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oA FEE B3l T 1A 63U7RA] ARGEEA BB S FEdle] 380 2|44 olAe] miAlEz

28l g gl Ao 3.09+0.02 mmPA 2, £3 T 10Ul 7 4.9640.24 mm, 208°1= 539
mm, 30€9= 9.1320.59 mm2 48T, 131 § 34dell= Ha 10.78£0.96 mmE A3, 3l
300 16.40+2.31 mm, £33 & 63l 30.49+1.53 mmz APt F33t SE- o|xe] By Ak
14204121 umA 2, ¥-3} F 10¢ A= 31.06+2.31 um, 204AE 57.19£6.19 um, 3444 = 127.13£13.13 pm,
4344 = 190.79117.08 um, 632R= 281.85+23.81 ume F3} F 203 o]|F9) o]y A wsh= A 4%
A FAEIATH BEY ojddl= thE HAMEN TEHE F3gA M) FAHolen, RaAAM FA ol
Aol 2~37h2) w0l FAFAT. K5 F 206 FH 6397, MA ojo AAE dUdYFAY 4 7
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Microstructure of otoliths and early growth in total length of laboratory-reared river puffer, Zakifugu obscurus
were observed from 1 to 63 days after hatching. The total length of Tukifugu obscurus was 3.09£0.02 mm,
4.96+0.24 mm, 5.39:+0.42 mm, 9.13+0.59 mm, 10.78+0.96, 16.40+2.31 mm, 30.49+1.53 mm in 1, 10, 20, 30,
34, 43, 63 days respectively. The mean radius of otoliths was 14.20+1.21 um in 1 day, 31.06+2.31 um in 10
days, 57.19+6.19 um in 20 days, 127.13+13.13 um in 34 days, 190.79+17.08 um in 43 days and 281.85+23.81 um in
63 days after hatching. Growth of otoliths were similar to the growth pattern in total length during 20~63 days
after batching. Hatch mark was distinguished with other growth increments and within a hatch mark two or
three increments were observed. The number of growth increments was correlated with the days after hatching
between 20 and 63 days after hatching.
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Aol whel 2 Aol thE Aoz 4eld Yth(Campana and

AZoIF AHAPEE Hg, oM, A%F, oIIEs) Fol  Neilson, 1982). 2 FAAF Folle W& F5 A7l dL9%
Q) ARRE o4 gt o] FAAE o4& dAbgel Yol 7 Mol AR B Jones and Brothers, 1987), BlAJo1 7] 23
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Kim et al., 1997), 4 54%710d 5, 1999), A8 a4} W3l
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Fig. 1. Map showing the sampling and rearing sites of the river
puffer, Taukifugu obscurus.
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Fig. 3. Relationship between total length and body weight of river
puffer, Takifugu obscurus.
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Fig. 4. Relationship between otolith radius and total length of river
puffer, Takifugu obscurus.

ol RITe| AriME
¥3} 5 202 o] 58] ol4e] FWARp] B AFLIE 1Y
Sl eI w (Fig. 4), 2 A1 Thes} Rt

L = 0.0954R-0.7968 (r*=0.97)

258 35 o] 9] HyF ANES 14201 1.21 umH 2, F3}h
2 10U8AE 31.06£2.31 um, 208AE 57.19%6.19 pm, 3445
= 127.13£13.13 um, 3¢ A= 190.79+£17.08 um, 63L A =
281.85+23.81 pm= 4732 (Table 1), ¥ F 2045 o} %
o] o|M e Z7IHsh= AR 4 AT FABAC

B Aol )3k o]M el Ha Azl AY HiHBAS
Holx ot zujgete] HY- xpol7]olx H7] Roj7jel M
13 mm7HA = AFrE o fofah B3 Es W, 37 2o
71e Fojzs A 13 mmel el e AEud BAE Bole A
oz dA Aok, 1999). E3F 27] gAl6l daiAe Ty
2] ek2kR] 9t nototheniid fish, Trematomus bernacchii= 1’3 %0]
AR 140 mmol At AEulE AAE BH O (La Mesa ef
al., 1996), B3 (Anguilla japonicays 58.8 mmo]/gollA] 4d&n]
HBAE Bols A0 RIHAJTHe, 1985). o9} 7o), B
olF2) Agolz o1 AV ML MY wEHSH T, AR FE

N g
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Table 1. Takifugu obscurus. Total length, otolith radius axd number

of increments of river puffer from 20 to 63 days after hatching.

Age Total length Otolith radius No. of

(day) (mm) (um) increments
20 7 5.39+£0.42 57.19£6.19 19.00+1.00
25 8 6.98+0.73 90.38+10.22 24.25+0.96
27 4 8.05+0.62 104.03+7.77 26.33+0.58
34 6 10.78+0.96 127.13x13.13 32.50+0.58
39 5 16.08+1.64 165.86+8.17 38.67+0.58
43 6 16.40+2.31 190.79+£17.08 42.33+1.15
47 5 19.13x1.74 215.33£25.45 46.00=1.00
51 5 23.58+2.85 231.91+£12.88 49.67+0.58
55 5 23.59+2.84 248.96+12.86 53.75+0.96
59 4 27.27+3.17 274.16+23.86 59.00+1.00
63 5 30.49+1.53 281.85223.81 61.00+1.00

n: number of fish examined

o] Aol Zsl, el 5 ALY Azl Esl= 2l o]ale]
Azie}k Ag7ke) nid @A) WEo] oo AFTAEE FHEA B
42 AM28}7]%= §Hk(Nishimura and Yamada, 1984).

B Aol B8l 3 204 olde] o)) M= ARl
9] ofEj o2 s o)Xe] A9} AFZE] FAl] st Y
AT, Fal & 202(TL 5.39£0.42 mm)o] Fol A= ofafe)

2719 Aol WIABAE F1H7) w2l o] A7|eiz A
AMz 788 2YL AL gole @ Row Algdn

ol&o| O(MT=
2315l gkl o)A o] B 14204 1.21 umE, Pacific saury,
Cololabis saira®] 36.9%5.24 um(Oozeki and Watanabe, 2000), Z
T2 34 um(d, 1999)°0 ¥is) 2717} Aoket, FE8 o]4e &
FHoZ FAYeE Aty 3 £ 10d AR oA
% B2 o] 9lFH nhx] oA vk A o] Fo] o
FAAH o2 BH RS o]} & K-S 22 Y7jo]
o 7l B¢l B2 =o] QIAUTHFig. Sa).
= oo Hyg AL 14.20+1.21 uymE 3~4HA)
A RS gEpa] HezRE| FAE
3R AL 8o Hala) FAHE APgRdez wg
ojF el 2~370¢] v EA 0] s Aos AaE
th(Fig. 5b). o]} o] Raloldel mAAddie] FAsE AL
ttE M E EAHcHloh et al., 2000).
sid EE S8 e Y 3 73 AJ7be] A}
o]

M1 o o o

T ol A whgel AlREglon, £ F 150 AlZke] et
FollE BE FAHGA Rolsldtia BRI 2 AE 94
o 2 A Ehse] Al A2 Fal 3ddelAn, K
g} ool AR AN e Aol Azt AlE A
o Yxsigich wepr Falolded A ss A A%
uhEo] Al dgo] AS Aoz Alg T H3} HR)4e A}
ul7 dellA ikl dA F2He g2 e e 5
A} o] Al71ell A= FAAe] Ze 4331134 um e B
slula o] & FE A W o] £ 501£0.82 pmB LA
o1%F FAHE A T2 3024058 umIth. &b o] &
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Fig. 5. SEM photographs of otolith of river puffer, Tukifugu obscu-
rus. (A) Sagittal plane. Scalebar 60 um. (b) High magnification of
the core region. Hatch mark was composed of a prominent check.
Scale bar 10 um.
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Fig. 6. Relationship between number of growth increments and days
after hatching. Regression slope is not significantly different from
1.0 which confirms daily deposition of growth increments in otoliths
after hatching.
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o] A& Ao AAE Ayt Uﬁ 718715 1.04 g 2jo)
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