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Growth model for willowy flounder Tanakius kitaharai from western Sea
of Japan during period of stock increase

Chifumi Imai' " and Noriko Itoh?

Abstract : Revised growth models are proposed for willowy flounder Tanakius kitaharai from western Sea
of Japan, the population of which has been increasing in recent years. Annual rings of blind side sagittal
otoliths were analysed and back-calculated length (TL : mm) equations derived from the otolith radii (R :
mm); TL=33+110-R (males), TL=23.3+113-R (females) and TL=3.3+112'R (males and females).
Von Bertalanffy growth models, L.=249 {1-e~0#2t"030} (males), L.=418 [1-e~®'®®+02 (famales) and L.
=482 {1- 0106099} (males and females) fitted well to age-length relationships, using the non-linear
least squares method. Each length at a given age was markedly greater than that reported from the same

region in the 1960’s.
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Fig. 1 . Photograph of blind side sagittal otolith of willowy
flounder. R=otolith radius ; ri-re=ring radius.
Scale bar is Ilmm.
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Fig. 2 . Relationship between total length (TL) and stan-
dard length (SL) of willowy flounder.
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Fig. 3 . Length-weight relationship of willowy flounder.

Foy FAMBROTEK, 250m LT EMIZSAET B
TERATERD Bz,

YFXLVH LA O, BRIONERSEE N
2006%E 1 Bz ABE SN/, 20HOEEIREERIG
LA EDOBETIUTEEWERZRL, RAKTH1.4
DIRNIKHETH o7z, —77, MOGHEIXL. 45 531.20%
FT20% B 5HKLE{, BAEOBVWRETH -7,
SR A TR E BTG % Fig. 4 1IRY, &R
HIR2 R E20064E 1 B (Fig.4-1) &, 20074E 2 A (Fig.4-2)
THEHEEORKE & BICCHED AT 2 AR b
72 (20064E 1 A : r=0.51, p<0.01, 20074 2 A : r=0.71,
p<0.01), 20074 3 A3 KBEEDATH 505, GUEIE30
A AMESBEINL T, SUTOEMEEEbN
LKL B oIz,

HEOF@mBEmici2EETT IV
ERMOBENE S, WAHESTETH 57201,
HE6OE R, MES2MER, RHSUEMETH o720 & L1 HILiE
HEORREDVHEET, WOBRRISHEL D bEL, CofHE
BYFFLUF LA HTET B, BEMEITITMERERIC
FEW Lz 220, WERETER > S BRI EiET 5
BRI O BN 2155 2 L 13IF L A EARTHETSH 5,
0720, BHAADBIHERLRT O LTS,
ERLEOFEOMRETFig. 5107, HEoaRy
3.3mm® FAEYFNLR L L,

TL=3.3+110 R () «-oeeerrecmeieiinnennes (4-a)
TL=3.3-+113 R () ----erervrerrecnnninnns (4-b)
TL=3.3+112 ‘R (j@ﬂﬁ!ﬁ) ...................... (4‘0)

Jan. 16, 2006 ®
30
© ®
é 20 L .O.Q
° 0
£ % 9. Ja
- . o* ® ".ﬁo *®
s (1)
5 ‘e D e
9 10 A1 .é P ® ° °
° ®
.
L °®
.
0 T - T T \
100 200 300 400
Total Length, TL (mm)
1 Feb. 1, 2007
30 -
o
3 20 A ‘Q.f .
£ L o®
g ] . L) ®
g o N
: x
10 4 .
e
® .
*
0 T T v 1
100 200 300 400
Total Length, TL (mm)
-‘ Mar. 26, 2007 *
30 -+ .
G L ]
3 20
O
= [
] [ ]
8 o
© 10 + e o
.
s®
e ®
0 v T T T g \
100 200 300 400

Total Length, TL (mm)

Fig. 4 . Relationship between gonad index (GI) and (TL)
of willowy flounder female.
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Fig. 5. Relationship between total length (TL) and otolith Fig. 6 . Relationship between each ring radius (ri-rs) and
radius (R) of willowy flounder. otolith radius (R) of willowy flounder.
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Table 1 . Mean *+ standard deviation (mm) of otolith radius (R), ring radius

each ring group (N»)
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(r:) and back-calculated total length (L:) for

N, n R ry Ty ry ry s s ry ) rg
Ring radius, r, {males)

2 6 1.87 + 027 040 =+ 0.17 122 £ 0.23

3 1.73 £ 0.16 0.36 £ 0.14 0.80 = 0.21 123 = 0.19

4 21 1.83 019 035 x 013 071 % 016 108 = 0.17 145 =+ 022

5 8 1.94 =+ 018 030 =% 0.10 0.64 =+ 0.16 100 = 0.14 127 £ 014 160 + 016

Total 69 180 =+ 0.19 036 013 0.79

i3

0.24 115 £ 020

140 £ 021 160 =+ 016

Ring radius, r; (females)

1.93 0.52 038 =+ 020 111 + 005

213 027 050 =% 0.17 1.00 =+ 0.20 153 =+ 026
220 + 031 049 =+ 0.14 093 +0.18 1368 =+ 025
258 =+ 023 057 =013 108 £ 014 152 =+ 027
259 %023 060 =x 0.11 098 =019 125 =+ 022
270 %018 060 =* 0.05 101 + 010 126 =+ 0.08
287 =+ 003 061 £ 012 098 =+ 0.20 144 + 034

00~ DO BN
Moo @RN

Total 82 230 =+ 036 052 * 015 0.98 0.18 i41 0.26

177 =028

190 =028 228 % 036

162 x£017 198 * 025 235 + 022

155 £ 017 195 #+ 023 227 *+ 019 255 + 018

178 £ 031 207 + 032 223 =031 249 025 289 =+ 015

I+

1,75 0.27 208 0.30 233 0.23 253 0.18 269 0.15

Ring radius, r, (males and females)

2 8 1.89 -+ 030 040 =* 0.16 119 #0202

3 59 1.90 =+ 029 042 £ 017 089 =+ 023 1.36 o 0.26

4 53 206 == 032 044 X015 084 + 020 125 4+ 0.26 1.64 =+ 0.30

5 15 224 + 039 043 + 018 084 +027 124 =033 156 =+ 0.39 192 + 044

6 8 2.63 x 0.24 0.62 =+ 0.11 100 *= 018 130 = 024 166 £ 0.19 201 % 025 239 £ 024

7 6 270 % 018 060 =+ 0.05 101 = 010 1.26 =+ 0.08 155 £ 017 195 £ 0.23 227 =+ 019 255 =+ 018

8 2 287 %= 003 061 £ 012 088 =+ 020 144 + 034 178 £ 031 207 %032 223 =+ 031 249 =+ 025 269 =015
Total 151 207 =+ 038 044 -+ 016 0.89 * 0.22 129 + 026 165 =+ 032 197 =+ 033 232 * 0.21 253 =+ 0.18 2.69 + 0.15

Table 1 . (continued)
N, n R n r £ 4 s e 7 s
Back-calculated total length, L, (males)

2 6 209 =+ 30 47 =19 137 + 25

3 34 194 =+ 18 43 = 15 92 =+ 23 139 == 20

4 - 21 204 £ 21 42 + 14 81 +18 122 -+ 19 163 =+ 24

5 8 216 % 20 36 = 11 73 #+18 14 =145 143 £ 15 179 = 17
Total 69 201 =+ 21 42 = 14 90 =+ 26 130 -+ 21 157 = 23 179 =17

Back—calculated total Length, } (females)

2 2 221 £ 89 46 o+ 22 128 £ 6

3 25 243 = 31 59 =+ 19 116 =* 22 176 = 30

4 32 2561 = 35 59 X 16 108 + 20 156 =+ 28 203 =+ 32

5 7 204 = 26 68 £ 14 125 £ 16 174 = 30 217 = 31 260 == 40

6 8 295 * 26 M x12 114 x 21 145 £ 25 186 £ 19 226 -+ 28 268 = 25

7 6 307 % 20 70 *+5 17 £ 1t 145 £ 9 178 =19 223 o+ 26 259 = 22 290 == 21

8 2 326 *+3 72 £ 14 114 22 166 =+ 39 203 = 35 236 = 36 255 £ 35 284 =28 306 * 16
Total 82 262 = 40 62 =17 114 £ 20 162 + 29 200 =+ 30 238 =+ 34 265 * 25 289 = 21 306 &= 16

Back-caloulated total length, L, (males and females)

2 8 214 = 34 47 * 18 136 * 23

3 59 215 =+ 32 50 =+ 18 102 x 25 155 + 29

4 53 233 x 36 52 *+17 97 £23 143 + 29 187 =+ 33

Bl 15 253 % 43 51 &+ 20 98 =+ 30 142 =+ 37 178 =+ 43 217 + 49

6 8 297 * 27 72+ 12 115 £ 21 148 =+ 26 189 £ 22 228 + 28 270 =+ 27

7 6 304 =20 70 *+5 16 x= 11 143 =8 176 £ 19 221 =+ 26 256 o 22 288 o+ 20

8 2 323 £ 3 72 + 14 13 x 22 164 + 38 202 £ 35 234 =+ 36 253 =+ 35 281 =+ 28 303 = 16
Total 151 235 & 43 53 * 18 103 =+ 25 147 =+ 29 188 = 36 223 + 37 263 £ 24 286 =+ 20 303 =+ 18
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Fig. 7. Yearly back-calculated total lengths (L) fitted to
von Bertalanffy growth model for willowy flounder.
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