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Population Analysis of the Japanese Anchovy, Engraulis japonica,
in Northern Japan based on the Number of Gill-rakers

I. Seasonal and annual differences in the relationship between
the number of gill-rakers and the body length among
the samples collected in Kamiiso

Tetsuichiro KiNosHITA*

Abstract

The number of gill-rakers on the first gill-arch of 7,487 specimens of the
Japanese anchovy sampled from Kamiiso in the Tsugaru Strait in 1967, 1972,
1973 and 1975 was counted. The sexual difference was not recognized in the
mean number of gill-rakers. The gill-rakers sharply increased in number
till the body length reached 7 or 9 cm and thereafter the increasing became
stagnant. The logistic curve was adapted seasonally to the increasing tendency
of the gill-rakers with the body length. Although the gill-rakers of the fish
longer than 10 e¢m had similar mean values, in the fish smaller than 10 cm they
had seasonally variable values, i.e., the fish caught during the period from mid-
August to September had the highest mean values of gill-rakers, somewhat
lower values in October, much lower values in November and December and the
lowest values during the period from June to early August. Throughout the years
of investigation, these seasonal changes have been observed likewise and the
fish of identical size had similar mean values of gill-rakers in the same seasons
except for a few cases, the values of which probably turned aside in a partial range
of size distribution. Therefore, the annual differences in the relation of the mean
number of gill-rakers to the body length were negligible as a whole.
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BT UHOBEBMT 52 2 2 EELMETEEE (FY —-250) OMRLDH, LIl
HREEL ) BN £, PO RIL BLT, CMOOBREC BE3RMTHS & MES N T Lo
39 9, FRERICOBORBEBIICIIED TRV E ANTEY, JLRAERED / — ¥y -
T2 F a ¥~ (E. mordaz mordax)® B IOPHRKFERDN % 2F 47 o RDO— (Cetengraulis
mysticetus) ) T, R EHETES L OWE, B Y OMAEE BHRL TRBOB 2172 -
TV 3,

AAEDN S 5547 v Tid, BRERARSK & {728 K- THBMITEZHEL, KEK 75mm
TRERICET 2D Lk, BESTECRET S R 8em PLETH 5T, £ DMKIE 30~33+34~40
THBD LEREVREINTN S, REOWRICIIBERIZE VL RTL,

ARETIX, AFEDN 2 2547 200 T b BIEEKOSRRBHIO DO BEE L T E 5
PERET 5 BRI U T, Bt HEE (0 LBET GRS NIs R R G T, IR RES
25 MIEEERMU LERIZOWTHET 3,

HH&ELUFE

ERCBI N2 2747 L OWEIIZ 6~12 BOWTH AT, ERETEREING, HEELT,
1967,°72,°73,°75 SFRBU IBAD 5 b 545 7,487 BRF 1205, 1975 50 6~8 B0 @it
BREL T (R ChsOiDONT, FRIE U CENOE @S 280 & b, WIREAE
WMETTZ OMIER R HA T, —MOEARRRNT, LH - FTHREOBIESZRIIL TR I2d, &
BETRBEZAC, CnEEELOBREH1, FRERYED & REBONEEHERES T% mnm BT
THREL 12, MIEROTFHER, FERKES 2nm s 5T, BT 3AED 3 B ORI
TEHELI,

Table 1. Number of specimens used in the investigation.

ear
my\ 1967 1972 197 1975
June 114 103 132 -
July 235 372 194 -
Aug. 178 163 0 -
246 407 396 -
Sept. 395 402 98 270
Oct. 185 541 420 184
Nov. 359 565 156 547
Dec. 210 426 64 135
Total 1922 2969 1460 1136
¥ )
LEGE o7 eE

1972 7R 2T AL BAS AR BHBUIERSIORAES A 19 HE 31 BHic BEL I EEXD 4E
3~9em DL OOMEHR L AR EOBREAZ L (M), R—EETIRHLLIBEDF O IEIeEHs
%, ChL RAIROBEREZEA LN, LRKTEREED ) ~F - 7V F 2 ¥ ~Cit, B
BEHR L OBREBNT, ML Y § @IREMECLHEINTHED OT, ThbdDEEED
R25 2BCONT, EHERICHRIERC & OBREKOTHEL R 12 ([1), FHEESEES
REZBEPESTEL 2B, E550OMCBOT AN TOMBEROERIINI, BEK 5
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Fig. 1. Distribution of the number of gill-rakers related to body length and changes of the
mean values of gill-rakers calculated by sex in every size-classes of 2 mm interval.

Table 2. X*-test for fitting the normal curve to the frequency
distribution of the number of gill-rakers shown by sex,
and mean value and variance of the number of gill-

rakers.
Male ‘ Female

N 258 320

af 6 6

X3 10.160 ~ 6. 674

P 0.25~0.10 0.50~0. 25

mean 69. 056 68. 96

variance 3. 8526 3. 9359

BHERI—EOENZERRILOT S, HENTEEENRZS LEZBD LT,

#HRT 3 L5, BEEKIEE T~9cm TIE YERREL, 48 llem UETREMIBED 51T
Ve ENT, 1972 FiTERBL 1 IEEO EEIGEL 12 L 4729 3 & 111 mm SLEDOREBIKDNT,
MERERICARIEKDIRBE N i 2 R 12 (M2) . Th o DEBENHIIMEREL b CIERMME AT EH
T3 (%&2), ZO4# (X3=0,020, df=1, 0,90>P>0,75), Il (=0, 550, df =576, P>0, 50)
¢ b RIEHFTHRERA NI,

LoD EMd, BREDON 2 774 7 v OMEEITITHERNC & 2 ERIZTVHEL, B0
BRI A2 LT 5 12,
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Fig. 2. Frequency distribution of the number of
gill-rakers of the fish caught in 1972 having
a body length of more than 110 mm. Fitted
curves represent the theoretical normal dis-
tribution.

Fig. 3. Seasonal differences in the relationship
5 between mean number of gill-rakers and
body length in 1972.

1
60 80 100
Body length in mm

—121 —

1
120

140



bk K E & ® 28(3). 1977

EME

1972 SEOBAIT DU TR R D 1k BMRC & OTHBERL, BIREOM RS K I &
P, ENThOBRCBT 2 EGRCEND 2 C L EOBHATHZ HbESIT 20, Aok
b, REDBKE L3 ONTHMBRAITHEMT 2 EABA 503 (03), COMERORIMERIT/
BATEMTH-T, BHICE > TREZVBHE T~9em »obEh Ly, #E 1lem DETRE
BIEROEMBEED 5z BiRALNS X5, K 10em LLEOKBATIZAL b Tik 2z
2, 10em PTO DT L 2ERMBA NS, Thbb, 6~8 A LA b @IEKD DI
REDBDN, 8AP~THL 9 ACHIAT A ABOMIEKSRE L £, 10 JIcRBIN 3 ARTIR
PRPaluh, LA 2 ADKBTIR ISP N5 BR%ERT, 12120, 6~8 B LAOEA
D55, 6 ARBAMINGAFIREY 10em BEOKBATLUD SN TR, HE 10cm PTFOE
ARFEEUTT~8 ALARED DML 5T B,

1967,°73, 75 EDBEA BN T H, BHTOWAMNIERERL &, 1972 FOERTAHL 1z b FIE
SERGEBMBALNG, '

£EH

RIT, MBS EEE OBEFRZEOHTHEL 17, BEKE 5L OBRIIZINRD L 5w BEw
BEGWH LN 0T, EARZERRAICU Y, 6~8 B LFAOERE—DIZT ED, 8HOD
BREUTRF~THDO DR, 31, 1975480 12 oA 12 A 1 BRED 1 84171
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Fig. 4. - Yearly changes in the mean values of gill-rakers with size represented according to
each season.
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R R 313 2 PRgiBies & (R E & OBIRIZ, WMLECRBRIE, £z k228130
305, RURIRAEE SEI2 X5 2R b DARMBIDNE LAB L EMTAS, 1217,
1973 £0D 8 AF~THD 4~5cm F, 1975 4 10 H D 5~6cm BETi SIEEM L 0P, T 17,
1972 €10 F D 8~10cm BT § SBIENI L2085, L 10 HD 1973 0 8~11 cm RO MK
BELLDZ0, O IKHAMICIREC I 2EBA5 050, EEMCIIESNIEETALS,

B & GREOBER

MBI BEDIRE & b i HBITINT 2 C L3 T TRBRIZEB O TH 2, C OEFRCHE
2HTIRIDILE2RAI, CLTRELE»EHEL,

IRADEM B I IL AL 12 AOBR2 ZNFNRLARCLT, BERKC & OTHBIERPRD Iz,

BEZOEIMEROEI T2 8 BFF~T a2

Table 3. X*-test for fitting the normal curve to the frequency distribution
of the number of gill-rakers of the fish having a body length of
more than 110 mm and mean value of gill-rakers in each year.

1967

1972

|

1973

1975

N 260

% 5.185

daf 8

P 0.75~0. 50
mean 69. 07

578
10. 693
!
0.25~0.10
69. 00

367
8.507

6
0.25~0.10
69.20

142
7.817
5

0.25~0.10
68. 52
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Fig. 5. Distributions of the von Bertalanffy,
Gompertz and logistic conversion
factors of the mean values of gill-
rakers related to body length. These
were plotted from the pooled data of
November and December in the four
years of investigation.
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Table 4. The estimated values for logistic equation,
GR=K/[l+e‘“‘BL—"’].

Season a b .4
June~ early Aug. 0. 04938 9.47¢
mid-Aug. ~ Spet. 0.07346 13.741 69. 20
Oct. 0. 07527 16. 630
Nov. and Dec. 0. 05446 6. 867
June~ early Aug. 0. 05524 10. 745 68.20
70+
o 65
5 L
g |
1
= t
s 601 4 June~early Aug.
5 | o Mid-Aug. ~ Sept.
L0
E . A Oct.
g | o Nov. and Dec.
3 5 ' — asymptote = 69,2
S 55 /F ——— asymptote = 6822
- A
] 1 1 1 i L L 1 1 { l 1
50 40 60 80 {00 120 140

Body length in mm

Fig. 6. Distribution of the mean values of gill-rakers related to body length and fitted
logistic curves. The mean values of gill-rakers were estimated from pooled data in
the four years of investigation.

conversion factor {ICHE L TEICH{ &, logistic conversion factor DIV L EHYTH 5 (H5) .
FNT, B AEOBEE R logistic IBTHEDTC LTz,

logistic BOFER L UT, GR=K/[1+e*BLD] 2Rz, ¢ T, GR: PHBIEROMS
i K: PR EBOmRE BL: A8 ekt b ERTH 3, CORILL T, B EK
&b OERFHEL (R4), FEREROTHEREOEBEZRD THEEH 7 (06), Xbd
NI Z NN DRYIOBIERE ARLOBRI I CEEL, FHESHOETHR~I LI, 10
cm PAITOEED & DTid, 8 AhH~9 AREOEEOBEEM RS £, 10 AREOESE, 11 5
~12 BRMEOEEOIHC Y2 5, BEMDD6 A~8 § LADREELE & 5 @K% o
M%< EDLTS,
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ERTHREINIIA 2 2F 47 L OBBBUIERBK & {25 ONTHBYICHENT 5, CO®
IMERIS A TIRAMTH 508 FE 7T~9em 5 bFh i b, EE llem TERTETZ LA
5N, CORERIR, HED, BEEYS —ERCET5ERR 75mm TH5 L0 5HR,D 5001,
BB e FEETIERIZ Bem AETH 2 L5 MRS LiZIZPITH 30 AL 5, Ll
5, 6~8 B LAIRBRHAL @KL 8 BPALECREL Gk & ORlics 5 h 3 il KREOBR
DHBIIEETH > T, RIIBOFELTRT ZXA+FLEDTHEEHLN5,

&5 111 mm A EDEERD BT 63~75 Th 12, TR @B LB E FH LD @iesuc 41
3L 28~34+35~42 ThH T, EEDHMR L H x5 L, POSMERECHBEIIEEZ RLU TV 5,
AHETHERUIHRHC IR 61 & 62 D4 DM 1 BIFDDH o720, L EATINTH S
90

FEBRAE % 69,20 & U TERFELED i logistic Bif% & Tixwizd3, 6~8 A LAD&H
TifER 8~9cm O DOBEFIHRMEL b V20 HFRIThIHEABALNR, DY, 9om
PUEDLDLFEFTHEDDLSICARLS, 6HOERIIENAEEENSL 2D, KE9em AT
OEERIEE LT TI~8 A LHRBEINIILDTH S 05, BRHER 68,20 & U THERT FHEL
ET& (R4), #hE 8~9em O OOFHMEFICES TrHRBEL 05, LrL, 8cn BTFD
B TIAERIES 69.20 & LTt E 3L AEERRBALNIY, % &E 9em DO MHCHE
B¥3L, ROOBRBOEE LD I@ERD TRESICINS (X6), MIBRME? 68,20 & L1
T E DRI, 8~9em D DITAH b NS BRI FHEORZ 2D E~D FH Th
55,

FRETIHRE 2R IBIC L1228, GROREZEACANTAKELYFTZEMT
2520, —BHREERPBICEVTAZIDEEALNS,

E #

HEIF AT OBESCIIMERT X 2 ERIZTL,

BBRBUI RS K 2 23 X oN THBRIENT 3, < OHBNEMI/IBATEHTH T, ¥
WX > TR ZPER 7T~9em 6 RDTHEL D, & llem TERICETZLH6N5,

FRARIT & b 72 5 BB D BRI ANBIANC 12 logistic BIARDEES L 12,

EBic T3, 6~8 B LAE b ROV TOENEDN S, 8 AFA~9 B BB K
LEOEMBEEIN, 10 AipEINABETRLCPE gD, 11~12 HOABTIRA St 2l
nAEmEmMBA LRI,

C OERIEBSIHR 2RO TEEE bHIXAKRTH - T, ERMICRERS R BRLTL IV
EEALNS,

FHERREL T rord o b iBER K E R ERAR R L2 o i EBREHAE=H L

RERLAHERRT & & bir, ERRBCESRKOFEERIId - TOIZIZ0 12 ERRETO 3R B
Kb LB U R 3,

X 3
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