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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=334+110-R (males), TL=33+113-R (females) and TL=23.3+112-R (males and females).
Von Bertalanffy growth models, L.=249 {1-e *?“ 8V} (males), Li=418 {1-e ™% 052} (females) and L.
=482 {1-e 3| (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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#®

AVAE (B VA BH VA REE) SHARRLTHES
BIEHRMAFEICB VT, FHICEELBENZTHS, H
AUEPUFRIEIS CHRE S 2 I TR T RS 35 & OV ARV e
WP \CTEEE 9 2 MoK E KR ESE O 2 R G R
e (DUT T H ARG E SR & R 5) 128w
THH LA s, ESH L 10 WEERRERT
HN, LTI LA Eopsetta grigorjewi, ¥ FF¥LI T LA
Tanakius kitaharai, ) ™7 72NF Hippoglossides pinetorum’s &
PELETH S,

V¥ LTIV A ZAiE R LR O B AL, H
¥, RS & U Y O KER100~200m DRI
WZAERBL, &R3BafEEF TRET I LA THD, H
ARUEPUFRIP S RAGEC L 2V T F LT H LA OfifiE
19904FART121320 b Y DITF LMD TIROK#ETH ), $4i

Kord ShFIckBIF e ns S ch -7 LrL, K
TEZ 0PN ERb WA bEzE G & L CEffiCHG [ S s
EMITH D, VR R, 19900 LIE, H AR
VEER AR AR IS X 2 iR I3 L, 20004F161213250
b RBZ S ETICHINL 72, 19984F1289380 k » TH -
7B IFEIZ20014E 121000 b > &z, PIERIE1000 k> Lk
DKUER MR (GFF L RFEFER) LT, MiEEE
BoONEIZE 20T, BURZEFEHM NS 2 L vz
Do LaL, BREHEFEL 2575 Y 2 (I BREHS
A RCTH Y, BFREBFHHEROIEIIZHETH 5,
INFTIEVFFLIH LA OFREE R ICE LT
DEED > 5o HAUE U HEE T I1X 19604012 HrE >
PHELTWD SO0, &0 FIRELF)180m T 5
D, RER260mn 12T 2 KEVRARASE @I KT S D
AR O H AR SR A K RO Y FF 4 2 F L A 12358
TEY, MRETNVOEHDPLETCH L, $72, WL AHH

20084F 4 H18H A+, Received April 18, 2008.

1 IRPEREACHECEA FEE A2 FL (Department of Fisheries Science and Technology, National Fisheries University)
2 RGERSEEE A A EF20064FE 3 H 23 (Department of Fisheries Science and Technology, National Fisheries University,

graduated at March, 2006)



58 4, Bk

BREPSBIETH 5720, EFETIEMEICHN L CTHRE
WA R RIS L 2 HREMES I ST 25,8 K%
TR T B 0 H ASHEVE b A i AR S (ka5
ENTZRIMEELYFFL TV AERE N RICH A7
WHC X VA ERICEIEEEFVEIRET 2,

MEERE

R L72YFFL 7L A ORI TREEEICS T
FIERBIZEDO KT % B v 7, REOHEY I
K& SHNHARIX G L CRiED STkEF s, Huwlk
FIIFHEAN CTH D, YFFLU T LA EMRA LA TH
D, THEORIEL? S5 6 N2 EARFEEIRE % o 72,
L7z05o C N E £ 2 5 s 1~ 3 AP L, 2006
f£1 H16H? 34, 132Mffk £ 20074F0 2 H 1 HO 2 4, 50
MR3B L 073 H26H o 1 #1514, BRI 1971k %
i L7z, &K (TL) SfHERE (SL) % 1 mmB7 3T,
RE (BW) BIOHEREER (GW) %0.1gH A F THll
5 L7z, AEFHPRE R ARG,

GI=GW/TL? X 107 +reeeererreeneeeeaeniuenniaan. (1)

WX DR L 72,

ok, A (RVFaA) 2L cikg Lk, v v—
LOJKHNZE &, HOBIKRIGRBREE (740 M420) @
TR, REHERIC X DR LT VI VA AT R
W L7z MEIRM O B4 A& WG fRAT Y 7 b = 7
(Image-Pro Plus ver. 3.01, Media Cybernetics, USA) %
TR E 247 o 720 WA, H A S
AECOHBEY HAFERE L, HAB» S SAEHT O
Y% £ TOMBEE WA r, o, raers & L72 (Fig. 1)
HITY OFEPFETORREPS, EWWOERE EITH O
LA~3H, NEWFHEFFFEROTH~IALLT, ZD
THAERE Lz, L72AT> T, ANEWTT O/ % k&
L7272, 88 1 Bl ORI AR FE D05 TH Y,
Do #&ms0E 1oL, 1.5, 2.5, - 7.5
EL7,

£ FHRVRITERER
INFTOH L AEHOKEN
ENTWiz, AIWF7E Tl ki

IR EDS T
CEREMM L7z, A

& &

Fig. 1 . Photograph of blind side sagittal otolith of willowy
flounder. R=otolith radius ; ri-re=ring radius.
Scale bar is Imm.
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Fig. 2 . Relationship between total length (TL) and stan-
dard length (SL) of willowy flounder.



YFELALHT LA DBEET IV 59

400 -
= 300
3
o
& 200 -
(]
§> BW=9.04-106-TL3%°
3 100
%]
(] = . , . , . .
0 100 200 300 400

Total Length, TL (mm)

Fig. 3 . Length-weight relationship of willowy flounder.
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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.)

61

(ri) and back-calculated total length (L:) for

N, n R r ry ry ry rs re ry rg
Ring radius, r; (males)

2 6 187 £ 027 040 =+ 0.17 122 +0.23

3 34 173 £ 0.16 036 =+ 0.14 080 = 0.21 1.23 + 019

4 21 183 =+ 0.19 035 *+ 0.13 0.71 =+ 0.16 108 =+ 0.17 145 + 022

5 8 194 * 018 030 *+0.10 0.64 =+ 0.16 100 =+ 0.14 127 £ 014 160 =+ 0.16
Total 69 1.80 =+ 0.19 0.36 =+ 0.13 079 =+ 024 115 =020 140 = 0.21 160 =+ 0.16

Ring radius, r; (females)

2 2 1.93 =+ 052 0.38 =+ 0.20 111 £ 005

3 25 213 =027 050 =+ 0.17 100 =+ 020 1.53 =+ 0.26

4 32 220 =+ 031 049 =+ 0.14 093 *+0.18 136 + 025 177 + 028

5 7 258 =+ 023 057 +0.13 108 =+ 0.14 152 + 027 190 + 028 228 * 036

6 8 259 =+ 023 060 = 0.11 098 =+ 0.19 125 + 022 1.62 £ 017 198 =+ 025 235 =+ 022

7 6 270 *=0.18 0.60 =+ 0.05 101 £ 0.10 126 =+ 0.08 155 £ 0.17 195 =+ 0.23 227 %019 255 =+ 0.18

8 2 287 =+ 0.03 061 =+ 0.12 098 =+ 0.20 144 =+ 034 1.78 = 031 207 =+ 032 223 =+ 031 249 =+ 025 269 *0.15
Total 82 230 =+ 0.36 052 =+ 0.15 0.98 0.18 141 0.26 1.75 0.27 208 0.30 233 0.23 253 0.18 2.69 0.15

Ring radius, r; (males and females)

2 8 189 =+ 030 040 =+ 0.16 1.19 =+ 0.202

3 59 190 * 029 042 =017 089 =+ 0.23 1.36 * 0.26

4 53 206 =+ 0.32 044 =+ 0.15 084 =+ 020 125 =+ 0.26 1.64 =+ 0.30

5 15 224 + 039 043 +0.18 084 =+ 027 124 +033 156 =+ 039 192 =+ 044

6 8 263 + 024 062 =+ 0.11 1.00 * 0.18 130 * 024 166 =+ 0.19 201 =025 239 =+ 024

7 6 270 *+0.18 0.60 =+ 0.05 101 £ 0.10 126 =+ 008 155 =+ 017 195 + 023 227 =019 255 =+ 0.18

8 2 287 =+ 0.03 061 =+ 0.12 098 =+ 0.20 144 + 034 178 + 031 207 =+ 032 223 + 031 249 =+ 025 269 =+ 0.15
Total 151 207 =+ 0.38 044 =+ 0.16 0.89 =+ 0.22 129 + 0.26 1.65 =+ 0.32 1.97 =+ 0.33 232 =+ 021 253 =+ 0.18 2.69 =+ 0.15

Table 1 . (continued)

N, n R ry ry ry ry rs rg ry rg
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 £ 18 114 =15 143 £ 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 + 59 46 =+ 22 128 =6

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

4 32 251 =35 59 *+ 16 108 =+ 20 156 + 28 203 =+ 32

5 7 294 + 26 68 * 14 125 *= 16 174 * 30 217 = 31 260 =+ 40

6 8 295 =+ 26 " x12 114 = 21 145 + 25 186 = 19 226 =+ 28 268 =+ 25

7 6 307 =20 70 £5 17 =11 145 =9 178 =19 223 *+ 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-calculated total length, L; (males and females)

2 8 214 =34 47 =18 136 + 23

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

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

5 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 =5 116 = 1 143 + 9 176 =+ 19 221 * 26 256 =+ 22 288 =+ 20

8 2 323 =3 72 + 14 13 =+ 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 + 16
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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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