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

III. Reproductive characteristics and feeding habits
Yasuji Kanno

Abstract

As part of the ecological studies of Notoro herring, Hokkaido, reproductive
characteristics and feeding habits were examined. Materials are based on twenty
seven samples out of the two ecological forms, land-locked and migratory, caught
successively in Lake Notoro from 1973 to 1976.

The relation of gonad weight to body length is different in two sexes, well
suited by the following allometric equations:

Female: log GW=-9.47614.659.log BL

Male : log GW=-9.70314.681-log BL

In fecundity, the land-locked form have 9-17 thousand eggs, but the migratory
form 23-68 thousand eggs. The relation of fecundity to body length is different
between the two forms, and is represented by the following equations:

lang-locked: log F=-1.834-1.314.log BL

Migratory : log F=-12.16+5.882.log BL
The number of eggs per 1 gram ovary weight is about 509, higher in the land-
locked form than in the migratory form, resulting from the smaller egg diameter
of the former.

Gonad weight increases rapidly from September to December, showing
slightly faster processes in male than in female. This increasing period
corresponds to the fast growing stage in egg diameter. Spawning begins in late
April and continues through May in the land-locked form, but from May to June
in the migratory form, processes of gonadal development are slightly late in the
migratory form.

Rate of occurrence of empty stomachs are as high as 599, in the land-locked
form, 819, in the migratory form, showing a higher rate in the summer-autumn
seagson than in the spring-summer season.

Food weight in a full stomach to body length is presumed by the following
relation FW=0.0159.¢°-0284-BL, From this formula, increasing rate of food
intake per 1 em growth in body length is calculated as 1.33.

Many kind of food items were found in the stomachs corresponding to the season
in which the various organisms appear. Among them, the most important food item
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is Copepoda (Acartia, Paracalanus, Harpacticus). Occurrence rate of this item
in individuals with food is about 519, being mostly dependent upon this item
in the spring-summer season than in others. The next important food items are
Amphipoda and Mysidacea with a 18-219, occurrence rate, and other common
food items are eggs, Gastropoda larvae and fish larvae in low occurrence
below 39%,. Number of food items in a fish are 1.2 on the average.

The potency of high variability in the population, is estimated from variations
in food organisms eaten and reproductive characteristics between the two ecological
forms, and it is considered that these factors play important roles in maintaining
the herring population of Lake Notoro.
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Table 1. Comparison of gonad index (GW[BW X 10?) between
land-locked and migratory forms of Notoro herring.

Gonad Female Male
index La.nd-locked\ Migratory | Land-locked | Migratory

1

2

3

4 1

5 0

6 3

7 14 4
8 1 13 3

9 1 9 0
10 7 11 14
11 10 15 8
12 10 2 4
13 6 3 2 4
14 6 5 13
15 2 15 5
16 2 6 3
17 0 9 "
18 1 g 3
19 4 3 3
20 2 9

21 15

92 4

23 6

94 2

25 5

26
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Fig. 1. Relationship of gonad weight to body length in female () and male (0) of
Notoro herring.
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W d 3 EREITIE 23~68 TRITH -1, 5 ZIPK (F) OBMREFEXEER Lic /L1t L5,
BNE L EREI N ENICRZ S 2KOEMRE 2 (K2), WABL: log F=-—1834+1314"log
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WIS T 1240 509 B> 2200 KL% R L 12, 1g ATHBRERY b DI IR & 3V ARABE (r= —0, 935)
BiRL, WIRROIEIZERE L h —TNETH B, 1g KEY ) OIFKT b, EHRBIOFE 270
BITH 5D L, BIPIEhs 200 81 & HTHRBOFHE.
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Table 2. Fecundity and other reproductive characteristics in land-locked and migratory forms
of Notoro herring.

Body | Body | Gonad | Gonad | . Egg Eggs per
Type length | weight | weight | index | T ‘(’;“i‘(‘};)ty diameter ]fggsB%;’ 1g GW
mm) | @ | @® | (%) (mm) | 18 (x10)
Land-locked | 147 32 | 42 | 13.1 87 .928 272 a1
147 34 | 4.3 | 12.6 90 922 265 21
152 33 | 39 | I1L8 98 .834 297 25
152 41 | 5.0 | 12.2 125 .826 305 25
154 39 | 5.5 | 14.1 127 .928 326 24
154 36 | 4.6 | 12.8 102 .931 232 22
154 0 | 47 | 1.8 171 .832 428 36
156 3% | 40 | 1.4 100 .868 286 25
158 4 | 86 | 19.5 108 1.100 245 13
160 43 | 6.5 | 15.1 141 .961 328 22
162 4 | 9.2 | 2.9 106 1.163 241 12
164 43 | 5.6 | 13.0 96 .979 223 17
Migratory 195 93 | 12.8 | 13.8 168 - 181 13
195 | 102 | 16.2 | 15.9 231 - 226 14
197 | 103 | 16.6 | 16.1 245 1.013 238 15
205 | 128 | 23.5 | 18.4 355 1.013 277 15
205 | 109 | 23.0 | 2L1 261 - 239 11
910 | 124 | 1.3 | 14.0 236 - 190 14
911 | 181 | 22.0 | 16.8 304 1.043 232 14
219 | 153 | 25.5 | 16.8 494 .983 279 17
226 | 170 | 26.5 | 15.6 494 .997 249 16
228 | 161 | 28.0 | 17.4 497 1.046 309 18
229 | 176 | 41.3 | 23.5 572 - 325 14
234 | 169 | 36.5 | 216 614 .929 363 17
237 | 200 | 515 | 25.8 682 - 341 13
100 } 4. S£HERORBMERY
o WRE = v v ODESBIDEFERERDE
wigfhe, @ESEERIERE-> O
~ 80F . B
e awl} Al EREREROFHEL 2K 3, 4 iTRL, I
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. ,
10 —es FIC AR DS BINE = o o OAFER
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4
4

+" Body length in mm

Fig. 2. Comparison of fecundity and body

length

locked (e) and migratory (o

Notoro herring.
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Fig. 3. Reproductive cycles represented as gonad weight in female (above) and male
(below) in the land-locked form of Notoro herring; a for 1972, o for 1973 and %
for 1974 year classes.
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Fig. 4. Reproductive cycles represented as gonad weight in female (above) and male
(below) of the migratory form of Notoro herring; a for 1973, o for 1974, x for
1975 and e for 1976 year classes respectively.
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Fig. 5. Transition of egg diameter in successive months of Notoro herring. Characteristics
are shown as circles (mean) and vertical lines (standard deviation).
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ERE = > Tid, 6 Ait A~ THHIIL T 5 EEH SR AR ERO EEE L 2@,
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B B ORBGERICENT 3, EERBEOEHICSVNT S, REBEEOARNHAR L VB2 T
EVBBHENEDAT, AR HROELEZWS,

® W

BROWMERS JOEER M5 120, 1974 £ 1975 £ EEREN TS N1 HREl 1176 8k, [
R 651 {HE 2T/, BASHIKR T 3 BAKEDC  OHER L BEAE, B IERIhI-HE
BRIC OO T 2172 10, 12120, SEEROETTI3, ZFEENSH - Tio D, HEknEes
ROBEERDY 5 427 OBAEE» EIedihH U THEEL 12,

1. ZPRE|EHSTBAKEOHBRAR
WAL ERBOEAORERZET O HBERE ANTHA~NE (R6). £WM2EBEL TO ZERIZ
WIPNEY 599, [EIRRI81% %R T, WINEL b EREOHBE» -1z, $12, WRBOEERE 3~
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Fig. 6. Seasonal occurrences in percentage empty stomach in land-locked (o) and
migratory (a) forms of Notoro herring. )
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BHEYD H, EEACE S 5 > & b » OHRBOFHENDD & 13F—8U 12, T OFEMIEKED
ETRII0ATERYMTLRERTD 5,

TRKERRE, V48R, 2/418R, 3/48BA, HADS BB, 2HEOHRR 2N
ERBC OV THERL Iz (R7), WBE b8 OHRRY BIRABRERTH, il 1/4 TRABED
HERRHEPNR 23%, BIRE 15% CETEV D0, 2/4FBAUEOKETIZ 10% L TFTOERE s
b, SHMOBILITZTILBEREEL T35, BEREImENHSL S, Bl oM SmEcEnT s e
TRV, COBHBIZRY VU BRISHIGEL, ERBHOS U F 687 U U BERBERICL S
BABS 2R T 5,

3, faAdhig

BRI BRERBOBERZHO» T Y, AL HMEINEEOFH S, HEERKICHL
TR OBERDS 20 HiE R B, Ak bic S#LIzE e 3 (K8), khE: Gasg (FW)
OBRRIEREME 20, AROBMCHEINERES RTINS 5 C 2 2RL 1L, O
AHBORIZ FW=0,0159-¢%-%28'BL r sl axnz g, CORX»SEE 10mm %o OFLED
WP RD 2 &, L2%10=]133 +/ch, FE-TiHT2 5em DEREMC L X 2EOBERY b
DL EMHPB, T, COBEFRDLHEINIHNBOLSES T 3EARIT 1 ¥4 (BL13
em) 0,6g 2FFR (BL15em) 1. 1g 3Ff (BL16cm) »$1.5g £/23,

3. BEMERK

BNEHTRHINI£TOME (EE) ¢, RLZECEAYh, BHTE1Ike 5D 58
BT OWT, AROMEMERE HBEEHRC I hRU L (#3), FEIKEEOHFEI EBY T
<, BB, 7 18 M o< SR SHESCORBES IO, s5yE £%
B OARGE #HA HEPEESRHINT,

EWZBL TRIE OBECEEINEEIRHET - 12, OMEIIELSBEEKTD 51%
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Fig. 7. Percentage occurrence of Fig. 8. Relationship of stomach content
five degrees of stomach weight to body length in specimens
fulness in land-locked (o) of Notoro herring with full stomach.

and migratory (a) forms of
Notoro herring.
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Table 3. Food items and the frequencies shown as occurance method

Food items I Mar. Apr. May June
Copepoda 25( 5) .37(29) 72(72)
Mysidacea 2(2) 5( 3) (D 1
Decapoda ‘ 2(2) 1
Cumacea 6
Isopoda 1 1(1)
Amphipoda 42(39) 2(1) 7
Other crustacea 4
Eggs 2 26 (25) 1
Coelenterata 1
Polychaeta
Gastropoda larvae 1
Fish larvae 6(1) 2
Plants segment 4(1)

Digested matter 46 84 60
No-identified 4(1) 19
Fish number with food 4 48 89 76

LTWaZ EMranT, BEIETPOEEMI2 Acartia spp., Paracalarus sp., Harpacticus sp, Td

h, ZhTENT Pseudocalanus sp,, Gandacea sp., Oncea sp, &M HIRL T3, 4 AL TAHT
TIREECRET 2 Ea8EFITEY . BEPECRSEEREIREESL 7 1 HTH S, LD220
R EAEAD 219 35 L 00 18% iwHIRL, 13~14% OEEBC NS OEERE 1 M TEAL T
3, WEDOFT, WHEEHRAECE > THERT 3, 7 1512 7~3 AOHHHERENEL, BHE
OHIH & AR BRI 5, 4 FHOMNBERZED 20D1RINTH 5, HHIL 4~8 AILRL AT
25, PEAEED13.3% KB 25, B 1A0OHEIX T Th -1, 5 BOEARPD 26 FEkiCER
anroEp, SRR E BRI S ML T ViR BA S hiz, RO 4BEOMKEIESESR %
HihdE, #EAENEnonsd, wFh b 3% UTORCCHERTH 5,

AEOLHIM2EL TRy 5 5 8480, HEGEHPAL, AEOHROFEMHIURL T2ho %25
B BALTVIENS L ETH 5, SERITIE, BEEE B EKEL, ChefloTF
EHliciz &8, %R, ABESOIESEREY, BRAHiIK7 (H2BRL T, B THEDOFE
HICEATVS, L, AE2EC TOHEGHEVE LWL, EEOTHNEYIIE—EETS
DONTVBTENEL, EEY Y OHBRMBOFEEEL 122 25T 5,

% ¥

FBEOLEFEROHT, EFOFLEGORY, EEBEORELFICEBRCEEL T3 &AL
BHohTW3H, &b, BsIBEECHEET s, FADERPENMNE L TEER
ORELEE P X E T AEELSERICK 5> TV 5 T E MLV, KR RO 5 8M%Y, &IE
RO & OVEGBEOMER: & CBE 3 ¢ TRAL, BEREO = v > OEEREIEBICA S h 3684
ZANTAIL,

BEIN-BELHORCOWT

H 8wk r k5 i, BONSE ERFHEIL T 5 EEOEEIIER 2B T, Ehic 10% ATD
EOEERTE b7, 2, BREINHEOF CHBRNSREITER I NI OB /IR
BEDS —%, RIBSEOMIEF S 2 bbb oti, = VRADHIGETARMS S 2+
ELTIRT (H, KEOBBES L OFALGHIRL 1285, Vh b HEREREREED 20% LLTO
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of Notoro herring, in parentheses frequencies fed in first rank are shown.

July Aug. Sept. Oct. ! Nov. Total
45(39) 9( 7) 8(6) 20(12) 4( 4) 220 (174)
11( 4) 26(24) 1(1) 15(10) 14(13) 76 ( 58)
3 1 1(1) 1 2(1) 11( 4)
(1 1 8( 1)
(1) 1 4( 2)
9( 6) 1 3(2) 19(7 6(1) 89( 56)
3(1) 1(1) 3 11{ 2)
25( 5) 3 57( 30)
1 2
2(1) 1 3( 1
1 2 1 5
1D 2(1) 1 12( 3)
4( 1)
61 22 16 32 19 340
. 23( 1)
81 41 21 48 19 427

BRTH 72, CNHDT &3, FHIC Acartia, Paracalanus EO/NUBHBEORBREDY kb,
SRR DA E MR OB U CREBFLEEVIHRINZIL TS, KBS o
PR EEE T ARAOBEOHBEL L Tk, BU TREEARD 5 & 2FHL TV 5,

377, faREERRICRING X5k, BKRWMBET 3ikoh, SHEENCESEROMEPMNELL,
Bl 213 FASREIREIT B 2 58 20cm OEEDMEAT 30, 10cm OYFADH 17 5O % LELE
TEEHEEINGD, COTELRBOEALHIRNRABS Sy bbbt e bit, —EDKE
Bl Bk MECER IR 3 EESERT L > T3 EBA NS,

BE & ZPHICRO>NZHNE L EARBDOEE

HE-ZIREEE RS L ORI BIL, BIRNE L ERBRICHEEMSR A 0, BINEIOZIRED, EiRE
BOGE-ZIKEGED b FRINS FIE D SRTH B L, BLOFINBDOINEY FRE L O
MEITH B EHBRHINI, TS5 2flit, FR-ZIFEERO-12, o LOBHEP) T oh
OEEND Y, ZOFEEE L CRENER: BEMNERMLCERINA TV, ERMO=v O
i, ChdOBERIUT IR~ 2 BH TEHIFRORERBLED, EefffFoBR KL sHk
BREOEE:EER OO TH 3 LEEING, Tubb, 2hik () ERElo=>>3, &S
RO THIPNEE U TAEEL, Met R BRBBETT 2 HM RT3 1092, AFRMOREH
ERIFEELSVEZALNSC L, (2) FEHIPRORERI SIZIEERNIcD » TO18, L
b IR R BE T 2 XN ERE, CORATORKORE 3PRRIHCHILLEL LN TY
B0 ¢ P EEEFNTN S, 2% ), HABOIESERBOER-ZIEEA» L FRlah s &
DBEBTH B &3, IPBEREUMOBEEEOERIR L 2 L0035 kY, IBICERILROERIC S
WTEREDZE, BNESEETH S L 2RNETIRMY LOEREEA I NI TH 2, T,
EROI RS NIz F RS TR AL, BrORERILRNTL 2505, HREKRS
NI O/NEER b, REOEHERAL L, SonEREeFRL L CEs@anizeEALN
15, CDX5 IO/ ESTE i = v R, BET 2 KT EVHO a7 220
e T REHI R TV S, kTRt i3, FERRIipR = o LU NEID YRk 2 SHE]T S
FNSEERR XL, FRAOEND L BEN S IEREC D 5 WA TOBREEIC L THER
PEDIECHSREZ AL TR LEEALND,
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AODEFROFECAET IERL ZOEMFNHES

A - AEEO R IR = > v E TR, FKIRCEINT 2 —BO= v L BEET B,
LO1RETH IO =+ > i, PHNEL ERAO 2 DOAER 2 73 EEEYS, 150880
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