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Some notes on the variation in the number of vertebrae of
Japanese anchovy, Engraulis japonicus and the monthly

growth in its juveniles.

Kazuharu WATANABE

Some investigations were made concerning the variation in the number of verte-
brae and the growth rate in the young stage of the anchovies which had been fished
along the Japan Sea coast of Honshu, with the following results obtained.

1. The spawning season of this fish was determined to span the long term March to
December from the examination on the growth curve that had been estimated and on
the month of appearance of the fries.
2. A great range of variation in body length was observed on the fries and juveniles
that were captured even in one occasion. This leads to the understanding that they
formed almixed population of early as well as late hatches.
3. The growth of the Japan Sea anchovy that is hatched in spring was known to
follow the under-given equation:

L=3.29310.15%
where Y is the body length in centimeter { months after hatching. It is seen, from
the above relation, that one-month old fries are 3.0cm. long, the 6-month-old and the
12-month-old, respectively, 8.0 and 10.5cm. long.
4. The growth curve that was obtained in the present study falls in fairly good con-
formity with those acquired by previous workers.
5. The variation in the number of vertebrae of the fishes was recognized as, irrespe-
ctive of their body length, not to be of local nature, but to be of seasonal. Nor was
found “between year” variation in that of the fishes which had deen caught in the
same season of the year.
6. There could not be seen “geographical cline” on the mean of vertebrae in the fishes
arranged to body length groups.
7. It was concluded that the anchovies in the Japan Sea might be divided into “spring
hatching population” and “fall hatching population”, and that the seasonal variation in
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the number of vertebrae might be caused probably through the different water tempe-

rature when oval development proceeded.
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Table | Comparison of growth Pattera now of ained with those by previous authors.
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¥ca Table 2 12553 L7,

Season of | Number | Body length Number of vertebrae
Sampling period i ; ‘ -
hatching of sample‘ range 43 ‘ 44 | 45 46 ‘ 47 1 n \ x+S. D.
o | ( Ccm) [ [ 1 o
Spring 1953 7/13~ 7/24i 12 1.7~3.5 23 717 285 3, 1028 ; 45.26+0.55
o [ _ ] | e
1953, 9/13~ 9/14 6 ‘ 1.8~3.3 200 423 ‘I 117 560 | 45.1740.48
1952, 9/30~10/30 11 1.9~4.5 1 22 | 329 i 84 | 437 45.14+£0.48
1953, 10/ 14~10/27 5| 25~37 1 ‘ 176 | 33 210 | 45.15+0.39
| ]
1652, 9/3o~10/30\} 6 | . | L o
, 1.9~4.5 1 231505 | 1171 1 647 |+ 45.14 4:0.46
Autumn 1953,10/14~10/27 I | ; i |
1953, 11/ 14~11/19 8 ! 25~3.7 ' 311 \ 69 ! 380 . 45.184:0.38
1952,12) 1~12/30 7 [ 2.1~3.1 2 21 | 196 | 52 i 1 278  45.08 £0.50
1953,12/13~12/16 2 [ 2.1~3.1 67 13 ‘ 80  45.16+£0.36
‘ :
1952,12/ l~12/30} | ar .
1953, 12/13~12/16 9 1 2.1~3.1 2 | 27 | 263 ! 65 1 358 Y 45.104+0.52

Table 2. Frequency distributions and total sample means in vertebrae number of the

anchovies caught in Toyama Bay in respective period.

Numbzr of vertebrae

Season of Number | Body length

Sampling period of — | | ‘
hatching sample range 43 | 41 1 45 ’ 46 | 47 | xS D.
| o e | T
Spring 1953, 7/13~ 7/24 | 12 1.7~3.5 23 | 717 | 285 { 311028 | 45.26 £0.55
1953, 9/13-v12/161 21 2.1~3.7 21 | 977 | 232 } 1230 | 45.1740.44
Autumn | N .
1952, 9/30~a12/30I 18 | 1.9~4.5 3 49 1 525 | 136 2 715 | 45.124+0.55

Table 3. Comparison of vertebrae number between spring and autumn

hatches caught in Toyama Bay.

Season Spring, 1953 | Autumn, 1953 Autumn, 1952
Spring, 1953 T ! 3.05 ? 3.88
T |

Autumn, 1953 o 1.54

Autumn, 1952 ‘

Note: t— X=v / NN
O =Y MM
to=2.57 (a=001, n=oo)

1.96 (a—0.05, n— o)

, n=M+N-2

Table 4. Test of significance of difference in mean vertbrae number

between spring and autum hatches.

X ZIUINI D20 X051 195 7 JNCIRYE S re b Dk FITEHEI B A5.26 Dl 22 L, oo BT
o 4518 DA FOfiia 4t Loty SERNHAMED 71 7 7 7 1V o PO iR Tl ~e &
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PO TR K 2 AEL S 2 e —40 L STt A ok % &, Table 3 iRz X 51ci/ebh, W LT
FAFIED T 22 <, BITHRE19524E 1 OV 1953450 & 4 <>k i ¢5J§2L“CL‘ZQ;>

KA t— M0 X B T 2cofEd 1ot (Table 4), fEpiR 1634 L, 19534
DAFFIEE 196345 H ot 19524 0> FRIT-HE & o licATii o 2 bivie, ¥, lw] U it hie
195345 D FRAT-1 & LOS2AE FRAT I & TIRfEmiAi 6 % CTHIE D 257 % bﬂfmxofw

PLEOF NS B IEE CHRUL S LR ITFIE & AT - TR B R iR L5 LD Th S
5e¥a bbb, ¥, HMUFRGCINBL L > 7 AV s 4>x-'e:»lsuxf,'xw'\’n‘l’f)x/i\cb\ L
T, MUFRMCEREE 2 7 A F TR D C LIS MY LT b L Al X 5,

Wiz, LGS DTS X5 L VNI RIS TR T L, D ORISR X e D e DT
HAE A b e TR S L oA 6 JIRioifull] & 8 JI PIFRIcAE S i oo R 4Rz
DTy R B fiie Table 5 12t Lic, MWdh 5 & L FRBIE SR L O TR AT L0

A

‘ Number Range of Number of vertebrae

Sampling period of sample mean |-————— = - T
sample | body length | 43 | 4| 45 [ 46 | oar ‘ n | 115 D
""""" T T T (em) . } N g I

1953, 4/20~ 4/25 4 6.59~9.17 20 | 177 | 31| L228 ‘ 45.05 - 0.46
1953, 8] 6~10/15 7 7.5 ~8.38 s 163 106 21 284 | 45344057
1954, 7/25~ 9/24 | 8 6.2 ~8.92 s8] 45 30137 | 45.36+0.54

| | |

Table 5. Frequency distributions and mean values of vertebrae number in total samples
of middle-sized anchovies caught in Japan Sea in respective seasons.

T " Summer-autumn | Summer-autumn
Season . ‘ Sprmg, 19 B 1953 1 1954

|
Spring, 1953 . . ‘ 4.07
|

Summer-autumn, \ 5 0.96

1953 | ~_

Summer-autumn, ~_
1954 ; | T

| | ~

Note;tﬁrxry / MN = N-2
woV N MY
t,=2.57 (a=0.01, n=o0)
1.96 (a=0.05, n=o0)
Table 6. Test of significance of difference in mean vertebrae number between spring

and summer-autumn chatches of middle-sized fish.

P HET B THEPHI L 45.00~45.00 THfab TV, #7228, BRI S & o Clit 1953452

45.07~45.54, 1954 4EC13 45.06~45.55 Tdp H, 451000 F DA\ T % o B biss T A e &, ﬁu‘
A & A2 LI Lo\ T A a3 ) £, Table 5 ¢ ,j‘:'é‘ SIC—LLUC > 7 R PEOLT & kAT
DES T FHET B D DAL R THE DD LEIUI N E VL t— 5 L2 C 6 JJ LA 7 LIRS
B SHCBEDO V- BE O 2o s & i ok UL (Table (;) FEsfR 19 THH BANCATE DEN T b
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oo T, T s\ T S A e A e ST b oy b h . F e, IR EOTWL S
W UEL, BTN L 21953450 & o> & 195448 e DT PG o2 0 52 2o il A Ao B UL, ARt
HOEWTAEOEN I BIVT, FD TLOZEIII/NE 2 L2 DERRFAEES ST MR EE SR
T AL DO TFEFHEE SO MRD bls b o 232 bihvs,
Wi, KIZOWTTHLA, ZoUa PRI LR 6 Armicsiisnicdb o e 7 AU
RSN L 0 o 2 RSB, SRR, FRTR OB N Job 1o V- M M B oo i A Table 7
TN B P A S0 2 2 1A% 1 ARG KA ke <‘J\éﬂ7‘;%ﬂffl‘tflw\‘“@iﬁ’fﬁw)v’:fﬂ i t— AN Lo T
WOk h A kil (Table 8), 9%, [JU sbiTd 20 HEA O 19534 1~ 6 Jlic itk &

i

| Number | Range of Number of vertebrae

Sampling period Localities of sample mean ] -
samples | body length 44 ‘ 45 n ‘ x+S. D.

‘ (cm) ‘7 | T
1953, 1/26~ 6/ 9(1) | Toyama 13 10.6 ~11.81 6 163‘ 569‘ 361" 16 1415 45.15 :0.64
1953, 4/30~ 5/20() | Kyoto 3 L 11.03~12.74 12] 126i 29‘ 167“ 45.1040.48
1952, 8/ 5~ 9/10([[) | Toyama 4 J 11.13~12.23 23 3271 189‘ 1 5401 4531+ 0.56
1952, 6/15~ 8/12(IV) | Koyto 5 9.64~13.47 4’_ 123; 52‘ \ 180, 45.28-:0.51
|

1952, 7/31~10/27(V ) | Yamagata 6 ‘ T1~11.62 IQI 30]‘ ]38‘ IO‘ 461( 45.324+0.55

Table 7. Frequency distributions and means of vertebrae number in total samples
of large-sized anchovies caught in Japan Sea in respective seasons.

Scason C DL <m> T <v>
B T i: X ‘ T T - 1‘77 o \ -
Winter-spring, 1953 () R 0.78 4.05 i 207 1 440
. I R
S S S o ‘
Spring, 1953 () ‘ 463 2.41 347
Summer-autumn, ! . k
1952 (1) | \ \ 615 0.21
- SRS N N P
‘ | ™
Summer, 1952 (IV) ‘\\ ; 0.56
,_ I S B
Summer-autumn, | ‘ 1 . -
G LN 3 [ IR
: x—-y / MN _
Note; t WV MAN n=M+N-2

to—-2.57 (a~0.01, n- o)
Table 8. Test of significance of difference in mean vertebrae number
between seasons.

Nrcd D X 195245 8 ~ 9 T AR S e 4 O TR ERFR 1 X CHEE LATIZ0NEN L b, Fio, Tk
TIX19534Em 4,5 TR I b O L 1952456 ~ 8 JIITHIE S - b O TIHERER b W T E 0%
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DA DIV RIS, PRI L RS L M0 O B 2 —IREREIIE K LT % &
A, ARSI Ut 45 o0 4 o> 08, RS IR U 72 o TR B o ik ek 5 % )R
WCATIRDPEN B Dlc, E I, DR, DS EREE Shuie bk oo f3H r;%&awﬂ-‘chjx < fE
B 5 % T TR L ARED3E0 B B e ot
2O X 5B INY AP B0 O B N RIAHT & BRIC A&, SRR S i b O ESATHES

ML, B, PRI N0, & ﬁM&ﬂyh$b®a%v7#wﬂmMcaﬁwm
AULKWH@T%WQAKL§<AthLt Th b HUNC8) 1 bl pgizh s

w59%47y®1mﬁm~ﬂtv7zﬂ KNI & 1ﬁL<,$Mﬂ<HAM@%ﬁiAW®Wﬂ
TSI L e %) 1A B L LD #HA@@%ﬁiM“LbMMW W4 2> 5 2 fF e K
TRUFLD WM BAT W A ln e 733 L 2 Tl e il 2 L\ b it h, ATRMOHEER
WU NS LT A % AR WM(fj1mﬁm'ﬁ®1+ﬂw,m%fw%nhﬂw <K<,
07, 7 APETIL 45.26£0.55 T VA L, T L7)ln‘ ZiT HUER U 2o v R A o0 S Mg 5 HEAS
45.05-0.46 ¥ AW O ED TIfF 2 WAffia i LCw b, T, H, MBSOt ol 5k &
M2 Do DO BAMIDLER O/, mﬁmecowf®ﬂMMnx FEHINZE OV DR
w,&0mm0@>mﬁwum@mwr@ﬁVYWM%mL FRAFARL 45.20L0F O\~ & & A5
Lfbé:a,MU&M@kM@M@%“@@MIM%&19M~B4%mT1M3HOllwm%:
K2 S HAG DI 2 BB TN 2, I HLORESAi0 BEE LCllse 447 bi, KElftox
FMOHEF meLHimQG®M§%QLL@®f%D,ik,&*kvﬂ wuLkﬁ THi4E
DAL, )LfLLu.(/p MHEX IS FRAEML LD R Lc b o Tl s L Bbn g, D4
oL & A&uMmﬁJLT&LVOMM(@)iﬁ1$fM“W%##M2MEE%¢i
LN %tTouLL&M%Lfbéh H AT DRI A DFHE T B DZEELDHUL,  ROKRE S
At B VAR MR U CHHIMEIICRIM L, 34 E CAA T 0L IS hs b,
A C48) MHFRT L T2 X 5 i Ze BT 5 KA & o 5 2O R ¥l L —F L
Tl HoR T 2 ATe TH XA Do Fie, ANTCA8) 138 & 7 7 4 7 o 3R THEE UM —fifkn
AR ZIEEINT 2 L3RG LT 20, fEFR oo TR 2T D, BT BIT 2 5 2
7 T4 7 o DOFEHERPEANT & 2z 5 AT OIS AT T H D T L BIRRAETRAE TR
I % LB 2 DIVT, ok ZEETRSSENECHIUEN 1 AT e 5 B O TIH O T
BBt 5L 0 L MG LTS, 20O TIEIE E COE N Lo 0T X it 4ol
FUTHES Lz,

Bz, MRS Yo T, A TTARRLICCRINR U 2o dn < fin CEMAVNE VL O TH B A, i
T, R, AT A D R ﬁEU/xZJ\ ifflUJ Wk 7V fiih Table 9 125t Uiz, (KR
P ZAUE B2 X 5] DRI S e L, R, I E 3 LA 2 g o
ThEDEMINEL, RS %Aghk%ﬂ%&&fuwkohg,mwm LTI ORGE R
XA UL (Table 10) fukfesz 5 %€/, Hofl, JOUMTERC P & b HBENC TR0 7E08 2 b

F, FHDHTEFORRIINE G, ¥, 2 Table 9 A 233/ VH, ikl SO ALY & FRMYIT 4
TGk~ A V/ﬁ“ﬁﬁkmbfmhﬁﬂ L5;5mAxmkmMMmmmmwmu&an,
ttwwme'HMthwmmc DRUE ZOMINA AR DR S, Oy P bi
cline o2 hH 5 LWE4% iﬁﬂf&éﬁo
L Eodn < AHH a".»rinc@fut&n'a, TR DU TR BRI EE il T & feph o dkss
ThBHE, HRHGEO D Z 7 517 o OFHETE O/, i, AR %i’ufﬁn«lz}sh)‘»&
DML B, IHEPICEHIAERC L8 DTHD L\ 2 b Fie, BIBELEN S TS
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a. Summer to autumn.
| Number Range of Number of vertebrae
Group | Localities | Sampling period of sample mean[-————— 77—~
sample |body length| 43 | 44 ! 45 ’ 46 ’ 47 l n l x+S. D.
o (cm)
Yamaguchi | 1953, 9/17~11/9 4 2.32~3.78 18| 134 42 194 45.124+0.55
Small | Toyama 1953, 9/13~12/16 15 2.14~3.03 5 632| 143 780 45.17 +0.43
Toyama 1952, 9/30~12/30 18 2.24~3.33 3| 49| 525| 136 2| T15; 45.12+£0.53
Kyo6to 1953, 10/ 8-10/15‘ 2 7.21~8.17 871 43 | 130] 45331 0.46
Middle | Ishikawa |1953, 8/ 6~ 8/12 4 7.71~8.38 13| 69| 58 1, 141| 45.33+0.64
Aomori 1954, 722~ 6/24{ 8 6.20~8.92 1 88 45 3i137 4536+ 0.54
Kyé6to 1952, 6/15~ 8/12 5 9.64~13.47 4 123| 52 1 180! 45.2840.51
Large | Toyama 1952, 8/ 5~ 9/10 4 11.13~12.23 23| 327| 189 1 540? 45.314+0.56
Yamagata |1952, 7/31~10/27 6 10.71~11.62 12 301 138] 10 /161w| 45.3240.55
b. Winter to spring.
Number | Range of Number of vertebrae
Group | Localities | Sampliag period of sample mean - —
sample | body length | 43 ] 44 | 4 | 46 ] 47 n | x+s.D.
(cm)
Shimane 1953, 4/20~ 427 2 6.59~6.94 5| 80 7 92| 45.02+£0.31
Middle Toyama-
Ky6to 1953, 5/10~ 5/20 2 7.76~9.17 15 971 24 136 45.06 4+0.56
Toyama 1953, 1/25~ 6/9 13 10.60~11.81 6| 163] 869| 361| 16/1415| 45.15+0.44
Large
Kyb6to 1952, 4/30~ 5/20 3 11.03~12.74 12| 126] 29 167| 45.104+0.48
Table 9. Frequency distributions and total sample mean in vertebrae number of Japan
Sea anchovies by seasons, size groups and localities.
a. Summer to autumn. b. Winter to spring.
Localities t=3_(_—3_’ MN Gro Localiti =ii/ngN
Group aliti W '/M+N roup alities t W NN
.. Toyama . . . Kyé6to
Yamaguchi; (1953) 0.96 Middle | Shimane; Toyama 0.42
Small Toyama
Yamaguchi; 0
mag (1952) Large | Kyoto; Toyama 1 0.78
Kyoto; Isikawa 0 t— 106 —
Middle | Kyoto; Aomori 031 0=1.96 (ny= o0, a=0.05)
Jsikawa ; Aomori 0.32
Kyoto; Toyama 0.48
Large | Kyoto; Yamagata 0.56
Toyama ; Yamagata 0.21

Table 10.

Test of significance of local difference in mean vertbrae number.
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