AT 203 2 = 4 7« TRHES B DR WL T > T

i3 m Zes

On the variation in the number of vertebrae in sardine

populations from Japan Sea coasts of Honshu.

Kazuharu WATANABE

Considerations were carried out concerning the variation in the number of verte-
brae in the sardine populations sampled from the Japan Sea in 1953.
(1) There was found to be significant the difference in the mean value of the number
of vertebrae between the different year-classes as well as between the different body-
length groups of young fishes (under one-age).
(2) No significant local variation in the number of vertebrae was seen for both young
and mature fishes.
(3) Geographical cline in the number of vertebrae was to a faint degree observed for
young fishes, but not at all for mature ones (one-age and over).
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VOO AT LARIIN Tl A Table 1 izt Uiz, -0l LT 195341 <, 195248813 fth D 4R

‘ Number of vertebrae

Year class Age IS — - = e —
‘ 1 s0 | 51 52 no |z ’ S.D
: ‘
1953 : o | 5 | s . 75 21 1371 5058 052
1952 S S 4 97T 212 19 332 50.74 . 057
1951 I 2 300 470 25 $30 5066 ' 0.54
1950 it I 97 170 6 274 50.66 0.47
1949 v 1 38 69 4 12 5068 031
1948 v 6 6 12

I

Tab. | Frequency distributions and mean values in the number of vertebrae of
sardines for respective year-classes.

0 \ 3.34. 1.95 | 1.73 | 1.31
I \ 1.63 | 1.35 | 0.77
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ote ; W NN n=M+N-2

to (n=o0, a=0.01) =257
Tab. 2 Test of significance of difference in mean value of vertebrae number

between different age-groups.
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WICHATIED N L DT ote, RIS, BRI R LMY Sy o TIREITIT R D 7
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Boyd length ‘ Number of vertebrae
class (mm) ‘ 49 } 50 5 52 \ n ¥ J S. D.
i i

40 ~ 130 ’ 5 ’ 58 757 21 1371 50.58 0.52
131 ~ 140 | 6 8 14

141~ 150 | 29 31 4 61 50.61 0.73
151 ~ 160 | 3 50 127 9 189 50.75 0.55
61~ 170 1| 31 76 6 114 50.76 0.54
171 ~ 180 2 72 119 8 201 50.66 0.56
181 ~ 190 | 222 389 30 642 50.68 0.56
191 ~ 200 6 250 438 18 712 50.61 0.50
201 ~ 210 4 165 294 15 478 50.63 0.55
211 ~ 220 | 51 103 4 158 50.71 047
221 ~ 230 | 9 13 22

231 ~ 240 2 5 7

numbzr of vertebrae of

Tab. 3 Frequency distribution and mean valuzs in ths

sardines by body-length classes.

Body l&‘fr’l‘? 74‘0“ 131 | 141 ?1751 [‘ 161 | 171 | 181 | 191 | 201 l 211
40 ~ 130 <— 0.29 | 275 | 235 | 215 | 271 | 086 | 1.19 | 2.00
- \ - o
w0 | ﬁmimgng—o; 068 | 0| 020 091
151 ~ 160_ ——r “——i 0.08 ;07.557 1.14 | 2.40 E 05
161 ~ 170 o \\‘ 14| 010 208 | 170 | 057
Cmemw ||| l’< 053 | 087 | 048 | 06t
; 181‘~ 190 o i /\’—‘ \7\;‘ 71777 718; —o—;s
o 719177: 200 ” - | \ 045 7;1
— T "
201 ~ 210 | l | [ ‘f RARE
Note ; t=§—(v_v31 %?\]—, n=M+N-2

to(n=os, a=0.01)=2.57
(n=o0, a=0.05)=1.95

Tab. 4 Test of significance of difference in mean value of vertebrae number

between different body-length classes.
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n’4@‘/@‘«9}i%@i-tiiéit'xﬂJ}..J(‘mdi b TR Ui 2 4 <, 19624 Lk B S e o (R HE L T 38R Lt
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B LI ARG ¢ s S v very (3241 1,371}53-) [T, MBS S IS R

OISR Lz, 3, oo Cir Table 5T Ui, A X
Localities ‘ Coast of Shimane Coast of Kybdto Toyama Bay
_ Number of vertebrae ‘ -
49 ; 2 3
50 ! 304 143 141
51 \ 390 216 151
52 | 6 6 9
Ni ‘ 702 368 301
Ni 7 T
Stxi 35500 18625 15219
i=1 ‘ |
xi J 50.5698 50.6114 50.5613
Ni [ -
S1xiz 1795416 645993 769587
i=1
1 —
SV (xi—xi)? 188.0602 105.4047 92.0766
i-
( 9.517 0.535 0.553

Ni; Size of saple, xi; Vertebrae number, xi; Mean of xi

Tab. 5 Statistical data for the numbzr of vertebrae in the 0-age group of sardines.

Sum of squares Degree of freedom

33-1=2 ‘l

1371 =3 =1368 i
{

|

Varlance due to

2.3632
385.5415

Between classes
Within classes

Total 357.9047 1371 =1 <1370
Fo= 11810 4305 1 =9, na=1368, Fuoi—4.605
0.2745 ) : y Fo

Tab. 6 Analysis of variance
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Table 7 i L7c, ZOHE, SHBEINIWTRLETBHHETHD L 0 IHINHD S LI T DL S
BT oG Lt {‘117& Table 8 1ot Lice GMHC K0T, Fo=4.337, FlIE =2, no=
1393 DX Xk 1%L LT FoAik L h F=4605 %115, Lo, 48V chs L3
el n-d, SHEIR VT LT CH B 2 v S R R e

Variance due to ; Sum of squares ’ Degree of freedom Umbxased estimate
Between classes | 23,0953 ! 31 | 0.7450
Between localities 2.3632 ] 2 [ 1.1816
Within localities 20.7321 ; 29 0.7149
Within classes 364.8094 ? 1339 0.2724

Total 387.9047 ~ 1370

Tab 7 Aualy51s of variance.

Var1ance due to ‘ Sum of squares ‘ Degree of freedom ‘ Umb1ased estlmate
Between classes ‘ 2.3632 2 1.1816
Within classes \ .364.8094 1339 0.2721

_ L1816 _ o o
Fo= 5070 = 4337, m=2, ng=1339, Fo.o1=4.605

Tab. 8 Analysis of variance.

W, B IIELAVPE B AHER CHRAE S e HE S Bor —+6 L RO fE 2 ke, 2 b O X
&l U Thnfel e 5 BRI & 5 2R U -C oo 19534FM D 24 01 D\~ Tk MR IR 7K #3 195345 7
—10 VT8 D A ESHER NG T b B, FNHDTR L SO AAEO LD L L D%
Table 9 IR Uiz, AL A X 5 g hilfkis EEHAOA RO NBLHERZ R L, Ffid Z< ik

‘ Number of vertebrae too (0.01)
Lacalities ] e — Mz 20708
Lo { 50 } 51 on x | 8D v
T T [7 - ‘VA* S i ‘ ""_" ‘7 - -
f) 4) () ‘ SR ‘ (100) }
Goto-nada ; 441 ! Co 999 ‘ 5056 | 0.526 50.52~50.60
Japan Sea west | (04) | (129) | (55.2) | (1) { (100) |
of Toyama | 5 | 9558 5T | 20T | I3TL 5058 | 0.5 50.54~-50.62

The bracketted figures are percentage frequencies.
= X y / ..~wzo7 ty(n—o0, a=0.01) =2.57

Tab. 9 Comparison of frequency distribution and mean values in vertebrae number
between the fishes from the Japan Sza weast of Toyama aud those from Goto-
nada (1953).
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ORI A sy

ZHLDMIWCERNRBD DT, * - b mmemmmn,

Fo, SUMFLESHEENED b 0 & b ggwwufﬁ; Om. depth “mssmssmsses:

HASEARD D b 0 2 i %J£$ﬁ$£m“m“

I %o § Ishikawa-Toyama .
—7%, ViR KO HARIER O Japan Sea north of I

1951195341 715 | 1o L B 57 Niigata som. denth

#FFD D (Fig. 2) IR Kyushu coast TIESREIS

HEET A L TEX & b e IRY) .g Yamaguchi-Shimane oo

DOAEIL B LT 14.0~16.0 -% Tot.tori-Fukui

Cam eocs, scn | INETI

ZEX OO« BRFEBFEOKT Niigata 99 100 10 120 130 120 130 160 170 180 190 200°C

o U] o oo Vgl T v v X sk Water temperature

Fig. 2 Showing the range of water tepmerature in whcih

LIHRLTW S,
PEHEX L O HAREE X (1 11 o E5AR
A hfu1w~meLaDE%mnbn5m4m,Zﬂﬁﬁﬁﬂim~mmcwﬁmﬁf
LA TN i 50m J& T BT S Dby, AL HAMERE TS O BT LTV B X5
ThhH oL#L,i@%%@*ﬁm%ﬂﬁa%ﬁﬂbfb5_k#%ﬁﬁ8&05$ﬁﬁ®ﬁﬁﬁm
FRBE A M AU L 13 B 2 bR, FFHER IS S\ TR MO R LT 5 &, MRS A
TEET N L D 2 2s B, 19534 E LB DIPE H Atk TR S e Mok Sl UMY L 3
PULCEREOH TRAELEIC I 5D LEIND, i, Z0O X5 DR & UTRETRE
KBV HAER & X 2 X EE L, WKL R T A R L 132 D e v 5 2 il
ATAEDIED FUMNEERIC BT 5~ 4 7 & REEIEOAbRE W 3 % L LD 5 L 5 0 b#Ex b,
WiT, BEEERNC XD~ 4 7 & SF M0 FHEEE L A0 BT O H AR CHRE I o B
LU T2 % L, Table 10 122 B3 L 510 1947—1951 4512 T % HHEEe O EER O dn L 451 X b
£ DXEEMNFED b D H, 1934—1940 I H AMI, /P (40) KOTHIE « HA (41) ok s
w%—9%$mbh5%%ﬁ@§ﬂkﬁmbf&6&,w%*wﬁﬁ@ﬁﬁﬁﬁ%ﬁu%mﬁk%—
B NERI D DI
19534E/87 1B LAVE H ATEd 0 24 0 O M i 3 & i oo & oo & ki X h P ook
ik, (QUIE3LLRIfELINTVS)

Q= ,/}’;1":;: (TP, B B0
Table 10 iw b s X 51 1946—1953 4R LA IE D b D K OF 1948 4ED HHEIFIE D & D L 1X T h
AR B DY, O KO 1936—1940 401 U A AN O P EHERHIC AT ROEN A B
nic,

1946—19534F- D K4 O JUIMIN J7: O FIHHET L & 40 0 5 LB LAP A A% OS5l & 28 X K Pl
FRLTWAZ LITEESL L2 LT, SOz Li3BciR L X 51, HARBX RO VIR I I
V5 RPN B L OB D EREEA ST 2 L1k B bhicvwo &, ROTh EBE LT
19474 DIRE D S22 5P DAL &\~ 5 BIFIT X0 TR T3 L b D28 HARYER R ECH M R

cardine eggs were collected at respective localities.
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| Year of | . Differe-
‘ S of mean | | . c
Author ! Lesearch ‘ T.ocalities vertebrae ;lnueermof Q
number [
o ! | - | [ o
AIKAWA (’40) } 1 \ ‘
AMEMIYA, ! ‘ l . .
TAMURA (419 1936 ~1940 J Pacific coast 5051 ~50.56 w ‘ 0.11 6.5
" | 1 ‘ Japan Sea coast | 50.63~50.95 | 50.84 | 126 1 0.26 13.7
" " Hokkaido coast | 50.51~50.72 | 50.69 | 148 . 0.1 5.3
MURAKAMI q on7 A R T L]
SHINDO ¢ 48) 1946, 1947 | Amakusa coast 50.29~50.65 ‘ 50.53 | 101 | 0.05 2.9
F. R. Seikai (’52) | 1951 Kybsha coast © 5062 | 98| 004 2.3
" 1952 1 50.56 64 0.02 1.3
F. E. Nagasaki(’53) | 1953 Goto-nada 50.47~50.64 50.56 166 | 0.02 0.9
F.R. Hokkaido(’52)| 1947 Tsugaru Straits | 50.75~50.82 50.75 359 | 0.17 4.2
" 1948 i " 50.47~50.55 | 5053 | 203 0.05 1.6
I
1" 1949 ‘ 1" 50.64~50.70 50.67 ! 226 1 0.09 3.4
1" 11950 | 1" 50.36~50.60 50.49 | 256 ‘ 0.09 | 3.2
" | 1951 i " 50.59~50.74 | 5069 | 247 | 011 1 38
! | i |
- | 1953 | Japan Sea west | . —5080 e | i
F. R. Japan Sea ‘ 1953 | of Toyama 50.31 ~50.80 50.58 i 101 |
X, - X :
Q= VEES (Xy, Xoreeereees Mean, Ey, Eg-voveveee Standard error)
. R. Hokkaido--------- Hokkaido Regional Fisheries Research Laboratory.
I*. E. Nagasaki--------- Nagasaki Prefectural Fisheries Experimental Station.

Tab. 10 Comparison between the results of calculation by various authors and
agencies concerning the mean values of vertebrae numb.er with their ranges

of variation for young sardines.

IME R FII 2 D X 5 e T B s b0 2ilET L0, S bk, HEBREILTD X0,

fods, A -/J\Vi] C40) JLOTHETE o TR (C41) oA Uic Mo BAgY ) ro oL, 1953
D AT TR HEE B F T, F 2D & D AR I B AU o B YE (40) T
s e HIkE (C41) @ 4 Ok 5, :'L\1‘;'/‘-1‘,’:J"]Wfﬂ'*¥i&il‘:L'/CL\ZJ,, DI LR« NI (C41) oF
J@Hilrlzfx/f})‘.’%i boD b DAL, — BRSO SFIHFHEEC rTEAARE 40mm PUF o o ZL\..l
WEt, 40mm LUFD L0 r 41~ 140mm DL DK \)3551’11?{-:0)('.,]“: ISP HE B B D =
LEFFT LT AL Licasi2 T 40mm PR O PEEBTRHERFE O A L Tun S zL@u Y = ot
BHO 2 F 7 5 © T1936-—1940420 Py TiHE i Bk -— 0 1946— 1953 F i D Jiphk D & o, KON
U HAHE 195345 Y Fe LMl a st L7z oA d, LivTeu,

SO IRB P H A /J;kfci?”"éh/ﬁi‘i D PER U ED AT DV M S e L
B TGS, F Pz, 1946—19534p 0 JUHIM I D &AL DT 3 e X I ffid L Tuv b & ;z,
),\4‘(,\1936~194O 0D PR T R A D —TR O TR bR < 1946—195341 0 Yok o0 S MR S b

AR S B WE AR LTS 2 L RRHI L Tk <,
b );SZ (1 bl k)

1ML~ 47 o TEHET RS 2 1B AN Lz b % Table 11 317z,

AEAIIIC X 2 HBERI DT 'rf)r‘ﬁi'u’ér:‘f(biliﬁ'vtl;%?"u: 5&%;':>’J‘>J>< BRI b= AR X TR o
ZoRE LKLY, (Table 12) R 1% & U THAHEIINCHEOEN L bveh 2T, RIS,




HAEC RIS~ 14 v o FHEBEOBE T 2\ T — 17 —
_ Age (Year class) [ (1952) I (1051) ‘ m(195o> IV (1949) | V (1548)
Vertebrae nu{rll)er\ — S Tﬂir -~ — - I —
T Localities | ﬁﬁﬁx s n | & [sD] # ‘_f ’5 D. J ‘5 D‘ L % s
Aomori } 150 50. 75’ 0.48 167/50.77| 0.61] 61]50.69] 0.50| 33|50.70| 0.74] 4
Akita ‘
Yamagata } | 139/50.71 0.29) 64/ 50.75| 0.45 ~ 21150.72] 032, 3
Niigata | ‘ ’
Ishikawa | - |
Fukui } ‘ i 343 50.62‘ 0.48) 124|50.59| 0.61 53150.72 0.48i 5
Kyb6to i | ! ‘
Hyogo ]82 50.73; 0.56) 151)50.68 0.57 25 50.72| 0.53 |
Tottori } ! } \
Tab. 11 Mean values of the vertebrae number of mature sardines in
respective age-groups and localities.
Age (&ear class) I (1952) IL(1951) ]I[(1950) IV (1949)
Localities a‘blc‘ a b } d a ‘ b ’ c Jd a‘b | c d
Aomori N [ ’ o
{Akita 0.243 0.77) 2.23] 1.04 0.48| 0.83| 0.16 O.13i
Yamagata 2 \
b (N | 137 0.39 139 0.18 0
Ishikawa
c {Fukui 0.86 0.76
Kyo6to
d {Hyogo
Tottori
Note; t= ==Y T/IMTPI\T’ n=M+N—2, to(n= oo, a=0.01) =2.57.
Tab. 12 Test of significance of difference in the mean values of vertebrae
number from respective localities.
Number of vertebrae
Localities - | N .
19 50 51 52 ‘ n } x S. D.
Aomori 16 31 3 50 ‘ 50.74 0.56
Akita 7 239 387 31 664 | 50.67 0.65
Yamagata i 29 62 3 o4 | 5073 0.51
Niigata 2 104 238 11 355 ] 50.73 0.41
Ishikawa 2 234 387 20 643 | 50.66 0.53
Fukui 45 63 5 113 50.65 0.56
Kyoto f 1 35 103 7 146 50.79 0.52
Hyogo 3 117 194 3 317 50.63 0.50
Tottori ‘ 2 68 138 11 219 50.72 0.46
Mature fishes
(1-Age and over) 17 887 1603 94 2601 50.68 0.55
Young fishes (0-Age) 5 588 757 21 1371 50.58 0.52
All Japan Sea 22 1475 2360 115 3872 50.65 0.54

Tab.

mature sardines from respective localities.

13 Frequency distributions and mean values in the number of vertebrae for
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Localities Aomori| Akita g;{g‘l Niigata |Ishikawa| Fukui | Ky6to | Iyogo ‘ Tottori
Aomori T~ | 058 0.34 0.1 0.75 0.71 0.42 1.01 0.18

Akita T~ | 08 1.21 0.23 0.24 0.1 0.75 0.83
Yamagata T~ 0 1.38 0.77 0.63 1.19 0.11

Niigata \ 1.52 112 030 | 192 | o017
Ishikawa | S - >\ 013 194 | ol ) 7;}.43:‘
Fukui T 064 025 0.86
Ryeo ||| e | 0:1
Hyogo . I e ) - \iﬁ\\ a7
Tottori ] N | o _\'7:?;

v _ X-y MN
Note ; t /M

W , n=M+N-2, ty(n=o00, a—0.01)=257

(n=o00, a—0.05)—1.96

N

Tab. 14 Test of significance of difference in mean values of vertebrae

number between respective localities.

WARREAWRE R R RS T LD Fo¥ke Bl Licd 0% Table 13 it Lic, LinL
SO L LTHHC S BRI S X5 e (33) 1 X o Tl S s Tadbe s R oo - oo g
O BT, HUEIC 30 B A O OB & {2 7o f L (Table 14 ) fifrsk 1 %m0
TATFE DN b/fluf)v’)ho L7z 2T, VPO BAATEO~ 17 & RO FFHE L L)
Sk R HIR M E RSB v b o pfEEXI NS

W BHEE ¥Rt o0 gl (0 D M ﬁ&“f®ﬂ¢ﬁ@wﬂkﬂmLT%Z&Tmb15_mTiRV
BV BTHeG Rt (038) 1936193747257 0 C JiAs L e 4 X o> Zidt & X SB7cSEEEA
Bt L, Fio, VIEERAAE (93) WX Mo b e b X {Mefliz s L4,

AEATNT X5 FITEHER A S LT & 1o fTid 4l oo DA oo Ykt & Ao (C40) @
HARRTEO b0 & L AR F-EH 0T 25, PR EOKBE (53) 1 X % JLRR) 0 L o ki 270 0kl
BRADLND L5 ThhHe PHERIKHEC53) b DL IO ALHEE ARTFE R O TF-1AR A

a. For total mature fishes irrespective of their age.

‘ Number of vetebrae
Author Year of research Localities — -

‘ x + S F i n
NAKAT (’38) 1936~1937 | Tyésen 50.659 -+ 0.0071 } 2464
" " | Honsya 50.671 + 0.0055 | 4770
" " Total of Japan Sea 50.666 + 0.0043 7234
" " | Pacific Ocean 50.656 + 0.0073 ‘ 2968
" " All Japan 50.670 = 0.0037 | 10202
F. R. Seigai (’53) 1952 | Kybsha 50.636 -+ 0.0134 ‘ 1646
F. R. Japan Sea 1953 . Japan Sea 50.682 4 0.0061 } 2601

F. R. Seikai-«-+---- Selkal Regional Flsherles Research Laboratory
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b. For respective age-groups of mature fishes.

Number of vertebrae

Author i\ Year class Age Localities —
\ X+ S.D. ‘ n

ATKAWA | oar \ Pacific corst of Hokka- l L
KONISHI (*40) \ 1935, 1936, 1937 1 I ido 50.64 + 0.55 2374

" | 1935, 1937 " Pacific coast of Honsyt 50.65 + 0.55 2178

" i " " Japan Sea of Honshd 60.75 + 0.59 785
F. R. Seikai (’53) i 1951 " Kyasht coast | 50.65 4 0.52 240
F.R. Japan Sea ’ 1952 " Japan Sea coast : 50.74 + 0.57 332
AIKAWAMJ*VW?V*W*f - I o ‘ Pa:;lgc Tm.st of Hokka- n 3
KONISHI (*40) 1934, 1936 I ido 50.71 + 0.55 ‘| 673

1 1934, 1936 n | Japan Sea coast Honsyt| 50.73 + 0.54 | 1955

Kyusya coast (Tyo6sen |

" 1934, 1936 " contained) 50.63 4 0.55 1189
F. R. Seikai (’53) 1950 " Kytsya coast 50.63 + 0.75 285
F. R. Japan Sea 1951 " Japan Sea coast 50.66 + 0.54 800
AIKAWA Pacific coast of Hokka-
KONISHI (40) 1933, 1935 I 50.75 + 0.52 154

Japan Sea coast of Ho- |

" " ] nsy 50.71 + O.‘>'8I 338

" " » | Kyasya coast 50.73 + 054 | 428
F. R. Seikai (’53) 1949 " " 50.64 + 0.53 892
F. R. Japan Sea 1950 " Japan Sea ccast | 50.66 + 0.56 274
F. R. Sexkal (53) 1948 I\ Kytsya coast 50.64 + 056 199
F. R. Japan Sea 1949 " Japan Sea coast 50.68 + 0.31 112

Tab. 15 Comparison between the results of calculations by various authors and agencies

concerning the mean values of vertebrae number for mature fishes.
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Fig. 3 Sample mean values of vertebrae Fig. 4 Sample mean values of vertebrae
number in young sardines plotted ag- number in mature sardines plotted
ainst the latitudes of sampling greas against the latitudes of sampling
(1947-1953). areas (1950-1953).

a. Young fishes (0-age).
Localities Kytsyl coast Japan Sea coast Tsugaru straits
Latitude (N)

" Group 31° ~ 33 34° ~ 37 »4.1 ~ 42
50.65<£V 22.0% (20) 34.4 (11) 47.8 (31)
V<50.65 78.0 (72) 65.6 (21) 52.2 (34)
Total 100.0 (92) 100.0 (32) 100.0 (65)

b. Mature fishes (l-age and over).

Localities Kytsyl coast Japan Sea coast Hokkaid6 coast

Latitude (N)

Group 31° ~ 33 35° ~ 36 37° ~ 38 39° ~ 40 41° ~ 43
[

50,652V ’ 31.1% (19) 80.0 (8) 59.2  (35) 588 (10) | 600 (9)

|

V<50.65 | 389 (12) 200 (2) 40.8  (24) 412 (7) { 40.0 (6)

Total \ 100.0 (31) 100.0 (10) 102.0 (59) 100.0 (17) “ 100.0 (15)

|
(0 )eeeeeeens Number of group

Tab. 16 Percentage occurrences of respective mean values in vertebrae number
more and less than 50.65 in respective latitude zones.
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