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ABSTRACT

In order to culture turbot (Scophthalmus maximus) completely, it is absolutely
necessary to produce fertilized egg and maintain brood stocks. To meet the
purpose, it was studied how to induce sexual maturation and then how to
produce the fertilized egg constantly. The sexual maturation was induced by
submarine sea water (maintained approximately 17°C) which was only
obtainable under coastal line of Jeju island. Temperature and photoperiod
control was artificially conducted because it was impossible to produce healthy
fertilized eggs by culturing with only submarine sea water.

240 turbots (male 120 and female 120 fishes) were selected as brood stock.
The turbots (37 ~ 47 cm and 1,500 ~ 3,500 g) were divided into
experimental and control tanks (5x6x1.5 m) with 60 fishes each, from July to
November, 2015. In order to induce spawning, temperature was decreased
from 17Cto 8C and then maintained at 14°C, photoperiod was maintained
from 2L: 22D to 16L: 8D.

It was observed that spawning was induced by both temperature and
photoperiod. There were no changes in control group, GSI was changed in
experimental group, in which results showed matured sperm and oocytes. In
addition, FSHB and LHP mRNA were increased in experimental group.

With these conditions, a total of 11,000 cc of spawned eggs was collected
for over 10 times and a total of 1,550 cc of fertilized eggs were collected .
The size of spawned eggs was 1.040+0.19mm and fertilization rate was
14.1%. It takes 78 hours at 17C from the fertilized eggs to hatching, and the

hatching rate no differences were found at temperature from 13C to 19°C.



The hatched larvae survived for 8 days at 19°C but 14 days at 13°C without

feeding.
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Fig. 1. Shape of abnormal turbot (Scophthalmus maximus).
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Fig. 2. Process of PIT Chjb transplantation,

A, Put the fish on the table; B, Injecton of chip;, C, Size and weight measurement;
D, Sampling for DNA analysis.
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Fig. 3. House-made water quality monitering equipment.
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Table 1. Water quality analysis of supply water and rearing water

Test item Supply water Rearing water
water temperature 16.7C (16.2~17.27C) 16.7C (16.2~17.27C)
pH 79 79

DO 7~9 ppm 7~8 ppm
Bacteria 3.3 CFU/mL 4.3 CFU/mL
NH3;-N 0.05 ppm 0.07 ppm

NOo-N N.D. N.D.
NOs-N 0.03 ppm N.D.

C

Fig. 4. Water quality control devices for breeding tank.

A, Oxygen generator; B, Heat pump;, C, LED Light; D, Timer of Light.



2. 3 A= 7=

T Ad3F719 165 ~170C 9 & fA8x, 7= 8T 71X
Wzt & 4T=E gdste &% 23 2 94 #+7](2L/22D — 16L/8D) x=11
o= dtgon, Ao Pt 44 60vtEly 1200 & 8] 4SS

=3t tH(Table 2, Fig. 5).

Table 2. Environmental conditions to induce artificial sexual maturity

Experimental Environmental condition
- Remark
Group W.T. (C) Day length
Natural
Control 16.5~17.0 a ura. Underground seawater
photoperiod
Regulation Cold underground seawater
T 17—8—14 .
reatment s (2L:22D)—(16L:8D) with heat pump
Temp. Light
() {hours)
18 - r 18
i iz | - 16
16 -
r 14
14 4 4+ S + |12
- 10
12 4
-8
L4
i
=¢—Temp. |,
== Light
6 0

D-Day 10days 20days 30days 40days 50days 60days 70days 80days 90days 100days

Fig 5. Photoperiod and water temperature stimulation schedule to induce sexual

maturation of broodstock.
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A B
Fig. 7. House-made LED lamp to induce sexual maturation.

A, Lamp; B, Light-on.
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Fig 8. The feeding class of turbot larvae.
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Fig. 9. Changes in gonadosomatic index (GSI).
A, Male; B, Female.
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Fig 10. Development of testis.

A, Initial stage; B, Control; C, treatment. Sc, spermatocyte; Sg, spermatogonia;

Sz, spermatozoa.
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AE AFA BHE dAY AaE W3 10 ~ 80 me] FHA7] R A E}
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Fig. 11 Development of ovary.
A, Initial stage; B, Control; C, treatment. oil-droplet stage oocyte; Pnc,

pre—nucleolus stage oocyte; Yg, Yolk stage oocyte.
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(Fig. 12, 13).
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Fig. 12. Expression level of FSHB and LHB mRNA in female.
A, FSHB mRNA; B, LHB8 mRNA.
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Fig. 13. Expression change of FSHZ and LH3 mRNA in male.
A, FSHE mRNA; B, LHB mRNA.
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Scale bar=500 pm

Fig 14. Egg development stage in rearing water temperature 17C.
A, Fertilized egg(Oh);, B, 2 cell stage(zh); C, 4 cell stage; D, 8cell stage; E,
Morula stage(6h); F, Blastula stage(18h); G, Gastrula stage(22h); H, Embryo

formation(26h); I, Myotomes stage(34h); J, Myotomes stage(42h); k, Myotomes
stage(60h); L, before hatching(78h).
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T FSAZEE 13CHul= 19T A1k 2uf o] o] F-3ha|1to]

G Rage Feo g 947 9T Table 4, Fig. 15).

Aol Fed FHATE 130 Wi 19T ASmeh 20 o4l 73
Aol Bedte 5 2Esh We5E gAgre] WasitE 42 & 5 Ao

Table 4. Embryo development time required according to water temperature

Stage Hatching
W.T rate
1 2 3 4 5 6 7 8 9 10 (%)

13°C  2hr 10hr 26hr 30hr 40hr 60hr 7Zhr 94hr 110hr 146hr 16.51

15°C 2hr 10hr 22hr 26hr 32hr 46hr 60hr 74hr 82hr 102hr 20.94

17°C 2hr o6hr 18hr 22hr 26hr 34hr 42hr 54hr 66hr 78hr 15.74

19°C 2hr o6hr 14hr 18hr 22hr 26hr 34hr 42hr 52hr 62hr 20.07
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Fig. 15. Embryo development time required according to water temperature.
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MNew hatching larva 1 days after hatching 2 days after hatching

3 days after hatching 4 days after hatching 5 days after hatching

16 days after hatching

26 days after hatching 33 days after hatching 38 days after hatching




40 days after hatching

47 days after hatching

54 days after hatching

60 days after hatching

Fig. 16. Growth larvae and juveniles of turbot, Scophthalmus maximus.

Table 5. Growth larvae and juveniles of turbot, Scophthalmus maximus (n=30)

Day Length(mm) Day Length(mm)
fmmediael AT | 246 + 019 30 Days 826 + 1.35
5 Days 3.02 £ 0.38 40 Days 14.21 £ 2.76

10 Days 5.14 + 0.58 50 Days 2159 = 3.25

20 Days 6.84 + 0.92 60 Days 30.31 + 5.62
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