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Temporal variation in the 20th century of coastal sea temperature and
annual herring landings off the west coast of Hokkaido

lori TANAKA~®

The present study addresses oceanographic environment relations to changed distribution and reproduction
processes shown by Pacific herring, Clupea pallasii, of the Hokkaido-Sakhalin stock. The west coast of
Hokkaido in the 20th century is studied using coastal sea temperature as an index of oceanographic environment.

Coastal sea temperatures at nine selected stations at the west coast of Hokkaido are normalized using the
period when observations were overlapped for 30 years from 1931 to 1960. Normalized coastal sea temperatures
are averaged to construct a time series, in excess of a century, of indexes for monthly, seasonal and annual
mean normalized coastal sea temperatures from 1897 to 2000.

The relation between annual catch of herring in the Hivama division and the coastal sea temperature index
during winter season is shown to have strong negative correlation. This result leads to the conclusion that a
well known phenomenon, the disappearance of spawning runs beginning in the south and regularly extending
northward along the west coast of Hokkaido, is mainly caused by increase in sea water temperature during winter
time.

Correlation between monthly mean normalized coastal sea temperature and relative year-class strength of
herring calculated from 1907 to 1955 was investigated. From all the periods with significant correlation, the
tendency is confirmed: the colder the normalized coastal sea temperature, the more the relative yvear-class
strength of herring. These relations lead to a hypothesis that occurrence frequency of herring strong year-class
is represented as a probability function of normalized coastal sea temperature and the frequency increases
[0 decreases in the negativEkl positiveld direction of this temperature from May to July and from September to
November. Characteristic variations for relative year-class strength of herring appear to be well-explained
qualitatively by this hypothesis even before and after the period when the hypothesis is derived. Ecosystem
structure, for which temperature is one determinant, is understood to influence the herring as a whole system;
the frequency of herring strong year-class occurrence increases in years of low coastal sea temperature and that
of weak year-class of herring increases in years of high coastal sea temperature.

Results of this study verify that long-term coastal sea temperature changes caused by atmosphere-ocean

interaction strongly affect variation of Hokkaido-Sakhalin herring stock.
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Fig. 1

Changes in annual herring catchs in coastal
waters of Hokkaido from 1870 to 1996. From
Ishiddal 19520, Kondfl 19860, and Hokkaido
Suisan Genseill for the period after 19500
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Fig. 3 Changes in average coastal station num-
bers to calculate annual mean normalized
coastal sea temperature off the west
coast of Hokkaidod @O. As previous,
excluding Inaho and Matsumaed O0O.
Data were calculated as an annual mean
of station numbers to derive each monthly

mean.
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Fig. 4 Changes in relative year-class strength of
Pacific herring of the Hokkaido-Sakhalin
stock from 1907 to 1955 calculated by
Hanamurhkl 196301
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Fig.5 Temporal variations of monthly mean normalized coastal sea temperature off the
west coast of Hokkaido from 1897 to 2000.
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Fig. 6 Temporal variations of
seasonal mean normalized
coastal sea temperature
off the west coast of
Hokkaido from 1897 to
2000.
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Fig. 8

Changes in 10-year block mean herring
catches at five divisions, i.e. Sova,
Rumoi, Ishikari, Shiribeshi, and
[liyama. Locations of these divisions
are shown in Fig.2.
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Fig.10 Correlation between annual catch of herring
at Hiyvama division and mean normalized
coastal sea temperature in February off
the west coast of Hokkaido, from 1897
to 1920. Temperature for 1897 is estimated

as a S-year average value from 1898 to

1902.
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Correlation coefficients from correlation
between annual herring catch at Hiyvama
division and monthly mean normalized
coastal sea temperature from January to
December off the west coast of Hokkaido,
from 1897 to 19200 OO, and those
excluding 1897 and 19030 @O. Limits
where the hypothesis that correlation
coefficient is not significantly different
from zero is rejected with errors of 5%
and 1%; they are represented by solid
O for @, d.f.=200 and dashedO for O,
d.[.=220 lines.
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Fig.12 Correlation between annual catch of herring
at Hivama division and mean normalized
coastal sea temperature averaged for three
months from January to March off the west
coast of Hokkaido, from 1898 to 1902 and
1904 to 1920.
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Fig.13 Annual correlation coefficients from correlation
between relative year-class strength of
herring and annual mean normalized coastal
sea temperature off the west coast of
Hokkaidod OO for the period from birth
year -8 years to birth year 48 years. Same
as those excluding Matsumae and Inaho
0O @O from temperature calculation.
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Fig.14 Correlation coefficients by linear correlation
between relative year-class strength of
herring and monthly mean normalized
coastal sea temperature off the west coast
of HokkaidoO OO for the period from birth
year -2 years to birth year + 2 years.
Same as those excluding Matusumae and
Inaho] @O from temperature calculation.
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Fig.15

Correlation coefficients by Spearman
rank-order correlation between relative
year-class strength of herring and monthly
mean normalized coastal sea temperature
off the west coast of Hokkaidod [JO for
the period from birth year -2 years to
birth year +2 years. Same as those
excluding Matsumae and Inahol IO from
the temperature calculation.
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Fig.16 Frequency distribution of mean normalized
coastal sea temperature at July off the west
coast of Hokkaido excluding Matsumae and
Inaho, from 1907 to 1955.
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Fig.17 Relative year-class strength of herring in
order of their strength from Fig.4.
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Table 1 Correlations detected between monthly mean normalized coastal sea temperature and relative year-class
strength of herring
correlation coefficient distance between means*’
Durations linear relation Spearman rank-order Random separation method with Wilcoxson rank sum test
-2 years
May ~-0. 345 -0.427*2 (p < 0.05)
June —-0. 387 -0.387 -0.459(p < 0.05)
September -0. 327 -0.574(p < 0.025)
October -0. 484 -0. 367 -0.868(p < 0.01)
November -0.329
-1 year
May -0.393(p < 0.025)
June -0. 398 -0.716(p < 0.005)
July -0. 330 -0.558(p < 0.025)
September -0.583(p < 0.025)
December -0.517(p < 0.05)
+0(birth) year
May -0.292(p = 0.05)
June -0.422(p < 0.09)
July -0. 287 ~-0. 308 -0.569(p < 0.025)

*1: Mean for weak year—class is subtracted from that for strong one
*2: Negative value indicates that mean for strong year-class is located in the negative direction than that for

weak one, so that the relation has negative correlation
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Fig.19 Temporal variations of five-year

Normalized Sea Temperature
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Recent stock structure of herringl] Clupea pallasii [l caught by the coastal fisheries
in the mid-northern Japan Sea, Hokkaido, Japan

Nobuyuki TANAKA *' and Shiro TAKAYANAGI*?

Herring Clupea pallasiil]l in the mid-northern Japan Sea of Hokkaido was examined to elucidate stock
structure and biological characteristics of herring caught by commercial fisheries. Presently, in the Japan Sea off
mid-northern Hokkaido, herring are caught by coastal fisheries and trawl fisheries. Total catch by the coastal
fisheries exceeded that by trawl fisheries from 1996 through 1999. In the coastal fisheries, annual catch by gill
net comprised over 92% from 1995 through 2000. The catch in the Rirei Arehl Rishiri and Rebun Is.[J was highest
among survey areas from 1991 through 2000. In the Rirei Area, herring were mainly caught from November to
February of the following year. The herring population caught in the Rirei Area differed from the Ishikari Bay
population. In Hokkaido Areas[ from Shiribeshi Area to Souya Areal], the herring fishery mainly operated from
February to April. The herring population caught in Hokkaido Areas from 1996 through 2000 was mostly
Ishikari Bay population. Catch of Ishikari Bay population has increased since 1997. This population spawned in

the coastal waters from the Ishikari Bay to the Souya Bay during February to April.
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Hokkaido in the coastal fisheries from 1991
to 2000.
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Table 1 Biological characters of herring caught from 1996 to 2000 in Souya Area. Location 'SB’ shows
a sample caught in Souya Bay and 'JS shows that caught in the Japan Sea.
No. Range of No. of Vertebrae Maturation stage of female
Date Location Gear ﬁth fork(—()l;;g‘th 51 52 53 54 55 56 57 Mean 10 2;; 3‘11('; 50 Population
1996 Dec. 4 Wakkanai(SB) Gill net 73 21-26 8 23 16 1 1 5427 73 Ishikari
1997 Mar. 20 Wakkanai(SB) Gill net 100 22-25 4 28 17 1 54.30 16 45 Ishikari
Apr. 2 Wakkanai(SB) Gill net 100 22-25 2 33 13 54.23 14 1 Ishikari
Apr. 4 Wakkanai(JS) Gill net 100 20-25 4 29 15 2 5430 4 30 Ishikari
May 7 Wakkanai(SB) Gill net 71 20-27 2 25 21 2 54,46 2 5 30 Ishikari
Aug. 26 Koetoi Small set net 50 11-15 1 7 24 16 1 54,18 50 unidentified
Nov. 14 Wakkanai(SB) Gill net 47 25-28 2 30 15 54.28 26 Ishikari
1998 Feb. 24 Wakkanai(JS) Gill net 3 27-28 1 1 Ishikari
Mar. 3 Wakkanai(JS) Gill net 1 25 unidentified
Mar. 3 Wakkanai(SB) Gill net 31 21-28 3 7 10 54.35 2 26 3 Ishikari
Mar. 3 Koetoi Gill net 40 25-28 3 19 14 3 54.44 1 3 36 Ishikari
Mar. 5 Wakkanai(SB) Gill net 100 24-28 5 44 Ishikari
Mar. 6 Wakkanai(JS) Gill net 2 24-27 1 Ishikari
Mar. 6 Koetoi Gill net 100 24-29 4 32 13 1 54,22 3 41 2 Ishikari
Mar. 19 Wakkanai(SB) Gill net 100 25-29 4 38 8 54.08 2 49 Ishikari
Mar. 19 Koetoi Gilt net 100 24-2% 1 45 1 Ishikari
Apr. 2 Wakkanai(JS) Gill net 100 21-27 3 256 19 3 54.44 4 41 Ishikari
Apr. 9 Wakkanai(JS) Gill net 100 21-29 19 30 2 Ishikari
Nov. 16 Wakkanai(SB) Gill net 19 25-29 1 6 11 1 54.63 4 Ishikari
Nov. 16 Wakkanai(JS) Gill net 38 25-31 1 2 8 5 1 5418 9 unidentified
1999 Feb. 17 Koetoi Gill net 3 27-29 1 1 Ishikari
Feb. 26 Wakkanai(JS) Gill net 4 26-29 Ishikari
Mar. 5 Wakkanai(JS) Gill net 4 28-30 3 unidentified
Mar. 8 Wakkanai(JS) Gill net 3 26-29 3 Ishikari
Apr. 7 Wakkanai(SB) Gill net 114 22-26 3 24 20 3 54.46 5 43 Ishikari
2000 Feb. 18 Koetoi Gill net 81 26-31 3 28 20 4 54.45 7 33 Ishikari
Feb. 21 Wakkanai(JS) Gill net 78 25-30 1 3 26 27 1 54.40 2 48 Ishikari
Mar. 1 Koetoi Gill net 69 25-28 6 25 28 1 54.40 3 Ishikari
Apr. 18 Wakkanai(SB) Gill net 100 21-27 1 28 26 5 54.58 49 1 Ishikari
Jun. 9 Wakkanai(SB) Small set net 100 14-20 8 24 11 3 54.20 58 1 unidentified

Table 2 Biological characters of herring caught from 1996 to 2000 in

the middle part of Rumoi Area.

Range of No. of Vertebrae Maturation stage of female
Date Location Gear fo:s;r?f fork(—clr:;\g‘th 51 52 53 54 55 56 57 Mean 10 2;; 3‘115« 50 Population
1996 Mar. 8 Tomamae Gill net 22 26-29 Ishikari
Mar. 11 Tomamae Gill net 89 24-29 2 39 43 4 54.56 30 Ishikari
Apr. 30 Tomamae Gill net 58 22-29 2 30 25 1 5443 27 8 Ishikari
May 26 Syosanbetsu Set net 38 25-31 1 16 16 5 54.66 14 Ishikari
1997 Mar. 6 Tomamae Gill net 88 22-26 3 35 21 1 54.33 4 48 Ishikari
Mar. 11 Tomamae Gill net 87 21-25 3 30 24 2 5442 8 37 Ishikari
Mar. 11 Haboro Gill net 75 21-25 5 34 21 5427 31 Ishikari
Mar. 17 Tomamae Gill net 88 21-25 1 2 33 22 1 54.34 50 [shikari
Mar. 24 Haboro Gill net 88 22-27 5 33 19 3 54.33 2 48 [shikari
Apr. 17 Haboro Gill net 60 21-24 t 5 35 17 54.17 29 1 Ishikari
May 27 Syosanbetsu Set net 58 23-29 5 25 15 2 54.30 56 unidentified
Nov. 14  Tomamae Gill net 84 21-29 9 28 19 3 5427 44 Ishikari
1998 Mar. 4 Haboro Gill net 86 24-29 2 34 22 2 5440 40 Ishikari
1999 Apr. 6 Haboro Gill net 75 21-24 2 27 28 2 54.51 34 [shikari
Apr. 22 Haboro Gill net 69 21-25 3 21 32 4 54.62 33 2 Ishikari
2000 Nov. 21 Haboro Gill net 78 21-25 2 21 21 6 54.62 1 29 Ishikari
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Table 3 Biological characters of herring caught from 1996 to 2000 in the southern part of Rumoi Area.
Range of No. of Vertebrae Maturation stage of female
Date Location Gear N]%;f fork(—clr:)ngth 51 52 53 54 55 56 57 Mean 10 2;; 3‘11; 50 Population
1996 Mar. 5 Rumoi Gill net 86 21-29 3 37 42 4 54.55 9 33 Ishikari
Mar. 5 Rumoi Gill net 15 23-29 1 8 6 54.33 1 3 Ishikari
Mar. 11 Rumoi Gill net 13 22-30 1 5 7 54.46 11 Ishikari
Mar. 11 Rumoi Gill net 100 22-32 1 2 42 52 2 5453 2 42 Ishikari
Apr. 12 Rumoi Gill net 70 21-29 3 35 24 8 54.49 1 35 Ishikari
May 7 Rumoi Gill net 80 21-29 20 37 23 54.04 27 25 Ishikari
Nov. 26 Obira Gill net 58 22-27 4 21 21 4 5450 27 Ishikari
1997 Feb. 28 Rumoi Gill net 100 22-29 4 29 24 3 54.43 3 54 Ishikari
Mar. 6 Rumoi Gill net 100 22-28 3 35 22 5432 Ishikari
Mar. 11 Rumoi Gill net 100 22-26 5 37 16 1 5422 1 48 Ishikari
Mar. 17 Rumoi Gill net 87 22-286 5 26 28 1 54.42 39 Ishikari
Mar. 23 Rumoi Gill net 100 22-26 6 37 17 5418 39 14 Ishikari
Apr. 3 Rumoi Gill net 100 21-26 3 3 19 3 54.37 1 48 6 Ishikari
Apr. 13 Obira Gill net 100 20-26 t 5 35 15 2 54.21 1 46 1 Ishikari
May 2 Rumoi Gill net 99 21-27 17 13 54 43 1 41 Ishikari
May 14 Obira Gill net 100 22-28 1 3 26 19 t 5432 53 Ishikari
Nov. 21 Obira Gill net 24 25-34 1 8 5 54,29 9 Ishikari
1998 Feb. 3 Off Rumoi  Danish seine 76 23-30 2 27 20 1 54.40 43 Ishikari
Mar 21 Rumoi Gill net 10 23-27 3 Ishikari
Feb. 22 Rumoi Gill net 56 23-34 2 20 Ishikari
Feb. 24 Rumoi Gill net 89 24-31 2 44 Ishikari
Feb. 25 Rumoi Gill net 100 23-33 1 34 21 3 54.44 50 Ishikart
Feb. 26 Off Rumoi  Danish seine 82 21-29 5 23 28 2 54.47 10 27 Ishikari
Mar. 4 Rumoi Gill net 102 25-29 3 32 23 2 5440 53 Ishikari
Mar. 12 Rumoi Gill net 100 24-32 56 Ishikari
Mar. 17 Rumoi Gill net 100 21-29 3 53 41 2 5442 50 Ishikari
Mar. 23 Off Rumoi  Danish seine 84 21-29 3 29 24 2 54.59 3 41 Ishikari
Mar, 25 Rumoi Gill net 25 21-30 1 12 1 Ishikari
Apr. 2 Rumoi Gill net 100 21-28 5 29 21 4 54 .41 72 1 Ishikari
Apr. 7 Rumoi Gill net 105 21-29 54 1 Ishikari
Apr. 9 Off Rumoi  Danish seine 82 22-30 24 23 2 54,55 0 43 Ishikari
Apr. 15 Rumoi Gill net 45 21-27 54,32 1 16 8 Ishikari
May 1 Rumoi Gill net 42 21-27 4 23 14 1 54.29 1 17 1 Ishikari
Oct. 22 Off Rumoi  Danish seine 29 25-29 2 10 186 1 54.55 15 Ishikari
Oct. 24  Off Rumoi  Danish seine 57 20-26 5 23 18 2 54.35 28 Ishikari
Nov. 24 Obira Gill net 65 21-29 4 26 17 1 5431 22 Ishikari
Dec. 8 Obira Gill net 67 21-31 1 4 32 17 3 1 5434 27 Ishikari
Dec. 14 Off Rumoi  Danish seine 94 20-31 3 27 25 3 54.48 5 49 Ishikari
1999 Jan. 24 Off Rumoi  Danish seine 55 21-26 5 23 19 1 5433 1 26 Ishikari
Feb. 9 Off Rumoi Danish seine 86 19-30 1 29 23 1 5444 5 45 Ishikari
Feb. 17  Off Rumoi  Danish seine 91 21-30 3 26 29 1 5447 1 37 [shikart
Feb. 20 Rumoi Gill net 26 28-32 i 8 15 2 5469 16 Ishikari
Feb. 25 Rumoi-Obira Gill net 100 25-31 1 3 32 21 3 5437 50 Ishikari
Mar. 2 Rumoi Gill net 56 26-31 4 25 26 1 54.43 1 27 Ishikari
Mar. 10 Rumoi Gill net 80 21-28 1 21 34 3 1 5470 37 Ishikari
Mar. 10 Obira Gill net 69 21-30 5 28 26 54.36 31 Ishikari
Mar. 18 Rumoi Gill net 108 22-32 7 22 29 1 54.41 24 12 Ishikari
Mar. 25 Rumoi Gill net 96 20-26 11 22 35 5454 40 Ishikari
Apr. 6 Rumoi Gill net 91 22-28 1 28 28 3 5455 3 39 Ishikari
Apr. 7 Rumoi Danish seine 98 19-31 4 27 26 2 54.44 17 12 33 Ishikari
Apr. 21 Obira Gill net 60 20-24 1 20 24 2 1 5483 20 3 Ishikari
Oct. 21 Off Rumoi  Danish seine 222 20-32 1 35 47 7 5467 2 147 Ishikari
Nov. 25 Rumoi Danish seine 111 21-32 5 26 40 2 54.53 3 54 Ishikari
2000 Jan. 24 Rumoi Danish seine 114 21-32 4 41 34 1 1 5443 3 62 Ishikari
Jan. 28 Rumoi Gill net 54 25-29 2 25 20 6 5457 22 8 Ishikari
Feb. 20 Rumoi Gill net 98 24-28 49 Ishikari
Feb. 21 Rumoi Danish seine 89 21-28 3 22 13 1 54.31 3 31 7 Ishikari
Feb. 23 Mashike Gill net 47 24-30 23 Ishikari
Feb. 28 Rumoi-Obira Gill net 100 25-30 3 26 30 1 54.48 49 Ishikari
Mar. 16 Rumoi Gill net 74 24-30 7 32 16 4 5429 42 Ishikari
Apr. 10 Rumoi Gill net 40 24-28 3 15 19 2 1 5458 20 Ishikari
Apr. 10 Obira Gill net 50 23-28 1 27 19 2 54.45 24 Ishikari
Apr. 14 Rumoi Danish seine 91 20-28 1 2 5 23 26 2 54.31 18 2 31 Ishikari
Nov. 2 Obira Gill net 81 21-23 1 18 24 5 1 5473 1 45 Ishikari
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Table 4 Biological characters of herring caught from 1996 to 2000 in the Ishikari Area.

Range of No. of Vertebrae Maturation stage of female
Date Location Gear Nf?;}?f fork(—;l;;gth 51 52 53 54 55 56 57 Mean 10 2;; Slg 50 Population
1996 Feb. 5 Atsuta Gill net 68 24-34 21 13 3 54.51 25 Ishikari
Feb. 14 Atsuta Gill net 33 25-33 Ishikari
Mar. 6 Atsuta Gill net 100 26-34 3 46 49 2 54.50 1 9 Ishikari
Mar. 14 Atsuta Gill net 49 22-32 4 25 19 1 54.35 Ishikari
Mar. 28 Atsuta Gill net 18 22-31 2 8 2 Ishikari
May 29 Atsuta Small set net 4 19-24 1 1 unidentified
Jun. 20 Atsuta Small set net 50 16-22 1 9 23 15 54.08 29 unidentified
Dec. 4 Atsuta Gill net 11 22-25 3 unidentified
1997 Feb. 3 Atsuta Gill net 93 21-28 6 50 22 2 2 5432 29 Ishikari
Feb. 7 Atsuta Gill net 63 18-31 2 35 23 1 5438 29 1 Ishikari
Feb. 13 Atsuta Gill net 14 11-19 9 4 1 5443 6 unidentified
Feb. 24 Atsuta Gill net 60 23-26 1t 26 27 5 5461 5 29 Ishikari
Feb. 26 Atsuta Gill net 87 21-286 3 44 29 5 54 .44 5 60 Ishikari
Feb. 28 Atsuta Gill net 115 22-27 13 55 44 1 54.29 4 56 Ishikari
Mar. 6 Atsuta Gill net 60 23-26 39 Ishikari
Mar. 18 Atsuta Gill net 60 22-26 30 Ishikari
Apr. 25 Atsuta Small set net 26 15-22 10 1 unidentified
May 12 Atsuta Small set net 15 16-30 3 1 4 unidentified
May 13 Atsuta Small set net 45 14-24 11 1 2 unidentified
May 16 Atsuta Small set net 28 15-20 1 4 13 10 5414 9 unidentified
May 19 Atsuta Gill net 24 27-34 110 11 1 5452 11 1 unidentified
Jun. 15 Atsuta Small set net 18 16-24 8 unidentified
Nov. 12 Atsuta Gill net 98 22-28 3 41 47 4 54.55 27 Ishikari
Dec. 19 Atsuta Gill net 100 22-29 1 45 40 9 1 5456 40 Ishikari
1998 Jan. 17 Atsuta Gill net 18 23-26 9 8 1 54.56 10 Ishikari
Feb. 12 Atsuta Gill net 6 23-31 Ishikari
Feb. 18 Atsuta Gill net 99 23-28 1 24 20 3 5452 27 22 Ishikari
Feb. 23 Atsuta Gill net 100 21-29 2 42 49 5 54.56 15 45 Ishikari
Feb. 27 Atsuta Gill net 60 23-29 30 Ishikari
Feb. 28 Atsuta Gill net 100 23-30 4 37 37 4 1 5453 50 Ishikari
Mar. 18 Atsuta Gill net 99 22-27 4 41 49 5 5456 3 47 Ishikari
Apr. 3 Atsuta Gill net 117 22-27 4 58 44 7 5448 89 Ishikari
Apr. 9 Atsuta Gill net 46 22-28 2 19 23 1 5451 2 28 Ishikari
Jun. Atsuta Small set net 24 15-27 i1 5 54.25 16 1 unidentified
Nov. 30 Atsuta Gill net 265 21-33 2 4 55 54 2 54.43 Ishikari
Dec. 9 Atsuta Gill net 28 22-27 2 11 11 3 54.56 11 Ishikari
1999 Jan. 25 Atsuta Gill net 89 21-30 1 11 45 26 4 54.24 2 40 unidentified
Feb. 17 Atsuta Gill net 60 27-32 5 30 25 5433 30 Ishikari
Feb. Hamamasu Gill net 100 22-30 1 9 42 37 8 1 5446 4 46 Ishikari
Mar. 2 Atsuta Gill net 171 24-32 7 45 42 4 54.44 78 1 Ishikari
Mar. 17 Atsuta Gill net 152 21-30 6 52 38 4 54.40 4 46 Ishikari
Apr. 1 Atsuta Gill net 132 20-24 4 55 41 3 5442 56 Ishikari
May 6 Atsuta Small set net 124 16-23 1 15 49 49 8 54.39 16 1 unidentified
May 11 Atsuta Small set net 35 25-32 1 15 17 2 54.57 20 unidentified
May 11 Atsuta Small set net 32 22-25 1 4 12 13 2 54.34 20 unidentified
May 27 Atsuta Small set net 17 21-25 2 14 1 53.94 6 Terpenia
Nov. Atsuta Gill net 16 22-26 6 unidentified
Dec. 10 Atsuta Gill net 15 21-26 8 unidentified
Dec. 21 Atsuta Gill net 136 22-31 3 42 30 6 2 5454 45 Ishikari
2000 Jan. 17 Atsuta Gill net 147 22-30 9 64 63 5 54.45 45 1 Ishikari
Feb. 14 Atsuta Gill net 88 25-31 2 40 Ishikari
Feb. 20 Hamamasu Gill net 87 24-31 5 36 32 3 54.43 35 Ishikari
Feb. 23 Atsuta Gill net 61 22-30 31 Ishikari
Feb. 25 Atsuta Gill net 100 24-31 8 52 33 7 54.39 50 Ishikari
Mar. 13 Atsuta Gill net 118 22-28 i1 8 51 54 3 54.40 56 Ishikari
Mar. 29 Atsuta Gill net 120 22-28 1 7 53 40 9 1 5447 55 2 Ishikari
Apr. 10 Atsuta Gill net 129 22-27 1 3 57 61 3 54.50 68 Ishikari
Dec. 19 Atsuta Gill net 76 22-30 5 19 38 9 54.72 31 Ishikari
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Table 5 Biological characters of herring caught from 1996 to 2000 in the Shiribeshi Area.

Range of No. of Vertebrae Maturation stage of female
Date Location Gear Nf?;:f fork(—clr:;gth 51 52 53 54 55 56 57 Mean 10 2;'2*' 3‘118' 50 Population
1996 Nov. 27 Otaru Gill net 1 - unidentified
Dec. 25 Yoichi Gill net 3 30-33 2 unidentified
1998 Nov. Off Otaru Trawl 12 19-30 unidentified
1999 Feb. 25 Otaru Gill net 76 23-32 4 30 35 6 54.57 31 Ishikari
Feb. 26 Off Otaru  Danish seine 47 24-32 1 21 19 5 54.61 4 18 Ishikari
Feb. 26 Off Otaru  Danish seine 59 21-27 1 22 20 2 54.51 1 24 2 Ishikari
Mar. 18 Otaru Gill net 17 21-25 t 6 8 1 54.56 5 4 Ishikari
Apr. 13 Yoichi Small set net 3 19-25 2 unidentified
Apr. 19 Yoichi Small set net 6 16-19 unidentified
Sep. 19  Off Otaru  Danish seine 40 25-31 17 19 4 54.68 25 Ishikari
Dec. 4 Off Otaru Danish seine 49 24-31 1 3 26 17 1 54.29 40 Ishikari
Dec. 4 Off Otaru  Danish seine 59 21-26 7 22 29 54.38 2 31 Ishikari
Dec. 15 Otaru Gill net 3 24-27 unidentified
2000 Mar. 1 Yoichi Gill net 1 28 1 unidentified
Mar. 1 Otaru Gill net 67 24-30 5 28 28 2 1 5447 41 2 Ishikari
Mar. 13 Yoichi Gill net 3 23-28 2 unidentified
Mar. 15 Yoichi Gill net 18 23-26 12 6 54.33 9 Ishikari

Table 6 Biological characters of herring caught from 1996 to 2000 in the Rirei Area.

Range of No. of Vertebrae Maturation stage of female
Date Location Gear No. of fork-length 21~ 31~ Population
fish (cm) 51 52 53 54 55 56 57 Mean 10 29 40 50
1996 Dec. 16 Off Rebun Is. Gill net 123 24-31 4 25 52 8 53,72 66 Terpenia
1998 Jan. 29 Off Rebun Is. Gill net 72 23-28 2 19 45 6 53.76 44 Terpenia
1999 Jan. 16 Off Rebun Is. Gill net 348 22-31 26 68 21 4 5403 68 Terpenia
Feb. 22 Off Rebun Is. Gill net 245 21-28 1 30 61 26 1 53.97 1 137 Terpenia
Nov. 21 Off Rebun Is. Gill net 121 22-29 34 73 11 1 53.82 1 105 Terpenia
Dec. 16 Off Rebun Is. Gill net 120 22-29 24 54 9 53.83 71 Terpenia
2000 Jan. 13 Off Rebun Is. Gill net 147 23-29 1 23 54 8 2 53.85 85 Terpenia
Feb. 28 Off Rebun Is. Gill net 161 23-28 10 42 7 53.95 1 105 Terpenia
40 ® : Southern part of Rumoi, 1998
O Southern part of Rumoi, 1999
B: Souya, 1998
30 0: Souya, 1999
c% +: Rirei, 1999 |
Oo Oe X: Rirei, 2000 ‘
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Fig. 7 Seasonal changes in the gonad-somatic index[ GSIO of adult female
herring in the southern part of Rumoi and Souya Areas from 1998
to 1999, and for the Rirei Area from 1999 to 2000.
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Annual catch fluctuations and size composition of Ishikari Bay herring
O Pacific herring,Clupea pallasii Valenciennes[for the last 40 years

Shiro TAKAYANAGI*' and Ryotaro ISHIDA **

To cxaminc stock size fluctuation and factors influcncing it, we cstimated annual catches since 1962 using
fishery statistic data and published reports. Also, yearly size compositions of Ishikari Bay herring spawners
caught between 1967-1977 and 1996-2000 were calculated. Annual catches have ranged from 10 in 19930 to 239
Oin 20010 metric tons. Catches have fluctuated on a relatively large scale over a short term in the 1970s,
thereafter decreasing to a low level from the 1980s until 1996. In 1997, catches sharply increased; they have
remained high at levels over 100 metric tons. Fork length frequency distributions of herring showed mono-modal

or bimodal shape, mainly consisted 2-year-old fish(]d mean fork length 23-25 cm, spawning for first time[l. This

result suggests close association with short time fluctuation of Ishikari Bay herring stock.
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Main fishing areas in west coast of Hokkaido
for Ishikari Bay herring.
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Table 1

times and speciments
obtained from Atsuta
area, lIshikari Bay area,
in the present study.

List of sampling Table2 List of sampling
times and speciments
obtained from southern
Rumoi area.

Time of No. Time of No.
Year . . Year ) .
sampling specimens sampling specimens
1967 6 314 1996 5 284
1968 3 137 1997 7 687
1969 4 239 1998 11 832
1970 5 355 1999 10 784
1971 2 195 2000 8 589
1972 2 67
1973 6 542
1974 4 172
1975 5 324
1976 6 450
1977 3 254
1996 5 268
1997 7 538
1998 7 621
1999 8 616
2000 9 565
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Appendix Estimates of annual catches for Ishikari
Bay herringl] Pacific herring Oin the
spawning season since 1962.

Year Area
Ishikari Bay  Rumoi Wakkanai  Offshore
1962 1.0
1963 08
1964 154
1965 16.1
1966 50.6
1967 725
1968 10.8
1969 422
1970 11.8 6.7
1971 782 13.6
1972 15.0 16.6
1973 325 14.8
1974 141 1.0
1975 113 14 1.0
1976 114 3.6 12.8
1977 584 22 1.7
1978 121 1.3 25
1979 5.7 9.1 14
1980 1.2 0.9
1981 9.9 71 1.6
1982 14.9 42 0.6
1983 9.3 2.0 2.6
1984 1.8 0.6 20
1985 0.5 0.1
1986 0.5 0.1
1987 0.0 0.0
1988 04 0.0 1.5
1989 49 0.2 0.0
1990 39 03 0.1
1991 38 02 0.0
1992 14 1.1 0.0
1993 0.3 0.7
1994 42 2.6 0.1
1995 27 14.8 0.2
1996 08 12 0.2
1997 26.7 117.6 125 6.3
1998 418 72.0 29 97.1
1999 81.6 112.8 10.3 115.6
2000 1100 76.1 73 532
2001 170.2 66.6 1.9 454

Provisional in 2001.



