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Studies on the race characters of Japanese
anchovy, Engraulis japonica (Houttuyn)

Koji Takeshita and Hiroshi Tsukahara

L A X &£ O RAFHERBGI R AR OMBIIT IV S 3 D5,

MFEEBHCHEA SN TV B DA T, DIE DR

& #5749y Engraulis japonica (Houttuyn) LICEST, HBNERICHES  RERDRAN 2
i, bYHEE %iﬁ'ﬂi@@?‘fiﬁw’é % DRI R BRI E17 s IR T,

EEHTRA. _ ORI R BN E LTS, EFHE 254D
Dk 5 kcﬁ%.t.g:g‘:&fﬁﬁy PF4 T NCDONT, V%wEO)%fﬁﬁ%C’ob"c, ﬁﬁﬂﬁ’ﬂ%’f‘[ﬁi@&ﬁ, ESZ%MC

REORRLMOLBED THIT, ZOMBEW  yyy 7 g £ BNICHE L, 50T O S HHEHE
RTBLEDHE. R, ANLOREROEUGR 01, & 5ic CnpmBO PR B L AR
P, RHCERIR: & RE, BTV TSI DT CRR LT, MR FE R O LM

THEPRUTL S L BB, IS ORERESNT, HEIFAT D
BEIFATUDIFERIT DNTR, B HLD T35 & ORI TR 0 L7

BRHEsb T ), AT (1948) X TURIE ORUA ORI Al 1o Bk O L BT, (3 1E S

ZONT, BK2BOREMLRD, BRIUFOR  gorpy, BRORSEOVTIE, 7 OKEORE

HEMMIC ST IERBO 2R B, TORMO ek SicLi (Fig. 1),

g b AT X 5 BMNFER O 21752 S

TWA CBEEL - &)1, 19525 48)I0E4>, 19505 4811 b, A O R RS T B B <

1954 ; %, 19545 EREL - JERY, 1957 5 VT - Lk, BUBU RT3, 225 C ORI T ORI T,
1957 ; ¥, 19585 #k, 196170E). U U, FHERE BEDTYE DI & M2 24 U, Y FASEER L ECD
& AEHMFERONTL, AR W0em LTD  wormrnonriocsds

AN, REIBETIEAITE 500 (RS - 16/, 1957,

FHOFERDIBAL TS EEDN S RIRETE, L. &rollesik

FHABICL SBMNBLEHONNBRIL 250D gy & oAl LR OFRIRRHE 2 Kb 5
(Fk, 1961). FIcHE)I (1954) TEREROMIT, 75 1%, 1953~19584E0D 6 41, /aﬁ%ﬂﬂ@ﬂﬁk@j&%
i & R 2 BT & 0T S EEINFRAER OWB 21T FRANT, i R 4 4006 & OV S DB
PTAY, WREMICITZORERE. 36 wg g, i Y ISwERE C L MEEE CO
KH 7 F 4T OPEEHEG I EFER OKE &2 B3, Lo CREBEOWELTL, Cid OREI
HELBENS ), —ERKBNICOT BTIAOE S ohaeiinon. $raMkmERkeEEHK
MERHPODICINTS B - Wl 192520 s 1048~1952 LEDRBTIRIRID & ), 2 D—
i z» 1956 ; bn@aiz‘» 1956 ; Eﬂﬁ 1958) ) 4R L

1) nﬂﬂiﬂééﬁé”{wkﬁ{&“”ﬁ 1. 1. 8 £ ¥
2) WO EEEKE . X EVEEX T, LI RO E s F4 0 ubs
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® Sampling station
HOKKAIDO REGION

TOHOKU REGION
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SEIKAI REGION
/

NANKAI REGION

Fig. 1. Map showing the regions and sampling stations in Japan.

I EECESTHEEIN TV A DT, #EMH 50mm PRI 2TRH0OERIIHAH, 3,4 HDOHEEILH

T OB FIVT, ARNCEsE & B 2 R8s X <, 9, 10H OMET (K &0 5 EMNE{L o Bahs

OBEHREROLBRE L~ (Table 1). BHoNs. s DEEOEHEIL, BBV
e 2 RBUL 13~17 T, 15 DEGIHREE L, B 5L, TBED S b TIRFHEEEDEMNNELORE R

# 2 KRBT 16~20 T, 18 DEGKVBB LZ . IR BHLRLUTNA.

SRERIRNE P SO HER UL 43~47 T, 45 OfEADS B 1.2 EHBXR

B, TR SEEENE BHEROANNSEL, B FHEHISHNELORMZ X {RTOT, 35



IR Bl A2 2740 v OREKICEHT 205

203

Table 1. Monthly variation type of meristic characters of the Japanese anchovy.
Nankai Region: IVa
No. of Number of dorsal fin rays] Number of anal fin rays Number of vertebrae

Month Sampies & R . i 7. R 77"777@ [ R 7 ."‘"". T ) . "‘ - T ’

specimens Va{1ationjype { mean 777Var1at1«on ty?e | mean Var1a1ilon type | iean

‘ o P13 14 15 16 17 | | 16 17__}8 19 20 43 4-4__45 46 47
Jan, 5 35 40 272 43 | 15.01 3 70200 72 10 | 18.05 24 243 86 2] 45.19
Feb, I S0 ! 11 51 18 . 15, 08\‘ 2 41 26 18. 15 5 49 26 45, 26
Mar. 1 44 3 34 7 15. 09 5 25 13 1| 18.23 1 26 17 45, 36
Apr. 1 50 6 36 8 15,020 1 14 20 14 11} 18.00 1 24 24 1 45.50
May 2 170 15 124 31 } 15.09) 3 44 80 37 6 18.01 6 99 62 3| 45.36
Jun, 2 138 16 99 22 1115.06) 2 29 74 33 18. 00 7 89 40 2145.27
Jul, 4 290 | 1 47 213 29 114.93] 7 78 151 47 7 ]17.89, 1 12201 75 1| 45.22
Aug. 3 196 24 161 11 14.93] 6 65 103 21 1117.72 14 146 36 45.11
Sept. 4 177 1 32128 16 14.90| 3 62 102 9 1117, 68i 19128 28 2| 45.07
Oct. 6 246 43 185 18 14,90/ 15 65 145 21 17.70; 39 149 56 2| 45.09
Nov. 8 623 102 452 69 14.95 13 206 322 80 2| 17.76 88 432 102 1| 45.03
Dec. 3 110 7 9% 7 15.00] 1 31 56 22 17. 90! 13 72 25 45.11
Seikai Region: 3a
T
No. of ;Number of dorsal fin rays! Number of anal fin rays Number of vertebrae

Month Samp.les & ’ oL N < .

specimens Lli*\farxaﬂtﬁxf)ﬁiy-ma I mean Vaylif}on type mean Variation type mean
B |13 14 15 16 17 16 17 18 19 20 | 43 44 45 46 47
Jan. | 1, 100 - 12 70 18 15,060 1 23 52 22 218,01 16 49 33 2|45.19
Feb. 1, 72 8 55 9 15,01 1 14 40 15 218,04 5 48 18 1| 45.21
Mar. 1, 50 4 38 8 15. 08 9 28 12 1] 18.08 1 30 19 45, 36
Apr. 5 303 56 190 49 8| 15.03| 7 63 156 73 4| 18.01 10 180 105 8§ | 45.37
May 4, 117 17 72 27 111501 2 28 59 31 2] 18.07, 5 67 45 45, 34
Jun, 1, 81 | 13 52 16 15.04] 6 13 41 20 1] 17, 96‘ 7 46 26 2| 45,28
Jul, 1, 79 1 14 55 9 14.911 3 21 39 14 2|17.87 1 4 53 21 45.19
Aug. ‘
Sept. 1, 55 1 11 37 6 14.87) 2 26 20 6 1|17.600 1 9 32 12 114506
Oct. 1, 106 ‘ 30 67 9 14.801 7 36 58 4 1 17.88 19 64 22 1| 45.04
Nov. o, 57 | 9 43 5 14930 2 12 35 7 1{17.88 7 35 15 45, 14
Dec. |3 173 3 25112 33 15.01} 4 58 83 26 2 17.97 10 123 40 45. 17

| i i

ICHEBRINIT BRI RE 2 17201, DT B A o, BILOBICIHBXECERSAD 61

iZRDHIH Y, WYL S EEZHTLT
% 20~50 fE{k% 1A L UCTIRILL, 2 OTHERE
DXBE PR, CHREATEERETRE L. &
ITEAR O VT HER UL, HEANO FEe M
Vv, BEEIEEREREE Uz, sk 5, B UKER
T FHFBETHMACENT A DT (Table 1), #
B HERRRD 3 IS0 T3, RERIITFEo
T, ZOEMNBALDOFHBIHISN L S KEE L.
OB TiE, BIFY I AWK dH Iz 548 50mm Ll
R OOS B 2 /N EEE,  50~100 mm DFRR A% Bl
¥, 100 mmll L ODRREEF 2 KA & B U CTHW.
(1) /PEIBEOFTHEREL

HHEREHS, BEARDFEERI R EMBRIC L DT,
EDL SRELSAPRINBID, INNBHTONTHE
KB, AACESEEEREE R R 72 (Fig. 2, Table
2). ChiRE2 &, APNHE RAEHOE DX
WONTH, BPETHEE B AR s L Te 21t

2. COBRXHDOZEZBS T B0, FFNRRE
DT E N A BB ORI T b b ASERERT
REBX, ARBTRMERKCOWTHREL, BHE
R OFEHZELOBRED & FHN s EAH 2 R0 L 5
ICRDIz. T s OEXKICIIT B BEEEHER RS,
ED PRI 2~ 5 B (BEX) F12id 3~6H
(FHER) OFFICEL, Winhd 45.30 Y ETH
b, HEOBRPHHRNC I~ H (BEEX) i 10~
117 (FER) OREREL, VW 45.10 BIFT
BTz, AR OBSEEERTEICII» L h OFEN S
30, BBCIEATEEHBED 45. 10 LUF A
R EAEARLNT, FICHKETIIEAT ST
345,30 LI L DEARDHRD TH RN 0T, HBRicEh
YU L OB HER R § AR R V-HEL, %
TIRAEEIT 45. 10 LT OBE-ETHER RO § DEAR %
v-BEE UTREILTC.
O FREEEFHRERIOWVWT, V-l v-#
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Fig. 2. Relationship of the number of vertebrae to water temperature at spawning
season by regions.
@ : V-group; more than 45.30 in average number of vertebrae,
(O v-group; less than 45,10 in average number of vertebrae.
& . fish having vertebrae between 45.11 to 45.29 in number.
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water temperature at a time when 1.5 months before V-group appeared.
: water temperature at a time when 1.5 months before v-group appeared.
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Table 2. Monthly changes of the average number of vertebrae by regions.

.. Month | ’ ‘ i ;
Region Jan. ’ Feb. | Mar. Apr.| May | Jun. | Jul. | Aug. Sept.J‘ Oct. | Nov. Dec.
o~ b e ! o i
PACIFIC COAST
A.v | 45.31] 45.50] 45.19| 45.20
I s.d ; — 0.0l 005 —
n | ‘ | 5 6 |8 1
. — . | H i _
Av 1 45. 47| 45.33) 45.31] 45.39 | 45.10 ‘
1 | osd | \ B N e 0.01 1
' n | 1 8 3 3 10
Ay ; 45.39] 45. 40 45.33 45.35| 45.27] 45. 23| 44.89] 45.07] 45. 11
1L s.d | 27 2 o1l 0.02 002 0.07 0.07 0.03 0.07
n | |2 1 5 4 7 5 4 4 4
| Av ! 45, 38‘ 45,35, 45. 14| 45. 13‘ 45.09| 45.13| 45.14 45. 21
111y o osd 0.11) 0.0l 0.07 0.09 0.04 — , — . 0.0l
i n 9 | 5 | 6 4 7 3 3 | 4
A.v | 45.28) 45.33| 45.31] 45.36| 45.37] 45.24 45.18] 45. 06; 45. 06| 45. 05| 45. 12| 45,25
IVa s.d 0.01/ 0.04 0.0l 0.02 0.02 0.02 — | 0.03 010 0.02 0.02 0.02
n 14 6 (12 |12 |45 |30 | 3 8 | 9 |10 9 ‘15
JAPAN SEA COAST
( ‘ ,
. Ay | 45.38) 45.38) 45. 43| {
1 osd i — — | 0.08
n ‘ 3 2 4 ‘
i D — T S R — R S — r ———
Awv ‘ | <45.41‘45.31‘45.30 | 45.25 | 45.20
2a s.d ; L — ool — — —
n \ | 2 | 4 1 "2 1
I L IR B I S R
Ay 45,50/ 45.30 45,33 | 45.02] 45.09 45.10
2, s.d =7 oos =~ — | 002 —
| n ‘ 1ol e 8 2 5 3
R a R o [ S A
I Av 45.36] 45.39| 45.34) 45. 28] i ;3 45.04 45,14
3a s.d — | 0.09 002 — | : i Po—
n ; 1 5 14 | 1| 1 | 1 } 1
A | 45.17 45.12 45.3¢| 45.37] 45.40 45.36\45.23‘45.17‘45.07‘45.05|45.17 45.12
3s sd | — ‘ —  — 1003 003 — | — | — | 0.0l 0.01 0.03 0.03
. on 3 2 1 6 4 2 3 3 |5 ‘4 '8 6
Note: 1) A.v, Average number of vertebrae.

2) s.d, Standard deviation.
3) n, Number of samples.

DOHBEA 2 X TLB Uz, KVREIT & B AN
BTN TS, BXYILEL & & g, V-FEE v-
BEE ORBIIRECIIRE T 222 Y, V- BOHBIR
MRFEicA» 2 TEN, v Hid@Ewohind sic
A, CORSER, LHEEXTREET~8H ¥
PERD F1237~9H (AREMW T, V- HOA
HBIL, v- BHIHEBILZW.

HEDFAT L OBEHEBBDELIL, T DK
EEEEBEMH D EINTWAOT GEE - HI,
1952 Zehtidhe, 1956 728D, ki V- BEE v- BHO
ARG, MXAUHBIE R & FARG DK & DBIR 2R

HUT(Fig. 2). HOIZERO/NIEE PR EL Y
40mmT, T OERBICHET S DIIFEIIHEI1 H ) &t
SEINZOT GEE - 11,1951 5 B - 65, 1957),
% DOFELEMRAP O AR S EREREES O 1 4 ARGk
M UTz. /X OKIRE, KERFTTORREX
OPAERFREIC X b, Bt ORNFKBETRL
12, L& S UTHERINCKEDAZIL 2Ry, V-
BE v- BEDOFEAR & DR RIS A &, ASERE
s L O HAMWUIOE D WX T V- BEOFEEM]
i, ZKELRY 6 ~18°C DAFIRAEI db 5 W IR &
LRy, ET0 v- BEOFERI AR 22°C
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ULOBEHERS D TV 5. KibsIuieBs s L} SHSTHEE B OBOEREE L RN ERRRREL T
i, KBOEAMEECHEA»OTEN % 5, i B, FThh~KERHCOWT Y, Thd 28 % Hgl
B LT V- BOHBIRI BN T 5. FI2EH L, BBIORERmD2RY 5729, FHEBRORN %2
KR 22°C DU EO#EKEND # Tafid, firzgotz. COHE, RED S ABICRET 517N
ET DX D EEABREDS b NIRRT, T, REFEERZZRIETT 529, LWEEREAORE
v-Bi: BB SN, DX BT, FERITEITS ARiE, V-BiE v-BSEET A TEBENET 2.

V-#tE v-BEOMBYEMIIE, ZOHXIKIsIT S KR UTzdio TH~KBIBECI, SiAphic V-8 & v- #F
OFMBALOMA E L A HEL TN DT, FEAIKEL ERRITBHBEDVD Y, FERCOVTE, BATE

MBI DRE KB & NI/ E EZEA OGNS, BEHER DR  BOER L EWNER PRI 5 5%
(2) A~ABIBOFHEEE LLT, 45.30 Bl & 45. 10 BIFE 2 Az, 2Dk

INEUBECXAIC X V- BEE v-BHE, 2hAFNE 5 LT RYUT BiEARICNTIE,  45.09~45.29
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DERZHRL CERE ST, V- BIBTAEERS v-
BZEo»Izh, $o v- BUCET A AR V- BUTA
NBERIBHH, DEHBISNTNS. TH5ULT
HERICONWT S, V-HiE v-BoOXBI2fiaw0, B
BHTEA DR MAMAR 2B 5 C &itd DT, Zh
5 OEEMAERD Iz (Fig. 3).

zhickiug, WEOXMIXEEYN 80mm LT
W2 HRERT e 553, (A 100mm BEF T, 133
B OREE@MSRD 51z, 2 DR, FELUIE
D&Y DIEREIL, V-BH oW TIILOBEXIZ ENS
T2 AMEFIDSEED Hh,  v- BHT DWW TR TR
XREVEDLNT, FFEL TS, Thd Ok
Fuk, V- BHORBARNVILOKEE EEN, v-HO
FERAIIKER & 3BERe L, BIF—EL s e
E—H|L T3 (Fig. 2).

1. 3. BT

EECE > T V-#EE v- BRE OERPRET 5
2%, HRRREEEOHEEICEN. V-1 v- B8O
PRl SR 2L, WEHHTRRE EHEFRORS
L DBRB R LIz, R ELATHE., wpvi & hTEE
T T LB I TCOEI T, KEEETREOW
RIZDNT LB Uz, WX & PEER OFEA T D
Tk, ChsBEOEMEHR2ZRL (Table 3), T
D LEEX OBRHNC OV TIRRIR UTchs (Figs. 4
~7), V-fiE & v-BOMCAEHOE I L hE
I EERED shshols. oK 2T
b, MEXCEEX ERUERVED SN, WIho
WX T RBWOE L, V-EE v-HEORTESRN
Ay shige.

Table 3. Statistical describing regression of body proportion of the Japanese anchovy.
Nankai Region
Independent | Dependent | Group ' _ | - | | ‘ I | l
variable variable v X Y S(X-X)'S(Y- Y) Sx.y ! a sY-X!| b
(X) (Y) on | | |
Body length Head length, Vy®9 | 8s.7 | 23.9 | s566.7 403.2 | 1469.8 | 0.264 | 0.995| 1.28
(mm) | (mm) | v/42| 826 | 227 |15327.0 1023.0 | 3915. 01 0.255 | 0.835| 1.6
ditto Predorsal v/s2| 74.0 ‘ 37.3 | 27012.0| 6764.8 | 13449. 3‘ 0 498‘ 1. 145 | 0.45
(nfﬁ) v/50 | 75.8 | 38.6 |27717.2) 7192.7 | 10994.4] 0.505 | 1.622 0.32
ditto Iigga‘t‘ﬁl V/s2| 740 | 500 | 27012.0012019.7 | 18656.8 0.691 | 0.821 | -1.13
(n§;> v/50 | 75.8 | 5L.3 |27717.2)13318.8 | 19144.7) 0.691  1.431 | -1.08
log tog | \ ] S .
V/70 | 1.904 | 0.585 | 0.9740 | 9.1923 | 2.9796 | 3.059 0.385 | -5.239
Body length (Body weight v/69 | 1.874 0.540 | 0.9336 | 7.7809 | 2.6929 | 2.884 ’ 0.341 | ~4. 865
(mm) (g s | |
Seikai Region
Independent | Dependent | Group | __ | = . \ . |
variable variable e ' X | Y |SEX-XIS(Y-Y)| Sx-y a i sY-X b
©.9) (Y) n B 1 B R
Body length Head lengthy V/46 | 82.2 22.9 7950.0] 573.6 | 2085.0 | 0.262 | 0.795 1. 36
(mm) | (mm) v/64| 8.8 | 23.2 | 22877.2 1448.2 | 5657.7 | 0.249 | 0.798 | 1.84
ditte | T rl‘;‘}l"fc;al V/62 | 70.6 | 36.0 | 32402.9| 8034.2 [16083.9 | 0.496 | 1.017| 0.98
% (Hﬁh) v/70 | 82.2 | 41.5 |32731.88181.5 [16205.9 | 0.495| 0.805 | 0.8l
ditto | Preamal | yep | 706 | 48.0 32402.#15734.6 22425.3 | 0.692 | 1.412 | -0.86
| (HS;) Vv/70 | 82.2 | 55.8 | 32731.815037.8 |22952.8 | 0.701 | 1.426 | -1.82
_log | log V/14 | 1 889 | 0.621 | 0.8103 | 9.0158 | 2.6363 | 3 315 | 0.388 | -5. 641
Body length [Body weight| 3/7c | | ge0 | 492 | 12031 [11, 5084 | 3.8613 | 2.986 | 0.337 | -5, 062
(mm) (g) |
Note: 1) V- and v-group are identified by the growth estimation (see Fig. 3),

corresponding to the spring brood and the fall brood, respectively.
2) Ranges of body length are of 50~110 mm on B.L.-H.L. regressions,
30-110 mm on the other regressions.

3) Notation x is of (X-X), and y is of (Y-Y).

4) sY+X is of standard error,

5) a and b are regression coeflicient.
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Fig. 4. Relationship of head length to body
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Fig. 6. Relationship of preanal length to
body length. @, V-group; O, v-group.
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Fig. 7. Relationship of body weight to body
length. @, V-group; O, v-group.

2. 1. ERER

1953~19604:0> 8 4EfH], MR OBRYEREA DS,
[ DSERELT & 72 91, 500 JE{AIT DU TIEEIC & 5 430
IERITEV, EREURITEIS 2 15k 2 Urc. il
OB & IR ITHER a2 VT, 20 f% &7243 50
FTHEAR UTC BT N T2 o1z

(1) BUROBIE & JIEH O

BOROBE ©  BEOFERICKENT, BB
FRUGEE TN & ARIESEIT L T 305, TR Tzt
ZAID D TRDITE DT 5. B DI EEFHT N T,
Z OFIDICHE 2 BRI, DA THFEL TS,
T OWHEIS %2 IEREME 2R TEUR EBE L, HE(RD
ERUREE (r) ORIENNE, BEOHISE & HIFE & OBF
B FROTINS, DD OBURHE 6 BIIBICHEY 5
N3 (Fig.8).

BROMRIE ERERE L 2 T R AR OR R ORELAL
25, B2 IR L TR RN T EREL U 1220 T
&, TRSOSHER S BIE O, THIROWFh» %
DI Uttt L OABIE OB D 3BT REI LIz, C
N5 3FEDH L, FBRIEEHIBURPARHETH bk
OER WD TRKECOTHEM Lz o7, o 25
OSIHE & BURRE & OBIRZRD 12K, Frilloz
T UT I EUR B DL L h K EV DT, I
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Yig. 8. Scales showing the age marks on anterolateral side. A, S-group; B, s-group.
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Fig. 9. Relationship of mark size to scale
size (upper, S-group; lower, s-group).
®, symmetrical scale; O, asymmet-
rical scale,

B OA 2 AV (Fig. 9). T OBEBIIEET
DEAREITR 3 BV OT, BIZEE LTI D8
BHERUI.. oE¥iAE (L) LR (R) &0
ZRFH T, R=0.043L—1.16 %787z (Fig. 10).

CDOBIUED 5, @ B ARE OMADS & D EIHE DS DR
D HALA.

Lok s, i CEE OB & BURE: & D
DLEHIN BRI L 2T, BURICIG RIS 51
> & EHERURE, BB = SRHIBUREE SRk
DOEFGEDERALT 5. COBRITE DT, 18k 5
U T AER ORI DN T, 2 OMED § DRHLo
BURERRY, OB ETREE E UTHCT.

ETRORGE ¢ BT OEIREEDREE 2K
B9, X OBIAIC W T, $ 35 1 FEHOBRD
BRI, PERROERI%RD Iz (Fig. 11). C
o ONTRITIE, 1IBTE 2 IR OR/IBIEED 5T
DT, THEHDMOEDNIE % 2 NZFNEZRONHEAE
&L, Z2OEBPEE L TIE, DAD 60 % BLLEOKE
HreatXteRkyio. BURBORFEEIL, BFER
TEDL S SBRANERRT 2T 5100, BURE
LiEEE OBRERY I (Fig. 12). C O, SUR
B2 D 2 DOEIREE IR 61, FEHCOVWTHE
SREARDE ORGSR D 51Tz, RECETR2 § 0
L D% Si- BUREE, NIV 0% si-BUREEEL, %
EREEORREE O, ARBNAEREOLDT
NTRED TR,

2 T S1- FREEE si- BURBRANC, B2/ H O~
TRICOWT § HARERBIOBREOREMZRD 512
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Fig. 10. Relationship of scale size to body length.
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Fig. 11. Frequency distribution of 1st mark
size by fish length groups.
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Fig. 12. Relationship of 1st mark size to
body length. @, S-group; O, s-group.

», RERNEREOEEN M2 A1 (Fig. 18).

S O DEDMNEPERORKZMLE L, Z0E
BRI D 60 % ML S XME Uiz, T
TRORBEOCEAECONT, BREEER & OBE
L ORMUIKER, S-EREO 2% OERIT Se-
BRT, s~ R si-ERFICERsh 2 C &5
Wo»icieh, Zhs EREO REEL R shi
(Fig. 14). S:-#RBHE s-BURBHCHAT 8RR
PREL, 2HOER? & oBHT OV TIE, ERED
Si- & SR, FI0id si- & s:-HEUROMEER G
LAHTH 2HORXBIPHELITHS (Fig. 15). i
5 DR S, SI-BERE s ERIRAXIDEILS
WIEGRT, ZNFhOH 2 8RS Se-BIRE s
RCHHTEDBHELLIRIZY, LhdDERBPEE
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Fig. 13. Frequency distribution of 2nd mark
size, BN, S-group; ,~_| s-group.
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Fig. 14. Relationship of 2nd mark size to
body length. @, S-group; O, s-group.
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Fig. 15. Relationship of 2nd mark size to 1st
mark size. @, S-group; O, s-group.

TRUIZ (Fig. 16).

WXA OBRE SRR OKE ©  #HEXET
BITAE 1L EROER R L0 T 212, HEEOH
B L DT XN FERED REMP KRB L LD
2, HEXOEREICDIZDTH 1 BURE DRI
ZiE Ut (Table 4, Fig. 17), chuck 5 &, Jbug
HHX 2 LD Tt S-ERE & s—RUREDIX
BTE, S-EROKE IEIMIKBRTAE L, I3
KRBT BB T >0 T RN 2% B 5 503,
s-ERO A S JRWXWTIHF—BL TS, Ik
WHEX T 1 > DIEREEDAVERE L TA 5L 5 D5,
Z D BRED 5T S-EURBIC YT 5. Ll
Se-BIRICENTIE, se-BIRE & b ICETRB OIS
D shvgdotc.

COX LT, BXUICEREOREEZRD S
TEWTCEIIDT, ThefhE LR s ORRIAA
LT, BBRIE T 3 ERERHofRE 2Ry, &
X#EDBEIET 5 EBMPOR & Uiz,

(2) TR L FERRE

FERRM : BHTH T A RSV SI-EERENI W s
CDNWT, RN OREE 23 12912 DRIRIN
RS Uz, CIUIZEE DT D 0. 1 mm DR
R b Dk, 3ab b L OERIERIE &M
DOAMHBIEE 2R T (Fig. 18). OB 34
1l 12~ 1 Bt TEL, S-HRE s
EH IR OIBHITIERIN S D TEMBRE AL TN
B, Fio S-ERE s-BIR R Lok, &K
THHRAEHB DI L, FBECOIZ 2 BRI T Iah
ofchd, B2 5L 2 ORI 1 BURORARM & i3
IFEU EHEE SO, H2EMEREALINS.

FRE: XA OEHBEROBRE RS
129, 8 VAR O SR & si-f0R% b k%
FNT, 1D 5 18~20 OB »HIRL T, 2h
505 L BIR % b0 B0 HiBI¥K 2 AT R iz
(Table 5). Zhickz &, EDOMETHIIIZE0%
DL EOEC B SN, 1A OFREZIR IR
DTEHNEALBNA.

I 5 LR T, —E OB NI2I3IER
CARBERHTOWT, BRMERIICIS T 3 ERER OB
%R 5128, ROWE 21121z, FElERITES
WT, 3~4 ADEE T0~130 mm OEA 110 ik
PV, ZOEADS L S-EURENE si-iR%Z b
SEOIBRZRDIE, BHERERICS 3808
OFEBREDHERTE 5. LROERCONT, IR0
TEEUAEE L 78~96mm (s1-Bf) F 7013 108~131 mm
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Fig. 16. Scales of the Japanese anchovy.
a) Body length 148 mm (caught in Aug. in I-region). Si- and Sz-mark present.
b) Body length 138 mm (caught in June in 2»-region). si1- and s:-mark present.
c¢) Body length 124 mm (caught in Oct. in IVa-region). Si-mark presents.
d) Body length 113mm (caught in July in IVa-region). si-mark presents.
Table 4. Representative mark size and caliculated body length by regions.
r1(mm) rz (mm) [1 (mm) I» (mm)
Region — —m— e e B
s ‘ S s } S s S s ! S
. e e
. . (3.00) o (4.75) | . (96.1) _ (136.5)
Haklaids I 2.75-3.25 4.00-5.25, 90.3-101. 8 119. 1-148. 0
Tohoku II | (220 | .11 . (4.75) (77.6) | (100.0) . (136.5)
2.00-2. 40, 2.90-3. 40 4.00-5.25 73.0-82.2| 93.7-105. 3 119.1-148.0
I (2.25) (3.20) (3.87) . (78.8) (100.7) (116. 1) _
21 2.00-2. 45| 2.90-3. 40| 3.50-4. 50 73.0-83. 4} 93.7-105. 3‘107. 6-130.7
Tokai =
I, (2.48) (3.35) (3.87) (4.50) (83.8) (104. 1) (116.1) (130.7)
2.40-2.70] 3.15-3. 50 3.50-4. 50; 4.25-4.75 82.2-89.1| 99.5-107. 6|107. 6-130. 7|124. 9-136. 5
Nankai 1Va | (229 | (.75 \ (4.25) \ (4.62) (78.7) | (113.4) ! (124.9) | (133.5)
2.00-3. 00| 3.50-4. 50‘ 3. 50-4. 50‘ 4, 50-5. 25| 73.0-96. 1|107. 6-130. 7‘107, 6-130. 7|130. 7-148. 0
@1 | @2 | _ _ (76.9) ‘ (101 1) - _
Japan Sea 2o | | M5 5750l 2 853! 50 67.2-84.5] 92.6-107. 6
Seikai 3.5 | (21D | (3.50) ‘ 4.25) | (462 6.9 | 07.6) | (1249 | (133.5)
b 1. 80-2. 50| 3.20-3. 75 3.75-4. 75 4,25-4.75| 68.3-84. 5‘100. 7-113. 41‘113. 4-136. 5‘124. 9-136.5
Note: Figure in parentheses shows the estimate of the mode in Fig, 17.
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Table 5. Probability of mark formation.
HOKKAIDO I
20t . Mark group sl St
Lok Specimen | I I II IV| I II I IV
e ‘ I;Ié‘ar?f‘iga‘af 20 20 20 1820 20 19 19
TOHOKU [ Number of
2o . scale |20 17 16 16|19 18 19 15
with mark
lor ]
@ Probability |1 .85.80 .89 .95.90 1 .79
o
J 1 . A s
3 = C ORI S DT T 5 & & 1T, AR
2 oL o e | ELTO S BUR® si- BURE O B B LI
= 1953~ 1960/ DRIMFX & PHFIX DRIUEAI 2L T,

of
ﬁ\

il I 1 L 1 1 1 i | i 1 1 L 1
o
a TOKA| mb
£
3 |0k i
z
L 1 1 1 | 1 1 L | | I
NANKAI  [Va
30 /\\ i
20k 1
1ot 4
T 1 1 I} L 1 L 1 L I | | | |
1.50 200 250 300 350 400 450
0
g JAPAN SEA 2b
T ok 4
510
O
E | L ! 1 L 1 | L { | r |
s SEIKAl  3a.b
5" M —
°
2
g I L | ! ! 1 1 1 1
z 150 200 250 300 350 4.00
Mark size , r. (mm)
Fig. 17. Frequency distribution of 1st mark

size by regions.

(Si- FE) THoT, 110 Ji{fAy 84% iThic s 92
AT AL LR D s1-BUR S SRS 11z,
CORERD S, B E UTORURIERS L, FidOEM
RIOTEER EF U & 50T, M) TEC T D5 65
izl

2. 2. g oREHROETIE

T DI BRI T, AEIETR OFZIRLLATIC $ P
KRESE, 2 OB L > THMIHEY 5N 5 DT,

T2 A 250 AR B U, ORI ORI HEIL50
155 DUEKAG e FVHEIREIT BEAT VT T 0.

(1) BRI

PR DRCS & UL T« PR ORLSIRRCE,
il DHUGD> 5 AT [[D> 2 T Kb S 2L Tis
h, NGO EROB L > THE L. B
IR % I, JIE OISR T 0 B JIRRIT
[D> 5 JEn B Ccitreotz. T ol o BT K
CANTEZN D PR LTS, ZOXID &
DIFIC 2 R RFT, WD ST dy, ds, ds, -, dn D
FHE, Ay KOHREREET S dyy di, deyeos
dosy OFRFNEEY, dy 1 dy & ds OFFHHITL
T, WRMAERT Y 45 & 3 (Fig. 19).
I UABA T S BREGRALT L > TR A 5, B
PR DR E X 2HEIGUSC THIEL . 38D
HARIECL) & fERD & OPRIfR, Ro=0.0368L—1.00
X T, BEEDOBED S SRR 515
DT (Fig. 20), & DA 2T § EEREE 2 AU,
CAUTHG Ut BHEOBUNIXEI DA & & % 0.5 mm T
LY, SRR, FEREELE = BEERAIXHE (0.5
mm), /B O BR» S, FEHIT 5 BAIXIEOR
E3IBFEDIC.
BAXIIZE $h 3 B8, 3 UDEoRGL Y
TGO TR U T 558, & BRI TR A4
N5, LN PEIHESFI D Kl B 4> (wide
zone) & EEsIRSYy (narrow zone) DEITC, HUEHIT
WEHE L. HOHOD S BRI E Toles 2l
LT, MEBRTROAEE (o) & UK.
AR EE A ORI ¢ R U8 Ol D AR T, B
ARSI DBLIEE 2 7 A 128, RO 3 IsiRat 2 157
Dfz. PUEKIZES U B AR 120 mm OFEARD 5, K&
IO D 10 BOREZRIL, b OFOITH
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Fig. 18. Monthly changes of frequency of individuals with 1st

mark along margin of scale. @, S-group; O, s-group.
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Fig. 19. Scale showing the unit distances
of covered portion on measuring axis.

RIX IS OB R, MBI o4T 2 XE %
e UTz(Table 8). THuTk % &, MEHIUIBED
KEZIEEHITHML T 3D, HERTERITE DB
THIXI—EOXKBZAEL TS, $8b5Z DX
i3, BELILPINCED THLOT, BIHEOKRE X
LIBEOBE D AT, BITMOA R 3B
DI B EWBWEMTIeot (Fig, 21). §#&2oT, [
UAED SEREUICBHT DWW T, BT DOA X 3
S RUBRE=EERIRON S 3 SRS OWER
THDNT, HABTRON S 3 ORIREHE 23R TH
mu.

i
E
<L
.
o
.3
L
8
B2
2
o
s L
(%2
1 1 L. 1 1 i 1 1 1
50 100 150
Body length . L (mm)
Fig. 20. Relationship of scale size to body

length,

(2) iR OBSI M & AR EDR

% OREIOMESIRE DR S, IR OMIBR 1T
WL OTHEITR Y, CHER 1TRFERD Si-El
R BUVE si-BUR & DBMWER M LIC. ZhieD
WTIE, B & PRI OBEA % FU TS 200 141
BEERIED 11 (S R 11 (s) EBITHOKREX (r0)
L OB RRY IZ(Fig. 22). ATk % ERITRO
KESETRBOR XN S-BURBI TR X {, /ha
Vosi- FURBECRBTMNI L, s R 2N ER
So- BITE L so-TIBITHE LTXBILIZ. s
TR DOAEZIE LT, 1o () IBLK ro () BIZFN
FNRDL S ITRD st

Seikai Nankai
ro () 1.76--2.52  1.99--3.08 mm
ro (s) 0.67--1.49  0.98—1.85mm
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Table 6. Number of ridges in the unit distance (d): Scales from fish, 120 mm in
body length.

No. R | d & dy d; dy ds dy  dy  de de dy  dy i
o Cmmy e . i
1y 362 ’ S O R CHE o B
e LI
8 3.8 [ 04 o o o Py oy Py B
o 3.2 l 0.92 I‘ , ;2 iz e o 21 .
5) 318 | 0.9 | ;0 oou o oy By o,
& 28 |om g 7 o 7 b 12 ST AP
2 2_46 ' -0.701[7 8 R . 10 '170’”11 LML 19 L
&) 236 | 0.6 w 9 9 1 11”'”1'2' LB, 20
9 L85 | 052 é A T 16 I ‘
1'0)77‘83“ -_,‘(;,52,‘,‘ H_ o 71(; 10 12 12 14“ o o@

_— Mark size . r  (mm)
£ e 2 .
E - SEIKAI. 30
£ o
° € (3
™~ 3_ haed e® O
: LN ] .
. " ° % 4
Q e T .. Y
5 : .
N 3 %
o L z % NANKAI. e
z 7 - o0 of
E3 ° Loe o°: 0% & I3
8 ° ' *
‘S o oo ‘.’l ..
° :...:.'.
.g 1+ & ;‘:o"
ow ., ©
L o o 12
| 1 ]
| 2 3 o °§°
.0 L]
Scale size, Ro (mm) °, wgogd’
o 0 ©
Fig. 21. Relationship of size of wide zone °o°%% 4
to scale size. °e
|
_ . o 2 3 2
& O)f%lil;ﬁb) by %0)*[t%|ﬁ'ﬂ%f§éiﬁ4%%7ﬁ&%’%}:ﬁfi Mark size.r. (mm)
% D3 B T EHS BB DT o1, . BT . . . . .
Bif% 13D OE L‘b) Y5 g“‘)T’ L3 CO?I;{:({%K Fig. 22. Relationship of size of wide zone
1, TEEEURDTER SN ARTO 1 ML OATEY Hi to 1st mark size. @, S-group; O, s-

BOT, So- B E so- BIOBITEI, 7 ILARMHEL group.

vo (mm)

Size of wide zone .
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Fig. 23.
a)

INBEDHIL ST S Si- FUREE & si- f/REF DR %
RT3 (Figs. 23, 24).

3. SRBLIB O kAR

B, ¥EXBIOFEERHTONT, T ORR S
ZIASPITT A28, DIRUP ORI & FEIRI %S &
OATSNREINE 2 A~ 1o AN 1956~ 19604 D 5 4
sl DAEIR RS ORI 2 i, IEBED
IR D L 5 LfTIso1C.

PRI f kD> S IRELEE, BT 10% A=Y LT
EERA L, VB3 & ¥ IR OFHAE JTREREBAR T
SOfE L Uiz kot T4EEIR %2 D HE DK
PANIZY v~ VAL, JHBORD % & <
EEIESUL, DEEID Y » — L HUTE TR B ST
DHEIY, 8~10 OHMHENCKIHE LIz, D1 X
DINZEBYTATA K TT2EBL, 205 503
P2 0.5mm L EDIPF A AT, TOBVER 2 [BIfTS
DTZ DY ARD, TIUT F0T BB 5K
BIRBURHERE U2, 5k, ZOBIT T 3% &> TH%E
BRDIZ. BE I F4 T VINIERBT >N THRIED» 5
HHIEIC 250 2 DT, JIOERI L o8 &g HiiE L

dn

Distance .

Changes of the number of ridges on measuring axis.
s1- and so-type (Fig. 24, a).
b) Si- and Se-type (Fig. 24, b).

¢) so-type (Fig. 24, c).
d) So-type (Fig. 24, d).

72 BNBAOMEBIA e o 4 DU BIT DL, Yy
(217 SN NE SR RIS S B (SR o) 1) o3 . ¥ N 1d
DUWT DI IE, INDYIMFERAIIT X > TIIRIR R
285 DT, UIEHLIIDRORED TS § DDA
DWTHERZHE L.

3. 1. EORBE

FEARERI OREEHEZH S T B o, 7
SHBAON DERBGERE 2 TN T, % DRREE 25K B L3
DdHHDOT, IIRIVOHUES X CCIIRHRIC OV TH
Ui,

(1) JUELOE DFEE T & BUE

GBI FEE T B icoN T, ED b AR LD
DT, ZOELD ER%Z WHCT A2, D
BRI EREOBFEE2RD Iz (Fig. 25). chitk s
IR DWRBRUCINT, BEH 0 1mm BT, #
0.2~0.8mm L% 1.0mm Pl koD 3 XEiTEHIC
555 3 DDHMALBED S0, L6 DEITIITEEE 2
2 ODBITHVHL TN A, TS DEREGREDH
DL BINE, BRYGT L ATLROB S L O IA
BRI L ABEHEICE D TIHERRBITE DT,
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Fig. 24.
on the axis.

Scales showing the measuring axis and the ridge counts in the unit distances

a) Body length 120 mm (caught in Nov.). si-mark presents and so-type in ridge

formation.

b) Body length 130 mm (caught in Nov.). Si-mark presents and So-type in ridge

formation,

¢) Body length 51 mm (caught in Oct.).

formation.

No mark presents and so-type in ridge

d) Body length 75mm (caught in Sept.). No mark presents and Se-type in ridge

formation.

H OBEE X OHIEER N T, IIREWNORE
B IRD 4 BHSICT Tz (Table 7, Fig. 26).

1) IR 0.1mm BUF OB/ NUERTEIN
HUDNCRDSED b, MIRMBIEIC X 3 & B
w33 (stage 0).

2) BRK 0.2~0.5mm DRRNREY AR
13, BPEEREGHIIC H T2 5 (stage ID.

3) B2 0.4~0.8 mm OAZEISFAREINL,
PR R IR I H 2% (stage II).

4) BEH1.0mm Y EOREN sEARINE, 53
BEIC H 12 A (stage IID),

TN 5 DBITH O stage 0~1IC &1z 2 HI 2 /NG

IR, MR icd 5 &P RIS L, stage
II~III OBITHOINIIIABEIRCH T2 5. T O
I 5, ORI X 2B Xy & 3T
U, DIfkE L OEERIC & A BRI X > TIRDRVE
BRDBCENTES.
(2) PIEHIER
BEBLBE DYRERA R D> & DI D ARAE 2R 5129,

FUHEED 5 5 E£2 0.2mm BLED § DITOT IR
M2y o, chuc ki, SEORBWC > T
BRAAIT TN 5 1, 2, 3IREID 4 BIDSHD 1,
ZNZFNA, B, C, DRIBRLE UTz. i 6 5%
HOBIT LT, PR OBDMEINE] DL KD 5
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continued.

Fig. 24,
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Fig. 25. Relationship of minor axis of egg to major axis,

Fig. 26. Photographs of the ovarian eggs of Japanese anchovy. (X50)
A) eggs of stages 0-II B) those sectioned, C) eggs of stage III
D) those sectioned.




ELEBELI2HS (Figs. 28, 29), Wi ORI F—T
Uy B EFIEEBHD D s iz, U UARERESREL
BHUHATH PR E L, FHORBMRL AL
BN DT, FERADHE I INRBIIIE I & 25 HEAR
PAREE 23R BT THORVE LN,
T OREER, HBIBHREED D 2 7 F 4 T & OpEDY
B RY, ChPiXETHBT 5 &, HOKEET
OFEK 2 R ICREDIREUINS H B S, DS B FHOERY
1%, dE DRI 2 101 L TELT AN ) THIGEN, d6
HREYEX CESEEIIRI & 20T A, 0 MTCA LT

TN BRI 73 / F A Y /@fy HRICBEd B b5 221
Table 7. Maturation stages of ovarian eggs,
No. of [ Diameter (mm)
ﬁsh/qggs Stage/Cytological division |- s U Minor a¥is on”
.('ex?funed i ) ; Ma]or axis m' Mmor axis ‘1 “the section
5/250 | 0 /Periferal nucleus stage <012 | <012 <0.12
5/250 I 0-I /Yolk vesicle s. | 0.11-0.23 ‘\ 0.10-0. 14 ! 0.08-0. 18
5/250 1 /Prxmary yolk globule s. 0.22-0.50 ‘ 0. 12 0. ?4 0. 14-0. 26
5/250 [ 1I Secondary yolk globule s. ' 0. 44—0 84 O. 22-0. 38 O 22 0. 36
/ [ i
1/ 50 ! II III /Mlgratmg nucleus s. I { 35 0. 48
1/ 50 - III /Prematuration s, i >0.96 J >>0.43 0. 42-0. 56
NAOT, 3 XITRDIIPOEH D FEAIT LD a0f Tvre B
A
T, URRADBE %58, HEBIYIHDRRERIE % 1 5 7> kY mean of 2 specimens
icuiz (Fig. 27). 20f ““{0\} BL - 1070 mn
COMEFR, ARISIRILRBIMOS 7Y, BHIGY L
B stage 0 DIPFT & PE%% 0. 25~0.50 mm (D stage a0} Tyee B
I @Iﬂ[#%?‘;o’tb\?‘:. CZFLUI‘]%@: B!@BU%@EBM \\\ rgtun of 2 specimens
OHIT, X 5ITHPEE 0.45~0.80 mm O stage II DB 20k . ovi+ o1e o™
% §>Tk b, DRIIRLTIZ I 5 1IIFE 1.00 mm o
DI k0> stage ITI DSERGEFNT & 5 2YHEINEIAS —
«w aof Tvre C
7““- § \\ mean of 2 specimens|
CO& 5 TR DOIPEMIRIC L DT, IIHLDBH ol N ow o3 o
RIBDMH 52T AL DI DT, ATIBIBUSREW, BRY ° M
5 & O CRIBIRL ARBGETE ORI L OB, DTSR 3 —
N ST & U TR 2R LT, 5 acf Tyee C
3.2 % M # BL 1250 M
. SN OW.=0.
BUF, HibRRI ORI ERB OB W] 5 T T 5 1 2 "o
¥, FEXINCEEIHOHEE 21T 07. L TckbE )
134444 100 mm Dl OXRET, Kfhd 5Ll 3 T a0k Tyee D
DERIDIR OIS 23R, FREASIBADCH & DY \\\ r;tan n; g specimens
L. = 12E0 mm
PR SDRTIBIH S 2 HEOMREE & U, Ol 208 OW.c1.10 ¢
ORI EIO) B FESIARN & 227 L7z 7 PHIGIK OB VRN
L L " N L L L 1 L0 " L
ITOWT, HANCENEORAEER (ORBLELRL / (&8 02 04 06 08 1.0 2 1.4
D3R BRDTC, TABEIT L 2 FEINHIER D F5H Egg diameter  (mm)
I'ig. 27. Progressive maturation of ovarian

eggs by egg diameter distribution.

TCRR DB, BHLRREIETEY 5 i, dk
TR HEX DFEIRINIZ A L AITh B

3. 3. HREINK

DY EOBFRAKIRITI T, Hf & BICEEIRRINI 5

D EMEEINTZOT, RIS 5 REIIREY T
HODZERZRD B0, BREXOEA R W TRO X
BRAS U T T NYAN) o

$ B ORI OV T, (RENE, SHHs
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B2k HE3.4%

BT HIIERE 23k % & (Table 8), FREIIBDHB
HRITFFRCIFEEIO mmE B, BEiKi3 90 mm LI |-
6 ZBBUTHEML T 5.

X 5 I1CH EBKOREIIREGNC, stages I~IIT D4IR%K
BIORY HE LI AN IR (AEHNTRD 1

(Table 9). Zhuck s &, &5 5 DEINEEL 2I0%L
1075 ) DYEDIA SN BHS, —MINTITEEE L}
WML TV A, 7B B PE LI OB E s, &
BEEiiml Cnahs, BROEIRTIAE 100
~109 mm (BHEERL) F72i 110~119 mm (C TP
) CRBEUTHINL, BKOEINRTI2AE80~89 mm

(BRIGHEHD) 7213 90~99 mm (CHIPHEL) CT&H
T5.

LS ORBITE % &, R DIRAEI G &I b T
UTCBERI DB & 120 T, 2 D DEERDXNT X
B 0T, HOFEIRERHIAEIZT 110 mm Lo
WET, ey 100mm PUFOEERIZ I
BTSN E A SN, EKOMEIIERI AT
100 mm Y AT 90 mm BLITRD & O 7epEm

o EHEALNG.

4. JEIERE O/ REE &R

4. 1. REBORHY

s X OFBRES, AR O 2 il TRfgE L
TRER, 206 OFMIN, HEINRESRD 5Nz 0
T, INSEEPRANCREITAC EIRE D, F
36 & OVHMEISEAERF OB 2 B 5 0iC 9 5 L &ST
X7, CORBIBHEGE MY, 8L D
PEMHE R O BIfR 2RO 729, ROL 5728 Woe® 17
rgotc. '

(1) FFHEEE

JNEUBE DRI HE U o, ARl L ovHEIX
PHTE RSB BASRD S NI DTC, Thd DR & R
BEPE & U T ORI & OBIRIZ OV TG L, BEE
MR 45.30 DL LoD V- B & 45. 10 IR op v
& DFEAERFI & pESNERI & DBIRITOWT, OL D
ki R8s (Figs. 2, 29). $7/0b b, BREHHEHE

nzk
0---- Mode /
> 8f
0
£
3
z ﬁ Jf’ «%
2 |
B % %
1" + i H
Jan. l Feb. Mar. Apr. May June July Aug. Sept. Oct Nov. Dec.
Fig. 28. Monthly changes of the maturity index,
ovary weight/body weight,
Table 8. Percentage frequency of type of ovary by fish-length groups and main
spawning season, in Nankai Region.
. March-April September-October
Fish-length N
group Type of ovary Type of ovary
(mm) n n
A B C(D> A B C(D>
70- 79 20 95.0 5.0 20 ! 95.0 5.0
80- 89 25 88.0 12.0 25 ! 64.0 32.0 4.0
90- 99 25 60.0 28.0 12.0 50 34.0 50.0 16.0
100-109 |35 20.0 51. 4 28. 6 57 21.1 59.6 19.3
110-119 142 | 7.1 57.1 35.7 16 | 56.3 43.8
120-129 | 13 | 46.2 53.8 3 | 66.7(33.3)
130~ B 80. 0(20.0) 100.0
Note : n, Number of specimens examined.
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MONTH
REGION

. JAN FEB MAR APR MAY JUN JUL

AUG SEP OCT NOV DEC

HokkalDO 1

ToHokL |

lla :
Tokal ‘
o |

NANKAI Va i

Hokkalbo 1

2a

JAPAN SEA
2b

3a

SEIKAI
3b

Fig. 29.

AR OEN V- BUIBRZEORERE,  v- BHIKEOR
HBEE A5, DO OIGEKERITIS U 541 1 [ DE
OFE AT, BRI 5 FRBERAER L 12T—H
UTZTEHER R 4 DT 5. SRR, INREOTE
THER R e AR ORI E T2 EDTE D
(2) BT

B 1 EMEROA S S TRYah D S-ERREY
& s-PURERCOWT,  FERERE S DU T
AROEBEPRA LI, L0, #HRKIT-NTEE
TREEANCTTHE B OB R ZRY o (Table 10). T
ks e, FOBXTE SHEREHIPYTTHETEDS
¥, 45.80 PLED> 7203 45. 30 ifD CIRVMET,
s-EUREHI L HER BB 45.10 LUFTH Y,
;f-:ﬂ?ﬁﬁma‘g‘ FIZENED ST,

XTI EREEOF 1 HRFY 53K 5 N I3k

&% h (S> BIO L) 1, & HIRFEELIEORY
52 ORGUPOEE L AL IN, FHIXFT ZOF)
TIREE V- L O v- BOREMEOME E 21

v TvPe B

Monthly changes of the group maturity by regions.

Tvre C,D

figUt: (Fig. 8, Table 5). zhick s &, ¥oEX
T BUREBEODA SV Si- FURBEORSIAEL, V-3
DOFHAERREDOIAE S F—8 L, Fo si- RO
TR v- IR OFEAEIERIE O AR & 131F 2T 5.
DT, Si- FUREEDF B ILORFXIZ &M &
7 5H 0, %fr@xmmt@ iﬁlz i3 E z‘i&crﬁmmr i

g,mn L5 it - /r;-'fa/J\méO)u-ﬂ*W&&Kr—iEl?s D
ook, RERIICEXOEN N & LU
TW5h.

PLOMER» S,  S-FEURIRIFD O Ko F/ER,
s-BURBHIMOFEERE S B 53 NG, OB, B
TS U 2 AR URTEER UL AT DB BCF RN 35 C
X, MEBITEOKRE S So- BE se- BICLOTHR
FTEMNTED

(3) Rk

SEILHEDIEHIRED 5 5, TEREE SRS, 4E8

FETR & TEHETY R DBMRIZLECIA ST LIc T, 2 C
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Table 9.
Spring spawning group (March, April)

2B W34 5

Fecundity data of Japanese anchovy in Nankai Region,

: Total number of No. of eggs in the
Fish length Weight of ovary(g) yolked eggs largest mode
n group (mm) T T ; T P T "'T*" o
Range ‘ Mean |  Range Mean Range ' Mean
Type B (Unimode)
3 80- 89 0.08-0.45 . 0.22 . 1205~ 6140 { 3140 1379- 3315 ( 2853
7 90- 99 i 0.08-0.63 ‘ 0.26 . 1763~ 7438 3150 1035~ 6950 | 2144
18 100-109 [ 0.22-0.93 0.40 | 4774-12349 [ 5830 2488-10131 | 5317
24 110-119 0.34-1.35 | 0.88 3169-14435 6540 2965-13432 1 4770
6 120-129 . 0.34-1.22 ‘ 0.84 3218-11616 6430 ‘ 3015-10343 ‘ 5135
Type C (Bimode)
5 | 90-99 | 011049 029 1895- 5680 8165 | 960- 4535 | 2130
10 100-109 | 0.28-0.57 0.43 | 2330~10673 5468 | 1884~ 3350 ! 2995
15 110-119 0.39-1. 30 , 0.75 I 5013-13770 8975 2880~ 8792 4139
7 120-129 ‘ 0.55-1.75 ; 0.98 | 7456-18330 ' 11356 ! 2380-10153 | 4784
4 ’ 130-139 “ 0.48-2.03 | 1.56 ! 7015-16953 | 10750 | 3224~ 8950 I 4933
Type D (Trimode)
1 130-139 . 1.78 17315 | 5088

)

Fall spawning group (September, October)

Fish length = Weight of ovary (g)

No. of eggs in the
largest mode

! Total number of
yolked eggs

n { group . T S, e
(mm) . Range ' Mean Range Mean Range | Mean
i i
Type B (Unimode)
[
1 : 70- 79 0.10 4808 2780
8 80- 89 0.07-0.37 | 0.25 2400-6968 4655 1670-4720 3616
25 90- 99 0.07-0.35 0. 29 2488-9632 4229 1110-8002 3435
34 100-109 0.07-0. 60 0.37 1024-9925 5090 1201-6230 3344
9 110-119 0.18-0.70 | 0.50 4904-6664 5789 2080-4510 3637
Type C (Bimode)
1 . 80-89 VA . 2368 1468
8 90- 99 0. 18-0.30 i 0.25 | 2133- 8606 4126 ‘ 1443-3352 2564
11 100-109 0.20-0.53 | 0.33 ' 2221-12768 5865 | 1510-8414 3507
7 110-119 0.17-0.55 ‘ 0.35 i 5152~ 7456 6458 | 1540-5220 3547
1 120-129 ! 0.55 : 8768 . ! 4170
3 i 130-139 0.17-0.75 i 0.55 ' 6505-12950 ; 9673 { 2350-5890 i 3560
Type D (Trimode)
! : ! {
2 120-129 0.50-1. 70 | 1. 10 12100—16740‘ 14420 3100-5200 { 4150

TR & ARREUREE & OBE OV T ORE 217
2otz. BEDERR L AHEUREEE O WIHR KD B 12
Y, EEIIRBUINSE, KO 2FT|ITED 5N A BHEX O
KAV, BEIERICIIT S S- BURAEE s- BUREER
T, B, C, DEIDRHS L OTEBIBIE% & ok
DB R» Iz (Table 11).

T OFER, BOENBRHTHS 3, 4 HIRBNT,

IREADEH % & SikIIEE UT S-BUREET, KO
PEBIITH B 9, 10HIRIV T, REVEEFIEEE L
T s1-BURBEICB L T e. 162T, FOEMNERHZ
Si~ERIE T, OB s-BRETHS 5. U
» UR—FICRE UICREORERD S 5T, Z2DED
FROBEIRERT DD Y, BROFER CRIEDH DR
PUREIC BB B B S BN A 6N B, ZOHEIEIR



FERIpIVEB LN,

R S DYEX TN T §, HEABAY S FEONTNIZ I3
FEE 100mm P EEA SN OT, EREREDE
HEENSHT, HEIF4 T IFEAERN 1 ERI
D TEICHETLEELONS., B2
LERMELR % 40 2 VU TRC, sl § I
T, 1FRDERFRIIIE DTS,

4. 2. BRICOWTORS

(1) |0 X O HIROFEARE

HEIFA D VICIEEREKORELEMLHOT, T

N5 OHEMIEHERROBRIC L > TR 3N, #ll

(1948, ’50, *54) IZFITEFHEFEL 45.20 DL BB HF
FHBEE L, 2T KEFRERIE UIc. F1H
B e SPAE (1957) 3 45.80 Pl b2, 45.20 AT %
B, 45.20~45.30 BEIOFEERE LIz, &5 -
R (1957) BEHFHEEO BHEBEAE KT,
45, 25~45. 48 B HAFRARE, 44.81~45. 27 2RKHATE

K AR FAT Y OBKICEI 5%
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HERELUTE Y, BEOTFRMARZELUL TS, &
TR - JERT (1957) 13, (KR 100 mm DUN AR
OV TIREEF T BICEE DO TRAERDIBI T X
205, MFBEBPEST S &[N B ABRHITONT
HEATERWELTNG. COWERICBNTS, T
IRER 40mm OV DU T, 45.30 BLRE
45.10 LIT O EEIFFHEEBENC M 5 C 23 TE
3, R 80mm LI EOEAR TR, KEOHINL &
I HEBRUC L MR & s b, HrickE
100 mm L LOARBIBE T3 W TE 5oz, &
D& 3T, H~KREBCIRL 3 FERH OB AL
UTnaEAaLNED5, ThHDEERIZ DT
13, TR/ 2 MRk T, RO
M ZOUVRAHE RS 0ICT 08D 3.
FIAAIN (1952) 13, B F 7 F A4 U o OWEKENT
ST, DD HEBARNTAH LD D BOEC &L
b, WUKE, DHE, M, BT, B8, Bislom

Table 10. Regional changes of number of vertebrae by mark groups.

S-group s-group
Region Number of vertebrae Average Number of vertebrae Average
43 44 45 46 47 : 43 44 45 46 47

Hokkaido I 4 23 13 1 45.27 1 6 } —
Tohoku II 4 15 12 1 45. 31 7 9 6 1] 45. 04
Tokai 11Ia 1 10 10 3 45. 62 1 4 8 2 ; 44,73
Nankai IVa 7 33 25 45.28 | 1 6 13 10 i 45. 07
Naikai  IVp - 2 18 32 8 } 44.78
Japan Sea 2» 2 13 8 1 45. 33 2 4 3 1 —
Seikai 3a,b | 1 1 14 12 45. 29 7 16 2 } 44, 80

Table 11. Relative frequency of mature individuals with different mark-types on scale,

by spawning seasons and regions.

' \ I | ' LM .'
.  Spawning Mark grj“p $/n | Spawning Mdr}f grotfp[ s/n
Region season n e T ‘w x | (%> | season n | s s i x ' &

— e e - [ B ke, i s ‘.,,,71 -
Hokkaido 1| Jul-Aug. | 27 |20] o} 7] 741 ~ == =] -
Tohoku 11| Jun-Jul ' 35 '25| 5 5| 714 S I R e g
. A 29 |20] 31 6] €9.0 | Sept. 3 o2l 1] —
Tokai m, | May-Jun. 25 | 20| 0, 5| 8.0 | Sept.-Oct. | 15 | 4|11 0| 73.3

1 1 i
Nankai IV | Mar.-Apr. | 40 |25| 8 ' 7| 62.5 | Sept.-Oct. ‘ 40 | 9125 6| 62.5
Japan Sea 2v | Apr.-Mar. | 28 1201 3 ! 5| 71.4 | Sept.-Oct, 9 3 , 6] 0 ] —
Seikai 3a | Apr-Mar. | 33 [21| 6% 6| 63.6 | Sept.Oct. | 20  2,13] 5, 650
erxal 3 | Mar.-Apr. | 40 25| 5 10| 625 | Oct-Nov. 15 | 0 l 10 5 i 66.7
Note : Specimens are of over 100mm in body length.

n, Number of mature individuals with ovaries of B, C and D types, being used

for scale reading.

X, Number of individuals unidentified as S~ or s-group.
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oo Mk W25 m3e47%

Fig. 30. Japanese anchovy distribution inshore,
Data from commercial catch, on an average of seven years,
1952-1958.
Note : EMEEEEE, over 10* tons in annual catch by prefecture,
0000, over 0.510% to 10* tons,
xxxx, over 10* tons in annual catch by prefecture.
I1+1  Hokkaido Region, annual catch: 16.8<10% tons. Osima (1).
II Tohoku Region, annual catch: 47.8X10% tons, Iwate (1) and
Ibaragi Pref. (2).
IITla+b Tokai Region, annual catch: 125.710% tons. Chiba (1),
Shizuoka (2) and Mie Pref. (3).
IVa Nankai Region, annual catch: 41. 6X10° tons. Ehime Pref. (1).
IVy Naikai Region, annual catch: 65.0>(10° tons. Osaka (1) and
Hyogo Pref. (2). -
2.+ Japan Sea Region, annual catch : 8. 6X10° tons. Toyama Pref.
.
3a+b Seikai Region, annual catch: 37. 4;010° tons. Nagasaki Pref.
(.

D 7 HERRT 2 Bl Ui, 2405 OESEE ORI TR, A, BXABEARRRT T
DEFIZINTOED. BB &0 F4 7 24T SEEEHEREL  EEEDR,  READR AR 25k
Tid, VMR OB LT, £RNH W, OWT NS A IR BBEM L 5 T
BADKRAIWIFED 2 <, B FEATHT OV T ORES ERIL, TAUTHDW TEREINFEARE L HIBRY T

R TZ L.

IEEE O 2RI U I
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FBHWRERC OV TR, VEFHERROEN V-
FHIED LEORAERET, i~ KB T 2 i
BRC I EREREOAR SV S-EUR %, $ICPEIERO
BB TR B So-BUBITI% b b, Fb S HOFE
FRUCIE B EAR BN, TR UT, FROFEERT
VHEFFHER B OB v-BET, BT/ E 0 s R E
so-TD BITHR L b, JRAUT s> THOREIIERHT
2B EHEELIS. INSENRED S L, BEOIE
HUROEMOVR A HETH 50, COERRZEDTT
AT ORI AR EIC B Bl R Uy INED B K
DWW T, ff#d 5B OFER L OB
B, FREFNEL QLR 0 LAY
ni.

DEW, BT Th b ORFINFRA ORI %
BHTAID, B2 I7F4 7 OO &t
HEXETORAEBIIC VT, EIROLEYEE DR
B0, W OER FUER DXL, 1952~
1958 fEOWMMEHC I b, BN EREE 2K
b, M 1F b L EDKEIT OH ook i
D EUTRB LT (Fig. 30).

Z OBREORBER T X, BEEKEOFRICE

I 2 IR, SPETHERBOEN V- BHCE U4
PURBOREV S-FR2 42TE Y, TOfERTT
TAFARNE, LIRS & & ICHAELIVEIC
M» > TENLA. TR LT, KOFRER ORE%
Lo b D3, EEUKEDSHED 5B T d REIT
HIBEDE U0, U UIKOFAEROA R ik
OEXIZEMNE L, LEEERKITIE ORI R
oML 85, LDk 3, BB EKIOIERIT
DWT, % DHIERHY 72 BRI B IR TR DAY
(I L D T TRz,

(2) BB X » BEINFREREOHHT

BEOEBEIRE, ZHNFEBROHBICHNTES
BRETHIH, W2 2F49 L OBdfakE bany
WNDT, ) ORI T 2 BIARITIRINS 5 T
EWHELWV. LD Db, HalEnThb SEHIC
BB T, HE 2 F AV v OERR »FATER]
WCAYEES ATt RRE LIz,

C OBt Fe oERNE, 195748 4 BRI OHISE X D5
BRICENT, KB REE L TR DERE L T
AR FAT L OBRREL, SBOBORD» 55
el DA 2 AIEIC AN,

180 |-
fa
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Fig. 31. Size compostition of fish and scale by two mark groups. @, fish;

O, scale; [__|, S-group; [/7///], s-group,
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Fig. 32. Relationship of mark size to scale size.
®, S-group; O, s-group.

o PN D0TiE, BE (R) O3 1IEE
T, COBORENDEFE (L) OMBIC20TE 1
BEITHor. TNLTAMIL, IR OB D
IZRDT: L-R BRZEST, BO—BE2RL TN
12DT, Bz Ol 2 R RELTVAE LA
bz (Fig. 31). DX ChiEBOBE & EREOH
BRRDIHE (Fig. 32), 2@OER% § iz
{ A bzshotzds, R-r BRIKEBWT2OD8E A
EHRERDED STz, T70b5 COBOEAIC I
REONI s1-EREF & A X0 Si- ERBMREL
THh, ZORBYHRITE2 D>ORT 2 RERDERE
MEH SN, COLHITUT, DHEINIERRG
CEMR L DTS 50T, ThTHibd 5 EEHM
Bb 2BHCDMET AL EDTE S, S- EREOBE
T DBITHEM T 3 EERPRIE 3.68 mm T, s- BUREE
2Tt 2.40mm THhoODT, BIEIHEOFRA:
BOW 1 EMERE 11 (S), BREIKOREHDN
1AEMEGREE i (8) WML T4, o THEM
BT Iz 28, ZNZFNHR L OKORER
EHETE S (Fig. 31, HIRREBRD.

LDk Hic, HELBE L ORIGHEX AR TN,
LOFHR O TEREINT, Yk OREHRAN
BOBRAHGZRD A EVTES. T ORI
SO T, FHEXICET 2 B ORI FEAERT
DEEHEPRDONS. I SITERERORED b1
TEVNA~FRBIBHT OV T b, BROREITER OECTIE % 4
BERICRAET A L EITL DT, COHERIEL #EH
THCEBARETH S

(3) W2 IF4 9 L OFBECHONT

ORI BB B ORAER ORI & U
T, KEBWE EEBTHA. BELS IMEDER L
UT, BELEZRELC L, ZO2EFELE2BEL TH
BOEYNEERHE T 3 AEER & HELIM, i
5 ORI — B ICABEER OBRBEB OB L 55T
3.

HE o FAT LA SN LEREEKTWORAENT,
T ERE2EITL, ZRENEN, R, W
B, BRO—HUIAEGE2E LT, EHOEYIF;
WP HTH. T0b5RE U/ NI P 3
DEMED IR T, A~ RBIBETIIREERICI T H4E
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WAER s & OFEICE R MASED 6B & & BT, K
RIEHI—F OFEIEER AT T 5. TOX I 22D
RN, EHRYERHE & U TR R, IRESE &
U CAEIBUR, AR & U CREDI e X T, &
I ABRRERKEID 2 >OMKPXEI L.

DX, FERIEE U TIOR3 AR,
IEFRR M T, 2 O 2 & e R EE O
EIEER 0T D . b LHERKIF O EHE
TR, 2 OB OKEZEL & EEBENDH H,
TEHH DRSS THER BRI L T 3. b D
BEURY % BLiC§ D AERNIZ, BRERHE & U T4k
IR, REVFEEE & U TIZRESIERIN & & s B hs R
»HNEDOT, FFELZEL T, FHEKITZIZWUOLH
RFEEREE BT TR, COFE, A FLILD
HSRIORERE & LT, duied, b, B mivg. W
W, A&, IO TRBEOTEEREDI.

g e

NEDF AT FOBERRTLL S/ L, DR
¥ERFE UTHD TREZAETHS. ORI,
DUERBROSERICOICOT, B2 0F4 7 VHEE
DEF, HERAFEAERHNT OV T & OEYIN E: %
Modicl, s O OHERKRERD, ch
AT U TR O H 217750, AHORIRZE
BRI S 2 EERE ORI B Fi 0T,

1) RN T, FH I & U TR
LI RE 2 BN, THERE, B0, RERE
& U T DEERBUR & PR ORI, st & U
TIRBL DRREGRTNT X 5 BEORI & FRRE DRB DHeRE %
ZNZNEHR, BXRINCRF LT, ROL S ek
181,

SRR . FRAUVERED S B, NI RS
B4 OHEERC OOV TEHNEHEE R T, LKk
THER BT ISV THHE T, RN eS8 IRETH 5
(Fig. 2, Table 1). 3 /2b b, bYWEBHEOFRIK
BTN T, BOFAERLIRELE RIS 45.30
YbkD V-BT, BKOFEARS 45.10 LI D v-BE T,
2 ODEABPKIINS . F IR 5ILEKBRIT
Balcon T, V-BORMIFNIREICEL 20T,
IR EEX TOFERNIE L2, ThE s brH
HER B DD 200 v- BB BED ENLL 8%, ZhbD
TR OMIBI 7o FRABFH DMt FRAREOIKIR & BY
Whsad % LA (Fig. 2).

D& SINUEETIE, WREEMRSIcE 5 V-
HE v-REOHBNRAZTH D5, i~KERHZ D0

Tid, BOREHEELZRD % &, R—EFERCHE
DREVED SN B2, VEFHEGRIT L ABED
FiglERWEE E 20 b, (AW 10cm Llhitins &
ELHBITE 2 (Fig. 3). Zhb V-HEE v- B
T, e RR-FHERCIERVED NG
otz (Figs., 4~7, Table 2).

BREFHE ©  BEHRIC X D AERTEE 21T 0T KR,
I 1AERBURBE DR X SHERE L /P 3V s BURE
MBRE I NI (Figs. 12, 14). 21 & HEREIC SN
T, BURBEOHIINZE %2R 5 &, B 5bEEK
BB A1 20T, SI-ERBOERZRIIARLPN
3783, s-BUREOERBRI 3T —FT, dtE
EEX Tid s- BURBHIED S g (Fig. 17).

DERAE I F AT L OBOBBICIHSNTIT, &
AR OB IRERITHUS IRy & By E DD 1,

 BEORIEEORE BADKRES 10 2 WELI. 1o

258 1 EREURE n L h/hI 0y (Fig. 24), Si-
BERD 11 (S I LT 1o (8) & si-fERD r1(s)
WIS LTS 1o (8) SR iz (Fig. 22). 2T
ro (8) % DI SEUREHT, ro(s) 24240
3 s BERBICETAIDEHITES.

EILHZ T 740 v OftEDd b OB BIIRRD THEL
WODT, JHEIRT bk o B LT % -y
TSI, Z O Bi#ER % RO To BRBs Lo
FRATAR D BFIRID HH S THETH B C &% R LI
(Figs. 30, 31).

BREEYE © 2 0 F 4 0 o OHBRBIREIER B3k
H B, REGERO®KIS X Osesi IR % § o
EEOHBRER 2RI Uz, chuck 3 &,
FEDIRREI R KR TR D 2 Ric@» 51 503,
JEHKEIC B 5 & & I FD BN B2 T
T, ROBHIRED SN s, JEEEKIcE»
TISPEINAY A 1 BEZE DA L 755 (Fig. 29).

2 X ICRIHEX DEEEH OV T, EEIN B IC BhRE
B RD IR, Z OEIRIIBEZVHEICHAT
KEWEHEEINTZ (Table 9).

2) ERR DX o, HEMORBE B RDLNTILD
T, NS EHEOHEBRIC VTR LI,
THEFEE R« TR R oS V-3
X, ZOFREMDFEDP LB T, T ORI RAKHED
ORI IS & T8, EHTHESRO
B v-BEOFEAEIEL, FTROPEIIERRI & 1313 —BT 5%
(Figs. 2, 29).

IFEBURE S THERE : I8 1 EMEIRD A&V S-
BRI, EFHER R OE N V- BHCHM L, X
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W s- BRENZED v- BT H B 3Tz (Table
10).

IEIEUREE & RS © SR I HD L E OB
SHER 22 h, sEREHITKOBEN R EHE I
(Table 11).

3) LEEOAYINEE DM EBIR 2 A ICRE U
T, EMiNL S CIRHIBFERIC OV TRDL 5 1
B 21322002, BB, BROFABIIVHTHER D
B, H1ERERZIIRE L, ROENEHTH
T, Z OHEINEIIK OEINFHTHNTRE V. &
DOFEFID LSBT EDME L, 8 1ERMBIRRIZ /I
3L, ROBEENFFTHAH EALNS.

Fro, MEEL IR & & LI B0 Btk
b, MOBHNED LML 5. OB, i
DB %2 ST SR I RAER OLYIN R O%R E X
CHBUTOD DT, HBfNFsAEREE LT, fifad
5B E TOMY UT BRI R BEALCED 5N 5.

ULOHRYLS, EHLEBZOVEOH L IFA4T Y
HEICNT, FEIPHE» S HORMEKITESTN
AKEOEMN e 2B R XL, FERERES
LRV, duige, Bt BE, g, B4
¥, P L SO S 7 R R ED .
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Summary

In this report is presented the biological characteristics of the seasonal and the local popu-
lations of the Japanese anchovy, Engraulis japonica (Houttuyn), one of the most important
commercial fishes in Japan, to analize the different races in the coastal waters. The samples
were collected in the waters around Japan including 6 regions along the Pacific coast and 5
regions along the Japan Sea coast (Fig. 1).

The morphological characteristics were examined on the number of vertebrae, anal and
dorsal fin rays, and body proportions. The other characters of the growth and the maturation
were studied in relation to the age mark, the types of ridge formation on scale, the spawning
season and the fecundity.

The results obtained are as follows:

1) In the young, smaller than 50 mm in body length, the average vertebral counts differed
significantly by month and region of sampling, being the most reliable among the meristic
characters in identifing the different seasonal brood groups (Tabs. 1, 2). The sample groups of
the young were characterized by the average number of vertebrae, as V-group with more than
45.30, v-group with less than 45.10. Although in the southern waters V-group dominated in
spring and v-group in fall, the appearence of V-group became later and that of v-group became
less definable progressively, towards to the northern waters (Figs. 2, 3). The correlation between
the average number of vertebrae and the water temperature was generally recognized on the
two groups.

The remarkable differences did not indicate between V-and v-group in the body proportions
and the length-weight relation (Figs. 4-7).

2) The different mark groups were denoted by the scale pattern, as S-group characterized
with larger size of the first age mark (S:) and s-group with smaller size of the first age mark
(s1). The size of Si-mark varied in the different waters, the larger in the northern waters, the
smaller in the southern waters, while the size of si-mark was nearly constant in the different
waters (Figs. 12, 14, 16, 17).

The anterior sector of scale was characterized by successive two zones, one was wider in
the distances between ridges (wide zone) being inner part of scale, the other was narrower
(narrow zone). The wide zone occurred between the center and the first age mark of scale,
and the size of wide zone (ro) was closely related with the first mark size (ri). Hence, S- or
s-group could be represented by ro(S) corresponding to r1 (S) or ro(s) to r: (s) (Figs. 22-24).

3) The monthly group maturity was estimated by the frequency of the individuals with
ovaries of maturing phase. In the southern waters, the peaks of group maturity were observed
in spring and fall. However, towards to the northern waters, the appearance of the spring spawn-
ing group became later progressively and the fall spawning group became less significant, and
the spawning group occurred in summer in the Hokkaido Region of northern end (Fig. 29).

The spring spawner dominated over the fall one in effective spawning amount in the Nankai
Region, though both of them were functional spawning group (Tab. 9).

4) The correlations of the biological characters were examined to obtain the informations
of the seasonal and the local populations, The V-group of higher average number of vertebrae
was spawned in spring and summer, while v-group of lower average number of vertebrae was
spawned in fall. The V-group coincided with S-group with larger size of the first mark on
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scale, and v-group with s-group (Tab. 10).

Adult females of S-group were considered to be the functional spawners in spring and
summer, while those of s-group in fall (Tab, 11).

5) Therefore, the seasonal and local populations of the Japanese anchovy are characterized
as follows:

The seasonal population: The population spawned in spring is indicated by the higher
average number of vertebrae, with the larger first mark size on scale and the higher fecundity.
The population spawned in fall is indicated by the lower average number of vertebrae, with the
smaller first mark size on scale and the lower fecundity.

The local population: The spawning season varies in the different waters, and going to the
northern waters, the spring spawning season becomes later progressively, while the fall spawn-
ing becomes less significant. These local differences correspond to the biological characters by
the regions including main spawning grounds. Since the local populations of the Japanese
anchovy can be observed by regions during life history of the fish,

6) The anchovy populations are recognized with the average number of vertebrae in the
early life-stage, with scale patterns in the developmental stage, and with the maturation char-
acters in the adult fish.

The authors estimated that these populations are discriminated in terms of the seasonal and
the local races, and the Japanese anchovy is defined by two seasonal races of spring and fall
spawners, and by the local races of Hokkaido, Tohoku, Tokai, Nankai, Japan Sea, Seikai and
Nankai Region, in the main spawning areas,



