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Growth and Maturation of Japanese Spanish Mackerel Scomberomorus
niphonius which caught in the Eastern Seto Inland Sea

Hiroyuki TAKEMORI

It is the purpose of this paper to examine growth and maturation of the Japanese Spanish
Mackerel Scomberomorus niphonius in the Eastern Seto Inland Sea. The fork length frequency
composition of J.S. Mackerel from April to June during the period of 2000-2005 were decomposed
into four age groups using normal distribution by the MS-Excel's Solver program. Initial
parameters of normal distributions, i.e., average fork length at age and S.D. of the average fork
length at age, were set to those from aged otolishs samples, resulting average growth curves by
year.

It seems that the stock number of 2004 year class is very little, because the estimated mixed
ratio of one year old fish in 2005 is very little.

The relationships by sex between fork length and body weight from the samples of April-June
were significantly different.

The proportion in numbers of the matured J.S. Mackerel that the gonad index was higher
than 4.0 became higher in the period of 2000-2005 than that of 1987-1990 at one year old fish.
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Fig.1 The eastern Seto Inland Sea
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Fig.2 Annual catch of Scomberomorus niphonius
in Kagawa Prefecture.
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Table 1. Number of surveys and number of measured Scomberomorus niphonius at the fish market.

AT BT & &t
4 A Takamatsu fish market Sido fish market Total

EiEN G R G IR e Ak BN IR e RSk

year month Number of Number of Number of
survey measured survey measured survey measured
April 0 0 1 9 1 9
2000 May 8 137 7 72 15 209
June 8 159 10 111 18 270
April 2 19 2 13 4 32
2001 May 12 422 12 111 24 533
June 4 134 7 39 11 173
April 2 36 1 16 3 52
2002 May 11 512 9 161 20 673
June 3 43 2 43 5 86
April 2 34 1 5 3 39
2003 May 18 577 18 190 36 767
June 8 350 7 105 15 455
April 2 185 2 47 4 232
2004 May 20 1,230 15 279 35 1, 509
June 4 153 3 59 7 212
April 4 252 2 9 6 261
2005 May 17 1,102 16 456 33 1, 558
June 4 218 4 29 8 247
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Fig.3 Length Fregency composition and an estimated mixed normal distribution of
Scomberomorus niphonius at the Takamatsu and Shido fish market
from 2000 to 2005. Scomberomorus niphonius was cahght
in the Sea of Harima during the period of April-June,2000-2005.
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Table2. Fitted frequencies to the fork length distribution of Scomberomorus niphonius.

RBXE 2000 2001 2002 2003 2004 2005
Fork  MIERH MIFFRE WERK #fFRE WERK HiFRE WERK HFREER WERK WFRER WERK HFRK
length Observed Expected Observed Expected Observed Expected Observed Expected Observed Expected Observed Expected

(cm) Number Number Number Number Number Number Number Number Number Number Number Number
-40 0 0 0 0 0 0 0 0 0 0 0 0
—42 0 0 0 0 0 0 0 0 0 0 0 0
-44 0 0 0 0 0 0 0 0 0 0 0 0
-46 0 0 0 0 1 0 2 1 0 0 0 0
—48 0 0 0 0 1 2 5 6 1 0 0 0
=50 0 0 1 0 2 8 11 17 2 1 0 0
-52 0 1 0 1 26 23 43 38 21 13 0 0
-54 2 4 4 3 45 43 57 61 44 49 1 1
-56 6 12 8 9 43 47 77 69 72 69 5 6
-58 33 25 18 17 34 31 48 56 41 41 15 14
-60 33 36 17 18 9 12 32 33 22 26 20 21
-62 34 37 12 11 8 3 20 14 28 45 18 17
-64 31 26 2 4 3 1 7 5 101 86 9 11
-66 10 13 3 1 2 1 8 3 139 142 17 13
-68 7 5 1 0 5 3 7 9 202 201 29 31
=70 1 1 4 1 8 8 23 27 248 246 59 69
=72 0 0 6 3 17 17 72 65 260 260 141 129
=74 1 1 10 11 33 32 117 116 222 236 192 197
=76 5 2 27 31 51 51 140 153 204 186 248 246
=78 4 3 64 61 64 67 171 152 120 128 255 253
-80 10 6 84 85 82 75 101 115 76 78 208 215
-82 5 11 94 90 64 72 77 74 53 45 162 158
-84 15 16 67 78 67 59 54 51 21 27 128 126
-86 28 22 80 64 36 44 40 43 19 18 136 137
-88 17 25 37 50 37 32 33 34 15 14 147 151
-90 32 27 38 33 21 25 28 22 12 11 127 118
-92 32 27 20 19 27 23 9 15 8 9 51 61
-94 20 27 11 12 20 22 13 13 7 7 30 28
-96 27 27 18 12 21 22 16 13 4 5 25 20
-98 28 27 10 14 21 20 15 12 4 3 13 18

-100 30 27 13 18 16 17 7 11 1 2 14 13

-102 21 24 21 20 16 14 8 9 1 1 7 6

-104 19 20 22 19 9 11 6 7 1 0 3 2

-106 18 15 18 17 7 8 5 5 1 0 3 1

-108 6 9 13 13 8 6 5 3 3 0 2 0

-110 7 6 7 9 4 4 2 2 0 0 0 0

-112 4 3 6 5 1 2 2 1 0 0 1 0

-114 1 2 1 3 1 1 0 0 0 0 0 0

-116 1 1 1 1 1 1 0 0 0 0 0 0

i 488 488 738 733 811 807 1,261 1, 255 1, 953 1,949 2,066 2,062

Total
,Zg 32.10 32.43 30. 17 34.74 23.25 15.12
(D.F. =22)
HEENHD BNz, M W= 120 x 10° - FL*"® (R* = 098, n = 304)
WIZ, 6 NAEMOY T FHEARDEE 720 ROV M W= 142 x 10° - FL®™® (R* = 095, n = 416)
T, BAE (FL:cm) &ffE (W:kg) OPBFRAZ CIT RAE (FL) BXOKE (W) oz & -
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Table3. Estimated parameters from result of mixed Table4. Statistcs of fork length of Scomberomorus
normal distribution. niphonius caught in the Sea of Harima
and Bisan Strait during the period of
ERL A ORGSR April-June,2000-2005.
IHH 4F. Result of mixed normal distribution .
Item  Year Lk  2ik 3k Akt R MR A Fork length (cm)
lage 2age 3age 4age+ Year Age Sex Numberof ¥ (E¥E(RE K/ R
2000 61.1 88.9 100.5 112.9 samples _ Average = S.D. Range
2000 1 male 7 61.4 = 1.7 59.5 - 64.0
U; 2001 99.2 80.7 87. 1 102.7 female 10 60.1 = 3.4 54.2 - 63.5
YR YE 2002 55.4 80. 2 94. 3 103. 7 2 male 7 85.8 + 2.1 82.5 - 89.0
Average 2003 55.8 76.9 86. 2 96. 1 female 5 91.6 £ 2.0 89.5- 94.5
Fork length 2004  55.6  71.7  86.0  97.4 9 ale C grise a1 w5 loLs
(cm) 2005  60.3  77.3  88.2  97.1 P L a0 ' : :
2000 3.3 5.3 5.3 5.3 female 6 101.9 £ 3.3  96.0 - 105.5
o, 2001 2.7 3.3 3.3 5.8 2001 1 male 21 56.0+ 3.3 48.8- 65.0
T YL female 18 55.1 = 4.0 49.6 - 63.0
irﬁ{ﬁ;}; 2002 2.8 4.8 6.1 6.0 2 male 14 80.5 = 3.6 75.0 - 86.5
Standard 2003 3.5 3.7 3.0 7.0 female 14 84.1 = 4.0 75.5 =  90.0
Deviation 2004 2.0 5.2 6.9 4.1 3 male 1 81.0
(cm) 2005 2.7 4.5 2.8 3.4 female 4 99.4 = 4.7 95.0 - 106.0
4 male 0
2000 0.33 0. 34 0.33 0.01 female 3 106.2 = 4.2 101.5 - 109.5
D; 2001 0.09 0.47 0. 25 0. 20 2002 1 male 24 52.6 £ 2.6 47.5- 58.0
BAK 2002  0.21  0.55 0.18  0.05 female Bl 55.2+ 2.9 475~ 61.0
. . 2 male 8 74.7 = 3.3 70.0 - 80.3
Mixed Ratio 2003 0.24 0. 58 0.09 0.09 fermale 10 80.9 + 46 725 86 1
2004 0.09  0.85  0.06  0.00 3 male 5 870+ 3.6 8L4- 91.0
2005 0.03 0.70 0.23 0.04 female 9 95.6 = 3.5 90.8 - 100.8
2000 160 163 160 > ! fmalel g 104.8 = 4.6 97. 1 109. 5
4 . emale .8 £ . .1 - .
’Hﬁ{iﬂ%i& 2001 64 345 181 144 2003 1 male 104 53.1 = 3.0 46.6 - 63.2
Expected 2002 169 448 150 40 female 17 53.5+ 2.5 49.2- 58.6
Number 2003 300 728 116 111 2  male 12 75.3 = 3.6 70.6 — 82.0
female 11 82.0 = 3.2 77.2 - 89.2
2004 169 1,668 112 0 3  male 3 86.3 = 1.3 85.0 - 87.6
2005 68 1,445 470 79 female 4 89.9+ 4.9 8.6- 96.8
4 male 1 94. 2
female 1 108.0
2004 1 male 17 56.4 = 1.9 52.6 — 59.6
female 18 56.2% 2.4 51.2- 61.0
2  male 24 70.5 = 4.5 62.5 - 178.8
female 48 76.7 = 4.1 68.0 - 89.8
110 3  male 1 78.2
female 1 96.5
4 male 0
100 female 1 980
N 2005 1 male 86 57.7 = 2.8 48.7 - 63.5
g 90 female 28 58.2 = 2.8 52.5 — 65.0
S 2 male 46 7.6 £+ 3.0 65.5- 78.0
'-EJ 80 female 11 75.6 = 3.5 70.0 - 80.0
i:) 3  male 34 76.1 = 3.4 69.0 - 83.0
< 70 female 18 87.6 = 3.1 80.0 - 91.5
L 4 male 0
female 2 99.3 = 8.1 93.5 — 105.0
60
50 . . . f:o
1 2 Age 3 4 JE:Ln(W) = 2913-Ln(FL) — 11.33 (r = 099, P < 001)
4 FHSH D DES N BEOERI TR E ME:Ln(W) = 2865-Ln(FL) — 11.16 (r = 098, P < 001)
B EE AN RRE ZLTC, #onillEo—kIamRB & OWERE
Fig.4 Average fork length by each age which DAEBHEIZOWT, FiE Gboikatr) BL Ot i
estimated from result of mixed normal B L VFRz, ZORE, F=1293% R

distribution.
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Table5. Comparison of the fork length of Scomberomorus niphonius
from result of sample survey and mixed normal distribution.

A E B D EH TIED FHREXER  TFHREXED
R Result of sample survey Result of mixed normal distribution D7 (em) HEMD
AN CTHRXE  EERE A% THRXE  mums  difference BUERIR (¢ i)
Year Age Sumple Fork length Sumple Fork length of Average result of
Number Average + S.D. Number Average =+ S.D. fork length t test
2000 1 17 60.6 £ 2.0 160 61.1 = 3.3 0.5 0.91
2 12 88.2 =+ 3.6 163 88.9 £ 5.3 0.7 0. 45
3 97.8 =+ 2.1 160 100.5 =+ 5.3 2.7 3.17%*
4 100.5 =+ 4.8 5 112.9 =+ 5.3 12.4 4,23 %
2001 1 39 55.6 *= 3.7 64 59.2 =+ 2.7 3.6 5.28 %
2 28 82.3 =+ 4.2 345 80.7 =+ 3.3 1.6 1.97
3 95.7 =+ 9.2 181 87.1 = 3.3 8.6 2.09
4 106.2 =+ 4.2 144 102.7 =+ 5.8 3.5 1.04
2002 1 75 54.4 =+ 3.1 169 55.4 =+ 2.8 1.0 2.49 %
2 18 7.7 = 4.9 448 80.2 £ 4.8 2.5 2.16*
3 14 92.5 =£ 5.5 150 94.3 =£ 6.1 1.8 1. 06
4 6 104.8 =+ 4.6 40 103.7 =+ 6.0 1.1 0.43
2003 1 121 53.1 = 3.9 300 55.8 =+ 3.5 2.7 6.93*
2 23 78.5 *+ 4.7 728 76.9 =+ 3.7 1.6 2.02%
3 88.3 =£ 4.0 116 86.2 =£ 3.0 2.1 1.76
4 101.1 =+ 9.8 111 96.1 = 7.0 5.0 1. 00
2004 1 35 56.3 =+ 2.2 169 55.6 =+ 2.0 0.7 1. 85
2 72 74.6 = 5.1 1, 668 71.7 * 5.2 2.9 4.64 %
3 2 87.4 £ 12.9 112 86.0 =£ 6.9 1.4 0. 28
4 1 98.0 0 97.4 =+ 4.1 - -
2005 1 114 57.8 =+ 2.8 68 60.3 &£ 2.7 2.5 5.91%
2 57 72.4 =+ 3.5 1, 445 77.3 =+ 4.5 4.9 10.24 *
3 52 80.1 = 6.4 471 88.2 =£ 2.8 8.1 9.03*
4 2 99.3 =+ 8.1 79 97.1 = 3.4 2.2 0. 37
* 5% KMETHEZED Y
B 5% K TH BANRD b, BEOHRA  (oTub.
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Fig.5 The relation between the fork length and the body weight from sample of
Scomberomorus niphonius caught in the sea of Harima and Bisan
Strait during the period of April-June, 2000-2005.
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Fig.6 Relationships between the age and the gonad index on female of
Scomberomorus niphonius caught in May from 2000 to 2005.
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Table6. The proportion of number of fish which gonad index was higher than 4.0 to samples on each age.
Number of samples were female of Scomberomorus niphonius caught during the period of

April-June,2000-2005.

April May June
A PERED4.0 #E AL BAERRED.0 FIE AR R840 BIE
. Sl B R B0 K BLEO RS
vear age Sample Number of fish Ratio Sample Number of fish Ratio Sample Number of fish Ratio

Number which gonad index (%)
higher than 4.0

Number which gonad index (%)
higher than 4.0

Number which gonad index (%)
higher than 4.0

(A) (B) (B)/(A) (A) (B) (B) / (A) (A) (B) (B) / (A)
1 0 0 6 3 50.0 4 0 0.0
2000 2 0 0 5 5 100.0 0 0
3 0 0 8 8 100. 0 0 0
4 0 0 6 6 100. 0 0 0
1 0 0 2 1 50. 0 16 3 18.8
2001 2 0 0 14 14 100.0 0 0
3 0 0 4 100. 0 0 0
4 0 0 3 3 100. 0 0 0
1 0 0 11 10 90.9 40 15 37.5
2002 2 0 0 6 6 100.0 4 3 75.0
3 0 0 9 9 100. 0 0 0
4 0 0 6 5 83.3 0 0
1 0 0 4 2 50. 0 13 9 69. 2
2003 2 0 0 11 11 100.0 0 0
3 0 0 4 4 100. 0 0 0
4 0 0 1 1 100. 0 0 0
1 0 0 9 5 55.6 9 5 55.6
2004 2 4 4 100. 0 41 41 100. 0 3 2 66. 7
3 0 0 1 1 100. 0 0 0
4 0 0 1 1 100. 0 0 0
1 2 1 50.0 15 11 73.3 11 5 45. 5
2005 2 0 0 7 7 100.0 4 3 75.0
3 0 0 18 18 100. 0 0 0
4 0 0 2 2 100. 0 0 0
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Fig.7 Relationships between the fork length and
the gonad index on 1 age and female of

Scomberomorus niphonius caught in May
from 2000 to 2005.
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Table7. The proportion of number of fish which gonad index was higher than 4.0 to samples

on each fork length. Number of samples were the grand total of 1 age and female
of Scomberomorus niphonius caught in May from 2000 to 2005.

FEASL REFEH4. 0 EE B BEEFEENNA. 0 E&
BXE YA oo i fR%k FEAEL L oo fE (R %

Sample Number of fish Ratio Cumulative Cumulative Ratio

Fork length Number which gonad index (%) number number of (B) (%)

(cm) higher than 4.0 of (A)

A (B) (B)/(A) © (D) DO
~50.0 1 0 0.0 1 0 0.0
50. 1~51.0 0 0 - 1 0 0.0
51.1~52.0 2 1 50.0 3 1 33.3
52.1~53.0 2 1 50.0 5 2 40.0
53.1~54.0 2 2 100.0 7 4 57.1
54, 1~55.0 6 4 66. 7 13 8 61.5
55.1~56.0 3 2 66. 7 16 10 62.5
56. 1~57.0 8 6 75.0 24 16 66. 7
57.1~58.0 3 3 100. 0 27 19 70. 4
58.1~59.0 5 3 60.0 32 22 68. 8
59. 1~60.0 6 4 66. 7 38 26 68. 4
60. 1~ 9 6 66. 7 47 32 68. 1
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