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VERTEB!~AL COUNT AND GROWTH OF JAPANESE 
At\CIIOVY, ENGRl!ULIS JAPONIC[JS 

TEMMINCK AND SCHLEGEL 

IlI~Oi\l'I AIKAWA, TOMOO HAYASHI AND YASl)O FUHI;KO 

Japanese anchovy, lillgraulis japonicus Tcmminck and Schlegel, 
IS un1.' of the most important neritic fishery resources in J?pan 
and its annual yield amounts to 225,000 gramtons on an average, 
occupying 5% or a little less of the total yield of Japanese clupeoid 
fishes (Pacific herring excluded). Anchovy has a wide range of 
distribution in the Japanese ,vaters from South Sakhalin and 
Hokkaid6 in the north to Kyushu in the south, although it is 
very common in the South Japan region and also on the south 
coast of Korea. Anchovy fishery takes place nearly all year round 
in the southern fishing ground and the peak of the season seems 
to be in winter. However, in the northern grounds the fishing 
season is rather shortened and its peak is shifted gradually towards 
summer. 

Body length frequency polygon reveals three major modes. 
The whitebait group occupies the smallest mode under 50 mm, 
the medium sized group the medium mode from 50 to 90 or 
J no nun and the large sized group the largest mode ahove 90 or 
100 mm. The whitebait groups are present nearly all year round 
in such southern seas as around Kyushu and on the southern 
Pacific coast, becoming scarce in winter on the northern Japan 
Sea coast and on the Pacific coast north from Cape 1nub6, but 
they arC' never recorded around Hokkaido and Sakhalin ey~n in 
sun1mer. 

Probably due to the selective power of fishing gear and also 
dlW to the long duration of the spawning season, the whitebait 
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groups show no remarkable seasonal change in sizl' and, III 

addition, the occurrence of eggs and larvae are so scattered in 
lijn(~ and space that it is very difficult to make any accurate 
statement regarding its life history, Previously T. Nishikawa 
,,1901) found two peaks in the occurrence of eggs and larvae 
in Snruga Bay and considered that the Japanese anchovy could 
spawn in winter and also in sumnler. Two peaks were also noted 
in t he fishing season of whitebait groups off Aki in Tosa Bay as 
IS shown in Table 1. 

Table 1. Se<lsollal change in cat ch of whitebait group off AId in Tosa Bay_ 
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The whitebait groups arc composed not only of the larvae of 
anchovy, but also of sardine (Sardinia melmwstictai and of Japanese 
murra)r (ElrllnIrUS lnio'ops) in additiOtI to several ncritjc fishes. 
The larval composition of whitebait groups varies seasonally and 
locally (Table 2i. 

Table 2. :)casonal change in the composition of \\'hilebJ.it group. 

Locality· 
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Aburatsubo 
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Aburatsubo 

Yoshida 

Totaro 

II 
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IV 
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28, '-' 

8, '36 

9, '38 
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18, /" 
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XII 1,'36 
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4·\ 

81 

18 
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24 

91 

5 
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82 

66 

S: sardine. M: murray. A: anchm'y. 
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The sardine of whitebait stage (less than 50 mm In length) jS 

generally prevalent among the calch during the first half of a 
year and the murray of whitebait stage during the latter half. 
Nevert.heless. the anchovy of whitebait stage is ahvays prevalent) 
being especially abundant from early spring to autumn. The 
vernal reak m the occurrence of whitebait groups seemed to be 
C1ssociat:cd with the prevalence of the larvae of sardine and anchovy 
and on the other hand the autumnal peak with dominance of 
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larvae of murray and anchovy along the Paeific coast. Apparently 
h orn t hl! occurrence of the whitebait groups , anchovy can be am· 
sidered 10 spawn t wice a year. 

Anchovy of the Mediterranean Sea I E1Igrall /i, eJl cmsidmillsl, 
ranging from SO to HiO mm in average length , is generally smillie! 
t han t he anchovy on the At lantic coast of Europe. It ,eems 
probable that spawning takes place in summer and again in 
winte r, a lthough egg~production is usually fil r larger in amount in 
summer than in winter. Among the Australasian anchovies (E. 
allstralis), there exist many different races at d ifferent localiti es. 
considered from the occurrence · of eggs and larvae. They are 
liable to occur densely in such localities as on t he coast fro111 
New South Wales to Queensland, from Vict.or ia coast to Tasmania, 
around the New Zealand, on the south coast and also on thl: 
southwest coast of ,\ ustrali" . The specimens measured in any 
locali ty range from 40 to 130 mm in total length and 70-80 mm 
groups a re generall y preva lent everywhere. Ma ture anchovies arc 
reco rded both in summer and in win ter. In several respects, 
the Australas ian anchovies closely resemble the Japanese anchovy. 

Based upon the vertebra l count. which has been llsed in the 
stucly of race, the present authors could divide anchovy collec t. ions 
around Japan into two different groups and t hen f·asily trace 
seasona lly the growth process of each group. At first, verkbra l 
COllnt was made for whitebai t t;ol]ectio l1s in ]936 and J937, which 
were preserved in formalin (Table 3,. 

Table:1 Vertcbnd CIHlnt of whit~ba i t. ~rO lip. 

--,-- ._,, --- .. _- --_._-, .... .' .. ··-T---··-,·--------, No. nf ve rtebrae 
Locality Date • l\IIean No . I , , 

H i 45 46 ,'7 
I -- - --- - ._- - .j , - -,-_ .. 

Yoshida \' 10.'37 ,:5.41 10·1 2 59 41 

.\hurat!3ubo 17, '" -15.29 103 :, fJ7 3:J 
i 

V III !.fl . '36 ·1,5.16 ] l).1· " i 71 2~ 
I 

S(l(legaur::l. 27, " -15.16 124 8 ~)2 ~6 

Aburntsuho IX ~3) ':·W ·t5·17 lO ot :l eo 21 

X to. ., -lS.()(i 101 12 7 i 18 

Sodegaur<t l ~, '3:: ·(5 .1O 117 12 81 2·l 

Totoro Xl 10. ' .• -I5.fJ9 117 8 ~11 lR 

Note: hypura) included. 
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The significance in the difference of numbers of vertebrae 
between any two collections is tested with chi ·square method 
under the assumption that boih collections wi ll follow the same 
variation law in the numbel' (f! vertehral·. ,Vht'l! P- value, known 
from chi·,;quare value, is higher than 0.05. thl' difference indicated 
i'; nonsignificant and both collections arc considered to belong to 
Lht· group of the same origin . On the other hand, when !'- \'alul' 
is Jess thaI! 0.05 or n.DI, the difference is highly significant and 
both collect ions are probably different from .. ach other. 

The differences of t he vert.ebral numbers between the Abtll'" 
lsubo collec tion in May (4~.29 1 and anyon,' of the Abul'3tsuho 
collections in August (45. Hi I, in September (45.17) and in October 
i '±5.06) are all indicated as highly significant. However. all the 
collections after August in different localiti es and in different years 
are not significantly different from each other, as P-valucs are 
always higher than 0.05 (Table 3i. Accordingly, t.he number of 
Vt,rtebrae seems to vary seasonally , but neither locally nor 
annually. To prove this conclusion, many anchovy sampies were 
collected from different localities in differen t Seasons since 19~:1 

(Fig. 1). Th~ details of measure of body proportion and the 
vertebral count are given in Tables 4 and 5. 

-Vig, 1. J. t) ~· :l l stations where anchov~' samples \ven.~ ..:oUectc=rl. 1. Sodegaura, 
.~ . t\bUf3tSllbo, :~.Y\)shida, ,J. Toyohanw, .1. Mi ~": l zu. 6, Kasumi 
~!\C I i lj ·no-i\lis3ki. ;', H amad;! and -Ezumi. ::\. 0-5iI'1I ;;, 9. Ai nl" 
Sim:I. Vll hl0k <l; Ka r;Hk.;n :lri a!Jd Ftlk ~e. 10. l'omioJw. ll. Goto·Aue, 
U. Bcppu, 13. Kamnc, 14. Totof(' . E>. Kagoshim:-l 
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Table 4 SeCisonal change in size and weight of Japanese (lnchovy. 

Locality 

T~~niob 
Ai no-Sinn. 

Tomioka 

f(jj-az(lki 

T~torn 

GotD 
(j-Sima 
'l'oyoham:, 
Fllkae 
l\;lsnmi 

Date 

[ 

IV 
IV 
VIII 
IX 

_,'45 
')_1 '" 
~ ... , 

9,I'H; 
.'-, !,1!l I 

xr 2:~. 
X 28, !,16 
Xl :)--2:;, --.
I (i, '47 

15. // 

No. 

til 
50 i 
39 ! 

40 
3,1 I 

S3 
200 : 
:<02 i 
340 ' 

:l00 I 
Il -t // 460 

24, // 348 
11! ;l, // 414 

17, " Ii 148 
:JI), ,;... 207 

\' 

IX 
X 

x 

Xl 
XlI 

IX 
Xl! 

U, ij 

19. /~ 

fl,/46 

H: '47 

7, '.17 
2~. /" 
1.1, '43 
21, ~ 

28, // 

30, <-
2, h 

3. // 
S~ // 

20, // 

26, b 

26. -:--
28. -'/ 
Hi, '44-
19, 

20, /~ 

1. '47 
:L "17 

31. ;... 
H. '48 

X 15,',17 
I 13.'48 
Xl! I '47 
X[ 12: 117 
X 8,I:l6 

14H 
162 

~~ I' 
26~ 

,[31 'I 

705 
70 

128 
99 

;;8 
37 

162 I 

186 I 

116 I 

19 , 
8') 

134 : 
68 ' 

124-

106 
241 j 
670 
260 
42R 

620 
280 
450 
140 
101 
B5 

Total length 

range 

96-130 
96--130 1 

111-155 ' 
St.'-leO' 
96-150 I 

101-146 
29-121 
G2-120 
5()-- 85 
'~4 -- 79 

3'/- 76 
70-108 
40 93 
60- 95 
65~ 97 

87-132 
105-139 
82-107 
89-112 
:33- 96 

57-108 
117--110 
2G- (is 
2G-- 46 
28- 59 

37- 65 I 
40- 63 I 
24·-- 44-
25- 46 
25- 46 

,19- 84 
25- 46 
25- 46 
34- 50 
30- 74 

31- 48 
37- 69 
22- 48 
24- 53 
30-- 57 

~2- a 
6fi- 98 
66-114 
3R-- 72 
39- 84 
25 47 

1 illm 

1112 
112,1 
134.3 
87.2 

111.0 

112.3 
76.9 
725 
69.5 
6fl.G 

G3.7 
84.2 
78.3 
79.8 
RIA 

lO~·ut 
125.1 
93,2 
98.9 
HiG 

93,0 
66.6 
40.9 
~14.2 
41.1 

50.(1 
50,3 
332 
36.9 
32.4 

56.9 
35.2 
34.5 
41,8 
40,6 

40,2 
51.2 
30.8 
:)7.8 
·16.3 

29.4 

88.8 
52.(1 

, I ' 

nody 1.1IIJead 1.1. B~dYI'! Sex-
I
welg hi f 

mm lnlTl, mg I actor 
--_ .... --.-.--.~-----.-----.----

92.1 
95.7 

IOU 
75.0 
95.9 

92.4 
(;3.8 
h1.3 
581 
!)5.9 

52.4 
68,9 
61.5 
65,:~ 

66.5 

86.1 
103.8 
78.3 
880 
38,9 

78.0 
54.9 
:14,5 
28.5 
:14.0 

'f7.9 
42,0 
27.6 I 

30,3 
27.3 

,17.4 
29.1 
28.7 
34.0 
:-33.2 

32.6 
43.4 
25.8 
31.7 
:=\9.0 

25.1 
81.1 
74.9 
14.0 
57.2 
27.6 

- , 

9.4 
7.5 , 
9.2 I 

! 

11.6 I 

]L5 
H 
8.4 
7.1 I 

1:-J.7 
7.7 
7.S 
9,'1 
9.2 

9.0 
12.6 
fi.5 
8.6 

10.3 

ti5.8 
38.5 

116.0 
:~;:LO 

8Ui 

86.7 
24.9 
2:1.0 
189 
1().1 

1.2-1'/ 
1.81"/ 
:\.038 

HU ZAO£; 
34.4 1.274 
27.:~ LOOO 
:29·7 0,9n 
32.9 0.7:11 

71.4 
Imu, 
34.4 
t9.2 
62.0 

O.GlS 
O.8,H 
n,FKS 

50.6 1 IA-H2 
18.2 I LOS? 
H 
2.5 
4.0 

n.R 
6.G 
2·2 
2.7 
2.1 

9.::3 
2.4 
2.5 
;-t7 
::>.7 

3.4-
(~.9 

1,8 
~l.2 
5.1 

fi2 1.5 
22.3 '~'7.iJ 1.028 
2Ui 11.8 O.9()~ 
125 '/,9 
lii9 18.G 
7.1 2.1 
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Table .s. Results of the vertebral counts for Japanese anchovy_ 

I Number of vertebrae 
Loc"lity Date 

i Mean no. Size ._--- Sum i of vertebrae 
I 1 

'2 43 44 4:; 46 ,17 
--------- , , , 

Kasumi X 8,'36 , 45.05±O.49 IV -I 13
1 

102: 20 ]35 
Totaro 14-, '43 I 45.03±O.59 IV 11 B: 49: 12 70 

21, " 
I 

45.1Z±O.53 IV =! n 90 27 12H 
28, <- 45.14±O.53 IV 8 i 69 22 9~) 

:~O, <- 45.19±O.54 W -' 4 39
1 

15 :;8 

Xl 2, 
i 

45.14±O.53 W ~l 291 5 .2! ::;7 " i 2 
XII 3. <- 45.12±O.48 IV 10 1 ')')! 30 162 

8. <- 45.11±0.53 IV 1; I" 1:\5 ::;7: 1SG 0, 

20, " 45.08±O.49 W , I -I 101 87 19' 11D 
26, <- 45.11±O.46 W I , 

s! SO l( 101 --, 
1 1 

20i 28, <- 45.07±O.47 IV _I 1O! 104 -! 1:3:1 
19.'45 ·j5.12±0.59 1'1 -I Ii 88 21! ", 12,1 ., 
20, " 45.12±O.5G IV -I HI 71 24- lOti 

Kamae VI![ 9, '45 45.07±0.35 L l' 91 <if J7 , .' 
Tomiok:l I 8,'46 45.02±O.62 !vi 3" ., 17f 55 i 265 

Heppu 6/4-7 45.07±O.56 !vi 2 4J 221, 691 ~B:-l 

7, " 45.14±O.54 !vi 28 229
1 

73! ::Ju 
1:,), <- 45.02±0.62 M J: 43: 198 1 

501 2 2% 
II 4. h ')5.06±0.55 M -I 531 312: 81 147 

2,1. <- 45.12±0.55 !vi -; 37j 230! 74- 2 349 
1 

=-I 361282 JIl :l. <- 45.12±O.53 M 85 W:-; 
I" <- 45.15±O.52 M 10 102 :32 14'~ '. 

" 3D, " -J5.12±O.54 M _I 19 145 4-1 1 206 
(~ot6·A{)e X 15, <- 45.05±O.60 IV 6! 78: ·119 11ri 1 620 
Fuk,;JC XJ 12, ~ 15.16±O.62 IV -! 14: 92 3J :l 140 

, 

1 

l'vTiY'i1Zll XlI 3 " 45.14±O.60 IV d 84
1 

428 HJ ,. Gio 
21, " 45.06±O.61 IV 2 ;~! ](9 54 260 

K,~~oshima 
I 14, '48 45.06±O.52 M 1 ' ~I 314 71 128 
Xl 4. " 45.00±O.70 M 11 -I 7 ~ H) 

l(:\surni X 8, '36 45.:)2 ±O.61 M -
, 

.8 1 53 11{) 101 
, 

Kamae -,/45 '15.31±O.56 L ?I 23 J·1 :.::9 -, 
1\' 20, " 35.39±O.65 L 1: 81 56 18 83 

Ai'IIO-Sillla IX - ~ 45.:33±O.33 L -' Ji 12 8 ~I 

T(~;11iob 
Xl 22: " 45.65±O.28 L - H J.l :n 
I'm 24, '46 45.35±0.54 M --I ,)1 8 h [7 -, 

! 
i 

JX 6, ~ t5.44±O.50 M c. , 
18 J.1 32 .c, 

HepPlI X 28, " 45.33±O.60 M 1 - J24 ()\ 6 J98 , 
Knra(1oIl1:lri I 29,/47 45.21±O.S,1 M ,n: ·j65 184 1 ()~n 

H~ppu V 24, " 45.43±O.54 L J3' 9::1, ·10 2 148 
1'1 19. " ,t5.32±O.61 L -, 11! 87 63 1 lfi2 

Tot oro lX l. " -1,5.26 ±O.60 IV 15i 154 67 5 2·11 

T(;~.'oh:l11l;1 
X 25, " 4S.26±O.58 M -I 19i lSg: 91 :1 :102 
XII I. " 45.25±0.56 M 

'::"1 
1 : ~n 295 130 :1 450 

O-Sima I :~, 1:18 45.27±O.63 L 2 :'i 1811 75 9 280 
Ka~;osllirll:j X[ 4, " 4S.:l6±O.72 L I 

28
1 

11 ·t~ 
Xl[ 8, " 45.36±O.n L -, .1' ')}! 15 2 ·[2 

'_c'~_~ __ ~ I 

Not!" W -whitebait group, M-mediu!ll sized group. L-large sized group. 
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On seeing the frequency distribution of tile average numbers 
of vertebrae within the ra nge from 45.00 to 45.65. there ocC Ur 
two modal groups, that is, the lower modal group ranging 
from 45.06 to 45.15 and the higiwr one from 45.:31 to 45.35, 
both groups being sepa rated by the range from 45.16 to 
45.25: Among eighteen collect ions in 1947, the Goti)·collection 
(October 15) is selected as a standard illld the differences in the 
average numbers of vertebrae between the standard collection and 
anyone of other seventeen collections are tested wi th the chi· 
square method (Table 6). Disregard ing the size of fish and the 
date of collection, the differences are always indicated as nonsignifi· 
cant between the collections with the vertebral numbers less 
than 45.20, while they arc highly significant between the standard 
and all t he collections wit h the vertebral numbers greater t han 
45.20 

Table 6. Chi-sq uare test for the d ifferen ces ill the vertebral nllm~rs 
with the standard coilec tion in 'Gote). 

LOC<llity 
, ! Average I A . I 

i Group I J~ngt~ \'e~~.I'~go~ II 

I I (mm ) 

n 

I 
p 

--l.l-e-p;-:------ -1- ~-- -- .. . --.-.. -;~ -'T" - 45.07 ! - - --- -1-------, 
0.7742 , 0.8 

! M 92 45.14 
:1 

2 5.9109 

2.7883 

2.6799 

3.4464 

5.4370 

5.4 166 

2.6911 

7.6095 

5.5916 

0 .7222 

~ 0.05 

> 0.5 

>O.~I) 

::-O-{1.:1 

> 0.05 

> ().OS 

> 0 .3 

> O.Ofi 

>0.2 

Fuka,. 

Miyazu 

Karadornari 

Beppu 

M 

M 
M 

M 

M 
M 
M 

IV 

IV 

M 
L 

I. 

Totoro \V 

M 

Toyohama M 

67 
64 
11-1 

78 

&:J 

81 

5-~ 

:j 1 

38 

67 
lIO 
125 

4,.02 

45.06 

45.12 

4,.12 

45.1 5 

4,.12 

45.16 

45.1-1 

45.06 

45.21 

45.4:1 

45.32 

:I 

:; 

2 

2 

:; 

:; 

4 

:J 
:1 
:; 

:1 

27.1545 

92.1087 

:=I.2.55:1{) 

0·8 

0.01 

-O.IH 

(un 
4~~ 45.2G :i 30.4927 . OJ) } 

73 I ·15.26 :1 470.8733 , 0.01 

82 4525 4 328.279R : , O.oI ____ ._I __ ·_._. _ _ ._L _ ___ I _ _ 
Note: W: wheitebai t group, !\,[: metiimn sized group, 

L : large sized gro up . 
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Treated to!(ether the collections in Beppu Bay from January 
1:0 May, [9'J7, the budy length frequency poly!(on reveals two major 
gronps (Fig. 2). 70 mm (medium sized) group of lower mode is 

Fig. '2, Brxty kngth frequency polygon of anchovies caught 
in Beppu Bay from Janu~ry to May, 1947 

less in the number of vertebrae than 125 mm (large si~ed) group. 
Th .. rlifference of the vertebral numbers between these two groups 
is indicated highly significant (Table 7). 

Table 7. Ch i-square test fo r thi! d ifference of the numbers of vertebrae 
between the medi um and la rge sized groups coll ected in Reppu 
Bay from january to M<lY. 19-17. 

Group 

I 

Range 
(mm) 

70 nlIn! :~5-11S 

l:lS mm [ 116-14-0 i _ ____ ' _____ 1 

! 
Average I 
vert . no. I 

45.34-

Num ber of vertebrae 
No. --42 --- ~;{'-1- 4~--1'~15 ._- --46 47 

! .. ' - --1-, --. ---,..... ~ '---, - .. -. 

2~~7 (1 i -I 250 i 1605 i 504 : 6 
, 

32 I 22 ! 9 , 
.. , ....•.... ...L. ______ ._ 

Accordingly, thp anchovy collections are divided into two 
groups , one of which possesses the average number of vertebrae 
lower than 45,20 and another that higher than 45,20. From Table 
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:l. it is easily known that the groups with lower vertebral number 
arc present as the whitebait group mainly in autumn and also af' 
medium sized group in spring. On the other hand, the groups 
wit h higher vertebral number appear as whitebait group in spring 
and as medium sized group from summer to autumn. The large 
sized groups are of the group with higher vertebral number in 
winter, while they are of that with lower number in summer. 
Considered from the occurrences ot't'h~se two groups, all groups 
with higher vertebral number will be'Co~iginated from the offsprings 
spawned in winter and those wjth'1Q;;;~r vertebral number from 
the offsprings in summer. Here, tht:~gl:;;UPS with higher Vertebral 
number may be called as the wi~t~;";;ffspring group and those 
with lower number as the summer-'Q(f§p[ing group. 

For each of different offspringgnlti'ps, the total collections of 
a separale ycar and grand total colIeedon of all years are given 
in Table 8. Among the, same offspring groups, the difference;; of 
the numbers of verteb~'ae between the grand total collection ancl 

" "'~?'''iF;··.r. .,..,. ... ,,$, •. --.:., .. -• . : ... ' .. > -,'C"',." _.:.-', 

any total collection of each separate year are nearly alway, 
indicated as nonsignificant (P,O.OSl, except the summer offspring 
group in 194.3 (P ,O.On. Therefore, the annnal variation in the 
number of vertebrae is considered nonsignificant among the same 
offspring group. On the contrary, the differences of the vertebral 
numbLTs between the different offspring groups of all years also 
of any separate year, except 1945, are always highly significant. 
The differences in the numbers of vertebrae are cntainly considered 
seasonal in natu](' rather than annual and geographical (Tables 8 
and 9), 

Table H. CJli-squarc test for the differences between the grand toLd 
collection and each total collection of a separate year. 

I Average 
'{ear., I no. of 

1~~~~~~~~~~ 
1936 45.(J;) 
1943 ·15.11 
1944 ·+5.12 
194;:; ·{5.07 
1946 -15.02 
1947 45.08 
]948 ,15.07 

All years ·tS.09 

No. 

135 
1091 

230 
7:3 

2135 
,H97 
·139 

G430 

Number of vertebrae 

42 43 i 44 
I 

J:l 
2 Sl 

23 I 

1 9 , 
1 I :3:~ 
-! 2·1: 478 

2 42 

45 ,16 I 47 

102f --zof 
804 2031 1 
159 451 3 
46 17 

176 55 1 
2833, 847 H 
321' 7,'3 

1 29 680 ,1,H!' 1260 19 

2 
:l 

~ I 

2 
,j 

2 

2.7773 
12.3466 
6·9360 
.1.2674-
0.9031 
:3.5093 
6,421 :3 

p 

>0.2 
>0,01 
>0.0;) 
/O.S 
>0.8 

D.3 
>(L02 



--_. 
1936 
HHS 
19'11) 
19·. 7 
1948 I , 

.'1 II years j 

45.32 101 
'15.27 174 
45.3:"5 I 247 
(15.2·1 " 1996 ' 
45.29 

8 
11 

9 i 

-- 17 

53! 
105! 
150

' '"001 l'!;O.Jo' 

40 ~ 
54 :1 2 
811 7 2 

575 .10 :3 
104, 11 

I 
:J I :jol! 

·15.26 ' 2882 . -1 ___ -'_ 

_11'1221 

_ -,-_~lh~ __ _______ __ _ 
23°1 

1821 854! 36 1 -, 

Table 9. Chi-square test for the differences 
of the same year classes. 

Year n x' P 

1936 2 18.1966 <Jl.Ol 
19,1;:) 2 4.2638 >0,] 

19·16 2 22.0603 <am 
1947 1 100.3590 (L01 

19·18 .2 26.6076 .0.01 

/\11 years ·1 
___ ~ _1 ______ -

191.9838 ,.0.01 
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4.7620 >0,05 
n.6610 ">0,7 
2.9115 ~>O.2 
3.5090 >0.1 
7.2489 >0.05 

C. L Hubbs (19251 found the males of northern anchovy 
i Engraulis '})1oniax 'lwrdox) to have a slightly highr-f vertC'"bral 
numbel (4S.77) than the female (45,65), although h,~ considered 
the diffc-rence 10.12 excess for the males) to be "of probable but 
hardly certain significance" The sexual dimorphism in vertebral 
number was found highly significant for the elasmobranch (Spinax 
niger) by R. C. Punnett (]9011 and also for capelin (Mallotus 
villosus) by J. L. Hart (1937). Although the sex factor ',the number 
of femaies divided by that of the males) varies seasonally 111 

cOll3idtrable extent )0.6 - 3.0), the differences of the numhers of 
vertebrae arc always nonsignificant among the same coI1ection as 
IS shown in Table 10. 

T<\ble 10. Comparison of the oLlmbers of vertebrae between the 
males and females. 

Locality Date 

Beppu X 28, '46 

X[ 5-25, I.jn 

6, l,t7 

i(aradol11ari 7, '47 

Beppu 15, /,.. 

Sex 
factor 

2.25 

1.25 

1.82 

IA8 

3.04 

i Average number of vertebrae! Excess 

1---- l'nale --------,--- femnle - 1;1(~~l' 
Signi· 
ik~mcc 

45,34±OJi4 ·15.34±(J.fll ±O.OO 110 

·15.24±O.66 ,t5.26±O.!)H -0.02 I no 

·t5.02±O.61 4!).09±05S --OJ)7 no 

·t5.13±O.f15 15.1~±O.E·O +{Wl no 

45.02±O.57 45.08±O.62 -O.(H; no 
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Kamal' 

Beppu 

II 4-, 47 2.41 

2·t,"/ 1.27 

III ::3, '" 1.00 

17, /... 0.97 

:~O,'/ 0.73 

45.0:i±O.54 

·lS.10±0.57 

45.1O±O.52 

4S.10±O.54 

'15.1S±O.58 

IV 24, // 1.37 4S.17±O.55 
V 24, /,. 

VI 19, ~ 

0.62 15.20±O.S4 

0.69 ,jS.32±0.62 

Mean 1.53 45.16±O.58 
~~---~-~---~-~ --

45.06±0.5<1 -0.03 no 
'~5.12±O.57 -0.02 no 

45.15±053 -0.05 no 
45.15±O.52 -0.05 no 

15.09±0.49 + 0.116 no 

4S.00±O.63 

,15.18±O.66 

45.35±O.S7 

4S.15±0.66 , 
.--_ .. _----

+0.17 ye::. 

+O.()2 I no 

-0.03 no 
i +o.rn i no , 

There occur in the same direction the significant differences 
between the groups of different offsprings everywhere, but, on the 
contrary, there exist no significant differences between the groups 
of the same offspring even in different localities. Therefore, the 
geographical variation is unrecognizable in the number of vertebrae. 
However, all groups of the same offspring are not considered to 
belong to a unit population all around Japan, as anchovies arc' 
liable to occur densely in some different localities. The race of 
anchovies must be determined based upon the variation in some 
other morphometric characters. 

The seasonal change in body length are shown graphically in 
Fig. 3, where the groups of winter offspring with higher vertebral 
number than 45.20 are indicated with black circles and those of 
summer offspring with lower vertebral number than 45.20 with 
white circles. The whitebait groups of summer offspring appear 
a little already in August and are dominant from September tn 
December. Snme "f them attain the medium size above 50 mm 
in November, although the medium sized groups of Sllmmer 
offspring become prevalent after succeeding January till March 
and they attain the large size above ]00 mm in May and June. 

On the other hand, the medium sized groups of winter off
spring are generally p"evalent from August till December and some 
of them attain the largf size above ] 00 mm in November. The 
large sized groups of winter offspring appear abundantly in tile 
next February and March. The medium sized groups of winter 
offspring and the whitebait groups of summer offspring occur 
together from late summer to eariy winter on one haml and tbe 
medium sized groups of summer offspring and tIll' large sized 
groups of winter offspring are present together from early winter 
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till spring as was observed in Beppu Bay in 1947 (see Fig. 2). 
After late spring till summer, the medium sized groups of summer 
offspring occur together with the whitebait groups of winter 
offspring. The same sized groups of different offsprings are never 
found together in any season and in any locality. 

Fig.:l. Se<1sonal change in body length with refference to the ::J.verage 
number of vertebrae and the locality_ .: winter offspring, 
0: summer offspring, number: for example. U3(1~;' indicates 
average number of vertebrae ·1,5.0:1 of tlw collection in St. 12 
(Beppu as shown in Fig. 1). 

The larvae, hatched out either m winter or In summer, are 
observed as whitebait group from 20 to 50 mm in body length 
during the first six month period and as the medium sized group 
from 50 to 90 or 100 mm during the following six month period. 
The large sized groups above 90 or 100 mm in body length arc 
of a year old, but only a little one and a half or more years old. 
From scale reading for European anchovy, the body length 11 is 
calculated as S()-·120 mm, 1, as 140-170 mm, and 13 as 160-200 nun 
,·cspectively. Groups of one and two years old are generally 
dominant, but those older than two years rather -scarce (Alex. 
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Meek, 19161. Differing from this statement, anchovy in the Zuiderzee 
grows more rapidly (H. C. Redeke, 1939.1. Anchovy enters the 
Zuiderzee in April from the North Sea and spawns ill J ulle and 
july. in a little less than three days at a temperatnrc varying 
from] 40 to lTC, the larvae hatch out and grow rapidly during 
summer, reaching an average length of 90 to 100 mm in October, 
then the young anchovies leave the Zuiderzee, but the greatest 
part, about 30%, come back again next spring as nearly ripe tish 
and spawn, being then one year old and having grown to an 
average length of about 150 mm, the remaining 20% consisted of 
individuals of two or exceptionally three years. During the first 
one year, the growth process of the anchovy of the Zuiderzec 
resembles much that of the Japanese anchovy. The Atlantic 
anchovy of "Ior(h America (E. mitchilli) is 70 mm in body length 
on an average and spawns only in summer hom June to August. 
The northern anchovy (E. mordax nwrdax) of the Pacine cvast of 
North America is generally smaller than 150 mm in body length 
and spawns in winter off South California. American anchovies 
on both coast resemble the Japanese anchovy in size, but differ 
in the spa wl1ing habit from the latter. 

. The annual yield of anchovy in Japan fluctuates remarkably 
every~year, because the young anchovies arc caught as whitebait 
group already in two or three months after hatching ont and also 
as nwdium sized group in seven or eight months. The unfavourable 
spawning in one season effecls the catches of these small ancbovi(s, 
as it cannot be easily compensated by the favourable spawning in 
tht' next season \vithin a year. The fluctuation in catch "vas 
within the range from 1 to 4.4 off Aki in Tosa Bay (Tabll' 11), 
where the anchovy fishery takes place throughout the Yl<lr. 

Nevertheless, the range of fluctuation will be far more remarbbly 
wide in the fishing grounds, \vhere the fishery takes place durinR 
only a part of a year. 

Year 

Table 11. Fluctuation in catch off Aki in Tosa Bay. 

Catch in 
value Year Catch in I' Year I'.· Catch in ij Year 

value ' value ii value 
Catch in 

y 23023'~ T930 - )r-:~tol~o r 1935 --- -V T(~S9Ti-
'16344 I 1931 19800 193<i ·lB1O.< 
35755:! 1932 20730 19371-n8:; 
:i1i238 I; 1933 I 22932 1931:\ ::J;:;20~ 

. ___ ~~775~Ll~}4: ____ ~~_~J9 1939 ',7178'1. 
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As some of the medium sized groups of half a year old are 
already provided with ripe gonads, the Japanese anchovy can grow 
not only rapidly but also reproduce vigorously. Therefore, anchovy 
resource can stand against the present intense fishing and show 
no decreasing trend in catch anywhere, except the remarkable 
fluctuation. 
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