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SUMMARY

| . Title : Development of culture technique of Sea cucumber,

Stichopus japonicus

II. Objective

Sea cucumber (Stichopus japonicus), an echinoderm belongs to Stichopus genus,
Stichopodidae family, and aspiodchirotida order. It is known that sea cucumber
has about 1,500 species throughout the world, and about 14 species are inhabiting
in Korea.

Culturing of sea cucumber is practiced mostly in Korea, China, and Japan, the
Far East in the world. In Korea, mean production of sea cucumber seedlings were
about 200,000 inds./year until year 2003, and the seedling has been discharged in
a coast fishing grounds of fishing community to recovery the natural resource,
however the natural resource has been decreasing each year. Also in Japan, as the
production of sea cucumber has been decreasing since the 1970s, they has been
carrying out the plan of resource restoring under autonomous managements, and
are focusing on large scale discharging of artificial seedlings for organizing
resources. In China, as the consumption amount is dramatically increasing boosted
by the economical development along with the unquenchable appetite of the
Chinese people for sea cucumber, artificial seedling productions and culturing
techniques are drastically developing.

Stimulated by the development of sea cucumber culturing in China, the demands for
sea cucumber culturing techniques development are rapidly growing as an alternative
cultured foods for fishes, etc in Korea.

Therefore, this research intended to develop a basic industrializing technique for
culturing such as complete self-supplying of culturing seedlings, culturing of aquatic
plants in land, pond culturing, and seed planting style farming, etc by developing

large scale production technology of artificial seedlings that fit the environment in

,10,



Korea for industrialization of sea cucumber farming in Korea.

IIl. Contents and scopes of the study

1. Development of technology for artificial mass seed production of

sea cucumber

As for the mass production technology for sea cucumber artificial seedlings, we
adopted Korea style technology which can reduce seedling production cost compared
to that of the China style.

We directly cultured optimal vegetable plankton for larvae farming, collected the
seedlings by using abalone settling substrate during the period the larvae attached to
them, and supplied the preys fermented with the juice of marine algae like sargassum

thunbergii, etc.

2. Development of indoor sea cucumber culture technology

For the development of culturing technology of aquatic plants in indoor land tank,
we performed tests of culturing of sea cucumber alone and integrated culturing of
abalone and sea cucumber, and executed economic analysis on culturing and methods

of passing the summer by water temperature adjustment.

3. Development of Pond culture technology

Regarding pond culturing technology development, we organized facilities such as
habitats, etc in the culturing field, tested growth rates by the density, and analyzed the
integrated culturing of striped mullet (Mugil cephalus) and sea cucumber, the water

purification effects, and the economy.

4. Development of sowing culture technology

For sowing culturing technology development, we analyzed the growth rate,
survival ratio, and economy by sowing seedlings in the coast near Anmyeon
island of Tae-an-gun, Chungnam province. Also we clarified the spawning season
of sea cucumber by examining the mating process and the reproduction cycle in

the West Sea of Korea.

,11,



IV. Results and Discussion

Though the sea cucumber artificial seedling production in Korea amounted only to
200,000 inds./year until year 2003, we accomplished a complete self-supplying by
producing about 30,000,000 sea cucumber seedlings in year 2006 by the development of
culture technology for a mass of artificial seedlings through this project, and prevented
the importation of seedlings produced in China.

The Korea style of artificial mass seedling production technology, newly developed,
improved fertilization rate and hatching rate while preventing multi fecundation
through selective egg collection that separates females and males grown up for egg
collection, and reduced the number of parent sea cucumber down to 20% compared to
that of China style by collecting only appropriate quantity of eggs to pursue the
economy. The average number of eggs spawned from one female was about 4,020,000
inds. or so, and as for the prey creatures for the larvae rearing, we directly cultured
and supplied three species of vegetable planktons, Chaetoceros simplex, Pavlova lutheri,
Isochrysis galbana, according to the larvae rearing amounts, and collected the seedlings
by using abalone settling substrate (PE 30x30 cm) during the period larvae attached to
them. And later on, by artificially supplying in dark condition preys fermented with
marine algae like sargassum thunbergii, etc, we raised high density baby sea cucumber.

The number of juvenile sea cucumbers whose overall length are over 0.5cm attached
to the settling substrate was average 20 or so in the existing method, but that number
in this research was increased over 5 times to more or less 100.

Throughout the facilitation period between October, 2005 and June, 2006, the
uni-culturing of sea cucumber has shown a growth from the overall length 5.6 cm and
the overall weight 8.6 g at the start of facilitation (100 inds./m’) to the overall 8.6 cm
and the overall weight 40.2 g at the end driven by the developed culturing technology.
Among this period, the overall length and the overall weight slightly decreased
between December and February, and after March, they drastically increased. The sea
cucumber exhibited the highest death rate between the late February and the March

when the low water temperature period ends, and the final survival rate until June

,12,



was shown to be 56.0%. In the integrated culture of sea cucumber and one year-old
abalone, the sea cucumber has shown growth from the overall length 5.8 cm and the
overall weight 9.1 g in October 2005, to the values of 10.1cm and 529 g in June 2006.
In the integrated culture of sea cucumber and abalones less than one year old, the sea
cucumbers grew to 9.4cm 474 ¢ in June 2006, so that it was shown that they grew
faster in the integrated culture with one year old abalones than in the integrated
culture with less than one year old abalones. It appeared that if sea cucumber are
maintained below 20C in summer, the high water temperature season, through the
water temperature adjustment using cooler for the survival of sea cucumber through
the summer, the sea cucumber can survive the summer minimizing the body weight.
In the integrated culture of sea cucumber and abalone, sea cucumber exhibited good
growth rate and survival rate even though the sea cucumbers were not separately
supplied with preys while the abalones were supplied with kelp, the food.

The water temperature in culturing pond throughout the year was ranged from
042 C (Jan.) to 29.03 C (Aug.). In the culture of sea cucumber from Jan. 16th,
2004 to Jul. 2006 starting, it was shown that the length came up to 19.9cm and
the weight also came up to 245g, and the survival rate was 4.7%. Regarding the
monthly growth in the pond culture, monthly mean 12 g from April to June was
reduced to 21.7% in July and August and then grew over 20g a month in
September and November. In the case of the integrated culture of sea cucumber
and mullet, sea cucumber demonstrated the weight increased over 10.3 g which
was a high degree compared to the control group, however the survival rate was
8.3%, which is much lower than 13.7%, that of the control group. On the other
hand, it is judged that the survival rate of sea cucumber significantly was
dropped by pollutant sources caused from inappropriate sea water exchange in
the pond culture, selection of culture field requires detailed cautions. Having
observed the growth for four months on the attached materials, the results have
suggested that stone grave type was 33.45g with the survival rate 31.8% as the
highest, and as for the seedling size in the pond type, facilitating large scale

seedlings with the overall length over 5cm is desirable for the improvement of

,13,



the survival rate.

Concerning the growth in sowing culturing, the sea cucumbers grew from the overall
length 29 cm and the overall weight 2.0 g in April 2004 to the average 389 g in June,
and significantly decreased in weight to 22.5¢g in August when the water temperature
rose. And later on they gradually grew from October reaching 48.5g in April, 2005,
exhibiting rapid growth to 95.1¢g (70~130g) in June, and their final survival rate was
inferred 66.7%. Therefore, it appears to improve a survival rate and reduce commodity
a production period, sowing of large seedling over at least the overall length of 4cm is
desirable. From the results of growth test by the density by sowing 1, 5, 10, 15, and
20 sea cucumbers per m’, low density test group of 1 sea cucumber per m' exhibited
the fastest growth to the overall length 13.8cm and the overall weight 103.2 g, with the
growth rising in inverse proportion to the density, and the appropriate sowing density
is presumed to be 8~10 sea cucumbers/m’ based on the average overall length. It is
evaluated that in the fishing neighborhood, not only is the sowing culturing in the
field implemental in organizing and restoring resources, but also is the most economic
and environment friendly method of sea cucumber culturing with low cost for facility,
etc.

In the meantime, the results of mating processes and reproduction cycle of sea
cucumber, produced in the West Sea of Korea, have shown that the main egg
spawning period of the sea cucumber produced in the region is June.

In order to completely stabilize the sea cucumber aquaculture raising as an industry,
researches on improvements of productivity like seedling intermediate culture
technology, pond culture technology, and sowing culture technology, etc. have to be

constantly conducted.
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T 311 Abeb W A@Ad s
o 1 AR | T2 | H2EA | s - & - &
2 ga | wy | (o) | oy | HAE [ =FE [ iE= | 2ai=
(2HOH) | (%) [(BrOtel)| (%)
15.0-20.0
2005. 5. 2 7o | 60
128 | 14000 | 13000 | 928 | 10400 | 80
~ 6.5 A5 | 160210
(5.0)
150200
2006.5.9| | #& | (0
113] 20000 | 18000 | 900 | 13500 | 75
~ 6. 27 A5 | 160210
(5.0)
3£ 3-1-2. Abghol] Foigh k7l ojm] 3] 4H(2005.5)

A B Y 05.5.2| 5 .10 | 5.15 | 5. 21 .24 | 5.28
Atgt0]0] ==(0tel) 4 7 4 2 4 7
o0l B2 (o) 252 273 260 286 290 296
1021Y B MR

300 233 400 500 475 557
(x10* )
102Y B 2o
210 196 310 400 410 460
(x10% )
252 (%) 70 82 77 80 86 84
Telae |15 145 155 155 16 16
=2(C)| A3 20 20 20 20 21 21
ess 2| 5 55 45 45 5 5
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4,000 -

3,500 -

3,000 -

2,500 -

+=2(C)

2,000 -

WA =0 #1104 )

1,500

1,000 ¢

500

5. 22 5.102 5. 152 5.21¢ 5. 242 5. 282!

A Ag@ volgEel ek P wpeFol shsaok shizvl, Aol met o]y
2o BaFe Fuaty] Al AFNYG = QRS TIskel FANK A % 1
Y AvE sFstach el 44 wol 4w THs] sl AREYAE Fx

521 Chaetoceros simplex, Pavlova lutheri, Isochrysis galbana® 3&#F 5 AF&3lH il

o] F5o W Wgshs WS e 2ol shach

AR A e B P )

Hol =2 U viFetr] sl 2=xdo] 7hed wigdS FHleA T WA
ZYAE(3,000~50001ux) B E7IAAES ZEEA e, 712 = #n A (50~3000),
AAE(EAES] 00l mg), 7T Ax7], 1 7], - AL, 4% 22714

K a4, e, FoE, oA, WMaddy,

A, A, A7 Fehsa, 99 Foea
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15~20L F79, AlFE 5) 2 HEAHE 5~6m), &4 5 HolA=e I

ol

ol

el Fel s A e BowiA 240

Hol g wigel AbEE= s wMEFdTel dEd od R HE s Ede

== AASAA, BYgdHE X s vl 1-3m BHE AIAIA mjdFE

2
otk @ 23] A ofsolw BEL FE AFsd YRS AN 9

WA Jbe W L ug Wi, oFF Wit o WEe sk

’

29 &71(300~3,000 m¢ Fek==)= sk "atlol] ¥eo] 120T, 1.57]%bellA 15%3t
it A, Ed &71U5L o d)dlA wigE wjol= Aot d A4 E F(Sodium

Hypochloride, NaClO)& 100 ppm %2 & A gstgct A eS8 aE v ko] A8}

= YA 2= Provasoli ESHlA], ConwyHl Al & o1& 7FA| 7} 9loy of 7|4 & F/2

WA & Abgsel .

#® 3-1-3. Hold=

kg wix] 24 FE (F/2 media)

4] - (Composition) -8 9 (Stock soultion) A& #F(Usage)
NaNOs; 150 g/L(Z+F5, D.W.) 1 ml/L(3} <=, sea water)
Na>,HPO, 8.69 g/L(D.W.) 1 ml/L(sea water)
EDTA 10 g/L(D.W.) 1 ml/L(sea water)
MnCl, 220 mg/L(D.W.) 1 ml/L(sea water)
CoCl, 110 mg/L(D.W.) 1 ml/L(sea water)
CuSO, 19.6 mg/L(D.W.) 1 ml/L(sea water)
ZnSO, 44 mg/L(D.W.) 1 ml/L(sea water)
NasSIOs 50 mg/L(D.W.) 1 ml/L(sea water)
Na>MoO, 12 mg/L(D.W.) 1 ml/L(sea water)
HIE}F Al &3 (vitamin Mixture)
B2 1 mg/L(D.W.)
Biotin 1 mg/L(D.W.) 1 ml/L(sea water)
Thiamine-HCl 200 mg/L(D.W.)
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¥ 3-1-4. HolAE njkg wlx XA F(Provasoli ESHIA])

NaNOs 100g
Nas glycerophosphate 17¢g
Fe(NH1)2(SO4)2 - 6H20 g
Na, EDTA 3g
Al thiamine 100g
Vitamine B g
biotin 2mg
H3BOs 2g
ST 1L
Bl 10g
MnCl, 40g
CoCl, 1g
B ZnCl; 4g
FeCls 10g
ST 1L
cel NazSiog 45g
CRIE 1L

o v

1) dFHE

Eaufer 2 A= wdE A4S 300~500mL AZEel ] 1x10* cells/mLEyEEE
PS

O
o
il
—u
=)

10x10°cell/mL

o
rlo
N
=
Lo
BN
b
rir
ol
S
S
!

—
o
o
o
=
b

o
k1
Ho
N
i,
X
ol
k]
=)
e
—
to,
ro,
Ho
a2
o
b
El
2=
>,

7 TR dFe BREVIFS 670 Ak Jhestut BE GEl wel AR wfgs

AUEEE 34 20C =2 FASA st FF FE5 40~80x10* cells/mL= 3}
of 7] MY skt ke dEx2P o R 3000~4,000 lux® skt viA S H b
=1 1me/1v) &= H7}stdal, Chaetoceros B %

© A B CAS 77 ImL/ WEE FUbegTh HE F 672l 500~800x10*

rr
5
<
S
c
Q
ME,
o
8
3
<
2
o
jus)
_
o
rl
=
2
rEI
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cells/mL FER ZAHW o2 a4k F49 Holz Fsteh
i 2 ol & AFTRHE Z 7l % off ZFaj &
o —> —> —>
(FHA vl &) (300~500 mL) (3L) (15L°]%)
- Z2%:500~ - 2 5:3,000~ - 2 5%:3,000~
1,000 lux 4,000 lux 4,000 lux
A
- A HE - &7 - 57
0L b gt FEUT

a9 3-1-3. HeldeE md A=

Hol Ao Z=AHH S WA 7wy 2L HolAE UFS 151 wjdEr]d 1
LA BE35te] widstd o, vk 1LY vx9] H7ts=s Pavlova 2 Isochrysis
1mL/R &2 71893, Chaetoceros IS A 2 CHe 77}
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’, -

13 3-1-50. 5¥ 224 18 3-1-51. 59 28Y
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Z 2.09 31.58 11.82 8.22
3 6.82 31.37 9.36 8.25
4 14.01 31.40 9.17 8.43
5 18.86 217.85 8.24 7.85
6 23.34 30.31 6.84 8.37
7 27.69 27.45 6.12 8.50
8 29.03 28.42 5.82 3.26
9 23.17 27.46 5.66 7.87

10 19.54 29.16 3.96 7.99
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g ) FAZ g3 COD

B (%) (%) (mg S/g.dry) | (mg Oy/ke.dry)
1 33.4 0.29 0.005 1.65
2 33.3 0.22 0.004 2.01
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10 39.7 0.55 0.005 2.70
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12 31.07 0.29 0.021 5.38
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A@rel Wi AT ol 1042g0
b 49| 50uke] AR Tel Wit AFFL 9640 gl M=

4 4

A em) | 1.82 412 (524 675|791 | 861 | 819 | 8.04 [10.48]11.88|12.35[13.28
50vkE] | AF e (g) | 0.27 | 1.47 [10.18]19.36|28.05[38.47|31.50|28.12| 41.0 | 65.7 |82.48|96.40
NG| AEme]4 | 50 | 38 | 33 | 32 | 32 |31 | 29| 18| 16 | 14 | 14 | 14
AES(%) | 100 | 76.0 | 66.0 | 64.0 | 64.0 | 62.0 | 58.0 | 36.0 | 32.0 | 28.0 | 28.0 | 28.0
A7 em) | 1.82(3.92 (553 (682|801 | 879 | 870 | 8.88 [10.08|11.44|12.57[13.27
60uta) | AE2(g) | 027 | 1.33 [ 9.07 | 17.7 | 269 | 375 |31.21| 27.6 | 425 | 64.8 | 832 | 97.6
N@F | AErES] 60 | 40 | 37 | 36 | 35 | 34 | 30 | 18 | 13 | 13 | 13 | 13
AEE(%) | 100 | 66.7 | 61.7 | 60.0 | 58.3 | 56.7 | 50.0 | 30.0 | 21.7 | 21.7 | 21.7 | 21.7
A7 em) | 1.82 | 4.03 | 566 | 7.03 | 812 | 9.44 | 956 | 9.88 |11.23]12.67|13.89|14.66
7008 | AF2(g) | 027 | 145 | 889 | 182 | 27.1 |37.24|32.16| 286 | 44.2 | 674 | 85.3 | 98.2
AN@F | AEmES ] 70 | 43 | 39 | 35 | 35 | 33 |29 | 14 | 11 | 11 | 11 | 11
AEE(%) | 100 | 614 | 557 | 50 | 50 |47.1 |41.4 (200|157 | 157 | 157 | 157
A (cm) | 1.82(394 636 | 7.03 | 822 | 894 | 9.14 | 9.08 |10.99(12.04|13.68|15.89
80tta] | AFe(g) | 027 | 1.88 [11.7223.17|36.04|47.56|36.24|31.16| 48.2 | 61.4 | 90.6 |104.2
NI | BEnkgs=| 80 | 37 | 28 | 27 | 25 | 22| 20 | 9 8 7 7 7
AEE(%) | 100 | 463|350 (336 (31.3(275|250(11.3]100| 88 | 88 | 838
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A e shes Tlee® B9 E 20 vheH S48
3F 3-3-4. €9 sS4 A4 EE=(20049)

S 1 2 3 4 5 6 7 8 9 10 11 12
T

A4 | 13 34| 34| 47 | 40 | 53 | 50 | 62 | 85 | 79 | 71 | 95

(cm) | ~35|~64|~73| ~82 | ~98 |~105| ~9.8 | ~125| ~145| ~125| ~125| ~139

B4

ey | 182412524 | 671 | 701 | 861 | 819 | 804 | 1048| 988 | 1035 | 11.28

cm

AFF | 02 | 06 | 21 | 42 | 65 | 63 | 76 | 103 | 220 | 440 | 57.0 | 520

(g) ~06| ~32| ~57|~16.1| ~39.3| ~46.6| ~38.5| ~39.0| ~55.0| ~88.0| ~113.0| ~156.0

B

(o) | 027 14T | 318 1036 2305 | 3547 | 2050 | 2812 | 400 | 60.7 | 8248 | 9840
g
#04. 1. 16 T8 YA

AMRA 19 aAte 2 28T o)l s 3 FUAHE Solzten, Helk
AFBA ot 69 sholl it Fo] 3b47geld Ao 79 sheoll= 2050g0® T
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H = (g)
100
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% 3-3-5. A4 aae] AHAE A

. e 4 5 6 7 H] 3

A4 (cm) - - 1554 9.40 6. 8

saat AF(g) - - 26.47 22.18 50mke] 14
AEL(%) - - 100 66.0 (AH=] 21 4h)
A (cm) 411 6.86 8.86 11.04 4. 84

FE A=) 411 12.08 26.64 3560 | 507kl 1A
AE (%) 100 80.0 76.0 70.0 (A A 4H)
A4 (cm) 4.89 7.74 8.80 10.40 i}

A %2 5.12 14.15 23.16 29.77 (el 9H21)
AE 2 (%) 100 86.0 82.0 78.0

A AEE A FolAE 8 YA T A NeE soF 7HE B HAIES HA
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84l 6.17mg/L= 7Hg wtar A2

w2l ‘05, 6. 30l A it 576 cm,

At
Wt} pH
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SR R

W

N

jruge]
_ZTI
el

of ¢s,

<
R

3t

tol w4

)

Sehe gETE TR

(%)
34.5
35.2
34.5
33.6
34.7
33.5
33.7

of Hit 2¢

T

0.009
0.023
0.032
0.029
0.025
0.021
0.014
gt

ST
A7)

°
p 84

0.31
0.43
0.48
0.52
0.47
0.49
0.44

2]

o
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2.04
2.57
3.16
3.77
3.59
3.94
3.33
12€

COD
(mg Oo/kg.dry) | 7 2(%) | (mg S/g.dry)
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T

=}

q

32.8
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T 6. 30

A9 (ecm)| 52~6.8 | 7.9~99 [106~12.7|11.8~13.5/13.2~15.0/14.8~18.3|16.2~19.8

H 1t (cm) 5.76 8.32 10.94 12.65 14.67 16.02 17.45

AT (g) | 1.2~3.0 |8.72~13.7|18.2~34.7/30.6 ~50.7|45.5~72.3|58.4~80.2|55.7~80.4

31t (g) 2.9 11.3 28.99 45.22 60.56 74.55 72.54

Z7E 137%E by

3# 3-3-8. 34t wolo] LAl ke =

et AT o=
24 A (em) | A [BEE%)| AF(em) | AF(@) |[BEE%)
2005. 6. 30 8.61 30.47 8.61 30.47
8.10 24.01 8.19 24.01
8.67 22.24 8.82 23.90
9 11.5 43.90 10.48 40.00
10 13.0 78.30 9.88 67.70
11 14.3 95.40 10.35 82.48
12 14.8 108.70 8.3% 11.28 98.40 13.7%
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