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(76% W56 +24% M HKY) IV (64% 5 ¢ + 36%
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g B(15.12 £1.14)g.C(34.77 £7.95)g.D
(78.13 £4.99) g 4 52504 .
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F1 LBERMEAREFHS (n=3)

Tab.1 Ingredient composition and proximate nutrient of the experimental diets(n =3)
415 group

| I m v

e 77/ % 18 sea mud 100 88 76 64
ingredients T4 Ky kelp powder — 12 24 36
ML /% protein 0.75 1.84 2.93 4.01
HNE i/ % fat 2.8 2.99 3.17 3.36
BRI/ (% or KI/g) HLJK 45/ % ash 87.6 82.78 77.95 73.13
nutrient contents 7K 43/ % water content 5.8 5.81 5.82 5.84
BHE/ (kI/g) total energy 0.25 1.07 1.88 2.69
ALY & &/ % organic content 4.71 8.43 12.15 15.88

TEHE A KRN R0 & B RE AR DL & B 38 T DRHY T E BT S

Notes: protein , fat, ash , total energy, organic content are all based on dry weight of diets

x2 EHBEVYEESTEARRSH
BREEEAEAFENSH
Tab.2 Parameters related to regression equation
between organic content and organic ingestion

rate of A. japonicas

B2 PR ALY & B/ % organic content
experiment group a b R?
A(4.77 £0.95)¢g 10.719 3.71 0.847

B(15.12+1.14)¢g 8.535 4.686 0.756
C(34.77+7.95)¢g 6.591 4.066 0.599
D(78.13£4.99)¢g 4.762 6.618 0.232

A B AR TR X R 2 % R B R R iR
H B3 (P <0.01)  {HH AT AR H X &R
WAL (P >0.05) (£3) ALY &R AR

12

— KV Group A  aB# Group B

?D 2 10roC#4 Group C  oDZH Group D

EE I L)

B 8 6 Y

Ny

S8

o0
0 AL
0 5 10 15 20
BNEE /%
organic content
(@

RS HERNERXRZKXN OIR =12.55 x
WW ™" +7.92 x 0C/(0OC +4.373) —4.70
(R*=0.973,P <0.01),

P2 W ROR 5 18 & R 2 AT
TR AN e 4. 7T1% ~12.15% i % OC 14
T, 0% WA R RS R OC KT 12, 12% B, TR 1k
RORBE OC Y38 fn iy AR (181 1-b) o X T AR [A] 1)
TERE, 3R 2 0 B A 8/, W SO, B AR
HAL>BY >C4>D4,

A ALY i 5 A 5T 0 2 B R URCR Y R
W S e (P < 0.01) 1y H 22 HAE X
WRCR AN B (P >0.05) (£ 4), f£4 1
PELCT CIDVIELIVED) 500 T, A 22 1 Wi
MERERT C.DYU,

60 r —— AZH Group A

— o— B4 GroupB
—a- =C# Group C
?48 | =—m=-D% Group D
=3
~ Q L
%% 36
B o
.2 24r
=5
212t
03 6 9 12 15 18
SR %
organic content
(b

Bl EHMARERERNSENYNEER RKHENZT
() B A (b) WO S LB AMS M E B A(4.77 £0.95) g B(15.12 £1.14) g, C(34.77 +7.95) g . D(78.13 =

4.99)¢g
Fig. 1

Effects of organic content of feed on ingestion rate and absorption efficiency of different size A. japonicas

(a)Ingestion rate; (b) Absorption efficiency; The wet weight of the A. japonica was: A(4.77 £0.95)g,B(15.12 £1.14)g,C(34.77 +

7.95)g and D(78.13 +4.99) ¢
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Tab.3 ANOVA analysis results of ingestion rate at different organic content of feed and wet weight of A. japonicas

78 e R 1R B -5 A ¥y F {8 P{H
source of variation df quadratic sum mean square F-value P-value
HHLY & OC 3 33.646 11.215 39.190 0.000
R FH WW 3 145.912 48.637 169.955 0.000
THR OC x 1A i 5t WW 9 2.708 0.301 1.052 0.423
&% deviation 32 9.158 0.286 - -
S 5 total variation 47 191.423 - - -

x4 ERRERNSESEXNRBUAEZMB AT ETITER
Tab.4 ANOVA analysis results about AE of A. japonicas at different feed and wet weight

AR S ok I F -5 A by F g P

source of variation df quadratic sum mean square F-value P-value
HHY & E OC 3 1 774.90 591.63 20.07 0.00
R E WW 3 599.64 199.88 6.78 0.00
HE OC x K WW 9 124.60 13.84 0.47 0.88
R Z deviation 32 943.19 29.47 - -
S8 75 5 total variation 47 3442.33 - - -

2.3 BEXARERENSERHIZIM

TESL I IR BE Y B Y, B AR A T g, 4 AL
LI S N T & 3 N NP SR
(P 2-a,b) o {HJE, AR LS 1038 i 5 AN ], R
AN IR 2 52 UL L 1R 5 TR K A K

TEMR A 5.1 Ty, 4 S LA R 2 B R 2 )
Jodw 22 5 FR B KR 1 T R AS TR AR
Z M2 FE (P <0.05), 7EKIE N 16.1 T
I, A LRI 2 B WO AR 3K 21 7%, TR B A 4
(D 41) MR 9. 98% .

30 =——4=—AZ Group A

90 A4 Group A
AB# Group B = ©O= B4 Group B
"Oa; o 15[ OCH Group C 5. 24| = =C# Group C
05 s 2 ==®=-D4 Group D
? *é 6ok ODA Group D <8 p
':"‘q-';) @é 18+
B a5y ®e
%:g .2 12t
53 =5
=5 £ | Be-e--
' 157
0 1 L L L J 0 1 1 1 1 ]
4 7 10 13 16 19 4 7 10 13 16 19
|EE/C BB/ C
temperature temperature
() (b)

2 REXRE MRS E YRS IR 6 %

(a) BER A (b) BB

Fig.2 Effects of water temperature on the ingestion efficiency,absorption rate of A. japonicas with different sizes

(a)ingestion rate; (b)absorption efficiency

AN E AR R 2 1 48 2 R 5K IR I R A A
TIREBEROIR=cxT +dxT+e, &% c,d,
e IS,

PSS KL B A2 HAE P 2 0 4 R o
B2 B @ (P <0.01) T i B 4 T & 4

2 WO 8 5 i B G 2% (P < 0..01) , {H
32 G AR R W W R Y R AN 23 (P> 0.05) ¢
KL R BT RS R 2 B R R Sk R K OIR =

2.2 xWW ™ £0.033 x WW "™ x T* +0.077 x
T (R*=0.939,P<0.01),
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®S5 EESTARAARMNSHEREENLAAENSH
Tab.5 Parameters related to regression equation
between organic content and ingestion

rate of A. japonicas

SR 2 WL /°C temperature

experiment group c d e R?

A(4.77+0.95)g -0.0164 0.769
B(15.12+1.14)g -0.0127 0.678
C(34.77+7.95)g -0.0134 0.568
D(78.13 +4.99)g -0.007 5 0.298

-1.977 0.990
-1.930 0.996
-1.659 0.997
-0.724 0.994

3 e

3.1 EHREXHSESNZM

PR S 2 K R A E R
WZEz 20l B R A WL v
A3, 0 S B R AR (H R A
HL S B 38, 02 0 A B ) B A RO R
1o ABFZE R, 7021 1 PR 1F R, IS 0 A
PLA RO R SR A L & R IR AR (E 2
I 2 1) W MSCBA 23R 20 I K B A BIL 4D o 1 i — L
S, AT DAL R 2 3 e MRk 3R R R XA WL
W BE Sy o DAERIRFSE R B, T 16 2 A R R
{1 A S VR A W A S RV R BEE 1 11 9 1Y i
I3, ARME SN RE ) 4 1 9 78 A o LT R 19 14 1T 5
Wi, T A 28030 S DR A LA 5 5 v T P B i A
B ALY (R T AR AR R
QI 41 28 7 A P U o R A A ML R
R 25 0T, 8 A L 30 ek 90 4 H 2 T
WS 2805 A/ B K 3 T 7 R A S W A% 1 Y
AR AL (AN e B S A ML S R A Ak ) L 2
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57.5% ) (AR SRAR T HE I B 5 R 2 e I8 1T
(AL & SR = A B S 37 fun o
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8 T BEAEAE 25 57, 3X IR 2 1) 51 38 5 TR BE Y 6
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B R IAR B ¢ MR T RIS 458 232 1R B 5 )
HIFERE R ARBOR , 52 6 B 1 5% v e B2 O . AT O,
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(B2, 7K il 0 PE R 2 52 e G 4% £ BB ) i DG BRI R
ARSLEHAG 7RISR G A Y& & AR
EE X RL(OIR =12.55 x WW ™ +7.92 x 0C/
(0OC +4.373) —4.70(R* =0.973) ), R4 &K 5K
W R E R KR A (OIR =2.2 x WW™™ +
0.033 x WW "™ xT° +0.077 x T) ; B4, 318 T
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Effects of water temperatures and diets quality on the ingestion rate of
different size Apostichopus japonicas

YAO Yongfeng'?, ZHANG Jihong’* , FANG Jianguang'?, Fang Jinghui’,
GAO Yaping’, REN Lihua’, ZHANG Yitao’
(1. College of Biology Engineering ,East China University of Science and Technology ,Shanghai 200237, China;

2. Key Laboratory for Sustainable Utilization of Marine Fishery Resources,Ministry of Agriculture ,
Yellow Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Qingdao 266071 ,China)

Abstract; Sea ranching has become one of important ways to mariculture sea cucumber Apostichopus japonicas.
As economic deposit feeder species,the sea cucumber has shown promise of removing and recycling the organic
materials in the sediment and can play an important ecological role in the maricultural ecosystem. In order to
understand the feeding eco-physiological characteristics of sea cucumber A. japonicas, feeding behaviors of
different sizes of the sea cucumber at different temperature and feed quality conditions were observed. In this
paper ,the sea cucumbers were divided into 4 experimental groups by the wet weight. The feeds with different
organic contents were got by mixing different ratios of kelp powder and sea mud. 5 temperature levels,i.e. (5.1
0.4),(10.9+0.7),(12.5+0.6),(14.2 £0.7) ,(16.1 £0.6) C were set. The results showed that OC and body
weight , had significant influence on the ingestion rate of A. japonicas ,however ,the interaction of OC,WW had no
significant influence on it. The relationship between ingestion rate ( OIR ) and organic content of feed( OC)could be

described as OIR = a x OC/(OC +b), where a,b represented OIR half-saturation constant, respectively.

Moreover , the relationship between OIR and water temperature ( T) could be described as OIR =c¢ xT° +d x T +e,
c=-(0.0075-0.0164),d=0.298 —-0.769,e = — (0.742 —1.977). Water temperature ( T) , wet weight( WW)
had a significant influence on feeding behavior of A. japonicas. The interaction also had a significant influence on
OIR ,but not on AE. In addition, stepwise regression got the relationship of OIR T, WW or OIR OC, WW as
follows: OIR =12.55 x WW "™ +7.92 x OC/(OC +4.373) —=4.70 or OIR =2.2 x WW "™ +0.033 x WW "™ x
T° +0.077 x T respectively. The covariance analysis results showed that the correlation coefficient of the equations
reached a significant level. The results suggested that water temperature and food quality were the key factors
affecting the feeding ability of the sea cucumber. Through this experiment,we got the necessary parameters for
capacity assessment model, such as maximum feeding rate and half-saturation constant of feeding, which will
further help to set up the carrying capacity model of sea cucumber farming.

Key words: Apostichopus japonicas; organic content of feed; water temperature; body wet weight; organic
ingestion rate; absorption efficiency
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