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Age and growth of the red tilefish Branchiostegus japonicus in western Wakasa Bay

Hitoshi Ozaki, Satoshi lizuka*, Toshiaki Miyajima and Yuuichi Hamanaka

The age and growth of red tilefish, Branchiostegus japonicus, in western Wakasa Bay were estimated from

otoliths of 2427 specimens caught by long line and beam trawl from June 2001 to June 2006. Otoliths were alter-

nately composed of opaque and hyaline zones, formed once a year. Von Bertalanffy's growth curves for body

length (Lt ; mm) at an age in years (t) were estimated as follows : Lt=336.5(1-exp(-0.343(t+0.102))) for males,
Lt=298.1(1-exp(-0.287(t+0.488))) for females. The growth of males was greater than that of females. There was

tendency for the ratio of males to decrease at more than three years old. It was considered that red tilefish more

than four years old were mainly caught by the long line in western Wakasa Bay.
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Fig. 1 Sampling area in western Wakasa Bay.

*0 0000000 D Kyoto Prefectual Fisheries office, Kyoto 626-0041, Japan)
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Table 1 Summary of specimens used in this study

Number of specimens

Range of body length (mm)

Date

Male Female unknown Male Female unknown
June., 2001 3 1 177 - 207 125
Oct. 12 4 154 - 235 127 - 148
Nov. 14 3 148 - 280 100 - 113
Jan., 2002 10 138 - 267
Feb. 16 106 - 206
Mar. 4 28 174 - 230 140 - 236
Apr. 24 37 3 226 - 359 96 - 284 53 - 72
May 46 134 18 150 - 372 116 - 268 61 - 147
June 18 49 2 158 - 386 131 - 295 79 - 85
July 54 50 164 - 258 164 - 279
Aug. 16 38 153 - 305 163 - 264
Sep. 46 47 7 138 - 223 146 - 289 88 - 117
Oct. 20 30 7 160 - 212 142 - 242 82 - 126
Nov. 18 38 7 150 - 239 183 - 284 100 - 149
Dec. 69 32 131 - 226 140 - 235
Jan., 2003 6 4 193 - 228 220 - 238
Feb. 31 37 124 - 224 156 - 235
Mar. 13 18 184 - 207 175 - 238
Apr. 6 21 181 - 204 168 - 222
May 5 8 183 - 312 184 - 216
June 6 7 1 142 - 308 135 - 280 103
July 20 18 145 - 330 149 - 296
Aug. 7 5 172 - 197 167 - 212
Sep. 42 27 164 - 204 148 - 221
Oct. 9 15 148 - 300 136 - 272
Nov. 52 106 172 - 340 163 - 278
Dec. 22 41 182 - 341 158 - 294
Nov., 2004 3 27 10 233 - 276 179 - 285 110 - 140
Dec. 14 56 17 241 - 336 188 - 316 117 - 149
Feb., 2005 34 101 215 - 358 186 - 295
Mar. 38 77 218 - 377 186 - 320
Apr. 32 40 1 122 - 348 117 - 302 51
May 25 45 4 140 - 346 127 - 294 67 - 71
June 26 56 2 125 - 346 126 - 290 64 - 92
July 19 32 1 140 - 351 135 - 314 86
Aug. 18 38 151 - 349 130 - 294
Sep. 21 39 5 176 - 325 163 - 302 87 - 120
Oct. 34 80 2 180 - 342 180 - 311 96 - 128
Nov. 19 38 1 194 - 350 171 - 310 117
Jan., 2006 1 2 6 310 146 - 252 106 - 137
May 2 6 2 180 - 190 108 - 228 136 - 143
June 12 9 114 - 224 116 - 214
Total 832 1491 104 114 - 386 96 - 320 51 - 149
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Fig. 2 Sagittal otolith of B. japonicus showing the axis of
measurement.
F : focus, R : otolith radius, rl1-r4 : the first to the
fourth radii.
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Fig. 3 Monthly changes in the frequency (%) of hyaline
(O ) and opaque (m ) zones at the outer margin of the
otolith in B. japonicus. The number of specimens
examined is shown above each column.
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Fig. 4 Relationship between the otolith radius and body
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as specimens whose gender was unidentifiable. Open
circles indicate unknown gender.
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Table 2 Mean values and standard deviations of ring formation radii (mm) and calculated body length (CBL, mm) in B. japonicus

Sex Rn*1 N#*2

rl 12 r3 4 r5 16 17 8
1 143 1.97 £ 0.22
2 327 1.97 £0.19 320 £0.21
3 54 1.95 +0.23 3.10 £ 032 392 +0.36
Male 4 40 2.09 £0.19 330 £0.27 4.14+038 4.70+0.43
5 18 199 £0.25 326+032 4.17+039 478 +045 522 +0.46
6 26 219 £0.17 344 +£024 4361028 4911031 5311032 5.64 £0.31
7 11 211 £0.27 327 +£021 4131036 4.66%+049 5111049 543 +052 5.73+0.50
Mean 2.04+£022 326%+026 4.14+035 4761042 521+042 553+041 5.73=%0.50
CBL (mm) 106.2 172.6 220.4 254.0 278.5 295.9 306.3
1 130 1.86 £ 0.20
2 323 1.85+0.18 3.03 +0.24
3 216 1.84 + 0.19 2.89 £0.24 3.66 +0.26
Femal 4 128 1.84 £ 020 295+026 3.72+0.28 4.19+0.27
CMAC 5 g9 188£0.19 296+020 3.73+024 418+026 4.52+027
6 35 1.89 £ 0.14 296 £ 021 376025 4231022 4571026 4.85*0.28
7 12 1.83 £ 0.21 2.89 £0.26 3.64 £024 4.13%027 4471029 478 +£029 5.02+0.29
8 5 1.95 £0.21 3.14£021 394 +£0.08 443+0.19 475+0.23 5.03+024 528+022 551+0.18
Mean 1.87 £0.19 298 £0.23 374 +022 4231024 458 +£026 489 +0.27 5.15+025 551=%0.18
CBL (mm) 101.2 155.0 192.3 216.0 232.9 247.9 260.5 278.3
*1  Number of annual rings
*2  Number of specimens examined
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Table 3 Comparison of size between both sexes of
B _japonicus from western Wakasa Bay

Age Male Female
BL (mm) BW(g) BL (mm) BW (g)

1 106 26 104 24

2 173 111 152 75

3 220 229 189 145
4 254 353 216 217
5 278 463 236 283
6 295 553 252 345
7 307 624 263 392
8 272 434
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September to December. Solid and open columns indicate the frequency of males and females, respectively.

oooobobooboobooodbsodn?2o08 5



Table 4 Age compositions divided into market size categories for B.japonicus for the period from January to April,

May to August and September to December

Jan. - Apr.
Body length Male Female
range (mm) 1 2 3 4 5 6= 1 2 3 4 5 6=
Extremely small =209 0.027 0.216 0.038 0 0 0 0.054 0.303 0.351 0.011 0 0
Small 210-239 0 0.031 0.107 0.015 0 0 0 0.023 0.382 0.344 0.099 0
Medium 240-284 0 0 0.112 0.043 0.025 0 0 0 0.050 0.193 0.261 0.317
Large 285= 0 0 0.019 0.126 0.282 0.427 0 0 0 0 0.039 0.107
May - Aug.
Body length Male Female
range (mm) 1 2 3 4 5 6= 1 2 3 4 5 6=
Extremely small =209 0.213 0.200 0 0 0 0 0.155 0.297 0.132 0.003 0 0
Small 210-239 0.005 0.092 0.043 0 0 0 0 0.114 0.495 0.168 0.076 0.005
Medium 240-284 0 0.009 0.069 0.043 0 0 0 0 0.138 0.172 0.310 0.259
Large 285= 0 0 0.120 0.141 0.261 0.315 0 0 0 0 0.043 0.120
Sep. - Dec.
Body length Male Female
range (mm) 1 2 3 4 5 6= 1 2 3 4 5 6=
Extremely small =209 0.008 0.437 0.006 0 0 0 0 0.447 0.094 0.008 0 0
Small 210-239 0 0.194 0.065 0.011 0 0 0 0.016 0.231 0.328 0.156 0
Medium 240-284 0 0 0.038 0.076 0.011 0 0 0 0.016 0.151 0.405 0.303
Large 285 0 0 0.044 0.244 0.256 0.189 0 0 0 0 0.033 0.233
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respectively.
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Table 5 Comparison of age and body length for B.japonicus among localities

Adjacent waters of East China Sea

Hyuga-Nada Sea

Pacifi t of
acinie coast o Western Wakasa Bay

Tsushima Tokushima Pref.
Lim and Misu (1973) Hayashi (1976) Kuroki and Terayama (1993) Watanabe et al. (1995) K.I.O.ES. (1979)** This study
A Male Female Male Female Male Female Male Female Male Female Male  Female
&8¢ BL* (mm) BL (mm) BL (mm) BL (mm) BL (mm) BL (mm)
1 86 81 120 114 115 115 149 121 135 114 106 104
2 144 142 180 165 222 206 197 152 204 170 173 152
3 194 189 224 201 251 228 237 180 253 205 220 189
4 237 228 257 229 279 250 272 205 290 223 254 216
5 273 259 282 250 307 272 301 227 311 238 278 236
6 305 283 301 268 335 293 327 247 246 295 252
7 313 277 363 315 349 265 307 263
8 391 337 367 281 272
*  Body length was deduced from the total length by Funada (1963)
** Kyoto Institute of Oceanic and Fishery Science
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Fig. 11 Comparison of differences between the water temperature and body length for B.japonicus among localities.
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Appendix 1 Age-length key for B.japonicus applicable to the period from January to April

Male Female
Age Age

BL(mm) —————— 5 =  BLmm) T 2 3 4 5 6=
90 - 99 0 0 0 0 0 0 90 - 99 1.000 0 0 0 0 0
100 - 109 0 0 0 0 0 0 100 - 109 1.000 0 0 0 0 0
110 - 119 0 0 0 0 0 0 110 - 119 1.000 0 0 0 0 0
120 - 129 1.000 0 0 0 0 0 120 - 129 O 0 0 0 0 0
130 - 139 0 0 0 0 0 0 130 - 139 0.750 0.250 0 0 0 0
140 - 149 0.286 0 0 0 0 0 140 - 149 0429 0.286 0 0 0 0
150 - 159 0.167 0 0 0 0 0 150 - 159 0 0.833 0 0 0 0
160 - 169 0 0 0 0 0 0 160 - 169 0 1.000 0 0 0 0
170 - 179 0 0.071 0 0 0 0 170 - 179 0 0.786 0.143 0 0 0
180 - 189 0 0.346 0 0 0 0O 180 - 189 0 0.423 0.231 0 0 0
190 - 199 0 0.255 0.039 0 0 0 190 - 19 0 0.2% 0412 0 0 0
200 - 209 0 0.270 0.079 0 0 0 200 - 209 0 0.048 0.571 0.032 0 0
210 - 219 0 0.067 0.089 0.022 0 0 210 - 219 O 0.067 0.578 0.178 0 0
220 - 229 0 0.022 0.174 0 0 0 220 - 229 O 0 0.413 0.326 0.065 0
230 - 239 0 0 0.050 0.025 0 0 230 - 239 0 0 0.125 0.550 0.250 0
240 - 249 0 0 0.103 0.051 0 0 240 - 249 O 0 0.128 0.256 0.256 0.205
250 - 259 0 0 0.109 0.022 0 0 250 - 259 O 0 0.043 0.217 0.283 0.326
260 - 269 0 0 0.121 0.061 0 0 260 - 269 O 0 0.030 0.152 0.152 0.485
270 - 279 0 0 0.103 0 0.103 0 270 - 279 0 0 0 0.172 0.310 0.310
280 - 289 0 0 0.136 0.136 0.045 0 280 - 289 0 0 0 0.045 0364 0.273
290 - 299 0 0 0 0.250 0.083 0.167 290 - 299 O 0 0 0 0.083 0417
300 - 309 0 0 0.071 0.286 0.357 0.214 300 - 309 O 0 0 0 0 0.071
310 - 319 0 0 0 0.083 0.333 0.542 310 - 319 O 0 0 0 0 0.042
320 - 329 0 0 0 0.111 0222 0.611 320 - 329 O 0 0 0 0 0.056
330 - 339 0 0 0 0 0.545 0455 330 - 339 0 0 0 0 0 0
340 - 349 0 0 0 0.111 0444 0.444 340 - 349 O 0 0 0 0 0
350 - 359 0 0 0 0 0.250 0750 350 - 359 O 0 0 0 0 0
360 - 369 0 0 0 0 0 1.000 360 - 369 O 0 0 0 0 0
370 - 379 0 0 0 0 0 1.000 370 - 379 O 0 0 0 0 0
380 - 389 0 0 0 0 0 0 380 - 38 0 0 0 0 0 0
390 - 399 0 0 0 0 0 0 39 - 39 0 0 0 0 0 0
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Appendix 2 Age-length key for B.japonicus applicable to the period from May to August

Male Female
Age Age
BL(mm) ——————3— 5 = BLm) T 2 3 4 5 6=
100 - 109 O 0 0 0 0 0 100 - 109 1.000 0 0 0 0 0
110 - 119 0.333 0 0 0 0 0 110 - 119 0.667 0 0 0 0 0
120 - 129 0.125 0 0 0 0 0 120 - 129 0.875 0 0 0 0 0
130 - 139 0.182 0 0 0 0 0 130 - 139 0.818 0 0 0 0 0
140 - 149 0.429 0 0 0 0 0 140 - 149 0.524 0.048 0 0 0 0
150 - 159 0.444 0.056 0 0 0 0 150 - 159 0.389 0.111 0 0 0 0
160 - 169 0.400 0.100 0 0 0 0 160 - 169 0.267 0.233 0 0 0 0
170 - 179 0.389 0.111 0 0 0 0 170 - 179 0.148 0.352 0 0 0 0
180 - 189 0.217 0.277 0 0 0 0 180 - 189 0.072 0.361 0.072 0 0 0
190 - 199 0.059 0.382 0 0 0 0 190 - 199 0 0.456 0.088 0.015 0 0
200 - 209 0.060 0.205 0 0 0 0 200 - 209 0 0.277 0.458 0 0 0
210 - 219 0.016 0.097 0.048 0 0 0 210 - 219 O 0.177 0.629 0.032 0 0
220 - 229 0 0.127 0.032 0 0 0 220 - 229 0 0.111 044 0.22 0.063 0
230 - 239 0 0.051 0.051 0 0 0 230 - 239 0 0.051 0407 0254 0.169 0.017
240 - 249 0 0.031 0.063 0 0 0 240 - 249 O 0 0.281 0.344 0.281 0
250 - 259 0 0 0.061 0.061 0 0 250 - 259 0O 0 0.121 0.152 0.364 0.242
260 - 269 O 0 0.042 0.042 0 0 260 - 269 O 0 0.083 0.042 0.417 0.375
270 - 279 0 0 0.183 0 0 0 270 - 279 O 0 0 0.188 0.250 0.375
280 - 289 0 0 0.056 0.167 0 0 280 - 28 0 0 0.056 0 0.222 0.500
290 -299 O 0 0.167 0 0.250 0.083 290 - 299 O 0 0 0 0.083 0.417
300 - 309 O 0 0.222 022 0.167 0.222 300 - 309 O 0 0 0 0 0.167
310 - 319 0O 0 0.071 0.286 0.214 0.357 310 - 319 O 0 0 0 0 0.071
320 -329 O 0 0.167 0.111 0.556 0.167 320 - 329 O 0 0 0 0 0
330 - 339 0 0 0 0.143 0.143 0.714 330 - 339 O 0 0 0 0 0
340 - 349 0 0 0 0.083 0.333 0.583 340 - 349 O 0 0 0 0 0
350 -359 O 0 0 0 0 1.000 350 - 359 O 0 0 0 0 0
360 - 369 O 0 0 0 0 1.000 360 - 369 O 0 0 0 0 0
370 - 379 0 0 0 0 0 1.000 370 - 379 O 0 0 0 0 0
380 - 389 0 0 0 0 0 1.000 380 - 389 O 0 0 0 0 0
390 -39 0 0 0 0 0 0 39 -39 0 0 0 0 0 0
Appendix 3 Age-length key for B.japonicus applicable to the period from September to December
Male Female
Age Age
BLm)  —— 5 = BLm) =2 3 4 5 6=
100 - 109 0 0 0 0 0 100 - 109 0 0 0 0 0
110 - 119 0 0 0 0 0 110 - 119 0 0 0 0 0
120 - 129 0 0 0 0 0 120 - 129 0 0 0 0 0
130 - 139 0 0 0 0 0 130 - 139 1.000 0 0 0 0
140 - 149 0.167 0 0 0 0 140 - 149 0.833 0 0 0 0
150 - 159 0.071 0 0 0 0 150 - 159 0.929 0 0 0 0
160 - 169 0.129 0 0 0 0 160 - 169 0.871 0 0 0 0
170 - 179 0.261 0 0 0 0 170 - 179 0.725 0.014 0 0 0
180 - 189 0.393 0 0 0 0 180 - 189 0.574 0.033 0 0 0
190 - 199 0.585 0 0 0 0 190 - 199 0.296 0.119 0 0 0
200 - 209 0.558 0.029 0 0 0 200 - 209 0.144 0.231 0.038 0 0
210 - 219 0455 0 0 0 0 210 - 219 0.036 0.364 0.145 0 0
220 - 229 0.167 0.061 0 0 0 220 - 229 0.015 0.242 0.424 0.091 0
230 - 239 0 0.123 0.031 0 0 230 - 239 0 0.108 0.385 0.354 0
240 - 249 0 0.040 0.040 0 0 240 - 249 0 0.060 0.160 0.660 0.040
250 - 259 0 0.039 0.039 0 0 250 - 259 0 0 0.196 0.333 0.392
260 - 269 0 0.064 0.128 0 0 260 - 269 0 0 0.149 0.340 0.319
270 - 279 0 0 0.111 0.037 0 270 - 279 0 0 0.111 0.296 0.444
280 - 289 0 0 0.050 0.100 0 280 - 289 0 0 0 0.200 0.650
290 - 299 0 0.125 0.125 0.125 0 290 - 299 0 0 0 0 0.625
300 - 309 0 0.083 0.458 0.333 0.042 300 - 309 0 0 0 0 0.083
310 - 319 0 0 0.200 0.267 0.333 310 - 319 0 0 0 0 0.200
320 - 329 0 0 0.333 0.467 0.200 320 - 329 0 0 0 0 0
330 - 339 0 0 0.200 0.200 0.600 330 - 339 0 0 0 0 0
340 - 349 0 0 0 0 1.000 340 - 349 0 0 0 0 0
350 - 359 0 0 0 0 1.000 350 - 359 0 0 0 0 0
360 - 369 0 0 0 0 0 360 - 369 0 0 0 0 0
370 - 379 0 0 0 0 0 370 - 379 0 0 0 0 0
380 - 389 0 0 0 0 0 380 - 389 0 0 0 0 0
390 - 399 0 0 0 0 0 390 - 399 0 0 0 0 0
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