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Changes in body length and proportion of mature fish at first spawning age in
relation to strength of year class in the Ishikari Bay herring (Clupea pallasii
Valenciennes).

Shiro TAKAYANAGI*, Motohito YAMAGUCHI" and Ryotaro ISHIDA*

Annual changes in body size and the proportion of mature fish at first spawning age (1 year old) were
examined for the Ishikari Bay herring (Clupea pallasii) on the basis of samples collected during January and March
from 1998 to 2007 in offshore waters, near the main spawning ground along the Sea of Japan coast in Hokkaido.
The proportion of mature females varied from 27% (in the 2001 year class) to 100% (in the 1996, 1999 and 2002
year classes). Average fork length ranged from 217 mm (in the 2001 year class) to 245 mm (in the 2002 year class).
On the other hand, the abundance of 1-year-old fish was extremely high in the 2001 year class and relatively low
in the 1996-2000 and 2002-2003 year classes, and at a medium level in the 2004 and 2005 year classes. Spearman's
rank correlation revealed significant correlations among the proportion of mature females, average fork length
and stock number. These results suggest that body size and the proportion of mature fish are closely associated

with strength of year class.
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139° 30’ 140° 30’ 141° 30’ 142°E Table.1 Numbers of Ishikari Bay herring from 1998 to
16N T 46N 20(17 us;dhfor analysis of the proportion of
: , i maturer fish.
E D : Sampling area
-§o eeee : Spawning ground : Year class Sar;lapi:mg fe::r;ber ofr::':ngs ot fishing gear
30 H— RS IO o< A 30 1996 3rd Feb. 1998 26 15 a
iRy 26th Feb. 1998 14 21 35
Wakkanai" 1997  24th Jan. 1999 21 19 40
: L i 9th Feb. 1999 34 26 60  seine
\ 17th Feb. 1999 24 38 62
45° H 45 1998 24th Jan. 2000 30 19 49 ‘
\ Teshio 21th Feb. 2000 27 25 52 Sene
1999  16th Feb. 2001 78 62 140 seine
2000 24th Feb. 2002 17 12 29 seine
| J 2001 7th Mar. 2003 74 73 147 seine
30’ C - 30’ 2002 20th Nov. 2003 i 4 5 gill net
2003 1st Feb. 2005 195 127 322 seine
Tomamae]| 2004 22th Feb. 2006 139 174 313 seine
H 2005 10th Feb. 2007 11 8 19 seine
19th Feb. 2007 8 2 10
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Fig.2 Annual changes in the proportion of mature fish
aged 1 year for the Ishikari Bay herring.
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Fig.3 Proportion of mature females and male by fork
length. Data were obtained from 1996 to 2005 year
classes. Circles indicate the plot calculated by
a logistic regression.
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Fig.4 Interannual changes in the proportion of 1-year-old
mature fish by fork length of the 1996-2005 year
classes.
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Table.2 Average total length of juveniles collected in
early July.

Year Total length Number of

(mm) specimens
1999 52.7 652
2000 67.0 37
2001 451 410
2002 78.0 175
2003 471 240
2004 54.0 1,269
2005 49.6 283
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Fig.5 Annual changes in fork length frequency
distribution of l-year-old Ishikari Bay herring
caught offshore in the Sea of Japan.

N and Ave. indicates the number of individuals
examined and the average fork length of each year
class, respectively.
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Fig.6 Annual changes in condition factors of the Ishikari
Bay herring by maturity group. Upper and lower
ticks indicate the 95% confidence interval.



EREEHRALNTND D, ZAERITBIT 5D FE
&, KA X, IHEB X OEREE, FREAEEDE
JRE & (Stock Biomass) & ZM (SST) & 100mfE »k
B L OBLEDOFEE &£ 100mfE DK % Table 31278 L 72,
F 72, HEEBETOMBIRLR (Spearman®EAAHRE) %
Table 41278 L 725

MEDRAE AR 4 X (r=0.80) & FEREE (r=—
0.88) & DM TE VMRS 57z (p<0.01), F
72, BEAEFBFD 6 A OREIKIRE OBIZHEOMHBIER

BRLNT (p<0.05)o 7272 L, M BHAHIEILEIHTE
B ORICIIHBIRZED Sk o7,
FHRAELHBEZEEIREO N0, FBiok
BEGOIID, FERBETHY, HHEEE, BELR
AOHIATRD N7 (p<0.05)e T 72, ¥ 4 A%

EEBEOIOHOFREKERE 4 HBX U6 AD100mE
KR & D ﬁ@ﬁ%@%#?b%ﬂthxmﬂogb,

BEEIA L AR, BiFERE L OBICIZHERRED SN
Lol

Z =

ooooooooo
AWFFECTHOWERIL, 2001FEH 2B &, 11IA6%
F3HEIES N, 72, 20024EM % RV T, e

WhoEohs, KFE=YY (7Y T4y a - a0

YETEYY) TR, PR A XDLHT, 9~11AK

ARER= Y v OB EIIERRAT GO 17

ERCE - REELD X ATUTRET, Z OEHIZHEELIZIA D
m%&%&ﬂmiifw5mmt “#na &#ﬁi
ENTWBEY, ARER= Y VIZEINYR D11~ 2 A1
WA L, EINEIE SNA 1 ~4 BiCiE, B
DA A TR EIN AR 2 I8 RkilE T 5%, — /T,
WIEIFEIICH A 1 A Cl, BEINMTH D0 2 L
IZHARIEV 3 ARELIRRICEINT A2 Z LMo Tw 5
W, INHLORFFE=Y VBLOUARER=Y Y ORI
2B B BhI 2 S HI LT, AR TIT - 7290 [l B IR 4E

IBITAMAEEOHEH R IR L THLEEILN
726

2. RAEE LEY 1 I(TFHEIR) DR

BOAE A AR A X & DORIZIEER W IE ORI B BIFRATER
DO, BWHEEGIRS A XL FRELERPH S L0
MENTz, F72, 20034FLAED M TIIET A XD/ S
WEEDOBBHE S 20, FUfEo T, BEAEE
DIETHAS Nz, 512, 20014EB AL DLEMR TIZ
MENZ230m & D R E WAEKTIZIZ E A EDE L Tz,
—HT, bokbEIAEEGDEN2001FMH T, 230mm
BTLREBELRATHY), ZOERIIBVTALNT:
R & AR A XOBMRIIMBOERL & RE B> Tz,
COZEIZODWTORKICEHLTIE, B3 LHHLLT
RS, MM THL 7T HEWIZBI AR A X8
20014 TR O /N E o722 ks, EIEHUHONE
fﬁ‘, %0)?&0)52?}147‘47\ FELTREERD 5

i,ﬁﬁ%~%&ﬁ%~&ﬁ%@&§%%t<?

Table.3 Variables for Speaman's rank correlation analysis with proportion of mature females and fork length at age 1.

Proportion Fork length Stock number Stock - SST(° C) *x* T at 100m depth (° C) *x*
Year . Condition
(class) of mature  at age 1 at age 1 Biomass factor
C! female (mm) (x10°5) % (metric ton) Feb. Apr. Jun. Aug. Oct. Dec. Feb. Apr. Jun. Aug. Oct. Dec.
1996 100.0% 2454 26.2 751 83 496 542 1079 1855 1840 7.55 500 401 495 559 6.08 588
1997 91.9% 227.2 55.2 221.0 93 490 448 984 2001 1457 10.60 507 363 391 535 642 6.81
1998 89.5% 234.5 19.6 284.8 87 408 528 1030 1897 1690 9.81 399 378 387 611 707 762
1999 100.0% 236.8 415 3129 83 355 546 1083 1958 17.21 12.00 364 314 485 6.09 6.76 948
2000 88.2% 234.6 8.4 278.5 87 547 551 1131 1956 16.30 8.5 456 413 475 6.81 826 744
2001 27.0% 217.0 374.1 286.0 87 299 471 1036 19.28 1538 9.95 325 307 424 480 569 758
2002 100.0% 2453 6.9 739.6 94 495 635 1265 1932 17.03 9.69 430 415 520 6.01 7.14 707
2003 79.0% 2175 30.8 2,970.5 85 453 568 1073 1755 1581 9.88 417 351 426 508 581 6.09
2004 66.2% 2179 208.3 1,310.3 87 543 653 1076 2042 16.73 11.65 500 428 503 654 800 884
2005 46.7% 217.2 116.3 961.6 88 383 631 11.81 1996 1952 9.36 468 472 601 6.12 745 6.59
2006 - - - - - 265 463 1053 20.00 16.50 9.96 394 389 446 608 6.06 6.68
*:Stock number at age 0 and SSB estimated by VPA (Yamaguchi et al, 2009)
*k:Average SSTand T at 100m depth at the 22 stations observed 2 month apart (Fig. 1)
Table.4 The matrices of the rank correlation coefficient.
Fork Stock Stock " SSTC C) WT at 100m depth (© C) sk
X Condition
length at number biomass £
age 1 at age 1 (metric ton) actor Feb. Apr. Jun. Aug. Oct. Dec. Feb. Apr. Jun. Aug. Oct. Dec.
Proportion of mature female 0.80 **x -0.88 *x -0.52 -0.35 0.13 041 -0.72 *-0.26 —0.45 0.10 001 -045 -0.54 -0.27 -009 0.13
Fork length at age 1 (mm) — -0.65 * -0.14 -0.21 0.11 -0.54 -054 -0.50 -0.68 *-0.01 -0.08 -0.64 *-0.62 * -045 -0.41 -0.15

* Asterisk show the significant level, p<0.05.
** Asterisk show the significant level, p<0.01.

*¥k Correlation cofficient of SST and WT at 100m depth are calculated using data set before 1 year.
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