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(Fisheries Research & Development Agency Yeosu Branch)

Fingerlings hatched from the eggs of the puffer, Fugu rubripes, which were spawned on May
21, 1969, and were cultivated. The results of their growth during 150 days, until October 25th,
are summarized as follows:

1. The eggs began to hatch after 163 hours, at a water temperature of 15.9 to 17.4°C, and the
hatching rate was 61.56%.

2. They reached the post-larval stage 6 to 7 days after hatching, and at this time a high
mortality occurred. The mortality rate was 57.26 to 68.0%.

3. Sixteen days after hatching some of the larger fingerlings (6.7mm in total length) began
attacking some of the smaller ones (4.6mm in total length).

4, Twenty five to twenty eight days after hatching, the fish changed their food, and at this time
a second high mortality occured. The total mortality rate amounted to 90.7 to 90.9% of the
total hatch.

5. After the fingerling stage. cannibalism occurs. The fish usually attack the caudal part of other
fingerlings. It occurs regardless of body length and when the food supply is short.

6. The food coefficient at the age of 46 days (when body length is 53 to 68 mm) was 5.5 for
short-necked clams, 8.5 for earth-worms, and 8.7 for fishes.

7. A third high mortality occurred 53 to 63 days after hatching, the total mortality amounting
to 95.76 to 97.34%, and the main cause of the mortality was found to hbe rickets resulting
from nutritional deficiency.

8. The growth rates were as follows:'
2.68mm just after hatching, 3.84mm at the age of 10 days; 7.96mm after 25 days; 20.96mm
or 130mg after 40 days; 73.68 mm or 9.06 g after 80 days; and 123 mm or 31.8 g after 150
days.

9. The water temperature during the above period was 15.7 to 28.4°C with an average of



22.10°C and the salinity was 25.53 to 34.50% with an average of 32.07%.

10. The young of this species could endure well a wide range and sudden rise in salinity, and
could survive easily when the salinity suddenly fell to 5%, but a considerable mortality
occured when it fell to 3%.

11. When the fish were iranferred directly to fresh water from normal sea water they died
out in 9 hours and 40minutes. However, when transferred from water of 5% salinity at which
they were reared for 54 days, they survived for 60 hours and 40 mimutes longer than in

the former case.

™ 2 =

A58 Fugu rubripes (Lemminck et Schlegel)% 233 Tetraodontidaes] <3} A 700mmel] =3l o &
oA BT % FaE Fho| s LLelsh FLTREe FH (Muroran) o] 8] el 2w FFH, A
SAe dE Exetn Qo (B 1955; Abe 1949), Sl B diFA nE gz ALHIT de &
AFE A Fad A& AT gdod S8 YA E $EAYAFoRAE A4 TaAHT 3
= A Felsh

2o F9] FE Aol A ATF2AE B (1956), B I (1963) 5 o] AFTFA A w4 q F3 Aol
8 %ol @eked nwe wp gm 2 8 Uno(1955)9] B4 (Fugu niphobles), HEHI(1956)8] 7435 (Fugu
stictonotus), 3R 2 (Fugw poccilonotus), 7+2) 8- (Fugu xanthoptems) Zo i3k ol F 34 B 23 2] 4
Lol =Wk w3l ek Seldeld Al 2, £(1969) o] Ao AFEY 4F FAA 7 WY F3H A
9 27) Abgol AT L3 g oleh
£ 2 A4sY b da A 5 &

o gkl A o &1 gk % ‘ﬂi—rﬂ AT Bal g FRA A AT
2 o K

H r[r

£ Agel A&t AFE(Fugn rubripes)zl o] £ 19691
5942040e) =g ARAE T4 PEEFig 1) A4S A

Al A AQAel Akl T HEd FRT 454

— i
r

[

O
P
7

Aot FT G A 109 AP ALHA A 9 A@g@

He Aol 24 4,1141 (Skylight house) ul] oF=} = (3. 7m % e

1.65mx 0, 8m) Mol 274 7 43 F 59219 3% 21:004] / dsan tyeon :

o] ZelzEl A utx (23, 0cm X 34, Ocm) 3+ §-2) 5k (24cm ¥ i N Bangjug;“k a !

Blom)al & TEA FAAR F(LY FAUE o' {\ ¢ |

3.44) AR = (3.7mx 1,65mx 0, 8m) ol S3}5lIL Aerat. 1
|

@ Yulnmﬁi\:
ion g -4 (4 (4. 3//min) £ 351 vt g -
359 0) & A A2 FYT 2519 BY 24 5. e S{S;L‘p\j
1.4

2 g3E T E EeleE 42 (88cmx 44em % 45cm)
ok -ﬁ—a]»’,ﬁ% (30cm % 60cm X 30cm) Eo| = A Ee I Fig. 1. The map showing the places where the
251 A Aale] wheld AWl o 98 sk ok brood fish were caught.



|3 - =4

ofp

K57 259 2o (Fig. 2) 15.9~17.4°C(3H T 16.4°

) x5 (Fig. 3)= 32.10~32. 80% (33 T 32.21
%) At = AT AFY 2 (Fig. 2) 15, 7~28.4°C4 0 4

2rx (Fig. 3) 25.53~34. 50%%] #1914 ).

30 L
AN ; o rank A
/,)k ‘\ o —  Tak s
5 j:i 1 }.-w{\_ [\ F
0 FOol Wl 4
= 25 : . . / X VW A
£ /\u A» \ o il \ ;,-f\
5 A F V} . \f“J’ \ ]A,,
2 ISR A RV |
& b.,;qf BT WV
hd A 5 B : ) \mx\
. /f v )
20 | f : ’i’ .\
q"ﬁ' N
~ ‘1‘./}
' May = Jun. ) Jul- T Aug. T Sep. o Oct.
Date
. 20 40 &0 E 00 20 140 160
Days of rearing
Fig. 2. Water temperature in the rearing aquariums.
- T Taka FAAFA dAAE A9 £9BE Fadsted 300
A—— ani
- LN co/min A2 FEdtgon Ae¥eHE fddel
2L/ N\ b Zstel Aol weh 4.30/min HA 4470
z /\'\ A7 \‘7'\ rad Hol 3} F 3% BF Ostrea gigass] $44
$ %l ’ / SN FARAA A545H L AAASF A% FEANL
N2 W 24 A BEAH FFE ARAD 4 F 109
-//\ N Bl Artemic = Z2]-$ (Nauphus)i 7] A
L Y Zetg o n 2 AR W okEle] F Artemia e 0 EE)
5 . .
CTVERTT T Mg Sen 09 Now | $29 a7 (Copepoda)E B3 31,
st g 200°] AT TREE A el EHaE A4
Day¢ of rearing omyy B H o) 2 A3 5] A Zgstgd ong o] &

Fig. 3. Salinity in the reoring aquariums.

o2 HolF e A% Agsgod Yy 9
ARG el Ag ¢ Bhg, T3 Ao A, slah Hol4E Fol W wAA Ag AL Y

& o

7k ol® £3 W Hsl

19691 549 209 A AAF B4R FEAMQNA 45H $L AL 9 A 548mm ] obA 3l 410 mm
g FRE F£ vk (3. Tmx1.65mx0, 8m)l A 2747k &3 F 59 219 21:00410] S & 5)e
48,900 8] & At QFTrAHAR F Felad Ak feldle) A URE 1.8~6. 57ﬂ/cm (3T 3.4
AfemBD 2 FHAAAA 5544 zivk.

a4 H3e 59 289 oF 16:004] ) 1634) Zhukel] B 5 9l gl A, A= 4 30, 14071 (61. 56% )7k £-3 w55 9ot

Lk 4z 8l Hol

H3A 28 Aol (Fig. & AA 2.68mm 24 HF-F-L 2 atde] slelres Ao BI A5k me) Lro

TERA b4 A FIee AL Qe



Fig. 4. The fry right after hatch-out(left) and two hours later (right).

Table 1. The Growth of the Larvae Fed on Various Foods

Date (1969)

Days after hatching

Body length(mm)

Body weight(mg)

Kind of foods*

Hatched 2.69

May 28 — —
Jun, 2 5 3.21 — )
7 7 10 3. 84 — An.C.T.
a 12 15 4,90 — 2
s 17 20 5.42 —_ An.Aa.C.T.
% 22 25 7.96 — F 2
% 27 30 9.20 — 2
Jul. 2 35 15. 61 87 Aa.C.T.P.
// 5 38 18.92 — - F.
o 7 40 20. 96 130 C.Aa.P.M.E.
Z 12 45 25. 84 420 7
7 14 47 29, 81 — Aa.P.M.W.E.
7 17 50 32.14 960 PEMW.
4 22 55 41.63 1,932 7z
“ 27 60 48.36 2,650 EMW.
4 29 62 49. 62 3,440 7
% 31 64 56.42 4,580 4
Aug. 3 67 58.17 6,100 % I
7 6 70 60. 43 7, 400 %
7~ 16 80 73.68 9, 060 7z
2 26 90 81.34 11,800 EPW.1L
Sep. 5 100 90. 63 14,500 EPW
4 15 110 99. 65 23,600 12
z 20 115 105.1 26,400 %z
% 25 120 111.4 33,100 E.W.IL
Qct. 5 130 123.2 37,800 EL
Z 15 140 135.0 55, 900 E.P.
Z. 25 150 140.2 61,100 EW.
...... Artemia nauplius Aa......Artemie adult(dmm) C......... Copepoda Engraulis japonica

.Scomber japonica
Tigriopus

Oyster larvae

Tapes japonica
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Table 2. The Growth of the Fugu Larvae Fed on Various Foods

Kind of foods

Partition Tapes japonica Fishes Earth worm
Beginning date Aug. 19, 1969 Aug. 19, 1969 Aug. 19, 1969
Ending date Oct. 3, 1969 Oct. 3, 1969 Oct. 3, 1969
Days of rearing 46 46 46
Beginning of experiment

Total weight of fish 45.9 25.0 24.3
No. of fish reared 9 5 5
Average body length (cm) 6.0 6.0 5.9
Average body weight () 5.1 5.0 4.9
End of experiment
Total weight of fish () 234.5 49.7 70.6
No. of survivals 9 4 5
Average body length (cm) 10.2 8.4 8.5
Average body weight (g) 26.1 12. 4 14.1
Body weight increased () 188.6 24.7 46. 3
Quantity of food () 1.028 215 394
Growth coefficient 5.5 8.7 8.5
Survival rate (%) 100 80 100
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Fig. 7. The Larval growth fed on various foods.
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Table 3. Daily Rate of Mortality and Total Mortality of the Larvae of Fugu rubripes Reared

in the A Aquarium During the Experiment
Date Days after No. of survived No. of dead Daily mortality Accumulative ~Total mortality
hatching fish fish (%) No. of dead fish (%)

May 28 2,300 — — — —
Jun. 4 7 1,623 677 29,43 677 29. 43
4 5 8 1,018 605 37.27 1,283 55.73
2 6 9 983 35 3.43 1, 317 57. 26
7 7 10 916 67 6. 81 1,384 60. 17
7 12 15 897 19 2.07 1,403 61.00
2 16 19 831 16 1.78 1,419 61.69
2 17 20 881 0 0 1,419 61.69
2 18 21 878 3 0.34 1,422 61.82
4 20 23 394 484 55.12 1, 906 82. 86
7 22 25 279 115 29.18 2,021 87.86
2 23 26 224 55 19.71 2,076 90. 26
z 25 28 144 80 35.71 2,156 93.73
2 27 30 137 7 4. 86 2,163 94, 04
Z 28 31 134 3 2.18 2,166 94,17
// 29 32 134 0 0 2,166 94.17
7 30 33 130 4 2,98 2,170 94, 34
Jul. 1 34 130 0 0 2,170 94, 34
4 2 35 130 0 0 2,170 94. 34
7 5 38 128 2 1.53 2,172 94.43
7 6 39 121 7 5. 46 2,179 94.73
2 7 40 121 0 0 2,179 94.73
Z 13 46 120 1 0.82 2,180 94.78
Z 20 53 119 i 0.83 1,181 94. 82
4 21 54 117 2 1.68 2,183 94.91
2 22 55 103 14 11.96 2,197 95. 52
z 23 56 99 4 3.88 2,201 95.69
3 25 58 81 18 18.18 2,219 96. 47
z 27 60 76 5 6.17 2,224 96. 69
o 31 64 60 16 21.05 2,240 97.39
Aug. 1 65 58 2 3.33 2,242 97.47
s 16 80 56 2 3.44 2,244 97.56
7 26 90 56 0 0 2.244 97. 56
4 28 92 56 0 0 2,244 97.56
Z 29 93 54 2 3.57 2,246 97. 65
Oct. 4 129 54 0 0 2, 246 97.65
7 5 130 53 1 1.85 2,247 97.69
7 10 135 52 1 1.88 2,248 97.73
7 15 140 49 3 5.76 2,251 97. 86
7 25 150 48 1 2.04 2,252 97.91
Z 30 155 48 0 0 2,252 97.91
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Table 4. Daily Rate of Mortality and Total Mortality of the Larvae of Fugu rubripes Reared
in the B Aquarium During the Experiment

Date Days a_fter No. of §urvived No. of dead Daily mortality Accumulative No. Total mortality
hatching fiish fish (%) of dead fish (%)
May. 30 2 3,000 - — 0 0
Inu, 3 6 1,478 1,522 50.73 1,522 50. 73
- 4 7 1,319 159 10.75 1,681 56. 03
Z 5 8 964 355 26.91 2,036 67. 86
2 7 10 843 121 12.55 2,157 71. 90
4 9 12 803 40 4.74 2,197 73.23
4 11 14 801 2 0.24 2,199 72,30
% 12 15 793 8 0.99 2,207 73.56
7 13 16 793 0 0 2,207 73.56
s 14 17 781 12 1.51 2,129 73.96
7 17 .20 760 21 2.68 . 2,240 74.66
iz 18 21 757 3 0.39 2,243 74,73
2 19 22 702 55 7.26 2,298 76.60
% 22 25 312 390 55. 55 2,688 89. 60
7 24 27 283 29 9.29 2,717 90. 56
7z 27 30 273 10 3.53 2,727 90. 90
2 29 32 271 2 0.73 2,729 90. 96
7 30 33 271 0 0 2,729 90. 96
Tul. 1 34 259 12 4.42 2,741 91. 36
7 35 254 5 1.93 2,746 91.53
4 38 249 5 1. 96 2,751 91.70
% 40 241 8 3.21 2,759 91.96
7z 12 45 224 17 7.05 2,776 62.53
2 17 50 219 5 2.23 2,781 92.70
2 20 53 203 16 7.30 2,797 93.23
4 22 55 174 29 14. 28 2,826 94, 20
4 23 56 159 15 8.62 2,841 94.70
2 27 60 129 30 18. 86 2,871 95. 70
Aug. 1 65 124 5 3. 87 2,876 95. 86
2 16 80 124 0 0 2,876 95, 86
% 26 90 124 4] 0 2,876 95. 86
7 29 93 123 1 0.08 2,877 95. 90
Sep. 5 100 116 7 5,69 2,884 96.13
7 15 110 114 2 1.72 2, 886 96. 20
% 26 121 114 0 0 2,886 96. 30
Oct. 5 130 98 16 14. 03 2,902 96.73
4 15 140 94 4 4. 08 2,906 96. 86
% 25 150 93 1 1.06 2,907 96. 90
4 30 155 92 1 1. 07 2,908 96. 93




o] 23]
. Tank A

x Tonk B

ol = w4
FA =

Number of dead individuals (%)

L + Il 1

Doys atter hatching

L,

MY ) n 1 ; L 1 /(-1 o} =
6 20 30 0 20 & K 20 3 1o 20 3 © 20 D =
Jun. : Jul- Aug. Sep Oct- =
Date X ok
Fig. 8. Total mortality of fugu rubripes reared in the i
2] 8

aquarivm A and B.

AN ]-
F A AEL F3tvrdl A AW 97.91%, B 96.93% 24 2z 3% AAv
=

4454 o

zt. EE kol Mg ME AI-

454 A Aol AT AT £EF A4 dE FEe] A2 A3
A 5 AFEY 3AZ Sl G2 ALY FEo| o
23] AA AdReEd A%y A8E LAz

1 1xt A

196914 89 18YH-E Z7]v} w3 209HE) (21 464~66mm) B ARt WY F2

%9 o 2k = A7t el
o Alolg AoAdl ol ERAL
Ash 4A A gadAE
90.73%, B = A 90.9%
s47k gk
AR A A Ad TR E
Fez bdE e
B3l & 53~639 Atojal 74 20~30 o
o3 Aok ol Eakehed A

)
7
3L

g 9 2 AsE F
ks
G
!
Z

Ag Hu g PAs Sstd g4 R

% BFE AAYT AR L wo] (vt

G % %5 75 00 ) BO  Ae, W), d5a Ade]5)e Fesia

A 4447 As sy

oAl kAR AFL ASE 7 Qg

47 Feo] AY A A%
1]

| 3 25~284
gE 449
H-&hu] el 4
o F A9

aL B3}
B

AAHA oA 7F & kel A T o]
20 Aste] Arlal Fabu]e A 97.34% B
: e 95.76%7F AT L o

p

¥ 15094 5 = 108 #E7x Y
€ AL 487 Fxrt 92

&

Ad A oe ZelE  glgle=g
ulBhazl 691 89 184 ~691d 1149 139 71+ 884 7+

(295 x 31cm) 446 5nFel4

a
TEd A% FEF A4 5,10,15,20%8 TEL F A ¥ FER 29 Ao dpdteA 54497 4

o3
=
538ke] Table 59 22 AstE A& F ggdod, A% /A% F22 152

27.6°CglaL, W&

Table 5. The First Rearing Experiment of the Fish in water of Varied Salinity

. Salinit
Date ¥ 5% 10% 15% 20%
(Start of rearing experiment)
Aug. 18 Frantic swimming (2) Frantic swimming (1) Normal swimming Normal swimming
7 19 Normal swimming Normal swimming Z %
All didn’t take food. All took food. All took food, All took food.
- 20 Normal swimming % 7 7
Two didn’t take food.
2 25 lOne didn’t take food. % I died by jumping out. %
Sep. 5 I died the others took z Normal swimming 7z
food. All took food.
7z 25 Normal swimming 1 died by jumping out. % 2
All took food.
Oct. 10 % Normal swimming z z

Size of fish: 64—66mm. Number of fish: 5 each. Water temperature: 23.6—26.1°C
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Table 6. The Second Rearing Experiment of the Fish in Various Salinities
T _State of fish
. I i 1 W v w
Time elapsed ™
Oct. 11, 1969. 0 h. A.B.C.D. — — — — —
0:40m A By, Dy B, G, Ciz — — —
1:10 A D G B, C,,,; B, B, —— —
1:20 A By Gy Dy A, B,C, B, — — —
1:30 A, Gy D, C, AB,,, B, — —
2:20 Ay Gy Dy, D, C, A, B, — —
2140 Al,s Dl,z Da Ay Ba Cl—a Bl,z -
3:30 Al’3 D,,. — D, A, G, B, Bi,.
4110 Ayg Dy C,D, By Gy A, -
5:30 Ay Dy,2 - D, B, Cs,e G, A,
9:10 As D - D, Cis B, —
9:40 A, Dy - D, C, Cis B,
13110 Ay Dy - D, — Cis —
20:30 ALy Diys - D, - Cs,s G
21:40 A Dy, - D, - C, C,
25:50 Ay Dy — D, — — C,
58:.20 Dy, - A,D, Ay — —
60:30 Dy, - D, A, A, —
60:50 D,,. - - - Aq A,
70:20 D,,. — 3 - - A,
143:30 Dy,, - - — D, —
145:00 D, D, - - - D,
173:00 D, - - D, —
231:40 D, — —_ — _ D,
812:00 D, —_— — — . _
Note 1. ] : Normal swimming
I: The fish occassionally falls into convulsions and swells
Tank Salinity No. of fish Marks for each fish its belly, but is sensitive to the external touch.
II: The fish lose body equilibrium and become insensitive
A 0% (fresh water) 3 A, A; A, to external touch.
B 0% z 3 B, B, B; IV The fish hardly breath, stop swimming, and become
C 1%0 3 C; C; Gy insensitive to the external touch. Number of opercle
D 3% 3 D; D2 Ds movement below 50/min.
V: The suspended state. Number of opercle movement 4-5
Note 2 /min.
Marks for the state are as follows: VI: Death.
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