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Summary

I. Title

Studies on spawning inducement and seedling production of Red Tilefish,

Branchiostegus japonicus

II. Object and Importance

1. Final goal

Red Tilefish, Branchiostegus japonicus, has been treated as one of the most
important fish species in Jeju island, but its resources has been recently
decreased markedly because of over—fishing and coastal environmental problems.
By the way, the trend might not be improved unfortunately.

In these studies, we have tried to develop the seedling production techniques
by investigating spawning season, sexual maturation, ovulation and spawning
inducement by hormonal treatment, natural spawning inducement, and
fundamental seed production trials. Also, we compared the growth and survival
at indoor tanks and outdoor net cages, and tended to find whether the fish

could be competitive to fish market.

2. The objectives of the research
A. To develop the techniques on broodstock and the characteristics of sex
maturation

© Domestication of wild-caught red tilefish to broodstock

|

To develop suitable methods to obtain potential parents from the coastal sea
- To study rearing techniques at indoor tanks

- To analyse monthly feeding and growth parameters

- To clear territory formation at culture tanks

© Analysis on the characteristics of sexual maturation

- To clarify steroid hormonal changes in female

_11_



- To clarify steroid hormonal changes in male
B. Development of the techniques on maturation and spawning inducement
© Maturation and spawning at indoor tanks
- To induce maturation and spawning
— To compare both group and pair spawning inducement
o0 Study on the regulation for sexual maturation
- To clarify conditions for suitable water temperature and photoperiod
- To determine the suitable kinds and dosages of hormones
- To compare the quality of eggs by hormones
C. Development of seedling production techniques and analysis on aquaculture
feasibility
© Production of fertilized eggs
- To determine suitable sex ratio under the ambient conditions
- To develop the method of egg production skills by manipulating water
temperature, photoperiod, and hormonal treatment
o Development of seedling production techniques
- To observe embryonic development
- To study suitable feeding regime according to larval growth
- To observe larval characteristics at seedling production tanks
© Analysis of the aquaculture feasibility
-~ To compare growth and survival at indoor tanks and outdoor cages

- To examine seasonal growth pattern

3. The importance of the research

From the ancient time in Jeju island, Red Tilefish, Branchiostegus japonicus,
has been regarded as a valuable side dish with rice and used for ancestor
worship memorials. It occupied second place after hairtail fish (Trichiurus
lepturus) in fishery production in Jeju in 2002 year, and its total catch reached
1,197 metric ton and valued 16.7 bilion won. Even the importance has been
increased by attracting visitors tourists, the resources has been decreased year
by year.

Domestication of wild-caught red tilefish esteemed as so difficult because of

._12._



its ecological characteristics. The fish inhabits between 30 to 150 m water depth
on the bottom composed of sand and mud. Almost fish is supposed to dead
when caught with long line fishing, so it is difficult to get healthy potentially
parents fish. Though seedling production is esteemed as one of the most
important parts for aquaculture and resources enhancement, few report on red

tilefish in Jeju island was published except on the spawning season and fishery

resources.

IMl. Contents and Results

1. Taming of wild-caught tilefish and rearing method

To investigate to find appropriate method how to domesticate wild-caught red
tilefish at indoor tanks, 285 specimens of 26.5 c¢m in total length and 224.3 g in
body weight were reared around one year at two circular tanks and four
rectangular tanks. The survival rates in one month were ranged from 375 to
57.1%, and those in one year were 18.8 to 32.4%, respectively. The survival rate
during taming peﬁod of two weeks in winter season was 58.5% whereas none

was survived in summer season.

2. Sex maturation and spawning inducement techniques

Gonadosomatic index (GSI) values were increased from April by 0.40 and 0.18
in female and male and the highest values were shown in September by 1.32
and 0.38, respectively. The values of estradiol-178-OHP and testosterone
concentration were highest in Autumn, and that of 17 ¢ 208 -OHP was increased
until September. The values of testosterone and 11-ketotestosterone in male
were increased from Autumn and shown highest levels in September. So the
fish was esteemed autumn spawner by estimating the data of monthly GSI
values, histological examination, and sex hormonal changes.

Egg stripping trials just at fishing grounds in spawning season were
performed several times. Eggs could been taken 7 times among 12 times totally,

but the quantity was ranged from 05 to 35 ml showing too less to try

_13_



fertilization experiment.

Serial natural spawning inducement experiments were performed. Though we
tried many kinds of spawning experiments, such as photoperiod control at a
broodstock rearing tank from two months before spawning season, one to one
pair stocking of female and male broodstock, and group stocking of broodstock
throughout the year, we didn’t get satisfying results. Even red tilefish spawned
naturally at indoor tanks with small quantity, no eggs were fertilized.

Mature female tilefish (20 cm in mean total length, 136 g in mean body
weight) was injected by various dosages with five kinds of hormones after
incubation on Leibovitz L 15 and observed in vitro ovulation and germinal
vesicle breakdown (GVBD). Ovulation results in 18 hours after injection were as
followed: 55% ovulation rate in 100 ng/m¢ 17 @ 20 8 OHP, 24% ovulation rate in
1000 ng/mé 17 @ OHP, 32% ovulation rate in 1000 ng/m¢ P4, and 34% ovulation
rate in 500 ng/ml.

To investigate suitable dosage and lap time for human chorionic gonadotropin
(HCG), mature red tilefish was caught at coastal sea and injected at once with
different dosages. Spawning by stripping method to 38 female tilefish injected
100 IU of HCG was practicable three times after 24 hours, 6 times after 48
hours, and five times after 72 hours. But the quantity taken one stripping was
ranged from 1.5 to 8.6 md.

When wild-caught red tilefish was injected with 100, 500, and 1,000 IU
HCG/kg in body weight, the ovulation rate was highest by 80% in 48 hours
after injection with 500 IU HCG/kg in body weight. Survival rates after HCG
injection were generally shown higher values according to body weight. Mean
ovulation rates of just-caught female and tamed female injected with HCG were
51% and 3.0%, respectively. Whereas 92-hour survival after HCG injection in
tamed red tilefish was 88.0%, and that in just-caught red tilefish was 38.0%.

3. Development of seedling production technique

Eggs of red tilefish were spherical shape and measured 93.4%21.0 mm in
diameter. They have one oil globule of 17.1£58 mmn in diameter and floated on
the water surface. Under the constant water temperature condition of 22.2°C,

fertilized eggs developed to 2-cell stage 33 minutes later after fertilization. They

- 14 -



reached to morula stage after three hours, and lens formation after 23 hours 39
minutes. Hatching was observed after 27 hours 3 minutes, and just-hatched
larval size was 1.55 mm in total length and 0.84 mm in body hight.

Fertilized eggs were stocked at larval rearing tanks and performed seedling
production trials. Before larval stocking, rearing tanks were made stagnant for
one month and assisted to change to green water system. Totally 353,000
fertilized eggs were stocked by 16 times from September 23 to November 17 in
2002 year and hatched 127,000 larvae (hatching rate: 36.0%). We succeeded in
seedling production only two trials, and finally produced two thousand
fingerlings 100 days later. Though we tried twelve times for seedling production
using 425,000 fertilized eggs in 2003 year, none succeeded unfortunately.

Fingerlings of 3.6 cm in total length and 3.0 cm in body length were reared
from February 7, 2002 year to November 10, 2003 year. Only 129 fish among
1,020 fingerlings was survived (survival rate: 12.6%), and they grew 21.6%2.3 cm

in total length and 140.1£477 g in body weight.

4. Analysis of the aquaculture feasibility ,

On-growing experiments using an indoor tank and an outdoor net-cage was
performed and compared the survival and growth. In indoor tank rearing where
eighty four fish (mean body weight: 348.8 g) was reared at a 2 meter-depth
indoor tank from January 25, 2003 to October 8, sixteen fish was survived
(survival rate: 75.0%) and mean body weight was measured to 516.7 g (growth
rate: 1679 g). In outdoor net-cage rearing where seventy four fish (mean body
weight: 242.2g) was reared at a cage (5.0xX5.0X%X3.3 m) from March 17, 2003 to
September 9, fifty six fish was survived (survival rate: 75.7%6) and mean body
weight was measured to 390.8 g (growth rate: 1486 g).

Eighteen fish (21.8~33.6 cm in total length, 1359~5265 g in body weight)
was injected with fluorescent pigment materials at basal parts of fins and
observed individual growth and survival pattern for one year. Final survived fish
was six (survival rate: 33.3%) and growth rates were ranged 1.5~8.1 cm in total
length and 18.7~585.3 g in body weight. The annual growth in body weight of

six survived fish was ranged 326.6~585.3 g excepting one.
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Table 1. Annual catch and value of major fishery in Jeju Province
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Fig. 1. Major fishery obtained off the sea of Jeju Province in 2002.
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Table 2. Size composition of Branchiostegus japonicus stocked for taming trials

Range Mean Standard deviation
Total length (cm) 19.0~35.3 26.5 4.4
Body length (cm) 155~29.0 22.0 38
Body height (cm) 4.2~9.1 6.0 1.2
Body breath (cm) 1.8~4.0 2.8 0.6
Body weight (g) 68.4~574.8 224.3 121.9
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Table 3. Kinds of tanks and fish stocking for taming trials

Circular tanks

Rectangular tanks

No. 1 No. 2 No. 3 No. 4 No. 5
Size of tanks
(m) Z5.0X15 @5.0x1.0 20%X20xX1.0 20X20x1.0 20X20x10
m
Measurement
235 137 3.0 3.0 3.0
(ton)
Date stocked 01/19/01~
03/20/01 04/20/01 04/20/01 04/20/01
(m/d/y) 03/13/01
No. fish
105 834 32 32 32
stocked
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Table 4. Regressional relationship of Branchiostegus japonicus reared ant indoor tanks

. . Standard
Regressional relation r o
deviation
Total length/body length TL=0.8616BL-0.8983 0.9901 0.5505
Total length/Body height TL=0.2558BH-0.8247 0.9571 0.3496
Total length/Body weight TL=0.0035BW**** 0.9607 35.2344
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%5 ojmlzel AEol7] 14 A% Az
Table 5. Survival and water temperature for taming trials of wild-caught

Branchiostegus japonicus

Circular tanks Rectangular tanks
No. 1 No. 2 No. 3 No. 4 No. 5
Ist taming period
(First one month)
Days cultured 30 30 30 30 30
No. survived 54 43 13 16 13
Survival rate (%) 51.4 571 375 50.0 375

Water temp. (C) 13.2~149 138~16.1 15.8~182 158~182 158~182
ond taming period

(First one month)

Days cultured 225 163 133 133 133
No. survived 34 21 8 6 7
Survival rate (%) 63.0 438 61.5 375 53.8

Water temp. (C) 146~264 157~264 177~264 177~264 17.7~26.4
Overall taming period

(First one month)

Date (m/d/y) 09/30/01 09/30/01 09/30/01 09/30/01 09/30/01
Days cultured 255 193 163 163 163

No. survived 34 21 8 6 7
Survival rate (%) 32.4 25.0 25.0 18.8 21.9
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Table 6. Body weight and survival for taming trials of wild-caught Branchiostegus

Japonicus

First trial

Second trial

Initial (Mar. 21, 2001)

No. fish 43

Body weight (g) 156.4~850.1
First half (Oct. 12, 2001)

No. fish 24
Body weight (g) 253.4~10109
Survival (26) 55.8

Second half (Sep. 10, 2002)

No. fish 15
Body weight (g) 3431~8075
Survival (%) 347

o1

Not measured

27
320.8~1121.2

52.0

18
388.5~1312.2
353
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3 gz

Table 7. Monthly survival and growth trend during taming trials

Month
Initial
. . M \ Aug. Sep.
(03/21/00) Tar Apr ay June July ug ep
1st trial
No. fish 43 43 42 42 35 30 26 24
Survival (%) 100 100 977 977 814 69.8 605 55.8
‘Body 156.4 B 4310 _ 3425 1758 254.2 3B1.2
weight {g)" ~850.1 ' ~574.0 ~831.3 ~633.5 ~421.1
2nd trial
No. fish 51 42 40 40 37 35 28 27
Survival (%) 100 32.4 78.4 784 725 68.6 54.9 529
Body 156.4 60.5 105.0 ~ 133.1 2475 1714 260
weight (g)" ~850.1 ~540.7 ~473.4 ~350.0 ~698.1 ~408.6 '

* Body weight was measured with dead fish

_48.—



E 7. (A%

Table 7. (continued)

Month
Nov. Jan.
Feb. Mar. M ul Aug. Sep.
11/24/0D) 2002 € a ay June July £ v

1st trial

No. fish 0

Survival (%) 0

Body 343.1

weight (g)” ~807.5
2nd trial

No. fish 20 20 20 20 20 19 19 18 18

Survival (%) 39.2 39.2 39.2 39.2 39.2 37.3 37.3 353 35.3

BO(.iy « 545.0 397.3

weight (g)

* Body weight was measured with dead fish
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I 8 AFLg mgerld &F ofn ZEeoly] AMS FY ALE
Table 8. Comparison of two-week survivals between summer

winter-caught Branciostegus japonicus

and

Winter-caught Summer-caught
(Jan.~Feb.) (Aug.~Sep.)
Initial 41 32
No. fish
Total length (cm) 20.0~325 24.4~42.4
Body weight (g) 75.5~425.8 186.0~834.3
Two-week survival
No. fish 24 0
Percent survival (%) 585 0
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AERI AL FHLE 14~139g0 24 ST AkgolE Bystn AdEe
<ol Aol FESFA U= Ao] #2FE A tH(Watanabe and Suzuki, 1996; Hayashi,
1977). ofel gk AuelA & o Aol FAHE T38H7] AeiA= @ HAE
gustool & Ao AmHm, @A AJYHe & S5 Are AY $How
FAHAN iy ¢ R S Aol & Ao Az ET
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of female

GSI

GSlofmale

Months
¥ 5. olddE S5 AAS5EXA(GSD) € W3k
Fig. 5. Monthly variation of gonadosomatic index (GSI) values of

Branciostegus japonicus caught off the sea of Jeju area.
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29 6. 559 WA 24 B4,

Fig. 6. Histological observation of female Branciostegus

Japonicus.
A: Ovary occupied with oocytes in previtellogenesis stage. B:
Ovary occupied with oocytes in vitellogenesis stage. C: Ovary
occupied with oocytes in spent stages. D: Ovary occupied with
oocytes in resting stage. F, vacant follicle; N, nucleus;

Yn(arrow), yolk nucleus; Yg, yolk glouble.
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Fig. 7. Monthly frequency of sexual maturation stages in female caught off

the sea of Jeju area.
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a9 8 S5Ee AA 34 #A.

Fig. 8. Histological observation of male Branciostegus japonicus.

A: Early growing stage’s testis. B: Growing stage's testis. C:
mature stage’s testis. D! Ripe stage’s testis. Sc, Spermatocyte;

Sg, spermatogonia; St, spermatids; Sz, spermatozoa.
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testosterone, 17 @208 -OHP) ¥ A3}

Fig. 9. Monthly changes of steroid hormone values in female

Branciostegus japonicus.
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Fig. 10. Monthly changes of steroid hormone values in male

Branciostegus japonicus.
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Table 9. Stripping trials of Branciostegus japonicus caught at fishing grounds

Date
(m/d/y)

09/03/2001
09/17
09/25
10/06
10/18
10/24
09/15/2002
9/21

10/06
10/10
10/05/2003

10/21

Female Male

No. fish No. eggs. Amount No. fish No. fish
stripped taken eggs stripped sperms

taken taken

34 0 0 3 0

31 0 0 4 0

21 0 0 7 1

20 3 1.0 mé 5 2

23 5 15 m 7 0

11 3 05 ml 7 3

21 2 05. mé 6 2

16 0 0 6 0

32 4 35 ml 1 3

23 5 2.0 mé 9 1

22 0 0 8 2

27 3 1.0 me 6 2
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® 10. AAAEE A ofn #=8& & A7)

Table 10. Number and body weight of parent fish stocked for natural spawning trial

Date of fish stocking

Number of fish

Body weight (g)

Range

Mean=* Standard deviation

Jan. 25, 2003

102

152.7~1136.3

399.9£192.2
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30 +

20 r

No. fish

s
o

500-600 600-700 700-800 800-900 900-1000 10000]4¢
Body weight (g)

100-200 200-300 300-400 400-500

I 11 AdAEe] ARRE ofv) o] AT x4 (n=102).

Fig. 11. Composition of body weight of broodstock used for spawning(n=102)
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Table 11. Duration and number of eggs spawned naturally at indoor tank

Duration of spawning Aug. 21~0ct. 8, 2003
Total days spawning occurred 25 days

Total number of eggs spawned 215 ml

No. eggs floated 176 ml

No. eggs deposited -39 ml

No. eggs spawned daily

Minimal 5 ml
Maximal 23 ml
Average 8.6 ml
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Table 12. Number and size of parent fish stocked for spawning inducement at group

and pair stocking

Group stocking Pair stocking
Date of fish stocking Aug. 8. 1 Aug. 8. 1
Number of parents 15 6
Size of parents
Total length (cm) 30.9~37.0 299~375
Body length (cm) 26.0~31.0 25.3~315
Body weight (g) 311.9~619.8 300.7~615.3
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Table 13. Comparison of spawning between group and pair stocking

No. tanks Date of No. eggs Fertilization
spawning spawned (ml)
Group
. Sep. 28 25 N.S.
stocking
Oct. 2 35 N.S.
Oct. 8 6.5 N.S.
Oct. 10 2.5 N.S.
Oct. 21 4.0 N.S.
Pair ]
. Trial 1 Oct. 6 0.2 N.S.
stocking
Trial 2 - -
Tral 3 Oct. 11 0.2 N.S.
Oct. 28 0.3 N.S.
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£ 14, GdAHol o3 AAdaksd A3
Table 14. Stocking of parent fish and spawning result at a photoperiod- controlled
tank

Stocking of fish

Date

Tank volume

Photoperiod (/D cycle)
Length of body weight
Total No. fish

No. fish smaller than 500 g

No. fish bigger than 500 g

Spawning

First spawned day
Total days spawned
Collected egg volumes

Fertilization

July 20, 2002

@5.0%x15 m (20 ton)

8L:16D
206~780 g
32

22

10

October 5, 2002
7 days
2~18mé

Not succeeded
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7t Z2E2A 9 A g mgFe
Ao Fol YoM FRAEY HAFA5H MTFL HAstrA AP SHHE

A2 A= F 2 B (gonadotropic hormone, GTH)2] %Aste] o, d=
ZEAZANA BEuEE o2 7kA] Adsteroid hormoned 93 AP om A
1 tHGoetz, 1983). HAAEHAE ojst A Z2 R st wjdH] FEE
AELA &%, A1FA WETo] dojun, o AP L HTHA s£4& 9 4
235tk (Nagahama, 1987b). watA 33 53 (germinal vesicle breakdown, GVBD)
2 3 E JdEMTY AHZEE  1l1-deoxycorticoids H+& progestogens(Goetz,
1983) o] 93} G E=Ho|A i, Cy 2HREO|E, 53] 208 -hydroxyl groupolA -3
AW, 15 Fo|A 17¢2080HP7F 7PH a4 ~HZoltgta dWtd o
delA om, AofFo Yol ofFM s FEA d
A (maturation inducing hormone: MIH)Z %_LE'JV% 2] tH(Scott and canario, 1987:
Yamauchi; et al., 1983: Adachi; et al, 1988: Goetz; 1983: Nagahama et al.,
1983). 231 Cpodt Cig 2HREo|E T2EEL gH7E A& Ao® 4¥A Utk
a8l3 HCGE Y49 HEA<S, wid 2 A#fo oA in vitro®} in vivo
oM ZE FyHolztm LA o, grol M o] o] k@) e /\}*‘lﬂ
A tHGoetz, 1983; Donaldson and Huntet, 1983). ©°lE¢ T E2EE AMEstd &
o] A& wEs dHow x4ty AFAA ATFAE HMAE o TS
29 dEAE HEASY MIFEE ERHoE FET
st Ao] We npRAw oo,

d
.
d

&_,
i

T
22 2ZJAY AswEE

FAg o
A HEAQSTH WFFEY FGE z2EEQ FTE THI Hstd vk
W AR HAEASY wde] vuanE in vitro® ZAREAS
9do] AN AW A SES AFF PR NG T FRl EA
71Zb AbSEtE A 2R g Hdvn AZHE RS APAR FEAes, A
3 S 136g ol

£ HAdole DA 20em, AF

- A& o] ethyl 4-aminobenzoate & wFAAIZ F d&HFY AFo da

o] TBSS(Trout Balanced Salt Solution, Jalabert and Fostier, 1984)

Gag dvse § e gazdoz Rusyd 2uzdy g

S AAF #H Jte dHder GRATZES U FYd F F99(Ethanol
5

Formaline : Glacial acetic acid = 6: 3: 1, Stoeckel, 1992)0.2 Fw3} Azl & ¢
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Fig. 12  Photomicrographs of Branchiostegus japonicus oocytes

during the course of hormones-induced oocyte maturation and
ovulation in vitro. All oocytes were treated with a "clearing”
fixative prior to observation.

A, Full growth oocyte; B, The GV (an arrow) is begining to
migrate to the surface from the oocyte center; C, QOocyte
having undergo GVBD, D; Ovulated oocyte.
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Fig. 12  Photomicrographs of Branchiostegus japonicus oocytes

during the course of hormones-induced oocyte maturation and
ovulation in vitro. All oocytes were treated with a "clearing”
fixative prior to observation.

A, Full growth oocyte; B, The GV (an arrow) is begining to
migrate to the surface from the oocyte center; C, Oocyte
having undergo GVBD, D; Ovulated oocyte.
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Ao AlgH 4F9] AHEBOE= FTERY FHE USH 2o 172208
-dihydroxy-4-  pregnen-3-one(17 ¢ 20 8OHP), 17 @ ~hydroxyprogesterone(17 «
OHP), Progesterone(P4), 178 - estradiol (E2)¢} @94 Z2E<] human chorionic
gonadotropin (HCG)& EF &7} ¥2 A S AE3tH THSigma chemical Co.
Ltd). 2HZERE daE w540z WYsRd F AAd dartar Az
2 FH AFEEAT A RolE 3289 FE+ 10, 100, 1000 ng/ml# HCGE =+
50 500, 1000 IU/ml o™ ¥-3Aj7+ 16, 20, 24 AIZF vl st 23 ALE=
SN pH 76~77, H45¢ 305~310 milliosmol & F&3E $ milliopore filter(0.2
m) 2 I Z

ol TE2& o3 &F dRA X9 GVBD Zie ¥ 13, viw Axe= Id
140 YEPATH E8lE GEAEE o R de AT FERHE GotE7)
$ste] 4% 9] steroid hormone® HCGE E%, ANZEE AEsg (a4 13). 17
@20 BOHPE 18A17F% o] 100ng/ml oA 55% = 7F3 wE vt a38 Eebd qHE
W g7 5%0ME 12%=2 vl wA vEhdth 17 ¢ OHPE 100ng/me ol A
22%, 1000ng/m¢ M E Z7 24%= $& dkg a3E YeEddo. P4 1007
1000ng/meAl A 747} 28% 9F 32%<] WHg-& Rl W 10ng/mol A= 35%9 ®bE
< RYd. 24A703FE 100ng/meol A 17 @ OHPSF 17220 8OHPAIA & B Fof A
40%°]17¢e] 2 &S U= whate] HCG, E2, P4ol M= 40%0°]5he] w]il
A ge AL5ES 29t 172208 OHPE 10ng/ml, 100ng/mé, 1000ng/meell A 2t
Z} 42, 44, 56% .21, 17 e OHP¥E 10ng/m¢, 100ng/m¢, 1000ng/méol A z+Z}+ 40, 40,
41%9) @& vetdidoh

HCGY 9% 50, 500, 1000ng/ml oA Z}7} 28, 34, 31%E EFodA T 5

2 v 238 veEdoy E28 A93 o steroid hormones HUE
R

o
=

rlo

W@ a el QolNE 27 140 Uebdnie 2ol HENE THS T
o)
A
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Fig. 13. The effects of HCG, estradiol-178(E2), 17«

OHP, P4 and 1722080HP on
GVBD in oocytes.
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Fig. 13. {Continued).
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Fig. 14. (Continued).
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4. HCG A9 9% 4% 2 g 5

1) AFE AT AA HCG FA

oo AHA wFRFE 9 AFHFEE Y3 In 4
Human Chorionic Gonadotrophin (HCG)2] ©]% 7lsAd3 2 AAsLEE F+9H3s7]
Al & S FuF A gt HCG 28 ¥
Ades AT AP 2xfo] AA AAstAnh 13 APL AR ¢33 ¥4
o] &R H Al 9¥ 20¥HH 9¥Y 28¢7tA o]¥H ¢4A 157 5upE Y 3T

g 3o HCG FAMFS Z+7 100 IU/Kkg, 500 TU/Kg 2 1,000 IU/kg Fostat

(F 15-D. AHE-E ou9 AF Hee 235~430gel it HCG 100/kg FAF 23T
ol Aol wighe 24X 7 A} A7 = o] FojA X &%, 48X A Fo JHFEt
AA T sukeEl F InpE|Rte] shEEte] 20%<] wiE&S Mtk HCG 500/kg FAH
M 244H5H 5ubE] F 3WtElvh ThsEte] 60%E E AR, 48A1%F A Fole
8022 WEE&S Btk A YurH o= Fioie FE AEHE = HCG
1000/kg FAFTFAAM = 24407 A3 Foll& 60%9] ¥ud =2 w#&S Bioy
48417 Foll = 40%, T2A1ZF Foll= HESS RolA sttt

20022 9¥ 30LF-H 102 6% Alolo] ojF @ S5 o E 2567 E H/Y 43
T2 YFoJA HCG FAFS 200 IU/Kg, 400 1U/Kkg, 600 IU/kg, 800 IU/kg %
1000 IU/kgS FAMste] 23 48& AstATHE 15-2). AHEH o9 z7]& 223
4~452.0g°ldth. T2 AE F UANNEEH ASEE AT+ dA ot 4813
AT Fo HA w#E&E BHAh 800IUKg ol FTAGE AFFolAe HALER
of AFHUL, 72 At AHAHEA #HFEE Lotk o] AF{E E of
$e w9 HCG FAkd o3 Asa wigt f=7F 7hestded, A4 =
A g AZEE 400 IU/KgE FAME § 48A12F A #ste] AQste Aol

r\i(

X

< Y
z)

o

n E
N o
Aj rlo

)

(2) HCG FAF ¥ AR Ad Az

71 T ol 8" ofulel HCG FAtel 2% A= =
& ek A AHgE olvls AF A FeelA o3

BN Az FAZE Yl AE Jhedol & A

LR 5o e

"= 2002d 9€¢ 23¢ HH 109 547t4 79€ Hew F 42vte] F A 38viy
S #7 avtel gk, FAL oAt 2] R Bol Gz ATl AN B
Bol Ak Fug AN AL £Y AR Mol FHZ BHE ST A

428 o AHEFHATHE 16).
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i

¥ 16 HCG FAF ¥58 28 59 g = 1A4429)

Table 15. Comarison of ovulation rates by different injection contents of HCG

(First trial)

24 hours 48 hours 72 hours

Injection

content

(IU/kg) No. fish Ovulation No. fish Ovulation No. fish Ovulation
ovulated rate(%) ovulated rate(%s) ovulated rate(%)

100 — 0 + 20 + 20

500 +++ 60 ++++ 80 ++ 40

1000 ++ + 60 + + 40 — 0
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® 16 (A%, 23 249)

Table 15. (Continued, Second trial)

Iniect; 24 hours 48 hours 72 hours

njection

content

(IU/kg) No. fish  Ovulation No. fish  Ovulation No. fish  Ovulation
ovulated rate(%) ovulated rate(%) ovulated rate(%)

200 + + 40 +++ 60 + 4+ 40

400 + 20 ++++ 60 + 20

600 +++ 60 + 4+ 40 - 0

800 ++ -+ 60 ++ 40 +(1)° 20

1000 ++@)" 40 ++@0)" 50 - 0

*Numbers of fish dead during the experiment
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E 16. HCGS A= widt &3 A g AL&d ofH =a7]

Table 16. Number and size of parent fish used for maturation and ovulation

Female Male
No. fish 38 4
Total length (cm) 232~330 ‘ 34.0~38.2
Body length (cm) 19.4~29.3 29.3~32.0
Body height (cm) 52~179 8.4~105
Body weight (g) 125.0~401.7 465.0~754.9
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%17 HCG 322 Ao o8 oA 59 v 53
Table 17. Effect of ovulation rate by HCG injection

i 1 o)
Date of N o . No. fish ovulated/Ovulation rate (%)

Trial mnjection fish
24 hours 48 hours 72 hours

1 Sep. 23 4 - 1/25.0 1/25.0

2 Sep. 24 | 6 - 2/33.3 4/66.6

3 Sep. 26 5) 1/20.0 3/60.0 -

4 Sep. 29 8 1/125 4/50.0 1/125

5 Oct. 2 5 - 3/60.0 1/20.0

6 Oct. 5 4 1/255 2/50.0 2/50.0
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(3) 1A A7 WE HCGO| tis A g

ofA Z7el WE HCG FAbel 93 Afags Asty] $1ste] AlF At A
FHoR oldd ¥ dA 7z HAFAZ S5 owlE 20029 10€ 16¥€ oA =27
H2 5uhely #8590k oAF 1 kg 300U HCGE &89 FAHS & o
AZE B3 3o AFEE B, AT ¥ 300~400gel A 15me, 400~500gel A 21
m 24 200g ©lste] ofmelA 2meolut 500g ]9l ofulelA] 1imrETh =& A
E Adn AA oA offHE S5 FolA 500g °l*ooﬂfﬂt FA Hlgo] =
7] wjiell e Zol= HA AH A= 400g AFZ FAAG AF VI FY
AEEL 200g olstlAdE 100%H% o oA Z7)|7F AREA AEEo] Yol A
200~500g Atololl M 80%, 500g oAl A= 60%ATHE 18). o8& #HAL d4&
T4 100m W&ol A A 2lste
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Table 18. Effect of ovulation and spawning by fish size injected 100 IU HCG

No. fish ovulated/ Mean No.
. No. No. dead fish eggs Survival
Body weight .
female stripped (%)

24 hours 48 hours 72 hours 96 hours (ml)”

Smaller than 200 g 5 0 2 0 0 2 100
200~300 5 1 3/1 2 1 3 80
300~400 5 0 3 2 2/1 15 80
400~500 5 2/1 2 1 1 21 80
Larger than 500 g 5 11 2/1 0 1 11 60

* Total number of eggs stripped =~ Number of fish stocked <100
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Table 19. Comparison of ovulation rate by captured and reared parent fish injected 100

IU HCG
Female
Captured Reared
HCG injection
Date Oct. 11, 2003 Oct. 11, 2003
No. female injected 18 25
Body weight of female (g) 280~ 438 303~473
Ovulation rate (%)/mortality (inds.)
24 hours 14.3/4 8.7/2
48 hours 27.3/3 31.8/1
72 hours 25.0/3 26.1/0
96 hours 14.3/1 13.7/0
Mean No. eggs. stripped (ml)* 5.1 3.0
Mortality of female stocked 11 3
Survival rate of female (%) 38.0 88.0

* Total number of eggs stripped/No. fish stripped X 100
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Table 20. Composition of saline solution used for serum dilution

Constituent Formula weight Marine tele.ost |
(g/mol) (concentrations in m mol/L)
NaCl 53.4 134
KCl 74.6 2.5
CaCl; - 2H20 147 1.5
MgCl; - 6H20 203 1
NaH2PO4 - H:0 138 0.5
NaH2COs 84 15
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Fig. 15. Embryonic development and hatching of Branchiostegus japonicus.
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Fig. 15. (Continued).
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Table 21. Feeding regime during seedling production procedure

Kinds of live

foods

Days after Density Daily feeding

hatching

Enrichment

Green water

Rotifer

Artemia

Formulated
feed

until 30 days

3~35 days 2~5 inds./ml 2~4 times
15~38 days 0.1~2 inds./ml 1~2 times
after 15 days sufficiently 5~10 times

condensed
Chlorella
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Table 22. Spawning, hatching, and larval rearing performed in 2002 year

Spawning Hatching Larval rearing
. 100 day- . Supposed reasons of
Date No. Date No.  Survival Days val Rearing .
m/d) 109 () 10 (%) srvived 4 method larval mortality
(10°/%)

9/23 12 - - - - - Routine Not hatched

9/30 8 1011 3 375 0 - "

10/10 12 10/12 7 58.3 3 0 4

10/11 21 - - - 0 - " Not hatched

10/16 9 10/18 5 55.5 3 0 "

10/20 61 10/22 45 73.8 13 0 " Not known

10/21 17 10/23 5 29.4 3 0 "

10/22 32 - - - 0 - Y Not hatched

10/25 11 1//27 3 273 7 0 " First feeding failed
10/26 96 10/28 35 365 8 0 ” First feeding failed
10/30 7 111 2 28.6 3 0 ”

11/7 30 11/9 8 26.7 8 0 n First feeding failed
11/8 12 11/10 3 25.0 6 0 " First feeding failed

) Green
11/9 15 11/11 6 40.0 Survived 0.5
water

11/16 5 11/18 3 60.0 Survived 1.3 "

11/17 5 11/19 2 40.0 Survived 0.2 "

Total 353 127 36.0 2.0
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Table 22. (Continued)

Spawning Hatching Larval rearing
Supposed reasons of
; . 100 day- . )
No. No. Date No. Survival Days . Rearing larval mortality
W 1) md A o smivd 0 method
° (10%/%)

10/4 3 10/6 2 66.7 7 0 Routine First feeding failed

Green . } .
10/8 10 10/10 3 30.0 8 0 First feeding failed

water
10/10 20 10/12 7 35.0 Survived  Survived Mixed
10/11 105 10/13 12 11.4 0 0 -
10/14 24 10/16 2 83 3 0 -
10/16 25 - - - - - -
10/17 30 10/19 25 83.3 Survived  Survived Mixed

. . Green

10/18 80 10/20 3 3.8 Survived  Survived

water
10/22 38 1//24 53 60.2 Survived  Survived Mixed
10/23 40 1025 3 75 Mixed
10/27 25 10/29 - - - - -
10/28 27 10/30 5 185 - - - First feeding failed
QOverall 425 110 259
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Table 23. Observation and characteristics of fry and juvenile during seedling

production procedure

Days after  Water temp. Total length .
. . Observation

hatching (T) (mm)

0 90.9 0.89 Fertilized eggs: large yolk sac, floated on
the surface
Just-hatched larva: Mouse and anus were

1 205 165
not open

. Rotifer feeding started

5 215 2.74
Yolk sac was almost absorbed

3 991 356 Y.olk sac ?nd oil globule were absorbed
pigmentation began around both eyes

10 22.2 3.70 Schooling on the surface

15 993 49 Grouping un’der the bottorfl and corners
Started feeding on Artemia and copepods
Active feeding on Artemia and commercial

21 21.4 45
feed

33 23.3 6.2 No feeding on rotifer

. No feeding on Artemia

52 22.2 95

Feed on commercial feed only
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Table 24. Growth and survival of Branchiostegus japonicus yearling

Initial Final

Date Feb. 7, 2003 Nov. 10, 2003

No. fish 1020 129

Total length (cm)
Mean*standard deviation 36t14 21.6+2.3
Minimal 26 175
Maximal 4.8 255

Body length (cm)
Mean*standard deviation 3.0F13 180*19
Minimal 2.1 14.6
Maximal 4.0 215

Body weight (g)
Mean*standard deviation Not measured 140.1 +=47.7
Minimal Not measured 64.4
Maximal Not measured 243.2
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Fig. 17. Microscopic observation of sperms stripped and diluted by

saline solution.

- 115 -



IR LR

/\1 A

e 4

A1 A

(==
1o

ais

il

=0

£

Njo

ol

ATolME A

L=

e o) BT B ol ot

juze)

il
N

i 712

S

3 A

fiie)

N
oly

ol A

ol

N

b Al

G

& dotr7] 9

38 wusarh sz el A

!

o

AL

2 7tE 9 AlE 60m, H°] 2.2mY

Fx29} 7FE9 AE 50m, =o] 3.3mo

ol
K

E

of A 7)ol wE H

A g T4 E 174

Qo

]

T
T

EEolE ¢

AT 1S ol gt

A F 348.8¢ 9

5

3

o
i=]

1

A
=2

)
=

e

o]
- 116 -

[e}]
=2

Al 2003 10¥ 8ol
iul s sy Al 2003 9¥€ 29

3L
=



gtod 7hE e} AlZ 40m, ¥0|

S

_?,]
o] 28nte] ¢}

AE&E vlus)

%9
475.8g 9]

3

=
.

oA A7l w
1.5me] 39

i

o}

0
<

T AF 203.7g9]
ol ¢

3

i

49

=
K

34 Al

by

o 54 =27
(North

[}
< 2001¢ 9¥ 64

Argte 2 A

j» 4

2] 3

18 whE] .

ted AAA

0

[e)

___X]
=

)
it

R

MS-222%2 A7 Y

<
0] Z] -

o E
-

=
Al
gall

A% 2189g9 =E 24wty

Hld Rzg9a 9
Fod 0.3mé

°

Eiy

T

.

-

3
]

Ea

as

ANE o4
21.8~33.6cm, AT M9 1359~5265¢% 1L,

HE 20029 8¢ 1097HA

=

=i

S5 o
Marine Technology Ltd.)

o] gz
2. /WA A% 4
Ak Ao

=
T

B}

N

g 7t A
29

x|
3

4]

174
&

A=
T

=
Lo

A
g AlS A P2 2003 3%

T F 3488g(A T 150.7~1136.3g)<]
F 74vtg E A% JHRY

o
=
(]

3

A1

2
- 117 -

Kol

C R o e P e e

4

2422g(A SR 104.0~413.6g)°]

A 3 A

=
&



of 4A7 AAE BAE

)
=

A)
=
oA 516.7g, T 7tFE] ARFolA 3908go 2

st

T5

Bolx kst

=
=

Aol

o} 75.7% 2

- 118 -



3 25 ST HAVHFHE ol & AT AE
Table 25. Comparison of growth and survival of Branchiostegus japonicus reared at

tank and cage

Tank culture Cage culture
Volume 6.0X6.0x2.2 50X5.0X3.3
Initial
Date of stocking Jan. 25, 2003 Mar. 17, 2003
No. fish stocked 84 74
Total length
Mean=*S.D.
Range
Body weight
Mean*S.D. 348.81+192.2 242.2+80.3
Range
Final
Date Oct. 8, 2003 Sep. 9, 2003
No. fish survived 63 56
Total length
Mean*S.D.
Range
Body weight
Mean*S.D. 516.7+206.3 390.8+83.8
Range
Survival rate 75.0 75.5
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Table 26. Comparison of growth and survival of Branchiostegus japoncus by fish size

and rearing method

No. 17 No. 27 No. 37
Volume 40X40%x15 5.0X5.0%3.3 TH5XTHX25
Initial
Date of stocking Feb. 4, 2003 Feb. 4, 2003 Nov. 29, 2002
No. fish stocked 28 47 24
Total length
Mean=*=S.D.
Range
Body weight
Mean=*S.D. 475812387 203.7£59.8 2189+77.2
Range
Final
Date Oct. 8, 2003 Sep. 9, 2003
No. fish survived 18 37 18
Total length
Mean*S.D.
Range
Body weight
Mean £S.D. 565.8+133.3 421.4%+156.7 324.4%66.2
Range
Survival rate 64.3 78.7 75.0

*Larger fish size

**xSmaller fish size

#+xCultured together with bream
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Table 27. Growth and survival of Branchiostegus japonicus marked with fluorescent

pigment

Date of measurement (m/d/y)

09/06/01 10/05 11/05 12/06

TL. (cm) BW. (g) TL. (tm) BW. (g9 TL. () BW. (g) T.L. (ecm) BW. (g)

1 33.2 526.5 334 506.2 34.2 595.4 354 668.0
2 26.3 202.8 25.3 193.8 257 183.8 26.4 202.0
3 24.1 1359 237 146.2 247 1578 25.2 160.2
4 285 344.9 30.3 404.2 325 488.9 33.3 554.0
5 235 160.8 24.3 202.0 25.3 1339 - -

6 251 200.2 255 2209 26.2 228.6 285 285.4
7 230 155.0 235 174.1 253 2195 252 2133
8 271 239.3 26.8 253.8 - - - -

9 336 489.7 335 533.1 35.2 589.3 36.5 651.8
10 33.9 488.3 34.3 542.0 355 611.5 36.3 692.8
11 304 361.6 304 380.0 31.0 405.7 31.8 416.9
12 29.0 331.4 287 341.7 30.0 387.7 31.2 440.2
13 325 374.3 32.0 3744 324 379.5 326 445.4
14 282 290.5 285 317.3 - - - -
15 30.0 344.5 30.3 3376 31.0 410.7 - -
16 23.9 164.0 24.1 176.3 25.1 2119 275 299.9
17 283 276.6 28.8 305.2 29.7 374.4 31.0 398.5
18 218 136.9 22.5 157.6 - - - -
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Table 27. (Continued)

Date of measurement (m/d/y)

12/06 01/08/02 2/8 3/5

TL. (cm) BW. (g) TL. (cm) BW. (g} TL. (m) BW. (g) TUL. (em) BW. (g)

1 33.2 668.0 36.0 666.6 36.8 762.2 354 813.8
2 26.3 202.0 26.6 2101 26.0 231.1 264 2575
3 241 160.2 243 157.9 - - 25.2 -

4 285 554.0 34.2 608.5 349 652.6 33.3 690.2
5 23.5 - - - - - - -

6 25.1 2854 28.2 297.2 29.3 3347 285 3477
7 23.0 2133 258 222.9 26.5 252.6 25.2 2725
8 27.1 - - - - - - -

9 33.6 651.8 36.9 695.7 38.3 7675 36.5 835.1
10 33.9 692.8 370 750.1 38.2 844.6 36.3 898.0
1 30.4 416.9 32.2 439.7 325 452.8 31.8 450.0
12 29.0 440.2 32.0 496.2 32.2 514.8 31.2 560.3
13 325 4454 32.9 464.3 32.5 4376 326 4715
14 28.2 - - - - - - -
15 30.0 - - - - - - -
16 239 299.9 29.7 340.2 29.7 400.9 275 454.0
17 28.3 3985 31.3 414.8 32.0 443.9 31.0 4791
18 21.8 - - - - - - -
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Table 27. (Continued)

Date of measurement (m/d/y)

4/11 5/10 6/11 8/10

TL. (m) BW. (g0 TL. (cm) BW. (g TL. (m) BW. (g TL. (cm) BW. (g)

1 377 885.1 378 882.8 38.3 930.7 39.1 967.9
2 273 288.2 276 306.9 21.7 369.9 - -

3 _ - - _ - - - -

4 36.3 758.6 36.8 793.1 375 833.8 38.3 873.6
5 27.2 - - - - - - -

6 30.8 419.0 31.7 445.8 - - - -

7 27.2 301.2 278 3159 28.3 367.8 - -

3 _ _ _ _ - _ - _

9 39.7 925.2 40.1 962.0 40.8 1027.4 411 1075.0
10 39.8 989.9 40.3 1044.2 41.0 1091.2 42.0 1020.3
11 322 455.8 32.2 447.7 31.8 425.6 315 330.3
12 34.2 610.4 34.4 640.2 35.3 709.4 - -
13 33.0 434.7 - - - - - -
14 - - - - - - - -
15 - - - - - - - -
16 32.0 511.8 32.7 558.7 33.7 620.6 - -
17 33.3 512.0 33.0 5321 33.2 570.8 304 603.2
18 - - - - - - -
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Fig. 18. Growth pattern in total length of Branchiostegus japonicus marked with
fluorescent pigment.
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