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On the Component Populations Separated by the Polymodal Frequency
Distribution of the Japanese Anchovy Population

Tetsuichiro KinosHITA

Abstract

Length frequency distributions of the Japanese anchovy, Engraulis japonica
(HourTUuYN), caught by set net are usually polymodal. Those distributions were
graphically separated into some component distributions by means of using the
probability paper. However, by this method only, individuals occupying the
overlaped portion of the components are not distinguished from their respective
group.

Graphing the relationship between head length and body length, the individ-
uals which belong to the group larger in size have longer heads in the overlaped
portion of the component groups. Thus, the individuals in that portion are
distinguishable. Even in the cases where separation into component groups by the
probability paper method are impossible, because of the few specimens, it is
possible to separate them by the use of the relationship between head length and
body length.

In many samples, the ranges of length distributions of component groups
divided by the relation of head length to body length are in good agreement with
those divided by the probability paper method. The ranges of length distribu-
tion of component groups with a mean of 5 cm are about 2 cm and that with a
mean over 10 cm are about 3 cm in width.

While all specimens of the groups with a mean less than 9 cm are considered to
have the same ring-type on their scales, the specimens of the groups with a mean
over 9 cm have scales with a different ring-type between individuals.

The main spawning group, occurring in the Tsugaru Strait in 1967, was divided
into two groups sampled in June and from July to August respectively. Kach
group has no significant difference in ring-type composition of samples within the
group. Consequently, it is sure that the samples of those groups were composed
of individuals which have various ring-types on their respective scales. ’

Those data suggest that the formation of length-group could be changed while
developing over 9 cm in meam size.
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RITRIRE 2 AT T 3 12 D RETE % O CTABRO B 21772 5 & 5 0H6E, CORREHED
EHERSOEE 2 EA 28 T, EEEEDE ~ FEHEO A5 6 B2 T 5 05 k5 ahE
EHXBEBELoIID,

Hubbs® % California anchovy DWW THEHEE HEE, #Ek ErBAWTAHBO B 21T
vy Y2752 RO AHHT 5 (Engraulis mordax nanus) W fFFET B L &, S
® Engraulis mordazx mordazx 2T h, HEEDZEEE TRV, Hiick-> T oDl
HiCERDBHLND L EZRNT B,

CORRD LFRERT, BEWEEIHETHREINIIN £ 2 F 4 7 oDV TER—FEER 2R
FKLTA3E, BEGHOESESOBEOBIMMIIITETH L LDbh ol B, #EIF
47 L OEREHOFERICEL T HETORRZB/IIOTHET 5,

A FT D, BMEROWES b CABORE 2B o IR EFBOENEZER EA
FHE— BB I UEL S BILIE L T 3 & & e, BRI AL T v ERETOR R
—BREG & BEaTHIOBERERKILD B0 L2HET 5,

H BB XU F K

1967 LRIz ALUHE L REIT & HAETHJIOEBB CHBINII A2 2 F 4 7 VDOV THRFEITE 12
EAOHMIE, FERE U TESEk TEYC AEESERE  cEd SnrE, ~ry (8130 TiE
KEEBIRARTLNEBFHERE 512, COHKIKE 3 & HBHEROREGH CBMT 5 LT
x5,

AEETRO B IR EE QIERM 1mm), FHE (0.lmm), BOBKTH 5, iz LB
L RIMONERE T TRRAL, HEEIRIF/SA4L—TLEEERD CHEERR T CORRH2HEL 12,
BN SRR D R IR T h 5, BRI ACIIHMEHE $T 10% Av< Y CEEESEAT
& 5 o

KERRNET 5 HEE LT HHERC DN TOERERR Com B & 1{EREH 40~60 2
KOWTOFERE—SEOHBERE®RNL, 356it, EREROESERES 3 IO CBHOBE 2172

Of:o

% £

BEETROLOLOFERL RO 55056, RRWTLOZAIHL TB~N3S,
1. 89308 (L) H$EgEx (Fig. 1)

BRI, EEREREED i Jhid, 4~6cm B, 5~7cm B, 6~%m FHB LY 9~12cm BD
AEERLLERINTV S,

FE—EOMBERTIE, &5 4m MEOKEEZERIIR BRI - ThYshIHI2NT
R R 5% OEAEM CH T o BRI & 4 REESHBE I N, AROERMS TidF
—REOEET b, BEOKIVHFORERCET 2 BEOCHER, M3 HokEHCET 5 EE
DOHEEL D RV EVWIBRLIID LGNS,

D3 U THEL HEEROKEMRER, AEHRCTERbRED TRDIBEDO DL
BiIr—%L, ZhFNOEEBOEESAOMIE, AEDO/NIVHEDLIEIZH 2cm, 2.5cm, 3cm,
3cm Td 3,

HEIF AT IRIBREBYOENMC Y > TREFREHKFRCRBIN, MEOERMBEOK/DLZ
S THEIC &5 5 DN B, KEERCET 5 BEOBELA 5L, 4~6om BTRIZBHERH K
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Fig. 1. Length frequency distribution and relation of head length to body
length of the Kamiiso sample
The histogram describes the length frequency of the sample. The normal curves describe
the length distributions of component groups separated by the use of the probability paper
method. The ellipses on the head length—body length relationship describe the rejection-

ellipses (the 59, level of significance) of component groups.
Specimens from which the scales could not be taken

Specimens having no ring on scales
Specimens having one ring of autumn brood type on scales

+

O :

‘( Specimens with newly formed first ring of spring brood type on scales
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WIEHDAHATH 305, 5~Tem FEORBEERD 5 B X 6~%cm HD 23 Bid TTEREGTH
o12e 9~12em BETIIRBMEL 52 B 5 b, BTE L EfEE LB, FEEE 1 RPRER & 23
2R, EREK O R TH -1, HEIF A7 VORBBROBEHRAH TS 305, WEREEZD
Bz b2z b Bfficb iz o THEL T 399, $#5T, WMERER b 20 2 B3 ERES L FEED
ADOTHBELTIL, CORRRREFROFHCOBOKTR LBAGVBEL 12D TDH %,

2. 651318 Gh) HEEX (Fig. 2)

HEAL2BOBEESE—AERCR TS L3N BEATH 5, FEEHAIIN 6.5~8.5cm T
HYH, DML 2em Th 5 DRFEROF (Fig. 1) D 6~%m FHD D& L 5THY, B
Bessl, REHEK 29 RBOLEHITFE 1 wEETH -1,

3. 7H10R (L®) #HEEx (Fig 3)

L DEATIE 3 DDOEERLSEET 505, FEOGBEROBEEE L0, 12720, 9~1lem T
ARDEEFHEICE 3 DDIEMIC, F—EHOTRL LRNED IEEBIMA SNT, T 245
ORIz TWN 5,

9~1lcm FIFFRLO FRCKTR 1 REESIEREALIZ DT, GRAMOMIIRF 2em TH
5, ULdL, EE—4EBRR $ELSHOM
25 BEPLFELT, EHBEAEOIMICD 34
£ 116mm O 1 BEZ2 05 HB L, ¢
DEREOBENPINE APRELT,
EE 1lem B OGS 5 T L Sh T
ISOEENDEL,

12~14.5cm BETIRERL 234 BD 5 b,
FAE 1 A 26 B, RER2EEET R
KR 2 REE 1R SREk1RT, FF
, B A 2 FRITPEOKTR 2 FEAVE
June 13,'67 Uo BT & B, REAHOMIZ # 2.50m

Aburakawa Td 3, COBIT BEMEENHETOEINE:
B TH Y, MEEEIZIIEDSMAD 5 A TR
HIBVED 5N 3 KEIDIPR 2 > T 3,

20

Head length in mm

15 |
180

- = 4. BB 19EF (L#) REFEX (Fig. 4)

- 60 CofEAS 5 E 8cm MUTOMEESL D3

a 1 5w EeR#mLL
B =323 140 & fFE 10.5~13cm BHIAFEI0 FRT, 1
o BB OMIE 2.5cm Tdh 5,

420 12.5~15cm BHIEESPRET, EREBEG 27 2

D55, 21 BYWHEFE 1WER, 425FF
B 2 dgfEifd, 2 RO 2 BiAETh %,
70 80 90 #o T, FBFBEO 1AL 2 FAEKFR 2

FHERD DERL - BT, 7 A10 HOEA

o ) oo distributi (Fig. 3) @ 12~14.5cm Ff & BEELL 7o BERERR

rela,if(l)i c2)f hﬁiﬁgliftiq‘iz bzdirmf:ﬂog:l:o:f T]:\: BRVTC B, FRAMOMIEH 2.5m T

Aburakawa sample b5,
Marks are the same as those in Fig. 1. —R U T, BEHEE» 5213 10.5cm €
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Fig. 3. Length frequency distribution and relation of head length to
body length of the Kamiiso smaple

® : Specimens having one ring of spring brood type on scales
& : Specimens having two rings of spring brood type on scales
o : Specimens having two rings of autumn brood type on scales

Other makers are the same as those in Fig. 1.

— FREOERERBDL L 5B A 3, UL, BE—FHEFRTCRCOBERTETS 1llem BLE
OEEPHEL L E, 105cm L€ — REFEOHRER L BEL LRSI C OFRIZESRS AR
ERABRAITNCED S, K 105cm LT OEGE 2L 2 75 - 1ZATEEMELTEL,

5. 68130 (LW ¥FMEX (Fig. 5)

RRA 12.5~15.5cm FHIEIHTH 5, HHHERK 20 RO 5 5, FFE 1 KER 10 B, FFR2
WiEk 8 B, KER2RER2BTH -1, BRROEIE (Fig. 3,4) L 55k, EA4HEORK
REBLUTO 2 BFRFE 2 BEEOEEHE L, REMHOMIZH 3em Td 5,

COEATIEE 69~105mm Ok 13 BB LN, BESDZOOTHEEMRL S SREHE
ST B LR TRV, HIETOERM S, EESHONN 3.5m R 1EEHOLDELT
RIEAE 3, BR—AROMERII 2 DOEEHR L TNETHZLEERLTV S,
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Fig. 4. Length frequency distribution and relation of head length to
body length of the Kamiiso sample

Marks are the same as those in Fig. 1 and 3.

6. 1152QH (W) #MmFEF (Fig. 6)

GEMRD 5 5E 10cm BLTFic 3 RERBMEI NS, —F, EE—HERRL 51, 4K 5.5cm
OEBERPBAT, AEREELSEIND, HE—AREEED S INEE 8~10cm FiX 172
B YT, BEVPLNTIDICOBRBEREETIRMMIN TV,

R 11~1dem BHIRBMEK 33 RO 5 b, MERER 21 2, FLHE 1 MILRERM b I ER 5 B,
EAR1SEES R, BRE2eMmeE s EELE KFRE1REKIETH-> T, FER
0F, 1FAHKEELFALVEREL-HTH 2,

7. ZEBBORWER

FRTHREI N EEIROGEMR (Fig. 7) 245 &, BHINDO 6 AOEEIL 7~8 Bic ik
ANEAL D BEEBKIEAND D, 6 BOEERRH, 7~8 AOBEARI TR 2N EFNERIZIZZ
UL, LS OEADKBEHER (Table 1, i,ii) AR L2 & Sic, FBFRL1F, 2FACE»OR
HOBEMBEL 3 &0 58RI TH3, UL, 6 BOEATIZ 7~8 HOEART H b FFH2F
ADOLD 2EEVRENL, 35, T~8 AOERTIE 6 ADEAKIIZA 6 NS WEKFE 1 EED

ERBEDRATZ DD 5,
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Fig. 5. Length frequency distribution and relation of head length to
body length of the Kamiiso sample

Marks are the same as those in Fig. 1 and 3.

IN6EDTEDE, FENEY 6 BOBE 7T~8 AORD 2 #ichl), HEEEBRE C-RE CHEL
2o 212U, BEOPEREER RFER 12 REERERNTE LD THEL L. BAOERHE
OBBRERICIE, 6 HOBE 08=3.920, d.f. =6, 0.70>p>0.50) T4 7~8 FORE (X*=6.046, d.f,
=4, 0.20>p>0.10) THHEZRX R/ bz, Lo ﬂ&ﬁorﬁ%feuﬁﬁ“at (2=
16.230, d.f. =2, p<0.001), FEEHEOLHBRICRAEEZELRDONS,

Th o OFERIE, 1967 fFicid BRI RpEIRRE S LT 2 S BL, Z2hEhl &H*‘Té‘é&lbt
THRBOHRIT/S 1208, TRODFEIT BADERZRLIZCEZRLULTINS,
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b & Kk E £ #®

Nov. 2,'67

Kamiiso

n=582

L
50 100
Body length in mm

Fig. 6. Length frequency distribution and relation of head length to body
length of the Kamiiso sample

l?‘: Specimens with newly formed second ring of spring brood type on

scales
Other marks are the same as those in Fig. 1 and 3.
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T T T | B
June 13 n=107
20 7
°l ,Idf#lqlh _
Table 1. Ring-type compositions of the June 22 n- 94 _j
samples in each main spawning group sam- 201 (a)
pled at Kamiiso in 1967 ot '_’_,—PJ—LL\L 7
i)
: June 22
Type - n= 70 1
\ -1 | S-2 |Au-2|Total 201 (b
Sample ol rh_l—'l_l_‘—lﬁ J
June 13 10 8 2 20 =
June 22(a)| 4 10 3 17 > 20 | June 29 . n= |16 |
June 22(b) 2 2 4 §
June 29 4| 7 1|12 g 'or
&
Total } 20 ‘ 27 [ 6 t 53 Juty 10 e 86
201 T
. (a)
ii} ) 10f '_‘_,——"_F—Lrl—\_ 4
Dy e al
A - S-2 |Au-1|Au-2|Total
Julyi0(@) 1 | 25 | 7 1 | 34 20 ® ]
Julylo(b)| 4 | 17 7 1 2 | 31 ok i
Aug, 19 21 4 2 27
Total 1 5 | 63 | 18] 1 ] 5 ‘ 92 Aug. 19 ne 32
O: Noringonscales S-1: Onering TRy 1
of spring brood type on scales  S-2: Two . ._[‘r]—'l_n oy
rings of spring brood type on scales 120 130 140 150
Au-1: One ring of autumn brood type on )
scales Au-2: Two rings of autumn brood Body length in mm
type on SC&IBS' Fig. 7. Length compositions of the
A and b in parentheses show samples main spawning groups sampled at Kamiiso
from different nets. Figures show the in 1967
number of specimens. A and b in parentheses show samples

from different nets.

£ ®

HE2F 4T LOR—EGTICN L DLOEREMREL, Zh o 0fESMEES o NICE
BT 35S EE—HREOMEBED» L, BEERSTRFA—GEEDOLDOTYH, BEORKIVHOMIE
T AKIINIVFORERCBT 2 BEEL ) VEEVEV LV IBEEVRD LN, Kb L EEEZK
B4 5 C EMIIRIEETH 3, L, B2 2F 47 ViMNEATHBOTEDEIINIL, k%
ALY TR TCE 2D LDTIR /L0, EBIC, fER®E 5% OEHNBEAFE 2 &, BV
BEHETEET 2ROV 5, Ll, FEARNEHOEEL TH2WESOBEEDEHIL 5 T
20T, BOAEHICET 2EAEERT 2 N0 GReRy ¢, TABMNEOEREL T
BOESORGEDOAEFERLTH, ZORRROBEEERD 5 3+2ThH, EACHAES,

BB D S AEROWE 2 A 1005, FHEE 9em DITOERER TR B @ik % § o@
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EORARZA LN, FHER 9em PALOEERTR RERPCESOR L 3 EEORENA R
2. EEIMOFITIZ, 6 OB 7~8 HOBD ZAFhOHADEARETIL, BEBENVEZ-TH,
21, FMUHDORL - /» S DERTH -» T HIREERCEEZRTID bR sh o1z, ChitlEx
BRER IO R Y 2 EEVBREL 9RAAKDTIZZL, BAOBMEOR2HFEEIET-T1
DOERBEMRL T 5B L E 2TT, FHEE dom DTOAERI FUSHEOBEECHEEINT
WEH S, FEER 9em LIEORERME CRERV BT 2 LHETR2Y, 20oBBIOVTIR
FHTH 5,

11 A2 H (LB BEEF (Fig. 6) OFHHEEN 125cm HLREHRP2BY T, 2B
LMD - IHRE2BET 5 &, ZOBHBRIIEEIED 7~8 AOBDO LD LT3, Ra
i 7~8 AOEEIFHOEFRIC COBEDESZMA TRIEER 2 HEL T4 5 & (2=9.657, d.f. =
6, 0.20>p>0.10), FEZRFED 5N, WHFIZFL 1967 (EOEARTH 5 U, BEERO kD
AT, 11 B OFHEERE 12.5cm OFEHIHE 7~8 Bt EHEE 13.5cm KREL TR 25
EHETAIDIRERTHZILLTH, 1 DODRBITIXZES 5,

T2, EFESRBHCOWT, 1967 i3 EIMDD 6 BOBN 7~8 B L b EENKBTH -
720 1955~1957 DRI L HBIL TA 5 &, 19554E & 1957 0D O DEHEEIL, 1967 S0
T~8 ADEL O 3512/ 3 L, BHOKBIC X 3 AEOWAEEE A 502005, 1956 ££0
B2 1967 EOBE L P EHEEERL TV B L, 6 Ak 5 8 Bith ) TEHEE BRI EED 2
CETHUTH 3, UL, 1955~1957 EOEEIIRIT, BBEGVSL i sho i, 3t
AEBEFREIFATLDONTOIIATRINTED D EIIRE S, LD dic, HEERI 6~
8 RitHEid 2 FEIBiz b2 b OEEEBR D 51 5,

= 3]

BEOF AT ORE-EEHPICN L OPORERVBEL, AEOSMRENTMRESRT 2
BE, BR—AEROHEERD 5 AREFHRSOEEOSMINIZEIETH S, T4bL, F—EED
$DTH, FREOKIVFOHCETIEEOEER, NIVHOCERCBTIEEFOHEEL D &
R, BEESDE L THRRERD S REHVSHETIZVEETHY, BRE—GEEG» b 1B
ONEEDTFIETH 5,

HERE—GEBERLG O DML L AER AEMRICERBRYH THRY S L LIt - T HHEELH&E
HOGESHRBIC SN AN S,

BREOEHENMMOMIIZ, FEHEE 5em HEOD & O TR 2cm, FHEED 10em # 2T 5DT
134 3cm Th 3,

BOBED S5 L, FHER 9em UTOGRRI [ UBHEOBEKIC X - THRIN T 35,
FHERES 9em % CTHREHTRIBEFMCESORY 5 BHRORENED i,

1967 FED R YR O L REII#IT 6 ADREE T~8 BOBiC DI o h3h, ZAFTHORENDELR
ORBHERICIZERZIED bhiov, CHUMERRMERIC R o BB 2 OB MBRE
L:D Tz, BAOBHEOEENES > T1OOEERLERL T3 T & %5FT, '

P->T, BREOEHERY 9em 2 T LHEBRICESEC 3 L#EIN S, ZOBKILD
WTRAATH 5,

X 73

1) RTE—HE (1962), @EEHR BIVBEKBBIZHT 7F 4 7 BECOWT,  dbAUKEERSR
13(2), 63-81,
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