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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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Table.1 Numbers of Ishikari Bay herring from 1998 to
2007 used for analysis of the proportion of

) maturer fish.
: Sampling area i e AT
. . Ha ampleing umper of herrings .
: Spawning ground § Yearclass e Fomale  male total """ £°9"
SO : 1996 3rd Feb. 1998 26 15 a
26th Feb. 1998 14 21 35
1997  24th Jan. 1999 21 19 40
9th Feb. 1999 34 26 60 seine
17th Feb. 1999 24 38 62
1898  24th Jan. 2000 30 19 49 seine
21th Feb. 2000 27 25 52
1999 16th Feb. 2001 78 62 140 seine
2000 _ 24th Feb. 2002 17 12 29 seine
2001 7th_Mar. 2003 74 73 147 seine
2002 20th Nov. 2003 1 4 5 gill net
2003 1st Feb. 2005 195 127 322 seine
2004  22th Feb. 2006 139 174 313 seine
2005  10th Feb. 2007 11 8 19 seine
19th Feb. 2007 8 2 10
Mashike TH D EEESNIAEEO AR FFEITICH W, BERER,
Hamamas AEREER (g) TEBIZE (m) °X105, & LTRDZ,
u ,
Y SRR R DT OB TIRA L, BBES (%) =
NS BB+ W A X 100 & L7zo AFEBASHI SR A
Otaru " - . N . .
___ zenbako . )R VIRT, BFEREE AL g £ TH AL % A L

L, NP E s e Lz,
T, aVAFy ZERY ERLEICLY, MR,

Fig.1 Sampling area and spawning ground of the Ishikari ] - - .
Bay herring. Clear circles indicate the observation BXF LB - REAEEE S 27— &M, O

points of sea temperature by HFES. VAT 4y 0 HBONT Ay HEEL, SO%HRIREILE
RSz,
ZD0, TNLOBEERIBEL, FOERLZEHT S 3. #HAHOEYIX
ZEiE, BEEEELIHL 2T A OIS ERT R AR OIS BT, 1996~ 20054 IC - L%
TH5b, EM e T HARERECY LI VB ORI U

KRR TI, ARER= Y VOMEERFEEHTH LM HO2E (m) 77— 5 2% - BH L, 2055, 7
1k (BEFENTIRIT2E) AORRAEE IOV, KiFE  — 3o Tz 7 H EEIZBIT 51999~ 20054 # O HE
BOAM L2 E# 2 5NA2014EH2EF LI, FOR AIDOVWT, FHEEEFRAN,

BOERE OB EIT, B4 XAPEREEPLERE, 4. SERORHES - U1 T EBEHE - EREE -

EOICEEAEF L FZOBEOKEL ELDBBEERF L  BREBES IUKE & ORER

720 9, SEROBAEEBLUORY A XL EFEE L
OBBREBE Lz, A4 XL LTREEFOMEHAL

MEL L UHE OFHRIE, FHREELEBREEL LCL, FhE0
IWEY I X BVPAIC L DEH Sz 1 B OER

1. BHRICAWEER B SEBOBREEDAFE (BHESR | Stock

1998~20074E 1z, F& L THBEISEIINERT AHIC4  Biomass) Wiz, RIC, FEFORAEESL L UK
FTAHEEZOLNZMEHIZBNT, 1~3ICHAE A XLKEEDBEBERE L, KET— 7, dbk
BEMERCI VIBES NSV VERE Wz (Table RIS X 2 @HIMEEBENC X D, 1997~20064E 1218 657z
1, Fig.l)o 727201, 2002EMIZDOWTIE, MAMRTIEE  JbfE43° 30" ~45°30", B#E139° 00" LLE Ly H 4
EPELNL o727z, 1NAICTRIIMORRES TR i, 2251CB8wT2, 4, 6, 8, 10BXU12H

LI X DS VRS BRIV, KB SN REB L UI00mBOEZHR L. 2L T,
2. BEROBRFAEEG - Y1 AL VIERE INLDKIRT — § % EMIEEF L ZDBEIZONT,

BRI EICBRE (m), HE (g) BIUVEMBEE £H  EBOFHEZRD:,
(0.1g) %#EHEL, HWRoHEEZIT-72, T/, BA%Z PEOF—%%#RnT, FEFLOMOBRASEE LT
FOWTEREESITY, BEAZ5H1IHELTHLIE 34X (AL L OBRIZDWT, Spearman®)E
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1. RAEEDEI
1. 1 SEROVEERER (1K) ORREE
1996~ 20055 AR 2 17 5 i 1 sl O BELEIA % Fig.21C
R L7 MEOBRAEA 131996~ 20004E DEML TIE, 89.5
~100% T&H o 72%%, 20014FF TIiE27.0% & KEETL
720 20024 Tid, 100% & FE Ao 72A8, 2003~20054F
HTIE, 79.0~46.7% L KT LT3, 72, #TYD,
& EREIRROE(LSH LGN T B,
1. 2 S0%M#ELE
1996 ~2005FE I BN THEOLNERI L ORI E L
BF - KRR SO 77 % AWT, UTFToaY A5«
v 7 WMAHERE S/ (Fig. 3)o

T,

ey (%) = Lol O‘SSS(FL -9.82))
T,

0 = 100

1+ exp(—0.078(FL -16.21))

T, BONLNRT X EHWT, SO%RARLER
Kbz, FOFER, 1996~2005EM DERK 5% &I
BELS0%RAREXER, HTi3194.1m, HTE
206.9mm & HEE S, BT A XBHEDH IR E Do 12,
1. 3 HBERORIEREIKAEE

MEHEIZDWT, BERIIBIU A0 1 EAORIE L
BOBRICOWTHET L7z (Fig. 4)o 1996~ 19994E#% T
13220mmE ML E O EAEIE L, MM L100%H B\ ik F

N TANY
~ 80
O\e .
5 60 \%g\ / ‘\\:EE\\._
g \/ ®
? 40 [T —6— Female
o —O—Male

20

O 1 i 1 1 1 i i i i
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Year Class

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
Iength. 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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20034EM LA D ERTIE, 199945 LLET DI H~
230mn & 1 /1 & VB T RUEEI A DR T A5 b iz,
2. BREROVEEBEROTHNELE

19984E~ 2007 ICFE & L THEBIIBWTRES I,
TR L TCHWOR YV VB I BEAEORYEMK:
Fig. SICR L7z SEROBLEMBOE— FIL20024
BTik25emt, 19964 4%, 199844k, 19994 B X U°
20004E4% THE230mE 12 & b AL, 19974E# Tii220mE ¢
B o776 20014E &£ 2003~20054ED 4 D DOHEHL T, W
B 210mE 1A bz, YR EIZ20024 8 T250mm
LEbAE <, 2001485 T217m kB b NS 2002484,
19964E5%, 19994E4%, 20004F#%, 19984E#k, 199744k,
20054E 4%, 20044E%%, 2003%E#%, 20014EHDNETR & »
oh0 PLED X DI, ERETHY A DIk & B
Ho7z,

7 B LAIIRE S 721999~ 2005 0 e EE,
45.1~78.0mDHF TH v, 200148 TH/N, 20024FE %
TR K Tho7: (Table 2),

st ¢ & 51999~20054E 0 1 A O FEHREILEL M
W, #MfaoeROMBBERERNSL L, EERIE
D (r=0.95(p<0.01)) 5B Y, HEAEMDY A XK
XTI, 1RAOT A XTKEWETSED bz,
4. ZEROICEE

BEFOIEFHENELE, MO TS & R
AL OETENECENASNL O EHE L7 (Fig
6)o EHT L OTFHMEHEIZOVTIE, 8.3~9.5D#iFH
THY, 19974 L 20024 THE <, 1996454k & 19994F
BT, REBRERFBDOONIZ, —F, BHAEEH
BRI A o 722001 4E /L TIE8.7TH 1, 1ZIZFHR 2 38
Lo Tz, BB L RO WTH LERAT
IRREE & i 5 &, WE IR IIE EER
Ziro s (%, p>0.05).

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

N=155 ———
Ave=217.0mm
i 2001

451 N=76 ;
Ave=245.4mm
30

F

i
0 1 - :
1 s
45 po————t- N=162 — i %
1997 % Ave=226.4mm :‘5 250 4mn:n |
. ve=250.
30 | ]

2002

N=322
Ave=217.5mm

Frequency (%)

Ave=218.0mm
2004

1

1
2005 | N=29

1 Ave=220.0mm

Fork length (mm)

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.
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&, R A X, BHEB L UEREE, EREEEOER
JRER (Stock Biomass) & ETH (SST) & 100mEDK
B & OBEOFEME & 100m /B DIKiR % Table 31278 L 720
¥/, EEEMTOMHEER (Spearman®MEAIAHET) %
Table 412K U720
MEOEAEGIIET A X (1=0.80) LEREE =~
0.88) & OB TEWHBGREARED b7z (p<0.01), F
7z, FEAEFBED 6 HOKREKEL OB ICE OB
A LN (p<0.05)s 72721, MORAESITERE
B OBIEHEBEIIRD Nk o 7,
PHEIREAELZBEBIRO bN-0iE, ElOR
HEEDIED, FHEFETH), FHELITE, BELE
BOMPIFED SN (p<0.05)0 F 7z, Fy 4 XidHE
HEBEQIOHEORHEKRIREL 4 HB LU 6 BO100mE
K & DR OB RIS b (p<0.05), % B,
RHEE E BRI, BFEER L OMICITHEEERD SR
Loz,

£ =

1. RBEQOHT

FBFETH BRI, 20014885 HE, LAPHE
F£3ALMCBLNI, F7, 2002EMERCT, e
BWarbEoNiz, KFFE=YY (FYTF4yva - an
VETZVY) TH, EFAX6AHT, 9~11H1

LFERS Y ONEENERRAESOENL 17

WL - RO XA EET, I OB D)
TR L READ F T TOREREIGIND T & HHE
ENTWBEY, AIRFER- Y VEENSHfo1I~2 BiC
AR L, I L sNnD 1~ 4 BiTid, BBt
DA PZEARIEEEINCR IR RIRET 29, —H T,
WEEINTH L 1 AT, BRENATHLMH2RUL
WGB3 AFRRLUBRICERNT 2 Z LB/ TS
B INSOKRFERES VY BIURNER-Y YO
IZRT BN SHIET L T, BIFSE CAT o 729 B EII4E
EICBIT 2 RAESOHEFRIIZYTHLIEEZLN
726

2. REEE Y1 X(EBEXR)DEFR

BREEE &R A XL OBICITEWIE ORI BIfRARE
BDHN, BBAEIEIEY A XL BELBEEES LI LD
RENT, T/, 2003ELBEOER TIIET A ZD/HE
WEERO HBEE S 20, Fhcfko T, RAEA
DIRT A LNz, E51T, 2001ER LSO EFH T,
MENE230mn & D RE WERTIZIZ E A EPE L Tz,
—FT, b ok bEAEEDOEKV2001EH T, 230m
BTORERSRATH Y, ZOERITBVTHLNT
B &R A4 XOBBREMOERE RE B> Tz,
COZERDWTORRICEL L, 3 LIHELH,T
wds, BAMTHL 7 A EWICBIT AR Ah
20014EME TR D /D E Do 122 &0, EFRIHOKE
B, FOHBORH A XHE LD 5,
StiE, MR~ REA~RAMORELFEL (R

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

Y Proportion Fork length Stock number  Stock e SST(° C) *x T at 100m depth (° C) *x*

ear N Condition

(class) of mature at age 1 at age 1 onr.nass factor Feb A J A Oct. b Feb. A J A Oct b

female (mm) {x1075) * (metric ton) eb. pr. Jun. ug. Oct. ec. eb. pr.  dJun. ug. Oct. ec.

1996 100.0% 2454 26.2 75.1 83 496 542 1079 1855 1840 17.55 500 401 495 559 608 588
1997 91.9% 2212 55.2 221.0 9.3 490 448 9.84 2001 1457 10.60 507 363 391 535 642 681
1998 89.5% 2345 19.6 284.8 8.7 408 528 1030 1897 16.90 9.81 399 378 387 511 707 762
1999 100.0% 236.8 415 3129 83 355 546 10.83 1958 17.21 12.00 364 314 485 609 676 948
2000 88.2% 234.6 8.4 278.5 87 547 551 11.31 1956 1630 855 456 413 475 681 826 744
2001 27.0% 2170 3741 286.0 87 299 471 1036 19.28 1538 995 325 307 424 480 569 758
2002 100.0% 2453 6.9 739.6 94 495 635 1265 19.32 17.03 9.69 430 415 520 6.01 714 707
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% 217.9 208.3 1,310.3 87 543 653 1076 2042 16.73 11.65 500 428 503 654 800 884
2005 46.7% 2172 116.3 961.6 88 383 631 11.81 19.96 1952 9.36 468 472 601 612 745 659
2006 - - - - - 265 463 1053 20.00 1650 9.96 394 389 446 6.08 6.06 6.68

#:Stock number at age 0 and SSB estimated by VPA (Yamaguchi et al, 2009)

sk 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 C) sk
length at number biomass C?ndltlon
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 #k -0.88 #* -0.52 -0.35 0.13 -041 -0.72 *-0.26 -0.45 0.10 0.01 -045 -054 -027 -009 0.13
Fork length at age 1 (mm) — -065 * -0.14 -0.21 011 -054 -054 -050 —068 *-001 -008 -0.64 *x-062 = —045 -041 -015

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

#x% Correlation cofficient of SST and WT at 100m depth are calculated using data set before 1 year.
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