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Effects of three dietary treatments on the energy budget
of different sized Haliotis discus hannai Ino
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ABSTRACT With the increasing price of kelp, sustainable food and suitable feeding strategy
are becoming important in the abalone culture industry. In this experiment, Haliotis discus
hannai Ino were sized into three groups, A (41.40=+2. 05mm), B (54.224 2. 66mm) and C
(63.17+2.52 mm) respectively, and fed with four dietary treatments. Energy budget of vari-
ous stages were measured and calculated. The mixed-diet treatments showed more organic mat-
ter intake than groups fed on kelp alone, indicating that they could get more energy for metabo-
lism. According to the energy budget equation, growth energy of group fed on mixed diet was
significantly higher than that of the group fed on kelp alone(P<C0.05), especially in group 1
and group 2. Level of growth energy was high in all of the experimental groups, and the feeding
methods were worthy to be used in the abalone culture industry.

KEY WORDS Haliotis discus hannai Ino Diet Energy budget

B 2 B RN RN (AR 8 A FRAE Al 2 — (Oakes ez al.  1996), JT4Ef B 25 46 A5 2 T AR K %

[ 52 1 AR B2 JE 4 (40876087) 1 32 £33+ Xl PR (2008 BADIS BLL) 3% [a] B¢ Bl

* WIMEZE . E-mail:zhangjh@ysfri. ac. cn

W H 41 :2011-01-15; 8% H #1.2011-03-01

FEH WA ALBRAE (1987, 5 WL A AR, BT 0 FRGE4E S . E-mail: renlihua5@163. com



52 wwolk B 3 R %328

J& L EFEIL T BT TR ML RE Gk ml Haliotis discus hannai WIFEFFEREMN N %I (Zhang et al.  2004),

TE F SR IX SR A A s B, M5 KB 1 em J5 38 5 DU /R M — A9 1R CGIRILAR S8 2007), AT
TRk AR SR RS T T Oy Gl R Y e AL R T T R A A o R Y A K (B R T AR B S B AR T X R R
B BRI T N AR S S X IR0 T f . B AT N T ARDRE 32 R T 6 T 0 SR B B, A R R T
DCH, KRB i SR R 2 77l B0 1) SR GRS IRAE 1985 [ A ik 45 20035 Alcantara ez al.  2006)

TEFRE G 5 5l vy B SR 58 R I R AR 11 H BWAER 6 H . 2l AR F WA RS . 78 7~10 H
V6] o VE Ay 5 S PHORL AT B VAT B A B = o A T A R Y T (B B W e AT B 2 32 W AN A B b ek
TP 255 3 o TR I A B R S O R (QU et al. 2010), 41, B 2 R0 I S TR B GGk B4R
2005) , AT e 5T SEPHOREAN IR A G, H AT AR 0077 Ml 38 VI RE 224535 0 B AT RN R 22 A R B T 1

BARC B — 2050 T A S XS A [R] R AL R i B B RCR IR IE (Qi ez al. 20105 % WK 1998) ./
T2 BRFAK BT F B 2R AP 2 4 FR ) R BB XTI AT R A TR A T . T D BB o Wi S | ) B2 AR 9 A ] K 28 i
X AN [ KA (14 48 0 5 B A T B OR A R T AR /D

PEiH A e OE AT SR AL AR I E IR 2 KA. Horp fL A 28 Ulva pertusa Kjellm 1  5¢
Undaria pinnatifida (Harv.) Suringar 7E4 2 Z= 19 (9 M O . 7RI SO 09 JEal b LUBS & Y R 80 3¢
AL AT ZE BT SN A AR T8 i S0 X T T ) S T R e AT B R R A B RO R . BRI AR SRR
FH 3 B AS[R] B PR 2 G DA HT VR g X B B 55 A R R S8 0 25 00 7y 8 kO SI 00 « ARLB0 60 A4 K B A R/DN
IR R TR 5 SR W il e S R AEDRHBE = ) 4R AL B0 4%

1 #HEMFTE

1.1 XWEERFH

SCEF 2010 4FE 5~6 A IR T 1IIEE A RN B F 1 2 N 5E . 528 A HEIEF 25 L Rl
Hh FRIE AR 3R 6 R A S, £ S0 A A i 3 AT . S M KR 16~18 C g K AR 305 R H
SRIEIE

1.2 EMERRTE

SCH 3 A BEARE A .60 CCHRE A, S 450 CRIYLE 4 b M S KR ALY SR XTI 4
Foft $5 R 7 2T 60 4 B WA S HEAT I SE - (L) BB A SR AN AL A7 28 L (2O MR SR FNIE AT - (3) FL A 25 Mgl (DT . 4%
Foft £ BC B R A T R X A . DU AL AR D R IR

1.3 @

eI 58 K VAT 4, (1) 41.4042. 05 mm, (2) 54. 2242. 66 mm,(3) 63.17+2.52 mm (A.BH1 C),
SERB SR 7. 9640, 53,18, 624+0. 57.30. 80+£2. 22 g,

1.4 SIEEBE

BEAL 70 2 I B 5 S L0 AR R b AT 7 d B SR L DASE 2 1 N PR BRI PR BT . SR IT R R L A 2 d B
1O SRR AT AR AR A L IC SR A S AR R . IR AT oK L DL 200 H AU 48 7R 4 K IR AR FE0E L 7R 60 C At
TEAEE . D 450 CRILE 4 bl HEKE ALY & &,

FEAR G HE A RBI R E 5 L SRR . LOR S JE 5 2 A B o L3 3 AP AT 4L I B4l 58
B ARk 2 b OK BRI SE S 56 1 7K P r A0 9 ik SRV U RUMR BE o 0 D7 1 7 R e T A M 9 ) ) R
A7 o 08 AU SR L A 3 00 G AR B SR TR R B S AR T BT AR o 7530 B0 B2 i

LS HEAESSRITSH

A uiEbrE e L T ARITE FEER (FIR)=(FI,—FI)/K/nXt); #%.% (OR) =[ (DO, —DO,) X



553 AT B AR A - HRL X S [R] ML A% 45 30 458 60 i ik WA S Y 2 1) 53

V1I/(WX0) & E (NR)=[(N,—N,)XV]/(WX1),

Kb, FL iR $ 0 i () IR TR 4k i (@)« K R HRE [ T A8 Ak 32 B0 (52 56 2R B 6 A BL . K
PR 1) o KRS H LRI BCE . DO, A DO, 43 51k 5256 T 4 A4k gt 5256 K BB DO 5 & (umol /L)
No FUN 3 51 kg 52 56 T s R0 45 o st 592 56 7K b & /R B (umol /L) Vo S8 FH 28 25 AR B (L) W W 512 56 00 368 J
H(g) t AL FFLETE (h) .

fiE R A e A 2R A Carfoot (198 # Y 3E AR .C=F+U+R+P 24 P=C—F—U—R, K.
CHHERE:F MHEZEAE: U MR GE: R AR 6E: G M A KAk, 05T B AR o8 FE SR IT 5, I AE M E R
1 pmolO, =0. 45 J(Gnaiger 1983) ; HEM AR HEZ K1 H 55, HE B B2 A 1 pmo INH, =0. 35 J(Bayne et al.

1987) s I RE S HEZEAE I B 1 5 2B T 3R b 450 “C R B8 4h A A WL I RE 115, 1 mg POM=
20.78 J(Crisp 1971),

Bt LV BIE £ AR i 25 (XESE) F /R . R SPSS 17. 0 G4k (- 47 58 112450 81, ANOVA FRLH T 7 2243

MR 96 20 1] 22 57 . P<<0. 05 S 22 5 [ 3%, P<<0. 001 Ay 22 Sl HL i 3%

=

2 ZWHER £1 RRABEOKS S H
Table 1 Component analysis of macroalgae in the experiment
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Fig. 1 Dry food intake of different sized H. discus hannai Fig. 2 Organic intake of different sized H.

at different diet treatments discus hannai at different diet treatments
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A SEY SR AR AR HEE R A A L ISR 2, SEI h A SR M FE SR TE 2. 57~ 1. 54 pmol/g +
h Z [a] . HE & HAE 0. 107~0. 280 pmol/g « h Z[a], Bk B3 AYHIHRE AR 5 i 41 B 8% 22 5340 (P=>>0. 05) . 1fg
M2 B HE R Y T H AL (P<<0.05) . AL BT AR 13. 82~32. 18 Z[A].
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Table 2 Oxygen consumption rate, ammonia excretion rate and ratio of O and N(atomicity O : N)

of H. discus hannai at different size and diet treatments

= % R
ﬂ%ﬁ fﬁﬂ{%ﬁ{f ()Xygeiizmpti(m Amm(fﬁti?ej;:retion . AU
Size Diet treatment rate(pmol /g + h) rate(pmol /g + ) Ratio of O and N
1 3.884+0. 82 0.280+0.038" 13.82+1.57¢
A 2 6.54=+0. 52" 0.25840. 052 25.9344. 66"
3 5.3241.50% 0.261+0.008" 20.32+5. 13
4 4, 9941, 092 0.19640.018% 25.48+5. 10"
1 3.36=40. 80" 0.2034+0.017" 16, 46+2. 922
B 2 3.104+0. 08" 0.19640.015° 15.86+0.99°
3 3.53+0. 544 0.11840.025% 30. 0942, 430
4 3.90£0. 792 0.1432£0.034* 27.58+£3.73b
1 2.57+0. 35° 0.188+0. 055" 14.13+2. 82
c 2 3.8940. 37" 0.26840.019¢ 14.54+1.43°
/ 3 4.78+0. 38 0.23340. 041" 21.1645. 642
4 3.46+0. 55" 0.10740. 008 32,1844, 00"

TE < [7] — AR 2H 9 L 25 Bdl A b A 0 ST B A [ 3R0R 22 53 A 3 (P>0. 05)

Note: Values in the same size with the same letter indicate no significant difference (P>>0. 05)
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of organic matter of different sized H. discus hannai

at different diet treatments
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Table 3 Energy budget of H. discus hannai under different diet treatment

W s i C R K i U R KA G
Sire Diet treatment Food intake energy Metabolism energy Excretion energy Ejection energy Growth energy
(J/ind = d (J/ind « &) (J/ind = d (J/ind « &) (J/ind = d
1 1 326.97+370.99% 170.40£6. 61 20.0840. 67" 124. 82417, 64¢ 1 011.23+349. 37"
A 2 1 508. 82+452. 36" 292.75+51, 24P 18.33+5. 32¢ 170. 49445, 28> 1 036. 48+429. 60"
3 708.18+173.08* 209. 34450, 03¢ 16. 142,42 102. 41430, 31 383.91+163. 35
4 718.804205. 33 236. 42449, 48 14. 41+0. 402 140. 35428, 70 366.75+199. 18
1 1425.90+329.93b 334, 27465, 86° 31.56+1.56" 152, 47441, 91 907.61+335.72°
B 2 1 450, 35481, 06° 321.14427.17¢ 31.4740. 82° 181.12446. 262 934.47+469.53°
3 1765.11£205.79° 358.00451.01¢ 18.38+2.72¢ 175.38470. 87¢ 1241.50+239.99¢
4 803.27+137. 66 361. 66459, 44¢ 19.20£0. 94* 187.64490. 01 327.74+187.90*
1 1 263.53£266. 44 377.87459.47¢ 42.68+10.83* 162. 38459, 30¢ 669. 38+268. 15¢
c 2 2 374.744239. 40> 671. 55465, 93¢ 74,0449, 05¢ 223.95+19.69* 1407.53£227, 184
) 3 1 300.39+391. 73 758.74+1. 854 58.18413. 56" 157. 48 +35. 83¢ 440, 44+214. 76°
4 968.19+210. 67 497.88+115. 64" 30. 4644, 25¢ 211.264-100. 11¢ 234.48+109. 76*

TE <[] — A% 2 P 45 B3 A B A 3 SO BEAR [R] R 22 R 12 35 (P>>0. 05)

Note: Values in the same size with the same letter indicate no significant difference (P>>0.05)

LR AT A K BER IR EN 9. 500 ~32. 4%, RIFABYNERER K 10020, TH 5 H A4 T
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Table 4 Energy budget equations of H. discus hannai at different size and diet treatments

HiAE Size PR J7 3% Diet treatment fE = % 7 2 Equation of energy income and expenditure P-4 Balance( %)

1 100C—12.84R—1.51U—9. 41F=76. 21G" +0.03

A 2 100C—19.40R—1.22U—11. 30F=68. 69G" —0.61
3 100C—29. 56R—2. 28U—14. 46F=54, 21G* —0.51
4 100C—32.89R—2.01U—19. 53F=51. 02G* —5.44
1 100C—23. 44R—2.21U—10. 69F=63. 65G" 0

B 2 100C—22. 14R—2.17U—12. 49F=64. 43G" —1.23
3 100C—20. 28R—1.04U—9. 94F=70. 34G* —1.59
4 100C—48. 90R—2. 60U—25. 37F=40. 80G* —11.57
1 100C—29.91R—3.38U—12. 85F=52. 98G* +0. 89

c 2 100C—28. 28R—3.12U—9. 43F=59. 27G¢ —0.09
3 100C—58.35R—4.47U—12. 11F=33. 87G" —8. 80

4 100C—55. 15R—3.37U—23. 40F=24. 22G* —0.61
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A EL (A HLY) SR T Pl i S TR A DR Y S 6 2 v B S A B0 T LA ACTE 2 1A B DR IE A B
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FEACR R T A 6 S B o B, A SC 4 B0 7 15 ~20°C I3 £ I 5% L @ T A= A 16 30 o 5 18 0 B0 B (i) i A 45
2004) o H1 T RIAR /I B 2 R B Sy TG, AR AR L BT LA R R W R I R R K CEAE S 19975
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B LA 0 ) HE SR A 0. 107 ~0. 280 pmol/g + h, 5 Park % (2009) B SEH 45 T AT . HEECR 4L 22 57
U8 B EERR X 0 1 A 0 A SR DL S i S b R L R S HE T Y 70060 8 £ (Bayne et
al. 1983, DI, B B A9 Rk Hh 2 11 5T 19 &5 2 5 o LR it i) 2 PR R

A AR Ry sl W R I B A B AR 2 B R S A R B B 22 4. Mayzaud (1973) 45 1 2 A B4R
W E AL A A R 7. 0~9. 35 Bk K ARG W FE AR IR PR SR R R T 24, SEge Ak S
i DA 2% 2 IR IR 2% P 08 7 3K B3 R P AR ORI L AT S o L R AU L AR TP AR 13 82~32. 18 Z ) AR IE W)
AT KA & ARy 5.

A SEEG T AR HEFERE P 7 B9 L BTSSR BB 5 — B0 (Fleming 19953 Park ez al.  2009) . S 4% 4L
BB A MUY 0 HE 2SR AE 45 2H ) 3 25 5 (B A2 A1) 35w W AEDRE X 4l 230 4% ) HE 2 1) 52 ) 3 22 AR I AE R
RN B RS B A SR 0 3 I B — T AR S R RE T AER A L S B E e B R HRR B
ATk ) ZEAE A ALY Y 3 A B BRI K ISR A S B SR ENERE T EA RN SRR A R
F WX Z& (Fleming 1995;Neori et al.  2000),

BB TS T R B LR AR KRR E R Z B RE T A 2 B A Y B 1B 22, 2R OB 5 3 A AR
A BE S B RE Y AL A 458 & — B INBE R T ARR . PR TH AR 2 58 — 2 1Y, HOUOR HESERE . DA B & i i
PATH AR BER LU GRS TSR Y SE I H BE S 15 B8 Z B KRR Rl 1 45 2 b, & Fh AR 19 4 2
FOPAT A RERY Lo, 2 v T X BRAH . p e mT UL S B Y 5 T 45 MRS AN BB TV A A 0 B 0 1) R B AR L 5 AT
REfE—E R LR B A K ST A s 45 R — 3 (2 5E 2007:Qi et al.  2010),

ARSI AR FEEARZEAE T« (1) 5250 R F A0 i AR 4R 5 HE R I 7 YR 278 2h PN B P BRI 58 i, HL 5256
TE F R IEAT » IF LA B [ A 45 250 3 6 1) 8 480 38 T HE 203 AE Oy — B IR AR S0 3 R 480 R 5 HE A R 9 F 24,
I, AR BE A HE T BE A BE S W SO R R T o5 0 B BRI ORI A 1998) ., (2) I/ L Sh WA iz B AN A I AR 2
GV L Lk L 23 38 A AR VK T R AD B R L Y ZE 8 R 2 ) UKL (Denny 20003 Grenon ez al.
1980) . BT & RURE I R RE . FE MU AT A9 5% 45 SR b, B0 FRE AE 3. 9400 ~27. 404 Z ) (Jal A #E 4R
2004 ;Peck ez al. 1987) ,SLHG Z W% 1 55 75 A% BE 5 35 58 /K v 0 B Wi, T B 2 B0 A 45 R AT T s 22

T

A S8 A B [ L A5 MR AT R B o TR ol A S8 E A3 R T 0 A 45 0 R AT e A A K BB 5 R | AL A A
LU A5 2 25 B0 0 A AT SR A i e MR A R s VAR I REOR TR W W 53 15 T 10 445 THC 430 MRS R e 5 I MR A P 22 A 4L
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