 16 3rd Sep.4 St. 3-16 14
4th Jun. 24 St. 1-17 17

1992 1st May 28 St. 2-17 16 1st Jul 13 St. 3-16 14
2nd Jun. 12 St. 2-17 16 2nd Aug. 3 St 3-16 14
3rd Jun. 22 St. 2-17 16 3rd Sep.7 St 3-16 14

1993 1st May 24 St. 2-17 16 1st Aug. 2 St 2-16 15
2nd Jun. 7 St 2-17 16 2nd Aug. 23 St. 2-16 15
8rd Jun22 St 2-17 16 3rd Sep. 22 St 2-16 15
4th Jul 14 St. 5, 7-8, 10, and 15-17 7

1994 ist May 30 St. 3-4, 8-10, and 14-16 8 1st Jul 18 St. 3-4, 8-10, and 14-16 8
2nd Jun. 18 St. 3-4, 8-10, and 14-16 8 2nd Aug. 8 St. 3-4, 8-10, and 14-16 8
3rd Jun. 28 St. 3-4, 8-10, and 14-16 8 3rd Sep. 5  St. 3-4, 8-10, and 14-16 8

1995 1st May 30 St. 3-4, 8-10, and 14-16 8 1st Jul. 17 St. 3-4, 8-10, and 14-16 8
2nd Jun. 12 St. 3-4, 8-10, and 14-16 8 2nd Aug. 7 St. 3-4, 8-10, and 14-16 8
3rd Jun. 26 St. 3-4, 8-10, and 14-16 8 3rd Sep.4 St 3-4, 8-10, and 14-16 8

1996 1st May 13 St. 3-4, 8-10, and 14-16 8 1st Jul 16 St. 3-4, 8-10, and 14-16 8
2nd May 27 St. 3-4, 8-10, and 14-16 8 2nd Aug. 5 St. 3-4, 8-10, and 14-16 8
3rd Jun. 10 St. 3-4, 8-10, and 14-16 8 3rd Sep.2 St. 3-16 14
4th Jun. 24 St. 3-4, 8-10, and 14-16 8
5th Jul. 17 St. 3-4, 8-10, and 14-16 8
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Fig.25. Schematic diagram of seine-net used sampling of 0+ aged wakasagi in Lake Abashiri.

Arabic numerals express sizes in cm.
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Fig.26. Water temperature, the number of individuals

per 100 litters of filtered water, mean total
length (£SD), and the mean yolk volume in-
dex (£SD) of larvae caught in the hatchery
every two hours from May14 14:00 to May 15
12:00, 1997.

The yolk volume index was calculated as
(yolk sack length) X (yolk sack height)? (12 m?).



Table 9. Temporal change of numbers of larvae collected at the hatchery.

Time temvl‘)[::z:ure Filtered water Number of laII'I\lIl;;l;eer%fI
) volume (/) larvae of water
May 14, 1997 14:00 12.6 40 0 0
May 14, 1997 16:00 12.0 40 3 8
May 14, 1997 18:00 11.8 100 28 28
May 14, 1997 20:00 11.0 100 2,485 2,485
May 14, 1997 22:00 10.5 100 181 181
May 15, 1997 00:00 10.3 100 67 67
May 15, 1997 02:00 10.3 100 31 31
May 15, 1997 04:00 10.1 100 20 20
May 15, 1997 06:00 10.6 100 17 17
May 15, 1997 08:00 10.8 100 9 9
May 15, 1997 10:00 11.8 100 9 9
May 15, 1997 12:00 11.2 100 14 14
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g.27. Temporal changes of the number of larvae cap-
tured by NORPAC-net in the Memanbetsu
River near the mouth in 1996 and 1997.

R/ mD Y — 7 2k Uiz, ZO%100{EA/ il &
TR U7=MY, 6 B12HICETU Z OFRZ O 387{EA /0
FOER L 7RI U, 6 A26 HIZIE 3 EAR/mad A1 7s
277,

PLEDX DT, 19964, 1997HM4E Tl MFAOER
FEINDHHIIET L ~ 2 EBIEEOTRAR S, 1997
FOFPRIp S le. E/-IFE BRI B0, i)
THAOREEERTSNUI 2 ~ 3 DD WMNR 5N/,
TP ST BT S AR A DKL 9. 6~17. 3C D
FHTAEEL, 1996FFEEREHMMBIICMATTERLT
WA AR U 2.

Fig. 281219974 DFERIZDWT, it M ARIREREREL,
ek (£SD), FHEUNEEMEE (£SD) O&ELER
L7z,

£, SHIHICERESN )2, BAAKENY
7= O BREREAENZIE, B H29H &6 AI2HIC KEE—
RSN,

FRE SN2 FFROFE 2R (£SD) 135.3 (£0.3)
~4.6 (£0.1) mOETEEL, FFHMNELIZRDITD
NWONUET SERN R SNz, T TETEHMERD
EDRENEL WINEMEBRE L2 (ANOVA), Z0kE
R, EREIFAEHICE > TRR D HESI N/ [df=242,
P0.00D), EHIC5A1IHEOHEL THEHLASAL
Hao&MAERETORBE AL, &FEH DR HMFA
D2k & OHBERRZ, Spearman dJIFfizAHREREL
EHWTHNZ, TOHE, SHIHMSSEREHET
OffEHE L, BFREHICHRESNZR T FRAOEE2
ROBICEBAOHEEBMHENH 5 L HESI N/ (=13,
r=0. 7476, P=0.003), T /3O BB HAK E & HITHES
NLHWMFFAOERIZ/NEULT L EMNah 57,

TRE SN2 T OUNEAAEREE (£5D) 130. 018(%
0.04) ~0.082 (£0.052) umORITKRKELILEIL 2, F
ZTEMEHZ & DUIREARFEIRRMNE L W SN EBRTE
L7z (ANOVA), Z=D#ER, 2ERFINSEAEREEEILR
BHBHIZEK D TR 5 &fE I N/ (df=242, P<0.001) . L
MLMAS BB, 2ETRSNALIHED DR
i@ H & M 7 B 2 B D BB EENS D I A 7o
oo BEREFAMKICOAIHEOHE L THEIBLAZS5AL
Hao&MAERETORBE AL, &FEH DR HMFA
DU AR & OFHBERE R &, Spearman OJELZFHEE
REEH TN THZ, TORE, 5H 1 HNS &R
RHETOFBHEKE, HFREHICERESN/ZM N FR
DO YNEAFERE R ORI, MRS S i A lzn



g
=
i
=]
>
o~
=
(=]
>
;
— e o] [Te] o~ f=r] =] 2] [=2} w0
By >y — o~y ™~ E — — N
© o =3 B >
o [ @ =3 =) o o
= =
= = s S = s 5 2 3
Date

Fig. 28. Number of individuals per cubic meter of fil-
tered water, mean total length (+SD), and the
mean yolk volume index (£SD) of larvae
caught at the mouth of the Memanbetsu River
by NORPAC-net from May 1 to June 26, 1997.

The yolk volume index was calculated as
(yolk sack length) X (yolk sack height)? (12 m?).
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Fig. 29. The number of individuals of 0+ aged wakasagi caught per haul by a larva-net or a seine-net in Lake

Abashiri in 1982 and 1983.

Areas of the circles indicate the numbers of individuals.
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Fig. 30. The number of individuals of 0+ aged wakasagi caught per haul by a larva-net or a seine-net in Lake

Areas of the circles indicate the numbers of individuals.
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Table 10. The mean values of number of individuals captured by a larva-net and a seine-net by the survey. Upper

lows are dates when the surveys were carried out and lower laws are the mean values. The mean values

by a seine-net were calculated except the data of offshore stations, St. 6, 9, and 12.

Maximum value by a

Maximum . before th
Captures by a larva-net Captures by a seine-net value by a se;:‘:;:itf sza(i:in ©

larva-net migration

Jun. 17,1981  Jul 20, 1981 Aug. 24, 1981 Jul. 20, 1981  Aug. 24, 1981 Jun. 17, 1981 Jul. 20, 1981

May. 13, 1982 May. 30, 1982 Jun. 24, 1982  Jul. 14, 1982 Aug. 03,1982  Sep. 10, 1982 May. 30, 1982 Aug. 03, 1982
29 413 53 0 8,700 1,710 413 8,700

May. 10, 1983 May. 19, 1983  Jun. 03, 1983  Jun. 24, 1983 Aug. 04, 1983  Sep. 05, 1983 May. 10, 1983 Aug. 04, 1983
999 173 695 159 60,938 3,593 999 60,938

‘MayA 30,1984 Jun. 12,1984 Jun. 29, 1984 Jul. 19, 1984 Aug. 09, 1984  Sep. 05, 1984 Jun. 12, 1984 Jul. 19, 1984
146 - 245 14 14,317 6,036 5,542 245 14,317

May. 17, 1985 May. 29, 1985 Jun. 21, 1985 Jul. 18, 1985 Aug. 07,1985 Sep. 13,1985  May. 29, 1985 Jul. 18, 1985
1,980 2,331 214 3,725 7,330 2,264 2,331 3,725

May. 14, 1986 May. 28, 1986 Jun. 11, 1986  Jun. 24, 1986 Jul. 22, 1986  Aug. 12,1986  Sep. 09, 1986 Jun: 11, 1986 Jul. 22, 1986
8 282 716 271 16,361 2,835 748 716 16,361

May. 12, 1987 May. 26, 1987 Jun. 09, 1987  Jun. 23, 1987 Jul. 13, 1987 Aug. 04, 1987  Sep. 03, 1987 ] Jun. 09, 1987 Jul. 13, 1987
137 184 258 113 11,050 6,393 394 258 11,050

May. 18, 1988 May. 31, 1988  Jun. 14, 1988  Jun. 28, 1988 Jul. 12, 1988  Aug. 08, 1988  Sep. 06, 1988 Jun. 14, 1988 Jul. 12, 1988
996 656 1,430 639 15,539 8,685 5,209 1,430 15,539

May. 23, 1989  Jun. 01, 1989 Jun. 13, 1989  Jun. 27, 1989 Jul. 12, 1989  Aug. 08, 1989  Sep. 05, 1989 Jun. 27, 1989 Jul. 12, 1989
130 346 176 469 634 919 1,132 469 634

May. 17, 1990 May. 29, 1990 Jun. 12, 1990  Jun. 25, 1990 Jul. 16, 1990 Aug. 06, 1990  Sep. 03, 1990 Jun, 12, 1990 Jul. 16, 1990
226 115 294 184 17,357 844 1,306 294 17,357

May. 13, 1991 May. 27, 1991  Jun. 10, 1991  Jun. 24, 199iﬁ Jul. 15, 1991  Aug. 05, 1991  Sep. 04, 1991 May. 27, 1991 Jul. 15, 1991
1,203 1,328 164 599 6,302 3,836 1,809 1,328 6,302

May. 28, 1992  Jun, 12,1992  Jun. 22, 1992 Jul. 13, 1992  Aug. 03, 1992  Sep. 07, 1992 Jun. 12, 1992 Jul. 13, 1992
131 357 355 20,341 7,829 672 357 20,341

May. 24, 1993  Jun. 07, 1993  Jun. 22, 1993  Jul. 14, 1993 Aug. 02,1993  Aug. 23,1993  Sep. 22, 1993 Jun. 07, 1993 Aug. 23, 1993
365 512 375 49 1,020 6,225 2,401 512 6,225

May. 30, 1994 Jun. 13, 1994 Jun. 28, 1994 Jul. 18,1994 Aug. 08,1994 Sep. 05, 1994  May. 30, 1994 Jul. 18, 1994
621 522 309 3,027 1,816 786 621 3,027

May. 30, 1995 Jun, 12,1995 Jun. 26, 1995 Jul. 17, 1995 Aug. 07,1995 Sep. 04, 1995  May. 30, 1995 Jul. 17, 1995 -

1,193 263 92 11,465 5,048 1,107 1,193 11,465

May. 27,1996  Jun. 10, 1996 Jun. 24, 1996  Jul. 17, 1996 Jul. 16, 1996 Aug. 05, 1996  Sep. 02, 1996 Jun. 10, 1996 Aug. 05, 1996
53 235 231 44 280 4,367 3,963 235 4,367
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Fig. 31. Frequency distributions of body length of 0+ aged wakasagi caught by a larva-net or a seine-net in Lake
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Fig. 32. Frequency distributions of body length of 0+ aged wakasagi caught by a larva-net at each sampling station

of Lake Abashiri in 1988.
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Fig. 33. Frequency distributions of body length of 0+ aged wakasagi caught by a seine-net at each sampling station
of Lake Abashiri in 1988.
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Fig. 34. Condition factors (BW (g) / BL (mm)s X 105) of 0+ aged wakasagi at each sampling station of Lake Abashiri
on August 8, 1988, July 16, 1990 and, July 15, 1991.

Solid circles and error bars indicate mean values and standard deviations, respectively. The condition

factors were calculated each body length class with 5 mm range.
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Table 11. @,, and the coefficients of the formula, 7e+"=C, on the relation-

ship between water temperature and days required until hatch-

ing from fertilization. Here 6 is the water temperature and 7'

is the days and a and C are constants.

Reference aloge a Q10 log C#* c*
Higure (1925) 0.062 0.142 4.2 — —
Higure and Nakai (1926) 0.065  0.15 45 2.050 112.2
Nakai (1928) — 0.085 2.33 1.604 44.2
Yamamoto (1937) 0.060 0.138 3.98 1.950 89.1

* (' was recalculated from logC because the logC in this table had been

expressed as C in the each reference.
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anchor

Fig. 35. Trap-net used for sampling of 0+ aged wakasagi
at St. 1 in the Abashiri River.

Thick solid lines express ring frames made

of stainless steel bar with diameter of 7.5 mm.

Arabic numerals indicate sizes of net in cm. The

net is spliced net with 2 mm bar measure

meshes.

The Sea of
N Okhotsk

Lake Abashiri

| I E— |
/?& 0 1 2km

Fig. 36. Map showing stations where water tempera-

ture and salinity were periodically observed.

the Abashiri River
= lake sea =
60m the point where physical environmental
conditions were observed trap-nets

Fig. 37. The arrangement of trap-nets to study the daily
movements of sea-run migrating 0+ aged
wakasagi at St. 1 in the Abashiri River flowing
out from Lake Abashiri.
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Table 12. The term which the trap-net was being set at St. 1 in the Abashiri River to

sample sea-ward migrating 0+ aged wakasagi.

The dates in parenthesizes indicate dates when the sampling was not

carried out despite that the trap-net was being set.

Year

Term

1982  Jul. 15-Jul. 17, Aug. 2-Aug. 7, Aug.18-Aug. 20, Aug. 22-Aug. 28, Sep. 6-Sep. 11

1983 Aug. 2-Aug. 12, Aug. 18- Sep. 8
1984 Aug. 1-Aug. 24 (except Aug. 22)
1985 Jul. 31-Aug. 24 ’
1986 Jul. 21-Aug. 13, Aug. 17-Aug. 26
1987 Jul. 23-Sep. 13

1988 Jul. 18-Aug. 13, Aug. 17-Sep. 13
1989 Jul. 18-Aug. 12, Aug. 17-Sep. 16
1990 Jul. 17-Aug. 13, Aug. 17-Sep. 8
1991  Jul. 16-Aug. 13, Aug. 17-Sep. 12

1992  Jul. 15-Aug. 13, Aug. 17-Sep. 5 (except Aug. 30-31, Sep. 2 and Sep. 4)
1993 Jul. 15-Aug. 13, Aug. 17-sep. 30 (except Sep. 9 and Sep. 27-28)

1994  Jul. 15-Aug. 12, Aug. 17-Sep. 10
1995 Jul. 1-Aug. 12, Aug. 17-Sep. 10
1996 Jul. 1-Sep. 30
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Fig. 38. The temporal change of vertical distribution of salinity and water temperature at each station in the
Abashiri River between Lake Abashiri and the Sea of Okhostk on June 24-25, 1996.



BoHBEZ T EEAZONDH19965 7 H24~25H D
TREE-20cm/secAm DA 1 flEfRE, FOMT X TOH
BB W TEBICERHEGRENZ N2, kol &n
SEBEICIZBE TENH D, HEICAREIZE N &
¥z,

B S MICIREE D S S N/ D57 -~ F DA
ZHWT, 3EIOMERFZ &2, #EiZmn5 788 Wi
NI BN &2 3 R4 U2 (Ocm/seckl t, —20cm/
secll_F0cm/secA b, —20cn/secA i) & 41E 41 DER{H{E
AEIZDWT, FEIC L o THREIAIZ 2170 &
LT, WA ZHE/REETTO . TORRVWTNOHEEIC
BWTH, FHK S & ORMEGRET, #BI2nh5#%
B W EN D BB TR S E WO FENE SN2

100
Jul. 24-25, 1996 |

-5,000 '—T—r——v—v—“—l—v—!—!—v—:

0 .

< S 28 ANS S S S

= ¥ z2gy883888s2 R

=

=1 1,000 100

2 1

= ]

g i

oy

e 0 1

o B

—

@ B}

= 1 L

a -1,000 __mﬁﬁ_l_ﬂ_F_ '100

=

< 500 100

0 . Ty _ 0

500 A—————— e 100

10+ aged wakasagi caught by a trap-net opening sea-ward
0+ aged wakasagi caught by a trap-net opening lake-ward
——current speed upper the bottom (cm/sec)

-0 current speed under the surface (cm/sec)

-e-water level (cm)

Fig. 39.

Temporal changes of the number of 0+ aged
wakasagi caught by a trap-net opening lake-
ward and a trap-net opening sea-ward, cur-
rent speeds under the surface and upper the
bottom, and water level at St. 1.

Negative values indicate sea-ward move-
ment. Closed bars along horizontal axes indi-

cate nocturnal periods.

Current speed (cm/sec) and water level (cm)

(Tableld),

BE CIERAS_EFRANIZ I 72 33 < N & RN AT 72 A
<A £ 2 BER R DR &2 FL D & (Fig. 39), 7 A
24~25H TiZ L & ORI THRIG S N2 BRI D A Hi%
<, 8 A8~ 9 HTIEFRINE O TEIES FU /- fEHA%
MDA, 9HA 8~ 9 0TI FAMEDH TERIan
T B LiinZ O THAd S N /28R E kbl 7=,

1HEAEEDOND KB OER S FRE U2 5 <IZA
ML/ 72720 1 HERO AT 3EORET N TE A
L TO8{EMRD AT, O+HERAITHAD ZIEFITDIan -
2o ZHHDAMBIZEAENHBENLS HOHETOR
MHZBR B 7z,

AR O B E O E TN X O TR 1
= OHERZNENDOAERHERE, FREH S OREM
B E SR S ORMERRTEA NI L THEE
(Fig. 40), BPEHFH T O FRMZOME FREZD
T TEIH S /2 O HFEADERRIZHAIZIFFEIC L <Lz
ERL.

Jul. 24-25, 1996

<
>
B
Q
&
[«)]
=
o
g 40
~ 10 20 30 40 50 60 70 80
40
Sep. 12-13, 1996
20_ N N H
0] . ‘ :
20
40

20 30 40 50 60 70 80

Body length (mm)
[ by a trap-net opening sea-ward
B by a trap-net opening lake-ward

Fig. 40. Comparison of body length between the 0+ aged
wakasagi caught by a trap-net opening lake-
ward and the wakasagi by a trap-net opening

sea-ward.



MR 7 710 F OEH R LRI IE & EIRAEEM 51

Table 13. Comparison between the daytime and nighttime catches (the num-
ber of individuals every two hours) of sea-ward migrating and lake-
ward migrating O+ aged wakasagi, respectively, at St. 1 in the
Abashiri River in 1996.

Current Sea-ward migration Lake-ward migration
Date speed
(cm/sec) Daytime Nighttime Daytime Nighttime
Jun. 24-25, 1996 =0 Inds./2hr 12 10
chi-square
P
20 ~0  Inds./2hr 0 1,505 2 2
chi-square 1,5605.00
P <0.01**
-20 > Inds./2hr 21 2,587 170 1
chi-square 2,624.18 167.19
P <0.01** <0.01**
Aug. 8-9, 1996 20 Inds/2hr 2 343
chi-square
P
-20~0  Inds./2hr 8 469 0 54
chi-square 445.54 54.00
P <0.01** <0.01**
-20 > -20 195 284 9 74
chi-square 16.74 50.43
P <0.01** <0.01%*
Sep. 12-13, 1996 =0 Inds./2hr 12 257
chi-square
P
-20~0  Inds./2hr 1 26 0 201
chi-square 22.65 201.00
P <0.01%* <0.01**
-20 > Inds./2hr 0 19 1 0
chi-square 18.02
P <0.01**
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Table 14. Comparison of the nighttime catches (the
number of individuals every two hours) between sea-

ward migrating and lake-ward migrating 0+ aged

wakasagi at St. 1 in the Abashiri River in 1996.

Current speed Sea-ward Lake-ward

Date (cm / sec) migration migration
Jun. 24-25, 1996 =0 12 10
-20 ~ 0 1,505 2
-20 > 2,587 1
chi square 1,430
P <0.01%**
Aug. 08-09, 1996 =0 2 343
20 ~ 0 469 54
-20 > 284 74
chi square 659
P <0.01**
Sep. 12-13, 1996 20 12 257
20 ~0 26 201
-20 > 19 0
chi square 167
P <0.01**
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/2o
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Table 15. Daily change in the number of individuals of seaward migrating 0+ aged wakasagi caught
by a trap-net at St. 1 in the Abashiri River.
The numerals in parenthesizes indicate the data on days when the sampling was not
carried out despite that the trap-net was being set. Such numerals were calculated by
liner regressions between the values just before and just after the vacant days.

date 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
1-Jul
2-Jul 0 0
3-Jul 0 0
4-Jul 0 0
5-Jul 0 0
6-Jul 0 0
7-Jul 6 0
8-Jul 12 0
9-Jul 4,905 0
10-Jul 667 0
11-Jul 702 0
12-Jul 942 0
13-Jul 402 1]
14-Jul 153 0
15-Jul 400 0
16-Jul 345 1,862 0 47 44 8
17-Jul 53 1,794 3,261 0 1,043 5,260 0
18-Jul 7,019 5,840 39,636 0 1,572 6,488 0
19-Jul 4,735 2 6,621 1,427 6,920 7 129 30,480 59
20-dJul 4,521 846 5,555 2,852 333 2 888 129 408
21-Jul 753 503 16,097 402 2,349 16 637 15 640
22-Jul 0 2,765 619 21,466 319 10,380 0 2,804 250 2
23-Jul 0 224 48 5,803 143 195 [} 1,329 2,280 365
24-Jul 0 30 334 18 46,644 1,019 177 [ 578 1,192 387
25-Jul 103 230 1,295 16 32,141 908 21 7 409 7,008 43
26-Jul 182 383 1,200 5 2,946 6,834 227 8 1,044 2,631 1,412
27-Jul 493 4 4,704 3 306 7,086 107 28 348 1,248 619
28-Jul 324 277 4,963 18 715 2,279 2,081 0 34 644 239
29-Jul 4,070 3 57,866 159 1,039 5,620 691 2 161 1,230 668
30-Jul 93 1,322 90,091 227 506 426 610 5 76 629 3,060
31-Jul 8 371 95,746 224 15 8,195 9,309 [ 0 284 295
1-Aug 73,494 0 580 24,330 2,174 33 961 2,706 1 139 24 250
2-Aug 64,100 36,183 2 421 14,659 203 319 2,241 503 0 133 0 21
3-Aug 581 1,926 28,017 3,634 2,212 547 28,309 5,739 88 84 638 ] 360 14 2
4-Aug 333 948 21,675 6,120 161 323 305 155 138 261 9,316 3 369 19 8
5-Aug 1,189 1,676 25,000 13 384 12 276 124 623 1,243 268 11 79 62 38
6-Aug 364 280 0 655 23 185 46 227 1,105 766 584 0 61 243 66
7-Aug 31,885 2,832 72,400 0 2,408 31 3,261 34 3,270 548 34 0 21 93 4,670
8-Aug 57,893 15,079 0 3,525 88 4,032 72 2,256 46 6 0 58 195 664
9-Aug 39,664 0 9 1,336 211 5,666 6 25 10,735 588 0 44 383 549
10-Aug 148,552 0 45879 3,344 10 822 1 41 242 2,540 2 31 475 793
11-Aug 130,613 8,210 16,561 63 369 1,149 15 506 628 123 0 15 182 778
12-Aug 79,934 0 17,154 10 199 1,402 12 2 18 151 8 0 398 1,679
13-Aug 4,362 20,987 30 38 175 44) 1 101 2,627 1 2) (341 1,770
14-Aug 16 99 (24) 196 (866) (75) (93) (79) (2,102) D ) (283) 2,636
15-Aug 496 10,245 (18) 133 (1,557) (107 (185) (110) (1,578) a3 ®6) (226) 2,136
16-Aug 16 15,454 13) 0 (2,248) (138) 277 (140) (1,053) 20) (D (168) 553
17-Aug 45 7,429 D 8 (2,939) (170) (369) (171) (529) 26) © (111) 682
18-Aug 1 182 1 18 3,630 201 461 201 4 32 11 53 64
19-Aug 657 246,100 7 46 0 81 1,306 500 83 54 101 25 10 347 232
20-Aug 589 12,140 1 28 18 233 17,067 40 406 1,064 137 41 5 193 0
21-Aug 4,215 2 27 0 276 1,412 3 40 197 779 0 6 243 0
22-Aug 5,107 0 1 69 991 1 7 164 971 0 4 190 67
23-Aug 419 4,441 1 46 9 142 939 5 2 1,770 887 7 20 172 89
24-Aug 1,395 11,995 30 17 0 551 8,232 12 4 350 1,423 10 15 233 525
25-Aug 1,048 9,247 0 197 2,993 3 2 511 1,439 16 5 84 271
26-Aug 667 36,191 2 446 2,642 24 10 111 4,595 12 6 103 583
27-Aug 647 18,792 440 1,356 41 2 32 506 12 12 160 2,488
28-Aug 71 17,945 493 912 113 1 26 4 224 85 119 151
29-Aug 2,549 51 1,899 576 16 5 516 30 8 58 280
30-Aug 782 325 1,294 108 7 41 3 7 3 429
31-Aug 4,251 34 4,698 56 38 0 197 22 3 29
1-Sep 876 31 16,596 136 1 0 2 0 128 0 4
2-Sep 631 0 1,100 88 75 41 355 60 11 2
3-Sep 119 5 136 45 70 4 3 857 4 37 43
4-Sep 232 3 467 4 35 31 733 80 30 221
5-Sep 915 319 795 2 12 90 1 13 4 28 0
6-Sep 3,618 206 523 5 1 1,121 1 1 32 539
7-Sep 28 63 185 579 12 1 85 2 0 62 131
8-Sep 54 59 82 350 15 3 356 200 0 9 240
9-Sep 63 88 145 16 292 0 35 11
10-Sep 101 39 145 9 0 434 0 18 262
11-Sep 40 135 330 39 42 711 181
12-Sep 5 165 13 0 334 416
13-Sep 4 45 18 462 206
14-Sep 40 612 276
15-Sep 70 557 76
16-Sep 14 82 186
17-Sep 292 12
18-Sep 124 19
19-Sep 0 16
20-Sep 0 124
21-Sep 6 30
22-Sep 3 41
23-Sep 5 83
24-Sep 21 240
25-Sep 4 78
26-Sep 73 53
27-Sep
28-Sep
29-Sep 0
30-Sep 32
total 40,529 844,586 239,458 254,262 18,864 10,429 431,986 14,192 157,581 70,105 114,873 6,689 12,930 73,440 34,198
days 20 31 22 24 36 52 57 60 53 58 48 74 57 71 87

mean 2,026 27,245 10,884 10,594 524 201 7,579 237 2,973 1,209 2,393 90 227 1,034 393
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Fig. 43. Correlogram of daily captures of sea-run mi-
grating 0+ aged wakasagi caught by a trap-

net at St. 1 in the Abashiri River in 1992.
Horizontal lines of 0.444 and -0.444 indicate
the 5 % levels of significance of correlation co-

efficient in case of n = 25.
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wakasagi captured by a trap-net at St. 1 in

the Abashiri River.
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Fig. 45. Relationship between the index of sea-run

migration of 0+ aged wakasagi (the number
of sea-run migrating fish caught by a trap-
net per day) and the date when the cumula-
tive captures of sea-run migrating 0+ aged
wakasagi exceeded 50 % of total captures.

Significant correlation was not observed
between both the values on the basis of test-
ing using Spearman’s correlation coefficient
(n =10, r.=-0.4364, P > 0.05).
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Table 16. The index of sea-run migration of 0+ aged

wakasagi, date when the cumulative captures
exceeded 50 % of total captures, and the num-
ber of days from the day when cumulative
captures of sea-run migrating 0+ aged
wakasagi exceeded 25 % of total captures to
the day when that exceeded 75%.

Index of Number of days
sea-run o between 25 %
Year migration Date of 50 % and 75%
(N/day) (days)
1987 200 Aug. 11 37
1988 7,600 Jul. 31 26
1989 240 Aug. 3 36
1990 3,000 Jul. 24 6
1991 1,200 Jul. 29 27
1992 2,400 Jul. 22 31
1993 90 Sep. 10 15
1994 230 Jul. 22 16
1995 1,000 Jul. 19 16
1996 450 Aug. 12 32
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Fig. 46. Relationship between the index of sea-run mi-

gration of 0+ aged wakasagi (the number of
sea-run migrating fish caught by a trap-net
per day) and the number of days from the day
when cumulative captures of sea-run migrat-
ing 0+ aged wakasagi exceeded 25 % of total
captures to the day when that exceeded 75%.

Significant correlation was not observed
between both the values on the basis of test-
ing using Spearman’s correlation coefficient (n
=10, r. = -0.1818, P > 0.05).
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Fig. 47. Body length frequency distributions of sea-run
migrating 0+ aged wakasagi caught by a trap
at St. 1 in the Abashiri River flowing out from
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Fig. 48. Body length frequency distributions of sea-run

Lake Abashiri in 1994 and 1995.

migrating 0+ aged wakasagi caught by a trap
at St. 1 in the Abashiri River flowing out from
Lake Abashiri in the early time of sea-run mi-
gration (left low) and at the peak of sea-run
migration (right low) from 1987 to 1996.

The peak of sea-run migration is the time
when the cumulative captures of those ex-
ceeded 50% of total captures.
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Fig. 49. Relationship between the mean body length of
sea-run migrating 0+ aged wakasagi in the
early time of sea-run migration and the mean
body length at the peak of sea-run migration.
The peak of sea-run migration is the time
when the cumulative captures exceed 50 % of
total captures. Significant correlation was not
observed between both the values on the basis
of testing using Spearman's correlation effi-

cient (n = 10, r, = 0.4308, P > 0.05).
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Fig. 50. Frequency distributions of 0+ aged wakasagi
caught by a seine-net in Lake Abashiri and by
a trap-net at St. 1 in the Abashiri River flow-
ing out from Lake Abashiri in 1990, 1991, 1994,

and 1995.
Upward and downward bars indicate indi-
viduals caught in the lake and in the river, re-

spectively.
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Fig. 51. Comparison of the condition factors ( BW (g)
/ BL (mm)? X 105 ) of 0+ aged wakasagi between the
fish caught in Lake Abashiri and the fish at St. 1 in the
Abashiri River flowing out from Lake Abashiri in 1991
and 1995.

Mean values were calculated every 5 mm class of
body length. Error bars show 95 % confidence limits of

each mean value.
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Fig. 52. 0+ aged wakasagi captured in Lake Abashiri
and at St.1 of the Abashiri River.
left: residual fish captured in Lake Abashiri on
August 4, 1997.
right! sea-run migrating fish captured at St.1
of the Abashiri River on August 6, 1997.
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Table 17. Survival of 0+ aged wakasagi reared in fresh water, lake water, 1/2 sea water and full sea water.

Fish Range of rearing Passed tim Number of individuals survived (percentage)
examined * temperature (C) Time (hour) Fresh water Lake water 1/2 Sea water Sea water
(0 psu) (4 psu) (15 psu) (30 psu)
May. 27, 1997 12:00 0 35 (100.0) 40 (100.0) 40(100.0) 37(100.0)
May. 27, 1997 17:00 1 35 (100.0) 40 (100.0) 40(100.0) 37(100.0)
May. 27, 1997 14:00 2 35(100.0) 40 (100.0) 40(100.0) 37(100.0)
a 15.0-15.8 May. 27, 1997 16:00 4 35(100.0) 40 (100.0) 40(100.0) 37(100.0)
May. 27, 1997 18:00 6 35 (100.0) 40(100.0) 40(100.0) 37(100.0)
May. 28, 1997 12:00 24 35 (100.0) 40 (100.0) 40 (100.0) 37(100.0)
May. 29, 1997 12:00 48 35 (100.0) 40(100.0) 40 (100.0) 37 (100.0)
May. 30, 1997 12:00 72 35(100.0) 40(100.0) 40(100.0) 37 (100.0)
Measured N 34 33 40 37
Measured TL (£SD) mm 5.2 (£0.2) 5.3 (£0.2) 5.2(x£0.2) 5.1(%0.2)
(0 psu) (4 psu) (15 psu) (30 psu)
May. 21, 1997 09:30 0 31(100.0) 48 (100.0) 29(100.0) 26 (100.0)
May. 21, 1997 10:30 1 31(100.0) 48 (100.0) 29(100.0) 26 (100.0)
May. 21, 1997 11:30 2 31(100.0) 48 (100.0) 29(100.0) 26 (100.0)
b 14.9-15.3 May. 21, 1997 13:30 4 31(100.0) 48(100.0) 29(100.0) 26 (100.0)
May. 21, 1997 15:30 6 31(1000) 48 (100.0) 29(100.0) 26(100.0)
May. 22, 1997 09:30 24 31(100.0) 48 (100.0) 29(1000) 25( 96.2)
May. 23, 1997 09:30 48 31(1000) 48 (100.0) 29(100.0) 23( 885)
May. 24, 1997 09:30 72 31(100.0) 45( 93.8) 29(1000) 19( 73.1)
Measured N 31 44 26 17
Measured TL (£SD) mm 6.4 (+£0.4) 6.5 (+0.4) 6.4 (£0.4) 6.4 (£0.3)
(0 psu) (3 psuw) (15 psu) (30 psu)
Aug. 06, 1997 11:00 0 40 (100.0) 25(100.0) 26 (100.0) 30 (100.0)
Aug. 06, 1997 12:00 1 40 (100.0) 25(100.0) 26 (100.0) 30(100.0)
Aug. 06, 1997 14:00 2 40 (100.0) 25(100.0) 26(100.0) 30(100.0)
c 22.2-24.1 Aug. 06, 1997 15:00 4 39( 975) 25(100.0) 26 (100.0) 30(100.0)
Aug. 06, 1997 17:00 6 35( 87.5) 25(100.0) 26 (100.0) 30(100.0)
Aug. 07, 1997 11:00 24 35( 875) 25(100.0) 25( 96.2) 26( 86.7)
Aug. 08, 1997 11:00 48 35( 87.5) 25(100.0) 25( 96.2) 26( 86.7)
Aug. 09, 1997 11:00 72 35( 875) 25(100.0) 25( 96.2) 26( 86.7)
Measured N 33 25 24 26
Measured TL (£SD) mm 38.5(£3.6) 37.2(x3.5) 38.9(%3.7) 39.6(+42)

Measured BW (+SD) g

0.521 (£0.179)0.444 (+0.132)0.533 (£0.189)0.549 (+0.216)

a: larvae reared in a glass bowl for one day after hatching on May 26, 1997.
b: larvae reared in a tank for about ten days after hatching in a hatchery on May 9-11, 1997.
c: juveniles reared in a tank for two days after sampling by a seine net in Lake Abashiri on August 4, 1997.
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£ T25km DFEBEE —BLTRRIL TL £ > 7eRTH iz
EEEWs MBS TS, Y7 EAaEAT) hOR
TN FERI s & DT H 2 OB b D THHD
M, MaimmInThayyw, bl EsThHF0
AT, BB D TIRRSED ThHb.

A EBMATBOBEBIZODWT, F2 97
Oncorhynchus kisutch"» BX U7 52w T, R
FEIOE — 7138 A S BEBICH T 5 2 EmEaInT
W5, ¥ 2RT 2RBICTOEYITING ) XL %S
SETVDLEENEZ N EdI<HABNTNWS ™, T
B OBERITTENT H Al L BER O H 5 EIITE R 5
7Zo UL LZENE L A 1 B Tidia <, Ky
THHMARICLHFAKIZOE — 7 0BbN5, 1408
BEIEMET AR XA TH 7. LENDTI N
HF OB TENA I, AL o TELTH2ADHS
SIREZELH>THEBEEINDLBDTIERS, BWIZLD
it P DIRALE D WEGRIA - s D LI L Tl
ERIINDHBDTHAD,

O HEA IR 2 BRI T O 0 B T,
WEARE, AP D BFIRAMNLE U L&, Larbisi
DIENENE ZTE, FRABET SEREA L
fro DT EMB, St LITBIT DI EEE O HE B O
S5, MOMOMRE FRICHT TRRE L2 1987TELIIC
AONDFEABY XL, AREEEHEL 2R S
Lo THAELINDHDAKELRINILLEDTH
T, THYFEREOEEZRLZHDTIRRY, &%
ABHIEBHTED, ULNULAOE LizhT T ER
&L T2 I9865LIRTIZ B, KIIKHZ AR O = —
D ERTPEARBU XLAMNBZRINTNHWD,

FHIT— & FE S TN AS, HAEA D DU A
JZ 3BV 2 I E OFNSEIY O Z 583, M
FOBIRIBENI NG Z T D BITHARS &, HAHY
WZINSebDTHLHEBZZLND, T 5T, #
DORFEAY BRI TR E STV /2 19864 LIRTIC B,



B OESAY RIRICIANS TRRE 41T 5 1987F LR & [Al kR
DERFEY X LD ABEGEERDSH L Z &3, B
NANZ BT 2 BB RHEA SR B B AR, R RIZIE
F<ES>TVWLH I EERTHOEHEHIEINS,

FEIRIA TP BT SR OFHEA S /A o 1152
AFEZEENZ, W XL ICHEET DY RE e IR e 2
B2 0 Tide <, @9 X LSEEN, g 24
FORM TN T 2NN XLATEEER2EZ 52812
FOoTHEUCEBDEEZ LGNS,

BRIy BN U TSN 5 2 &
WA, BRI 8 oI omiucHteic L3
MENDEWDMEED, WOROGEEmMEICFiZEL T
b, FRBEEORNEIREZILIETE S S W ORRITDRR
ol EHEREND,

DD Z &EMme, fEMED 93 0 HERDORHETE)
1, HREU XL S ) XAOHAE-H IZ&->Ta
rO=)LENTHWHEEZLND,

DEIL, B TBORL Z DWHRICDONTEATH D,
WNERTH 55 BaRoRiETe 232k d5( =
LU T, A v, gk vow o BRERSS A o
IREMEBZ LN, WO bEgBTLHLINTNWS, L
MU S rREEOEBRE, 2D OF&EENE
<R & UT, BHEMRAS ZEJL b (smolt) fLL T 5%
ZEMBETF 5D,

B e FFHOY AN, RIBIE HHRAICKRS
IR Lzl (silvering) &y, BB TIIHR
1228 )L MME (smoltification) &% Wby, §1(k L =@k
#ZFIJF (smolt) &L,

B B D 2 IV MEEBOKEE RO )N— (parr)
NG, HERAEBRAOBITICEI > TR %, A M
SRRLEA Y T, 8= AR K D R ORI /20, (K
IR EE L, ABICESmENS ES. N5
REIEIC BB 2TV MEER S & F IS RIS
KOMTEN D2 & Dk B2 iZ Hoar ORFUITFEL
W,

Gross'™ 338 L [A)fF 4 (diadromous fish) O E(LEFE
BRI, KO EREMEOE WK AR I A LT S8
RELT, WX OBEAKEBOERENA SO Tl
fam 5 R EhERE (catadromous fish) A%, KK D
8 0D A BE MR A3 v Uy B SR BB C L AR B & AT [ s £
(anadromous fish) 3L L= EER 2, £/2, B -
A OIE & T SRR & B IR DI S S 158,
7L INSEEOSEROD B, EEICEA AL T
H 50T R (Salmonidae) Ti68flH28HE, F
27 )y AR (Osmeridae) TIZ12fEH 6 FETH 5™,

ZDOED TR U EEAIC I N LT - v AL
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THYFTEDH LM, MFITITNS DONDOHSNEAMHE
HNROoNG, £V - v ZZEINE S IIASMET 2
T ORI A (—FFKIE) 125 D & I Hpim e,
VAT OB/E, VAT E S OEINESHAKE (5
FUKED IhDH0D, [FFOsmelidaeDHiZiz o
b 22 T Mallotus villosus ® <[ & P F- 77 Hypomesus
Japonicus® @O X D I\ZHHE TEINT S 28D, 51
B - R ATERMIZEL BRIR DA EI)L MEREZ 0,
2B ORI A U ASFRBENZIR 0, AAEIZER L
U, BREFHON—-CBSNREEZITKHITE S, &
UL T AT, AT OARTE L AT A T R B
ICHAR—IFE <25 2 &MH 20D, ZOEITEE
/2 b DTS, EAMni EREROKAED, o
e RATOEITHNRD ZIFEAEHENIELL, Lz
o Tl OB THWTT 2 2 SIFFERITEEL W,

- U= S XTI MTBITT Sk TS
PEAE RO, ZEIV MUD L WL TUTHE D i
DIETH I WKTFT D0, 7 A H-F NI R E6. 7%
(HorHE ] 2psu, FEBF) DL TRELL LS L,
AT TO T HHFFHEMZ A WG MEICEET 5
HlgEKEBTEH, THYFIZSMBEEN S BWIES T
HIZDT TS Z EAVRIE SN/, FriT 3 ~15psuTid72
R ThBmWERRERL . U, aH - K™
DEREHIET DR TH o /2. 2 UARMIEITBI
L EERDWIKE P KU30psulX T, FEERIT K D AEFRRIT
e 0&ENRHD, HEHACHDFNEZTOLHDLEL
WIERANETHA D,

S BITUNTFOGE, BBHOARRIZRFHEOME &
EBICTREUEL, RFiEPHOKREDRIEY — 7 RFOKRE
HENETNFICL D TREL R o/, BEFORER
FREHOGRELBHST LS H L iah o0, FREHD
RESIFFTHEBL TRESBL LA NSO &5,
T HHFOBREIMEY A LIREFEL 22O TN &
BB MM TH 5, 7272 L oA RIS R/ T18m, #
DMZIER20~25mnFT 4 L D K EL, ZOHA1 XHUFT
BT A oI OBITHNCAES 5 2 &I13iEHE
TRELTRED L, HEAMHEDEE D EEETEIO M
BH5EALRFIITFE AW, LrU#E=s >
American shad (Alosa sapidissima) DTt IEES A FHE
BNOEECT E—BIT L0 R EeER L L, BRilT
BT 2 NIVE L AMF RN S HERAORITH & 5
DOBERMBH D T EMIMDA D,

& A TREROBEFORBEY 1 X6, WIng
FIZEVIFEAE~ETIERWEEREY 15FIZ, v
SN AEESNTELUTHRBL TWDSDTHA DM,
Fig. 53iTHE 3 BT /= FRiak I s &£ S AT OEEMIN T
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DOEEZMHFAERICBITS | BRig47=0 07 Y
DOEEERE &, 2 DR ORBHERZOMERERL /2,
I I CREREERENL, MEMS S OWRMBFNIITH 51
EJDSt. 1127 ~9 ADOMRBRESINAZSAAH@IZE ST
IS HUz, 7S F 0 HE IR OB EAS &2 3R E H
HTHRULEMTH D, LT —-Zi2id, SA<~<EOR
HFR 2 NI TalkiE L 721987~ 19964 Dl O 7 %
Wz,

g R O OEREE K SRR OMIZ
AEISHBEREGRIGEED B 1172 (Fig. 53). 78 BRI EEE
= (ERED (SRR A I 2 2 Rl O OEREEE &
({EARED) MEmL<BiudasiZEHEmdT 2 0nWAa b,

ZORFHAD T A F 0 HEIT R A TSI HIT, U
NHBIRT D KD ITHIEME Y 71 5-F O EICIEE
REEEIIRE U BENRND WA 5. [ERERE
BE I TCOIRINF—EREBOBSENG &EB 25751,
{EMAER S BB TR D £ 013, biomass TR AR ET
BHAD.% T Fig. 5SSO DOMEICFIFAARE O 1 WHEY
=0 AMEEZE AV TRIBRE L OBKRE Rz D) Fig.
54TH B, ZOHE, MECHERMLUOMERA NS Z
EMEFZL WA, BEHEERTIEERICH~0D, filko

8000

6000

4000 1

2000 A1

Index of sea-run migration
(number of fish / day)

0 10000 20000 30000

Density index
(number of fish / haul)

Fig. 53. Relationship between the density index of 0+
aged wakasagi in Lake Abashiri at the survey
by a seine-net immediately before beginning
of real sea-run migration and the index of sea-
run migration.

Spearman’s correlation coefficient (r, =
0.685, n = 10) between two variables was con-
sidered significant (P = 0.0399%).

EB D AT D EARSRERRER I ORI L L T
< DT, PFEEAEE L TOERETORENE L W
0, B OfEIZIIFig. 53 & [F Uit 255 (EE/ H)
ROz, ZOE, BBHEITENT, 600E4/ B &
DOEN O REBENLZIIBEDOMEEFNVWTEZSH &, B
HERSHN 250 2 5 E R OBEIPIIC BT 5 7 15 0 HEM O
BEIER 2ke/MRIHS £ T, BiBRERKICKRER
A3y, UL L Z 0D 2ke/MARIE 2B A 5 &, %
BB ARIMITHEN LD S Z &G had, b
BRIEIZE, THYFICHT HREBNEENH D,
NOTHHFELBENCNEBAD S, THTFOK
WBAIEED, BADESGVWIETNUTEWNEERET S
B2 R5bDEEZ LN,
MEOHRENCI B2 0 FEEE, X THA»
HHNANDOFTAFNTOHTHNT WS, ZTDEDHFITE
FNZOHFEADO DS, FIENZITRIEERATZIHRE
7ZIZ10AM S, NI - 725l a g 5 & U TR
MG A R W= RO R S G £ 5, IR SR T
WZIMPNTERE O R EWIEL TLES A, 11~12H1C
VRHFIZ R » T 72 B B SR E8E & U TimIC
WELTET, MEENZET S, HEAICZORKOM

8000

[e2]
(=]
(=]
(=]
1

( number of fish / day )
b N
[es) [
8 S

Index of sea-run migration

O T L] v T
0.0 1.0 2.0 3.0

Weight density index
(kg /haul)

Fig. 54. Relationship between the weight density index
of 0+ aged wakasagi in Lake Abashiri at the
survey by a seine-net immediately before be-
ginning of real sea-run migration and the in-

dex of sea-run migration.



R DA EREN, DR EEEN LTS, 12~
£ 1 ATl sk 92 S O K7 &2 T 9 K
THREM@BN3 ARETITONS. 4 AICAD EH2ET
TR AL ERYE A R O RS A DI AT Td 51
ENEZmp I TITHN S, FIMEREIZS A RAEE T
WIS 79 5, RIMEREND D &, EIIEIPICEEH
U 72 EUAR &2 OFEEINC SN U 7 o 72 B 2 x5,
EHMOFEHRR EWEENHMNTITHNS, LS TH
—IE AR EIEZ AL, OAMGEMES HETAEM
FEELEZLONGHNTH S,

Fig. 55142 IR 0 401 72, BBICHETE Tk
LHFICL O RD-AEICBT BT ¥ OEES] -
HR - FMBREEE R 2. 7272 URARBIIEOK T
IR < B0y, R UM it 2 Freikig
HRETHOT, ZITCIEmEHoEERT) DIl
TRUTz. BBRIPEEOETITONSHFNR SR
DEIEYNIEIVEIIRITITDONA 720, TNENLRT D
gL, Rl E L HES, RIAE 2HEAD L& L,
FEFEXMNIEROEBYD OANCEHFEIHETTH
%,

19824FETE 7 15 19954 5 T OB DA T 71249 200 b

600

500 q--------

Catch (tons)
w
S

200 4 rerer S T S N P

100 4

[N I~ N Yo SR~ T o S e S B\ B B~ <]
W W X X ® D X DD D DD
[o B S PR S S S B~ o SR P P T < = T - B}
B T B A e B B e B o B e B e e B

Fishing year (September - next August)

M spring fishing (2+)

M spring fishing (1+)

B fishing for artificial fertilization (1+)

B fishing for artificial fertilization (0+)

B the last half of autumn fishing and ice fishing (1+)
O the last half of autumn fishing and ice fishing (0+)
the first half of autumn fishing (1+)

the first half of autumn fishing (0+)

Fig. 55. Catch of wakasagi by the fishing season and
age in Lake Abashiri.
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>IN HHI600 k> E TOHBT, FIZ X LB LRI A
X, L LELKASE, 2ROREELEIZRBEL
L T2 DIFRGEEZ I SOK R E T 0 HERADHE
ETHD. RIZEZODDOHFKERTHAD OHFERMTH D, Fop
HELXD OHFEADIRENZIITH< . 1982~1996FF
OFh R R NR & T SRAERTHH O 0 HERER
1333~103 b > OB TEB) L, SFEIHE (£SD) 1357.0 (£
20.7) b TABEAVNS DT L, FOM R AT
TR G & T AR B I~ K TR 0 HEABERT
26.7~320.7 b > O#FIMETEE L, SFHEE (£SD) 3180.9
(£83.8) b2 &, FIZICHNELRESEDL LW DI
FOEEEHKEN, BRAMTNEOEBREKL, WiE
M0.36THLHDIZHL, #HEL0.46&720, RIIVEE
DEFMMRKENZ ENDN5,

Fig. 5617 1DSt. 1125 < A T RmEIcEE L
721987 ~19964E 12 BT 5 O HEMO B RER &, B 7
BETHRIRT A5 L 0 R 72 0 MEM ORI FEED
AR E KU 72, FRBREEREDMOTITHARREIT LD
721988 DT —F < &, MEOMICIZAEERED
AHBEREE M H S (=9, Spearman r.=0. 700, P=0.0477)
D, HER (BEE OZFEEREET PN E

80,000

o
w2
Bs 70,000 A °
oo~
o o
=g 60,000 A .
a A
g o
2 & 50,000 1988
Ay, . (o)
5] X
o o 40,000 A °
g
5 S . R
o B 30,000
S 3
e s .
S = 20,000 A
s~ L]
S
£ 10,000

o

O L] L] L]
0 2,000 4,000 6,000 8,000

Sea-run index (inds./day)

Fig. 56. The relationship between sea-run index and
the Population size of ascending fish in au-
tumn.

Spearman’s correlation coefficient (r. =
0.700, n = 9) between two variables except
data in 1988 was considered significant (P =

0.0477%).
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HET, BEHREOLEIIELGINTHEENALD . &
7= URRIBREETRE & G E R E OMBIBIfRIZ, 19884
DEEEDDH EAEEIFAS (0=10, Spearman r.=
0.648, P=0. 0517), L7p» L& ORNTIE, BEAG7 AR B R
Tlida <, FEBIZIERicker I HAEHBOL D78, MK
fE &R DB E B/ SBRNH 2 O0s L,

U EDZ EnS, MEMTE T AYF Il TE30~
100 k AR DWW R Z H /-5 T2 OINE ) Unis <,
F IS HINZT HHFIRRBERLEE AN TA R—Y 7
W T, BOERIZE, BUWMENCR > T 2 LT
INDH, BEFRIIBRETHDE, TORTIHFokE
FELLSHRNOEBICRENELS D EEZ NS,

EZATRIEBT HERIHNICEE T EK &R E
IR LHDTHADh. K, BEE, HREICHNE
B LB ORICEN RN EENH -2 DD,
FORRII—RILTELH O TR an> 7. £/, I
S5EH < ETHMNIZES TW7ERE, W2 ZE-> TR
RN B2 B OEEOF DO ETORBTH D, Wi
BHEOARINIRNI E NS Fi/= BBRBEOHR TOEEICEI - T
BL 7D THo O bHMNIRN,

BT, BICE7TETIRRD LD, PRI
HEIHA7Z0 T2 0K 8 Flshov g X 41, 51kt < Mg
M EOKTEMICS, FRAHMEMKRDO X 5T 8 ~ 9 RINEE X
NTHD, HEECSMNT D@ EEEREIC RS
LWV &8 D, ITEhb L TEE, 31T
—EROMPAEREHARET S &G, NS
I ELERE D I B RE RO GA2E 25 2 LI3H L
W, (RICEGREROBEGNH >/ L TH, FRETIRNR
JeEEUNAERED S E Z AUX, T IS AL SEE PR EE Sk eny
IHERF S NS Z EI37WTHh A D, HEBE, hREE &
PR EERZ S LT A VA LatiE B Tiso 720
T8, MEFRIGERIRERE R L T,

—7, FFRugR GERRIELELD SRR (KK
B OIEME SN 5H 7 5 2 Oncorhynchus masou
DIETIE, HHREMETII—ERY A LITET 20 EN
INEDEBDRIN - A ZHREL, ENMNFRELU TR
R - AR O IGZ D/a D E X, L
U, THYFOEERER OGNS o< 2 ORETH,
537z KD Iskday stk A XIKET 5 H DO Tldlan
Z &N, BTN EBUTH S,

Kaeriyama' {3 %X =14 Oncorhynchus
nerka ClZ, IO EIREN LW E EITATIL R DN
EED, BT HEENEL< L EERHBL, T,
5, £EEAREOEFERNTE S NIUIKE T 25, A
SETIUIRET S, EUx., ZHUd—REENET 1Y
FOZ/EIT IS HBTITELLDITBA S, L L7

ENRZY T O5E, R EZE)) MAIKRE, EiEE,
HREAREOTD AN —LONWTHICHENR S, %
ENBICEDLENDWHENREND D, 2L
Kaeriyama'®» O L 72 23T R THAMAED ZICERET
2HDTHO, THNPBXZH 7 OAEI MET DLIETZ
HEFADREETHZON), HEFHHEDOPTHRRT
WD EDITAEI MEIZEDHE 2 HADEIZ RS
HEDRRONEHE N TN, 27Z UIKEARED 7 11 X

b =BG ERLZKTE, HENI AR OFIZA
BUIEHADI 2 WDT, ZEN MELETOREIZ B EZNH -
HDEHEINDS, IaBIFI ORUZHEC1987THFED
BRI, N SR TR RRREENRD
LENTWS, 2720, HiZZHEE16~60mDEIFET, %
FIIEEBEM (BE S TEIAH) THRESINTHD, &
NENOEB OBV DWW TR SN TR,

I, ZHMEE AT AORH ~ (i) ADfRY1 X
BEICKD R 0T, BFifg - 58 R aY ekt 1
AW E O THEZ NS DTS, F0DIFE 2 O
IR A LD LD ZEPRBINS. WTHICE X,
MRHEEE E R OEEZAEDOR/NTHT S I EDOTER
WHAEIMIRE 7 1 HF SIS MR > T 5,

E-HGHENTZY 7 Tid, 1978~1988E DM, Hi K~
OEHE—-271313T6 ATE~7A LA 28ICEE
N, FREGHEC AT AOREOODEDTH DL~
07 &2 IVEXYHORZY s OREIE —T 52
EnG, RO OBBRIIIECHICEE SN THD
HEEE B RE SN TND W, ZOMRHMHIZE D RIERFTH
MRESEFHT L LOHLMEMET HHF L5
HTH 5D,

HATEWIEE 7 J1 9 AR ORI B 12 737 4 B A i
LR Do, R OEEEESREICKREL TEU TNV
ZEWE, BRI TIEIH SN2, LML T
NE T L TERLLDIT, KL X)L TORENEE
MOSIEHEREIZ DO NWTIZHSMIZT B I EIXTEho
/7o

Matsumoto™ 319954 OMAEME 7 J1HF DN B X
DFRAI /S B - YA 0B A H B S ER T &
Hilvz&E Lz, FOME, FilglI R R
TRESDULA/NITHO, HEBEMSENL BB
SRR, AL 2RO BTN O TOREE
KON, ELTWD, BFIBEORERIFRAYIC
REBORERIIE > TNWDL I EMLEANREHTHS
EFIE, MRS XT3 <, REEE O EHE
WERE, BEOSIIh b TWA Z EiThd, 4%
BZZDEDBEENSDHRHED, ERL LT D5y
ISR DN TR L7855,
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E58 0+FAOBHSDOBEAITH

Hamada® {3, 7 #5134 [a] 1 (anadromous)
DATHD EMED, ZNEI SIZEINO =DM
g/ 5 F B9 S EFaf! (a-type of anadromous
form) ERIZHAKBAE EL, AL ZBICEIIT 58
JlElEE b T (b-type of anadromous form) & 24301, 8
EWET AHFRB OS5 OMREED R TH S E L 7=,
I OITIEM L, I ORI ELEDRNIA R — 7 DR —
NS HARBIZHT THMT 55, FiCH L7 LmmE
EaMOSMIAARBICREE SN, ORI HARE S
AR T iga sy U2 RN % T 1A D41k
ZdhHEL. U UHEEBOTRLINITSH 5 HENT
AL (FovT) ZRANWT, BEICHEL T Y
FORENE - IFTTEY R BIER U 2Tk - IR 1, PRl
72 T O WA O TER L 10~12 B (EEiE1 1~
RA)EEHFEOARTHD ZEEHASMNIL, MEWEY
FHHFIZHFICH LT Satypeing Z 2B BT L
Jzo B UEMA® OF D LD, MinEhEald & R EiE b
B HAEA R —Y 7z U EICERT 57
HYFOMUUT L > TEUZDEE LS, aEEEM
VAT [l a 75 & T alEb I A EIFrIIC A BT 5 DT
HADM, EERY OFREIZRA0, MR a T &
IR ELSE D A /2 B BRI 2R TH H D/ E LI 5,
FDOR DI SRR/ DTHA DI D S5
IR D BRI RER R S dp Do w2,

ARETIE, #ih s O BRFET & b o M fnReE
AR L, FELOMRBEAEE 2 S HEMER 2155 BT, 31
- et Eiro .

LR ZES PSRNV P

1. 1. B¥EAGEHOERES I WREYOIE

B, Enoi L TRk UNSF 0, FEFHHNT
TN T SRR EAECENOIMAIRI 2 LR T 5 /-
W, FHCEZETEZEE IR ORRZERML, <
DFERZHEFLL 7=,

BEORICIREFORS, REFAH, RfmEEs
KO - fafky o Xl R E 1 kg AL TRCAL T
H 5D GEAT DT Y F BRIV Z 74T,
A 3z TnNRENE Lk, BEAFEORESA
MERERFHEEIIREL, #EMNTT hYFEEc
WEFT L30T L 7=,

BONBEEHTED S BB Ot - ks pl1HE
MLz DEERs B L /2, 7231983~ 1985F DML B
HEEIZBE T L ERIAE SN 5720 T, Kb DIzE
NTN TERL0EEEEZEI L/,

THBFBIV L 04 OFEIREELEFTEHRT 5720,
TEHIPNZ T IPF T 1 kg /20D, 504 Ti3100g
L5720 OfERE R BEE TR TEHHILREELTHE S -
Fro ERAICL~3EEEE, FHENHIN 3 ~ 5 &
5T HYWEY O EEAL LU TAFL, LRI
DEIERED EIThE - REE, X5IT2DH D50~
BOfERIZ DT, BRIEL TRl ZRER L, MR EEZ
HIE L7z,

AROREIZEBEO E £, 10% R > TEHER,
TRAKTHeE U722 o 7o BB THIE U 2B E1T, |
ENGHEH S H N ZDEHI P57z, NIV 2 EE
LGOI ERICEEL, 2A20 1~ 2 A4l
EEIT D,

DA @H SEFEB O E A2 L, B¥ELE
BRI TR REE FRERBICHE L 72, SEIRE DM
I o0 F D EITREEE O 5= E, T
HFOFEINIEWREN S B2 EEH W, =72 LR
N N KBHREDEE - REE, & HITENH DK
13, AEBIOREOFEEICEZEE 52, FITKED
BWIMMARKEWNWT EAHSNTNE s 2D J]
HFOHFETH, EWRENTILTU PEE L ZEAT
TONZIGEEITE, BARNCEEFDOIT > I E -
THREEOREEBBICANDS LDIC L.

EFHELY BLUFERESY BMREL LD, il
BEMAMAELYIE 704 & TEREES R & LT
2T52ENEL, DT UAERS D &R
THZEZNELDRICL T - < D ELA#ETHMATS
DIZXL, ThHHFENQSLD &EXZLRESTD THES
PO TRICEE ZFO TRMT 570 E, HEMERK
IZbHEMNABONDL, £ THEES ) JE0RELICHEZ-T
13, BEHENSFTOHDOEENTHHFRLVWTH-
e RS WTHonEHRL, oA ias
WTHZBEITL, F08 8T HTFRHNWTH
D/EBEOEJJRITHIE L, JOMEBS ) JEOMIET
DEDIIITT /2, ETEREHNT L, FHREITL
ZTOHDREREDEN S O/BET, 774050
(I ARE) THohThHHFRnn (VHTFHR
E) THoMhERO DI, 2 ITUFRETH- 215
G OEES JEIT TR > T HFREORES )
=EICHRL /2.

Est=EstX (Cst/ Est) / (Cwt/ Ewt)
=FEstX Cst/ Cwt
ZZTEstIBtAICBIT B IUAREE JREHHD
TR FRESR)JEICHBEL /2, Est3BHICHBITS
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IOUARESE I, COIFHIIB TSI UARE
LB T Y FHERE, CwiiFtHIIBIT2 T hYFH
TR B UNYFRER, EwalSEH BT 5T HYF
WELZ )& THD, IOHICHEENRERORLIE - 122
FINoEEIRMN HBEICE, HiEEREREK > Ol
Z NIRRT RO ERANWTII S L
T, 2IREBD XU LRSS IBERD,

DLETRD 7= Rt R AR S I S% & 0
fEns, 1HEMTEHHWNIEBEERS HZ O )
= (R R 2 3B ED A7z D g EAR S /)N
Blfs & KBIFIZ T T, ENENRDZ, B TR
HEFEDOX ST LA E RN EENEN O HEAE 1+
FEHEPYLEL TS /.

T A F O EOIEERFImAE IS EH < hoiEe A
W AIENBRET X s wee | SEERIT 42 < ORFSE THIF &
FUTE Fov e SHTEWIE T 77 HF ORI D W TFEkE
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Fig. 57. Changes of catch per unit of effort (CPUE) in
0+ aged wakasagi caught by the autumn seine-
net fishery in Lake Abashiri.

The number of tows was used as the unit
of effort except 1983, 1984, and 1985 when

the number of boats was used as the unit.
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Fig. 58. Changes of catch per unit of effort (CPUE) in

1+ = aged wakasagi caught by the autumn
seine-net fishery in Lake Abashiri.

The number of tows was used as the unit
of effort except 1983, 1984, and 1985 when the

number of boats was used as the unit.
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Fig. 59. The number of individuals of 0+ aged wakasagi
captured by a trap-net at St. 1 on the way to
Lake Abashiri from the sea and water tempera-
tures from November 15 to December 30, 1995
and from November 16 to December 30, 1996.
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Fig. 60. The frequency distributions of body length of
0+ aged wakasagi captured by a trap-net at
St. 1 on the way to Lake Abashiri from the
sea in the autumn of 1995 and 1996.
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Fig. 61. Sex ratio of 0+ aged wakasagi captured by a

trap at St. 1 on the way to Lake Abashiri from
the sea in the autumn of 1995 and 1996.
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Fig. 62. Temporal change of GSI (gonad weight (g) / body weight (g) X 100 ) of 0+ aged wakasagi
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Fig. 63. The number of individuals of wakasagi cap-

tured by a trap-net at St. 1 on the way to Lake
Abashiri from the sea and water temperatures
between March 19 and May 2, 1996.
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Fig. 66. Temporal change of GSI (gonad weight (g) / body weight (g) X 100 ) of 0+ aged
wakasagi captured at St. 1 of the Abashiri River on the way of ascending to

Lake Abashiri from the sea between March 20 and May 1, 1995.



Table 18. Body measurements and maturation characteristics of female

wakasagi after rearing under different conditions.

Body length  Body weight Gonad weight Maturation

Aquarium™ N GSI

4 (mm) (8) (g) stage’?

SW + UCT 94.4 8.47 1.92 3 22,7
SW + UCT 85.0 4.87 1.17 3 24.0
SW + UCT 76.0 3.79 0.85 3 22.4
SW + UCT 75.3 2.93 0.50 3 17.1
SW + UCT 75.0 3.76 0.75 3 19.9
SW + UCT 74.9 3.87 0.79 3 20.4
SW + UCT 90.8 6.45 0.88 2 13.6
SW + UCT 86.1 4.58 0.63 2 13.8
SW + UCT 85.8 3.93 0.52 2 13.2
SW + UCT 84.3 4.12 0.64 2 15.5
SW + UCT 83.8 4.15 0.79 2 19.0
SW + UCT 81.2 3.24 0.29 2 9.0
SW + UCT 80.5 341 0.31 2 9.1
SW + UCT 80.0 3.51 0.34 2 9.7
SW + UCT 78.7 3.31 0.27 2 8.2
SW + UCT 77.1 3.09 0.39 2 12.6
SW + UCT 771 3.13 0.48 2 15.3
SW + UCT 76.3 2.98 0.31 2 10.4
SW + UCT 75.5 3.55 0.58 2 16.3
SW + UCT 74.9 2.83 0.19 2 6.7
SW+ UCT 73.3 2.59 0.11 2 4.2
SW + UCT 72.9 2.60 0.44 2 16.9
SW + UCT 72.7 3.17 0.49 2 15.5
SW + UCT 71.4 2.52 0.10 2 4.0
FW + UCT 76.8 3.18 0.00 4 0.1
FW + UCT 101.1 8.89 2.29 3 25.8
FW + UCT 81.7 4.73 0.91 3 19.2
FW + UCT 80.3 3.98 0.85 3 21.4
FW + UCT 80.1 4.31 0.93 3 21.6
FW + UCT 80.0 4.53 0.78 3 17.2
FW + UCT 79.0 4.17 0.71 3 17.0
FW + UCT 78.5 4.60 0.98 3 21.3
FW + UCT 76.7 3.76 0.69 3 18.4
FW + UCT 76.6 3.90 0.80 3 20.5
FW + UCT 75.8 3.29 0.56 3 17.0
FW + UCT 75.8 3.71 0.71 3 19.1
FW + UCT 75.0 3.43 0.65 3 19.0
FW + UCT 72.8 3.19 0.52 3 16.3
FW + UCT 72.5 3.32 0.69 3 20.8
FW + UCT 70.4 2.88 0.54 3 18.8
FW + UCT 93.1 5.30 0.44 2 8.3
FW + UCT 86.5 6.12 1.25 2 20.4
FW + UCT 83.5 4.31 0.54 2 12.5
FW + UCT 82.2 4.25 0.50 2 11.8
FW+ UCT 80.0 3.53 0.48 2 13.6
FW + UCT 80.0 3.83 0.45 2 11.7
FW + UCT 77.8 3.57 0.44 2 12.3
FW + UCT 77.0 4.01 0.83 2 20.7
FW + UCT 69.4 2.49 0.30 2 12.0
FW+LT 79.6 3.53 0.62 4 17.6
FW+LT 71.0 2.95 0.47 4 15.9
FW+LT 84.2 5.64 1.14 3 20.2
FW+ LT 79.9 3.83 0.59 3 15.4
FW+LT 79.6 3.96 0.71 3 17.9
FW + LT 79.5 3.19 0.38 3 11.9
FW+ LT 76.0 3.15 0.58 3 18.4
FW+LT 74.2 3.73 0.84 3 225
FW+1LT 103.8 9.69 1.44 2 14.9
FW+LT 96.8 8.70 1.33 2 15.3
FW+LT 95.4 7.86 1.20 2 15.3
FW+ LT 95.0 7.53 1.34 2 17.8
FW+ LT 91.5 6.39 0.93 2 14.6
FW+LT 91.4 6.14 0.98 2 16.0
FW+LT 90.4 5.89 0.74 2 12.6
FW+LT 84.4 5.58 0.94 2 16.8
FW+LT 84.0 5.38 1.04 2 19.3
FW + LT 82.9 4.72 0.82 2 17.4
FW+LT 81.6 4.70 0.79 2 16.8
FW+ LT 81.1 4.03 0.19 2 4.7
FW + LT 79.6 4.46 0.58 2 13.0
FW+ LT 79.0 4.53 0.69 2 15.2
FW+ LT 76.7 3.12 0.41 2 13.1
FW+ LT 73.9 2.76 0.14 2 5.1
FW+LT 73.7 3.17 0.45 2 14.2
FW+ LT 69.4 2.35 0.26 2 11.1

*1 SW: sea water; FW: fresh water; UCT: uncontrolled water temperature; LT: low water
temperature.

*2 See Table 2.
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Fig. 67. Changes of water temperatures in the aquari-

ums in which female wakasagi examined were

reared.
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Fig. 68. The maturation stage of female wakasagi af-

ter rearing under different conditions.
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Table 19. Chi square tests on the difference between the components of maturation stages in female

wakasagi reared under different raring conditions.

Maturation Result Expectation

stage  SWHUCT* FW+UCT* FW+LT* Total SW+UCT* FW+UCT* FW+LT* Total chisquare df P
1-2 18 9 27 13.2 13.8 27.0

3-4 6 16 22 10.8 11.2 22.0 28.841 1 0.000%*
Total 24 25 49 24.0 25.0 49.0

1-2 18 18 36 17.3 18.7 36.0

3-4 6 8 14 6.7 7.3 14.0 0.206 1 0.650
Total 24 26 50 24.0 26.0 50.0

1-2 9 18 27 13.2 13.8 27.0

3-4 16 8 24 11.8 12.2 24.0 5.649 1 0.017*
Total 25 26 51 25.0 26.0 51.0

* SW: sea water; FW: fresh water; UCT: uncontrolled temperature; LT: low temperature.
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Fig. 70. Frequency distributions of body length of 0+ aged wakasagi from 1981 to 1988 year-classes

caught by seine-net fisheries in Lake Abashiri between September to next March.
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Fig. 72. Frequency distributions of body length of 1+ aged and older than 1+ aged wakasagi from
1980 to 1987 year-classes caught by seine-net fisheries in Lake Abashiri during September
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Fig. 73. Frequency distributions of body length of 1+ aged and older than 1+ aged wakasagi from
1988 to 1995 year-classes caught by seine-net fisheries in Lake Abashiri during Septem-
ber to next March.
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Fig. 83. Temporal change of GSI ((gonad weight (g) / body weight (g)) < 100) of

wakasagi in Lake Abashiri, in the inlet river, and in the outlet river.
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Fig. 84. Yearly GSI ((gonad weight (g) / body weight (g)) X 100) of wakasagi in Lake

Abashiri at the end of winter seine-net fishing season under the ice.
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The data were quoted from Hamada3?.
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Table 20. The results of assumption for the size of population by DeLury’s 1st formula at the beginning of autumn

seine-net fishing season in Lake Abashiri.

Age

Fiscal Fishing season 1+ = 0+

year Beginning End n k r P N m k r P N
1981

1982 Sep. 15,1982 Nov. 30,1982 10 0.000441 -0.968 < 0.0001 *** 519,404 10 0.000264 -0.949 < 0.0001 *** 42,135,338
1983 Sep. 25,1983 Nov. 30, 1983 9 0.005257 -0.991 < 0.0001 *** 2,062,154 5 0.002273 -0.949 0.0139 * 64,748,416
1984  Sep. 16,1984  Dec. 1, 1984 3,010,000 10 0.001633 -0.891 0.0005 ** 60,131,448

1985 Sep. 16,1985  Dec. 5, 1985 6 0.003241 -0.958 0.0026 ** 1,506,856 6 0.001700 -0.981 0.0006 ** 15,076,339
1986 Sep. 15,1986 Nov. 30, 1986 6 0.000206 -0.961 0.0023 ** 603,886 6 0.000269 -0.946 0.0044 ** 17,060,496
1987 Sep. 15, 1987 Nov. 30, 1987 6 0.000237 -0.965 0.0018 ** 735,389 4 0.000104 -0.997 0.0032 ** 14,491,465
1988 Sep. 15,1988 Nov. 30,1988 10  0.000257 -0.821 0.0100 * 2,006,386 10 0.000213 -0.965 < 0.0001 *** 41,199,314
1989 Sep. 17,1989  Dec. 10, 1989 9 0.000524 -0.934 0.0002 ** 1,759,381 10 0.000298 -0.930 < 0.0001 *** 14,894,689
1990 Sep. 16,1990  Dec. 13, 1990 7 0.000263 -0.939 0.0017 ** 433,171 10 0.000193 -0.958 < 0.0001 *** 32,932,618
1991 Sep. 16, 1991 Dec. 9, 1991 6 0.000128 -0.927 0.0077 ** 1,473,260 11 0.000227 -0.958 < 0.0001 *** 37,549,428
1992 Sep. 15,1992 Dec. 11,1992 10 0.000235 -0.967 < 0.0001 *** 811,366 10 0.000116 -0.809 0.0046 ** 26,900,075
1993 Oct. 1,1993 Nov. 30, 1993 9 0.000256 -0.836 0.0050 ** 3,127,574 5 0.000370 -0.988 0.0016 ** 31,004,265
1994 Sep. 12,1994  Dec. 11, 1994 5 0.000333 -0.960 0.0096 ** 578,720 8 0.000164 -0.848 0.0078 ** 23,976,812
1995 Sep. 6,1995  Dec. 15, 1995 8 0.000282 -0.960 0.0002 ** 1,411,033 4 0.000299 -0.999 0.0015 ** 19,722,434
1996 Oct. 1, 1996 Dec. 8, 1996 5 0.000234 -0.966 0.0074 ** 2,465,503 4 0.000340 -0.989 0.0107 * 40,375,993

m: the number of intervals used for calculation; k: the catchability; N: the size of population at the beginning of
fishing season; r: the correlation efficient.

Table 21. The results of assumption for the size of population by DeLury's 1st formula at the beginning of winter

seine-net fishing season under the ice in Lake Abashiri.

Age

Fiscal Fishing season 1+ = 0+

year Beginning End m k r P N m k r P N
1981 Dec. 26, 1981 Mar. 24, 1982 10 0.003033 -0.990 < 0.0001 *** 8,174,794
1982 Jan. 8, 1983 Mar. 31, 1983 13 0.000271 -0.942 < 0.0001 *** 34,985,595
1983 Jan. 8, 1984 Mar. 31, 1984 8 0.001604 -0.990 < 0.000F1 *** 70,177,003
1984 Dec. 21,1984 Mar. 31, 1985 13 0.001966 -0.968 < 0.0001 *** 53,164,356
1985 Jan. 13, 1986 Mar. 31, 1986 11 0.000435 -0.907 0.0001 ** 13,955,232
1986 Jan. 13, 1987 Mar. 31, 1987 10 0.000443 -0.975 < 0.0001 *** 14,486,951
1987 Dec. 19, 1987 Mar. 31, 1988 15 0.000330 -0.951 < 0.0001 *** 51,583,228
1988 Jan. 9, 1989 Mar. 21, 1989 11 0.000296 -0.931 < 0.0001 *** 41,463,082
1989 Jan. 10,1990 Mar. 20, 1990 10 0.000512 -0.974 < 0.0001 *** 8,447,246
1990 Jan. 14, 1991 Mar. 28, 1991 11 0.000298 -0.944 < 0.0001 *** 47,061,300
1991 Jan. 11,1992 Mar. 23, 1992 10 0.000522 -0.969 < 0.0001 *** 19,465,452
1992 Jan. 10, 1993 Mar. 25, 1993 10 0.000578 -0.934 < 0.0001 *** 4,984,782
1993 Jan. 10, 1994 Mar. 28, 1994 9 0.000553 -0.993 < 0.0001 *** 5905116 8 0.000515 -0.972 0.0001 ** 4,984,782
1994 Dec. 18, 1994 Mar. 23, 1995 10 0.000564 -0.954 < 0.0001 *** 24,316,546
1995 Jan. 89,1996 Mar. 30, 1996 7 0.000556  -0.981 0.0001 ** 35,335,465
1996  Jan. 10,1997 Mar. 20, 1997 8 0.000635 -0.964 0.0001 ** 20,577,632

m: the number of intervals used for calculation; k: the catchability; N: the size of population at the beginning of
fishing season; r: the correlation efficient.

Table 22. The results of assumption for the size of population by DeLury’s 1st formula at the beginning of spring

seine-net fishing season in Lake Abashiri.

Age
Fiscal Fishing season 2+ = 1+
year Beginning End n k r P N n k r P N
1981
1982
1983
1984
1985 May. 6, 1985 May. 11, 1985 5 0.010416 -0.999 < 0.0001 *** 17,114,482
1986 May. 5, 1986 May. 12, 1986 5 0.000703 -0.916 0.0291 * 143,553 7 0.000986 -0.950 0.0010 ** 3,008,558

1987 May. 1, 1987  May. 4, 1987
1988 May. 5, 1988 May. 11, 1988 7 0.000639 -0.948 0.0011 ** 7,465,640
1989 May. 1, 1989  May. 3, 1989
1990 May. 1,1990  May. 5, 1990
1991 Apr. 26,1991  Apr. 29, 1991

1992
1993
1994 May. 5, 1994 May. 10, 1994 4 0.008612 -0.985 0.0153 * 1,115,372
1995
1996 May. 2, 1996 May. 9, 1996 4 0.005664 -0.993 0.0072 ** 1,297,560

m: the number of intervals used for calculation; k: the catchability; N: the size of population at the beginning of
fishing season; r: the correlation efficient.
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Table 23. Various parameters of wakasagi in Lake Abashiri.

Age Ttem Unit 1981 1982 1983 1984

0+ Density index of larvae inds./tow 413 999 245
Density index of juveniles inds./tow 8,700 60,938 14,317
Density index of juveniles kg/tow 2.344 16.240 1.785
Mean body weight of juveniles g 0.141 0.269 0.086 0.125
Sea-run index * inds./day 2,026 27,245 10,884
Density index in early September inds./tow 1,710 3,593 5,542
Density index in early September kg/tow 2.300 2.447 4.705
Mean body weight in early September g 0.95 1.35 0.68 0.85
Initial population size in the first half of autumn fishing season 1000 inds. 42,135 64,748 60,131
Mean body weight at the beginning of autumn fishing season g 2.50 1.40 1.13 1.03
Initial stock abundance in the first half of autumn fishing season tons 58.8 73.2 61.9
Catch in the first half of autumn fishing season 1000 inds. 35,370 51,240 50,290
Catch in the first half of autumn fishing season tons 76.5 67.6 103.3
Mean body weight in the first half of autumn fishing season g 2.16 1.32 2.05
Exploitation rate in the first half of autumn fishing season 0.842 0.791 0.836
Population size of ascending fish in autumn 1000 inds. 45,141 88,849 69,553
Mean body weight in late November g 5.10 2.24 4.64
Catch in the last half of autumn fishing season 1000 inds. 16,920 32,180 26,230
Catch in the last half of autumn fishing season tons 86 T4 112
Initial population size in the winter fishing season 1000 inds. 8,175 34,986 70,177 53,164
Catch in the winter fishing season 1000 inds. 6,510 22,750 43,850 38,880
Catch in the winter fishing season tons 34.2 138.8 142.6 209.0
Final population size in the winter fishing season 1000 inds. 1,665 12,236 26,327 14,284
CPUE at the end of winter fishing season kg/tow
Mean body weight at the end of winter fishing season g 5.2 6.2 3.3 5.4
Ratio of mature female at the end of winter fishing season 0.45 0.48 0.44 0.50
Total catch in the last half of autumn fishing and winter fishing season 1000 inds. 39,670 76,030 65,110
Total catch in the last half of autumn fishing season and winter fishing season tons 34.2 225.1 216.1 320.7
Mean body weight in the last half of autumn fishing season and winter fishing season g 5.67 2.84 4.93
Exploitation rate in the last half of autumn fishing season and winter fishing season 0.762 0.703 0.820
Catch for artificial fertilization 1000 inds. 630 6,320 6,580 6,370
Catch for artificial fertilization tons 3.8 39.0 22.7 36.0
Total catch in the first year 1000 inds. 7,140 81,360 133,850 121,770
Total catch in the first year tons 38 340.6 306.4 460.0
Fecundity per indiv. 5,355 5,164 2,439 5,763
Effective number of spawned eggs 108 283.2 259.7 428.0

1+ Initial population size in the spring fishing season 1000 inds. 17,114
Catch in the spring fishing season 1000 inds. 660 8,680 30,710 15,680
Catch in the spring fishing season tons 2.7 42.1 77.3 62.0
Density index in early September inds./tow 82
Density index in early September kg/tow 0.882
Mean body weight in early September g 13.3 14.2 7.7 10.7
Initial population size in the first half of autumn fishing season 1000 inds. 519 2,062 3,010 1,507
Mean body weight at the beginning of autumn fishing season g 13.39 16.34 9.53 10.83
Initial stock abundance in the first half of autumn fishing season tons 7.0 33.7 28.7 16.4
Catch in the first half of autumn fishing season 1000 inds. 510 2,020 1,850 1,420
Catch in the first half of autumn fishing season tons 7.7 33.0 17.6 18.0
Mean body weight in the first half of autumn fishing season g 15.10 16.34 9.51 12.68
Exploitation rate in the first half of autumn fishing season 0.981 0.981 0.615 0.940
Population size of ascending fish in autumn 1000 inds. 11 48 1,370 503
Catch in the last half of autumn fishing season 1000 inds. 20 90 2,530 590
Catch in the last half of autumn fishing season tons 0.3 1.5 29.0 8.0
Initial population size in the winter fishing season 1000 inds.
Catch in the winter fishing season 1000 inds.
Catch in the winter fishing season tons
Final population size in the winter fishing season 1000 inds.
Total catch in the last half of autumn fishing season and winter fishing season 1000 inds. 20 90 2,530 590
Total catch in the last half of autumn fishing season and winter fishing season tons 0.3 1.5 29.0 8.0
Mean body weight in the last half of autumn fishing season and winter fishing season g 15.00 16.67 11.46 13.56
Exploitation rate in the last half of autumn fishing season and winter fishing season 1.000 1.000 1.000 1.000
Population size of ascending fish in spring 1000 inds.
Catch for artificial fertilization 1000 inds.
Catch for artificial fertilization tons
Total catch in the second year 1000 inds. 1,190 10,790 35,090 17,690
Total catch in the second year tons 10.7 76.6 123.9 88.0
Total catch in the first and second years 1000 inds. 8,330 92,150 168,940 139,460
Total catch in the first and second years tons 48.7 417.2 430.3 548.0

2+ Initial population size in the spring fishing season 1000 inds. 144
Catch in the spring fishing season 1000 inds. 93
Catch in the spring fishing season tons 1.0
"Total catch in the first, second and third years" 1000 inds. 8,330 92,150 168,940 139,604
Total catch in the first, second and third years tons 48.7 417.2 430.3 549.0

* The direction of entrance of net is upward before 1986 and downward after 1987.
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Year class

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
2,331 716 258 1,430 469 294 1,328 357 512 621 1,193 235
3,725 16,361 11,050 15,540 634 17,357 6,302 20,341 6,225 3,027 11,465 4,367
0.415 0.669 1.852 1.340 0.028 2.902 1.125 2.740 1.732 0.562 2.077 0.842
0.111 0.083 0.168 0.086 0.044 0.167 0.178 0.135 0.278 0.186 0.181 0.193
10,594 524 201 7,579 237 2,973 1,209 2,393 90 227 1,034 393
2,264 748 394 5,209 1,132 1,306 1,808 672 2,401 786 1,107 3,963
2.250 0.761 0.509 3.073 1.731 1.174 1.822 0.581 2.617 1.515 2.238 1.703
0.99 1.02 1.29 0.59 1.53 0.9 1.01 0.86 1.09 1.93 2.02 0.43
15,076 17,060 14,491 41,199 14,895 32,933 37,549 26,900 31,004 23,977 19,722 40,376
1.72 1.20 1.50 0.86 2.04 1.11 1.48 1.10 1.00 1.77 1.33 1.16
25.9 20.5 21.7 35.4 30.4 36.6 55.6 29.6 31.0 42.4 26.2 47.0
11,470 12,600 7,360 35,271 13,625 27,311 35,117 17,954 27,671 16,878 15,692 32,750
32.7 28.5 34.9 61.2 45.8 70.6 84.2 44.4 47.3 54.2 46 58.1
2.85 2.26 4.74 1.73 3.53 2.58 2.40 2.47 1.70 3.21 2.93 1.77
0.761 0.739 0.508 0.856 0.872 0.829 0.935 0.667 0.896 0.704 0.796 0.811
20,849 24,537 45,282 44,882 16,990 60,810 31,430 70,898 3,493 21,894 38,524 30,775
5.16 5.15 5.25 3.84 5.79 3.82 3.99 4.05 3.20 6.00 4.97 2.17
10,500 14,510 830 9,347 9,812 19,370 14,397 25,713 1,842 4,676 7,219 17,823
53 66 4 35 56 84 59 114 6 26 40 34
13,955 14,487 51,583 41,463 8,447 47,061 19,465 54,132 4,985 24,317 35,335 20,578
10,960 12,260 40,280 26,445 6,851 33,085 15,459 50,797 3,941 20,694 39,656 17,939
61.0 63.5 178.3 119.2 54.2 194.8 66.8 186.9 21.1 136.3 219.1 72.3
2,995 2,227 11,303 15,018 1,597 13,977 4,006 3,335 1,044 3,623 -4,320 2,639
7.1 17.2 18.2 24.4 9.1 24.2 10.3 24.5 6.1 18.6 20.2 11.9
5.5 5.3 4.2 4.5 7.1 4.3 5.1 3.8 4.4 6.3 5.0 4.1
0.48 0.53 0.50 0.48 0.45 0.55 0.54 0.45 0.45 0.47 0.47 0.49
21,460 26,770 41,110 35,792 16,663 52,455 29,856 76,509 6,991 25,370 46,875 35,762
114.3 129.8 182.6 153.7 109.8 278.9 126.1 300.9 26.8 162.7 259.1 106.5
5.33 4.85 4.44 4.29 6.59 5.32 4.22 3.93 3.82 6.12 5.563 2.98
0.877 0.923 0.784 0.704 0.913 0.790 0.882 0.958 0.87 0.875 1.102 0.931
3,330 2,870 8,870 8,223 2,682 10,808 7,535 8,507 313 7,358 3,878
20.5 17.6 38.5 37.6 12.3 53.2 41.1 38.0 1.9 47.3 20.0
36,260 42,240 57,340 79,286 32,970 90,574 72,508 102,970 33,766 49,606 66,445 68,512
167.5 175.9 256.0 252.5 167.9 402.7 251.4 383.3 76.0 264.2 325.0 164.6
5,709 5,614 4,248 5,134 8,242 5,346 4,988 4,141 4,242 5,197 4,836 3,151
122.6 70.3 192.0 253.4 51.1 231.0 99.6 265.5 10.4 127.7 118.6
3,009 7,466 1,115 1,298
2,450 550 5,200 5,741 237 1,395 733 0 822 1,510 907
10.0 2.6 15.8 19.2 1.1 4.8 2.8 0.0 2.9 6.4 3.8
30 20 71 143 14 26 37 10 113 39 26
0.322 0.235 0.734 1.297 0.174 0.217 0.378 0.104 1.442 0.380 0.309
10.8 11.5 10.3 9.1 12.1 8.4 10.3 10.0 12.8 9.73 11.81
604 735 2,006 1,759 433 1,473 811 3,128 579 1,411 2,466
11.33 12.75 10.71 9.95 12.94 8.83 9.8 9.8 8.49 13.11 11.88
6.9 9.4 22.0 17.5 5.6 14.4 8.0 30.7 4.9 18.5 29.3
350 590 1,546 1,766 383 708 741 2,673 466 1,260 1,832
4.4 8.9 17.2 21.1 4.8 7.0 8.9 27.1 4.9 19.4 23.0
12.57 15.08 11.10 11.96 12.66 9.95 12.05 10.53 10.51 15.39 12.56
0.574 0.797 0.751 1.004 0.883 0.434 0.913 0.823 0.805 0.893 0.743
-24 -95 -201 530 20 678 -20 8,400 337 -146 483
230 50 259 523 70 1,443 51 3,049 450 5 "1,117"
3.1 0.6 2.8 5.8 1.1 16.4 0.7 33.6 5.5 0.1 11.0
5,905
5,099
58.9
806
230 50 259 523 70 1,443 51 8,148 450 5 1,117
3.1 0.6 2.8 5.8 1.1 16.4 0.7 92.5 5.5 0.1 11.0
13.48 12.00 10.99 11.05 15.53 11.36 14.10 11.35 12.24 16.87 9.84
1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.910 1.000 1.000 1.000
171
977
10.7
3,030 1,190 7,005 8,030 690 3,546 1,525 11,699 1,737 2,775 3,856
17.5 12.1 35.8 46.1 7.0 28.2 12.4 130.3 13.3 25.9 37.8
39,290 43,430 64,345 87,316 33,660 94,120 74,033 114,669 35,503 52,380 70,301
185.0 188.0 291.8 298.6 174.9 430.9 263.8 513.5 89.2 290.0 362.8
3 64
0.0 0.6
39,290 43,430 64,345 87,316 33,660 94,120 74,033 114,669 35,503 52,380 70,301

185.0 188.0 291.8 298.6 174.9 430.9 263.8 514.2 89.2 290.0 362.8
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Fig. 88. The change of annual catch of wakasagi in

Lake Abashiri from 1966 to 1995.
One year was treated as a term from Sep-

tember to next August.
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Fig. 89. The change of distances of annual catches of

wakasagi from the year to the next year in
Lake Abashiri.

An annual catch was calculated from
monthly catch from September to next August
between 1966 and 1996.
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Fig. 90. Correlogram for the change of the distances of
annual catches of wakasagi from the year to
the next year in Lake Abashiri.

An annual catch was calculated from
monthly catch from September to next August
between 1966 and 1996. Correlation efficient
were calculated for the changes of catches for
15 years from 1966 to 1980. Horizontal bro-
ken lines indicate the 5 % level of significance
(n=15,r= +0.5140).
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Fig. 91. The relationship between the catch in the year
and the catch in the next year.

An annual catch was calculated from
monthly catch from September to next August.
Spearman’s correlation coefficient (r, = 0.2739,
n = 29) between two variables was not signifi-
cant (P =0.1505).



102 Lo

500
Y =-0.831 X + 206.6
g . R%=0.438
E n=29
o o o P <0.001
= £ : .
QS .
=iy e . . .
o ©
- g.)’ 0
% 21 ° : 3
‘§ =
w & g ° .
g &
g
<
=] °
o .
'500 L] L] L] L T
0 100 200 300 400 500 600

Catch in the year (tons)

Fig. 92. The relationship between the catch of the year
and the change of catch in the next year from
the year.

Spearman’s correlation coefficient (r, =
-0.5732, n = 29) between two variables was con-
sidered very significant (P = 0.0012%%).
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Fig. 93. Relationships between stock size indexes in various developmental stages of wakasagi in Lake Abashiri

from 1982 to 1995.

The data of 1994 was omitted because the effective number of spawned eggs was negative value. The
values on the right side of each figure shows the results of Spearman rank correlation testing.
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Fig. 94. The relationship between density of 0+ aged
wakasagi at the survey by a seine-net in early
September (the number of individuals / tow)
and the mean body weight of 0+ aged wakasagi.

Spearman’s correlation coefficient (r, =
-0.6484, n = 14) between two variables was con-
sidered significant (P = 0.0121%).
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The relationship between the population
size of 0+ aged wakasagi ascended in au-
tumn and the mean body weight of 0+ aged
wakasagi at the end of winter seine-net
fishing season under the ice.

Spearman’s correlation coefficient (r,
=-0.6396, n = 14) between two variables
was significant (P = 0.0138%)



104 Lo

600

500 1

400 1

300

200 1

Total catch (tons)

100 A1

0 T

Fig. 96.

(X109
@ 4
80
2
b
Gy .
o
3
<o 37
g
=
Z
" . J
5 27
A
>} L )
£ .
2
31 :
2
= L]
=
2 « °
'g 0 L] a L ° T L}
3 4 5 6 7 8

Fig. 97.

0 5

10

15

20

Total catch (X 10" inds.)

Relationship between total catch in the num-
ber of individuals and total catch in tons of
wakasagi in Lake Abashiri.

The catches through the all life of an year
class were amounted as the total catch of the
year class. Spearman’s correlation coefficient
(r. = 0.9516, n = 14) between two variables
was considered extremely significant (P <
0.01%%).

Mean body weight (g)

The relationship between mean body weight
of parents and early survival rate (juvenile
density index / the effective number of
spawned eggs) from 1983 to 1995.

The data of 1994 was omitted because 0+
aged parents were extremely few in 1994.
Spearman’s correlation coefficient (r, = 0.594,
n = 12) between two variables was considered
significant (P = 0.0487%).
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98. The relationship between the effective num-
ber of spawned eggs and early survival rate
(juvenile density index / the effective number
of spawned eggs) from 1983 to 1995.

The data of 1994 was omitted because 0+

aged parents were extremely few in 1994.

Spearman’s correlation coefficient (r, =-0.615,

n = 12) between two variables was considered

significant (P = 0.0413%).
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Fig. 99. The relationship between the mean body weight

of parents and the effective number of spawned
eggs from 1983 to 1985.

The data of 1994 was omitted because 0+
aged parents were extremely few in 1994.
Spearman’s correlation coefficient (r, = -0.357,
n = 12) between two variables was not consid-
ered significant (P = 0.2369).
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Fig. 100. Accumulated air temperature in Abashiri
during May and June.

Data were based on "Monthly Report of
the Japan Meteorological Agency (1957~
1996)".
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the data in normal air temperature years.
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