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On the Life History of Herring, Clupea pallasii Cuvier et
Valenciennes, in the Brackish Lake Notoro, Hokkaido

I. The composition of body length, vertebral numbers
and the time of ring formation on the scales

Yasuji Kanwo*

Abstract

Thirty-three samples of herring were obtained in Lake Notoro, a brackish lake
facing the Okhotsk sea, from April, 1973 to May, 1976 to analize the composition
of body length and the vertebral numbers, and to estimate the time of ring
formation on the scales. The results were summarized as follows.

Two different size groups of the herring were observed in Lake Notoro; The
smaller size group less than 17 em in body length, is a land-locked herring which
inhabites the lake all year round and spawns in dwarfish form. Another larger
size group above 18 em is the migratory herring which comes from the sea for
spawning.

The land-locked herring was, moreover, divided into five size groups. It was
considered that they were native herring in Lake Notoro except one group which
had a different origin, by analysis of the growth, the vertebral numbers and the
scale pattern.

The time of ring formation was inferred from the seasonal transition in the
land-locked and the migratory herring. Annuli were formed during the season
from spring to summer in both herring, but the 2nd ring of the land-locked
herring was formed in autumn as a false ring.

Based on the ring group composition and the time of ring formation, the age
of each size group in the land-locked herring was determined.
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Table 1. List of samples of herring caught in Lake Notoro, from
1973 to 1976.

Individual numbers
Date of sampling Fishing implement
Total |Subsample

73 Apr. 24 13 13 Set net
Apr. 26 132 60 Gill net
May 11,14 U7 5 Set net
Jun. 13 497 0 Set net
Nov. 6 333 61 Set net
Dec. 18 291 80 Gill net

74 Apr. 26 440 80 Set net
May 17 453 80 Set net
May 24 173 80 Gill net
Jun. 17,21 690 191 Set net
Jul. 4,10,24 947 951 Set net
Aug. 21,28 807 167 Set net
Sep. 9,25 840 123 Set net
Sep. 25 182 51 Gill net
Oct. 14 631 105 Set net
Oct. 14 30 30 Gill net
Nov. 11 413 82 Set net
Nov. 11 117 60 ’ Gill net
Dec. 11 220 53 Set net

75 May 2 585 180 Set net
May 8 102 102 @Gill net
Jun. 17 136 82 Gill net
Oct. 7 490 140 Set net
Nov. 26 375 17 Set net
Dec. 17 141 50 Gill net

76 Apr. 23 130 80 Gill net
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Fig. 2. Monthly catches of the herring caught in Lake Notoro in 1974 and 1975.
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Fig. 3. Frequency distribution of body length of the herring caught in Lake Notoro, from
1973 to 1976. Vertical lines in the figure show the length intervals of each size

group.
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Table 2. Seasonal changes in gonad weight of the size group IV.

Gonad weight (g)
Sampling date Mean
0|12 3,4 5|6 8
73 Apr. & May 9
Nov. 6 2| 9,13 2 1.59
Dec. 18 1| 9126 7| 4 3.09
74 Apr. 26 1 2 4| 411 4.08
May 17,24 15 3| 53 1| 2.4
Female Jun. 17,21 39
Jul. 10,24 3
Aug. 21,28 | 34
Sep. 17,25 15
Oct. 14 21 3 0.30
Nov. 11 3[10| 4 1.09
73 Apr. & May 1
Nov. 6 1} 1(16]| 9( 1 3.29
Dec. 18 21 6 51 3 3.56
74 Apr. 26 1|1 2| 3|1 2.28
May 17,24 12 1 1| 6] 3 1.54
Male Jun. 17,21 40
Jul. 10,24 38
Aug. 21,28 |26
Sep. 17,25 1317 1 0.70
Oct. 14 5/ 4| 8| 4 1.57
Nov. 11 3,1, 5| 8| 38 1 2.55

Table 3. Composition of vertebral numbers in

the land-locked and the migratory herring,

—

N "~~~ Size group Land-
\\\ Vertebral numbeN I I
Sampling date | 52 53 54 55 56 52 53 b4 55 56
73 Apr. 24,26 & May 11,14
Nov. 6
Dec. 18
74 Apr. 26 2
May 17,24 2 5 4
Jun. 17,21 3 1 26 20 1
Jul. 10,24 1 9 21 12 1
Aug. 21,28 2 8 1T 9
Sep. 17,25 3 9 9 31 138 3
Oct. 14 3 12 3 13 4
Nov. 11 3 10 5 1 1
Dec. 11
75 May 8
Jun. 17
Oct. 8
Dec. 17
76 Apr. 23
Total 9 31 5 6 39 116 62 5
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LZZTCRVWKEEEROBNI™ S TR HEGHEES I N5 BE» S 25,

HHRDE - FIIETOEETHM ZEDLNT. IARKROCTERDOEGTESEIRERERE I Tt
551, ZODDOEERTIZ 53 ED b N, EESHFOTIILTL b EEARBE TR 0D, JIZER
SACIERIT 5 & R L CROKREIT 217 5 720 T THBERC OV TERBOESMEcEL T8
—HRPRELIZE LS, BERBOEBIOThORRBECSOTHAFREERIZVI LB 10X
4), ZCCHERC LRSI LD, SERBOESHEOH 2RI L 2. EHEZERRT
D541 DB, WOTEERTL VID53.9, BLECOMKERIIL IV, VD 53.8 Tdh 3,
REOERRZEARERLV R —RERCET 2 & TAEFIIFCEEKETER 3 h (F=6.777, df:
5,1645, p<<0.005), 25 ICEEBMERICET 3 FHEOEOREHEE R, FER I ¥EERH I~
VIZ ) EBEEMER D ERRLI (KS5),

3. WRRTZREERD & R RANIERE
HAR=
RATEBRHZHET 5 1202, R ER 6 IRL, IERC LOEMRKE ARE~ K
ORISR 4 1CRL 12, S#ERBOBEBTEBROBEBIIKRDO LI TH 2,
HERTIZ197449 Ad 5 11 B3 THBELU 12, 9~10 AR T OROBEENSL 2543, 11 Aicid
ETD 1 BEGVED LN, BEREILIT 19744 4 A~11 ADORECEEL THIRL 72, 4~5 BidE
O MRERD S 2258, 6~7 Bicid 1 8fEAY, 12 8~11 A3 2iglAfky s nFhEBL 12, FE

specimens of each size group are extracted within body length interval shown in figure 3.

tocked Migratory
II1 v A4 \'2!
62 53 b4 55 b6 52 63 54 55 56 52 53 54 b5b bB6 52 53 b4 b55 b6
2 9 1 15 38 2 2 16 29 11
115 26 5
2 24 31 b
1 2 8 2 9 26 6
13 28 6 3 3 2 2 42 10
4 12 3 25 48 10 2 2
10 11 20 36 10
1 ¢4 5 1 1 5 14 3
1 4 10 5 1 14 26 4 1 12 3 8
1 7 1 14 28 3 9 18 3
3 8 1 728 1T 2 10 27T 11
26 21 6
117 62 15 1
2 16 53 8
3 14 52 11
15 34 2
17 4 13
2 27 63 10 7 141 277 56 20 69 8 13 176 412 98
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Table 4. Variance analysis as to the homogeneity of mean
vertebral numbers within each size group.

Size group d.f. F P
1 2,42 2. 054 0.25-0.10
11 7,220 0.591 >0.50
IIT 5,86 1.988 0.10-0. 05
v 10,470 0.834 >0.50
v 3,102 1.778 0.25-0.10
Migratory 10,599 1.336 0.25-0.10

Table 5. Comparison of mean vertebral numbers between each two among six
length groups, being t values below diagonal line and variance ratio ¥
above diagonal line.

Size group
Size group Mean (n)
I ] I } 11 1 v \ v } VI
1 53. 911 ( 45) 2.070%*  1.441 1.403 1.021 1.504
1I 54. 092 (228) 1.459 1.436  1.475* 2.025** 1.377
IIT 53.772( 92) 1.210  3.413** 1.027 1.411  1.043
1v 53.794(481) | 1.163 5285 0.205 1373 1071
\ 53. 802 (106) 1.097 3.389™*  0.345 0.117 1.473*
VI 53. 859 (700) 0.506 4.326%* 1.163 1.647 ojgi?\\\\\\\\\\\

*  Significant at 59, level
**  Significant at 19, level

B2 6~8 Hitiz £ 1 #2525 HARERU 1203, 9~10 Aicid 2 ARG OINEN M By s h
770 COREBRIIAERRTOREINI YD, HMOFEROFESEAL TS EBELLN
Bo RERIVIZ197345 Ab 5 19744F 11 A3 THEL 2B U THIE L 12, 197345 BiKid 0
WYL AETETO LEOMD - 12 RT3, 11~12 Btk 2@ EEOHBICE 5 12, B 1974 ED
4~5 ik 282 M L 7o MRk E U THIZEL, 6 ADIERITIE 3 AR OEL ML 8~11 Awidid

EAEDBENPIEWEL T2, BBV IZEC19734E - 1974 EOFRER S 1 12, 197345 Bic
RBMUEBTETD 28 & ABHOMD - 2R EZFRL 7208, 19744E 4 Bicid 3dpe 4de ke ¢
BHRITE 5120 L UEREDD IO 12D RO REMRIZZ LW,

RO &5 e K EEBELTU S 1 H10 1 KOBEPTBRT 5D TRV EMWRINT, YFM
EEZOSNIBERIVIRELZFRL TN EREBAONG LA THSY, RERIBL
CERBE IV TR 0Ed» 5 2B~ ORFKOHMME—FEENIKE > Txh, FERIIFAL &
SuFAMED L NG, i), BREEIVIZALNE 2EDH ST ~DEMNE, AEEVIRALNS
3D 5 4E~DOREOENL, Fi2 1 ROREWMERL T3, I, ZRENOREHRES
RHETLE, Bl F3@W F4RIOThE 4~8 ADEFEHERINIOICHL, H2H
255 1 BERED AED 9~11 AR INS CEBSh b, ChoDT EhbE2E@meHNEL T,
MAROERIZ 4~8 ADREMICT L bNB LD L EBTES,

ERE=

BREPHEMEE 7T ORL 12, MEOERIZD 20 AL 18> 5 6#% b >EGI CHET S, #4
BEBED THEEETD H, O S/ 5 REREROELOBMBEERC & CHET 5, REVR
B 25 1291, BEUREZRDOEEO2BEAECHT 2HE%2HK 8 1T 12, RERREROME
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Fig. 4. Seasonal changes in the mode length distribution of each size group. Dominant
ring groups are shown as the Arabic numerals below points in the figure.

FKIZHTHOBREBET S 4~6 BOEHICHERL, 9~12 BOBKBITIIHIRL 24, ¢ DT & i2ERAR
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NTWZINTEERLTNS,

BHEBOBRITERIEER I B hOGERE B> RTH 3 L & 2TWL I, 2L TIDHRD
BEMR I CRFTE 09, FERAOSEBREC OV THRE SN - HAMEIE 2% 9 1T THEE
Utoo BEBT~VIOM T OfZHET2 &, GEH I OEIMOKERDOK 1/2 43 5
DTHIBETHY (F=728.683, df: 4,1099, p<0.005), I bz DEIRTI7E 1 HETERL T
TOEERT OWMEE (o) SV 3SRNIBETHATENG D 3, O ELLFERI K
BREINI~VIRB E kD, GRBICIRBIHTHI CL2ROVEEER b - THNTS cEMT
X%,

% %

BB U oA EOERRE, FHEEERS X CBHOFTRRERARER I Bho 5 aE#» 6B
DICEBIND T ERRUIZ, D 5 BRI OB SEr B CR—RER 2 RET S L BT
3, UL bBRERIV, VEICERMOGER VI ZHS b icMNEIINT 2 &b, Chb®
BRI TEEER2S VRITEHED =V ERETLEMTES,,—F, BRESBE LU TRHINAR
FIL, ZOHFMEEEDY I & ~ v 2BOEEERRBCIEL 84T 3/0 = & > OGRS 5 2022
CEDD, EBERBRBALIP=L L O—THS 5 EHEIAING,

RO T, WRBO=> L CHRINSE 2 kid kg (%) Tab, HIHRERE 2R
bIFEHOFRE 4~8 BOFERIITZONE L E 2HL PIRLU Iz, T b DFEED 6 HMABODRE
EHOESRROIICHEING, T4bb, 0 IEHETI2AEHIRYUFATHY, 18D
SO 2B Z L DEARREIL I & 193FEDEERIVIZ 1+ OEQTH3EELLN B, 3
BHEERL TV 1974 EOEER IV & 1973 E0KER Vi 2+ OFESTHY, 4HKE2FRL
T3 194 EQERER VI 3+ DERFTHHEELOND, 3B, INLLREEKREHET
2, ERELIX 1974 FE AR, KERE I 3o L 00 1T 12 1973 560, (RERE IV 12 1972 3845,
R VIZ1971 E£5%4AB -85, AERI IO I ME SRIITSEREREEZZ LN B, B
BOBBICE > THER I 2ERMOEE= v > bR LSEV, IV, I X001 D4 EERI
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Table 6. Composition of ring numbers in

\\\\\Kfize group 1 I
~_Ring number ]
Sampling dw\ 0 1 2 3 0 1 2 3 4

73 Apr. 24 & May 11, 14
Nov. 6
Dec. 18

74 Apr. 26 3
May 17, 24 14 1
Jun. 17, 21 4 31 2
Jul. 10, 24 20 24 2
Aug. 21, 28 1 14 19 6
Sep. 17, 25 14 3 11 o1 3
Oct. 14 19 T 10 1
Nov. 11 13 4 1 1

Table 7. Composition of ring numbers in each sample of the migratory herring.

Sampling Ring number
date 1 2 3 4 6
73 Apr. 26 1n 26 12
74 May 24 6 33 7 3
Sep. 25 ) 13 2% 3
Oct. 14 2 1 2 3
Nov. 11 8 8 26 3
Dec. 11 4 9 29 1
75 May 8 9 14 48 10
Jun. 17 6 14 2 10
Oct. 8 3 11 13 21
Dec. 17 1 9 7 31
76 Apr. 23 P 10 40 1
Table 9. Mean distances between two conseculive rings on scale in the landlocked and the
from five
We group Land-
~ I II I
Sampling da& T, (n) T, I, (n) r, I, (n)
13 Apr. & May
Nov.
Dec.
714 Apr.
May
Jun. 18.6 (26) 41.9 (15)
Jul. 25.3 (24) 52.4 (19)
Aug. %2 84 (19 46.0 (6
Sep. 33.1  (14) 2.6 12.0 (27 4.4 163 (D)
Oct. 38.8 (19 28.7 1.0 10 525 135 (4
Nov. 39.2 (v
Dec.
*75 May
Jun.
Oct.
Dec.
76 Apr.
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each size group of the land-locked herring.

II1 v v
01 2 3 4 5 0 1 2 3 4 b 6 1 2 3 4 5 6
15 5 3 6 16 ¢4 1
4 40 2
B 6 1
6 2 1 6 21 17 1
48 2 3 2 1
B 2 1 40 32 3 2 1 1
19 3 3 3 21 38 7
T 2 2 2 83T 1 1
1 4 2 2 4 34 4
4+ 4 2 429 1 1
6 2 2 1 2 4 26 3

Table 8. Individual numbers immediately after ring formation
to total specimens in two seasons, in a parenthesis is
shown the percentage.

Season I.St 2‘nd 3‘rd 4.th 5.th
ring ring ring ring ring
Spring 0/21 4/72 10/115 17/76 3/8
(Apr. to June) (0. 00) (5.56) (8.70) (22.67) | (37.50)
Autumn 0/23 0/61 0/120 0/62 -
(Sept. to Dec.) | (0.00) | (0.00) | (0.00) | (0.00)

migratory herring. A dominant ring group of each sample is selected as representatives
size groups of the land-locked herring.

locked Migratory
v v VI
Ty Ty Ty T3 (n) Iy I I (n) 151 Ty (n)
51.5 (15 51.1 10.5 4.7 (16 48.5 bimode ( B3)
46.3 8.5 (40
51.6 8.0 (52)
53.8 9.1 (16 49.3 11.6 12.7 (2D
51.7 10.9 48 51.0 bimode ( 49)
46.0 8.9 5.6 (43
5.6 9.3 6.6 (35
51.1 9.1 6.5 (37
51.4 9.4 6.5 (34) 51.8 bimode ( 45)
52.6 10.1 10.0 (28) 49.2 bimode ( 27)
52.7 10.0 6.4 (26
53.7 bimode ( 46)
84.5 bimode ( 5B)
53.9 bimode ( 54)
55.8 bimode ( 47)
59.5 bimode ( 47)
57.5 bimode (191)
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1971 4EH> 5 1974 SEICEREINI CRAEL TEHL 12 A DOERBEL S T EIRESZ D,

& DERECHT U LOHERE b L8, BRE =Y L DABRBEPEHTHERO LIS S,

5 BRHLTENIN, AMBU AR 4 BHRO 9 BiRidEEY 7~9em K755, T ORHID
AL BICEEH lem REL, B2 IIIBERERL T, 11 Bt 5 & B EfRic
REL1BOTHRNALNS, BED 4, 5 AiICiEE 11~13cm CEL & 1 BOBEBPEA KT Ebh
5X5KR%,7 8 AORIX L HO I TRET 2, ROVESCIEHORYICE 2 RO A
bN5,. 9, 10 BTt 2 HMOERBBEATIT O 11 BrRIIZETT 5, O 28% b 2EEIRE
E£D5 BRBEIE UTHEINT 5, EINEED S EIROTES T H 8 BIITIWKTT 5, EI%
MATERE, 0320 THRCERET A 1 BOEE 2R & KA IMNBCERT 5 & A 56055,
WEE b COBITIKYPR (B8 OBRIITLLT, FEHLOA 1 ROEREWRTS LBEAL
ns,

® #

1. AWRIIEEES &~ v 2 WROEKHTH 5 BERIERL T3 =v L OEBEHEL I-
LDTH 5. HEHL 19734 4 AH» 5 1976 £ 5 AT CORRBRIN I,

2. REERCIBERCEET 3ROy (BIRED) & SES S EIRO D ERT 5 KT =
v (AR OZEBRL N, PBECEMENEING,

3. BINE =L EEMRY S 5 DDEERIAT NI, COFD 1 ARBEEE FHEK
Bk L OBHHEOE VLS, BRMTREL =y  ERBEIABHTHZ LEALNIL

4. BOBEREHARRD b REVBRRY 2HEL 12, F8H (Annulus) IEEE b 4~8 AOFEHK
HRRIN3D, HAMO= R INIE 2HIKICHERINABRTH 5 BB T
hit,

5. BRSPS & MATEAREHIET VT, MNROREERHOES E BEEREHEL 12,

E 2
C ORI EH SE SRR ERBIRCERTIT, L ABBEENE RO RBREED B
HUTE LRI THEDONIZLDTHE, MEOBREKPEA TT I IERIERE Y 4 -6
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