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Relationship between female body size and egg and larval sizes in Pacific herring Clupea pallasii
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Size variations in eggs and larvae and their relationship with female body size in Pacific herring Clupea pal-

lasii were examined. Spawning adults were captured in Ishikari Bay, Lake Furen, Lake Akkeshi and Miyako Bay

in 2013 and 2014. Compositions of body size and age of adults were different among spawning areas. Fish older
than age 3 (larger than 25 cm in body length) dominated in Ishikari Bay and Miyako Bay, while age 2 fish (20-23
cm in body length) dominated in Lake Furen and Lake Akkeshi. Artificially fertilized eggs and hatched larvae
were obtained from adults caught from those four areas. Positive relationships were found between fork length of

parental females and egg diameter, dry weight, larval notochord length, dry body weight, and yolk sac volume.

These results suggest that larger females produce larger eggs and larvae.
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Fig. 1 Collection areas of adult Clupea pallasii used for
artificial fertilization.
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Table 1 Adult Clupea pallasii used for artificial fertilization
Female Pooled male
Study area Collection date
Age  No. FL SL BW GW Age FL SL BW GW
Ishikari Bay 25 Feb 2014 3 1 30.0 26.4 298.0 68.7 3 30.3 27.0 382.1 88.2
2 31.0 28.0 378.1 98.5 28.5 25.7 312.8 74.5
3 30.7 27.2 319.4 62.0 31.7 28.5 392.7 98.9
4 29.1 25.9 279.0 61.2
25 Feb 2014 4 1 31.1 28.0 376.7 91.0 4 29.8 27.0 302.4 56.9
2 29.0 26.3 283.0 59.9 29.4 27.1 325.6 69.8
3 33.7 30.7 492.1 116.2 32.6 29.5 376.5 49.2
4 31.2 29.0 412.3 103.8
Miyako Bay 04 Mar 2013 2 1 24.6 23.0 163.4 35.1 2 23.8 21.8 142.5 28.6
2 25.0 23.2 185.6 39.6 24.4 22.8 154.2 30.7
3 24.8 23.0 177.7 37.9 24.4 22.4 155.7 29.7
24.6 22.8 146.7 21.6
25.2 23.8 173.3 30.4
25.2 23.8 173.0 21.0
25.2 23.4 176.4 25.9
25.8 23.8 159.9 22.5
04 Mar 2013 >3 1 30.6 28.2 309.0 75.1
06 Mar 2014 1 25.9 23.6 162.0 25.0 2 23.6 21.6 138.0 30.0
2 25.8 234 170.0 37.0 25.2 24.2 151.0 24.5
3 24.9 23.8 144.0 28.0 25.4 23.2 157.0 25.6
4 25.2 24.2 163.0 27.0 25.0 23.4 158.0 30.2
29 Jan 2014 >3 1 30.7 29.2 372.0 99.0 >3 — — — —
2 30.6 28.9 367.0 92.0 — — — —
3 28.4 27.0 278.0 93.0 — — — —
4 29.6 28.0 308.0 69.0 — — — —
Lake Furen 15 Apr 2014 2 1 23.0 21.8 125.0 24.0 2 23.2 22.4 133.0 19.0
2 23.3 22.6 148.0 31.0 21.7 20.6 112.0 25.0
3 23.2 22.2 131.0 24.0 22.5 21.7 124.0 20.0
4 22.8 22.2 124.0 21.0 214 20.7 111.0 22.0
15 Apr 2014 3 1 27.9 27.0 293.0 66.0 3 27.2 26.0 220.0 35.0
2 26.7 25.8 244.0 42.0 27.5 26.9 260.0 48.0
3 28.5 27.7 312.0 62.0 27.8 27.0 255.0 45.0
4 27.5 26.6 269.0 61.0 26.7 25.8 223.0 35.0
Lake Akkeshi 23 Apr 2013 2 1 22.8 21.4 129.2 22.3 2 23.4 21.4 126.8 15.8
2 23.7 21.9 143.6 26.6 23.6 21.8 129.6 15.9
3 22.8 21.2 132.9 23.5 23.7 21.9 137.3 18.7
23 Apr 2013 3 1 26.9 24.8 251.0 54.0 3 26.8 25.2 231.2 39.4
2 26.7 24.1 226.4 40.7 25.7 23.6 188.4 32.9
3 27.7 25.3 257.0 70.8 27.5 25.1 210.0 12.3
16 Apr 2014 2 1 241 165.6 441 2 22.0 109.4 15.0
2 23.9 162.5 38.1 23.0 122.3 18.9
3 24.2 — 169.8 42.8 23.5 — 146.4 21.0
4 23.8 — 163.0 35.1 24.0 — 154.0 274
16 Apr 2014 3 1 26.8 — 222.8 44.7 3 27.3 — 250.7 57.0
2 27.0 228.6 48.7 27.0 241.2 42.7
3 275 231.8 52.6 27.3 209.8 25.3
4 27.6 — 245.0 51.1 26.6 — 212.6 44.8

FL, fork length in cm; SL, standard length in cm; BW, wet body weight in gram; GW, gonad weight in gram. In Miyako Bay, adults were classified into
two groups, age 2 and over age 3 since it was not possible to identify the age over 3 years old; sperm obtained from age 2 males (z = 8) was used for all ar-
tificial fertilization in 2013. —, No measurement.
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Fig. 2 Frequency distribution of body length in adult
Clupea pallasii caught in the study areas; by trawl net
in Ishikari Bay, and by set net in other areas. Horizon-
tal bars with numerals in each panel indicate size
ranges and ages of adult females used for artificial fer-
tilization.

cm fER, 3 kA 26-27 cm MERE T - 72, 2014 I
13 2-6 BEOEINB AN EEIN, 25 & 3 M 82
X bl BRYRORMMIT 22 cm B TH - 72,
ANTEREICH - B U, 2 ) 23-24 cm BS#R,
3D 26-27 cm PR CTH - 7=,

DIfFfa A ZOZPEEBIZOWT, HERAT &I

Yl & EEHE(R 26 % Table 2 1277 L 72, 2013 4EDJE R
KBTI REROBIEPTELETH - 720, &
FR, WAE, WHEAEZIEL 20 -7, SHEEHE
HONPEMEOHFA L, I 1.25-1.50 mm, Y&z HEE
0.130-0.294 mg, HFHEE 6.60-8.59 mm, (K 0.069-
0.133 mg, PHFEZEMARE 0.035-0.213 mm?® Th - 7=, M
BRORBRYE L &AIEHEH & ORfR% Fig. 3 & Table 3
IR L7z, BIRICOWT, &7 — 28, et W
BHRBEO L T THRERPEE TH - 72 ($<0.05),
R A TOMRIIEETH - 72h, THERAORRIL
HEThP -7, WHERFGAEICOWT, &7 —X
B, MBEEMEREE, WIBME RO TTHRRBAERE T
Btz (p<0.05), REEX A TBIULZHIEHORHR
BHEBCThD» -7, BRREWEEFEICOVWT, £
F— R B LB RE TR EIRREAEETH - 720
(p<0.05), WHHEERHETIEREEPEE T/
(F#E : p=0.16, JIEZEAR : p=0.12),

% £

LT — 2B, MBEEEREE, WIBHEREOE£TT, MH
BORYR EZREINOR, wER, WhHEOwGE L
DOMICHERBZIEOBRPRI NI, T2, &£T— X
WEHEREET, EHEORYR EBILHFEOBFRE, I
I & OMICEE R IEOBERIREIN/, ThHD
BR»D, BRBRICAERT A2V VICRBWT, MR
DEREDPKE T EELETIOY A LML 7ofF
DETA XY KREVWEEZDOND, 72721, WBHENRAE
TRIEHBORIR L HFRE, INHEARE L OBIGRNE
BThL, 75— TRINICABREORRKRID, F
XA T ORNTER Y 5 B2 OBIRTd 5 Al et A
H5., L, BEERECKY CERREAFRE T
Mol EiE, RBFRICIBW RO, HFEE T
ICRAKUFERIOIELSERD D, FROBEEICEL > T
BIEBEOG AR EL 7LD LT -7 &Ik HAEEN:
bFEZ LN A,

ALYV ORERKTIE, MRBOKRE -
Oy A X EDOBICEEEBRDPRD BT a 1718
Tz, EEERICRONDI0Y A XOBE 2T HER &
DEEDOATIIHRWATE S, EINEOREOFENIEMH
TRNTWVWAHL20 =3 2B\ Th, HERADERERDY
PR A AEROETEHBT 5D TiE L, HBK
YA ZAUNDOERBERPELET S BELPH S, L
L, ANLEFRSICEERL 2RI, Fik, /B BRES
PE—OHN =3 /213 4) TBWTREIENIL
LTkY, Iy A X% ANER, BYXELZHAERK
L LTCPIRREAEE TR WEERDH > 12s TDI20,
BYRAIERE L L AEERT T E R TS, T,
R, BEFEOWCTNOBERBIMF Y A e 5



=V OMER BT A R LIMFRY A AORR

471

Table 2 Sizes of fertilized eggs and hatched larvae obtained from each adult female Clupea pallasii

Adult Fertilized eggs Hatched larvae
Area, Year female Diameter Dry weight Notochord length Dry body weight Yolk sac volume
Age No. mean =+ SD mean £ SD mean £ SD mean =+ SD mean £ SD
Ishikari Bay, 2014 3 1 1.44+0.05 0.284+0.021 7.69+0.22 0.100£0.005 0.213+0.035
2 1.46+0.04 0.262+0.015 7.77£0.41 0.113+£0.006 0.124+0.053
3 1.43+0.03 0.221£0.015 7.23+0.30 0.097 £0.004 0.146 £0.030
4 1.44+0.03 0.239+£0.012 7.58+0.35 0.103+£0.004 0.132+£0.041
4 1 1.44+0.03 0.240+0.012 8.05+0.28 0.130+£0.006 0.105+0.048
2 1.44+£0.04 0.256£0.021 8.06£0.23 0.109+0.008 0.119+0.034
3 1.48+£0.04 0.294 +0.020 8.43+£0.22 0.133+0.004 0.211+0.034
4 1.45+0.04 0.254£0.020 8.25+0.23 0.116 £0.002 0.165+0.033
Miyako Bay, 2013 2 1 1.34+0.04 0.162+0.009 8.21+0.23 0.072+£0.004 0.074+£0.027
2 1.31+£0.06 0.167+0.008 7.36+0.31 0.072+0.004 0.083+£0.043
3 1.36 £0.03 0.176 £0.010 8.26+0.17 0.074+0.004 0.079+0.023
>3 1 1.38+£0.03 0.162+£0.013 8.06£0.22 0.070+£0.004 0.068 £0.027
Miyako Bay, 2014 1 1.44£0.03 0.200+0.020 7.61£0.23 0.099 £0.005 0.137+0.021
2 1.42+0.02 0.222+£0.008 7.81+0.25 0.102+0.004 0.134+0.019
3 1.42+0.02 0.226 £0.009 7.42+0.17 0.095+0.004 0.173+£0.030
4 1.33+0.03 0.181+0.011 7.65+0.15 0.080+0.004 0.069+0.011
>3 1 1.46+0.05 0.261+0.017 8.26+0.18 0.105+0.004 0.094 +0.024
2 1.47+0.07 0.278+0.013 8.21+0.47 0.106 £0.004 0.092+0.036
3 1.50+£0.04 0.262 £0.022 8.59+0.24 0.118+0.006 0.096 £0.023
4 1.39+£0.04 0.224+0.010 8.03+£0.21 0.121+£0.004 0.070+£0.018
Lake Furen, 2014 2 1 1.29+0.03 0.190+0.010 6.60+0.26 0.071+0.003 0.035+0.010
2 1.30+0.03 0.158+£0.018 7.09+0.18 0.084+£0.005 0.066 £0.014
3 1.34+0.04 0.158£0.005 7.16+0.18 0.083+£0.006 0.045+0.010
4 1.29+0.03 0.177+0.009 6.80+0.19 0.069+0.006 0.046+0.010
3 1 1.31+£0.04 0.171+£0.006 7.02£0.15 0.077£0.004 0.061+0.020
2 1.35+0.06 0.201+0.008 7.10+0.20 0.100+0.004 0.100+£0.019
3 1.38+£0.03 0.207£0.010 7.74£0.21 0.117+0.004 0.116 £0.021
4 1.50£0.03 0.264 £0.006 7.61+0.28 0.101+0.004 0.070+0.021
Lake Akkeshi, 2013 2 1 1.28£0.04 0.130£0.007
2 1.33+£0.04 0.139+0.007
3 1.30£0.03 0.141£0.005 — — —
3 1 1.30+0.04 0.181+0.008 — — —
2 1.33+£0.05 0.151+0.003 — — —
3 1.39+£0.05 0.194+0.008
Lake Akkeshi, 2014 2 1 1.30£0.04 0.183+0.010 7.46+0.47 0.087+£0.006 0.105+0.029
2 1.30+0.03 0.200£0.008 7.45+0.21 0.102+£0.004 0.089+0.014
3 1.32+£0.03 0.179+0.011 7.22+0.19 0.088+0.005 0.063£0.009
4 1.25+0.04 0.175+0.010 7.30+0.23 0.088 £0.005 0.064+£0.013
3 1 1.32+£0.04 0.217+0.011 7.60+0.17 0.105+0.003 0.104+0.015
2 1.32+0.03 0.187+0.010 7.38+0.23 0.088+0.003 0.062+0.013
3 1.41+0.05 0.224+0.010 7.62+0.28 0.111+£0.003 0.084 +0.020
4 1.48+0.03 0.269+0.008 7.81£0.31 0.130+0.006 0.113+£0.030

Diameter in mm, # =50; Dry weight in mg, n = 35; Notochord length in mm, z = 35; Dry body weight in mg, #» = 35; Yolk sac volume in mm3, #n = 35. Ferti-
lized eggs were collected on the same day as the parents. Hatched larvae were collected 12-14 days after fertilization.
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HERR L L O REAL, EIS» S~ EF D
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TREINT 5,22282980 FGEBRFELERMARF L EOM
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KT 53 A TSN TEINT 5,143233) RFEDH)
BT R R, RO SE - BE L Tk
FTHLIEDERBMINTVSLDOD, 3 FEEICEBOREE
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Wit 2-38%, FHLEN19.3-275ecm TH Y, /I
T —FENT YV R0 LRI BRD %0 T
R E R 0.12-0.14mg & OV —HEN=Y
DG BT, BEHFEAL PHFRES 6.0mm &
IINITH D9 YLD &6, EHERANIE S T4
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BYAXHPIVEWSHEHAD, —vvBERBEICHET
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B —FEIN_ VIV, REAKEVWE
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Table 3 Summary of simple regression analysis and ANOVA table of the general linear models

Simple regression analysis

ANOVA table of the general linear models

Objective
variable Parameter t R- Sum of Mean of F
estimate SD Value Pr> || Square df squares squares Value Pr>F
Egg All dat Intercept  0.88 0.068 12.92 <0.001* 0.57 FL 1 0.12 0.1200 59.34 <0.001*
; ata .
diameter FL 0.018  0.0025 7.32 <0.001* Type 1 0.0096 0.0096  4.81  0.034*
FL*Type 1 0.0029 0.0029 145 0.24
Oceanic Intercept 1.07 0.092 11.60 <0.001* 0.44 Error 38 0.076 0.0020
type FL 0.012 0.0032 3.79  0.0014* ’
FL 1 0.12 0.1200 58.66 <0.001*
Brackish Intercept  0.84 0.13 6.47 <0.001* 0.42 Type 1 0.0096 0.0096 4.76  0.035*
type FL 0.019 0.0051 3.77  0.0012* ’ Error 39 0.078 0.0020
Egg dry All dat Intercept -0.099 0.042 -2.35  0.023* 0.57 FL 1 0.019 0.019 21.33 <0.001*
; ata .
weight FL 0.011  0.0016 7.27 <0.001* Type 1 0.027 0.027  30.26  0.034*
FL*Type 1 0.0001 0.0001 0.001 0.98
Oceanic Intercept -0.072  0.072 -1.0 0.33 0.49 Error 38 0.033  0.001
type FL 0.011 0.0025 4.19  0.001* ’
FL 1 0.045 0.045 52.35 <0.001*
Brackish Intercept -0.082  0.077 -1.08  0.29 0.38 Type 1 0.001  0.001 0.60  0.44
type FL 0.010 0.0030 3.51  0.0022* ’ Error 39 0.033 0.001
Notochord Intercept  4.89 0.60 8.15 <0.001*
All dat: 0.38
length R 0.10  0.022 460 <0.001*
Oceanic Intercept  6.66 0.86 7.73 <0.001*
type FL 0.044 0.030 148 0.16
Brackish Intercept 4.93 0.88 5.61 <0.001* 0.34
type FL 0.093 0.034 2.70  0.017* ’
Dry body All dat Intercept -0.014 0.022 -0.64 0.52 0.44 FL 1 0.0050 0.0050 26.88 <0.001*
; ata R
weight FL 0.004 0.001 516 <0.001* Type 1 0.00042 0.00040 2.23 0.14
FL*Type 1 0.00002 0.00002 0.11 0.74
Oceanic Intercept -0.032 0.034 -0.95 0.35 0.46 Error 32 0.0060 0.00018
type FL 0.0046  0.0012 3.96 <0.001* ’
FL 1 0.0050 0.0050 27.62 <0.001*
Brackish Intercept -0.042 0.041 -1.03 0.32 0.44 Type 1 0.00042 0.00042 2.29 0.14
type FL 0.0053 0.0016 3.34  0.0048* ’ Error 33 0.0060 0.00018
Yolk sac Intercept -0.16 0.057 -2.23  0.032*
All dat: 0.32
volume R 0.0083 0.0021 4.02 <0.001*
Oceanic Intercept -0.044  0.10 -0.43  0.67
type FL 0.0057 0.0035 1.62 0.12
Brackish Intercept -0.10 0.068 -1.52 0.15 0.33
type FL 0.0071  0.0027 2.65 0.019* ’
o 72, DS CHHE L 7 F S & - b BBHEIEERIO = Y U RBHICE 0 Th, BARICK

T, SREY & BT HHEME, ZV VIBA
HOARRICHE L5 2 55K & U CEMBIA L O R
BELIRMTAHOIEL,8392D 2 (v /a3 /D
BFICHEINT AEERNC VT, BT RO A
e, BHETCOBL»rOREIEREE TOHK
(point of no return) 7%, FIEICEINT HMEMAEFHICH L
ENZNRI BEDMEE & 520 BIFBE 58 & IS

MO % PFEAR T Z L1, KAPBHEREO Y A7 wfitg
L, HFEPEERTDHERY EFH LICBRHEEZD
N5, =T, WEMERERLO =2 REEPEINS &
PP 75K, e EE TRPRE OFE R O
&, BIRIC X o TR B % #iPH 2 R B & &
RENS, FRMEBLOTVWERRE TH S, KESLES
OEFIPL THS LD KL OD, Zvvidlh
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