ISSN 1225-827X (Print)

ISSN 2287-4623 (Online)

J. Kor. Soc. Fish. Tech., 50 (2), 202 —-213, 2014
http://dx.doi.org/10.3796/KSFT.2014.50.2.202

%

HMEL A, g ietal 4k

& FISHERIES
TECHNOLOGY

www.fishtech.or.kr
<Original Article>

A Aol A7 WsH st A 717 AEIA A% Bt

Biological performance evaluation of tubular subsurface cage system
for sea cucumber, Apostichopus japonicus, grow-out by in-situ tests
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The sea cucumber, Apostichopus japonicus, is becoming an important aquaculture species in China, Japan and Korea. The

purpose of this study is to evaluate the biological performance of a tubular type of subsurface cage for sea cucumber grow-out

by in-situ tests. The cage structure was constructed of PP (polypropylene) frames and PP tubes (¢130 mm X 24 pieces). A set of
tests were conducted at a depth of 15 m near Seosaeng, Ulsan, Korea for 295 days (23 July, 2012 to 13 May, 2013). A total of

155 sea cucumbers were used and fed a mixed diet containing mud, mineral, wheat, fish meal, etc (3% of their body weight). At

the end of the experiments, sea cucumber showed a higher survival rate in feed shelter (77.14%) rather than no feed shelter

(64.71%). The specific growth rate (SGR) of sea cucumbers in feed condition (0.04% day ') was higher than that of no feed

culture animals (—0.49% day ') during total experimental periods. The result was able to find a no significance difference in

survival rate but a significance difference in SGR under feed and no feed treatments.

Keywords : Sea cucumber cage, Shelter, Tube, Growth rate, Survival rate
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Fig. 1. Subsurface cage structure used in the experiment (unit: mm).
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Fig. 4. Feed supply to shelter for sea cucumber grow-out.
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study area.
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Table 1. Growth of the sea cucumber in feed and no feed condition

Initial wet body Final wet body

i o o

Condition weight (2) weight (2) SGR (% day 1)
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Fig. 8. Average body weight of sea cucumber in feed and no feed
condition.

2013 2013 2013 2013

1], SGRL —0.49% (day )= L} e},
o] ol A o Zro] w o] 25 AE A= dfitol A
= skl e, Hol m | A E o A= st SFel &
Fig. 82 A&
Zolth. o] Ao A K
= AE 27| EE 2012

3]
2] 31 201349 39 o] o]
o] xﬂ%o] Az oz

AN A& sf4kel Al 5ol

=

=7
o

_'__L

=]

=)
N

o
H
!

7w

o
rid
oX
O e o flo

ALFIF
o @ >

A
2 o)A F Ao A BE §2]40)
o Wi AEEE ¥F mE ﬂﬂﬂ%%ﬁﬂ%%
P<0.01, H o] X A E 9 AL P<0.05 o)A 5235k
N4HWGOWPW_<¢hﬂ“4”5ﬂ*%M
& u s Ag o) F

Table 3 o] 2|33k u 4| 4 E o] A £}

s

52
=

o)

3
o
=

FF

Z]
S|

o

or

-206 -



A Aol % ASHA A R4 7)o B 4% B

= 59 227
(Levene)2] 55
| of| A & SGR-- Pgtol

2 PLo] 00070 B2 5 EAMY

ﬂ'7

Table 2. Pearson product-moment correlation coefficient (values
with different superscripts are significantly different) for survival
rate and SGR of sea cucumber

Parameters Feed No feed
Pearson’ s correlation 0.593* 0.765%*
Survival rate
P-value 0.025 0.001
Pearson’ s correlation 0.144 -0.469
SGR
P-value 0.624 0.091
*P<0.05, **P<0.01
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Fig. 9. Correlation for the survival and growth rates of sea cucumber according to the change of water temperature.

Table 3. Student'’s t-test for the coefficient the significance of difference in survival rate and SGR in feed and no feed condition (P<0.05)

Levene’ s test for equal-
ity of variances

t-test for equality of means

95% confidence

Parame-
ters F P-value t-score df P-value Mean  Std. Error interval of the
va (2-sided) difference difference difference
Lower Upper
Equal vari d
qua Varlan?es assume 8506 0.007 1126 2% 0271 354 3184 o8 5 060
Survival (Student’ s Test)
rate Equal vari
qual variances not
—1. 19.091 0.274 —3. 3.184 —10. 3.077
assumed (Welch' s Test) 1.126 3.584 10.246
Equal vari d
ua vAnanses SRS 0646 0429 3276 26 0003 0412 0126 0154 0671
(Student’ s Test)
SGR
Equal vari t
qual variances no 3076 18352 0,004 a2 o126 018 oo

assumed (Welch’ s Test)
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Table 4. Results of student’s 7-test and descriptive statistics
Parameters Condition Variable Mean Standard deviation Degree of freedom t value
Survival rate Feed H 8599 > 19.09 ~1.126
No feed 14 89.58 10.65
SR Feed 14 0.11 0.42 . .
No feed 14 —0.30 0.20
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& H 9ol Al SGRo 1.48% (day )= 7+ = A HrEt
%t} (Dong and Dong, 2006). L] a1 34+ 2] A &3} 4~
o] Miglo] W o] 2v W HAHFES ZAZ AF
(Yang et al., 2005)°f| 4] = sl 4L 2] A =2 0] 14~15°Co]
9131, An etal. (2007)] 7o 8 AHo] M 22 0] 16°Ci} 1
St T sliake] Ao s A= et A A3t

O

M

131‘% ol AFolM = e AAE HEAZ]

N

Aol ok ek Al Abe o] A WA S W% =7
3 Ako] RS 2 AMELG T = F

oA 2EH A Q907 283} (Meeuwig et al.,
2004), 3l +F2] 7 - A 2] 2 Q1 gHA =221 0~30°Cofl Al
= A Aol 714:35F Fth o gk} (Dong and Dong, 2006).
o] A1 LoF 8 A}3l R Ao A] | AFe] AlA & ol A 83

2 ZAFSE A (Yamana et al., 2009)0]| A = 349 &3
WESL A o F7heH R of § ol At
E39], RYFH 3 8| 297HA] A sy 5%
o] @A 347 Z7shed e,

T, ool TR vols THeA g Aelol A
333471 sl 7HF el ol Al s Akl A E ol s AR
AL, o534 st AL A= a4t Alsol Ha
stom, B3t he Aol w2 HAe] Ao 32

= 41t (Qin et al., 2009).

Fig. 7o Al HW, sl 4H o] E&-E wo] A g1 v A&
AE o A 1% 20134 197HA) = 80% o] 4.2 %7 b
Ehet o}, 480] Ui 20139 293 E AE &0
Hasto] sjikol HF AESS Hol AT AEoA
77.14% (54uta]), u] 2] 2 A E o] A 64.71% (55u}a])2
Uehgtth, 2ie] of 23] 25°C o] Ake] 14877} 2
Ay @ e laL, 53] 1047 A& EH Sl e =
sh1 shako] A5 A o] 2h48h7) gkatet. ol o) o]
25°C o] Ao] 114 L o) A &= F|Ato] A= 4= QI o]
= ] A4 etA =22 HE7F 0~30°C (Asha
and Muthiah, 2005)0] 31, ©] Ao A Al 2 2 AR5t 3
sol A 27 Eekol 16.7549.17 g4l ol 2l AA5L]
ool aLa2-0] a4k o] SGRel = FFS B HAIRE A
Egol= 7o AL m A ke Aoz AR,

O

HH, AR §EANAE S 4aro] ET Aol I
= P A =T, WA siAEe] A A & H 91+ 29~33 psu
o] a1 22} ¥+ 32 psuo]t} (Chen, 2007). L& L+ A ¢
B ol Al ST A2 31.97~34.04 psuR 4O A
Al diE R E T oA 0k diiEo] dE e si4k o) A
ol ki JEFE v AL ' AbmE T Pl A Fo
ik F 715 AA s 4k Atk Aol
G4t st o] A2 Aol S m A AR, &
EAbaxTFo] 3.2 mg/L o] 4ol W 4k o] Aol A9 <
T A =t (Yuetal, 2013). whabAf o] ¢l-of A
L AlF g o] o] §& AbAaTFo] 6.37~13.35 mg/Lo| 7]
o Zofl §EAF = ko] A&} Aol dFE mA
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Table 5. Literature values for the specific growth rate (SGR) of sea cucumber in field studies and indoor culture experiments in terms of wet

weight
. Periods Optimal water Initial body Final body SGR
| h 1
Culture method Variable (days)  temperature (C) weight (g) weight (g) (% day ") Source
Indoor Water temperature Dong and Dong.
tank (constant and fluctuating) 35 18+2 2.75+0.09 6.19+0.27 2.35+0.29 (2006)
Indoor Body size and Yang et al.
- + + .
tank water temperature 168 14—15 36.5+1.2 42.5+2.1 0.09 (2005)
Indoor Jietal
tank Water temperature 40 16 35.9 45.4 0.58 (2008)
Indoor
15+2 9.68+0.79 31.82+£2.48 1.78£0.23
tank Water temperature 70 Dong et al.
Indoor (fluctuating) (2006)
18+2 8.88+0.27 29.92+2.56 1.74+0.12
tank
This stud;
12—15 14394820  19.38+8.77 0.44 18 stucy
Subsurface Feed and (feed)
295 (Range : .
sea cage No feed This study
10.91—-27.54)  19.11+10.14 4.54+3.85 —0.49
(no feed)

X ¢re 702 BerE,

Ho| X g RFo g
A7)k upel Zro] A
oF 159 T1=30Y ujc}
e S48 A4 AR E
t}. o]} o] Hol 5 A Fgk A et X F 5 u-?%
o A djike] g AYES v B, WA X
&Y A Ho| A Gt v F Aol A HF v
Fa FAIE B §-o) o] JERLR] gFof ot Ho]
A E o A | F A& 0] 77.14% (54vtE]) = ‘ﬂo]
 AH 9] 64.71% (55vte]) o = A YEyth
A3l - Holg Fgdt= o] Holg FFaA Y=
ARt 4k Aol o i, HEEE H =1} (Qinet
al., 2009). 72 9| Fig. 7oA B, 20128 742 € 129
7H A= Hol 2|5 A E o vla] o] u|x]F A oA A

N

1357t Ho] A5 AE o=
i e, e Sol &

#
%‘ b
A A %2 3% Bl

1%

O]I

il
r_.dd.ﬁr_?*lo:méiﬁ

S

N

_>4,n:l.1u

-

E&o] 932 B %7 hebgh QuE 0 2 she Fof
Ut AL ol S B A B T A oo
Sof gl HATY S volt FFH W st FUA
= ojolg vy] 95 B AT HOR A G 0|2 ¢l
o ol el A7k 42 97] W Bl o] X e o] 4] <]
o Abgo] o A vhebykeha AR E Tk E5 FHE
CEEDEEE LR R EERES S DR

w7 ¢b7] W Ee] sk Fof gliz s4to] Ho] S v
OF 790l Bo| 7} Rufuof A o o] L

A3 o2 Qlef vo| & FFE e} B0l & FF A

ort A E of u s ARl R Uehd Zloletn &
I 5= giek T Bo] A3 f5o] w2 shE Fof
QU Ak AR AL FF o e ATt

ag,
3H, o] 9l Lof| A ZALSH FAre] HE MRS AT
77.14%= Yokoyama (2013)2] 95%0] H]| 3] A &8-0] 17%
e QA e T wheb A o At A ARt st
AE o AL3E A Ao MESS A 90%
ZFA] Q-2 BF 4= Q)= oF A HbW o] fjuko] I Q B}t
HAE ) 5ol = go] AF AE o)A thh BA U
Ehton, B4 B4 AT §4re ARELS P<0.052
Zo A %ol 5heh I Uebiteh (Table 2). 2] 54 24
AurS EY R Ho] X F 2 7o] n|xF 2K} 8
el 4% SuolA o Frhe A8 S Welle od.
whebA 2ot Aetet dabs =] s A

CEEREEREEEEEEEE T ELE T
7 olth Z, Ak AL Ao Gl f7] B
g ob ek 3 771t 4 59 JFE Wit (Hamel

and Mercier, 1998; Singh et al., 1999). & 3] 3] 4F &
0.04~0.4 m/s ¥ 91 2] 40 4] 4ol LEo| 258
3, 9-2:0] 0.55 m/s o]AF O & ThA waEkx ALY
o] &5 0] = o] =t} (Holtz and Macdonald, 2009). ~1&
U A el o] A9 A7E B 5450l 03 mis W9l 7]
) ol (KEPRI, 2007), o] 8% of 4= 3}412) Alo] 35
o] §40) YIS WA S AL Z BrrHT
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St EAAZTE & Hasta dlo] & 54 ¢
Lol A AN BE B oz
(Zhongcheng and Yonglin, 1998; Zhang et al. 2011). o] &}

e Zuolq LAHRA diFol HEsH AL 4

Ao B AT} g A4 A} 8] M o) 31, o] of 1|3
THRkALO] L} ) L SR g AL HE A S A

2 L EFS T} (Zhang et al. 2011). S sfj4b2 257 X
o Zolaly] g o] A4le] A M} o] ke A} By
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