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Reproductive characteristics of Ishikari Bay herringl Clupea pallasii Valenciennes[]

Shiro TAKAYANAGI*' and Ryotaro ISHIDA*

Localized Pacific herring, so called "Ishikari Bay herring” exists in waters off western and northern part
of Hokkaido, Sea of Japan. Annual catches of herring spawners fluctuated for 1 to 14t in 1980-1996 and have
sharply increased to 158-239 metric tons in 1997-2001. Present study is based on an investigation of specimens
caught by gill net and Danish seine between November 1997 and April 2001 in Ishikari Bay and adjacent
waters. Gonosomatic index and macroscopic ovary appearance suggested that Ishikari Bay herring spawn from
early February to early May, mainly late February and March. Large-sized fish( over 27cm in fork-length
become to mature earlier than small-sized fish, so spawning herring caught in early fishing season were larger
than those of the late season. Condition factor( CF[O decreased in February and/or March at minimum level.
There was positive correlation between egg size and fork-length of mature spawning herring. The relationship
between fecundilyd E0 and fork-length(d FL in cm[ were shown with a regression of E=0.760 FL3-31M +=0.9390

These results are important for understanding stock fluctuation and conducting fisheries management.
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Fig. 1

Sampling areas in the northernwestern waters
off Hokkaido, Sea of Japan. Numerals
indicate fishing district number for Danish
seine and troll fishery.
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Table 1 List of Ishikari Bay herring0 Pacific
herring, Clupea pallasii Valenciennes[]
specimens caught in the waters off western
Hokkaido, Sea of Japan, during the period
November 1997 to April 2001.

Specimens
Date  Month Year Area Gear No. of
Male Female vertebrae

12 Nov. 1997 Atsuta Gill net 71 27 5455
19 Dec. 1997 Atsuta Gill net 60 40 5456
17 Jan. 1998 Atsuta Gill net 8 10 54.56
18 Feb. 1998 Atsuta Gill net 50 49 54.52
23 Feb. 1998 Atsuta Gill net 50 50 54.58
27 Feb. 1998 Atsuta Gill net 30 30 54.54
28 Feb. 1998 Atsuta Gill net 50 50 54.56
18 Mar. 1998 Atsuta Gill net 49 50 54.48
3 Apr. 1998 Atsuta Gill net 28 89 54.51
9 Apr. 1998 Atsuta Gill net 16 30 54.31
30 Nov. 1998 Atsuta Gill net 80 40 5443
9 Dec. 1998 Atsuta Gill net 17 11 54.56
25 Jan. 1999 Atsuta Gill net 47 42 54.25
17 Feb 1999 Atsuta Gill net 30 30 54.33
25 Feb. 1999 Zenibako Gill net 45 31 5457
26 Feb 1999 321% Danish seine 57 49 54.56
2 Mar. 1999 Astuta Gill net 92 79 54.44
17 Mar. 1999 Astuta Gill net 50 50 54.40
1 Apr. 1999 Astuta Gill net 52 80 5442
19 Sep. 1999 379 & 380* Danish seine 15 25 54.68
26 Oct. 1999 321% Danish seine 5 1 5447
Mid Nov. 1999 Astuta Gill net 10 6 -
4 Dec. 1999 365 & 366% Danish seine 35 73 54.36
10 Dec. 1999 Astuta Gill net 7 8 -
21 Dec. 1999 Astuta Gilt net 41 45 54.54
17 Jan. 2000 Astuta Gilt net 91 56 54.45
14 Feb. 2000 Astuta Gill net 46 42 -
20 Feb. 2000 Hamamasu Gill net 42 45 54.43
25 Feb. 2000 Atsuta Gill net 50 29 54.39
1 Mar. 2000 Zenibako Gill net 24 43 54.47
13 Mar. 2000 Atsuta Gill net 60 58 54.43
29 Mar. 2000 Atsuta Gill net 63 57 54.47
10 Apr. 2000 Atsuta Gill net 61 68 54.50
19 Dec. 2000 Atsuta Gill net 32 43 54.74
9 Jan. 2001 Atsuta Gill net 97 119 54.45
9 Feb. 2001 Atsuta Gill net 36 44 5456
16 Feb. 2001 365% Danish seine 100 116 54.49
28 Feb. 2001 Atsuta Gill net 48 50 -
1 Mar. 2001 Ishikari Gill net 37 34 54.49
13 Mar. 200t Atsuta Gill net 59 130 54.57
22 Mar. 2001 Ishikari Gill net 18 26 5457
29 Mar. 2001 Atsuta Gill net 69 74 54.50
24 Apr. 2001 Atsuta Gill net a7 38 54.49
25 Apr. 2001 Hamamasu Small set net 42 98 54.53

* Fishing are for Danish seine in Fig. 1.
— not counted



300000000000000000000000
19990 20260 000000032100000000
00000000oOoOoooOoDo ®oio0000000
020010 2016000000003650000000
000000000000 0000000000000
000049001160 00016500000000000
000000000000 0000000000000
000000000000000000000000
00000 *"0o0oooi1996~20010 2~40000
0000000000000000000000000
0000000000000000000000000
1996~199900000000000000000000
20000020010 000000000000000000
0000O00O000D0O000000
4000000
000000000000000000000000
000020010 20 900 3010000000000
0000000D0O00000002100100000310
0000000000000000000000000
0000000D00000000000000 40" O
0000000000000000000000000
000000000 1000000 10000000
0.l000000000000MO0000000000
000000000000 1000000000000
01000000000000000000 10000
050~60000000000000CCDODOONnOD
0000000000000000000000000
0000000000000000000000000
00000D000000000000000
50000000
19960 20 50019960120 4000019980 2018
0000000D000000000000000000
00000003000 9000000150000027
0000000D000000000000000000
“ 4" 00000DO0DO0D0O0O0O0O0O00O00O0000
0000000D000000000000000000
0000000D000000000000000000
0000000D000000000000000000
O0O0O0* 22" 00000000000 0000000
0’'"0D0oooo0o0000O0D0O0O010000000
00000000000000000 10000000
0000000000000000000000000
00.00lg0 0000000000000 O0O00OO0OD
0000000 300000000000000000
00000D0O0D0000000000000

gooooooooooo 81

600000000

2~3000040000000000000000
000000000000 0000000000000
00000000 Jd./$0000000197~198300
1989~19920 000 0000000000000 000
000000000000 0000000000000
000000000000 000000 100001~
1000000%000000000000000000
004,12200000000000000000 ZO0O
000000000000001997000000000
0000000000000000000000000
0000000000000000000000000
0D00000000000000000
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
oooo 4

SD+
(% Average
138

SD-

132

30+ 180

S |
N
o
;CE—{
2
e
.
e
W
[=3

Female
179

40 +
r 119

30 |

GO 20}

) 2 -

H : i T 1
NDJFMAM JJASOND) FMAM JJASOND) FMAM JJASONDJ FMAM
g7 ¢ *08 H 399 H 00 o

Fig. 2 Seasonal changes in gonosomatic index[] GSI[]
from Ishikari Bay herring. Numbers indicate
sample size.
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Table 2 Comparison of mean condition factord CFO

and standard deviation] SDO of full mature
herring. There were significant differences
expect 1998-1999 in males, and 2000-2001
in females.

Year Male Female
1998 8521(0.495) ] 8.244(0.673)

1999 8543(0.590) — 8.422(0.603)
2000  8.862(0526)  8.642(0.524) ]
2001 8.734(0556)  8631(0.559)

Average(SD)
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Table 3 Comparison of mean condition factord CFO
and standard deviationd SDO among
different mature stages. There were
significant differences expect in “ 31-33"

and “ 40" stages.

Male Maturity  Average(SD) SD
20 9.061(0.761) 0.761
30 8.683(0.563) 0563
40 9.356(0.641) 0.641
Female 20 9.667(0.562) 0.562
22 8.986(0.841) 0.841
31-33 8.607(0.556) 0.556 ]
40 8.502(0.609) 0.609
50 9.394(0.572) 0.572
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Comparison of mean fecundityd F25,27 and
F300 among different populations
distributed around Hokkaido, northern

Japan.
Ishikari Mangoku— Hokkaido—
Bay urax| Sakhalin*2 Notorox3
a:(F=al"b) 0.760 0.328 0.234 0.000348
b: (F=alL"b) 3.344 3.620 3.702 5914

F25 35,936 37,707 35,026 64,416
F27 46,483 49,821 46,572 —
F30 66,116 12,955 68,789 -
F: fecundity, L:fork length in ¢m

*1:after Kodama (1997)

*2:caluclated from Yamaguchi (1926) data

*3:after Kanno(1989)

~ not calculated.
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Natural spawning beds of herring in the Rumoi district along the coast of
northwestern Hokkaido from 1998 to 2001

Shoichi AKAIKE*', Masahide TADA*?, Akio TAKIYA*!,
Yoshihiro IMAI*', Shin-ichi NABATA*®, Keizo YOSHIMURA*!,
Susumu KIYOKAWA*4, Katsuhiko MIZUNO* and Wataru KAWAI*

Natural spawning beds of herringld Clupea pallasiill were investigated along the Rumoi coast, Hokkaido,
Japan from 1996 to 2001. Seven spawning beds were found at seaweed beds shallower than 2m deep from 1998
to 2001. Milky-white turbidity of the sca surface duc to herring spawning was obscrved in three times[ Reuke
in 1999, 2001 and Onishika in 2001l Estimated total number of cggs ranged from 84.5X10% 1o 263.1X10°, average
cgg density ranged from 10834 to 571000/, and maximum cgg density ranged from 176 X10° to 2.5X105/mt.
Species of seaweeds attached with the large number of eggs were Phyllospadix iwatensis, Sargassum confusum,
and Coccophora langsdorfii. Daily average of water temperature during spawning periods ranged from 2.8 to
4.7C . Spawning bed salinity in these periods was diluted and fluctuated due to melting snow. On spawning
days, it was calm with the character of low wave height, low wave velocity, easterly winds, and cloudy sky.

Spawning herring schools were belived to approach spawning beds from offshore through sea-floor trenches.
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Spawning beds of herring in Rumoi sub-prefecture from 1998 to 2001.

Survey date (Spawning date)

Location

Spawning area

Depth range

(shoreline X offshore)

Estimated total number

of released egg

Average egg

Maximum

Herring egg attached seaweed

(m) (m) (No.} density (No./mi)
7 -
March,18.1998 Shiomi(Rumoi Port area) 80 % 40 05~2 (1,827,200,000) ™' _671.092)° Pi, etc
1,475,388
March,18,1998 Sandomari(near the remains of the stranded ship) + 05~1 — - Pi, etc.
March 31,1998 Sandomari (northeast of the fishing port) + 05 - - Sc. ete.
10.834
March,31,1998 Usuya 120 %50 0.5~1 84,504,400 E—— Sc, etc
175,997
April, 8,1998 Sandomari(south of the fishing port) + 05 - — Sc, etc
21,631
March.18.25.1999 (March,18) Reuke 500100 03~1 2,163.100.000 Pi. 8l. Sc, Cl. ete
883,568
April, 6,1999 Shiomi(Rumoi Port area) + 07 - - Pi, etc.
March.21.2000 (March,21) Reuke + 05~1 - - Si, Pi, Sc, ete
March,28.2000 Reuke + 0.5~1 - - 8I, Pi, Sc. etc
April, 18,2000 (March.30-April.2?)  Shiomi(Rumoi Port area} Drifted algae - - - Sc, Ch
May, 1,2000 (March,30-Apri,2?)  Shiomi(Rumoi Port area) Drifted algae — - - 8¢, Ch
May. 1,2000 (March.30~-April,2?)  Sandomari(near the remains of the stranded ship) + 05 - - Sc, Pi, Go, Ck. M;, etc.
33,956
March,29,2001 (March,26) Reuke 300 %100 05~1 1,099.334.759 —_— Sc, Cl, Pi, etc
1,005,052
March,29,2001 (March,26) Shiomi(Rumoi Port area) + 0.7 - - Sc
April, 9.2001 (April 1) Orishika 150% 10 05~1 - ———— P Sc Na P, etc.
2462705
April. 9.2001 (April.1?) Usuyalthe fishing port area) * + 1 ~ - Up

~+ : Spawning area was small and sparse egg distribution.

— :No data.

*1:The estimates would be overestimated due to a small number of samples(n=40).
*2:Direct observation was not conducted. Herring egg attached alga( Undaria pinnatifida) was obtained.

The locations represented spawning date were confirmed by mitky white turbidity of sea surface due to herring spawning.

Pi: Phyllospadix iwatensis, Sc: Sargassum confusum, Cl:. Coccophora langsdorfii, Ch: Cystoseria hakodatensis, Up: Undaria pinnatifida, S\: Scytosiphon lomentaria,

Na: Meorhodomela aculeata, Pf. Petalonia fascia. Go: Grateloupia okamurae, Ck: Ceramium kondoi, Mi: Mazzaella japonica

Rumoi port

Laminariales

Rumoi river

(Drifted algae)

Other
macroalgaey

The remains of
the stranded ship

Fig. 3
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Fig. 4 Milky-white turbidity of sea surface due to
herring spawning at Reuke coast, Rumoi on
March 18, 1999.
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Numerical distribution of herring eggs at the
spawning bed, Reuked March 25, 1999 [O.
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Numerical distribution of herring eggs at the
spawning bed, Reuked March 30, 2001 0.
Large number : 408642 + 2817900 no./nf
,mean+SD, n=40, Small number : 32343 +
89270 n=50, Sparse : 3016 £3412] n=200, ND
: No data.
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Effect of vegetation and topography on the spawning bed selection of herring,
Clupea pallasii.

Hiroshi HOSHIKAWA*!', Ken-ichiro TAJIMA*® and Tadashi KAWAT*3

Pacific herringl] Clupca pallasiill spawn in Atsuta, on the west coast of Hokkaido, northern Japan, was
surveyed by divers in 1998 and 1999. Some grooves cxisted on the flat rocky shore developed at Mincedomari,
Atsuta. Spawning beds of herring were located near the grooves year by year. Herring used sea grass,
Phyllospadix iwatensis, as spawning substratum. Maximum egg density was 101,375 per small quadrate[] 0.25m
X0.25m0in 1998. Sea grass biomass affected egg density. Sea grass biomass, leaf density and number of eggs
per sea grass biomass unit were significantly higher within grooves outside of them. These surveys showed that

egg distribution is dependent on the sea grass density and the groove existence on the rocky shore available for

use as a passage to enter the shallower area at Minedomari, Atsuta.
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Table1l Biomass of vegetation and number of eggs per vegetation biomass in the spawning beds at Minedomari, Atsuta
April 10,1998 (N=43) March 25,1999 (N=33) April 16,1999 (N=38)
Vegetation biomass(g) No.eggs/Veg. bio. |Vegetation biomass(g) No.eggs/Veg. bio. |Vegetation biomass(g) No.eggs/Veg. bio.
Species Average S.E. A.F. |Average S.E. |Average S.E. A.F. |Average S.E. |Average S.E. A.F. |Average S.E.
Phyllospadix iwatensis 67.56 12.26 0.58 | 45.54 20.27 {118.39 8.53 1.00 | 36.80 7.96 | 69.93 10.05 0.84 3.93 1.74
Cystoseira hakodatensis 475 3.44 0.07 0.00 - 1.44 1.42 0.06 0.00 - 6.43 475 0.18 1.33 0.99
Sargassum confusum 1.41 1.4 0.02 0.00 - 0.23 0.23 0.03 0.00 - 7.95 6.24 0.05 0.00 -
Laminaria spp.* 68.74 21.55 (.42 0.00 - 8.23 414 0.33 0.00 - 11.66 452 0.45 0.00 -
Palmaria palmata 432 317 0.14 0.00 - 3.46 300 0.15 0.00 - 6.19 449 0.16 0.00 -
Mazzaella japonica 3.99 263 0.07 0.00 ~ 1.83 0.85 0.21 0.00 - 53 252 021 7.58 7.58
Symphyoclodia latiuscula 0.72 0.47 0.07 0.00 - 0.46 0.26 0.15 0.00 - 0.07 006 0.05 0.00 -
Laurencia nipponica 0.42 0.42 0.05 0.00 - 0.10 610 0.03 0.00 - 0.58 0.58 0.03 0.00 -
Ulva pertusa 0.82 0.43 0.16 0.00 - 0.10 0.06 0.09 0.00 - 0.26 0.23 0.05 0.00 -
Polysiphonia morowii 0.30 0.29 0.05 0.00 - 0.26 0.19 0.06 0.00 - 0.16 0.16 0.03 0.00 -
Congregatocarpus pacificus 0.00 - 0.00 - - 0.01 001 003 0.00 - 0.00 - 0.00 - -~ -
Monostroma nitidum 0.27 0.21 0.05 0.00 - 0.03 003 0.03 0.00 - 6.24 3.56 0.18 0.00 -
Neorhodomela aculeata 0.00 - 0.00 - 0.00 - 0.00 - - 0.78 .76 0.05 0.00 -
Petalonia fascia 0.00 - 0.00 - - 0.00 - 0.00 - - 0.20 0.14 0.08 0.00 -
Ceramium kondoi 0.61 0.59 0.05 0.00 - 0.00 - 0.00 - - 0.18 012 o1 0.00 -
Chondrus elatus 6.45 439 0.07 0.00 - 0.00 - 0.00 - - 0.36 03 003 0.00 -
Chondrus yendoi 1.53 1.26 0.05 0.00 - 0.00 - 0.00 -~ - 0.00 - 0.00 - -
Grateloupia turuturu 6.90 530 0.05 0.00 - 0.00 - 0.00 - - 0.00 - 0.00 - -
Grateloupia varicata 0.12 0.09 0.05 0.00 - 0.00 - 0.00 - - 0.00 - 0.00 - -
Tichocarpus crinitus 115 0.80 0.05 0.00 - 0.00 - 0.00 - - 0.00 - 0.00 - -
Hyalosiphonia caespitosa 0.02 002 002 0.00 - 0.00 - 0.00 - - 0.00 - 0.00 - -
Dasya_sp. 0.01  0.01 0.02 0.00 - | 0.00 - 0.00 ~ - 0.00 - 0.00 - -
*:Laminaria religiosa, L. ochotensis, and L. cichorioides S.E.:Standard Error Veg. bio.:Vegetation biomass (g)
A.F.:Appearance frequency (Number of quadrates in which the species appeared per surveyed quadrates number).
Table2 Number of eggs/biomass of sea grass and sea grass biomass, leaf length and leaf density in and
outside of grooves
Inside of grooves Outside of grooves
Year Item Average S.E. Average S.E. t-value  d.f. p
1998 No. eggs/sea grass 101.35 41.00 1.69 1.42 2.428 10 0.02<p<0.05
Sea grass biomass(g) 117.90 26.59 45.70 1143 2497 17 0.02<p<0.05
1999 No. eggs/sea grass 48.50 10.73 16.32 564 2.653 32 0.01<p<0.02
Sea grass biomass(g) 130.45 9.75 86.60 10.01  2.516 32 0.01<p<0.02
Sea grass leaf length (cm) 33.22 2.35 29.34 2.19 1.014 32 n.s.
Sea grass leaf density 407.72 28.75 293.42 33.21  2.602 27 0.01<p<0.02

n.s.: not significant S.E.:standard error
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