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VERTEBRAL COUNT AND GROWTH OF JAPANESE
ANCHOVY, ENGRAULIS JAPONICUS
TEMMINCK AND SCHLEGEL

HiROAKT AlKAWA, ToMO0 HAYASHI AND YasUo FURUGKO

Japanese anchovy, Engraulis japonicus Temminck and Schlegel,

1y one of the maost important neritic fishery resources in Japan

and its annual vield 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 waters from South Sakhalin and
Hokkaidd in the north to Kyidshili 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
suminer.

Body length frequency polvgon rveveals three major modes.
The whitebait group occupies the smallest mode under 50 mm,
the wmedium sized group the medium mode from 50 to 90 or
100 mm 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 Kyoshd and on the southern
Pacific coast, becoming scarce in winter on the northern Japan
Sea coast and on the Pacific coast north from Cape [nubo, but
they arc never recorded around Hokkaido and Sakhalin eyen in
summer,

Probably due to the selective power of fishing gear and also
due to the long duration of the spawning season, the whitebait



groups show no remarkable seasonal change in size and, in
addition, the occurrence of eggs and larvae are so scattered in
e and spgee dhat b iE wery dilieult to make any accura
statement regarding its life history. Previously T. Nishikawa
(1901 found two peaks in the occurrence of eggs and larvae
in Suruga Bay and considered that the Japanese anchovy could
spawn in winter and also in summer. Two peaks were also noted
it the fishing season of whitebait groups off Aki in Tosa Bay as
is shown in Table 1.

Table 1. Seasonai change in catch of whitebait group off Aki in Tosa Bay.

B‘Ioﬂlh ! S {&’1’(’1 = I ."\r'I()i’lth g R ‘1\!\1 SIS SUS"("lki
| le3s 1030 1938 . 193 2959
January 31294 1997 | July  —  3i80 4520
Februury = 25134 30413 ‘ August . 44813 L2914 1028
March o 13875 . #1883 i Septf!mber: 31538 H366 ‘ 2ATTH
April | G9G3 | 25973 October 25541 | 27870 | 151992
May ‘ 1606 55824 Novemberf 13245 23366 ; 31185
June | 5983 . 39443 . December: 0420 ; 13354+ ¢

The whitebhait groups are composed not oniy of the larvae of
anchovy, but also of sardine (Sardinia melanosticta) and of Japanese
murray ( Dirwmens micreps) in addition to several neritic fishes.
The larval composition of whitebait groups varies seasonally and
locally (Table 2}

Table 2. Seasonal change in the composition of whitebawit group.
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Susaki : 1, # e 11 9 — = —
Fukuola ‘ 7 e — I 08 : 2 —— —_— —
Aburatsubo U374t o~ 0 86 m9 § 27 . 5
Yoshida ; 14, =« i '8l Sl 19 32 a6 I —
Owase v oo28, fss! 181 - ! s 82 3 -
Aburatsubo 10,737 2 IJ — 9 | 446 35 20)
Yoshida 10, ”; 21 i 1 BT ‘ 2910
Hamada VI 4,736 o 93 *‘ 7 i — — —_—
Ezumi [ 91 5 T3 e — —
Yoshica 10,737 —~ = 100 . 25 24 5
Susaki 12, » 5 5 w - —
Hino-Misaki 27,736 @55 y o . wa -
Hamada 28, » 74 1 25 - = —
Aburatsubo Y1 1,737 82 7 11 51 2] 1
Yoshida ‘ 8 # i s 100 228 49 55
Kagumi . 8,735 : $36 ‘ 26 8 i — —_ —
FFukuoka ' 9,738 38 | 4 58 — o —
Aburatsubo Vil 6737 0 — | 31 69 . 230 22
Aburatsubo 16,737 — 1 %] 12 ! 211 : 24 ¥
Yoshida X 22, # - - 100 8§21 27 &
Aburatsubo X 23 » = : 3 9 541 BIT -

i ‘ 9, » — 2 98 319 | 33 19

. j 98 » et G 44 86 25 4
Susaki XTI 15 ZRE B o 3 -
Aburatsubo 18, ». — 7 28 189 2 | B
Yoshidz 98, = i 00 420 32 1 1e
Aburatsubo 29, #» — T4 ‘ 21 30 32 12
Kasumi X 1,736 - — o - — -
Susaki 15,737 | — 72 | 28 18 s 1
Aburatsubo 20, # — £0 | 60 198 331 1w

5@ sardine, M: murray, A: anchovy.

The sardine of whitcbait stage (less than 30 mm in lengthy iz
venerally prevalent among the catch during the first ball of a
vear and the murray of whitebalt stage during the latter half.
Nevertheless, the anchovv of whitebait stage is alwavs prevalent,
being  cspecially abundant from carly spring to autumn.  The
vernal peak in the occurrence of whitehait groups seemed {o bo
associated 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 Pacific coast. Apparently
from the occurrence of the whitebait groups, anchovy can be con-
sidered Lo spawn twice a year.

Anchovy of the Mediterranean Sea (Ewngraulis encrasicholus,
ranging from 80 to 160 mm in average length, is generally smalle:
than the anchovy on the Atlantic coast of Europe. It seems
probable that spawning takes place in summer and again in
winter, although egg-production is usually far larger in amount in
summer than in winter. Among the Australasian anchovies (I
wustralis), there exist many different races at different localities,
considered from the occurrence of eggs and larvae. They are
liable to occur densely in such localitles as on the coast {rom
New South Wales to Queensland, from Victoria coast to Tasmania,
around the New Zealand, on the south coast and also on the
southwest coast of Australia. 7The specimens measured in any
locality range from 40 to 130 mm in total length and 70-80 mm
groups are generally prevalent everywhere. Mature anchovies are
recorded both in summer and in winter. In several respects,
the Australasian anchovies closely resemble the Japanese anchovy.

Based upon the vertebral count, which has becn used in the
study of race, the present authors could divide anchovy collections
around Japan into two different groups and then easily trace
seasonally the growth process of each group. At first, vertebral
count was made for whitebait collections in 1936 and 1937, which
were preserved in formalin (Table 3.

Table 3. Vertebral count of whitebait group.

No. of vertehrae

Locality : Date " Mean  No. | , D= .y
ST R
Yoshida V10,737 4541 104 | 2 . 59 41 1
Aburatsubo 17, » 4529 103 . 3 67 3
VIO 16,736 4536 104 6 | 71 25
Sodegaura : 27, o~ 4516 124 1 8 02 26
Aburatsuha | IX 23,736 4517 lo4 . 3 | 80 |21
i X0 ‘ -1-51]6% 101 | 2| 7 } s
Sodegaura ) 14,737 45,10 ¢ 1317 | 12 81 24
Totoro XTI 1o, ~ B0 11T . R . oul L8

Note: hypural included.



The significance in the difference of numbers of vertebrae
between any two collections iz tested with chi-square method
under the assumption that both collections will follow the same
variation law in the number of vertebrac. When P-value, known
from chi-square value, is higher than 0.05. the difference indicated
is nonsignificant and both collections are considered to belong to
the group of the same origin. On the other hand, when P-value
is less than 0.05 or 0.01, the difference is highly significant and
both collections are probably different from each other.

The differences of the vertebral numbers between the Abura-
tstbo collection in May (45.29; and any one¢ of the Aburatsuho
collections in August (45.16), in September (45.17) and in October
i45.06) are all indicated as highly significant. However, ail the
collections after August in different localities and in different years
are not significantly different from each other, as P-values are
always higher than 0.05 (Table 3). Accordingly, the number of
vertebrae  seems to vary seasonally, but neither locally nor
annually. To prove this conclusion, many anchovy samples were
coliccted from different localities in different seasons since 1943
(Fig. 1. The details of measure of body proportion and the
vertebral count are given in Tables 4 and 5.

&

\

¥ig. 1. Local stations where anchovy sanples were collected. 1. Sodegaura,
2 Aburatsube, 3. Yoshida, . Tovohama, 5 Miyvazu, 6. Kasumi
and Hi-ne-Misaki, . Hamada and Ezumi. 8. O-Sima, 9. Ai no-
Sima, }"uku:}ka; Karadomari snd Fukae. 10, Tomioka, Ll Golo-Ave,
12. Beppu, 134 Kamae, 14, Totore, 15, Kagoshima
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Table 4. Seasonal change in size and weight of Japanese anchovv.

. i , ! N I Total length Bady ! iHead}! Bodf i B,
Locality afe R e i 2 Jweights 0
. range 1 | mm Tl \ g Ifa(.tm
| |
Kamae I —, 45 6l 96-130 - 111.2 92.1 — 1 65.8
. v 24, = 50 | 96--130 | 1121} 957 . — ! 385
. vV = 39 0 111—155 1343 | 1013 — 1160
Tomioka VI 9746 | 40 | 8l—10( | R7.2 75.0 — 9230
Aino-Sima | IX M5 | 3 96—150 | 1tto | 959 — 815
b : i ¥
N XD 22w 43 1101146 1123 | 924 - BGT
Beppu L'X 986 200! 20—121, 769| 638. —; 249 2
5 CXIsn e 302 | 621200 725 613 — 230 1247
,, i 6,747 340 1 56-— B5 i 605 | 581 — 189 L&
' 15, » 300 | M- 79| 666 559 — 181 3038
I 4, o 460 3¥- 78 637 | B4 - 163 2.405
24, ~ 348 | T0—108 | 842 | 689 — . B4d 1274
. I a3, o~ 414! 40931 783 | 6151 . 273 1000
- 17, = i 148 | 60— 951 79.8 | 653 — 297 0973
Bu, + | 207! 85— 97, 814, #6535  — 325 053
. ¢ 24, & 148 BT—132 | 1034 | 861 -] 714 0815
- 19, » . 162 @ 105139 | 1251 | 1038 - 1084 D844
‘Tomioka TX 6746 320 82107 | 932| 783, o~ 344 0683
X — = 661 89—112 | 988 | 880°  — 192
i R.747 | 269 | 33— 96| 460 | 339 - 620
Kituzaki I 7,047 331‘ 57-—108 | 930 | 780 o~ 506 1d4E2
s 29, » . 05| 471101 666| 548! — i 182 2082
Totora X 14,743 0 70 26— 65| 409 ] 3451 94 41
N 21, » , 128 26— 46| 3421 2850 75 25"
- 28, ~ 99 28— 50| 411} 340! 92 410
! ! |
a 30, » 58 ' 37— 65, 500 479 116 6.8
. PXTo2, 0+ 37 40— 63| S08| 420 115 6.6
P X 3, + 1627 24-44 832| 2761 74 22
. 8. # 186 25— 46 369 | 30.3 B4 27
“ 90, » 116| 25-46 324 | 27.3 710 21
| | i :
i ' 26, = 191 49— 84 569 | 474 137, 5 |
. 26, - 82 | 25— 46| 352 281 7.7 e
- 28, » 134 25— 46, 345 | 287 78, 2f
. P16, %44 68 ' 34— a0 418| 340 93 4.
. 19, 124, 30— 74 406 33.2 8.2 | il
P 20, 4+ 106! 31— 48 0 40.2 | 326 90! 34
5 IX 1,747 21| 37— 69 0 512 | 434 126 69
Miyazu X1 3.747 670 - 22— 48 30.8 25.8 6.5 ¢ 1.8 .
- 3L, » 260 24— 53 378 | 317 asi 32
. I 14748 428 ) 30— 57  463| 390 103 51°
Gotd X 15747 8200 22— 41, 204! 251 B2 15
0-Sima [ 13,748 280 | 66— 98 -~ | BL1; 223 470 1028
‘Toyohama XL 1,747 450 | 66—114 888 | 749, 215! H.8 0903
Fuiae XU 1247 M0 | 38— 72 526| 440, 1251 79
Iasumi X 8’36 101! 39— 84 — | 5721 1891 186
o &0 1351 2547 336 2760 71 21
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Table 5. Results of the vertebral counts for Japanese anchovy.

| Number of vertebrae
Locality Date ;o?/{ze;?elr;?;‘ae Size ———— - e Sum
{ 1243 44 45| 46 47
i | 1 i i
Kasumi | X 8736 | 4505%040 | W | — —| 18102 20 — 135
Totoro | 14,743 | 45035059 | W BRI - i
. | 21, # [4512£053 | W | — — 11} 9 27 - 128
;, ! 28, » ‘ 45144053 | W ; — — & 60 22 — 99
. 30, # | $519H0.5 L W | = — 4 39 18 - 58
, XI 2, # {45142053 | W ! ~| — 2 29 5 1‘ ar
XII 3, » 4512%048 | W --| -t 10 1220 30 | 162
8 #  4511%053| W ' —! 1 13 135 37 — 186
20, » | 45084049 | W i — —| 10l & 19 — 116
26, » 451140461 W — — 5 8 L — 10l
‘ i ‘ | :
| 28, ~ | 45072047 W | | -| 10100 20 —| 13
DT 19745 1451220590 W o — | 12 s& 21] § 12
. ; o, » 45124056, W ¢ —| —| 1] 71 24 — 106
Kamae DOVIIL 9,745 4507403510 1. . — 1 4 46 17 - 73
Tomioka I 8.746 © 45024062 . M | - — 33176 ® 1 265
Beppo I 6/47 | 45074056 M | | 2 41 221, 69 —
- 7, # 45143054 1 M - — 28 29 73 —
. 15, » | 4602062 | M 11 43 198 S50 2
. 4 »|4506%085 M | —| 1 53312 8' —|
. 24, 4 | 45124055 0 M . —| - 5372860 74 2i
. N 1 S N 45.1210.53i M | - —| 36 282 85 *i 404
- : 17, » | 45154052 | M | — - 10/ 102 32 | 144
” : 30, # [4512%054 | M | — — 19145 4 1} 206
Gotb-Ave | X 15, »~ [ 4505£060 1 W | — & 78419 116 1] 620
Fukae o XI 12, »  4516%062 ¢ W - - 14 92 3 30140
Miyazu X 3 4 | 45042060 W | — 125 84) 428 141. & G670
; 21, # | 45062061 W | — 2 35 160 54 — 260
. Sl 14,748 [ 450640520 M | — 1 42314 71 128
Ragoshima . XI 4, » | 45002070 M @ — 1 — 7 2 - 10
Kasumi X 8,736 145324061 M | — — & 55 40 — 101
; |
Kamne 1 —,’45  4531%056 L - - 221 =W
. V20, + 35393065 L - 1 8 5 18 — 83
Ai-no-Sima X —, » 4533%033 L - = 12 B - £l
5 XL 22, ~ 4565%0.28 L -~ = — 14 1 3 51
Tomicka VI 24,746 4535%054 M | — — 2 & & 1 7
i ; | |
. IX 6 » 45444050, M — -l 18 1 - 32
Beppu X 28 » | 4533£060° M - 7124 6l 6. 198
Karadomari [ 20,747 | 4521054 ° M — — 43/ 465 184 1 693
Beppu V24, ~ | 45432054 L — — 13 93 4. 2 148
Y1 19, » 45324061 1L  — — 11l & 63 1 162

-L = e
15, 164 67

19 185 91

Totore X 1, » | 45.2640.60
X 25 »  45.26+0.58

==
}

— 5

% n — 3
Toyehama | XII 1, »# § 45254056 | M T | 21 285 130 3450
0)-Sima | 3,748 | 45271063 1 L sl 2 13 181 75 9 28
Kapgoshima @+ X[ 4, » 45361072 L = = =l 2 11— 42
. S XII 8 # 45364072 L ‘ — = 4 Qli 5 2 42

Note: W-—whitebait group, M—medinm sized group, L—large sized group.
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On seeing the frequency distribution of the average numbers
of vertebrae within the range from 45.00 to 45.65, there occur
two modal groups, that is, the lower modal group ranging
from 45.06 to 45.15 and the higher one from 45.31 to 45.35,
both groups being separated by the range from 4516 to
4525, Among eighteen collections in 1947, the Goto-collection
(October 15) is selected as a standard and the differences in the
average numbers of vertebrae between the standard collection and
any one of other seventeen collections are tested with the chi
square method (Table 6). Disregarding the size of fish and the
date of collection, the differences are always indicated as nonsignifi-
cant between the collections with the vertebral numbers Iless
than 45.20, while they are highly significant between the standard
and all the collections with the vertebral numbers greater than
45.20

Table 6. Chi-square test for the differences in the vertebral numbers
with the standard collection in Goté,

! ‘ :
| I

! Average )
Locality Group E i:':t::]z[g;f.l | é\\;?i%e n P P
5 IR E

Beppu M : 70 45,07 | 3 0.7742 j 0.8
i Mo o2 4514 | 2 59109 | 005

. Mo 6T 502 | 4 27883 1 0.5

. M | 64 1506 | 3, 26799 | 030

. M 84 4512 | 3 34461 | 0.3

M 78 4512 ' 2 54370 | 005

. M | 8 | 4515 2 | 54166 | >005

i M 81 45.12 3 26911 | 0.3

Fukae M 53 45.16 3 76095 | -0.06
,, w3 45.14 4 55016 | 0.2

Miyazu w . 3 1506 3 0.7222 0.8
Karadomari M 67 45.21 3 27.1545 0.01
Beppu L 110 45.43 3 92.1087 | -0.01
. PoL 125 45.32 3 325536 . 4.0l

Totoro LW 43 4526 3 30,4927 1 001
. Y 73 15.26 3 470.8733 | 2001

Toyohama | M 82 45.25 4. | wmo F 0.01

Note: W : wheitebait group, M: medium sized group,
L : large sized group.
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Treated together the collections in Beppu Bay from January
to May, 1947, the body length [requency polygon reveals two major
groups (Fig. 2). 70 mm {medium sized) group of lower mode is

LENE SECANN DNt RN IO BN ERENY NN BN RNLENE TR AR |

= i -t400
B
3
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_.\E “§ o 300
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<

dnesb of1s 961wy
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B oy > ooy D
D o o o o 9

tig. 2. Body length frequency polygon of anchovies caught
in Beppu Bay from January to May, 1947

less in the number of vertebrae than 125 mm (large sized) group.
The difference of the vertebral numbers between these two groups
15 indicated highly significant (Table 7).

Table 7. Chi-square test for the difference of the numbers of vertebrae
between the medium and large sized groups collected in Beppu
Bav from January to May. 1947.

]
Range ; Kverage Number of vertebrae
Group 3 i Woi so=maeh =sunis, shemneee—myer e
PO - ¥EELDR | N
- ; T N T
omm | 35-115 4516 | 2370 | 1 4+ 250 1605 5041 B
i . [
125 wmm | {16—140 I 45.34 a2 | 221 81l
! ; j i LT R S

n==2, x?=17.99, P<001

Accordingly, the 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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3. it is vasily known that the groups with lower vertebral number
are present as the whitebait group mainly in autumn and also as
mreditm sized group in spring.  On the other hand, the groups
with 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.
Cousidered from the occurrences of these two groups, all groups
with higher vertebral number will béﬁori'ginated from the offsprings
spawned in winter and those with loﬁef vertebral number from
the offsprings in summer. Here, the gloiips with higher vertebral
number may be called as the wint spring group and those
w:th lower number as the summer ng group.

For cach of differ ent offsprmg s, the total coilections of
a separate year and grand total Collectloh of all years are given
in Table 8. Among the same offsprmg groups, the differences of
the numbers of \utcba_[gc betw __the grand total collection and
any total collection of each separate year are nearly always
mdicated as nonsignificant (P 0.05), except the summer offspring
group in 1943 (P- 70.01.. Therefore, the annual variation in the
number of vertebrae is considered nonsignificant among the same
offspring group. On the contrary, the differences of the vertebral
numbers between the different offspring groups of all years also
of anv separate vear, except 1945, are always highly significant.
The differences in the numbers of vertebrae are certainly considered
scasonal in nature rather than annual and geographical (Tables &
and 9}

Table 8. Chi-square test for the differences hetween the grand total
colleclion and each total collection of u separate year.

| Average Number of vertebrae i
Yeurs i no. of Mgy = s R e e S R B T F
|vertebrac 4243 | 41 | 5 46 | @
1936 | 4505 0 13s] —  — 13 12 w0 — 2! 27 | oz
1943 4531 1091 — 2 81 sd 203 1 3. 123466 | S001
1944 4532 0 230 — o~ 23 15¢° 45 3 3, 69360 = S005
1945 | 4507 73: —. 1. 91 d6 17 — ' 2i 12674 05
1946 | 4502 | 265 1f | 331 176 B85 1] 2 08031 08
1947 15,08 | 4197 | — | 240478 2833 87 14 4 3.5093 03
1048 1507 | 439 — 2 42; 321 73— 2. 64213 | 002
All years 4509 | 6430 0 1 29 6RO ‘ [411 1260. 19 - — I —
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| 4832 101 — — 8. 33 — | 2’ 47820 | -oos
14527 174 - 131 105 54 3 2| 6610, 07
4535 | 2470 - ' - 9. 1500 81 7' 2) 2815 | T0.2
o 4B24 11996 — 1123 1283 575 15 3| B5080 i
| 45.29 ‘ 964 | — | — 17 2300 104 11| 3 72489 | 005

| i I i 3 !
Allyears | 526 2882 - | 2 167 1821 854 361 - -

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

Year n L x? B
1936 | 2 1 181066 2001
1945 i 2 l 42638 0.
1946 2 | 22.0603 2001
847 b 100350 .01
198 2 266076 0.01

All years 4 141.9838 i CT061

. L. Hubbs (1925) found the males of northern anchovy
{ Engranlis mordax movdex) to have a slightly higher vertebral
number (4577} than the female {4565), although he considered
the difference (112 excess for the males) to be “af probable but
hardly certain significance” The sexual dimorphism in vertebral
number was found highly significant for the elasmobranch ( Spinax
niger) by R. C. Punnett (1901 and alse for capelin (Muallotus
willesus) by ). L. Hart {1937). Although the sex factor (the number
of females divided by that of the males) varies seasonally m
considerable extent (0.6 —3.0), the differences of the numbers ot
vertehrae are always nonsignificant amoug the same collection as
is shown in Table 10.

Table 10. Comparison of the numbers of vertebrae Detween the
males and females.

i 1 H
| Average nuruber of vertebrae | Excess

- . . Sex Signi-
Locality ; Date ] = T - for E.
: factor 1 — i - ! imale ¢ Twance
1 i
sy e n b e S e T R
Beppu l X 28,746 2.25 i‘ 4534+ 0.64 | 45.34F061 2000 no
” XI5-25,746 125 | 15.24£0.66 © 45.26£0.53 002, no

i ’»L?i 182 |, 4502061  45.09E088 | —007  no
IKaradomari 1 47 148 | JIBISE055 0 16.12X0.50 +0.01 ¢ no

7,
Bepou ST 15 4 304 45024057 - 45084062  —006 no
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LI 4, 47| 241 | 45033054 | 4506£050 ¢ ~003 no
. ! 24, # | 127 | 45104057 | 45124057 @ —002 . no
. Nl 3, #, 100 | 4510%052 | 45152053 J —005  no
., 17, » | 007 | 4510%054 | 45154052 | —0.05 o
. ‘ 80, # | 073 | 45.15%058 | 45093049 | +006' no
Kamae IV 24 4| 137 | 45174055 | 4500063 | 4017 yes
Reppu S V24, 2| 062 ) 1520E054 | 451830.66 } +0.02 1 no
) LVE 19, + 069 - 45324062  4535%057 | ~003  no
Meun | 153 | 45.16L0.58 | 4515066 +o.f_>13i 1o

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 are
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 appeat
a little already in August and are dominani from 3Sepiember to
December. Some of them attain the medium size above 50 mm
in November, although the medium sized groups of summer
offspring bhecome prevalent after succeeding January til March
and they attain the large size above 100 mm in May and June.

On the other hand, the medium sized groups of winter off-
spring are generally prevalent from August till December and some
of them attain the large size above 100 mm in November. The
farge sized groups of winter offspring appear abundantly in ihe
next February and March. The medium sized groups of winter
offspring and the whitebait groups of summer offspring occur
together from late summer to early winter on one hand and the
medium sized groups of summer offspring and the large sized
groups of winter offspring are present together from early winter
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till spring as was observed in Beppu Bav 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.

May Tune July Aug  Sept. Oct. Nov. Dec. Jan. Fep. March Apri, May Jume iE0
[ I [ I ] ! f i T I mm
g a 7
& 3] b}
-] ” 36450 ® sz ':':"2‘
el ® PR [
[ ] L 1308 - I 4 S
= ot - — %
3302) e .33@) ] e o w=
— 2oge) P L /-,’IOC‘OIU:) 3
o v - e
3 e G0y @680 i T ' ¢y tez
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Fig. 3. Seasonal change in body length with refference to the average

number of vertebrae and the locality. @ : winter offspring,
O summer offspring, number: for example. 03¢, indicates
average number of vertehrae 4503 of the collection in 8t 12
{Beppu as shown in Fig. 1).

The larvae, hatched out either in winter or in summer, are
observed as whitebait group from 20 to 30 mm in hodyv 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 bodyv length arc
of a vear old, but only a little one and a hali or more years old.
From scale reading for Tluropean anchovy, the body length 1, is
calculated as 80-120 mm, 1. as 140-170 mm, and 1, as 160-200 mm
respectively.  Groups of one and two years old are generally
dominant, but those older than two years rather scarce (Alex.
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Meek, 1916). Differing from this statement, anchovy in the Zuiderzee
grows more rapidly (H. C. Redeke, 1839). Anchovy enters the
Zuiderzeec mm April from the North Sea and spawns in June and
July. in a little less than three days at a temperaturc varying
from 14° to 17°C, the larvae hatch out and grow rapidly during
suminer, reaching an average length of S0 to 100 mm in October,
then the voung anchovies leave the Zuiderzee, but the greatest
part, about 809, come back again next spring as nearly ripe fish
and spawn, being then one vear old and having grown to an
average length of about 150 mm, the remaining 2025 consisted of
individuals of two or exceptionally three years. During the first
one vear, the growth process of the anchovy of the Zuiderzec
resembles much that of the Japanese anchovy. The Atlantic
anchovy of North Amertca (E. mitchili; is 70 mm in body length
on an average and spawns only in summer from June to August.
The northern anchovy (L. mordax mordax) of the Paciiic coasi of
North America s generally smaller than 150 mm in hodyv length
and spawns in winter off South California. American anchovies
on both coast resemble the Japanese anchovy in size, but differ
in the spawning habit from the Iatter.

" The annual yvield of anchovy in Japan fluctuates remarkably
everyoyear, because the young anchovies are caught as whitebail
group already in two or three months after hatching out and also
as medium sized group in seven or eight months. The unfavourable
spawning in one season effects the catches of these small anchovies,
as it cannot be easily compensated by the favourable spawning in
the next season within a vear. The fluctuation i catch was
within the range from 1 to 4.4 off Aki in Tosa Bay (Table 1),
where the anchovy fishery takes place throughout the vear.
Nevertheless, the range of fluctuation will be far more remarkably
wide in the {ishing grounds, where the rishery takes place during
only a part of a year.

T'able 11. Fluctuation in eatch off Aki in Toesa Bay.

oy Catchin | +_, Catchin || «-,__  Catchin |  Catchin
¥enr value § ey i value Year | value | vear g value

1920 . % 26124 1 1925 ¢ Y 23022 1 1930 ‘ ¥ 20150 1 1935 | ¥ 17596
1921 | 1924 36344 | 1931 | 19800 © 1936 | 48103
1922 | 1927 35765 0 1032 4 20730 | 1937 | 14183
Ty | 503 0 1928 36238 | 1933 | 22032 | 1938 f 5
1924 | 29423 !I 1929 47750 ) 1934 1 50909 I 1939 | FFTes
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As some of the medium sized groups of half a vear 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

fluctination.

REFERENCES

Blackburn, M. 1341, Bull. Ceuncil sci. industr. Research Commonwealth of Aust-
ralia (Melbourne) no, 138; Hart, J. L. 1937, I. Biold. Bd. Canada vol. 3, ne, 5;
Meek, Alex. 1916, Migrations of fish. London; Nishikawa, T. 1901, J. Fish.
Bur. Tokyo vol. 10, no. 1; Redeke, . €. 1939, ]. da Conseil vol. 12, no. 1



