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SUMMARY

I. Title

Developement of technique on the seedling mass production and

propagation of river puffer, Takifugu obscurus

II. Objectives and Significance

River puffer, Takifigu obscurus has been one of the most favorite
food organisms among farmers since old time. This puffer has been
caught in large quantities from most of estuaries anu fresh-water
habitats until 1980‘s. Recently, however, the catch of river puffer,
Takifugu obscurus, has been diminished significantly and the
population appears to be nearly exterminated. |

As a consequence, the price of the river puffer, Takifugu
- obscurus has been increasing continuously and thus been a most
valuable fisheries product in domestic market since 1990's. For this
reason, there has been a growing interest in the artificial culture of
river puffer, Takifigu obscurus over the past several years. However,
owing to technical deficiency on the artificial seed production, there
has been no production of the river puffer, Takifugu obscurus on a
commercial scale yet.

The size of the present Korean market for the river puffer,

Takifugu obscurus is estimated to be about 5 billion won. In addition,
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the Japanese market is in even greater demand as Japanese are very

fond of the puffer.

It is, therefore, necessary to develope technics of the seed
production and nursing of the puffer fish. Artificial culture of river
puffer, Takifugu obscurus can be a promising item as a major source
of income for fish farmers.

Even though many fish farmers are engaged in the river puffer,
Takifugu obscurus culture as small scale enterprises no guidelines
were built up so far. In this report we emphasized the importance
of research for rearing techniques and tried to make the guidelines
for field application so as to increase the mass production of river
puffer, Takifugu obscurus. Since the increasing of new fish species
production will be contributing to the local fish farmer as an
another incoming source it could be expected to overcome the

waves of UR or WTO.

Biig Scope of the study

As this study aimed at providing technical guidelines for
aquaculture of river puffer, 7Takifigu obscurus for the porteﬁtial
hatchery runners and aquaculturists, the study focused on the
development of technics on artificial spawning, egg incubation,
hatching technics, nursing of larvae, making food organisms, and
rearing of juveniles in tank and sea cage including general idea of

aquaculture and propagation of river puffer.
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IV. Result of the study

1. Biology of river puffer, Takifugu obscurus
A. Ecology and classification of river puffer, 7. obscurus
River puffer, Takifigu obscurus, belongs to Family Tetraodontidae
migrates toward estuaries located Yellow Sea and spawns in fresh
water stream (Imjin River) in late spring. Salinity of the inhabiting
water seemed to be the major control factor of spawning and
hatching.
B. Toxicology of river puffer, T. obscurus
Flesh and testis of 7. obscurus have been known to be
non-poisonous. The result of this study, however, showed that testis
contained strong toxin. Careful eating should be advised. Futher
toxicity test is needed.
C. Biochemical study of river puffer, 7. obscurus
For the purpose of genetic identification of river puffer, four
isozyme pattems of malate dehydrogenase (MDH), isocitrate
dehydrogenase (IDH), « -glycerophosphate dehydrogenase (a-GPDH),
and phosphoglucose isomerase (PGI) from skeletal muscle were
analyzed by electrophoresis.
River puffer fish showes two bands at F zone and single band at
S zone without any polymorphism in muscle MDH.  They have two
typical patterns, FS and SS type in IDH, and FF and FS in a GPDH,
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respectively. There were some variation on PGI pattern with three

zones in this species.

D. Cytogenetic analysis of river puffer, 7. obscurus

The chromosome number of Takifugu obscurus was 44.
Heteromorphic sex chromosomes were not found. The mean cellular
size of erythrocyte were 11.01+0.63 tm and 7.95+0.45 m respectively.
The mean nuclear size of erythrocyte were 4.05%+0.49 gm and 3.15%0.27
(m respectively. The number of erythrocytes of both females and males
were 12~13X10°/mé. Gill tissues from diploid individual had cells with
one or two nucleoli. These cytogenetic studies should be used as a
valuable estimation of polyploidy to come in 7. obscurus.

E. Physiology of river puffer, 7. obscurus

Oxygen consumption by the river puffer Takifigu obscurus was
studied with an intermittent—flow-respirometer. There was observed a
"quasi—-rhythmin oxygen consumption during the experiment. The
rhythmicity with more than one peak per day observed in the present
study was considered to be independent of light. More work is needed
to explain the showed rhythm with a period shorter than a day and to
understand relationships between the showed rhythm, endogenous and
exogenous factors.

The oxygen consumption rate by 7. obscurus varied from ca.4.6 to
near 15(SE=+008)ml-gDW™"-h™. The mean oxygen consumption

rate, averaged over the entire duration of the experiment and over the
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entire range of oxygen saturations between 20 h and 60h(between 96%
and 84% in two 7. obscurus of total length 55, 5.7cm at 155C) on
fasting animals under constant conditions, was 3.20(SE=%0.08)ml -
gDW™ - h'Y. The rate of oxygen consumption for activity, routine and
standard rates by 7Takifugu obscurus were 4.13(SE=%£0.02), 3.10(SE==
0.08)and 2.53(SE=+0.08)ml - gDW - h™, respectively.

F. Preservation possibility of puffer sperm

In order to obtain the basic knowledges concemed to the sperm
preservation of river puffer, studies on the preservation effects were
conducted. Sperm concentration per milt 1 ml was 11.3+2.7x10"° and
supermatocrit was 64.8+1.3. The contents of total protein, total lipid,
Na' and K' in seminal fluid were 0.07%0.05g/100m!, 40*0mg/100mli,
126.3%+0.5mEq/! and 14.4*0.1mEq/l, respectively.

When marine fish ringer solution among several diluents was used to
fresh preservation, the best result was obtained by sperm activity index
' (SIA) and fertilization rate after 15 days.

The cryopreservation triais, the cryopreservation effects of dimethyl
sulfoxid(DMSO) as cryoprotectant was better than that of glycerol. And
in the cryopreservation effects according to various diluents, marine fish

ringer solution showed the maximum value of fertility.
2. Maturation and sex differentiation of river puffer, T. obscurus

Maturation and spawning, induction of spawning, sex differentiation

on river puffer were researched and most of all, production of fertillized
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eggs by the hormonal induction was concentrated.

For the evalution of the hormonal control of spermiation and
ovulation in river puffer, a method to quantitify the response by the
human chorionic gonadotropin (HCG) and carp pituitary extract (CPE)
injection was described.

Especially superior quantity of the sperm and egg production were
obtainied abcut 3 days after injection from HCG and CPE treated group,
but compared to the control group, the response was statiscally not in

dependent.

3. Food organisms
A. Chlorella

Chlorella, a basic food organism for rotifer, showed the
maximum density of 2 X 107 cells/m¢ at 12 days after inoculation on
the fertile medium at water temperature 20T, salinity20 % and light
intensity 2,000 Lux. The recommended inoculation density of chlorella

“was 5 X 10° cells/ml.

B. Rotifer{Brachionus plicatilis)

Water temperature ranged 25~28C was found to be optimum in
culturing the small type rotifers. In order to reduce the dependence on
chlorella in culturing rotifers, baker's yeast and marine yeast are
recommended as foods for rotifers. However, enrichment by chlorella
should be done before feeding fish larva with rotifers to provide

essential nutrients.
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4. Rearing and seedling production of river puffer larva

On May 19, matured adult of Takifugu obscurus were collected from
Imjin-River, Kyoungki-Do, Korea. The authors carried out artificial
insemination at sampling station. The eggs were incubated and the
larvae were reared in our laboratory. During the incubation period the
water temperature was 18~20T.

The eggs of Takifugu obscurus are demersal and adhesive. The egg
diameter was ranged from 142 to 150 mm. The egg has a number of
small oil globules. The newly hatched larvae were 3.1~34 mn in total
length, they laid down at the bottom of aquarium. Small melanophores
developed on yolk and air bladder of larvae.

Three days after hatching, the larvae were 40~43 mm in total
length. Eight days after hatching, the larvae attained 4.9~5.0 mn in total
length, absorbed the yolks completely, and become post larvae. 27 days

- after hatching, the juvenile reached 126 mm in mean total length and
have complete fin. 62 days after hatching, the larvae attained 18.8~21.2
mn in total length.

For the development of seedling production technique of the puffer
Takifugu obscurus, the combined effects of salinity and temperature on
the survival of the puffer larvae were studied.

Rearing water temperature and salinity ranges for better survival of
7-day-old puffer larvae were 18~21C and 5~15%. Relationship
between days after hatch(t) and body length(L'mm) of puffer fry was;
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Lt=mgj‘§§gg:§m W= 14—169956.‘)?66”["1‘"2‘ for 3 to 102 days after
hatching.

The optimum rate of acclimation appeared to be 1% per day for
hatching larvae from 5% per day and 1~2% per day larvae for larvae
of 15 days after hatching.

These biological aspects together with the high market value of this
puffer indicated this species as a potentially good candidate for marine

aquaculture.
5. Cage culture

Juveniles of river puffer produced in hatching were kept in net pens
(5X5%X3m) at the Seosan, Geoje, Tongyoung, Geomundo. They grew
from an average size 6.4cm in body length and 7.4g in body weight to
9.14cm and 22g in 2 months.

6. Overwintering of Takifugu obscurus

Low temperature of Korea coastal waters, which occationally drops
below 10C in winter, makes it difficult for the warmwater fishes to

overwinter. So the research on the mass production of marine
organisms using heated effluents from a power plant should be

conducted.

..17_



7. Releasing events of river puffer

To conserve natural stocks of 7. obscurus, we released 40 thousand

of river puffer at Gangwha coastal area.
V. Suggession

1. The result of this study has showed a possibility of
commercial scale seed production of river puffer, Takifugu cbscurus for
the first time. However, many technical problems and uncertainties
have remained unsolved. Therefore, more long term investigation on
sexual maturation of the adult puffer, improvement of optimum food
organisms and artificial diets, fertilizing techics, incubation method,
nursing of fish larvae on increase of the survival rate of juveniles,
intermediate rearing technics combined with a rearing system and
commercial scale cage culture technics should be conducted through
coming year.

2. In order to extend fish culture as small scale enterprises in
.the rural area, the short course of education for rearing techniques
would be done forward local fish farmer. This might consist of

basic conceptions of aquaculture and rearing management including

field work.

_18._



It
i

a ¢ 2
E 5 3 27
g E=} 52
A1Fd A E 39
A2 BB A 42
Ald gy 25 2 9y 42
7t B/ £F 42
W, gEo gy ' 48
A 23 GgE A 26
7t &4 5
1. 494 57
A3 QA FEY =4 8 .
A 44 FE] Aoty dF 61
A5 A FE NERAYH dF 70
A6d FEY 3F QY dF (&
A7dFE) AR BRE Y FE 47 83

Al 37 gE Me 2 JEI 4F 101

_19_



Al 1A G5 P 4

A2 d BRI AE FE

A3 A guel YR

Al 47 Hol HE AT

Al1d HEH Yol AL

7F w71 AHA)

. g Az
o 4 224 @ deER AL WY

2 243 AXs 33 34 R deUd

ol 484 Ho] A& ¥ B}

A 2d TEAH Hol AE

71 &%

. gmlle] Wik

. 71el LHvje}

g FEA Yol A& I¢ Bt

A 33 A3 ug AR g

A 57 FTE AL

A 1A 5 v AE, 4 &

A2 A AdL olnz REY HF R 3

._20_

101
102
108
111
111
112
115
117
124
125
129
129
142..
146
147
154
156
156

158



A 44 gE] G g AR B

A5 A gEe $3 Rl B
7t B3 Role] A% 97

w23} zpoje] A%

A6 A Aol A% B

7} 5 &8 9 £4

. 38 FE 44 33

. 2B 44 39

A6 FL 54 D A4 A AR 2A

AL 4 A

A2 d Y AS

7k 0% 87

. 4 A Az

A7 GRS AW

A8 F AL FAL A% PR A7

158
161
164
165
165
179
179
180
185
185
185
186
198
198
199

199

211

219



Al1dAG AL T P 219

7t B/ Ve 220

U g AE R 29 2 B9t Jle 220

Al 23 FE IF BAED 226
7t &5 R BA : 226

U 9§ A g3 B RS 231
ZaER 233

_22_



CONTENTS

Abstracts 2
List of Table 27
List of Figure 32
Chapter 1. Introduction 39
Chapter 2. Biology of river puffer 42
Section 1. Taxonomy and morphology of river puffer - 42
1. Taxonomy of river puffer 42
2. Morphology of river puffer 48
Section 2. Ecology of river puffer 56
1. Habitats 56
2. Natural habitat 97
Section 3. Toxicology of river puffer 58
Section 4. Biochemical study of river puffer 61
Section 5. Cytogenetic analysis of river puffer 70
Section 6. Physiology of river puffer 75
Section 7. Preservation possibility of river puffer sperm - 88
Chapter 3. Maturation and sex differentition of river puffer - 101



Section 1. Maturation and spawning of river puffer - 101

Section 2. Induction of spawning of river puffer 102
Section 3. Sex differentiation of river puffer 108
Chapter 4. Food organisms 111
Section 1. Phyto-food organisms 111
1. Culture apparatus 112

2. Media - 115

3. Culture of marine chlorella 117

4, Special technique for chlorella culture 124

5. Nutritional value of phyto-food organisms 125
Section 2. Zoo-food organisms 129
1. Rotifer 129

2. Culture of Artemia 14?.

3. Others 146

4. Nutritional value of zoo-food organisms 147
Section 3. Development of artificial diet of river puffer - - 154
Chapter 5. Seedling production 156

Section 1. Capture and transportation of matured male and

female ......... 156

_24_



Section 2. Egg collecting and fertilization from natural mother - 158

1. Egg collection 158

2. Fertilization and washing 161

3. Care and Hatching of fertilized egg 164
Section 3. Hatching condition of fertilized egg 165
Section 4. Egg and larvae development of river puffer - 165
Section 5. Care of hatching larvae of river puffer 179
1. Rearing condition of hatching larvae 179

2. Growth of hatching larvae 180
Section 6. Rearing technics of juveniles 185
1. Seedling purchase and transportation 185

2. Rearing procedure 186

3. Distribution of seedling and cage culture 18?3
Chapter 6. Intermediated rearing - 198
Section 1. Tank culture 198
Section 2. Open sea culture 199
Chapter 7. Disease of river puffer 211

Chapter 8. Releasing research for propagation of marine

organisms 219

_25_



Section 1. The propagation plan of marine organisms - 219

1. Releasing technique 220

2. Releasing effect and analysing 220
Section 2. The report of releasing events 226
1. Releasing events of river puffer 226

2. Journal reference related with releasing events e 231
Reference 233

- 26 —~



= X

EH

L 359 493 £4 2%

0. = YT AX P e 77

l

<

VA g5 f9 A

w
I
[

AsA BES §9 2

=~
4
o

A5

au
L
e

AR ¢854 W7

Ao

6. B A ey F4

7. 8o wid & WA = AT

M oM KM MW M MW M M
9]

8. MCGS CPE A&lel 9§ 359 R f=

¥ 9. HCGS CPE Aol 9% &9 wig =

¥ 10. v]|8 WXy =4

¥ 11 £/2 WA =4

¥ 12 2zdd) wo 33

E 13. A EA Ho| AE 38 A 9F

X 14 4Y¥ &334 4% 59 "xn

E 15 ¥4 2™ TFF

X 16. gHlnle} e K3 4

E 17. 9Yolo] @& &F9] ofulkAt XA

72

72

91

94

104

e 105

- 106

118
120
122
128
132
139
150

152



& 18.

H 19.

x 20.

 21.

i 22.

3 282

i 24.

X 25

£ 26.

PR 8 A ofn =4 159
B35 d ¢4 A3 170
ZE A4E F5 Ao AS €% 187
gE ZFH A4 94 188
55 FR AL 2 191
S8 FOAYLN THE 194
e g £ 4 ¥ 195
7H5E] Agelde] dF BE & 202
A4 FHEa gAY g8 Xo] AL Fd e 206



LIST OF TABLES

Table 1. Results of karyotypic analysis of Fugu obscurus - 72

Table 2. Comparison of erythocyte size of Fugu obscurus - T2

Table 3. Swimming activity of juveniles of river puffer in

gradually dropping water temperature 85

Table 4. Swimming activity of juveniles of river puffer in

gradually rising water temperature 86
Table 5. Numerical index for the evaluation of sperm motility - 91
Table 6. Seminal fluid chemical properties of Takifigu obscurus — 94

Tabie 7. Experimental group for induced ovulation and spermiation

on river puffer 104

Table 8 Induced spermiation on river puffer after injecton of

HCG and CPE 105

Table 9. Induced ovulation on river puffer after injection of HCG

and CPE 106
Table 10. Contents of fertilizer medium 118
Table 11. Contents of /2 medium 120
Table 12. Culture procedure of marine Chlorella 122

_29_



Table 13. Chemical components and calories of phyto food

organisms 128

Table 14. Comparison between large-type rotifer and small-type

rotifer 132
Table 15. Food supply of fresh green 139
Table 16. Hatching procedure of Artemia cysts 150

Table 17. Amino acid component of rotifer at different food

organism 152
Table 18. Females of river puffer captured in Imjin river - 159
Table 19. Eggs development of Takifugu obscurus s 170

Table 20. Distribution results of river puffers produced in

seedling hatchery 187

Table 21. Rearing table of river puffer 188

Table 22. The results of seedling production of

Takifugu obscurus 191
Table 23. Seeding production procedure of river puffer - 194
Table 24. Fresh water domestication of river puffer - 195

Table 25. Monthly average changes of water temperature at

_30_



experimental cage culture station 202

Table 26. Growth of river puffer juveniles in Seosan cage

Seosan cage experimental station 206

..31_



=R

_AEs) g 7 slw

Fue 47

e 5 9A
ZEL gy FH =

g8 T A2 BHE

Az

49

sl

52

. BEe FAZ A4 31o1A4 MDH pattern

B AT 270 olAe] IDH pattern -

10.

11.

12.

13.

14.

15.

16.

17.

2o FAZ 20| AoIMSl o GPDH pattern  ~—

g FFZ =9 1A PGI pattern

e 2ujA 9 F71°3H AT Y EB)

P29 AYT D opphul 2F AT Yy

A AuE £ BYE
A XESE Zad e AL 4|

Azt A3e) @ AL XEEE

g8 e AA Al AR

A 7HA HHANME B TF AG

g2 A dARES AT o8 7HA HH 99 55

_32_

69
73
74

78

82



ad 18
ad 19
ad 20.
a9 2L
ag 22.
&% WA UEhbE 4EFR

&3 gE ¥ 9% B3E 8%

a9 2.
ag 2.
a9 28
a9y 29.
a3 30
a9 3L
a9 32
¥ 33

a9 34.

L %d4 2UoE W &3 4%

g2 B2 FARZE 9% 2 7 sA e &
g2 43 FAREL AF Fo HAA FEo A3

2ol F 1Y ARG B A2

Y22 Az 4%

HE &5 4% €39 ¥° v

g ulobdat 33 4

Aol o5} APE FE ofn)

98-8 AFH A FFH BA

BE A= A% 2 %

sAge 23} B

By FAHG 129 F3 ¥

k)

g exst gRA 7Y ALT R 4EE

Ee ¢ w4 33

gEo ¢ w4 37

._33_

99
109
121
131
141
144
145
148
157
160
162
163 )
166
167
169

171



a1d 3b.
ad 36.
oy 37
. BE Ao FE e
ad 39.
¥ 40.
a9 41
ad 42.
oy 43
a9 4.
a4 45.
a9 46.
-39 47.
a9 48
a9 49.
a% 50.
a4 5L
a9 52

a9 53

CERRE S

grof o w4 I3

gEe ¢ 44 #A

FE AR B

FE ASA 9 7L 83

gu3 A7 27] A% WA

G5 Aols) 4%
M ZR A2 AANe & R 9

By FE ALY Nex

25 % 60 ¥ FB Aol

B3} ¥ 100¢ 8 FE A

gEo ARAAS AF A7

ART 7Hre o 373

ERZE 7HFE 93 373

AR FHEE oM g £&
M4 7bsel ol Ae S 4%
A5 Akl el g8 Ao F WA

of

7 AAE RES AR AR

3%

._34_

172

173

174

177

178

182

183

184

[ — 190

193

196

197

200

227

232



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

6.

7.

8.

9.

10.

11.

12.

13.

14.

LIST OF FIGURES

Olfactory organs of tetradontid fishes 49
Lateral line system of Takifigu obscurus 51
Matured female of Takifugu obscurus 52
. Diagram showing measurement of Tetraoadontids - 53
Ventral view of cranium of Takifigu obscurus - 55
MDH pattern of river puffer, Takifugu obscurus - 66
IDH pattern of river puffer, Takifugu obscurus - 67
o GPDH pattern of river puffer, Takifugu obscurus - - 68
PGI pattern of river puffer, Takifigu obscurus == 69
Metaphase and Karyotype of diploid river puffer - - 73

External morphology of erythrocyte and siver stained

gill tissue of Takifugu obscurus 74
Schematic drawing of apparatus used to measure oxygen
consumption in the Takifugu obscurus 78
Oxygen consumption with decreasing of oxygen

saturation in two Takifugu obscurus 80
Oxygen consumption at oxgen saturation levels of

_35_



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

15.

16.

17.

18.

19.

20.

21.

22.

N

26

between two Takifugu obscurus 82

Ultrastructure of fresh spermatozoal in river puffer,
Takifugu obscurus 93
Variation of spermatozoa activity index (SAI) in spermatozoa
sotred at 0°C accorcing to several diluents 96
Effect of various diluents for fresh preservation in river
puffer sperm 97
Effect of various diluents for freezing in river puffer
sperm 98
Eifect of concentration of the cryoprotectant on fertilization
rate of river puffer sperm 99
Gonad of river puffer on 3 months after hatching -~ 109
Growth of Nannochloropsis oculata 121
Morphological comparison of large-type rotifer and
small-type rotifer 131
Ciliated protozoa occured at rotifer culture tank - - 141
Morphology of cultured rotifers and enriched rotifer - 144
. Growth of rotifers cultured by fresh green e 145
. Cysts and nauplius of Artemia - 148

- 36 -



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.
' Fig.
Fig.
Fig.
Fig.

Fig.

21.

28.

29.

30.

31.

Takifugu obscurus captured by fishing net s 157

Relationship between egg weight and body weight of
Takifugu obscurus 160
Fertilization and collecting matured eggs of Takifugu
obscurus 162
Fertilized egg incubation of Takifiugu obscurus - 163

Cumulative hatching percentage of fertilized eggs during

12-day incubation period 166

. Survival of Takifugu obscurus larvae under different

temperature and salinity after 7-day rearing period - 167
Eggs development of Takifugu obscurus — - 169
Eggs development of Takifugu obscurus — = 171
Eggs development of Takifugu obscurus — -~ 172
Eggs development of Takifugu obscurus — = 173
. Eggs development of Takifiugu obscurus — - 174
Morphology of larvae of Takifigu obscurus - — 177

. Morphology of larvae and juveniles of Takifigu

obscurus 178

_37_



Fig.

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.

Fig.

Fig.

Fig.
Fig.
Fig.

Fig.

Fig.

40.

41.

42.

43.

44.

45.

46.

47.

49.

51.

52.

. The view of cage culture station in Geomundo, Chollanam-Do

Monthly changes of water temperature in rearing larvae

of Takifugu obscurus

Comparison of growth between Takifugu obscurus and

T. rebripes during 80 days after hatching

Growth of Takifugu obscurus

Changes of water temperature and salinity at Seosin

seedling hatchery
Schematic diagram of seedling production of river puffer -
Juveniles of Takifigu obscurus, 60 days after hatching -~
Juveniles of Takifugu obscurus, 100 days after hatching —

Map showing the capture site and the experimental station of

river puffer

The view of cage culture station in Dojangpo, Kyoungsangnam—Do

. Fluctuation in water temperature at Seosan cage culture station -

Growth of river puffer at Seosan cage culture station -

Release of juveniles of Takifugu obscurus around Gang Hwa

coastal area

. Jounal reference on releasing events of river puffer -

_38_

182

- 183

184

190

193

196

197

E

2

207



M1 &EM E(FHR

<3 Jate] AL AgF 287 % 4 F7H8ko 199339 FAE F
ke oF 330 Tk Eog I F 29 ¥ Eo] 4d o3 AAHAT. 19704
o uis) wld 57 % 9 A4 Fr1E JEHL, £48 @d FF S
NE =H 1913(1Y) 159 g o2 1963 Hla £ 3 iy F7IEAR
Fx ZUAES AT AFE T2yl gdsiEe] el wet wd o 62 %
24 A A7t 25t $AE £87F U AAFE 2 AL
dddd.

L}, $AME A4 Bopo] e AL A4 ZEE %I U
A 13719 g 2 874 HUEZ AT A28 A% LEF ¥
Q¥ At A9 ;g wugto} FHYA A A HET} HFEHI 3
on, w3 AYZ 4 A AF BE FPoz 1991dT A 14470
o] 200 S AAFYL Axsin © volrl AL o AL T
8 AL $PFoz Asld FAY AL t YA AR ©]
s} o] gl Y&oz A% ol AL ERFIA FEER UG
s gon WTO AAstoMe FAHE 71Ws ¥&& 19933 A
744% 2 199747 RE $4E £9& &4A MLl ke oEEd
23 At

wteld $AHES AF e A fEME clAZtAY FE Y
A 72t ooz Auscl dul, oA BEE FHo=Y YR
T 27 d9 8RE LPgoRE HEIEA FAo o7 FF A4t
< oy ¥ Folth

_39_



#H WTO AN Fage 2A, ALsd FEHo2 A5
S Qs Ao B4e) B 24 AAY A 2% JE BE AVEe
ALaAY A A2 J1e S¢ 29 A2 o1ed AL sled B
3o AFs 2Aser @ Badol oirlel gled o NI FAH
e 2RY £ Y= 4UT UL A FITANUA FU B3 7}
4 & A4Y & 9= B2 L Agsis RAolch
Jro go] QoA BolF Tl 2Eoz AW H2T I ojgyE
Age 471 328 gasd A2 1F olFoE A% WL F U ¥
At olEozA Bl EohAL Sl BF BHFIch
gre G0dY WAAT HE B oldold GERNA FTF oY
£ ZRYUQT 53, PBIME FUEA g BAe EH 0
oz ¢FPAY. A 277k 45em o ol2E WY Eold gRL I
4y 2 2B o4, 7Y 7, AT AAE 9T A 43
B3 5oz Aste 1 AYFel 328 gastsien 14 ne 7 4
soz wE g7ld Astech 19044 dEe) NHK #4304 427 4
He wdsEs $39 FEe als 9B A=t 59 A= A=
T Uz Btk oo weh FuME $PBez FRY Holrt Puo
2 5759 AdEIIE Sa FZ4 Bojzt AA e, AdslT gl
on AY 1R wWE JZE FFo2 UF Y E5E 2AHAL U=
ARolt. wWabd HE Ad F7E AY S Fsolor shedl F
2o gt Bojgt va Ausld H4&T AAST A ARz &4
2402 Astd 29 F2A A8 ZE 43§ AolEo| A¥A
o) TEo] FAEZ A lenz AY W4 27 dAdA 94
£ AP BE ALl YOomT ol U TRAY 4T BE AL E
gate] Add BE oA 2 #8 0 ¥A daASe] FFH ook & Aol

o
far o

_40_



B JF FEAL 7le ez F4 AeRe FES B4 + 3l
EE & BE FTEH WRAKEE FAHo viEAE Ao2 HA,

olgl & HellM B $8 Ut 1f ojFL=E vtol U AH
a7t gy opA7tA = }ei olgat FAkE EFIL 3l ¥4 TS
2 33E Z, FA4EY FAE £49d Adel d £ A= AFeIhA
2 AF EFo2 AL A7}t gonz Fould &5 FUe EE°Z
A71Hez Hol 93 Ut #A YUY FAHA ¥4 F9S GRE
F JE FFe2 4ARQ,

d% @A MAdes FAH1 e 4E 9 ol FEHE &
2o FAFe]l nEsn F AA7L sl BAY gle AFCl € 7
of, Agol FEL F4Fo= ALY F Y= AHY AgAE ¥ F
At

metd dA7AY B8 AT AEE FHLE 5 EFY FEES
A% B35 EF5F P N2 FHFFoR FEE AR AT AW
AF7 AFste] 8 978 AAsA HA

ot

Fl

_41_



M2w g=el

o

0=
i
19
R
5
i

Ho1E g BR(HE) ¥ HEl(BRE)

GEFE EH%3o s Ho]E(Ho|H, Order Tetraodontida), &}
E(ZE T H, Suborder Tetrodontina), Z+&-3H(Family Tetraodontidae), %+
E 4 (Genus Takifugu)dl 43t oz i g o3 F(R) AY
W (E )L dS-3 Zoh(’E 1995).

[+]

FE&e F AN P

la. FHo = MRFo] Qi - —— -2

1b. £33 5 W Fd yEIFo| . - 4

2a. YRl DRI A vergs £AE7|7F F AAC U2
B 5FL ZYos ALy wrHo] AAEH Q. AARF
QRES BE2Z £ 8 ~ Wlelx, JFF FE 22 ~ A4
Aelt}, ————————- Z Y Tuakifugu pardalis(Temminck et
Schlegel)
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ool otd 7HgAtalst Ao, B TF2 FHYLE
z mopo] Be urEo] gith AF T £ 20, FA=
2wl z7] 4= 12 ~ 10, RA= ] &7] £ 11 ~ 12
7H, NARZ e 12 ~ 130, /B2 & ol /7]
Zo] gl H2To AAZ Atole 6/MolTt. —————————
- ZulE) B (B4 E) Takifugu vermicuralis(Temminck
et Schlegel)

3b. 7teA=g ] 9= FL FHG 2RE €L 8 I3
wokel HEal7t ok AT & 22 ~ 237, A=A
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7}
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27 & 12 ~ 154, A=W &7 £E 10 ~ 127,
AARZ £E 120, €BEF FE et @r1F0l U=
AZxZo] ARAZ Atole THOIT. —————- vl 2] B-(B& H#E)
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3c. FHEArdn] Y=o 2T, T2 F249 BFol U
AR us maA=ulE FAol} LYo FHFA
A7} 84 @ AT £ 2 ~ 28M0%, FA=T
Z7] 4= 157 o4, RA=ge &7 £E 13 ~ 44, 4
AT £E 13 ~ 1470, BAF £E Gt —- AE
Takifugu porphureus (Temminck et Schlegel)
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a2y 1 A8 o F7 .
Fig. 1. Olfactory organs of tetradontid fishes(After Han, 1995
modified).

- 49 -



o= I o]zl YoM &L FHIle B¥Ao] HI® i AFE FF
= §835A ofHE 98 1¥ 2, 37 B} JIEHeR WE
BAo] EZs mATAAM BE 289 dFo] SU2E HJAY F
AR

e §AS BEHE A $HB(Takifugu favidus)L %53 ¥l
Zo| 7% WRIo] glon, EaH gli, A=A HHezEe I
Zo] gt} B WAL &0 S £ AL ¢ Moz AR 150
mm A% e A SZde EFA 719 # WPl YeH, e
Aol HAEAE BAHY 7 2 FL ukyoe] e, o ¥ L
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e MAE 1 377} FepAth RAA=ue FL4 ET ofFE B4
o], Ao} gle W B gZE9 sl @t oA me7R A
WA Bl AAME Aol FEFY vk, od WE EHHG
Hl4slA g DB Zo] Y B, M ¥HESY T FoA Xelg EHY

LBe ARgez £ R ofF ATIHE 4.

W) g9 Y& g

FBL oo Hiye YHE HREE 7¥ EE d¥oz T2 9d
o 2T 4 19~25/2, 83 FEL AYY BE FoAAME AF
T YE I~ BE32Zo AAGZo] Hog He gleon, AFAITL 1
~1770, BRI 7~14Aolth. SSWE), WHdI(BER) ¥ T4E
(IEE)o] god, A4S (TER)S FHAAD, $Fo] 2] H+
o} TAHolx, RAZERE)NE ARMBELY AL Fsle 1
MY E717F 9ot Az 672 A AZZL ofF WA o= 1
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a9 2. 889 9F.
Fig. 2. Lateral line system of Takifugu obscurus.
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Fig. 3. Matured female of Takifigu obscurus.
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38 4. FEL gy 539 RH4E,

Fig. 4. Diagram showing measurement of Tetraoadontids.
AL: length of anal fin; BD:body depth; CPD: caudal peduncle
depth; CPL;: dorso-caudal peduncle length; CPLz:ventro
~caudal length DL: length of dorsal fin; ED: eye diameter;
HL: head length; NL: nasal length; IW: inter orbital width;
PAL: preanal length; Pal: preanus length; PAL: predorsal
length; PL: length of pectoral fin; PPL: prepectoral length;
TL: Total length; SL: standard length; SnL: snout length.
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mz] ARZ HAs] FEEY, A 6 RIS 4FKo| HFHTE ¢ T}
£3, FAB(EE) AWl Aok 349 ANETE 7HAS, A 11T
of e olmo] gt AAGZ(RILFE)l FAMY AR/(EiR)S F43t
i glew, FAT(HEET) TS YUyl Bgelw, stAE Fel
slol FAMEZ Eo] o] F3 AfH Jok =F, FAAEL A2
oA RAHA o, NG R @ €719 F27F T2
xpolEs HQITh e
FEo Hy: PHED s FPoR go| %Ea, HFE F=
24~250 2, FFERE o7t o, FEL ofF s M HTL
EMZY BY 5L AZEE)Y =ol7l HWelst vlzsAT 3
A3, AGIFIEE)Y wg5e 4T HdolT(EHEY AAM dFS
2 o zo] giEth A3 AGTo] thit RE dF2= A% &
olZHAL Walstn AHo|Ze R &yl tE FEFH € AYE ¥sie
HolH FHE ussith 4 Jled §r1AEER)S o] AQE
SR Jledd TgHT, 4F /1L 7148 @ FE°] TR
o o] & 7leH s E3E T HEHE BAFn ok BFAMNE
ERIAL Fol Yz, HAFA VI B 249 ke €717 Ao AFE
9 QFZ 9] 1~5WA BEI(WHE) AFSTEHEM) ol 42 Ho &
, B2 @20 YE FZZ AAT Alelst PR o] & o F 7hEH
744 Botm, AANTEREE)S 1702 A gWAY FZo] ABF o
oA NFRHY, YRR MEMB)E 12~14 A= 71F BL € 4
1238 el=
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Oy 5 g8 FAZY EHE.
Fig. 5. Ventral view of cranium of Takifugu obscurus.
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M 2 H eso| MEf(£R)

BoRt WE FEADAL BS 5 AT gol GE olFd
2 4 gt SA5S /M Atk Sy BAER, £ AAL, 37}
b 2AAAY, $E 5 da7A g4l ok Bolst %]01

4o 722 Ho Qo] B FTRAY FNFAN 2 AFE
Zoll} 718 Si4ow Fostd Wzt BT BN 2 35 2.49
o BEAE WA P 7L 22 Wk FosE Bl 3719
Fe A7) AFe 2~4 vl ol HE, £FAME AIY A 2
dE Asted SEsT @ & A o g4e Ay Ao} 27l ¥
H yeidt. Bolgd ome EgA= =Hol Yol AZAu vmAY
rEHAE B A4 SRE €AY F4T, o4 Bolz F& BEd
NS stel FHZozA B dud YE Fold ¥ 4 JAem ¥4
Aol w4 v gAole @ 4 sloh §H @Aol GstsAL, Aol
‘qred, Fol Wad W, o=RH WsuA g, okl FoiAA
WE vietel B AU Bed $E ¢AE Ut E¥ W84 e
42 ASE gon AE FE AAAZ FHL Aste A= YT 2
3 olmz £ZdA A YWIE ¥ Zolzd FE4PLE S AFE
gom JUEEE ESiEs 87 AojsdE F¥ F34E Vel
= @

Al 44T S0 dges AT
A=

T sHde 259 43P BA £ AL I dRAN &



A3 4% o] el AR oFdhel ol AWFAL $3ol ¥
st sAste AHE RO 4¥e ma gRe dF 2 wnE o
A WEizke W SRS TE PAe S8 AdFe HED Y= A
oz gas

b A4 A

\

2 ‘4‘!’4’3] 27, f&?ow' 427 T Ag ¢ A 5

=
2 22 79 F shs H}E}oﬂ By

GEe Ho AgdFe] P 7Y o oA 43S A F
3 Ut Ae =7, ES, ¥, w7 (1980dd 27AA 4 JE
BE)EIAAE UE A 49 FaiEo] AP Uiz WX AR
AHE BEm AT Ay FAE u7l 27 sHF2E AAE FED B
27 sgd gaten 53 87 sFAME AYIAM AFAAA
Wolsl 7 Aotz YR, FIAME s, B3, ¥=23, AT
c o) ol Un Agstxm ioka sty EA7IA Bl B¥F FHAHA
ﬁ-‘;‘ A= njtsin BAe dFARE FFHnz 7 ys

& o 49sd o 2.

< Yt @A 87, 94A%, 3%, 4374 T A42E A7 AH
7} Qe Aoz moiElm oy A o gFe F357 . &
BERE A3 23 4A¢ 2 379 oz ZFA4M 304 3dALE B
ol FEo| TIYHE Aoz BEuHR ey I ¥ I3 . T
N ZAL o2t 7|ZdE ARE WHE FIAA 184 Ao R
odAl ulAgolFe] noFElzte E¥oldel 3 oF TIHe o=
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A Stk I o F ALt Hoh BED £ s T2 Aoy
BAUS, $E2H 5oz oFiE Ao AFHY 42 wom X
Ag 27 gasti

H 3 H &= SH(EMY) 2
7h Bol%e] JAz 57 )

xR thalat wAldl 93 1909 d0] AFE dhdA HREY &F
F SHEL FEsld WHI 3o dE ¥A e HER2ES2
(tetrodotoxin)olt}. B-ol5¢] #Ha}4le CyHN:Osol® 2 £A4L 47t
219 1,00081e) & gHF YFolztm 4. _

AAE AFHAHN YTF Hol=L dFo AAFo2ZA TR
AWsle £ @ A LFul], TFEFH ELF AA0H, AL
A0y 5& e £ EBo|K(tetradotoxin)e] ZABL F49
ARG EA T, FF0ln, 24 44N F3] Fo]7] 4A EH
dgoE 7] AP HEZESUL ¢ o M E HnF st
4% W99 7Hd4actel M4 ZE] To2E 208 FTdA FEIET. 4
o e st #7114 ol A=A goy JF G4, 24 F
de BIET Aoz Fold @At 53} g 4o U A¥AHE
A% yEAHez BE BAdAME 44 oldde A3 Wyl il 64
o] Aol A mIE 7] AlFste gAI A== A9 Ayt G AL
AqAE W7l glon B4 Z4F ARl A Rz A9 A &3
APl F&FL A g
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flo

grEel Bolpt S4E /AT ged B FeoE
R

[0 ox

=
ga B Aae WEe] YT F, A L FRE BSol gk o=
deA gemz AE ol 223 F5¢ Uod & You F95

=

= o] £ BolSe] FEHW Sol¢ FHE HolEd, 59 F2
zge muz, ABE ofF wa veidth 4% 208 WAE 34T o
Wl BE vehts 2 4-6 A2l AN ¥ Add AsAG 54
o =% BE oE 5o Usid £50h7 dojuin AAE &3
3 mlu)E e, Yeto] Woln FFTY, FAF(HohxAl2), WAFSEA
Az g7 d4e WA golrld, d4e ¥1 UE 2 3FE WFA
g1 wHAgel 4FE B2 Ao o|¥X SAe] FT BolFo|A o
£ ARY 4+ 9t S¥H 2AY o4& oA ALHA 9§31 gen
2 A%g Fo7} Wasih

old W= B4 Bolsg B % gt Bolft & ¥
e g Hdd Yal REaT JEd, AAAeE o 1009
ze7t AdT stAT 93 U d2dAAE % 8FFU NAsE
Aoz LA Bold 7o oFe FF BEs %2 Uk Aole ¥
o 98 U AZE 2 o] AGAMAE BolFd 2ust we o
Bo] Bl olYstm sitk. 2, BE EolFst 4402 olg4HE A
£ oUT o]FelA B FRuo] Agoz Atk £ USdME F2
3%, AZE, 22 AR Fo| HnA FASH A4sET Aot
MolE Wiolut B4, ZujelEe MEW Ry Holsl UdME
HZAHez Agorm x e Eit FIAME A A2 F
= gEg Ngoz 5, JRANE AFEE A4 gd2 AT YT
o) ¥e] W ERo Bolgsl 4402 olg5m gtk

AzE gelFoE AFBe AAE YA AR AL TE $F
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o Yol Xy wrEo] ¢giAl 4o HE 8= ded vy AF
o HoME o]E mwdte HFE HAAL o]§F 2TE WEL 3
th vl & e Atz HE go] FAHT] i F5E& oD 9
t 3A gun dAXAG $5F4E Bolede /MUAAIt ofF A
7] & FRs Ao FEHF4EL U F£= A2, a¥A HAE
HEE dgste AErtEoly AR 7‘]‘4% A=z dgFE & 4
e He AASE AT FHE S= 7q°] gag Aot}

. o594 o]

Hojg d4AE 982 39 Y FHAU F AA A 4L
AAAE otgez ALEHAL I /HFE vfe 27tE HEEHZ U
HeFL ANAE, ¥4 2 2% 2 rheumatism, F4F , 4E, B
5, aytdl A5, €3, 2% U iy, A4, gdsa, 9, ¥
B3 5o 237 otz gk HI2oe A4S Qo AgerE &
=7t BolA A AR, g tte] dJdME FEER o o

TH Holg olag|(FA)e YA FoldAM FAL gle LYY A
C2A A3 Joa shy Bole F7% 2 AFC waEkA ol Fo] 3l
€t AE fleuz Fostool .

. 319 944
H2olE Bol o)99 ojsifols HolSo] REITE ol WX

o Bolel astglel Hol4EH Holnd SHde @A U 47

7t AYET A

g Bol3S7 $FHA
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Bol =4 fiF Agsn aAAY ARYPL 2EEA SloiME
gou dzrg ade olME AR Hel gev BF FHotA
2A7 #E5sne agdolg 87 ogd. 1d FIAAE €2, &
PH, HgE So| HSA7t FREA AFY FTE@EHDE vHA dE
As7l E9EA dPou fAS AP Weozm #USHsIE R
9 s WHeE UBLWF AL PAUEA, B BEA EE
Heurgd, AgFz, dokAEg, Eeusd g, AdgerRe F
2 7lAe =R, duige] ®a), BAE WA HER, =2, £E £
7t2 Fo] Riztefoz ASMAL AT o]RAE EF ulAAA Aol &
=3

BojFEY 27]|Z4L JeREo] WA IV AFHFEE o™
Eolz o] AL AS Awa Al ABE ook K FTH
o AEE NZe OEE dojnz Hd &N $F2A7} A
o Za %y olujel W& sostd o 2ot
1. 93U =4 AAGY S5t 4=E E= B& UFez AAA
51, £718e BE7Y A& YolA EsiA sEAM B Lo f¥E0]
‘glold w7bA wrEsE Rel Foh
2. WAZe S48 AANY At F4H AE #YFY F2E =
£02 W2HEE ougo] Yt HAFE Fes vAA I
3. 9oz ¥8A 243 1 BRAT &£5L AT s 7
F YAty ANE5E WEE AT

o4 ® = K Asfsy ofF



7 A&

o]f9 RHARH dAFE U Fo 4H1F EAL gt EE
f84ARe] A B oo BRE ] Fasith olFd di¥ {FARH
ATE AY AX g GHNA FEAA °]—r°1?¢"| o Z ol A T
AA4AA 2 mitochondrial DNA °4"'F'7]' gutsiAl A EH Ao
(Lansman et al, 1981; Birt et al, 1986; Palva et al,, 1989).

Qa4 AFE transferrin @79 tEo] AFHoZ oFe A
2 Ao gexo] g, 53 oF AGAE & AT B T8
3 keyZ o] &=o] fow (May et al, 1975 Okazaki, 1982), BFF
(hybrid)e] §RA8A EAd = 9 ol&=H3 At (May et al., 1980; Arai,
1984).

B d79 24 98 Uty S4EQA HEe FHEL /AR
pattern®& EA5le o] #AH T ARE &5, °lE T 4
W2 9|3 genetic marker2 #8332 A Fof Q.

U s 2 9y
1. ARAZ

R AANA 28, AF 2 L FHEEY dry icedl §& TEE
X S 2842 Frpsin FAT g, ALQAEHNE o83 4
TolA 3,000mpme s YARYS T A5NE A71959 AR FHU.

2. A719%
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Malate dehydrogenase (MDH), isocitrate dehydrogenase (IDH), «
—gylycerophosphate dehydrogenase (a -GPDH), phosphoglucose
isomerase(PGD) 5 4 7H9] F9a4d daly A7|95E AAsAS-

ANGEL 13 % AEAL AHgsigen A9 EE buffer= Shaw
and Prasad (1970) 2 Clayton and Tretiak (1972) $9 ¥-E& ARSI
th & w4 4L ANE kA AL ,2mn(1 T2 4% d@3ste Shaw
and Prasad (1970)¢} Okazaki (1982)¢] ¥¥& §83t4 15 ~ 60 2 4
2olq AN

. @3

FEY E9as 99 EAL delrux FFZ =39 MDH,
IDH, «-GPDH ¥ PGI § H7IA $9&4d dig A7|9%5] @3 o
=3 2t

7}) Malate dehydrogenase (MDH; EC,1.1.1.37)

o] (Oncorhynchus keta)lAe 242 224 MDH-B #4919 b +
PR AT A F3H AGFAnY AolE Hojn e AT #E
Z 9 marker2 Ba5o] A} (Okazaki, 1982). )

B Age] A FEL fast zone (F)A F719 bandE, slow zone
(S)elM #te] band® YEMRICE, ¥ EGE SUASHA ST (¥
6). A7) A FEL Aozt AFAMY Zo] F 7R subunit2 FAHH
dee Y 471 ANT, HLA 2 patterno] BEIFHT. EF AL
9 Aol Ptk 2, §F F zoned sl AFHoz £4& oW
I HAH E4HL B AgeA #HE ¢ A& FALE AlsdH.

1}) Isocitrate dehydrogenase (IDH; EC,1.1.1.42)
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FEo A2 ZHAAM FSEY o 7l A¥E bandE FUsteH
SS8e % /09 band¥Hg ZHAE AAE FAHAR(ZHE 7). ©wek IDH
o ASE FU9 Wolzt Y& oz Holw $3X WEY FHE AY
Z71 371 Hag Ao s AlgdLh

Ao oF FoME BF dimeric inheritancedl 93 FS¥ Y 3%
A7) band7t UEhFEH (35, 1994) S¥ANE Felshl Wl band
U 2 o) 44 WA odsed & A8t € ez v

th) e —glycerophosphte dehydrogenase (« GPDH; EC, 1.1.1.8)

2 A% 23 T 4R EAQ 98 vegEsl, FREe Al A
9] bandE, FS¥EL oAl /M9 bandE 7A€ Aoz FAHUHIH 8).
a8y SSYL A=A gkth E=F 2 patternd Aol o 74 LDH
g9 u]$ gAFHAl JERtEY S zoneol Al o)Al (variant)] fAAMR]
Z(gene frequency)s s B FU MAZL EE FASLY vHaE
Ao 8% ez wddd

&) Phosphoglucose isomerase (PGI; EC, 5.3.1.9)

BB FFZ A9 PGl SHL F, M, S A7k zoned UEhY
AtHaY 9). Al wetre "Holrt AdA YErE stHen, diAl
2 7t zonedl 1AM 1Al HEHl9 WolAlE wHSUEH 2 FAE F
o A% FEstr] ANAE old] BE 37t BHol BAF AL AR
2o

dolfiel $IoIA ole PGIL, -2, -39l A H97t EAsE A
A qlon, dutxyow PGI-13 PGI-2& FFHI29A, PGI-3=
9 eyeballdlA] Z Jehte Heg da3lA Ut} (Okazaki 1982).

29
=

°
24
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g}, a3

oghete] 4 2o hE FAAE dFE oHH7AA= I3 T
oF3t AAeltt. FUY # AAL 3 A9 FHL FF FAX
Qo] ALHQ TAE EE, FATNIEL o4 FERAUAY TE
< {8 Fasi. vy

Hol8E o]f9 isozymedl #I} AFE= FdAE= May et
al.(1979), Allendorf (1975), Utter'e/t. al. (1972), Okazaki (1982) & TEB<
A77} ol2olA glout S8 ueke A F (1994 dolFe
isozyme patternel 3l ®32F uprh Qlth Aol SA = mitochondrial
DNAZS genetic marker2 ol&&ae 4771 &ws JAYg=HD Yot 42
2 o]= HWHH-e Als HMghale] o]E genetic markerg ol f¢ §F ol °]&
goiw g QFL 4Y 47 Yedl (Moav et al, 1976), T HEL
EE 437 A3 g =YL sl FEAY 4% AYE £HE
4 913l Myt (selection)ol 7]2AEE o]&¥ & o £F BEL A
el A 719 Aol

do
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a9 6. FEe A 23 leiA el MDH pattern.
Fig. 6. MDH pattern of river puffer, Takifugu obscurus.
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a3y 7. 38 FHZ 239 9lojAl¢] IDH pattern.
Fig. 7. IDH pattern of river puffer, Takifugu obscurus.
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a9 8 FEe A2 239 glolMe «GPDH pattern.
Fig. 8. « GPDH pattern of river puffer, Takifugu obscurus.
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Oy 9, FE AZ Z3Fd dolAe PGI pattern.
Fig. 9. PGI pattern of river puffer, Takifugu obscurus.
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M o5 E S0 Mz RS o

7h M E

Fud Y AE FA%HA dPE ATk FE F4A B @
e 9y BAL Fakd AF FEe WA 2Hd) AT F2F vz
ARz FEARA HE §A%Y 47E ANFHAL

g AE 2 Wy

BN ALY SEL FFHYATE AMSA 2 AAEFAA ASE
220}e] (B EAF 400~500g8] 9F - 4 2+ 10kel sk 120}2]) Kok,
G Qe EFe AZHHY(Kim et al, 1982) st G4
Al A4 3~4417F A 2 BE] colchicine(Sigma, USA)E E7FAH1~10
ug colchicine/g body weight)st1e™ A3z 0.075M KCIolA Ad=
At ERde Q4EE F ATEL AAHNLH SF JWAMEE
Fixator(methyl alcohol : acetic acid = 3:1)o] 1583 9&3o=2 3H 13
7. slides 271A2YMes AFHI W Giemsa (Gurr's R66, BDH)
goA =G g FBG J4F 207 o]dY Frdel TEEHUL
o GAAE A SPEAML x1000 3te] HuFdA HAAHAH. FL
Z714¢ A ARBYGEHAT. AFEHLS Levan et al(1964)9] 71El
o 5ttt
HAYEst 8 @ Axe A7l FAF <]€HUH. Heparin(Sigma,
USA) A ¥ wxyde zF AAe nadrE FHd4 AASHAG. €
9 =ge B4R oz  FHHPI  Giemsa - EFEL
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May-Griinbaldt-Giemsa £o2 G4t MAG 12000 HEF Alx
Az 3 o A= S 10008] Hl-&3FA micrometer® &3 8}
At o L AMEAAY AE, ©Ee] T FFAAA 374 wAA-EE
712 AFGHJY F FE / E5@@b) ; EUH(S) = abr/4(Sezaki &
Kobayashi, 1978) ; ®3(V) = 47 (2/2)(b/2)’/3(Lemoine & Smith, 1980).
2y 79l 4 Thoma Zeiss's haemocytometerE ©]-&3le] & QA W
o2 A=A '

ot7bul ZAe L =L Ao T o IAHAN F
Kligerman and Bloom(1977) & ©l-83t o] =S H4 st
(Gold, 1984). /1Al Zzt 3 F/9 &eto|=8 silver FAFFHLH Eo]
=3 50709 MZE 7158 99 +8 A

I

o 2% 2 23

FE 2uAlE gAaA 71 412 BREEHALY aF -8 e
FEE £ e A9YAE dNHIY 10). FE Ny £4 AA= X
1 # Zh

R AR gaAe Bart gl E F3a 33 GA4A vt
o]t FAA 9 Fol glo] Yyt AR ES FHA A 40~507H HH
o £33t

E 29 a3 11+ AYET7Y AEAS 9o a7)9] FAA e 259 &
e Yehhn otk & AE 279 BEAE FHol 11.01+£0.63 m, EF
o] 795045 mSth. W HWEAE FZo] 4051049 m, FHo] 3.15%
027 mAth MEe FHae BF 687616758 m’ Fov EIE 366.00
+5564 im° Gtk We) FWAHL BHF 10.06+1.81 m’, ¥ 21.36+544
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E LRy gy 24 Az
Table 1. Results of karyotypic analysis of Fugu obscurus

Number and sex of Cells examined Karyotypes
specimens 2n
M SM A
i
10(%) 210
6 14 24 44
12(%) 300

* M=metacentric, SM=submetacentric, A=acrocentric.

2. FE YT AXE Y o =7]
Table 2. Comparison of erythocyte size of of Fugu obscurus

Major axis Minor axis Surface area Volume
() (4m) (i’ ()

Cell” 1101 + 063 795 * 045 6876 * 6.758 366.00 = 55.64

Nucleus® 405 * 049 315 £ 027 1006 £ 181 2136 * 544

* Values are means * SD.
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¢ 9
®
V [~
9 < 4 x 8 .
¢« S o - X
¢ X ‘ "'(‘c
7 ‘v:'\;
™ ® -
%
[
t§ &3 5 & a k& I
I 2 3 4 3
ts a8 ! x ad én
7 8 9 10 11
ad Qs e e P )
13 14 15 16 17
e Qa »n " .'
19 20 21 22

aY 10. BE 2uiA 9 F71/°HA)F AP =B).
Fig. 10. Metaphase(A) and Karyotype(B) of diploid river puffer.
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a9 11 HEe AYT 2 oyt 27 HMEe 9%
(A" g7, Brolrtniz3).
Fig. 11. External morphology of erythrocyte(A) and silver stained gill
tissue(B) of Taki ﬁzgu‘ obscurus. Arrows(A) indicate nucleoi,

silver stained gill tissue.
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m® 4Tk,

AYTY £ o -4 BE 12~13x10%/me. 27 194 UEhtRe] 2
WA A olrtu] =He MEE 1~2709 A& 7HAZ AU

W= Axst 8 A7)E 2ujAlEg Ioa GAAR e viA
MAZ Wol7} ZA5tT ¢lol(Thorgaard, 1986) ¥+ 2 DNA ¥%F =
AL gestelel AlgEch & A7 23 FE 2AE 12~13X% 10°/mé &
¥ S A 2R vlE Z—'l%/?—*]@-? 42 =g J& 1yA
A% WA @Ee] §-83 wHol @ ZelthUeno, 1984 ; Kim et al,
1988 ; Sezaki et al., 1988 ; ®F & ¥f, 1994).

Mudminnow, ¥}, walleye pike$t o1& gynnotiformesS &4} FAA
o] Q18A EQ(NORs)E 7Hdttn Biu=x glvk(Kligerman and Bloom,
1977 ; Foresti et al., 1981 ; Takai and ojima, 1982 ; Gold, 1984 ; Phillips
et al, 1986). o]4re] AT A HAYF AE % o I7zAL HET F A
£ 9 A% 8 GYZAS ZAY 2N £FEL IF FE ieA BE
o f&sielet Asdn.

A 6 & gl M

o (=}

o7

7b. ZEAE AT (A 4H ¥E)
1.4 &
SAE ZF3EPlumelly & Darely, 1985)9lA o F(Boujard et al,

19916 o277t Be SHFPEEL ABAAY AT AAHF
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(Biorhythm)€ 7Fxz k. olgld AAZEEL F2 2457
(Tidalrhythm) =X el 9% 993 7)(Circadian rhythm) =2 ehd
o SHFPEESC glolN AANTEY FoAL BL FAE FA ojn
ZAzE oA k31, AANASL £, Ho|, W4, a2 IFT FEA 31N
zastdn 9#A o (Palmer, 1974; Enright, 1975 Binning, 1977;
Mletzko & Mletzko, 1985; Ali, 1991). .

ZAB7A AFY G420kl 0131??;:'/‘37'4]31%01] wale uid oF 1,000
W WEe A7/ maselAn e, ASFA A4 ol5tE 1978\dRH
19943744 <F 10,0008 Ax9 dF Ryl ok a2F8AR, A& A
t) AH(Metabolism)$+ ol x| & & (Energyflow)el Atk RE-& A,
AEAANE §ASAY BE 4Fd o F2F QU &L e Adx
Ablo] B BIAME Bx gk 28§ o F9 shite FAHALES A
A2HE 2FsE= whid 3778 BEAFC #Wk7 Eolth
(Steffensen, 1989). @telA] B AFE HIo) &322 4 AEY 44
AN L 23 S5 AR ALE AFH A2WE ARt &R 4
A AHE FEHE AAHo2 BASIC

2. A 2wy

1095 594 QAFRHAANAA o 6/MY AE FRANAM AISFTA &
B 2 o}(TL=55, 57cm)E Ay AE2ZA ALt dEEE 28.2%, <
TE 155CHA AAsIYch &3 47[(Chamber)E 100mlE AHS-3HSIL,
AN2due] B8 dAsE T(Tuge)e W7IE2REHY 37 F4& &
waty] 98t @el FA7 £4¢ Tygon tube(R-3603)8 AT =
HA 2o B TEL 20m/min2 SHET AEY AAgARE Hold
Eojo] wat gald $ ik dEkd B dT7E Yoo 7 %L WA
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7] S5t AP Fo= @4(Unfed)d AeistillA AT SHAIL
gye] Qe wEgol B g AEEC YME Aasn] 8110 WA
& 4 gt olaE aQe AAsy dstd FF AW sge
Saritorius capsule filter(Input 0.2m, Output 0.07/m) & AHg-ste] w A%
NEEAAE BEFSAT =9 Qo gF FFE AA}I] 95 4
Yo o|F & AHA AAsHAL, = ?x‘_‘@ﬂ Va3 Wl F71(SANYO,
MLR-350, temp. accuracy +0.3T)E AM&stgch. AFolu Agol 93
~EFA 298 HUF AAS Y] Astd 494 2L FHAT

27 A2dgue A4 TEEE MA FHE Uy 4R
ARE AN AU ALE3 FEE AY 271FE E7HA %6 - 84%
2 4AHQT, SAE Al "M SPALPY 4 EHEEE A
2 12%4 FAAARA ZFsAch &4s7] AR} F reference
value® &3

BHe A4 ArAAug ZAdE open—flow-system®] B =4
& Best 9ad 53¥ Intermittent-flow-systems AHESIATHIH
12). Eo] o3 AAiHlE AL I 14 Be AT Zo] LR
‘wpgpoz ylo] WE@®) sl Bol £RHEA 4& MDA A& 7
A" A AEES Picco-amperemeter(3)8 £t FFANF HFEHQ)
o JEM AFHez 2 STt A=W R AL EIT
T 06-84%S SA AT SE FF dstd FHANEY HF 4
23 $57} 84% olstz "ojd e tladg YEEY e A5
o M HAE wgos Bo| £oHA Bk ow AR U
B A2$ Bo] ZHAN2AYREE A=A Bk M FBAE
¥ chamber@%9] S0l A& FEAOAAE 710l HZ @) o3 I
Qg &5 Bo| §Y=A Hok M2 Bol AFHIAUDE ¥H 4
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Constant darkness (DD)

circular course
during measurement phase

circular course
during water-exchange

. Computer for control and data storage
Air pressure sensor
Pico amperemeter
Pump control
Three way valve
Temperature sensor
Oxygen sensor
Toothed wheel pump
Chamber
. Material (Takifugu)
. Reservoir container
. Alir supply tnot to scate)

©WNO UL W~

——
to9— O

a3 12 A4 AHE EFH7) rAE,
Fig. 12. Schematic drawing of apparatus used to measure oxygen

consumption in the Takifugu obscurus.
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P& $ohe 24sA gEth AFPAIDE FH A2 #UE 2o 4a
AN S 2D R ALEHEET} 6% ool AAHW =
A mladg WHG)Y 2HEe] s FAe] WA ThAl UM we
2 Bol ¢8sA H1 Aasuge] ZFo| AL,

Fo] g THHNR Aaiul g vhxY A2AA M
A, ZAE ARE FFRE(Q) Aol SsH ARG AhiuS(mlg
DWIH? )2 ehigEh $Re] @ Ahavge 2ARFL Wiz
stk =, 002 B¢ 90¥ 7AY AFEE Wty Tz B Fo=
veldl A sttt 3Q8 9 48 Dorrin(1993), Schmid(1994), 183
Kim(1994)el AAIgH A o] =] ot

3. 2%

7h A X3 Fad BE I

gEo MAh TEFEo| A4 X3 FE(Oxygen saturation) ¥H3}ol wet
A oot FgE wevtE TEASIY.  APRI|de A4LXHFEE
' 96-84%E S, vl ANTF A4 ERFEE 1.2%H4 FAEAFIBVAM(H
13) 4t4 X3} T8 9430z SHSUCH F 204 30EF A
X3 F= HHE 63-51%Ath. A¥ AMAF < AAA FE Aad
H &S A4 Fhdte %S Bilon, 84t o]F 9 g FH2
&2 A& gase A% JEAS. F 2047 30E7HA BEH 4
2448 AEZ(Amplitude)e] Z7|17F A2 & 279 EF3HE e
(Rhythm)e] Yeld Bt 38 270A(TL=55, 5.7cm)oll &% A|3HF 4t
A4HEL 36-01 ml-g DW'-h'ez 450
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a9 13. A4 IBFEE Fhd wWE Ak X3 4]

Fig. 13. Oxygen consumption with decreasing (between 96-84%¢ and 63
-51%) of oxygen saturation in two Takifugu obscurus of total
length 55, 5.7cm (SE=#0.008) during 20h. Experiment were
carried out on fasting animals under constant conditions (CC)

(constant darkness, DD; constant temperature, TT).
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) AlZbe] mE A4 4] FE)

FEol AAAH L A7 weld FRSIAT Yol FAd
oA AARALE o] Wtete AL ulAEs] Al AYIIRFES Helg
A 2 gt AY7|7HES ALEHEFETE 96-85%F F¥ KA
3, o5& AEl(DD:Constant darkness)9t €A% &X=(1565T, SE=*
0.008)(TT: Constant temperature)S %7‘]5’}\1%‘4. o] ALAHFHLS
AQgz7)e] ¢A3 Aeyt HA & Ao FAHE 20412 o|AAAE
34 gskom, 20417 o|ZEE 60A1Z7A T FFSATHAE 14). BE
270 A(TL=55, 5.7cm)oll €& A7HY A24HEL 46-15n0 - gDW ' - b
o2 H3d AZ(Amplitude)e]l ZA JERRT ¢F 40X B FE =
Fo| o]ste] AuE AAsH &S BWF 3.20(SE=%0.08)m - gDW ' - h'e
2 FAHHUCL

Eo| AasulEe oA 08:0070] FAs7] AFAEUL, 14:00739]
HAA A5 - gDW' - hhE Vel 24 oF 20:007 PeakE YEM
Fom, 23004 E #e £ etk 24 02:007F ] FE A
AH1€L TA HAmA(A5m - gDW! -hH)E Uehl 2ok A@AAF
‘55A1ZES) © A 10-11AANE Ah4H LS WL e BT S &
W] 2 Peak’l URAT Holg TR ¢4-&(Unfed) Bl 20-60AT
B9 BB AaaHE FE o 23-2uA ez JERT. Holg F
1A e sE Activity AtAhAu|E(@EEA S ole AH)S BT
413(SE=10.02), Routine AEIstelA HF 310(SE=%008), 22|31
Standard el (A et BF 253(SE=+0.08)mé - mé - gDW ™ - h™
2 A GwsA g ole el (Activity)9t & A/l (Standard)ll
A ZESE FEe A4LAHEE HDEHY, Activity APELHEO

Standard A4 4H]& X2} ¢ 613% © L £AE Yl Rt
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a9 14. A AH wE g4 23 FE

Fig. 14. Oxygen consumption at oxgen saturation levels of between

96% and 84% in two Takijfugu obscurus of total length 5.5,
57cm (SE=%£0.008) between 20h and 60h. Experiment were

carried out on fasting animals under constant conditions
(CC), (constant darkness, DD; constant temperature, TT).
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Activity $} Routine(Activity$} Standard®] F7r@e])e] Ati4v]E Hlw
o e Activity AVEl7} Routine &t ¢F 25% A= =A ettt

4 1F

AGzy)o] FEe] AiiHEL T A Husty L FX(36
m - gDW' - h')E B o F(Jobling, 19§1)Ur 3| & (Shirely & Findley,
1978)1 M=  olst H£F Anrt BREHJD oI 8le=s
Stenffensen(1989)°] AAF ANH- AE AAAE ZHs7] AN
2744 7|(Chamben)ol ¥€ o #& 2Ef2E Wgly] dEY A=
AlE =Y, EE o}z A3l AEl(Steady state)’t HA @S L2 HY
Ach, W, SR AasHE FHL @4 (Unfed) 3 FelolA 3 5H317]
u] 2o Wole] % (Cederwall, 1979)2 ¥& = Ut Widdowsst
Hawkins(1989)] 9l3td A% 7|9 £ AARARES &3 §A4d
Polsts AAYALE S AP(Switching off)o|} 7]oK(Starvation)s] T
o] & Aoz AU ATl mel AAIJ}EEE FLATIEAM AF
gALE 9 WIE d3% RaME A9 gk d4aEdEke] mE(R7]
- 2):96~829%, FEX|:63~51%) FEAALLEE AFETG o 26430 B
3td FEL Hold TEFY 4 28 Aoz FHEL i

40N+ E9H20~60h) B Atiaugd £ AT oF 23~-24ATS
2 Z2FE} Ah 2HEES AFAA €8 oF9 8525 (Behaviour
rhythm)olu} =4 3718 E(Tidal rhythm)#e @&¢ F71(Cycle)7t ©2
A et B9 A901F BAd AT d¥Faes Frdd AR
s BEML oBAAT AYAZ(Experimental time)T BA]A|H(Local
time)& o= AE HZY 471 ot ATl FFFALE velde A4
Z9 B4FE @AAIH(Local time)22 A 08:008 VEHAT. FH st
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7) A9 gro mjd A 07:00-08:008F &F 15:007] HelE FF

AN SzAqA AFSESUE Aolgoernz AtdsH|YE E4ZF 244
A 9A At FFEE Yol FF FUlY FE Uskd AL
"}, Z7te] 2 Peak’t YERI7] W&ol W 4L waH HLE AL
2 AssHY, AYAEsF 2E517] o WHEH 2 Alntrinsic factor)el
g8lA S0 JElt=x dAHZE o] ojyth wEAdYdME &
o Azt AL BFHA QYA (Extrinsid) Hol FFAA wEA o]
23 AtaauEBo] YehtE ALE FEY 4 ez Bok ANTE <
27+ BashAT. -

bu
»
o ot

U ez g 43

3] Yete $74 <4 FEA U d7E BE Bojm oFd o
3§ AAHelZ ANHA F4 ATE REF AFolth AFEFAY F
2 gu GAYASL AFE SAGoUY FRE Hojrl £ U =
A o)F 423 FTASH oF HA PRl $3 JdME BN
FAolFoz Agstd TS Foh FHE ol AHdLel 28
#3 2ALd AN AlgAE ojFos 4T s FAU Y
oz Agss AeE 2RE FE TP A7 AT A S
gal Ag dsle a9z Aoy olF AFIAMAA HEL FAY
A 2 FAA ArY e FLF §7 Feol A% EAS HE
IR = 9% 2 95 754 ARE golruR 35 ¥ AFLd o
3 Mgy A¥e AU

Awe] AHSE SR P3N ZEEAN A 53 ~ 65cm(AF 6 ~
8g)Els BaE elY o4 AT ATL A4 R SN
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X 3 F2 73N FEY {94
Table 3. Swimming activity of juveniles of river puffer in gradully

dropping water temperature
‘ g

pkll iy Fa4d R A%

0 14.3 3% ® %@

20 14.6 3 4 # 9

40 | 12.8 3 4 & 9

60 | 104 Ao &5Y o

80 85 vigto] Zllo] A=guT £33 -
100 6.5 EA AN FFol8 EFF
120 4.8 op7lu] WREE FEH
140 35 10l2] wid3F HARE (+1)
160 23 | ol7tnl €% AA, FUAAL ¢ o= Yo
170 19 2nt2} & SAL (+2)

*] : 6.0cm (BL), 8g (TW).
*2 : 54cm (BL), 6g (TW).
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FE 4 F A5A g5 FI98H
Table 4. Swimming activity of juveniles of river puffer in gradually
rising water temperature
AZHER) [$2(C0) 9 %d 2 AW
0 153 R T
0 | 174 B S
80 19.2 34 ® 9
120 22.2 A9 £4¢ =243
140 26.3 2FA4 571
160 271 of7lul, Axgulg A S w3
180 28.2 g olgRES FEH
200 28.7 Ax=gng §AY F3HA
210 30.3 ulgd] ZldE S, AT St
220 31.2 EEAF ¥S 371 AxEn 39 495 AL
240 324 ulgto] 7ltjo} op7tn], Ax=gu|t &F 4
250 33.2 goz Fo] HolF
260 33.3 25 AL (x1,%2)

*1 : 45cm (BL),
*2 1 53cm (BL),

5g (TW).
5g (TW).
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Ab&Eo|™ 300 whelF 2vlal ek AR F2E 32 fE T2l 2
glEe s ¥e F vhpd ®2 38 XoE ¥uH. IV HA3
eFstgen, TaaPd o ZAFHE incubatorelAd AASAT
(Sanyo 9515T). A¥ BY FE Xo] AHEFL2AU 145TAM AN &
AAY WalAY dEA $ewsd ne Xole PF WU % AY 7
g A o

oo YUa: AYME(E 3) 143 CTo #4351 YD FEANE
AYANA 6020 ATY w7tA £e& 104 T2 HFol met =2
o] $58o| Fastm utgd sldol &3 FHolHY 5 Telsz W
HAgol wel Bo] B4 FA4A obrbn WREE FEIWA ol 35
T, 1402kl 1ul2i7} HALSIAT) olo] A&HY FLHF22 17029
AT 19 TAA 100 % ArFatct. dg@FdA He vt Zo] 8
Tolae FeoME Ad F4HA #d7 5L B 2 vt @3
¢ AL FL5EAA 9559 FAFLez HAAY, 8 Y ¢
¢t A4e7Q 19-299] ALHY £& Astl ©E V& Hede 4
ZAYd SN A" # enz gAY dge] wi=A Bas)
' |
ee galE AYAME(E 4) 153 Tol £433 AW FEAAE
1208 ATFE 222 T7AA &AA A FAd0] SAAEN & AT
7} A%a Z7hsg. AYPAAE 34zl AFHEt 28 TIH HA GA
Bo] Ef¢ #5Q § ojdREe REIUL & F AT 52
E8A7] NRAsgen 4A3to] AHAs ALgFEo] 32 T7 HALW
£ ulgel sidel Axglujg §olAA w$ m2A TFIAT ol
33 Tol4e] F20 #RAHA Bo] goz Ho|AHA 100 % A 33

4
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.

43 2 FAW L Aool HE U4 YL AN €8 2
se7lol 4ol EH el duART MEAE PR, A
gtol W3l HAYE FEAY A5 ARHLR 4T 4 e 3T
4 A7E FAAA AFAYE Fohod AFol o FolMor ATt

7t A &

opalRotol N AR HEF|EE AAN ofuE ol45td ATSFAAL
A%, #YY AARZS|E L o8 G4 Aul BFYe) BE FHEA
£ A2 £ AT, G4 A% D WA el FAHe g A
‘£ B4R E sHseA Bk 2T 43 Aole Yuo) ge Au Hu
ARaTE AR, ANE, HAF 2 $33Y £ HE L 8ol 75
s, =4 9L A7 AAE olgsd AALF AsATGE Aol
glo] HEE A9 A Aol Bl HFADE S T Res BAG .

dald AT nF B WAE Nde FAFo| 3 Base F
Hze AQNN TELENA WolAm Y& P U BEET =
e ARz 98 NEZARE AT FE 449 d4nE @ FPRE
Hsde AESA
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oAE 2w

FHo AR FE(YAUEH )M ogd A& AMESALH,
A% 305~335 mu, A% 510~615 g AF 3 = FEH HHsAS.
FAHE AAE 943 4& FF 330~350 [llmk AF 710~850 g2 A 27t
ol A At

Mz =2y AL A5 dstd H=AdFT FHE 7HEA =8
oZ3 WAHAEL na AAF F ntE AR H=A4T FAE AR
e e 2re oW shgA 22 A&t AHE BAdLe A
Bo] wol W3 F Age] AHEE w7iA d&E AL ice boxdlM BRI
stgen, AAF 127 ol Agel o] &3t

Aol 1 me F AR 48 2487 948t eosin PV FAE
qasgen, FetdnZ ol YFAARLR o] &5l AL SIS
Aole] spermatocrits YutHQ YHEA < micro hematocritd & B3
3t =A3 49+ Bouck and Jacobson 1976).

AAE st Qe AR AP F @A, F AF P glucoseTF
g8 3 Na' 2 K B5: mi(1984)e] wiel wel 42 biuret ¥4,
RSy B4y @ B EFRePes FFSAU

Ao zAd wWe Axe JARE AFE eyl At
egg-tris?, 0.1 M, 03 M, 05 M glucose B #4dol7& AAdT
(Marine fish ringer solution, MFR)®& ztz} 2:19] ®|&= 34 4%

1) 0.125 M NazHPO, 80.4 m+0.125 M KHsPO; 19.6 mé+eosin 1 g+aniline

blue 1g
2) tris 2.422 g+citric acid 1.424 g+fructose 0.48 g+400 ppm

gentamycine 80 £+distiled water 80 mé+egg yolk 20 mé
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F 15 me vialel EFatgch £F7F ¢ vial® 01T ¥81A 16
o Fot BEsidaA 19 BAHez AAY EFATY AEEE =AU

Mo weE Azl FARE ARE A AT AFPdAME
egg-tris, 5% glucose, Alserver's solution® ¥ #|itI{FE A HdrE
Mdoa AMLE Yy SHWAAZE dimethyl sulfoxide(DMSO)E A
9. A5 4 g DMSOE 0.2:0650.159] HE&Z 3NsHen HIFA
ZHe 18 o2 3t B

FagAA FRd wEE 4A¥dM= 5% glucosecll DMSO$}
glycerol® 47 HZ FE7} 5 10, 15 2 0YHES $=8 25 A
fatgon, PAL 1E U2 stAH

AEd 2 AYPolMe] AATHL st 4 Aol FUR 05
439 straw® qA AL Z71(-76C)ll <3 BAF 1A FEAN H+
N5 AAAA(-196T)AA Lol 23 FAANFAT(EAM FEHE 1991). %é
g A gAAsYad] BESFEA 54, AEE | £8ES W
m 30+1Ce g&5FdA 302 ool sFAA AMEEAH.

qAREI FARZE 2zt FhE A9 AHI|xdd BE LEFEE
Brksly) Siste kel el whel A% SNAFALE FFHT 139
&2 Mo gg, Fdn ogdA E 59 &FAge w2 HFE K
o stz, AAYAA S (sperm activity index, SADE £ £(1991)9] HHLE

WEg A5 wet ?0}9&‘4
Ao g FAYAHASE 33 EAsd HFE T3

3) NaCl 1.35 g+KCI 0.06 g+NaHCOs 0.02 g+CaClz 0.025 g+MgCl. 0.035

g+distilled water 100 mé
4) sodium citrate 0.8 g-+glucose 0.2 g+NaCl 0.4 g+distilled water

100 mé
5) SAI=R ¢ XFH=e] ul&(%)/100
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Table 5. Numerical index for the evaluation of sperm motility

Index Score Motility characteristics
I 4 Sperm display forward movement rapidly
o 3 Sperm display forward movement slowly
I 2 Sperm display forward movement slowly,
and vibrating movement moderately
v 1 Sperm display vibrating movement slowly
v 0 Immobile sperm
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Hyd 2 FARE AP HAY F FAY YA BEL JAE 5%
eosin-10% nigrosin(Blom 1950; Fribourgh 1966)°] {43 thg, FALY
FA o] wal FEstHew, AR F(X1000) otHlM 53 A s}
of, AA HRlgeel] tlgh Aol e FAF] HER AEES AT

BE F AR G i 34L& A4dez 33 AAsHeH, £
T duZl2 Aol Agd we FE A]—?\?‘}‘ﬁ 29AZ FHEE P
o}

o Zd3 g ng

AXE B8 Pae] AAEnFH F2E 29 163 24

FE ARe FR, FUYE 2 o2 FAHY UG FEe FEHYE
o2 7ol ¢ 06umIT, FH AWFAAN FukRzxe ol %
15umPch. AWF A2 oG FHe 2 A9 JAFTZRE 7HAA &
stth. A 7ol 0.18um AF9 FYU vEZ=dole o BEHUIL,
AR FEE= AYHQA “9+2" FE2HAH

AR B¢ AYL A EYs AL HAG FFe] FAHL R 6
3 Z2oh A 1 P ARAFEE 11.3+2.7%X10° vl .25, spermatocrit
£ 648*13°I9th. AR Ity AL F odF FFL 0.07+005
g/100 men, AAF glucoses HAEHA gttt
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iii‘:ﬂ“* ss sxu PSS

aY 15 8 FAY AR A6l AR
Fig. 15. Ultrastructure of fresh spermatozoal in river puffer,

Takifiigu obscurus.
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E 6 FE FFe ety 54 {
Table 6. Seminal fluid chemical properties of Takifugu obscurus

Properties Seminal fluid
Total protein (g/100 mé) 0.07£0.05
Total lipid (mg/100 mé) 40%0
Glucose (mg/100 mt) 0
Na' (mEq/2) 126.3+0.5
K' (mEog/2) 144%0.1
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AR Z AR HA HF HzY SAIE egg-trs (05)E A3t
g Fddea 092 HZAH EgHed, EE 8d F 01, 03 05 M
glucosed] 3 Asle] HEI HA9 SAI= 02744 #AdET. BE F 8
AXEE 16U7+A S SALE 0.12 el £54L ¢ FRUTHIH 16).

sMelgz 159 ¢ A4REF ZAe FEIH P FHES 2
g 173 Boh $£Aee A4F AdL AR dETAA 79.4+33% 2
713 E=gko), egg-tris, 0.1 M, 03 M,,O.S\M glucose & #latol{F& 4
2 gae LS i 0~07£08%2 tEF ol Hla #5 wokrt.

ag 717 Mg AMEste 159 F¢ FAREY Ade ¥ 18%
2l gEdd HF 3L A FE AYAgrE A8sHe |
24.6+37%2 7} E=9k3, thgol Alserver's solution® 2 5.1+2.2% .
I} o] RL 617£30% YW HEZTY £3E& Hu= we zro|gltt.

GlucoseS 3Adjez ALgsln FawrAAl2 DMSO% glycerol-& &
Tuz Al SARZY Age 1Y 199 2ok SEUd 4 5
8¢ S3UAAZ 5% DMSOE AHEaIEe v 283£30%=2 WETS
6L7+30% BoE dgAu o i us 3t FREEH A
Q=g B U $HEE A= WY W glycerolEHE
DMSO7F SEe] AARZL JsxEs AU '

ojule] Age Frg Haez FRAEEY JtedE FET AR
gEAA] EX0] tg 71xH A7 FEFF A 71E L1212
ge of AR Bz A7 ARE ugez AYL FYSU7 AL
=R go] T BA vEgt maM gdez FEFR A A EE A
Ae}l g7 AR EMNREH F7] BE o2& AAHY ATt A%
duiw 44 520 AR BES % 7|E ARV ARY 2 UHe F
o A7 Hore] Mlald WAL d7sied 71: ARE 49 oW ¥



SAl

—=— Egg-tris 55— Ringér's —><— 0.1 M glu.
—¥— 0.3 M glu. —&— 0.5 M glu.

0.6+
0.4-
0.2
0.0 T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16
DAYS OF STORAGE

29 16 A& AA F4AMe e TEAS
Fig. 16. Variation of spermatozoa activity index(SAI) in spermatozoa
stored at 0C according to several diluents.
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N ETEN ST
IR AR =

i 11
0
Control Ringer 0.1 Mgl. 0.3 M gl. 0.5 M gl. Egg-tris

DILUENT

FERTILIZATION RATE (%)
O O T Y W

29 17. 98 AR QPEES AY o 7HA H4de msh
Fig. 17. Effect of various diluents for fresh preservation in river puffer

sperm.
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Fig. 18. Effect of various diluents for freezing in river puffer sperm.
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non-cry. DMSO010% DMS020% gly. 10% gly.20%
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a3y 19, S A T4 REL YT T3 A F= a3
Fig. 19. Effect of concentration of the cryoprotectant on fertilization rate

of river puffer sperm.
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A HE 712 ML B olg $8F R
T3t Azt ZA 719 E Aot
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3R mEel MmO

s} oi7

AL

M1 E =59 M=ot L

) N

AARFNA A Alebsle FE-& 5T A BI= st FHF
ol Mz ArjoM MAsEes o)5d U unE, AEE, 44 &

£e zAIZO|W WmAF DR BT A 5L FotFolth a8
U 1dEe A9 M4 8 AEEE d7sr] A% AM GHo) AF
7] o] e TosE A S WY wF FES As FEIl
golatA BT A4 9 S5IAS ZAR AESHE Ay, 44F
7], X, APS 5L AT BES SR AR AL
ol AT GHo 2HE Tk ZFE A FHH olLE £ ANW
Ao Ajdere] AL MF 700g 71 o 8 olgow, AUATLELE g
g 1107 A=Yk TAF A$ AT A AR FA d2E =B
‘= Algdo} st TAZ ARES Toty W 7] 28¥ AR A
ZE old e 44T Aol Uia ZAL olFolAW QAR FE A
AHZE 2 B U FAAY tF5Po) /e Aoz Add I
83 H& D ABA SIS gebgFosA AL AAGEA AT AYHY
ZRAM] H5E Aol T, AdF, AVF 5 wgezA FAHY
Exe g & g0 AL YT FHo| stsstn FRAML 2aHE
ojuje) AA Wyt 75 4 Utk oj@E A7 AE AdY FEY
S AEAs A4 4A Adaa Mo AAHEA oz T
A d&£H 44 AAL BFE 4 UAE AA AFo] o 4F

fr o
fr

)
(5
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olth, wetd tF EE AAos AY NS FEY F )5S YA
x4 42 9wy dHoid

A 2 & gEol ME RE |

1994'd Atge] FAPA AGAFHANE gl £ AA WG 7
o) #4310 AMSFE FEE AJFEE 8 FrE A Azeu 4
T fxo] Ausgn 1993d4 ¢1F FEHE 7€ AAFT ALE onE
AEad 44 F ALsn Yok 7 ARE F3so FEeA TR
MA, 28 fxo 9ad 28 F7F § LHRH, GnRH, HCG, CP5%l
o3 FAES ARSI 199%6d Ayl st dem 1997dA7tA= ©]
o gRE 4 HE P A FB odF YA £AGS NI 7
9L Aoz JYHEd o3 AT Aoe ¢FFH FrRANVE TH
719E Aolw <kAel £AY theF Hre JulA, ARG 26iR] dF 4
AN 87 2Ad A% 4%l mE A AAE FHHALE AAse V1Y
A 5 Ao & AE A4 ALdE EEE F JE Aot

theo ZAiE 1959 A Ao F vigsdE dFE AEsio 4td
% AU Aoty AYe] AMLHE ABE AR FHFAAM AFE #
B Z g%EHA gd A 1suE A £R 70k, 4 gutElE A
Yo m(E 7) AAF 250~310mm, XZF 500~920g HANA.

Wl 2 wA 452 ¢85 human chorionic gonadotropin (HCG,
Sigma Co. USA), carp pituitary extract (CPE, Sigma Co. USA)E #X=
zE2Eoz AMEED HCGS A% 1,000 Whkee2 BAFARSIH2H
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CPEE: bmg/kgo= FAMHTH HZPL 44452 Olng/ks FAMHS

.
AR A Bl % FHE BF el s nlgsdd Hédol

9 Ugd, £RALE BF gt o8 4L EE 5 e AASIA,
A 9 A}%-’FE $& 15~18C9 FFE AHEEIHen, FA & o

Y X dutez 4% %Eﬂ% gt
TR gH E.—‘taoﬂxi Hges AAY o S

FTE AL A% 34
Qo] wo] Hasjr}. HCGSY CPEE AY A4S 4= Z3(XE 8) of-
ZTY 7% AF 100g T 1t B 4=, CPES Z-¢ vl oA
AF 100g B 22 2.1me, 6.3ml, 54mlE A4, HCGY A4 &4 3.3
n¢, 3m¢, 5.5m¢E 43ttt

FTEE FA F AT ALLE 70~74A130l o) &g AERE =
AR A3te opl it

Wi fxeo AR 9= AF 100g T ANTFFL d2Te] 35 18¢
AAER e CPEY 739 359g, HCGS 7% 23g22A CPEZF HCGel
H3 g4 A Fe|ovt FATHLR T Aol /AU

o 79 FAYA, MiAZAE A FA € oA o|4HE ZTEEL
2 gonadotropin releasing hormone (GnRH), gonadotropin (GTH) ¥
steroid hormone®] & AlE-EH1 glon o]E 284 o3 H4 fEE
dae] v3 F4rt vlmy Lolsity. GTHF oAl 78 A
ITEEL HCGEA F%5-°] 100~10,000 [U/kege]l HCGAA FEZEZ wj
AEHRE JVeEldul o, FANE(Oncorhynchus mykiss), seabream
(Sparus aurata), milkfish (Chanos chanos), §84t W3ol(Anguilla
anguilla) R W& ol(Anguilla japonica)l A 941 EAFAQA AL YER)
R (Donaldson and Hunter, 1983). 28 X5t o|2|3t T2 & ZHd] g%t
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® 7 %9 wid @ WA = AT
Table 7. Experimental group for induced ovulation and

spermiation on river puffer

Specimen Sex Total length Body weight Experimental
no. (mm) (g) group
1 ) 250 500 control
2 2 255 ' 570 CPE’
3 ) 270 610 HCG™
4 ) 275 630 CPE
5 ) 275 600 HCG
6 ) 280 650 CPE
T r) 280 640 HCG
8 ¥ 275 670 control
9 ¥ 280 680 CPE
10 ¥ 290 700 HCG
11 % 290 690 CPE
12 ¥ 295 750 HCG
13 % 295 810 CPE
14 3 300 850 HCG
15 ¥ 300 920 CPE

* CPE : Carp pituitary extract.

+«HCG : Human chorionic gonadotropin.
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E 8 HCGS CPE A2l o3 g WF =

Table 8. Induced spermiation on river puffer after injection of

HCG and CPE

\

Specimen Body weight Exp. group Exp. time for

Milt production

no. () spermiation (h) (Ir;fogsr“lrtO())g
1 500 control 70 1.0
2 570 CPE 70 2.1
3 610 HCG 74 33
4 630 CPE 70 6.3
5 600 HCG 74 30
6 650 CPE 70 54
7 640 HCG 74 55
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E 9. HCGS CPE A el &7 e uj@d #x

Table 9. Induced ovulation on river puffer after injection of

HCG and CPE ‘
Specimen Body weight Exp. Exp. time Egg production

no. (g) group for spermiation (g per 100g
body wt.)

8 670 control 70 18.0

9 680 CPE 70 26.5

_10 700 HCG 74 26.4

11 690 CPE 70 26.0

12 7 HCG 74 24.0

13 810 CPE 70 21.0

14 850 HCG 74 18.8

15 920 CPE 70 38.0
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Rz olRe WiAATE 2 weANRE BESE 5] o @A AE A
oje] oz WEE 7|Fg wlAHuSe ZAH of&# spermatocrit
o3 el A3 Wrizh Aoj# olfel HE€ # 3tH(Shehadeh et al,
1973; Juario et al, 1980; Munkittrick and Moccia, 1987).

ety goze] dpdaE FEaA ARFHY AFFAE ©IF7]
3 de] Yo 2 spermatocrit FF ’\ﬁ‘?ﬂ AR ARAFE, ZAE
A 5& Hyste AL AF ot

F22d 93 W@ 5T YANAME FAke vl X(germinal vesicle)
ol53 E3E xgsts A4 2 u@de 2 FRANE WiBL £33
= Aolth. olFdAel A} H X Houssay (1931 o8 FA o F<!
Prochilous platensis2 58 X8t4A 288 AMFASHY  Cnesterdon
decemmaculatus®l ZAVste] Az 2 A3 453 ol o|A7A AHEH
o] ©3 ¢ItH(Donaldson and Hunter 1983; Lam 1982). ¥38t5A 220
g8 AP §EE o8 o]Zd WA FESsHA AEEHT gleu, Heh
A oA ol A, 4¥, T AV, A&k B HEFA F FolHeR
A& 4dA ojgoM HatsAel grirt ggsA vehde d3del Ao
() ¥ 1992; Lam 1982). \

THE AN AT 328 F Y A4 AF Z2EHCEE Hss
A zEed bE 2 27t E2gE0 A4 v % wiP f=E AHE
JE ] Burd A4 A2 322 A9 SR Hny Adste @l
ALEHD glow, 2 ZRE HEsa S22 a3tz A dd o
F9 A% @A Jehdoh(Lam, 1982).

ol& oF4 AelA A4 FE ¢ ui, WA ZAL v £
7S QANFezA BY Asld dF FHE ALY F deH,
T A7)E z2AsY ZE Ao ZEA4L 71¥ F Ax, AR 2 AT

-
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Z8 AA a3 #9 FAVE 2R T FFIE ClE T U
(Chaudhuri, 1973; Sneed, 1975; Yamamoto et al., 1966).

mata goze dA3E Eud A AF Z2E B Yo HEA
Z2ZE A g P AF A AT A ¥ {FEE S5y, £2
E Ao oF AT FEE AL TEE AHE A} ddd ®E AF F
7F &3 2 A A agla £33 -‘%‘\7’8*% g H3lg 59 32 =
ALE AAE Hukd QM A 328 9 4o HsteAl S22 85
A9 Z SolQi} olgd I AF AE ANE FTYHLE HIIstHo}
gt

3 H g=o MEs

FRE B EYE JFATL WY, olFolE Al ma L
ARste] FHT=BAG 1RSI 2AGH AAHPL T3 4

2 zAST Qo 9BE gaEaY AsolA £3Y MMM 33t F
hgel A4s Q717 BEAAY G4 e oot FaF )
drel 447t 2amgen Y 0% GFEs YhE ZAEA 3
. 4 olES FE A 0t E AR AN2E 2P UL E
wato] Wol7 stelM AAE AT 21) 0~40m 2719 E7] GRA
7t BREE B2 GEAZ/ FIHA ot FabE BEHE
Haz 7= olF /MM ¢ - £z 177kl g) 13ek 24 )
£ Llel ZAoU 4% wAY AuE A% 2AEA Uk 349
ZAHE A4S ZUAL 4 YE AR THE MY =9F 2oL 9

f
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b. 7] 43719 & H4a

b. Testis of early growing stage on river puffer
a9 20 %3 F MY A FEY AYL,

Fig. 20. Gonad of river puffer on 3 months after hatching.
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al AHEE 4 A Agule) ZFL oFAA gutyez YEhuis
Aol o) WE Ao HEAA ST A AT AFH2=

o2 Qe FUANL F A& AR JhEnh
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M 4z Hol d= i

H 1 & AEY "ol 4=

Ag Ho| HEL Iy HAstde A 7HA FHY &S

R
stojor k. AL, WF §719 Ad, AH, ddFoe B, &5
g, WA AN D HA, AR, B o BT 71£AA Wl & £ 3
o EAE ol A2 9% &7, WAY 9% 23 T s Zwe) W
@ Agolat @ 4 glom AAME AA WFA U, LE, A¥, $4 o

L5E So @@ 233 87 add 3 HEolth

AYo A AFEE NI Aol 9 AZEA S99 AHH Jlewt
om ujeko] st TR WEE FHe2 & gt oddr ¥
8t AAle] #F E O e Ao BoFr} A

grol 27 HolQ TEA Ho| AES wWjF(ER)SI=H Hol2 A

C gHE 4EA Yo MEL 8154 22 A marine Chlorella: o3 22

) F=F 2 §A A (Nannochloropsis: ©13F Y x=F2FAL)7F 2 E%
o] AH&H 3 gt AEA ol AE YF (RS I Al E 1=
o] AWF A9} £ 7]&o] WLy o] AWt FFAANE HF
7171 olgl$H, ol d4F L HYAT4L & TOE T AN B,
ok #alstn 9v] Wi 2o FL& EGF EE & Ut o] HEA H
o] A2 T WiFCKEER) IL olv] de <A JE=(HEH
1987, 1990), £ FolA = ojn] A¢d AEA o] HEY i F Wik 7
S AN Y AL & JYES AEAHA VS AT g 7P| o
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stel AFHINE FH, 712 WD 21ET FE NLCRRIER) oF g

Hi el =23 A 7)&s
7h W g ZIAARGERSEM)

FEe x7] Hold FEA Ho| AEL WIEB)S=Y Holz 2

2dz5 5 484 Hol AE uIFE AstdME S 2e 7)A
hxd)

& WY SUIGEEREE)

g &7 4 540 3, 38 wgg doy|x] P EHo
giof o} Wl FEIF As FeE FYAEFE Dol ALY ojn f1
AFL ol 2 FFAY FeElAFolojof st 218A &g HF 124
Aol daE fAol o FH HA vr&Ho EHsh

AR W gl ®Bo] o] &3te §rv FE AFH, flask FFolv, &

200 Axe F ¢ & 7R wlgS & A= carboy HE o]L3W
CHYstn BAFoit. 2y YR diF wds 4% A= =FH
ma gexw duidoz I899 2 93, FRPY I, Z3gE 42, 7
vtaeZ BEv 588559 WRE ZY3o o8& 4 gl
WFsed AEHE BE $71E ARel 4%t
of dl=dl AFtHQ F7HA] MAYL S} 2o RAE FTAHAAAE A}
g5 WHolm, AL FHAAAZ WF 2719 fAWe) BE §7129

>
o
)
=2
o
Mg d
o

O

AFol kd A9 HEAAE ste] AAsE WHolth RE wF £7)E
A AT ZAL $REE FAAAE o8 AR Ao Fo 1
Ju 4 AYE ¥ ASE FYE ABMECO), FAFLE
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(KCr:S0s), #AHHSOW), 7HIATHNaOH) 59 ol4o] 7hsaith o dlef
= A4S ol olgsgon Ao fM BolM T Wojxx
R, B RHAR AZH Agol o] AT o] ABL Wt I
@ §719 ARARE AFH Faoh vdA BIHARAE FAHA 2y

TP 4ol IWIEFNaNODE T F ALEsHE RAd &

osh o] FAMA Er ANAW §71E £REZ AR AT F
FFFE 2~38 ohAl A70) AxI|NN TP F WA BX FES £
2 A9 AxY Rol B¥ Vo T AXY Aol TAAEI} 200C
& 19 Ax7ldl 243 AE 79 47182 AASE PHE A
#2878 AT e YduHos £r)9 BT ARo| Hm uig
Ze 288 st Aol gou, AT £BL WS AW ® WY
3¢ W v} $ES £o2 FE AE 09 M54l 2] o
wol wlgAsx 2@ Agyelst @ & Aok @ 8719 1 olate)
S RES FE FBel BFASRT E 718 A2 TUS ALE 2FF A
o2 Aztate] AHA G ALSHE A7 $ Yo BFAA A
9w E= X3P FANN BE #7180 A Hu weA FAMAA2
AR Hetoz FHe wge) FrolN Agstelcl B,

g 8717k ARl AAHYL A AniRF e wjFAe Qo) wj
ste Aol WWstel Y BAE WY el ©Y g2y YwHos
W EFe ¥ ASE BrlEA Hus G §7e Al vy 2
sobe 3A BAZ Gk 2HY &5 NFL AT AT WIY A
= AR guz wMdad Hee agde Bxs 87 A B ok i

- 113 -



gsle TAE A7l AFolng wigFd e it 87] Ho < 25 %
£ 9A RA = Aol ulFAdY. E uIlE screw cap 22 T S
= "3 IV " & UEE T3 L 4 gojof s}

A} A T 7N (RO R E )

R el 24 s GTFFEFEERSE AT 1 € FEY &g
E 478 7 de 47171 dedn. AdALTIVIe AdHAE AR
fste AATE HIBVEBHLE A9 3 Adstn, &z
e Bol Ad# FAE AU stdM ATHES BEoA Utk
Al AHEE A HFEdd AXFEERY Yol FFEHo 4FYo ¥
AXER FAE HAsn HolFojor . ITHL A H T (RARE)
o A7l, HE8e FAG ol 2% £Ed mE Ao|7t YB =2 ALES
= AFY A wa o £5& Ao o). I T(KRBE)S
A F e AYAHY AEe 1 BHUYH B 1 £l 15 w ol/delelop 3
FALH T (FLRRERRE)S TR 2 vf o] FE EALSA ok
At FH oA Wol AHEdte AdALTIIE AdH £ 14
A /dE Hol7t 9652 cm B AT 15 €L 47T F Utk 18
R AA7I= AHE T80l A7) wWEel FA A olde = A
EA A2 Reg pA Gk st di7f AdH= AYHF
A|ZHE oF 4,000 AJztolTh

L 4

AN

|

A

Lo
e
X
>
-r-l
%

¢ JLET A A7 (cartridge WEEE) :
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ks S (EERAK)E 25 m, 5 m, 1 mm & 3 & FIEEAE A o
FE F AJALATNE THEIEE ZFASY AHrY §FS 10 L/
el 2 dtx 379t A ARBM)E AF A 8l gk

¢ 22 FA(REBEKE)

Fgol FE AL 99 dF FxAN FE2FE NIT A G
3
2z0) £20] 18~20 T HOE 4A & & JESE BE AX(nd 28

AlE EE 5 3EHE FH I

% Y717t BEstd dx®o] #5E WE dujste WY F
ZE(BE)7F =20t 2,000~5000 Lux ZEE A & UA=EE BT
=

v ul A FEERR) A=

A E wo] AE ujFe AT wjIAL o s 7t gt FAd A

< f/2 ¥lA), Schreiber ¥]x], 223 LDM @A T AH&3tx, G
At 7 $-9l &= Sorokin-Krauss ¥lA 2 Proteose #H A TS Al&Fr.
Hgslaln ste A8 RERAEY T/ E 54 w2 wigdy TR F
AAZ RE Aol ot wjFYdE WNE=EE WS fFd =AARR
1008} o] AFE Fetd F/H5 v AT LHAA AL 6
Fa-g e F wjgslnx e £l WS H wAE st 2T S #of
ok 2y & E700AY wigde o] & Agode AR Fd6H
= olgz o] W d wult; A|S v HEE2 "o} ALRsl7ldlE
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iAol A NaNO; & 150 g #H3d FHT 1 Lo =9 E?_fs}:v_,
NaH:POs £ 869 g #Hdtd /T 1 Lo X9 B@dn, g AGEL
=
[}

Zd RAYM 1 M A FH3, 04_\4—6}]—’}‘— e SHFTE 1 LE 239
F9 gk oy FHAVIE Hl&o] ¥od ALY f g dE AHETe
=80 e

ARl Q7w AR &3
=] l FEC HFdL HFE AESI Az HIAAAY G=E
BVl £& 2%t 95d 398 2 A= 7= F A AY, ¥
o] B QIAZEH)E AXAsof gt o] AA & slFE dA @A
H2 25, 5 m, 1 wm FEEA AFR(7E FTHFL F O AJANHEINE
EHAA ARl 25" Fxo AZAG. AF Fx9 ulgF &7 AA
o AZ2ZA7|E AEstd SHIFA 25F A F2 £ A HsHo
AZAZ F QoA R@sIthr AMESHH F2E OA AT g 94
Az S5z £ A F AF(HFEZ A A AE o] AL
4% RE(FERF)E 53] AFRI /2 A, X 2)2 AL
A gk Az @rbr) BRI &l F2 ulF Folle AR FUA HFEE AL
g5t Aol AAHI. AW FA FAdE MBdE A8 sAsE YA
olF B 7tA AEE EFs AAAA Lo E 113 2EE u] T3
AHEEE Aol Fo ¥ FFY AW HEWE AEs FzdaE uY
ol (F)TY T4 AFY ¥l M AHFdd 2 v oA

A B F AN Qo dAz wasig,

¢
R,
I
o
oo
e
>
s}
E=)
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AR B(FEZNE AEF FF AAol7] WE] WFstn) o
ool FHAVNNE d; FTRF ANHE QPol YA, Aol FUL
Mz Hal w4 Aol Fol Atk Tex WATE Fo] FE o4 B
e ¥ wole AH MR ] 4 $AE MBS AEST e
MEE S §HN F ALgstelok gk,

\

t}, &4t S 2@ (Chlorella) R ‘dx=F 2 F A 2 (Nannochloropsis) v} %

Chilorella= W2y Chlorella?) C ellipsoidea, C. stigmatophora 213

3 GF2 C vulgaris, C variegata, C. pyrenoidosa, C. protothecoides
5 BE Fo] Jdoy, &F9 Hol2E 44t Chlorella 91 C. ellipsoidea
5. Wol] Algstxm 9oy, ¢ Chlorella ¥ % 3dFAdAs C

ellipsoidea, G2t C vulgaris 7} 3L ZAdA = AFo] 71& w
24

Higel a3t E2det AFTL AFIT4A MEFLAA 20 C, 2,000
Lux 279X Ald v FEAFER) TA A T AT AZ71EBERKRL) A
Qe ANATEEE, V10" AEF/m)S 20 L2 100 ¢ &7 10°
AEF/m A2 HZFEHE o FF F 7~8 9] 94 Y=7} 10 )
AEZ Eojued o Wit AW A AAZ7olt HaE B & 712
717 9 5 719 100 £ &7 HIEAIA T FET &3 =
g7t FeldE giF g Fxd JFE o TN g 22 wEe
2 @ g FINE 83 T Folok Folof st o) me}
oA HY £ o ¥, HEFEBM) Y WY FA &F
(@)ool 2L g Fxd 7R EEF Fostofor s

- 117 -



E 10 vE viAY HE
Table 10. Contents of fertilizer medium

3} % 4 % % uF /L #F/E

(NH4)2SO4 + ¢ 200 mg 200 g
H3PO4 43 35 mg 35 g

CO(NH3z); 8 4 5 mg 5g
KCl g3t 5 mg 58

'« 71E gEe A, 87, A% Axe M i €Y 4 AL
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=

SEAZ W do] e A7l e =

RE HEY HolABot dxFR2FA2E 2700 1x10° AT 4/me o

=2 JES o 7 4 AES AU 5x107 AES/m o) 4e] W w )
GIF T g0 AFIAY, F8std &9 Aolz Agew

AP AWM $& 25T, AR 30 % 14 3 ¢ &7)o] WIye 7

2 HFTLE7 1x10° AlES/m ¥ AS o 89 Fo)= 4x107 A 3

o M 0 -
e O

T/t AEZE "Sci(ad 22).

A SR BRAE)S Evtx @?‘ﬁl—rﬂ(lﬂlﬁ?#ﬂﬁ)‘) ALg-shoy, uj
& &7l A ai%i} HFde dAZFE AAT F o] & 2FL Enpr
BFATHE Y3 @R olalM A5k Yo MW vjordo A

22 o= A% 2293 UEE 9 47 Jud HE ErldE A Ha4
ol A ¥Ao] FolAm Ao WEe] YW Mg d=Mo] Hig of
W7k FE Ee B WFGWERD AVl 22dcty 2o A 49
WI PR FEyel e RE FHPL WA 2/3~34 ARG 283

oAl s AN oAl B MFe HEoHE Wy Tz
4 ool B9E 5 8 o4 w2l Fzdde Fo "ANAY ook
Aste] Auste 97 wormg Fojsodo @),

F2Ys FF F 1~4 9T FANCGKEINE 712 F, 5 QA
A% 471 Boishedl 9 HAE 3, U7 AE BLRRHR) 5o
T AF F 7~8 dA At Aok 2F FH Bas%s A4S ey
W, 2 F ool AuE $4ee] 0 o AN T, olF FAF AEs} 7
asted ol WY Fo PR BF F2AY] YRoln wag

>
N
(o]
o
o o

g e 12 U oA ) A 22T PAsA obg

FAHA
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= 11. /2 wix}e] =4
Table 11. Contents of £/2 medium

3 s 4 = 3 FF/ L q3F/E
NaNO3 AMGEF 150.0 mg 1500 g
NaHzPO4 A2-ANUEF 8.7 mg 87 g
NaSiO; (9H:0) TAYUEF 50.0 mg 50.0 ¢
Fe-EDTA A #Z33E 10.0 mg 100 g
MnClz (4H20) dsdzt 2200 pg 220.0 mg
CuSO4 (5H:0) #4713 196 ug 196 mg
ZnS04 (7TH20) Aol e 440 pg 440 mg
CoClz (6H20) dstaLE 110.0 g 110.0 mg
NazMoOs (2H:0) EERAUEEF 12.0 g 12.0 mg
Vitamin B v Et¥l B, 10 vg 1.0 mg
Biotine v Et]l D 1.0 ug 1.0 mg
Thiamine - HC1 ~ B]E}¥l Bz 0.2 mg 02 g
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Cell density

10000

1 [ ] |

1000+

100-— l . r ,
o 1 2 3 4 5

Culture period {days)

Yy 21 Y=FEFA 29 AHF.
Fig. 21. Growth of Nannochloropsis oculata.
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= 12. =42 W 3A

Table 12. Culture procedure of marine Chlorella

T B 2 71 9@ % o F ouw ¥
wl| G = 100 ~ 2002 1 -~ 10 &
3
oA | 3¢ FEFR 7] (25m — Sum — 1um)
AAAE | A9 477 FH FE d424A25 2 ~ 3 4 F7
- gAE - 99 -F4E A2 AFRS F7] 9747 F
N7
F(Baouwa}l o|adesr ZtAE AMEFH, A A E7)
= = 2,000 ~ 8,000 Lux 2,000 ~ 5,000 Lux
4 = 25 ~ 32 % 25 %o
T 2 20 C 20 C
1] A /2 wj =] H] S )| %)
HAEUE 1 x 10° AZF/m o4

1 qE 5

FAAE AAZE AAAY RHQAAZ 1 A A% F Y
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FRdths 257t FUES BY WAGHEAO DLAAN A%
T FAlEAR, 24 A A% We 2AGEMSGE Ande sae xx
FRERME 483 ol 3 ATFE Hoy AngBERE o

%, 24 A A% 0e wod A o

N

A gHSE AUA) GREe AE S0 ol g Gz HE Ax
S ZARAY ATAGERE) FAS 288 A Fo)dA Wty R
Hohe 2o ] go] ol AZGo] obrth. welA, Za Azl ujoke)
Had AE5e Z/RTE 2L AES AL & Q= E2T zAe A

HT AERF(EERRE o8 SF M) ME 7180 ML=l 44t
TEY FTE AN o &FL WEAR, FALRHEMER) S AL
stz Z2detd] Oig AEE7t Bol EoET a8y, ARFZE 78
TTE Y7L oA R FAFTEY ol Al A w=A] g
HE Hol2 I¢ FSHEREM) AN F HolZ o] gl ot w3

Z2ee ¥ U=IFEEALE BB AS £29 S42W(KEEE), =2
C ABOKEEME), VAT F @RS, 221 FE $40] P43 Fe g30|
U Lejvjote] HolzA Fo3ty] WEo] 2EdY P deIFTEAL b
o Wil Westth 2Edee wYg FHAL E 129 2o z27] g
B FHE YN E Had 5 Y AEs} Wese, ZFug Zzdal
U UxI2EANLE $5¢ deted 94 BE Azie] 4857 fE
o 4E2A o] MY HAH FE THE A A 29 Ao Azetd
of 2B A4te] Aol A,
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g Zzdze AXsy 37488 % denA

Szags ugsd BY $SA9 J1Esh BASL, AL ds
gasoz %*—‘1‘6}04 gzdg A5 ARse A9t wased, o
AL 2e9 FAT A4, vFFl YUFTES TAFLY GBWA, 59
rans A0S, $719 AN w2, FaFd 9xfe Y e
geloz olge WAl UEdTnD Bn. ddE AE A=A 3]

=
czH ox AE U 4+ AThL Boh WHIHE BAWNL ol A
¥ FPAdel B G ol nuHch

D.249 A : A 25 wFgd Biadez FAE o838k
sl W e TS FHE AT A¥ACl 2B, 228 AHE
o) FA =g 4.

@ 7teHa e vge Hrh: wgE AEAEn ol Hrbstd e
wjorol & A}gatd A8 nFELTld AESFY FHE FE&F UTh

C @ 9late] "y} 22Ae) FHo) EFo FAH WFFrt A4S U

Bux] ¢ AoE AolHAAUEF 60 ppm FH AAH(HPOs) 34~

@ Aotgait GEFY A7 2ddel FHo) BIA} AFo2 o

A REeHe A%, Aoldas UEE 02 pom & BEF, Ex Aohd
E

22 YEEF EDTA 8 ppm 2 W&t Xtopg ity
% =
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@ <t olkmFe Hib @ dANEI FRo] FAadE AL AMolAdmn
S 07~12 x 10° me/10* X2 Hrbstd maHo|o},

® TANGEEF : 2EDTY FAo] EFF u wjUdSe pHrl Hojx=

TAFUEES H7ste AL wIFF9 pHE A4A7=y @

F}

#ARlel 7Hedttt. pHE 9 o4 10 mwtez 3o, Hsiage

® 9T B4 wE WY AFE B2 RBE T ASEAN N

[e]
S S4&E BOIA U1 FPAYo] Yojg HEL WolxA W

9 WY Aol Bed W wMgrRY £98 3o 29 ng
Be dol £353 $r]9 2he) FEsA Ho AXTUES Zrte

@ F71H A2 AF : WY WS AFL 2YMPrIAA 24 B
sl WYY A9 e gTU dAFEY Y AYe 22U £ 3
% 71He F7 @4l YEud vk wd Boke £ wsl(
- 109 %)z WA Aol Fshe] Mgshe Aol viRA st

X
<)

ol g4 wo] 429 JF B

) 9 By
g4 vo] Y JY7t BAHL WIH ol 12 MAE BYD
AFE AHgstel AASAT S5 A ASEREEK: 32 % )8 o
el AERAT, ¥ 2RL A5l FREEBRE Aekd 545714
NS (RIMA) 95 UESNaC) = Hd 232 ks 2Raq0.
MFE 20 T o X A& 2% WFUoNN ANFHAOH, BHA(KE
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RS 918 BAQUREF)CEZA CO, 7t2E 3719 &7 T3skAaL, ¥

59 Abgahel 2500 Lux 2 ZAsEth HA(TRIH 22 dershel )
opeie] Mo 7t FAajd EFAES UEs AU HAtL BEHYL
W Hge Fustn, 9 9427 (EEEOSEER: Sorvall, Du-Pont
ADE A ¥& BHE ZAGRRS FARACH, B 2AE
AT EAAZ7|(EHEHETER: Labconco/:})i T4 Axddo, F &4
ol AFEET AL EER: dry matter ratio, %) o} st Zth.

ALE (%) = Az F 22X FF/ 22 d 24 TF X 100

Ho| AME9 Jgrt B4 F Idwt JE(—BERT) EHL oS53 2o
gt B2 Az ANsdA AR Astq FEOKS), =ASOEE
B5), ZeAEEAR) 2 JEKMY FHEEFEFR)S SAHNLH,
LS 2 (Rk{bdp) el T8 %9 4 JHR ZEY S 100 % oA W
oz ddd. ZAMe oAdEZ(ethyl ether)E AT &
(soxhle) o2 &g, zogWzae ZY(kjehdahhHoz ALFES T
. g, o] gtoll AA AF(ERFRH) 625 & F3 =IWEA Fo2 sian
S 72t RS FEBS W ABHEpR) oS UG £F Dol AE

F(EE) S ZAY, z2oud 2 g53Ee] EFE FAT 44 95
8 2 42 Kcal/g 22 A4tst tH(Whyte, 1987).

W) 9% 3ot 2%

Hol AE AdYFL ol AEY A FH XAFA ws F13}
Cdulg 4Ust e HolE H3E FAET de Aol drty el
1= Axng 28357 P& Ao 71¢n e Hol A=

o}

sate o] Wz

A

g

e

Ah=

o N L
32
rir
N
ol

o
N
A
i

B
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FHEE)S ¥ 137 2ok FEYas dEo] Sl wE 22 =
ol g stE o] F3o] A, FEte] TUHEly] WEe 24
Haste AFES B FGE 15 % oA wlgd Aol =AW
5 %), @538 (331 %) EF 71 =2 73S g
€ BAste L AAY 2ALLE dE 1

HFRAE A7 A8 20 % S 30 % 1A SRS woll vl oF 2 u)
BE 40 % & wol uvla) <& 3 ¥ A2 FA Yehlsd, oRAe
zfolof wet Z{o AL 2 e vX FEX TEAR O JIH =
dol e zol7l A7l A& eI Aok o] F9 ¥} x2He ¢
15 % &3] AT Ao AAAY A &3F9 Yol Ag”
S A 20~25 % A=Y ¥ FEEZ ujgslE Aol FE& Ro=
4.

ass
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B 13. AEA Yol AES 33 24T EF
Table 13. Chemical components and calories of phyto food organisms

@2 A5F %)

\ qela g, = g =
Z A u | 2oy 2 z38
Bl 4 E oy |ENE|ZENE | e | BT )
15 4.2 325 33.1 30.2 33
20 2.1 30.0 33.1 348 3.0
zzaa
(Chlorella)
30 2.3 319 285 36.9 29
40 1.3 238 20.8 54.1 2.1
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H2d S=d Ho| 4=

7}, §3(##, Brachionus plicatilis)

22 (B EWFT © Phylum Rotifera), &% 74 (4
Class Monogonta), 9= (8#H : Order Ploima), &% IH(dmza%t
Family Brachionidae), &Z<(W#8& @ Brachionus)dl 3t L2,
Monogonant  rotifer Brachionus plicatilis, Brachionus rubens,
Brachionus calyciflorus, Brachionus angularis, Keratella quadrata 5ol
olt}. Brachionus rubens, Brachionus calycifloruse 54 T8 g4t
§F ZEAANA o] o]&H3 A F 22F 27 FRANA I}

A da oL HUAME FE FE AMNAE FIF AL HFozE FF
A HE EEA Hol|AEQ 4t Brachionus plicatilis(©]3l &322
E)E NFaos @5 FAAE FEALA M deE o 8Hz 3l
=3

§Zo] olF THE Yol AEZ F£L Zo| HYH o] T HAAFH
2 £39 BEGE), X (4, JuHER), TAELE), FHAGER), 9%
P7t Sof dig Ayt &3 AFPHJeH, $EH HEdME £(1972),
(1981), &= +(1985), ©1(1988), ¥(1990) 9 @HAH AT7 & ¥
o}z wlu| gk Aol

82 (Brachionus plicatilis) & (Large-type)® 223 (Small-type)©l
zAQ%n R o]RL FHHEE FUNAW AAF WS o) A

rl
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At AW F JHe LR HE AFoldts AFAH
2l 2z

q
t ool % Feld wE, YA 2y 2§

EEE I I EXE A
48 24 A AEAHe]l AuH FHZ Holg)
£%9 WY 280 T YUAA 52, BR4H 4K 2 A

A zto] 2 EFFH AX= 1¥ 229 F 149 #h

TEHM)e SA@R)AMTE U7 FEASH, 7o At
o 22 P2EEt GAZ ¥ 37 % o4 XME AAHo
Uesd 42 713 43 92 B % dAE AR M 2 82 10
~35 % (Hirayama and Ogawa, 1972)c]t}. A& pH ¢ ®H¥+ pH 5~10
olr, & WY+ pH 75~80 & <& A Ut}

£% A7) 100~400 m WMoy, =70 wet L 33 S 3§ F71F
2 E2EE5E 4 Ao Ak ®EHA977)L Wi F(EFR)C] 130~340 m
(FF 2389 m)2] AL L F, wizr#ol 100~210 m (BF 163.3 m)2 A
< S golgtz ¥t MRFWL)F THEW)Te BAE L Fo| W =
0534 L X 5196, S o] W = 0.731 L X 1.08 oln] & o] ujztate] 7
AL 210 ym B3 ATk FAE L Ho| 385 m, S Ho| 1.37 m(kk
© 1976)0]w, o] F ¥ztel AAH H(EEMRE)T oAU UhE T
1982), =% 1 A7]lE WskAl oy MAsa e #7e w2 Fe &
A0kl AR (EBE)S Zeds €8A U 257 ¥e AL
o Zol7t AAAWGEESY BHA& 1980), Hol9 F/d waty T wizhd
o] apol7} UM (REFTS A& 1981, MRS REET 1984) 53], waEREYY {
Aageg Zzdduar g EeEGAYA(Tetraselmis)E H9 Aol w3 o]
A |t FHE1979)L Yol o] HEFE MAI FHopA 1 BETL &
242 A7 ARGT G, KA} KTUIRE d2el R4S
AT s

iy

=
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a3y 22 UE&3T 4983 9 ¥l
Fig. 22. Morphological comparison of large-type rotifer and small-type

rotifer.
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¥ 149% 5% =

8§ 39 ¥a

Table 14. Comparison between large-type rotifer and small-type rotifer

k: 2!

el K

& 3

2594 9

Brachionus plicatilis

Brachionus plicatilis

hepatotonus rotundijformis
o o 160~3407m 100 ~200m
g 371 2 BF Zpy mop Ugs = 78
A A A 20A 9 old A o

o] 20}

o] mEslch

3.85~4.44pe

1.37~1.87ug

2 2w F 524 9

23~25TC

28~30C
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@ o Aol 2717 100~140 m 2 AERY o e 24y

5ol SUAEA HFAN BHAH] ol #F AT AFHT U

REF)S stodl BAEH) B4 44 GRS 94 PHoE vy 44
AdAS v dPL@0~100 X 110~130 m) 1~2 HE AFHo=Z ¥
o, olu §7 el Wt 4 4 @Al AAU

< 7HAY, R 2uste 1~2 A UFEE FEd, o] ¢ 3 Ho
F2 AHdAN 2 FAHE AUH B A4 ¢Re2 ¥3HA Y (Hino and
Hirano 1976, 1977, Lubzens et al. 1980), AXA|A #7] na#slgcist 2
A HIANA AL 5 ded o™ 3t {FAL 2717 50 m W9
A7194 TG Yol FL oF x7] HolE &EH X7t Fo}
8.F o FEo did dF A4 A7t st dH oI &5 U
TE jFFFoA ERFHoFZ FIHAT7) AdMe FAE AYE FEEE
AL oz &g AT F dEe #HE wEo] Folof o *A4 A
2 MAe e dxdA AA JYeguy AASFE st FAE o o
A A go] =tHBEF 1981). HEFS} FEF(1980, 1982) 2k} A#o] ¥
aglm w3 e 717t 2 W ¢ A4 FEE0 93 I

olgigt A7E HY £5& 4ol FL e G AHS st MNAZ(E

2=
T
ol

ko
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S AT drh

g2 Z7|7F 2W RS0 ol 150~200 mm HAE HT (4 may)
069/¥¢ d Blda 300~350 um WAL AL 040/4 = oty &
15~35 C WolNe] 42 259 Asd A Frtstyd 8L #okxd
t}. HA 4$ee 22~30 C(Hirayama and Kusano, 1972)1# S ¥& 30
T, L 8& 20~25 C7} A2olch(FFH T 1981). 15 C AME AL st
ARk QAL 5% ¢kom 10 T olstz W7t WTRMWMAIE 4T
.

) &5 W

HAolF Aolr1g Hol2A F2F &F& wWiFsy] M= »A
9329 9% Wol 3|4 Chlorellast Nannochloropsis sp.g TBI3 +
ojof &t}

Chiorella ¥W}¥e-e wgstnat st %9 Fol HldsiA ZFH|siok
o &% 19tgl7t &Fd HE Chlorella %& % 20~30 ¥ 7HAIZhaL
otex 9ok watd 1 me o 100 AAY &%F £E&F 1 o o Basod
© 2o WRF Chlorella 9 %< 2,000~3,000% cell/mt 559 Chlorella
1 o] Restch. a8y Chlorella 7t AAREZ W= 8¢ 7|3
o] ¢k 7~10 ¥ AL A2Q8HBE &% Yol Chlorella o 100 % <&
& A9 &3 wge] 7~10 Wl ©|49 Chlorella € &R Foiok It

D &% HA wg =2

Rotifer & ¢tARoz dFugsr] dsiMe &5 F4E w24
g 2 9= #4298 $H FHs wd Fxd HEATE Aol L8
sttt

@ Fe

filo
[
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e &
Zol 28 &% 2o =/ dvEd

B A4S0 2oug HIRAdA Bgd £5€ A 9
ol AEEE %9 YA P HAZL doju Hel2A Y JHX7E At
gy o) ol 2 3]sl 20~25 % = ulg3)

= Aol o 23y &3 FEA4A FolEE e AP W 7=

oﬁ.
=9.L‘.
I
H
rlr
%
B
|ﬂl

v

FA §F9 uY Yol WAR, FAEE, ¥ F2d, AAHE
RaEpFR) 2298 £ 94 95 F2LHU 49 ASH UG
Zo A 7HA Bo] AAEHE RE FRF 22dHE Y439 &5
okst Aoln, ol 3% Hote ARF FOIFHEHEE)S &% 100 ¢ A
% 05~1 g Weolth kAR &% wWigols F2A9 ALgol I
Ay, ol REd upel o] &F9 FYVHE E7l HFeloh A4
87t Qe FoME 227 JESEE Fo7] A9 EEFE Bol A
£3ln ot MEERGE FRNERZ WYY &5 P =1
Aok 71do] tha usg, wEgA §F9 wWEF zr|de WERS
2 33 AF 47 FuRe Eol7td FAEZEER 2~3 d W F,

¥

2

)

2
™
=

©

P

=
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F4 st

Aol w}

ORI =

?"Sl-

= B
K.

o] Hol2 o F{Y mAZFI UAR Hol ZpAY

o =
a5

)‘\l.

N
T

2 B o 45 Chlorella 7¢ 7F3 538ttt a8 &)

Chlorella WAl e A4 3

S, el weA ge A% e
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A J1 &%
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t-g-Fo] ¥y wFo sjale] FHAMNE &5 LA S Chlorella =
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ol o7t Hahstel $Ptst

o] Hrlx: 3

A
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Bl Etel B9t B4A
=2 Hg
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ek,
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e

@ BEEF

% Hol|ZE Chiorella
T Fo] By WEo Chlorella A € RZHo|Z wWgR7F ALE-HT)
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s AHole) JFeTe] AYsHA %7l W
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AT WwEw
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ol 7he
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ol 71 "WEel s
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® nAg

S%9 oz AFL F2 BFYAFPESB)o] o] EHAT wEo
2 2FsE ARY TEFY Chlorella o 374 T39S o w3t Q
o,

& FAH 18 o] &F &3 Bujok

&2 WY ZEdoy dxZIEANLE Hol2 TIFeA W

we A4

ol

WA o] WestA Hed FHgdE ol
st Gat 2 A (Chlorella vulgaris)E 5538

fl
o
Sle
2
o
tlo
§l=
ih
oft
2ok
)

lod HE Fd4 29
600 (fresh green 600 : ©]3} ¥4 a)olgdte AF F=2LE A3

2 gtk FE4 28 g5 FELHRE dgo] HAEAA AFE G
A FE AHEEtd 1 09 600 mg &2 FEAA 170 AEF/me 9] Ao}
AE AXZ FAHY de AFLE, gFE2dd 75 HER Bp
E ARG FH4 282 &F9 TR oEA "di Zelrst ey
1L FolFe ¥ 159 2ol F4 2de Ll g#glol &&
Fol 7hEdta, Be &7 28 flo A sEdE Y F dx
C A A FRAANE M A @k

24 18 04 nt/LE TF3IY &5 25 C, 9% 30 %, 5 43
e A3 27] D=7 100 MA/me 2 HEFAE BF oF 360 /N A/me
YA wj ol 7HestA T 24).
Z W gA wiFd wBE 60 m YOoB &FY FELS E%—S— F uj g

5X

&
T dAZFE 93 HFAY ds Aze E220

T A XS /me)
€ 22 ¢ UE EFEAUY AAE wgFdE A F &5 100 7 A
g wERY FAEZRE 05 ¢ &1 ¢ 2 Fod Yo Fo] sH dArh
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AR g FANAN Lxo FHEH Y T T4 EFo] Bol €
dr} ool g 4o U9 FHo A F53 2 43, dg=(®
B)e 71, S2ALFBEFBREERE) 74 2 AT (RERD) T4
o} wjeke EtAL AFH FH AAE E7bEEHA SRR, AL &%

o g AAS Wazm Y AW FAE AAEs7] AstH =Heoor &

) okA] Hikge SHA L & F
Wopel rane WHz g5 dFAs 2

=
gt} ogd de AA SRR §ENL Za, FRU} FEE

k
ng
H
N
-\ﬂ £

" UE g wMgFAde §&449% NH-N € w¢ 8357 wEd o
Fuj A SR E Wy Fasit HZ AL AV g 5

Chlorella A+4°l 9% NH3-N o 45& A4AA79M pHE 7 AF2 &
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E 15 ¥4 29y FEF
Table 15. Food supply of fresh green

#% 2= CIAIF/nl) Fel4 29 600 FFF (LD

50 0.2
100 0.4
300 0.8
500 1.0

1,000 2.0
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AE e #3271 AEHRE 497 Qv 2YEE &5 ddTe Ade
AASFAY Z=2AdAS Al E Oxytetracyclin - hydrochloride 10~20
z A wgFol AYste Aol aARHeT. I &5 WY
22 =2 Euplotes & Uronema 5°] (1 23) |2g ¥
P

AEe APPos §30 4% Fr Anvke HoF Aot $Yots

®
o
ofp
1o
L)
oft
=
o2
o
i

&}
s (UL o) U ohEbE, 1983). Ba wEHE Wi, HITEE
£5), Yol T 59 27L& IASA st A4 A 2L =79

Zzo)A ez WE ujgstE Wyl & Y, ke ®#A("A, 7h
o -Zzadgs F2AZ F YEs 1 x 10'~15 x 10" AXF/m 7+ =
W 922 20~50 MASL/m o DEE HFANUL S2LHE Yo Fof
Zz oy &2 w5t HolAd WER T FAAEE sHF W
Zo) &1, 2 YEI 150~200 AAF/me o ol2d BF sRs &
B omo Wolg ALLEE, QR EL 3 & B3 HIFLLE AE
stk dRHo WY EFd 2B FFL A ¥on, A7AY #A
o wEze B3 (FhelA #93 (D1, E (HE &718A wgsts 34
oo & FAL 7 YAE A9¥Y. F2dHY FAZRE Zo] Hold
HAT W21 95 o, 1~2 E F 423 F2dA4 &3& e
solm g wkell 200 A AS/me, 10 Dwtel 380 AMAF/m 7tA WG
7 Qo 83 £33 AS5E WRE FE 459 do F¥HA, o] WH

o BeduAE FAsm, IA FL FM =% Pdtdos AT
& gk

wg sayge g0 2edne YES F 22 AX D=7}
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a9 23 &% wWiYgA JEde dEFF.
Fig. 23. Ciliated protozoa occured at rotifer culture tank
(A: Euplotes sp., B : Eronema sp.).
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1~-15 x 10" AAS/me 7F 98 &3& 50 AAF/me o == HJFF
o} gansdddy PE FAFY 2L WPoR Yol IFUH &F ¥
T7F 200 AAAS/me olAe]l HA AA9 1/3~16 7MEFE F¥sn 22
ofo] Z S Yol 2th. FHA £F Yo EFIE F(net)E ¥l &
zute Faas WAE Qloh o] WS 1 Y BN "R Fo &
et A8 Pgol Ack wEA 15~20 Az BB

F A
£33 T £35S gAdE FHL YIS 258 oF I
v}, e vl ok (Artemia)®] Wi ¥
gevjol 23 FAWMLEE)S FE Aod FFe £F He ©
glojo} W& AxF F7I —6—011*15:- B ol 5
aSo] 2w 47 ¥sgt geEvlol G AT EFHO FFoE A

97] WEel Bag Al FUsH FAAA Lo Fo ¥ KL
Qe & glol IEHQ B3 2 9F FIET £AAW £4A A48T &

Ny

%0,
9

atgmo} 23} FAL U AAHGERERN) A% Hol(RBH/E) V==
AN AE ZFaEo|Y wdolE Hired, ¥4 FEQ HolE AR
& & (FBE#R)o] =HSorgeloos and Paersoone 1975). #-3tF ¢ 2 F F
W Wae] stsata, 1 Mgl 100 /1 xS &S B, FE 46 /MY
A o] th(Nimura 1967). Kinne (19777} “81F S A2l LH Pt
oz ALEHAE AL 8 % olAelth” x AT =i 2ol 7t
A Zy o] &HI YE 228 ol AEoln, HZ ¥4 el 2AHH
fuA o7 yadME Fa o Fo F4 9A oz dEHTokE ¥

¢



Artemia SystemAl 5 98 7FA7F Qded Azdo]l A4 AL o A
S AMgsl T Fusiy FF H3E3 YU oA e AFE Qo
2 7% & EAL BANS F JE G99 ALY AEFE ALESIE Ao

uh g2 sl et

FE 10 % A= 4o] A}&38l3, Argentemia Fe] Z9E F5E 156 % 4
2 o3 oA RIFAFH Foh £ 28 C, A% = AEjolA wjek
£7] We Eo] gAHsA Hel=g ZaA F78E 20~24 A el &
ool ¢& xZ8$2(nauplius) FA(0l3 =T f2)9 FHZE £33
tH2d 26). #37) diRE gsHd 7] F4E& FAS, 749 F3F
AEEXE)S ol &7 ¢ EAIRSHE) WHoesE F3d x=FI$2
F&

gujol Wt 1 g & H3sd 25 wh~28 wetEe] :EE]$-271 23
"ot Nz 353 =Zgd92 A7 E dFg AF(ER) 045 o, Z 0.17 o
oy, #ZH(REE)S 001 mg, VFTFEER)> 1.8~30 g Aotk
P A (EEEM) 2 J2AERM)CZ I 5~150 %, F& 6~35 T 9
Holo A AEo] 7M5dt &8 447l 1 ppm ol BFHAME A F
Art.

Ao 23&e A7) AdMe U, =%, 98, &€ 44 F AN £
o] ztFolxof 3y, 2L ZANME AX(EH) 2 AZx At
tt2c}, 70l wet Leujole R} HFH F£22 24~2 T = <A
gl otkvon Hentig 1971, Jones 1972, Nash 1973), Sorgeloos and
Persoone(1975) & wj= A X yo} A2 28 C, FEF A& 30 C, T4
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Y 24 €59 3" R ¢ BHE &7

Fig. 24. Morphology of cultured rotifers and enriched rotifer.
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Cell density(al2i$/me
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0 1 1 i 1
0 1 2 3

Culture period (days)

aYy 2. 34 2dez vy &59 83
Fig. 25. Growth of rotifers cultured by fresh green.
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o A¥= 35 C &2 ek Hux #3 5g&& vEhdlE d82 von
Hentig(1971)= 32 %, Nash(1973)= 35 %, Sorgeloos and Persoone
(1975)2 5~90 % = stem, && 44 2 ppm ool A= H3lgo] 7
Agdy Y. gutdo g dEuol G W Br x=F A7 W]
ke we} F3s}go] Wt (Vanhaecke et al. 1981, van der Linder et
al. 1986), ¥ EHE AHEstq RS F/MANU A7E A &H F
1987).

ole} Zro] Hmol & FTHE, AXYH FF Axd JF 3|AYE,
53 i, B3 24 wet 23880 2 2
FL7t Tol EF 222 ZAAAHQA FE AL fstdME I
9y Az 3Ae F2H WHos B3| Zo] utE s}
o AldEE gHPo} deo dukAl £33 FAHLS E 163 ZA.
g2 3 ~ 4 Aol AYY AR Y77 Eelx
7ol 85, B8 AlS X0 g1 3L =& $
3

P2 Fofo} dt.

U

t}. 71E gHv o}

de|vjol= o wEtA] A AHEE F e WE LEvlote @
Z+ & AAs AxAZ Fee dZ AA gE v ok(Shell free Artemia
=+ Decapsulated Artemia) 5 B4 FEZ 718 ZFH o] G Yatk
o] WaF o8 EE ARZ TEFFHT Ytk

3% dEHblole ¢S 8A e 2434 B AE RIAA F
FHoz AAF e Aot Q= AN F& WEAA AY Ytz
FAHA SEA AAFFER ATS FEAINA A atdE A FAAE

AHRE AAZIE FAAA B I

M
o
i
fo
BN
Hu
L
=1
N
Ju
ol
tlo
=
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el

ol

=]
™

ol

3 A AEAEA gld, A dAddNEd S
FrstAl & WE A gHvlols ol Tk
9 3HEAE AHEstY 3hg AAT 100 % «F
W2t AA dElvols GEHAQA 2 AHEY WA wEd dA 2
Abg ol F7F FAdl ded 2 AFY 5AL g 2

O @z AA dHvlole AXAFF £58 FHo2Z AT 2 Hol
thste] kg AEjoltt.

@ 7t 23tg v} SFARTOE A7} wl$ o v 2 (230 m o8
e A= FHo] 7He3tth

@ Axe] EYRA loemz 2 A FFAME HHe gy S
Ro £4L& 2GAINA g
Az P g AIRE FAdAY JANLE T Hd Yoo
W o] At

@ F3A d4E A vdee dUA &8
TS B 30-50 % w2 ouAS & AFTFES AT STk

EP 250 7

ol

.

®

H 4 Agsta

e RS TP F WAL &70U Ho] 9= AUsn Az Eol AaA

. SEAG Yol AEY F¢7T B4

Fdo HEE FEL d7rARAd 93dH BX3 WAl 53], EPA
¢t DHAx &4t ojf fAd "5 E7FHEE 9ol (Rimmer and
Reed, 1990; Webster and Lovell, 1990; Lemm and Lemarie, 1991), o] 2 &
AFEAWLEE G 4t AF FAY 433 AEES F43] =017 ¢

M W= Atz FFHOACE I AT
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_— 1@1./;:31] 7_}—_7-5}%*?——-}‘5‘ v P

a3 26 GEmobda ¥3h {4
Fig 26. Cysts and nauplius of Artemia.
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olg]3r <olEAel gz HolE sty g x=Helkx E-731(Jones
et al, 1993), Brine shrimp(Artemia) §42 &4l AN opd= o F
GA 9] Aojgle Yol Fadt &S st Y
a#y Artemia A AFEl SlolM & AL AxE EXZ A
Abe] Wolgoln, B AT AEe] A3 oF FAY H
E AL Artemia 440l THFL Y AEBTZJATALZolHR 3
Atk Artemia @ 98 25L& oF A0 AFH dFe TFEA X3
A% glm, o)y d FBEgA WAty ¥FHo2 Yeid F2 T E°] Utk
o]g) g AHMol W-gst Artemia FREL AF w4
7] Ao 1% Bxst Aatoe] TR AR dF A3 7] (Leger et
al, 1986), ol# & 4 F 73 Artemia o 1= EE3} A gat e =
ANz JFEH g FAATIE Aotk U4 2R/, 1xE X3
AAk Wy gR EBE Arg, 288 vA 9A, #A A2 74, vAF
AT FBe g 73t AEE0 ATHoZ AEHA tth(Leger
et al, 1986). o1& 7}A 4% 73 AAEe] FFL2 AHEHIL A=H 2
A= 138 7223 FEF5YDhert et al,1990; Stettrup and

)-R _O‘L

fr

© Attramadal 1992), A% "M <€ [Rimmer et al, 1994), Ax ¢4
(Stottrup and Attramadal, 1992) 5°] itk §3] i ed=2 ke A}
Bl_olslAlo} wlAH Ao FAYL oMo AT Wol yEy U
(Ozkizilcik and Chu, 1994). ©]213 #Haddx B8t &332
78t AbeE vmA vAn ARG 717 B¢ AW Aske] A dE
o] Aea ANF Fue AT gt
g2e ZzAd WER @ AAERE 4F v TS WER
Hol2 wge F, Fdgg 2 2 wlgste opu| =2t
5 A3 g B WFEERT 1990), F2dg2 Wigd &5l

c
o
o2

0O

of
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3 16. gElmlo} Fe| B3} FA
Table 16. Hatching procedure of Artemia cysts

A8 7 A

W 4

el A

[ A A
g 373}

% A

1,000 ppm Z2287} €Y 2 ~ 3 B 8 F AR &
2 Mo e TG4 1 A Bre] Zeskinkit) A3

AT 34(28%)°] dulE 10 ppm A7}
28 T
Wol| = A3, yole ¥F5CE 1,000 Lux ©l% A

do| B3 g7]d 1% HAZE F7E BsA £, F3 3
Aolle =392t 34 A =S FF A4

X3l 8441093 ~5g B4x106 D] e=E= Y

AR RSk BPHR 2RET $PE FAL AIE
(siphon)& ol-§3te] Wztat 22 44

28 BA%E AN A7 slrE 3 ~ 4 3 AY F I

Zzda =& AVEU § GYAR ¥ B3 BT G4
2 o f4 AlE Ask 2 ez AF F ol
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o}u] =4k (total amino acid) &% 434 % 2 714 A detwtew, o ot
o ware FrALE IFd &F, FALER I &5, 224
9 FAZRE EF WIS &F €22 UEET

olul: Al 2L By Holel FzAgs} JHANI YE ofvi4al Fd
A ZaRFs vmste] wmA gol FFdtn YW obL3E M (Aspartic

A>3
acid), E 2 d(threonin), 2 FEF=AHglutamic acid), 3]2E d(histidine)

g, =3, FEFE JE &Fo A
(cystine)e E&2dzg 2 A vigsd | 3

Aubate] A$ 16 7HA 7 B HUEY $E T2 o] ZALAEL
wolAe ZxdaE uE FFE Ao 1301 % 2 /M %3, #ARE
2. od £ ZzAag2 2 2 g F7E 126 % 2 e Hol2 bl
X3 A$ol HEe Eth o9 FaF AW =4 (inolenic
acid), ole}7)=Y4Harachidonic acid) B ool ZAFH EZ ol =it
(eicosatetraenoic acid) 5% F2dgo] ¥ &Fo] BUH. HEE1978)
e Zzdas Yolz § 544 AAWHEENR) T clolIZAHE
o ;melal ko] 23~28 % o ATt BIudFen, 1 9 A& 7R
AR FzAFRE TF Yol2 T AS 47 AR FASHAT

&% AUt AN oz E XNFAHA] AR IR &5 &
gl Rasgen, 2 9 948 /1A ZRe F2AdE EF Yol
2 8 3% 371 2F49 fFAEER

$=9 dgst AR EeRE XNFAA WEALE WY &FS
ZzAgd] 6~48 A7t 2 A wWFEHAL HE WHHARR) St=
durA ol otdLl 5 1979), 2o FARRE o83 THYEER)
3 AR (ELEE)] ALHATHSH 5 1979, #iE 1983). BB #E

ol
o)
L
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® 17 Yoo & &F opn|ii A
Table 17. Amino acid component of rotifer at different food organism

(&9 %)
HolF{F Y Maws | FAER+ (FAEE>
obw =4t = gzd8 (2248 (2243
o}~ 1} e} AH Aspartic acid) 3.67. 2.81 2.90 2.72
Eg 24 (Threonine) 1.59 1.41 147 1.25
A& (Serine) 2.36 2.24 1.83 1.98
ZZ e 4t (Glutamic acid) | 5.44 2.40 4.09 4.39
w3 (Valine) 2.39 1.66 2.26 155
X2 (Methionine) 151 0.67 1.08 0.71
olo]&HF4l (Isoleucine) 2.20 1.64 1.85 0.71
FA (Leucine) 362 3.4 31 2.33
Elo] 24l (Tyrosine) 1.86 2.15 1.67 1.12
Hlddal?d (Phenylalanine) | 4.01 4.35 2.89 2.80
3| ~Eld (Histidine) 1.05 0.92 0.67 0.62
2}¢e] A (Lysine) 2.64 2.91 2.36 2.21
A 2" (Cystine) 2.07 1.11 1.99 1.43
71 & 8.97 7.53 557 6.63
F % 43.38 35.24 33.74 30.92
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e FAE AG :EAG 29 3 A7, WEARY T &F WY
Foll 7M7le AeZ 6~12 ARt wjdEte 63 Alde =BT A
e ¥l Fol o2 AFJMEHBR)IE FA AMdstes el F
(1983)% #:2(1983)& WEE e 23 vetdloly F3A4 AT O A RME)
< AUt L7 FEEHL FA &0l wolRnn dAx, &3F9 2 A
A wee] B4 FEol w63 ALY 1= Bxs AP 5 ulg
°f A3 d=e2 Fog a5y, EF &3 HL W@dME Aed
TEH 03 AL nE X3} AP ulgo] 1, 2F TaAEAld
Ao FFe] MR dflon, FH@L)T FAE ALIAS

ol ol He ¥y FEA Y FFE vAEE A HF FI2 5
T W &3 27| wid2 Abgo] W
S

AERZ WFse ol o upasn,
ol FFeA7] 4% Ay Zedsy 9
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M 3 & &=9o| AlZ JHEd

8 gAast AR 5o Fz wAHY, gRe Wyt
gololz estdoz B9 Farst A9 715 A
4 ge Ad Au¥es Fol 2@ $44 oFs /AT e AT Y
B7b SAbeeh wEbA olse A4 e K

WA B2 A 2 )5 U 27
2 H4E AML JHANE ARET BE AE AR Aol AFsh of
bR dAl o] oFo|NT YT Y FFRA AB} FHE AFE
G TFFL 7122 AT} o|FolAk Bk Fuo wFAEE Aws
A AAHE $4 o5 wuAd N 27T L WD stast of
1% H|(protein/digestible energy value)®] FHol A= ojof rjo}rl ¥
guls e ZE v die o7F FHe] destt &, Y 7HFY
ASA AHEE $ Qe AAE 2 Fol2E Hi o oA FAE ol F
W glojol el AFAA LN AFE GdwlEd 97FLS o 50% T
Czolm, AAL 20% HAZ olEL duAdez AAE ®o| o&t:
RoZ LA 3, A AU FAld AtRY BAEES #FAEE
HAANZ BstEdo] Bo] o], oA o]fEx HWA Fo} /\}
g9 23% $£E7A BrrstdE AFde & Aol de Aoz <HA
At

lo glw

¢ l
¥



dol 285HE Aoz Yeh o5 AYH Aol o] FoA7] M=
A8 Wi AtE Zido] dA3 .

g, o)™ FE(SF 30g WY)E HAeE AR FTF £ Y WL E9
3t £ & F£ 20C ZAZoA ARNEE BN A3, & ofFd vs
o 1 3o AbE AdFHFo] Wil A3, o 7 Aol AFHH 9 L F &9

k>

232 AR 48Ho) dol YA 2538 WA T & AT wapy
Fue) HE AL AW AR FFL 5P 94U AR FF A5 S
27 & Aol MPHF oz wuHYoH, FTALA AT/t Was
o
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M 5 & BH MA(REELEE)

H 1™ &= ofole AHE, & e

A o7 gt dotdA Ay AFel ATHE FBe Fd 2

A7E Adel a5 AR e WG, 8%, AL FEH A
2 o

oo ausl APHE FE AR AT F87F obd &7

)
g
1z
i
=

RAE, BT, ATT, @GR AT
of B3 gloi}, AdAQ 44RE 684N QAT fel NEE B
RAFS FNE FEZ F4AT

ol Fz A9 HFANE AL clgdd EYsn F4FE
geigel W 42w, AYEATADE olgsel dBEL sed o
of, o), ol IS FH olFA @A £IHE A9 BTHY
7). 9% 499 ARFAAE A QARHY 42 1E olUs) ¥
F44 9 BAAAANAT lABFe] BHFAUG 17 el 5~
10558 oM Hrstm 9 5A9 Aees F4sol glon x4,
A5 A 33 el ek o8P W] wath

gusld £98 BEe o) AUz Tea" ewg A, du
4R Er mRvedl 2flo] $4H0 3 PP EE 1A LuAFe
2 puEon %rhed THE 4PN FR(FABY)S YEE Juz
Adhq. Ag 479 ABe d Fue IV B4R
A, Akl ol Afold EdHYen T2 o5
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ARAE #&E ofnl.

3

2y 27. Al 9

Fig. 27. Takifugu obscurus captured by fishing net.
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A BT NG FARAANNE F& 16~17 C, FHE 15~20Cm, I
1~2%, AAL AR vehgt 199539 5€ ~6¥ 50 FEANg 317
ojmlo] AN A%Fe ¥ 187 2o A AHE ATE A& olFde
FES THI Aol7] wie] Aol Fostes = 234 ofu o]t A
7} AU} A HF AFS 730 go 2, AFL 284 cn2 YERG S
o FAe FAAFL 650 g, HEAFL 260 cn2 YEFR

ol

A 2 H Xeak Xl 22E{9| M H T

8L AFAA F4 dAFLER FF R Fo] o] FARAA @o}
AFHAY sHFEeA 43 ovie 78  eER FEAANE A
AMe A Jojd 4 4 wel Ak

[¢]

fr

7F A

ALY ojue #E AEF 3t FEHoE AdE F Jer 19%
ol AFg" Fojo AdEe E 18% Zow IFE QA9 A FH AR #F
o) BAE 1Y 28 & Zskth

AAA Mol g FrEa 4F APS Astd AT
59 FAbo) 93 AdFE FEFRL

et
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® 18 47 FE A9 ofn] 24

Table 18. Females of river puffer captured in Imjin river

No. A Z(g) A % (cm) A& (g) Hj 31
1 550 270 115
2 570 250 130
3 580 265 120
4 590 270 130
5 590 275 160
6 620 260 130
7 620 270 130
8 630 270 150
9 640 280 110

10 640 265 100

11 650 250 140

12 660 275 200

13 670 375 110

14 670 275 130

15 675 275 185

16 630 270 100

17 690 280 130

18 700 290 170

19 710 285 170

20 740 300 115

21 740 265 150

22 740 275 100

23 750 275 165

24 750 280 150

25 760 280 160

26 780 265 130

27 830 295 140

28 870 280 170

29 950 325 150

30 990 315 230

31 120 325 310

32 330 360 400
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E = 0.3024W — 0.6744
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oL« l ! A l |
400 600 800 100C 1200 1400

Body weight(g®

Fig 28. Relationship between egg weight and body weight of
Takifugu obscurus.
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a9 29. 8 A5 AT # FA.
Fig. 29. Fertilization and collecting of matured eggs, Takifugu obscurus.
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Iy 30. ARG ¥3 #Fal.
Fig. 30. Fertilized egg incubation of Takifugu obscurus.
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g2 uE dHulol B37|E AHEste A7 B3 E 30). /5
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200 £ 9 ®3}7)ojA 509~100909 ¢& FEAAS o F TAHA
ZE¥E 500 Lux BEZ FAA7IZ A8 F7ste] wo] Zigterx @A
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M 3 & Z F3 3HA

AL

FAGE B3 £5 AYINE GEF BAGe]l & 13T oA 10
d, 21T oA 8Y, 24TA 7d°] 2L HAT}

TAGE F(15, 18, 21, 24, 27T)Y 570 T FR(, 5, 10, 15,
20, 25%)) 67] F43e] BE T F 307 TN Rz} 2¥@ A,

18~24C, 0 - 15% FrlH g¥atolsh BALC §A8 252 ugy
2L 0%91N 7 Ee Raee dHhuied 1Y A4E Raie

WA 7} 68 W)

4 F =l o Y U AR 2y

'

APl AHEE ofvle 19949 59 199 H7E ARHLAG U2H
TR RS Ao 24T FBS Aoz IFIPgoen 1F 4%
B FRAZFT 800 @) YH(1,300 g)& A¥etd AP A5

AE FHE @AM AEYPEEL)SE Paigon, ¢339 <L
dllo] QolN AT AFATL APHR Lueld] 200 ¢ HE Fxo) 3
&8t F3 ARSI Rz £L2 16~20C HYE Sx5Hgo
H 3R v 50~70%9 & n@sAn. 23hg xboj: 200 ¢, 1

T TZdd 47 B4 F83e ARsden AMS 7E e 206~
26.0C Hd%%igbr ALoes fFAHE Z97 8ok 98 5= Hx
Tl L 2% ANAM3 GE SEE =9 159RME 100% 313 (30%)
2 RERT AMS 71ZEFele Y 30~50%9 2< sEgon 19 ]

HE
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Fig. 31. Cumulative hatching percentage of fertilized eggs(Takifugu

obscurus) during 12-day incubation period.
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a9 32. Z7] & 259 dE6lA 7Y ASR FE AEL.
Fig. 32. Survival of Takifugu obscurus larvae under different

temperature and salinity after 7-day rearing period.
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Aok dae A F4@ 2T sUALEE 9% B rotfer
2 oz mojsgon HaAF OAMPEE Artemias T AEE 4ol
N FoAsgct.

A F9 dg R ol B, AZ @ 2ARNE A FviF

717 & AP FE FAG L 73 Aol FHA 5AL G #

gEo FAGL Ao FPHB(HAA 712 FElo me} gl ¥
715 Fh) 8L 142~150 m(Bd 145 mn = 0.04 mm, n=11)°] A
e IEERE 23 Uk deele dAnjAeE #FY £ s Y E
= 72 2y g3o] gyew dEe H¥A4L du JAH. FHELS
A AFQ AT FAAL a9A ZA3A &k oS AXF AR
N FAE AFA Fxd Lutste o 842 Atoldl A7)l 23ty 3
ATHY 33, A). 8% 19 F xu7]& Av (29 33, B) 4 2¢F
S wiAZE gAEQeH (Y 33, 0), 4dFde Tl d=9 AFA 15
~16712) TH™o] Wiy HiAEe /HE FLE FHol7] AFHSAHIH
33, D). $A% 5d4A e A% vFo] AFHY Fole T
7] A&stQrHad 33, E). $3%F 749Ad s &4 4%7F £¥sH =&
719 7::47‘4’91 ul, 98AdlE 3 49 o] F2ES 7] A Fst
7 %o B2 A 4£¥7F 49339 Al‘l}(_'l"‘f] 33 F). ¥48% 114
Bel 23str] A AErA o

_EL
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a9 33 59 o A HA.
Fig. 33. Eggs developement of Takifugu obscurus.
A. The molura stage, about 8 hours after fetilization.
B. The blastura stage, 1 days after fetilization.
C. Formation of embryo, 2 days after fetilization.
D. Stage of 15~16 myotomes, formation of eye lens, 4 days
after fetilization.
E. Formation of hear intiated, 5 days after fetilization.
F. The eyes have darkened completely, 9 days after

fetilization.
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Table 19. Eggs developement of Takifugu obscurus

19. &9

IR

FHF s FH3%
AzhE (,C“) CI < | 7 3 oA A
(9#)
F A0 194 <4
3 :05(1) 198 24 3%E7]
4 : 05 199 4A1x27]
5:10 199 847
6:05 198 164 ¥7]
7: 50 198 447 8 Azt A4
16 : 50 197  =Eul7)
20 : 50 198  duj7] 19  =uj7]
45:002) 197 wiAEAAN 29 WA ¥4
62 : 30(3) 200 f}f}o] £5=7)
86 : 30(4) 20.0 jjf iii;;j"? 44 B S,
' ' %a;;ler WA g2 el7] A%
90 : 40 205 AFurE AR
104:056) 210 AW 2ol olF 5 :;%;;%;E%a
119 : 00 215 LA EA)
149 : 30(7) 210 E9&E &9 79 ENAZXEY
168 : 00( 215 %3 11y #3
* FZTHLFATF A 1 16~20T oA 3} 1993,
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Y 34 FE9 d HATA,
Fig. 34. Egg developement of Takifigu obscurus (2 cell stage).
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a9 3. BE ¢ SATA.
Fig. 35. Egg developement of Taki fugu obscurus (8 cell stage).
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a9Y 36. 39 ¢ $ATHA.
Fig. 36. Egg developement of Takifigu obscurus (The Molura stage).
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Y 37. e d gATA.
Fig. 37. Egg developement of Takifugu obscurus
(The eye have darked completely, 9 days after fertilization).
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2) F3t #bof

23l A% zloje AAol 31~34 m(BT 3.2 mm, n=7)o|8 U3} IJ=
< d8A gFteon wde A d&FS za o 2HFE 8~YEE)
+ 12~1670(az8])oln] BF FF, ¢&e TF FE oX 93 A= 7~8
AR el & o AX7}
AN EL Hz F£Z uigo] grol Jlort 7HEY mels EEv9 ¥
E9A S9A wez2g 9] HEd JlEpetE F
Zhang(1985)2 &9 H3tAF xoj(2.82 mm)7t 71 A7 7R £
o EMAZE 1 o mE FYRAE A FA Ax7L DA
7t2 FHE o]F1 e Ro] 5Holg Bustged, ofH AN #
ZE F3 Aoje FAFA A L£F7F JAALFEF 8YHA F¥) :a
A= s Ma7t glo] vl & ZolE YEAT o8 d Holrt d=F3
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104# 55 mm A E 7hEA=uld 4~5709 &7]7} YEh7] A Fe
7~8+1470e] 2o s 9. aF Z+ Ax=gulo] ZF7|7} wLEy)

4z
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..t

a3y 38 38 Aojo] Ye(F3Ae], AF 3.2 mm).
Fig. 38. Morphology of larvae of Takifugu obscurus
(1; hatched larvae, 3.2 mm in total length).
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¥ 39. 38 Ao HE(F3} 18¢A, A 7.6 mm).
Fig. 39. Morphology of larvae and juveniles of Takifugu obscurus
(larvae, 18 days after hatching, 7.6 mm in total length).
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formalineel A=} e A& WsFF7IslA A7 (total length)
2 ) A (body length)3} )5 (total weight)S FHAHs o, ztz A&
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on H3tF 40~50¥ 79 Ao]= OhgamiF(1982)el 93t =5
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Fig. 40. Monthly changes of water temperature in rearing larvae of

Takifugu obscurus.
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Fig. 41. Comparison of growth between Takifugu obscurus and
T. rebripes during 80 days after hatching.
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Fig. 42. Growth of Takifugu obscurus.
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¥ 20. £H A4 3HE Aol9 ALE EH
Table 20. Distribution results of river puffers produced in seedling

hatchery
ATFE AFE Fa | BEAI7] | 40T £ = H|iL (F34)
1. &9 BEA 95. 7. 15. | 10,000 [dALL2vj54AY |26cm F
2. 73 AAA 9%. 7. 15. | 25,000 [7FEESA44EE 26cm H
5
3. e 44 9. 7.15. | 10000 [§7d€93 U498 [25cm &
(3=2)
4. ' HgE 95. 7. 30. | 20,000 [FFESAHLAYE [3em B
5 ¢ HAT 9. 7. 30. | 10,000 |[SAHWIALYE  [3cm FEHAD
6. 43t F¥e [958 30. | 40,000 |HFE 4.5cm
A
7. g T84 95. 11. 3. | 30,000 [ZFIFEldEE 6em H
8. A+4 B 5000 [E/dolgA4Y |6ecm
g Al 150,000
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Table 21. Rearing table of river puffer

B2 A A](1995. 6.~1995. 8)

SlERE B NREE RIS o
alca R ar?| A BT am) [ (o) | ) &R
1| o 327 5 | 9%, 57 &%
Al | 355 6
3] = | s0 6
4l 2|19 378 8 | AT G S
5| 2 |50 392[221| 8
6|90 |50 250¢m 4.18 10 | 2 12tonx2 v} HAQUIA)
71 2 | 80 451238] 10 | ek&(a1ulF 10ppm) 2Ahr )4
8| A1 | 100 434 11
9| = [100]| 5 437|237] 15 | MAE HHEQ
10 /| 80] 10 500| 24 | 13
11| ., |80 15 5622411 16 | 2429, Artemia ¥H
12| o |30 | 20 572|236| 16
13| | 45| 50 590|239| 16
14 78 | 800 35063°|691|238| 18 | &#52 0587 / ¥
4004m
15 64 | 800 | 2ol | 1200 |6.83]|23.1| 20
Nz
16 40 |1300 705|229} 20
17 15 | 950 3500 |6.93|233| 22 | k& (Avt5 10ppm) 24hr ol
18 15 | 110 724|239 25
19 15 | 160 6000 238 28
20 10 | 75 865(239| 26 | 2= 12tonx2 — 12tonx3
21 7 1130 11000 242| 27
250¢m
2 190 | e 935|239 35
A
23 200 2000 236| 33
24 110 1300 |8.89|235| 32 | Ae144 U= 5% / 12ton
% 100 7202‘]‘“ 800 239| 32 | 2 12tonx3 — 12ton x4
% 100 1000 24.4 ‘Jj
27 40 1300 242|
28 % 1000 243|
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pi3 21. A&
Table 21. continued
A8 o) Al = [ _ _[AG[AR[Fe[dE L
2 [cHTROAR ™M | 4 | @) |(0) |0 ol
29 6000 236 » | 44
30 700 | 12.84 r | A } F g8 g3z 0%
31 1000 A - 20ton A4F
32 243
33 236 K4 Z)
400¢m
34 Fo]2A] 23 20ton 4=z 370
35 1(;02‘]"“ 14.37|23.9
H
36 140 23
37 167 23
k2 (formaline + O.T.C.)
38 792 23 %0ton 4% 47] BZ
39
40 668 |17.14|23.1
41 283 23.6 ny ofg
42 200 24.3
43 1349 26.3 20ton 4% 57 £z
44 1027 249
45 1084 237
46 427 23.8
47 574 24.7
48
49 284 24.36|23.2 A
50 Wton 42 — T B=
51
52 386 25.3
53 130 2%
54 142 27
55 16 275
56 44 27
57 38 275
58 70 28
59 7H5d 14

% CH'=Chlorella, RO’=Rotifer, AR’-Artemia, 35063‘=1427}x]9] Abg7HA 4.
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Fig. 43. Changes of water temperature and salinity at Seosin seedling hatchery.
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¥ 22 %HE ZR AL AN
Table 22. The results of seedling production of Takifigu obscurus

A whaol % £ R 44
Awd 4 A ¢ %
@ (Rokg) (A FESARE)
24
95.5.13 40,000°}2] 4393 25,0009+
1 2 -8 2110 1,160,500
~ 516 (34.5%) (62.5%)
gsE
ARy
05517 - &4 L 5AE Az
2 At 2435 1,335,250
~ 5% - &4 hEgF A
(23glz AW
955.27 200,0000}2] 46943 122,0000}=]
3 A - &4 1960 1,078,000
~ 531 (18.55%) (61%)
15,000712] 2793 10,0007}2]
4 AR %H66 -4 540 297,000
(5.05%) (66.6%6)
_ 256,0007}2]
& A 7045 3,874,750 157,0007}2] (61.6%)
(6.58%)
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Fig. 44. Schematic diagram of seedling production of river puffer.
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23 #3E FEAN AR
Table 23. Seedling production procedure of river puiffer
(AHS42 1 19~207)
g3 |0 10 20 30 40 50 60 70
A% (um) 32 6.:5 ;8 1;.2 2(;.3 35.5 4;.5 7.5
5 3 |73 ;gizl’;?; ! :%*g%‘%‘ A TR AL EY
z}o] 7] #0i7] ]’ 7]
54 |4 22 P4 ANETE b4 ZILE > TR U P«
Z7] | 45-101/8/Ep 4 10-151/E2/Ep 4 F37Hs% b 4 BEH
Zz 2} 4(5-10)x10° N E4/nl > «BAZLLEP 4 ©o] F F A
PSB ¥7l 4A#ZH o) uiel 0.521E/d & F7My
B 4 | 4X14=-30%/U P €30-70%/ L P €70-70%/ L > 413]/Y-2%}/Ld-12]/¢
Hpehy A | qAMSol wel 1 H/Ydp 4 13/9 P2 FH / dp 4] H/Y
AU | 435n)/E p < 27Hn]/ED €15H/E » €0.380)/E
A8 | 100 % 80 % 70 % 60 % 55 %
A x]0}7] o|FHE AN Aelo] wel 10d BHL= A
¢ JuZE100-150ppm, 1AZHAEA]), vlERIA Ao FaF 37
344 x] | €45%00 A A ZH %/ L Z 7t 25% P 42%/ L5 71-25% - 33%
oF & |Woo) ulel A (30 - 100 ppm), EEWR] (100 ppm) 1 A &
£ = | €42-370A/n1 b €4-571A/ml b X}X} Bt FA
oo} 40.1-0. 270 A /ml > 4573 0.3-0. 4783 /ml B Xpx}H4
o] gl =}
ALE < 250mBE] HGF A0l bP47-83H/Y AT 10%
A
A 3A 4 PSB 5 SEAZP» € FRMGT 2 PSB B}
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E 24 g2 95 £4 2 e
Table 24. Fresh water domestication of river puffer
o n | slxg
12 G (o | o | cow s
0 20 0 20-30 | AF E A
6 0 21 2 | 20-30 | %3l (green water TS50 &)
9 3 21 5 20-30 | %3} 3UA, AMF, Hol(&FF ol Azh
13 7 | 22 9 | 30-50 | %3 7Y, wFALE 250um Fol Az
16 10 24 | 13 | 30-50 | %3} 10¢A
18 12 24 15 30-50 | %3} 129 A, dHwlolFo] A3
22 16 24 | 21 | 50-60 | %3 16U, WFALE 400mmT o] A%
25 19 24 24 | 50-60 | %3} 1994, dHulo} FolgF Zoit
32 26 25 | 31 | 60-80 | %3 269A, WFALE 700m Fol A1Z
66 60 26 31 | 80-100 | #3F 604A, - olF A sFolA ALS
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a3 45 B3F 60YE FE Aol
Fig. 45. Juveniles of Takifugu obscurus, 60 days after hatching.
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39 46. 3% 1008 € &FE A9,
Fig. 46. Juveniles of Tuakifugu obscurus, 100 days after hatching.
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Fig. 47. Map showing the capture site and the experimental station of
river puffer.(1:Imjin river, Kyoungii-Do, 2:Seosan,
Chungcheongnam-Do, 3:Dojangpo, Kyoungsangnam-Do, 4:Jeodo,
Chungmu, Kyoungsangnam-Do, 5:Geomundo, Chollanam-Do,

6:Seongsan, Cheju-Do).
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Table 25. Monthly average changes of water temperature at

experimental cage culture station

Aa| * ARE | wx TG [ #x AAE |+ AFE | HER
=1l

2\ |B2 | A% [EZ|AZ|BF|AF || AT |ES | AT

| - - | 116 133 = =

2 14 | 14 |10.6 124 16 | 16

3 14 | 14 | 116 12.8 16 | 16

4 = - 1125 13.5 - =

5 16 | 15 | 147 154 17 | 16 | 145| -

6 - - |169 183 = - |19 =

7 = - 1213 184 - - |24 =

8 28 | 16 220 20.1 28 | 16 | 275] -

9 - - 1203 214 - - | 243 -

10 = - 190 19.7 = = | 205] =

11 17 | >17 | 158 155 18 | 17 | 15 -

12 17 | 17 |135 149 18 | 17 88] =

x 1 1986~1991d A E(FZ 3 FA T4, 1993)
ok 019959 @F AEAR,
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ad 48 ARZ 7M5E o3 FA.
Fig. 48. The view of cage culture station in Geomundo, Chollanam-Do.
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29 4. £FE A5 %9 A7,
Fig. 49. The view of cage culture station in Dojangpo,

Kyongsangnam-Do.
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X 2. A4 71FE A B8 Xo] A FIH( 95.9.1.~10.30)
Table 26. Growth of river puffer juveniles in Seosan cage experimental

station

Initial FFinal

Used Gain wt. FC” DGR"™ DFR™
Total Avg. Total Avg. feed (g) (g) (%) (%)
wt. (kg) wt. (g) wt. (k) wt. (g)

1st trial ('95. 9. 1~10. 1, 30 days)
2795 7.4 594.6 16.0 330.0 3212 1.03 2548 2624

2nd trial ('95. 10. 2~11. 1, 30 days)

594.6 16.0 811.3 220 191.0 216.7 0.88 1.041 0916

Commercial dry pellet for Korean rockfish.
** FC: feed coefficiency, DGR: daily growth rate, DFR: daily feeding rate.
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Fig. 50. Fluctuation in water temperature at Seosan cage culture

station.
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Fig. 51. Growth of river puffer at Seosan cage culture station.
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BE Fg 8%
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= & F ez dq diFde] 7HF Fasid.

- 216 -



Hoge METol vieohAd &3 m, TAFEIRME A ZEM),
AL, FAEEH), 2FAFEEHDS T4, 2D AE T4, d2ol= &
HERAXY HY T dedth. 2 o= ZAXY Fa&AAE 3)ol
€ ARol= FFo] Ari7|E @

[99)] ¥AY wolo Eaig Aol o] FHHo), FRoly} A
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EAE EE 71E A8 gaA oAME &4t Aol flHe A, =
ZEsn sEFHolEE A, gy o9 AuE 88A ¥EHE A T
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w
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dHEA, FdA FA(genetic tagging) 2 ATEA] AL AE Yo
A ez Aadezse d8S st & mitochondria: AT 47
Bo2M FA4 DNASHE AAo] A g A71EA $8L 71x3 9
T 2584 DNAE 7HA1 glov, Ex3e d¥Wad JHAE AMsin
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o
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=4 olfd AFZAA AgHoAm e o@¥A A7 Y E(protein
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39 52 %3 AdelMe FE o] BF WAL
Fig. 52. Release of juveniles of Takifigu obscurus around Gang Hwa

coastal area.
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Fig. 53. Jounal reference on releasing event of river puffer.
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