JekE R 86, 1—79 (2014)
Sci.Rep. Hokkaido Fish. Res. Inst.

tBEME > 5 7 & Salangichthys microdon D& ;&R & BEABEHE, HLUV
BROFEMFAAICEAYT 2MA (BAHN)

EHEL
BB EMEEES T 7 - RKEKERERS

Life history, population dynamics, and sustainable use of Icefish Salangichthys microdon in Lake Abashiri,
Hokkaido (Doctoral thesis)

HIrRoOFUMI HAYANO

Salmon and Freshwater Fisheries Research Institute, Hokkaido Research Organization, Eniwa, Hokkaido 061—1433,
Japan

The Japanese icefish Salangichthys microdon of Lake Abashiri has high commercial value as a typical fisheries resource in
inland water fisheries in Hokkaido. However, the informations available on this species such as population dynamics and life
history is very poor, and the annual catches of icefish are unstable. This study clarifies the development of fishery resource
management for sustainable use of the icefish in Lake Abashiri. Therefore, the fluctuation mechanism of population size,
spawning habitat and the life history of icefish in Lake Abashiri were elucidated. The life history was validated by field
observations based on the hypothesis by the trace element analysis of otoliths and analysis data of icefish fisheries such as
CPUE. In addition, the estimation method for population size of icefish in Lake Abashiri was developed in this study based on
the features of their life history. And furthermore, an appropriate management strategy of icefish resources in Lake Abashiri was
proposed based on Ricker’s stock—recruitment curve. The results are summarized as below.

The timing of start of upstream migration of adult icefish to Lake Abashiri from Port of Abashiri was observed from late April
to early May, when the water temperature of Abashiri River reached 5°C. The numbers of upstream migration changed with the
tidal period, and increased at the time of the spring tide when there was frequent flow of the seawater from Port of Abashiri.
Icefish seem to migrate efficiently from Okhotsk Sea to Abashiri Lake using the saltwater intrusion.

Icefish adults, which migrated to Lake Abashiri from Port of Abashiri, were distributed throughout Lake Abashiri but mainly
around the mouth of the feeder river. No icefish migration to the upstream section from Lake Abashiri was observed. From the
temporal changes in gonad somatic index (GSI) of female adult icefish collected in Abashiri River system, the spawning season
was estimated to be from late May to mid—June. In addition, from the frequency distribution for the egg diameter of mature
female icefish collected in Abashiri River system, the spawning behavior seems to be performed a plurality of times during the
spawning season. The sex ratio greatly changed spatiotemporally.

The migration history of 20 individuals of adult female icefish was examined by the otolith Sr:Ca ratio. The findings
suggested that the life history pattern of icefish in Lake Abashiri consisted of two types: i.e., 3 individuals belonged to the lake
resident group, 17 individuals belonged to the anadromous migration group. In the anadromous migration group, the estimated
body lengths at the beginning of the downstream migration were approximately 30 mm (4 individuals) and approximately 50
mm (13 individuals).

Icefish larvae emerged in Lake Abashiri in late May. The findings suggested that icefish larvae that hatched on the coast of
Lake Abashiri were dispersed throughout the lake by diffusion of the lake flow. Vertical distribution of icefish larvae was
observed in all water depths of the aerobic layer, but many individuals of icefish larvae tended to be distributed in the middle
layer of the aerobic layer.

In fast—growing individuals of icefish larvae, the body length was more than 25 mm in mid—July, and larvae were transferred
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to the juvenile stage.

Icefish juveniles were distributed unevenly or extensively in Lake Abashiri.

The growth curve of icefish in Lake Abashiri was fitted by using the exponential curve between July-November 1999-2006.
The specific growth coefficient was 0.0065 on average. The specific growth coefficients of 2000 (0.0092) and 2005 (0.0081)
were greater than those of other years.

Seine net fishing that targets icefish juveniles in Lake Abashiri was started in September every year. It was estimated that
icefish juveniles migrated to Okhotsk Sea from Lake Abashiri in September—October during the fishing season.

The timing of downstream migration was synchronized with the tidal rhythm. Individuals of downstream migration increased
at all times when the flow direction of Abashiri River current was favorable. The peak of downstream migration was observed
at a time when the river temperature was below the seawater temperature. Icefish seemed to move toward the sea efficiently by
using the water flow of Abashiri River.

The growth curve of ice fish in Lake Abashiri was fitted by using von Bertalanffy’s growth curves based on the mean body
length and variance by year class. The growth coefficient (k) of females ranged from 1.9 to 5.1, and males ranged from 2.0 to
4.5. The growth coefficient of the 2005 year class was maximum in both males and females.

Icefish eggs were distributed in the sediment comprised of sand and gravel in the shallow coastal waters. The density of
icefish eggs tended to be higher in medium sand—gravel where the grain size was larger. Furthermore, there were few icefish
eggs in the sediment where silt clay was predominant.

Icefish have lived in Lake Abashiri since the early 1930s because of climate change and topographical features, and have been
caught by commercial fisheries since 1936. Their annual catches in 1936—2007 except 2005 fluctuated between 1 to 94 tons.
The periodicity of one—year intervals relating to the life history of icefish was observed in annual catches. Thus, it seems that
the population size of icefish is influenced by the parental numbers.

When juvenile icefish began to emigrate from Lake Abashiri to Okhotsk Sea, the density of juvenile icefish declined rapidly.
Additionally, fisherman in Lake Abashiri changed the target from icefish to Japanese smelt Hypomesus nipponensis. Therefore,
changes in the pattern of CPUE decrease were caused by these two factors.

In addition, the CPUE of icefish fishery was reduced by rising water followed by heavy rain. In 1992 and 1998, the CPUE
of the first day of the fishing season showed an extremely low value by rising water just before the beginning of the fishing
season. In 2001 and 2006, rising water followed by heavy rain occurred during the fishing season. The CPUE after rising water
was much lower than that before rising water. The icefish seem to be stimulated into seaward migration by rising water.

Blue tide occurred during the fishing season in Lake Abashiri in 2004, leading to high mortality rates of a large number of
juvenile icefish. Furthermore, the population characteristics of icefish in the 2005 year class showed the lowest value in all
developmental stages as exemplified by the significantly small number of adult fish. As a result, icefish fishery was suspended
in 2005.

Population sizes at the beginning of each fishing season from 1985 to 2006 were estimated to be 36,763x10°~487,590x10°
individuals based on DeLury’s second model and the density of juveniles.

The relationship between the number of adults and recruitment fitted well with Ricker’s reproduction model. Carrying
capacity (K) and maximum sustainable yield (NMsy) estimated by the Ricker stock—recruitment curve were 31.345x10° and
106.597x10° individuals, respectively. The initial population size of icefish in Lake Abashiri increased with an increase in the
number of previous generation adult fish. However, the initial population size was reduced to reverse when the number of
previous generation adult fish exceeded Nmsy. In 1992 and 2006, the initial population size of next generation fish was
significantly reduced because the number of adult fish in both exceeded K.

Icefish catch in Lake Abashiri fluctuated, reflecting the population size in principle, but the catch was unexpectedly poor when
there was blue tide and rising water caused by heavy rain. The remaining population size (approximately equal to or the image
of the number of adults) excessively impacted the initial population size of the next generation.

For more sustainable and greater rational use of icefish resources in Lake Abashiri, leaving behind about 31 million uncaught
individuals every year is necessary. In particular, in the case of missed opportunities of catch caused by rising water, it is
necessary to catch fish that exceed Nmsy after the migration from Okhotsk Sea to Lake Abashiri. As a result, it is considered

possible to maintain appropriate adult fish numbers.
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Fig.1 Map showing Lake Abashiri and adjacent rivers in
eastern Hokkaido, Japan.
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Fig.2 Depth (m) of interface layer between fresh and sea
water in Lake Abashiri. Data: Hokkaido Regional
Development Bureau Abashiri Development and
Construction Department (2010).
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Fig.3 Annual catches of icefish Salangichthys microdon,
Japanese smelt Hypomesus nipponensis, and brackish
water clam Corbicula japonica in Lake Abashiri.
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Fig.5 Trap—nets for collecting adult (a) and juvenile (b) of
icefish in Abashiri River. Mesh size: 2mm, Unit: cm.
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Fig.6 Landing—net and fishing—light sampling adult icefish in
Port of Abashiri.
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Table 1 Sampling data on adult icefish collected by a seine net in Lake Abashiri

¥ T 7k DGR AR 9

Year Date Sampling site Nurqber Year Date Sampling site Number
of sites of sites
- - - 21-May St. 4, 8-10, 14 5
1990 16-Jul. St. 3-16 14 1999 12-Jul. St. 3-16 14
6-Aug. St. 3-16 14 2-Aug. St. 3-16 14
3-Sep. St. 3-16 14 30-Aug. St. 3-16 14
- - - 18-May St. 4, 8-10, 14 5
- - - 8-Jun. St. 4, 8-10, 14 5
1991 15-Jul. St. 3-12, 14-16 13 2000 17-Jul. St. 3-16 14
5-Aug. St. 3-16 14 1-Aug. St. 3-16 14
4-Sep. St. 3-16 14 4-Sep. St. 3-16 14
- - - 23-May St. 4, 8-10, 14 5
- - - 21-Jun. St. 4, 8-10, 14 5
1992 13-Jul. St. 3-16 14 2001 16-Jul. St. 3-16 14
3-Aug. St. 3-16 14 1-Aug. St. 3-16 14
7-Sep. St. 3-16 14 28-Aug. St. 3-16 14
- - - 23-May St. 4, 8-10, 14 5
- - - 20-Jun. St. 4, 8,9, 10, 14, 15 6
1993 2-Aug. St. 3-16 14 2002 16-Jul. St. 3-16 14
23-Aug. St. 3-16 14 31-Jul St. 3-16 14
22-Sep. St. 3-16 14 20-Aug. St 3-16 14
- - - 22-May St.4, 8-10, 14 5
- - - 26-Jun. St.4, 8-10, 14 5
1994 18-Jul. St. 3, 4, 8-10, 14-16 8 2003 15-Jul. St.3-16 14
8-Aug. St. 3, 4, 8-10, 14-16 8 13-Aug. St.3-16 14
5-Sep. St. 3, 4, 8-10, 14-16 8 26-Aug. St.3-16 14
- - - 19-May St. 4-6, 8-10, 12, 14, 15 9
- - - 18-Jun. St. 4-6, 8-10, 12, 14, 15 9
1995 17-Jul. St. 3, 4, 8-10, 14-16 8 2004 15-Jul. St. 3-15 13
7-Aug. St. 3, 4, 8-10, 14-16 8 2-Aug. St. 3-16 14
4-Sep. St. 3, 4, 8-10, 14-16 8 31-Aug. St 3-5,7,8, 10, 11, 13-16 11
- - - 24-May St. 4-6, 8-10, 12, 14, 15 9
- - - 20-Jun. St. 4-6, 8-10, 12, 14, 15 9
1996 16-Jul. St. 3, 4, 8-10, 14-16 2005 20-Jul. St. 3-16 14
5-Aug. St. 3, 4, 8-10, 14-16 2-Aug. St. 3-16 14
2-Sep. St. 3-16 14 29-Aug. St. 3-16 14
- - - 23-May St. 4-6, 8-10, 12, 14, 15 9
- - - 21-Jun. St. 4-6, 8-10, 12, 14, 15 9
1997 14-Jul. St. 3, 4, 8-10, 14-16 2006 21-Jul. St. 3-16 14
4-Aug. St. 3, 4, 8-10, 14-16 9-Aug. St. 3-16 14
8-Sep. St. 3-9, 11-16 13 29-Aug. St. 3-16 14
- - - 25-May St. 4-6, 8-10, 12, 14, 15 9
- - - 21-Jun. St. 4-6, 8-10, 12, 14, 15 9
1998 14-Jul. St. 3, 4, 8-10, 14-16 8 2007 19-Jul. St. 3-16 14
6-Aug. St. 3, 4, 8-10, 14-16 8 6-Aug. St. 3-16 14
3-Sep. St. 3-16 14 30-Aug. St. 3-16 14
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Fig.7 Schematic diagram of improved larva—net (Asami, 2004) for sampling larvae of icefish in Lake Abashiri. Unit: cm.



Table 2 Sampling data on larval icefish collected by a larva—net in Lake Abashiri
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Year Date Sampling site Number of sites
1999 31-May St. 4-6, 8-10, 12, 14, 15 9
9-Jun. St. 4-6, 8-10, 12, 14, 15 9
23-Jun. St. 4-6, 8-10, 12, 14, 15 9
2-Jul. St. 4-6, 8-10, 12, 14, 15 9
13-Jul. St. 4-6, 8-10, 12, 14, 15 9
2000 11-May St. 4, 8-10, 14, 15 6
1-Jun. St. 4, 8-10, 14, 15 6
9-Jun. St. 4, 8-10, 14, 15 6
23-Jun. St. 4, 8-10, 14, 15 6
7-Jul. St. 4, 8-10, 14, 15 6
19-Jul. St. 4, 8-10, 14, 15 6
2-Aug. St. 4, 8, 14, 15 4
2001 24-May St. 4, 5, 8-10, 14, 15 7
8-Jun. St. 4, 8-10, 14, 15 6
22-Jun. St. 4, 8-10, 14, 15 6
9-Jul. St. 4, 8-10, 14, 15 6
2002 10-May St. 4, 8-10, 14, 15 6
24-May St. 4, 8-10, 14, 15 6
6-Jun. St. 4, 8-10, 14, 15 6
21-Jun. St. 4, 8-10, 14, 15 6
17-Jul. St. 4, 8-10, 14, 15 6
1-Aug. St. 4, 8-10, 14, 15 6
2003 8-May St. 4, 8-10, 14, 15 6
23-May St. 4, 8-10, 14, 15 6
10-Jun. St. 4, 8-10, 14, 15 6
27-Jun. St. 4, 8-10, 14, 15 6
16-Jul. St. 4, 8-10, 14, 15 6
7-Aug. St. 4, 8-10, 14, 15 6
28-Aug St. 4, 8-10, 14, 15 6
2004 7-May St. 4-6, 8-10, 12, 14, 15 9
24-May St. 4-6, 8-10, 12, 14, 15 9
4-Jun. St. 4-6, 8-10, 12, 14, 15 9
17-Jun. St. 4-6, 8-10, 12, 14, 15 9
9-Jul St. 4-6, 8-10, 12, 14, 15 9
2005 16-May St. 4-6, 8-10, 12, 14, 15 9
2-Jun. St. 4-6, 8-10, 12, 14, 15 9
16-Jun. St. 4-6, 8-10, 12, 14, 15 9
5-Jul St. 4-6, 8-10, 12, 14, 15 9
2006 9-May St. 4-6, 8-10, 12, 14, 15 9
17-May St. 4-6, 8-10, 12, 14, 15 9
30-May St. 4-6, 8-10, 12, 14, 15 9
7-Jun. St. 4-6, 8-10, 12, 14, 15 9
23-Jun. St. 4-6, 8-10, 12, 14, 15 9
12-Jul St. 4-6, 8-10, 12, 14, 15 9
26-Jul. St. 4-6, 8-10, 12, 14, 15 9
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Table 3 Samling data on juvenile icefish collected by a seine—net in Lake Abashiri

Year Date Sampling site Number of sites
1985 18-Jul St. 3-16 14
7-Aug. St. 3-16 14
13-Sep. St. 3-8, 10, 11, 13, 15, 16 11
1986 22-Jul. St. 3-16 14
12-Aug. St. 3-16 14
9-Sep. St. 3-16 14
1987 13-Jul St. 3-16 14
4-Aug. St. 3-16 14
3-Sep. St. 3-16 14
1988 12-Jul St. 3-16 14
8-Aug. St. 3-16 14
6-Sep. St. 3-16 14
1989 12-Jul. St. 3-16 14
8-Aug. St.3,4,7,8,10,11,13, 15,16 9
5-Sep. St. 3-16 14
1990 16-Jul. St. 3-16 14
6-Aug. St. 3-16 14
3-Sep. St. 3-16 14
1991 15-Jul. St. 3-12, 14-16 13
5-Aug. St. 3-16 14
4-Sep. St. 3-16 14
1992 13-Jul St. 3-16 14
3-Aug. St. 3-16 14
7-Sep. St. 3-16 14
1993 2-Aug. St. 3-16 14
23-Aug. St. 3-16 14
22-Sep. St. 3-16 14
1994 18-Jul. St. 3,4, 8-10, 14-16 8
8-Aug. St. 3,4, 8-10, 14-16 8
5-Sep. St. 3,4, 8-10, 14-16 8
1995 17-Jul. St. 3,4, 8-10, 14-16 8
7-Aug. St. 3, 4, 8-10, 14-16 8
4-Sep. St. 3, 4, 8-10, 14-16 8
1996 16-Jul. St. 3,4, 8-10, 14-16 8
5-Aug. St. 3,4, 8-10, 14-16 8
2-Sep. St. 3-16 14
1997 14-Jul. St. 3,4, 8-10, 14-16 8
4-Aug. St. 3,4, 8-10, 14-16 8
8-Sep. St. 3-9, 11-16 13
1998 14-Jul. St3,4,8-10, 14-16 8
6-Aug. St 3, 4,8-10, 14-16 8
3-Sep. St. 3-16 14
1999 12-Jul. St. 3-16 14
2-Aug. St. 3-16 14
30-Aug. St. 3-16 14
2000 17-Jul. St. 3-16 14
1-Aug. St. 3-16 14
4-Sep. St. 3-16 14
2001 16-Jul. St. 3-16 14
1-Aug. St. 3-16 14
28-Aug. St. 3-16 14
2002 16-Jul St. 3-16 14
31-Jul. St. 3-16 14
20-Aug. St. 3-16 14
2003 15-Jul. St. 3-16 14
13-Aug. St. 3-16 14
26-Aug. St. 3-16 14
2004 15-Jul St. 3-15 13
2-Aug. St. 3-16 14
31-Aug. St. 3-5,7,8,10, 11, 13-16 11
2005 20-Jul. St. 3-16 14
2-Aug. St. 3-16 14
29-Aug. St. 3-16 14
2006 21-Jul St. 3-16 14
9-Aug. St. 3-16 14
29-Aug. St. 3-16 14
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Fig.8 Temporal changes in sea level in Port of Abashiri (a) and number of adult icefish collected by a trap—net in Abashiri
River (b) in 2000.
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Fig.9 Temporal changes in sea level in Port of Abashiri (a) and number of adult icefish collected by a trap—net in Abashiri
River (b) in 2005.
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Fig.10 Temporal changes in sea level in Port of Abashiri (a) and number of adult icefish collected by a trap—net in Abashiri
River (b) in 2006.
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Fig.11 Diurnal changes in riparian—environment factors and number of adult icefish collected by a trap—net in Abashiri River.
(a) Sea level in Port of Abashiri. (b) Flow velocity (M) and water level (A) in the site of trap—net. (c) Temperature
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Table 4 Samples of icefish for analizing the otolith Sr:Ca

ratio
Sampling Body length (mm)
Sex
Date Site n mean SE Range
St.10 famale 10 72.4 1.24 69-78
8-Jun.-2000
St.14 famale 10 74.0 1.00 69-79
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Fig.12a CPUEs of mature adult icefish caught by a seine—net in Lake Abashiri in May to June of the year 1999-2004.
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Fig.12b CPUEs of mature adult icefish caught by a seine—net in Lake Abashiri in May to June of the year 2005-2007.
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Fig.13a CPUEs of adult icefish caught by a seine—net in Lake Abashiri in July to September of the year 1990—1998.
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Fig.13b CPUEs of adult icefish caught by a seine—net in Lake Abashiri in July to September of the year 1999-2007.
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Fig.14 Temporal change in mean CPUE with SE of adult icefish caught by a seine—net in Lake Abashiri during 1999-2007.
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Fig.15a Frequency distribution of body length of adult icefish collected by a seine—net in Lake Abashiri during 1999-2003.
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Fig.15b Frequency distribution of body length of adult icefish collected by a seine—net in Lake Abashiri during 2004-2007.
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Fig.16 Annual changes in mean body length with SE of adult icefish collected in Lake Abashiri in May and June of the year
1999-2007.
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Fig.17 Temporal change in sex ratio of adult icefish collected in Abashiri River System during 1999-2007.
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Fig.18 Temporal changes in gonad somatic index (GSI) with SE of female adult icefish collected in Abashiri River system
during 1999-2007.
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Fig.19 Spaciotemporal changes in sex ratio and gonad somatic index (GSI) of female adult icefish collected in Lake Abashiri
from May to July during 2004—-2007. Arabic numerals indicate the mean GSI of female.
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Fig.26a Distribution density (inds. /100 m*) of larval icefish caught by a larva—net in Lake Abashiri during 1999-2001.
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Fig.26 b Distribution density (inds. /100 m*) of larval icefish caught by a larva—net in Lake Abashiri during 2002—2004.
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Fig.26 ¢ Distribution density (inds. /100 m*) of larval icefish caught by a larva—net in Lake Abashiri during 2005-2006.
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Table 5 Distribution density of larval icefish captured at Sts. 5, 9, 10 and 14 in Lake Abashiri

Total number of Distribution density ( inds./100 m’ )
Sampling
Date station Depth (m) larvae captured
(inds.) 0-13m 13-2.6m 2.6-39m 3.9-52m
St.5 9.6 1,311 58 453 275 118
St.9 16.0 801 81 339 120 34
26-Jun.-2009
St.10 26 2,507 741 1,085 - -
St.14 4.0 914 241 230 158 -
St.5 72 1,532 20 241 591 263
6-Jul-2009 St.9 16.2 1,074 40 355 229 119
St.10 4.0 810 261 264 - -
a) Water temperature ( ‘C ) & Salinity
0 10 20 30 0 10 20 30 0 10 20 30
O ° 1 1 J 0 1 1 J O 1 1 J
5 1
2 .
10 A 2
4 .
15 - 3 -
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=
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() 0 > L L J
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¢ 1 St. 14 (26-Jun.-2009)
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=
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Fig.30 Vertical profiles of water temperature (open circle) and salinity (filled circle) in Lake Abashiri on 26 June (a) and
6 July (b), 2009.
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Fig.31 Histogram of distribution density (inds. /100m?) of larval icefish collected at Sts. 5, 9, 10 and 14 on 26 June (a) and

6 July (b), 2009.
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Fig.32 Frequency distribution for body length of larval icefish collected in offshore (St. 9) and inshore (St. 10) on 26 June
(a) and 6 July (b), 2009. Number in parentheses indicates depth of the water collecting larva.
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Fig.33a CPUEs (inds. /tow) of juvenile icefish caught by a seine—net in Lake Abashiri during 1985-1993.
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Fig.33¢c CPUEs (inds. /tow) of juvenile icefish caught by a seine—net in Lake Abashiri during 2003—2006.
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August and September of 1985-2006.
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Fig.36 a Frequency distribution on body length of juvenile icefish collected in Lake Abashiri during 1999-2001.



Frequency (%)

20

40
20

30
15

20
10

20 1

10

20
10

20

10

30
15

30
15

20
10

40
20

1 40 1 40 4
16-Jul.-2002 15-Jul.-2003 15-Jul.-2004
1 i n=973 20 1 n=539 20 1 n=1,262
04— 0 s
10 18 26 34 42 50 58 66 74 82 90 10 18 26 34 42 50 58 66 74 82 90 10 18 26 34 42 50 58 66 74 82 90
] 31-Jul.-2002 40 1 13-Aug.-2003 40 2-Aug.-2004
0 At N 0 A
10 18 26 34 42 50 58 66 74 82 90 10 18 26 34 42 50 58 66 74 82 90 10 18 26 34 42 50 58 66 74 82 90
7 20-Aug.-2002 30 4 26-Aug.-2003 30 31-Aug.-2004
1 =940 15 1 ,ﬁﬂﬂ%\“zggl 151 Jmﬁuﬁhkn:uso
0 A e 0 At e e
10 18 26 34 42 50 58 66 74 82 90 10 18 26 34 42 50 58 66 74 82 90 10 18 26 34 42 50 58 66 74 82 90
1 4-Sep.-2002 30 ~ - 16-Sep.-2003 30 4 21-Sep.-2004
d 15 A n=300 15 4 n=946
n=150
4 0 A e 0 e e
10 18 26 34 42 50 58 66 74 82 90 10 18 26 34 42 50 58 66 74 82 90 10 18 26 34 42 50 58 66 74 82 90
17-Sep.-2002 30 1 _ 24-Sep.-2003 30 4 13-Oct.-2004
n=300 _
N 15 1 15 4 n=450
1 n=150
! 0 - 0
10 18 26 34 42 50 58 66 74 82 90 10 18 26 34 42 50 58 66 74 82 90 10 18 26 34 42 50 58 66 74 82 90
1 =150 1-Oct.-2002 30 7 8-Oct.-2003 40 1 15-Nov.-2004 Male
1 ﬂ% 15 =300 {b 20 1 =37 —Aﬂﬂm\
4 0 A 0 A
10 18 26 34 42 50 58 66 74 82 90 10 18 26 34 42 50 58 66 74 82 90 10 18 26 34 42 50 58 66 74 82 90
21-Oct.-2002 . - - R
30 o 22-0ct-2003 40 115.Nov.2004  Female
] o A P
1 0 A [(J ESEEEEE———N—— - 1
10 18 26 34 42 50 58 66 74 82 90 10 18 26 34 42 50 58 66 74 82 90 10 18 26 34 42 50 58 66 74 82 90
R 20 -
20-Jul.-2005 21-Jul.-2006
1 4 E M 101 =709
10 18 26 34 42 50 58 66 74 82 90 10 18 26 34 42 50 58 66 74 82 90
1 40 1 9-Aug.-2006
2-Aug.-2005 -Aug.-
aans 0 +
10 18 26 34 42 50 58 66 74 82 90 10 18 26 34 42 50 58 66 74 82 90
1 29-Aug-2005 30 ] 29-Aug.-2006
1 15 _
n=1,716 n=1,400
10 18 26 34 42 50 58 66 74 82 90 10 18 26 34 42 50 58 66 74 82 90
1 24-Oct.-2005 20 1 3-Oct.-2006
1 2209 10 4 n=300 ﬂﬁ E

10 18 26 34 42 50 58 66 74 82 90

10 18 26 34 42 50 58 66 74 82 90

Body length (mm)

Fig.36b Frequency distribution on body length of juvenile icefish collected in Lake Abashiri during 2002—2006.
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Fig.37 Temporal changes in sea level in Port of Abashiri (a), water temperature, and number of juvenile icefish collected by
a trap—net in Abashiri River (b) in 2001. Circles indicate the water temperature. Vertical bars and Arabic numbers
indicate number of icefish collected.
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indicate number of icefish collected.
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V722004 FEREEE, 11 A ICERERES7T0mm 2 B2,
TRV L 2
FAERRBEOMIRAEE (1) 1%, WEAT74.5~96.4mm, HE
H378.4~95.6mm DHFHIZH ) (Table 6), (ZIFEERE
B 7z, MIRARICIIMER CAEEIRO LN
Ao 72 (Student’s t—test, df=16, p=0.474) , FAEFRTED K
R (k) 1 3MEA1.9~5.1, HAT2.0~45DFHIZH b
(Table 6), MEHEM CTHEZAIIFRDO SNLH o7 (Student’s
t—test, df=16, p=0.761) , MIRIARE & BRARIUTELH) A
RE MM THELE IR D> 720, £ DEREE (9
AEARTE T 6 AEARTEE) CUEIIHE X D IBIRRREASKRE {, 2o
HERBUIIED > 720 72, 2005 SEFREEMERE & b 12
IR R R/ ME, BRERESRKELZ R L7, BERK
R & BB REATEIT B & 2 A @A R L 72,

Table 6 Estimated parameters of von Bertalanffy’s growth
curves of icefish

Year class Male Female

1998 79.4 25 0.4 82.6 24 0.4

1999 88.9 2.0 0.4 86.7 2.1 0.4

2000 96.4 2.8 0.4 86.9 33 0.4

2001 75.5 31 0.4 79.4 29 0.4

2002 83.1 2.1 0.4 86.9 20 0.4

2003 834 2.7 0.4 95.6 22 0.4

2004 85.3 28 0.4 90.0 2.5 0.4

2005 74.5 5.1 0.5 784 4.5 0.5

2006 79.7 1.9 0.3 79.2 2.0 03
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W EITEY A= ZMRGRETEA L2y 7 7, @
TR DEEDTE D 4 A T AIHEN R O OREERANIZ4E
L, WIKREAIZIZSCILET L L, fEEMzHEL T
MENZHMELIICD A, T HIdERIICZL <,
WfE (1980) DEBRERICL B L, WHTEZ & 5 iE
T AT10~20cm/sec, BRFLITHAT40 cm/sec 4T, BRSE
METOKFEIISBRIZTH S, 72, U - &H
(2000) 12 &5 &, 105 HOEEFEKEE L BREDILTH
B AHBE IR D 25 L e <, O TIETR
fIEIZHTVY . 4 B FROMENTIIiEA 40 cm/sec 2 5
ZELBLLRWY (Fig 11), ¥ I 7FIE#w ) X412
FHI L CREGEIN 23w 3 2Kk 2 B L 25 BE) LT
Wb ZEDHLNE % 57 (Figs. 8~11),
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S CTREAL L 7252 ICHER AN I & b TR D L&
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S5NTWw5B (UL, 2004a, 2004b)e AFND L ZKH
R NICIE, WS 2K 2 T A ICFIH L 72255 53R
Bk (P - 8, 1998) 12X DR A# E% L
TWwaEEzo6Ns (L, 20060, —J5, HEINIAH
NN HATINIEDSR <, KBS E10~200em FEEE & iV,
F, FTROESERARY T, HEKIIERE ~ iR AR
THMlETAEEZOLNSLD (KD, 1998a), LEIZH
W HHEEIX201EL, WHbZEICHIET 5 (Fig
1) ZD7-8®, RUFFEOHERE LTI, 1L (20044,
2004b) AMEIEE L7 BRI L % RIE T 5 &9 247
B SN L o7z LA LERDS, KIEDZEI
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VIR RE 12 S8 DIFRBENIC R LT B I RETE S %
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LEZBND,

HAOHMAS S BAOMERIIMILOEICBVTHIRE
WIICEDELCRLRD, WAMEMA%Z/RL7 (Fig. 19),
—fRIZ, IO I FOMWIIES Z EMSNT
Wb, =BT, MRS HEREIN ) X L8R T
HESSEELT B 720 MIAMR Y, AT IR & % BRI
FEJIL TV EEZSNTWS (BEH - HF, 1954), #
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MWENDEIERTHALZ EICHELTWELEEZ LN
bo TOLHIZ, T HIINEREEDONIKEFIH L A2A
5, RERMIEHEABEH L TWEIDEEZONE, K
e Cid, BEMEROEFIZHS NI TE Lh 57225, M
FHIENCHET IR OBET T 7 7 4 DA BDBIEES
N2 enb, Fh—Y 7ERERTRLALTVwEH0
LEZLND,

EESR oL, WEMEY T YA, FHINICHE
FEW L E OB A RET LI EPHLNE Lo, &
HEIEENC D725 7 4 — v FBIE L B ROWEITLE ST
5, MEMEDY 774 OATFE /NS 23 F I ] #E R
ThbEEFOTONL, ZOEGEHOMEIILT O
D THh5 (Fig 43).
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Fig.43 Estimated life history of icefish in Lake Abashiri.
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FEINEI DFEHA A & BEPRER I A TUIME VAR 2 AR 5
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B 2 13 Lo b, BBEROKREL, BAam iz
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SNBH, (TE A EDMERITS0mm B THRIEST 5, BE)
B D % 4 3 7%, IZKIEANZIF20°C % Tl 5 K
=T BN, FOY— 730 oKD I S
WR MR —3 T B, F72, BEM Y A I 2 713
B & FEFPH L EAEAEEO S, W EEE &I, K
W EASEZ S 2 WNEB ORI & LI BET R E O ¥ — 2
BRONL, F72, BBENCIEOEEES L SNT,
TR L T\Wb,

V70 F OREREROEGEHAIZITE A AP TH 55
BRIIIBDEHTHR I L > TRESN S, F72,
4 FAIEHEENTIT (REBN) ICHAPERTLZ L,
S S ICHAOEAMEITLRESOMEENS, FICKEREL
72T T AR A=Y 2R R TBA L, OO
TeDICHEEWRANLERT 20D EEZOND,

FIE EINFONH EEEIRIE

I RWFERRE LTRSS 5 7201214,
HARTEE OMEFEA ARG & 2 ), EINS R YN BEE
DHEFER R ED O CTEETH 5,

2T 7 % OREIRGITI N ISR K N 0% T,
WHEEDEE LI E NS 2 E05EE) (FH, 1973a),
A (Saruwatari, 1988), Z55&Ei] (BEJI15S, 2005), 411

I A OAER L EATERE 55

(U, 1994), duil (E7k, 2009) B X U/NIE# (Fh
5, 2008) IZBWVWTHEINTWD, T2, MWENIIE
WTRIFEDOEETY 77 HINOGADELE I N TN D
boo (HE, 2001), Y54 L EREBEREO RIS 2
IZEN TV, RETIE, KENDOINO55ARD,
ROYERBREE 70 & N BRI EERL A &, INoAG & Brs
Btk & ORI E IS 2T S,

31 MEsLUAE

IERIERBAGRDIIE 2001~2003 £ D 4E5~8 H IZHEE
MIRREROFAEEHICB VT (Fig. 44), RSB KR
DB EAT > 720 BHINZIZAEY —STD (Model-AST
-1000S, 7L v &) #HFHL, FELLMETT
20cm Mg CHA 7% & KR Z 83 L 72,
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/ Bay Line 7

Memanbetsu

Abashiri River

Fig.44 Map showing locations of sediment sampling (Lines)
and vertical distribution of water temperature and
salinity (a star) in Lake Abashiri.
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HCEREE BB L 720 HEV0.125mm D55\ 1
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Fig.45 Vertical distribution of water temperature and salinity in the center of Lake Abashiri from May to August in 2001-2003.

12

18

Temperature (C)

20 30

:23-May
:6-Jun.
:20-Jun.
:16-Jul.

Salinity

0 10 20 30

. 2002

:23-May
:6-Jun.
:20-Jun.
:16-Jul.

12

18

12

18

VT OEER &R E

0 20 30
|/
2003
: 8-May
] -== :23-May
_ :27-Jun.
___ 7-Aug.
0 10 20 30
'\
. 2003
’ = :8-May
-—- :23-May
_ :27-Jun.
___. :7-Aug.

57



91 9Tl 86 S8 691 [ 01¢ €6 61'C 691 €1l LIS P01 €

96 L¥8 €6 ¥8'T €Ll 1'v€ L68Y S8 £V 9111 L'T1 S1C L91 T 11T
0 1T €6 S8'C 061 00 0 €6 00 0 01T !

8T 85T I'11 €8°C 6LI €T £33 L8 61'C L91 60 44 LTI €

L1 €€0°1 7701 S8'C 9'LT 89 1L6 9'6 00 0 ¥'Tl 4 91 4 01T
¥l 1! L01 ¥8'C L'81 LT £6¢ 86 €T €01 A I

61 S91 86 68°C €Ll 10 1T 86 L6'1 891 00 0 S6 €

S0 114 76 68°C S'LI 1’0 1T 6L 00 0 8Tl 107 S91 4 61
91 Sp1 9'6 88'C 1'81 7’0 9 9'6 €8¢ 9L el !

Tee SH0'T 9L 68°C 0°LT [43 994 68 06'T 891 00 0 €01 €

61 991 96 88T T'LT 00 0 S6 00 0 811 81'C 961 C 81
00 0 S6 x4 L91 €0 84 7’6 00 0 811 !

00 0 99 (X% S91 00 0 S6 STl 891 00 0 88 €

00 0 99 ¥8'C L91 00 0 LTl 00 0 0cl w0 €l [4 LT
00 0 STl ¥S'T €81 00 0 LTl 00 0 91 !

4 1T S0l 0L'T L'LT 00 0 6’6 ¥S'1 091 00 0 66 €

¥y £6€ S8 19T 8'L1 00 0 011 00 0 U YL'T Lyl 4 91
00 0 811 SS°C 881 10 1T 1Tl 00 0 L'l !

€01 606 01T vL'T L'LT S6l 68L°C S6 ¥8'1 ¥'91 00 0 8 €

61 S91 801 vL'T L'LT ¥'Cl LLLT 86 LT ¥l 601 L1 Syl 4 1
9'1 Syl L01 €L'C L'L S¢ S8L 811 60 |44 PEl !

¥'S SLy ¥'L €8°C 8'L1 6'¢ 8¢S 7’8 1T°¢C 691 00 0 901 €

60 €8 9'8 18°C S8l 90 €8 ¥'6 4 LOT 0Tl we 8¢l [4 ¥1
00 0 701 6L'C €1C 00 0 6'6 9'¢ S91 911 !

00 0 1'6 98T 081 00 0 L6 9T'C 891 00 0 911 €

00 0 8L ¥8'T 061 00 0 86 00 0 Tl 1€C 6°Cl 4 €1
00 0 01 €8'C 00 00 0 9'6 00 0 6C1 !

4 1T (! wT €81 00 0 S8 we 891 vl 9 86 €

00 0 9'6 wT 981 ¥'0 9 08 60 44 €6 e 191 [4 1
00 0 66 18°C ¥'0C €T 1€€ €6 00 0 86 !
€T LOT ¥'S ¥8'C €Ll 0'¢ 1434 6’8 €1’ ¥'LT ¥'S 81T '8 €

91 Sv1 ¥'9 ¥8'C 9'LT 00 0 06 00 0 611 ¥t 081 C T
00 0 99 ¥8'C €61 00 0 1'6 9'¢ S91 811 !

(%) (spu) (1/8w) ) () (anspa) (1/8w) () (%) (o) (1/8w) )

xopur uoSAxo  Apues  amerddw) xopur uodAxo  Ammeg  amerdduwoy xoput uoSAxo  Ammeg  amjerddwoy

Aypsuaq Asuoq Asuaq
Kysuoq : paajossiq I01B M\ Aysuoq : paajossiq I Aysuoq : paajossiq 0B (w)
pdaq NPT
$339 ysiyoo] JUSUUONAUH $332 ysiyoo] JUSWUONAUH $332 ysiyao] JUSWIUONAUF
€00C-"unf-1 [ 200C-"unf-¢ 100C-"unf-G|

PR

58

€007—100¢7 Sulmp LIyseqy e Ul SUOKIPUOD [EJUSWUOINAUS pue YsIjaol Jo s330 Jo soquuny / 8|qe|



me&3mABTIVE -k THo T,

20024ETlE, EA11OKE2m, THSB L OER10
DEKGRIZBWTHD TEHEEIO L, EM3B L0
WMTITRELRESN LD o7 (Table 7)o TNEHDEY
BT BHERIRAEDsF, TR 11 OKEE2m 2K, EH
5B L ER 10 OEKELFRAD, ERR3OKEIm &2
m ASHIRLRS, B3 DOIKE3m AR TH - 72, TH
7T, KEImASHPRAES, KiE2m & 3mAST Vb - At
THo72,

20034EClE, T FINLEHMEDKIEIm, EMIL
DIKFE2m L 3m, ERI0DKE2mM, E/HSDKE3Im
WBWTHEO TEREIHAM L, EM3 LEM7TIEE|
FESNL D o7z (Table 7)o TNHLDIREIIBITAAR)
R Dso T ERE 11 DK 2m 25HIRE, EHE 11 OKEE3m,
TERRS DEIKEE, EMS8DKEIm, EH 10 DEIKFE)H
Wb, EM3OKEIM L 2m AR, ERE3DIKE3
mAEHIRAS Td o 720 T T, KE I m AR,
KiFE2m E3mAB YNV b - HitThHote 2L, B
ERITo3EMEZBLT, EMIIOKE2M E3ImTIE
WL C OIIDTRIES NIz, F 72, B3 LEMT TN
aERESN LD 572 (Fig 46) 6

2001~2003 1\ BIF BREMBD 7 T R 5 — 534 D
R, EHIT6T (A~FI) ooz (Fig 46), KT
BT A HEMREDIE, ABEB X UEHI PR, B
REDSHIRYE, CHEB L UDBESHIRIED, FREDSI OV b - fhiL
Thotzo 72721, EFFARRICN, BhB LY b RE
RS DEHERNE o1, T2, DEEIZCEEICH A
THIRS & 0 b K& RRERTOEEEIEL, PO
MREBLOY L - B OEERPED > 72, NEE
B¥ (%) OFIMEIE, ATEL42% (EAREL (n) =31),
B#EAT15.6% (n=3), CHEAY0.0% (n=10), DHEAT1.5%
(n=35), E¥257.0% (n=10), =L CTF#4%02% (n=10)
Tho7z. NEEEBBROHMICIAEEENTRD LN
(Kruskal-Wallis test, df=5, p<0.001), % 2T, A~FH#D
FTRTO2HDHMAEIZDOWT, Bonferroni i 123D W T
BEAMELAEL (0=0.003), Mann—Whitney %€ % 1T >
72T A, ABEIZCHELR L ICFEEL VAR (p<0.001
% 5 W p=0.001) |ZINBEEIREASE VT L0 hr o 72,

33 E=E

AREFFECTIE, HEMICBIT ST 7 T84 & ik
ORI, 7O CIREORIEHK & OBBREHS 2
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HEMTIZ, ¥ 77 FZREHIR A 2> & IR Bk
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T2ELETR2MKETIZEIN L T edol, INHiE

I A OAER L EETERE 59

T (Saruwatari, 1988), Z5EiM (IS, 2005), AXF
(1=, 1994), /NHE# (s, 2008) B LU (B
7K, 2009) IZBWTHEINIAHE M —F L TW5,
6L, 7 IAY =IO RIZEDC L, MR E&
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BlE s, I, ¥ I Y FIIDEIED 173 00 5 RO
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—HLTWw3, ALY IARAETHLTIT oI
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WK 54 T2 Oke - B89, 20060, 72, 1
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F£0.42~0.84mm OHA TR A &N, 0.177~0.250mm
ORISR VIV b TRERE I NV, 2D L) BRAROK
ERIERICNE S ST LBME LT, MBI
L7 INIIR L SI2E D ABE RiFon, HfiEshT
WEET 720 EZONTWS (FKTE5, 1990),
HEEMIC BT, JREDTHRD 2 & HIEE DS F AR O W)
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N7z, I, 3EMZE L THIZE L OISR S 7w
FEOEMIITIE, BET %) Y7 2l h 5 900~5,000
m¥/day DEKDITHAL FEES, 1964), TDIZ L MR
RIEERE LMV BEOMFFICHF S L TnE b0
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Table 9a Population characters of icefish in Lake Abashiri

. Year class
Item Unit
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
Density index of larvae inds. / tow 382 276 119 421 67 91 8 71 57 205 35 4
Density index of juveniles inds. / tow 18,907 18314 10,849 7,448 7,672 3,501 3,677 7229 5,555 5629 4979 4,089
Initial population size 10’ inds. 487,590 353,407 383,659 161,141 215,026 82,037 92,581 166,365 92,933 114,991 144,249 51,964
Cumulative catch kg 80,673 55,184 93,672 26,048 65254 67945 36973 13,863 26215 45100 46309 14,590
Cumulative catch 10° inds. 459,300 319,974 362,243 154,728 210,948 241,703 89,683 46,908 80,794 114,166 139,962 39,831
Exploitation rate 0.94 0.91 0.94 0.96 0.98 - 0.97 0.28 0.87 0.99 0.97 0.77
Date of beginning the seaward migration 1-Nov. 3-Oct. 28-Oct.  24-Oct.  25-Oct. - 29-Oct. 29-Oct.  31-Oct.  20-Oct.  25-Oct.  5-Nov.
Remaining population size 10° inds. 28,290 33,433 21,416 6,413 4,078 - 2,898 119,458 12,138 825 4,288 12,133
Table 9b Continued
Item Unit Year class
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
Density index of eggs inds. / m” - - - 170 531 327 42 17 49 -
Density index of larvae inds. / tow 123 20 52 12 46 224 137 30 13 259 -
Density index of larvae inds. / 100m’ 112 18 40 9 33 184 129 23 8 165 -
Density index of juveniles inds. / tow 3,338 3,555 2,732 3,506 3,656 10,773 7,916 5,446 1,500 9.275 6,441
Mean body length in early September mm - 38.3 46.0 42.0 43.7 40.4 45.4 445 39.6 -
Mean body weight in early September g 0.289 0.197 0.170 0.313 0.216 0.192 0.196 0.305 0.291 0.169 0.234
Initial population size 10 inds. 75,996 83,252 152,269 92,136 85,543 197,039 106,238 126,030 36,763 212,653 80,130
Cumulative catch kg 37,193 13,124 29911 36,810 20,908 47,645 38344 13,618 0 9,582 25,939
Cumulative catch 10° inds. 73,547 30,655 147,865 86,621 67,120 180,332 102,640 32,610 0 32,487 75,019
Exploitation rate 0.97 0.37 0.97 0.94 0.78 0.92 0.97 - 0.00 0.15 0.94
Date of beginning the seaward migration 30-Oct.  20-Oct.  11-Oct.  12-Oct.  17-Sep.  24-Oct.  28-Oct. - - 3-Oct.  31-Oct.
Remaining population size 10 inds. 2,449 52,597 4,404 5,515 18,423 16,707 3,598 - 36,763 180,166 5,111
Density index of mature adult fish inds. / tow - 97 402 22 409 55 27 20 58 -
Mean body length of mature female in May mm 753 81.1 73.5 76.7 75.7 79.4 783 76.3 71.8 -
S;;g:ﬂ;;:fg;‘ef:ﬁl: fffemale estimated by 2.4 2.1 33 29 2.0 22 25 45 20 ;
Fecundity inds. / ind. 2,787 3,298 2,638 2,904 2,817 3,142 3,047 2,874 2,503 -
Total number of spawned eggs 10%inds. - 7,262 7,275 26,753 23,532 5,653 - 52,837 225,450 -
Suvaival rate of spawned eggs % - 1.27 1.18 0.74 0.45 2.23 - 0.40 0.04 -
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Table 10 Data set on adults (S) and recruitment (R) of
icefish in Lake Abashiri

Year class S (10° inds.) R (10° inds.)
1985 28,290 353,407
1986 33,433 383,659
1987 21,416 161,141
1988 6,413 215,026
1989 4,078 82,037
1990 - 92,581
1991 2,898 166,365
1992 119,458 92,933
1993 12,138 114,991
1994 825 144,249
1995 4,288 51,964
1996 12,133 75,996
1997 2,449 83,252
1998 52,597 152,269
1999 4,404 92,136
2000 5,515 85,543
2001 18,423 197,039
2002 16,707 106,238
2003 3,598 126,030
2004 — 36,763
2005 36,763 212,653
2006 180,166 80,130
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Fig.61 Ricker stock—recruitment curve estimated for icefish
in Lake Abashiri. S: Spawning adults, R: Recruitment.
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