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

Masaru TORISAWA

   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. nipponensis is 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.
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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.



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  0.6 m);

hon: hole to open a net (0.6 m  0.6 m);

hln: hole to land a net (1.7 m  0.7 m)

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 Utoh13))
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Fig. 5. Trap-net used for sampling of spawning wakasagi

in the Memanbetsu River.

  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.



Table 2.   Maturation stage of gonad of wakasagi used in this study.



Spirinchus lanceolotus





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



Table 4.   The daily catch of wakasagi for artificial fertilization in the Memanbetsu River flowing into Lake Abashiri.



Fig. 6.   Water temperatures and cumulative frequen-

cies of catch of wakasagi for the artificial fer-

tilization in the Abashiri River and the

Memanbetsu River. 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.



Fig. 8. Daily and total sex ratios of wakasagi caught by

trap-nets for the artificial fertilization in the

Abashiri River.

Fig. 9. Daily and total sex ratios of wakasagi caught by

trap-nets for the artificial fertilization in the

Memanbetsu River.

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.

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.

Fig. 14.  GSI (gonad weight (g) / body weight (g)  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)  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) 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.

Fig. 17.   Relationship between the body length and the

fecundity of female wakasagi in Lake Abashiri

in the spawning season.



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.

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.



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.

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.





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

Fig. 22.   Daily changes of the number of hatched larvae

from eggs fertilized in combinations of parents

with deferent or similar body sizes.
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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.

Fig. 24.  Schematic diagram of larva-net (Maruchi net)

used for sampling of 0+ aged wakasagi in Lake

Abashiri.



Table 8.  The sampling dates and the sampling stations by a larva-net or a seine-net.
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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.

ANOVA

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)  (yolk sack height)2 ( m3).



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

Fig. 27.  Temporal changes of the number of larvae cap-

tured by NORPAC-net in the Memanbetsu

River near the mouth in 1996 and 1997.

ANOVA

Spearman

ANOVA

Spearman



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)  (yolk sack height)2 ( m3).



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.



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

Abashiri in 1985 and 1986.

   Areas of the circles indicate the numbers of individuals.



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.



Fig. 31.   Frequency distributions of body length of 0+ aged wakasagi caught by a larva-net or a seine-net in Lake

Abashiri from May to September in 1988, 1993, 1994, and 1995.
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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.



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.



Fig. 34.  Condition factors (BW (g) / BL (mm)3  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.  Q10 and the coefficients of the formula, Tea =C, on the relation-

ship between water temperature and days required until hatch-

ing from fertilization. Here  is the water temperature and T

is the days and a and C are constants.
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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.

Fig. 36.  Map showing stations where water tempera-

ture and salinity were periodically observed.

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.





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.



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.

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.



Gasterosteus aculeatus aculeatus

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 0+ aged wakasagi, respectively, at St. 1 in the

Abashiri River in 1996.



Mann-Whitney

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.

Fig. 41. Comparison of body length of 0+ aged wakasagi

between at St. 1 and at St. A4 in the Abashiri

River on August 15, 1996.

   Mann-Whitney U test : n1 = 143, n2 = 100, U =

3939.5, z = 5.95, P < 0.001**.



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.



Fig. 42.   Five points moving average of daily captures

of sea-run migrating 0+ aged wakasagi caught

by a trap-net at St. 1 in the Abashiri River.

      Open circles and closed circles under hori-

zontal axis are the days of full moon and new

moon, respectively.

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.



Fig. 44. Cumulative frequencies of sea-run 0+ aged

wakasagi captured by a trap-net at St. 1 in

the Abashiri River.

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, rs = -0.4364, P > 0.05).

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%.

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, rs = -0.1818, P > 0.05).



Spearman

Pearson

Spearman

Spearman

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
Lake Abashiri in 1994 and 1995.

Fig. 48.   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
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.

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, rs = 0.4308, P > 0.05).



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.



CF

Fig. 51.   Comparison of the condition factors  ( BW (g)

 / BL (mm)3  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.

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.



Table 17.   Survival of 0+ aged wakasagi reared in fresh water, lake water, 1/2 sea water and full sea water.
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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 (rs =

0.685, n = 10) between two variables was con-

sidered significant (P = 0.0399*).

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.
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Fig. 55.   Catch of wakasagi by the fishing season and

age in Lake Abashiri.

Fig. 56.   The relationship between sea-run index and

the Population size of ascending fish in au-

tumn.

      Spearman�s correlation coefficient (rs =

0.700, n = 9) between two variables except

data in 1988 was considered significant (P =

0.0477*).
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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.

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.



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. 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.

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. 62.   Temporal change of GSI (gonad weight (g) / body weight (g)  100 ) of 0+ aged wakasagi

captured at St. 1 on the way to Lake Abashiri  from the sea in the autumn of 1995 and 1996.



Fig. 65.   Sex ratio of wakasagi captured by a trap-net

at St. 1 on the way to Lake Abashiri from the

sea in the spring of 1996.
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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.

Fig. 64.   The frequency distributions of body length of

wakasagi captured by a trap-net at St. 1 on

the way to Lake Abashiri from the sea in the

spring of 1996.
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Fig. 66.   Temporal change of GSI (gonad weight (g) / body weight (g)  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.



Hamada

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

ter rearing under different conditions.

Table 19.   Chi square tests on the difference between the components of maturation stages in female

wakasagi reared under different raring conditions.

CPUE

Fig. 67.   Changes of water temperatures in the aquari-

ums in which female wakasagi examined were

reared.
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Fig. 69.   The monthly catch of wakasagi in Lake Abashiri

during September to next August.
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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.



Fig. 71.   Frequency distributions of body length of 0+ aged wakasagi from 1989 to 1996 year-

classes caught by seine-net fisheries in Lake Abashiri between September to next March.



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
to next March.



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.



Fig. 74.   Frequency distributions of body length of 0+

aged wakasagi caught by the autumn seine-

net fishery in Lake Abashiri before autumn

ascending from the sea occurred.

Fig. 75.   Frequency distributions of body length of 1+

aged and older than 1+ aged wakasagi caught

by the autumn seine-net fishery in Lake

Abashiri before autumn ascending from the

sea occurred.



Fig. 77.   Frequency distributions of body length of 0+

aged wakasagi caught by the winter seine-net

fishery under the ice in Lake Abashiri at the

end of the fishing season.

Fig. 76.   Frequency distributions of body length of 0+

aged wakasagi caught by the winter seine-net

fishery under the ice in Lake Abashiri in the

early season, January or February.



Fig. 78.   Frequency distributions of body length of 1+

aged and older than 1+ aged wakasagi caught

by the spring seine-net fishery in Lake

Abashiri.

Fig. 79.   Sex ratio of wakasagi caught by the autumn

seine-net fishery in Lake Abashiri before au-

tumn ascending from the sea began.

      Upper figure is of 0+ aged wakasagi in-

cluding sex unknown individuals, middle fig-

ure is of 0+ aged wakasagi calculated except

sex unknown individuals, and lower figure is

of 1+ aged and older than 1+ aged wakasagi

including sex unknown individuals.



Fig. 80.   Sex ratio of 0+ aged wakasagi caught by the

winter seine-net fishery in Lake Abashiri in

the early season, January or February.

      Upper figure is of 0+ aged wakasagi in-

cluding sex unknown individuals and lower

figure is of 0+ aged wakasagi calculated ex-

cept sex unknown individuals.

Fig. 81.   Sex ratio of 0+ aged wakasagi caught by the
winter seine-net fishery in Lake Abashiri in
the late season, March.
      Upper figure is of 0+ aged wakasagi in-
cluding sex unknown individuals and lower
figure is of 0+ aged wakasagi calculated ex-
cept sex unknown individuals.

Fig. 82.   Sex ratio of wakasagi caught by the spring
seine-net fishery in Lake Abashiri.
      Upper figure is of wakasagi including sex
unknown individuals and lower figure is of
wakasagi calculated except sex unknown in-
dividuals.
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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.



Fig. 84.   Yearly GSI ((gonad weight (g) / body weight (g)) 100) of wakasagi in Lake

Abashiri at the end of winter seine-net fishing season under the ice.
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Fig. 85.   Temporal changes of the maturation stages

(see Table 2) of male and female wakasagi in

Lake Abashiri.
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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.

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.

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 Item 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 74 112
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

Table 23.   Various parameters of wakasagi in Lake Abashiri.

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



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 5.53 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 2,573 466 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



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.

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).

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 (rs = 0.2739,
n = 29) between two variables was not signifi-
cant (P = 0.1505).
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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 (rs =

-0.5732, n = 29) between two variables was con-

sidered very significant (P = 0.0012**).



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.

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 (rs =
-0.6484, n = 14) between two variables was con-
sidered significant (P = 0.0121*).

Fig. 95.   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 (rs

= -0.6396, n = 14) between two variables
was significant (P = 0.0138*)



Fig. 97.   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 (rs = 0.594,
n = 12) between two variables was considered
significant (P = 0.0487*).

Fig. 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 (rs = -0.615,
n = 12) between two variables was considered
significant (P = 0.0413*).

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 (rs = -0.357,
n = 12) between two variables was not consid-
ered significant (P = 0.2369ns).

Fig. 96.   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
(rs = 0.9516, n = 14) between two variables
was considered extremely significant (P <
0.01**).



Fig. 100.   Accumulated air temperature in Abashiri

during May and June.

      Data were based on "Monthly Report of

the Japan Meteorological Agency (1957-

1996)".

           Cold year (20% of 40 years) <

mean-0.842 SD

           Hot  year (20% of 40 years) >

mean-0.842 SD

Fig. 101.   Relationship between the effective number of

spawned eggs and the density of 0+ aged

wakasagi immediately before the beginning

of sea-run migration in Lake Abashiri.

      Ricker's reproduction curve was fitted to

the data in normal air temperature years.
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