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WE:ALRMRT A A (Ula fasciata) s BHZE (Gracilaria lemaneiformis) <887 (Laminaria japonica) W ELE
EHTM (Gracilaria tenuistipitata) T RIBIAEE (Grateloupia livida) FON TR G B 6 PR RIS B8 [ (Haliotis discus
hannai Ino) () X (Haliotis discus discus Ino) (&) 1BIFHMERKNEWN. H e MERBEI N6 H. FHINESH,

BNESFR B 20 .

SIS SR PI R AR R R E 4 A0 12,29 £ 0.03) mm- 0.223 £0.002) g, S5 5 4 H 35 d.

SERAERWT : O AFEERX SRR E R BE F W (0<0.05), HBRIMRXCHERH. N LB G FEE,
M IR T E A A, KPP N TR G A fAE R B #F KT HAE#EL (r<0.05: O AFRE
FEXT4hBAH) K H B3R (P<0.05) 6 A EBHE ) 2788 )T 2 4 K& (SGRO H1 R BIVMER RO A RS & IR 22 | g
HTEE M RACEE IR . Hrh AT 40 SGR B X THARERAE (°<0.09 . 7K
BRKE BEMEE, TERERFEIMMESR . SRR, REHEREE A K; 3) 48 1 FIE R
BUMELFEREER P<0.09 . 40800 A TR & AR RARER B R, KREREAAN TS FREZ R
B FRFE A bR R . [ E KPR, 2007, 14 6 :903 - 910

KRR TR AL K FE R
P ESES: 3963 XHEkPRIRED: A

LR, B P B 8 77 UL (Haliotis di-
versicolor) L] AL F7FE RS I 55 B AN W 97K,
ERBOE B FAMFE KRN EEZREZ
— o W 29 ANE R ALY BT D B B R B
M HAEHARNIE 255k 8 . Kk, 22 50 70
BRI MR AR AT 3 BE SR MR IR B S AT
FREEE B —. B, A SR (Haliotis
discus hannai Ino) () FlH AR FM (Haliotis discus
discus Ino) (£ ) BIZLAE R AR, AL 4 a0 AL 4, {8
IR E SIS, 4~5 A SAFAEE AL, &
Hh [ i AN R K B 2k — T AR O B
BRIFEHEMM, R EEREE T KR PR G
RGN, OB i RN R R R, B
RO AL B AR S R

TERL R G 3R B R0 I S B K 3R 2 — . il
EY RS, ERIR R R R T, B A
RVBRERSNAEESE . T A0 A I DO AN ]
] T fr (M EE R R . ANl SO M AR R Y
W (Laminaria japonica) 2, WL# (Haliotis iris)
BE kBl [ RN R R, W

Yo#s B #1:2007 - 01 - 30: 1237 B £1:2007 - 05 - 08.

X EHS:1005 - 8737 — 200706 — 0903 — 08

AR SR W, e DA T 3 0 7, DR A
RS FER N AETT . (e SR A, R
ERECEMIEM. AWENIMIETRTHERAL
AL £ ] ) 1 350 0 B 3 5 R ) A 7 14100, 4B it o
W% RSP 5T R IE . A b, AN SE A R R AE
T BCE W A A8k (Ulva fasciata) ~ 670
¥ (Gracilaria lemaneiformis)~ & % (Laminaria
japonica) VL E EHALTN (Gracilaria tenuistip-
itata) ~ TRIRIB EE (Grateloupia livida) 5 TGS
N &R (6 7= 2R SRR SARRL Xof 866 4 )
AR RAFTERI W, & 184 2B 8 778 A P S R

1 MR5I%

1.1 TRAMEERERER

LI AN EE AT RA B RE S K= FEE
AR, EIPTAN 6 Mk 23 R A2 (T
AZD [ /K2 80.00+5.26) % F H &&= (3.86
+0.68 % 1. Ak [5/KE 83.70£4.78) % EH A
R GB1210.74)% 1. FW (5 KE (93.25 +
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6.87) % EHAHEE 1.0910.36) % ] Al VT HE EH
AR CRRILE) [F/KE 87.35£5.02) % H &
&= Q2.74+0.89) % J TR ERIAEE CHFARER A ) [&
K& ®83.30+4.38) % - EH AT E 2.34+0.95 % |
AN TE G AR [ /KE (5.00£0.52)% FEASE
26.13+£1.06) % 1. HHATEEHR NGB R
S (TungLi Feed) #AEC &R ST E R AT RA W
L, HR 4APESR AT RANSKT RN,
1.2 LIFERHENEZY

SISET RAE BOR B S K P FR A PR A7) 52
=N ER. S FRAE K IEFE (50.0 anX 37.5 am
X29.5 cm, /KK 35 L), 2K IEFE JRERIE 1 HePU £
& 25 em X 25 cm) LA S . S8R A K EL
ARG N TEREHEAL IR 2HK 1 R, H
iR EEAL B A 2 R A #/K 1 1K LK 15.4 C
~20.0 C ;K EE 32~ 34; it H¥g K A i 98 A ik
I8 KA NS R EARFRTE 6.5 mg /L DL F SR RRCR
HEANBAR.
1.3 X¥Eigit

TE ST LU TF LA T, SE FEVL Pk 8 vE ) I )
Wi N K IGERE AT A 1 7 d Ak, £
ENH M FEEAEE. Yk 6 A4 BRI AL H
FR—FMEED B4 3 ANEE, LA 18 MKIEFE.
A HED R A 2 ALK A it P i A
KGR S8 35 R BEAS L5041 45 Jl R F—1F
Bl——F 2 B T L E A TEA AR FR
WAEE. HE R EL BEEARREMN 5% 8%
AEUL), FERLLE 17:00 224G #0087 A _E4F7:00
Fe A WO ER KRG Y I BRAE A K o 55 3 e i B A
e, N CEGIREHE K FRR I A o K & R = %
0 AR K, MO R 2 KA 1 Ik, N LB G 1A
BEAR KRB 1 XK.

YL G, 15 6 24 h, R 5 H 41 B EEIFRE .
TR R 5 FH IR K 4048 T B4R R K4, SR G B R
PR, RHE 0.001 g BRALIER S KFIA = A0
IR 65 H, 3k 390 R, #7146 7% K Ak i & 4 il
7 (12.29+0.03) mm A1 (0.223 £0.002>g.
MR BEILPkIE 5§ ROAFES 406, 72 65 C T T2
T, T IHE S5 T 4R B S K o & 5 R4
T 60 R4y s, T BLEHZ AR 3 AN K
WEAE 20 R A HE SR, HFE T ELS PR BAE
[lo SEEGFREE 35 do S50 0] & I A 60 K2 b s 2 5
Mk . SRR 45 W, 43 I B A L5 4 B

BRI R E .
1.4 HmEEFNE

SIS R 0 R Fh VR R BE MLECRE , BT A R
K&, S BRI A TG & DR AT 3 5 5
%, H TR EWENKREE. LB NG, 268 5es
B 24h REHBAETE S CHRTRIEE. HEFL)
SR o S B DU AT S R Ak & O HE, T
P S O & BRI E Z0EDNE .

1.5 HEAE

SEEG 3 () 2B 6] %)) 6 1Y 5% K 38 K K (Length
growth rate; LGR) « 3 F % (Weight growth rate,
WGR) . #F % £ K # (Specific growth rate; SGR) ~ 5%
&% (Food intake, FDD I 1H &} # 4L 3 % (Food con-
version efficiencys FCE) FI i & A X 41T

LGR (%) =100% (L, — Lg) /Ly

WGR (%) =100X (W, — W) /W,

SGR (% /day) =100X (n W, —1In W /T

FI= (FL, - FIp /K; K= C, /C,12~13]

FCE (%) =100 % (W, — W) /C 14

s LA Lo 93 7 32 7 2l 28 oK FiAR 46 7 K
(e » WA Wo o AR 4l 2 K M ah 4 B & ()
T A SRR FRELETH] (D, FL AR # R & @, FI 8
THEMF R E @, K B EE B =B R, GG,
Gy AN A P MR E S50 T 4R R SR 50 45 R
P (@ . TEASLR T, HE B ENBLRBAN
FAF a0 N TECE AR s 12, T SE 50 P F i X
TR L2 4 3 it v, LI R AL AN, i K
1. CRREREEGHYLHEE @ -

DAY i T i E R s B WGRLSGR.FI 73 7] LA
WGR,,~SGR,,~ FI, 1 WGR;~ SGRy~ FI; %% 755 LL T .,
H AR 7R 1 FCE 704 LA FCE4 FCE, £ 75 -

1.6 HitoHh

B LLFEE + bRvEIR (X £ SE) Row, LI 45
R SPSS 12.0 #4744 H, 7E ANOVA #.[HF 75 2
3BT BB E, R H Duncan’ s 2 RS B0 41 A] 22
.4 P<0.0SHIAAEREE.

2 HERESW
2.1 HEBEERE
TR AR LI M A R i 1 B, A

(IR A 2R T PR AE A 735 B R BN R A Tl AL
NTEE R AU A IR B T B 4 A28
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Ho Wit N RS TR B gh B i A7 6 5 B
THAE R (P<0.05); f1 20 1 A7 38 R R fIG, B
100 -

9

80

HH ©

70 |

Ao

60

HHA =

50

40

A% /% Survival Rate

30

RETEANZRARZE (P>0.05; 4. ik
IABRAAT LB A Z B ZERAEE (P>0.05 -

e

HI®

0 1 1
112k JEINE a%iEs

U.fasciata G.lemaneiformis

L.japonica

o A THEA R R UA R
G.tenuistipitata  Formulated diet G.livida

TERIZ  Dict treatments

1 ARERALE TR RBHENEEE i =3)
EARERFEFEBNAREES B2F (P<0.05.
Fig.1 Survival rate of black abalone under different diet treatments during the experiment

Note: Columes with different letters are significantly different (I’<0.05); and bars indicate standard errors (z =3) .

2.2 BHpEmEK

LA TR R R A TR AR S AR I
A2, (BRI LRI, 2 A 72 KR R AT
FEBHIEEZR (P<0.05 WED. KHLH
f7e KRR LGR)  RE I KR (WGR,) AT T i
B KR WGRy th &I BEF £ 7 (P<0.09. M
K2 AL, A TECEE A G AR LGR B BE &

FHABERIAH (P<0.05); BRIAEH M LGR f&/)N, H
H5HMENHAEEEER (P<0.05; TEH. A2
HANIAE M LGR N T A LR A R H g 4H
FMRiAEE 2 W, X 3 A2 MER AL E (P>
0.05 ; % L5 41 i WGR,,~ WGRy 7R 2 A1 AL 3
SEAG 5 SR, IR 0 41 1) WGR,, F1 WGRy I A 1 {HL,
BT &)y i 1) 4 o 2 S IR SR

F1 AAREERLETHEENEKIREMTRENTL
Tab.1 Change of shell length: wet weight and dry weight of black abalone under different diet treatments during the experiment

n=3;X+SD
TR SEXHIEE Initial SEE 45 Final
Diet treatments L /mm WW /g DW /g L /mm WW /g DW /g
‘E%&W{am 12.31£0.04 0.225+0.002 0.097+0.001 13.69+0.07" 0.278+0.006" 0.127 +0.003°
Ho R X . b
- . 12.20£0.03 0.216+0.004 0.093+0.002 13.24+0.32%* 0.254+0.015°> 0.115+0.007
G . lemaneiformis
:‘Zp{)mu 12.194£0.01 0.217+0.003 0.093+0.001 14.52+0.20° 0.340+0.005° 0.152+0.005¢
@é o 12.28+0.07 0.225+0.005 0.096+0.002 13.76+0.07> 0.280+0.003" 0.127 +0.002"
G . temuastipitaia
P
}\Igﬂ”bﬂ% 12.35+0.03 0.231£0.004 0.099+0.002 15.07+0.10% 0.398+0.010% 0.177 +0.005¢
formulated diet
7 A5 N N N . . .
G fivida 12.38+£0.01 0.225+0.002 0.097+0.001 12.68+0.11*° 0.203+0.002* 0.094 +0.002

F: F—A P A RMAEFERL S EREZREE P<0.09.

Note: Values without same letter in the same column are significantly different from each other (’<0.05.
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O4ZiH U. Fasciata treatment B 0N G. lemaneiformis treatment
100 r W L. japonica treatment BT U G. tenuistipitata treatment
M A Tt &4k 20 Formulated diet treatment W IR W E N G livida treatment
80 |
d

60

HETH /%
Length growth rate and weight growth rate
=
S
T

HA =

Y ma

o

% i

e 7/ A L
. NN ,

LGR WGR, w

Q

R,

2 AFERAETRAKFRKEKE BEE (=3)
L EPREARFERNRFER BE (P<0.05.
Fig.2 Length growth rate (LGR) and weight growth rate (WGR) of black abalone under different diet treatments
Note: Different letters above denate significant differences (’°<0.05) among columns in the same cluster> and bars indicate standard errors (z =3) .

AS[RI R AL T 2 ] 40 i () 5 o A2 K2R (SGRD |1 3% fH B H A H AR AW SGR, /T T A T
mgERmE 3 Fr. ATEEEB A BHHDN Er R AL g 2 TR WA R A 2 (A, HOX 3 4 (AN
SGR,, % @ T HABE R H (P<0.05) 5 BRI 5 4H 11 FERZEZER (P>0.05. DHMERFRRAEEE
SGR,, BE L T HAlh 5 FHE4H (P<0.05), Bt AKFE SGRY /M EALUE

200 O 41864 U. faxciata treatment WANZEN G. lemaneiformis treatment
’ KR4 L. japonica treatment B TEA G. tenuistipitata treatment
m A1 B A 4H Formulated dict treatment W IR SEEH G, livida treatment c
150 F < :
8
e 8
<= 1.00F
45 X
M e T b
5 I
W : I
55 050 L =
w
a
SGRy, SGR,
-0.50 %
3 ARERACET B EELE (=3

FAFFERREFEREE P<0.05.
Fig.3 Specific growth rate (SGR) of black abalone under different diet treatments
Note: Different letters above denate significant differences (’<0.05) among columns in the same cluster; and bars indicate standard errors (z =3) .

2.3 BHHMEIIARIERIMBEREMERELYER H(P<0.05, 5HAEATL B EZR (P>0.05 4%

RN LI R AR ED L 4. AE WSEAN FL & /0 T HAb 4 FE4 (P<0.05) -
4 AL AR W Y FL 808 AT HoAh 4 BBEE 4hfiT 6 FhSE R FI B k8 MRV
H(P<0.05: TLEAR FI, & KT A IRINE TR SR T4 G284 oS a AR 4L
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ML TRCE R FIL 2 KT AR 4l
(P<0.05 ; BRI B FI 03 /N F HAh 5 PR
(P<0.05); L E A A ZEHAM AR FLA T =
Bz, BAFEREEESR (P>0.05-

SEIS A 6 FRAE R b FCE) WA 5.
TR 6 FRUERL R A 302 B R B /IME O N LD
BRI A B T A TR A R 2 S A A R
. A S AL, A TECE R FCEgH BoK

O /184 U. faxciata treatment

F A 5 AL (P<0.05); 2041 1T B 4L 53
YRR FOE2 RARRE (P>0.05) ; i
WE FCES S0, SR B R , & 4140801 FOE,
REVIME N TR RV S 4 264 T 8
4 Je AL RIS . N DS & (R
) FCE, 5 6 AR 4L I ALE(E BB %R (P<
0.05), 55 77 26 41 FIIT 3 41 R AF 46 B % % 5% (P>
0.05): KRUATEAL I FCE, 4 {81

WHZEMN G. lemaneiformis treatment

3.50r
B A L. japonica treatment B (L& G. tenuistipitata treatment

1.00 O ATkl Fé)rmulated diet treatment B RN G. livida treatment

2.50F
=
g o
. & 200t
oR=
>~
I g L
& 2 1.50
K

1.00F

c
0.50F b be
| @ a b b d c a c
0.00 - ! |—mm"-'-'-ﬂ e I )
Fl, FI,
4 FAFEERAHETEHOVEREE =3

FARFERETREEES (7<0.05).
Fig.4 Food intake (FD of black abalone under different diet treatments

Different letters above the bars denate significant differences (I’<0.05) among columns in the same clusters and bars indicate standard er-

rors of means (n =3) .

100

50

O A 2ZE4 U. faxciata treatment JEIKRA G. lemaneiformis treatment
O W54l L. japonica treatment

O AN TLfid{slk2H0 Formulated diet treatment
c

B IS G. tenuistipitata treatment
W R G livida treatment

be

Hg
>
<

P
RERRRRR RN
ERRanaERs o

EXRENARRAN o

PRV %
Food conversion efficiency

-100}F

-150t

FCE, a

5 ARERAIET B0 ERENAE =3
FARERETEREE 1°<0.05).
Fig.5 Food conversion efficiency (FCE) of black abalone under different diet treatments

Different letters above the bars denate significant differences (P<0.05> among columns in the same clusters and bars indicate standard er-

rors of means (n =3) .
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& VB TR E R R DR R B4 & 1A 05 2
(XA 3 2 —. Nurit 251518018 T 45 804 i
(Haliotis discus hannaD) TR EH SRR E, HAF
HRMA R . KSR ML REE A, K
WU, 15 B B o K I 4 R A 05 R e v, (R AR
A B AR AR HL A I K P R B A A
HEHSG TR ST EANAZEA. T,
SR B R S R B R R AR
%o

i Hop e e . ks paT s %,
DA S0 il AR R 2, R R A AR 1 )
M. VB PooreBIRIE, UL (Halioris iris) 7E 7T Lk
EEME T, — M AR &4 8 9 &5 Shepherd %
TERF U RS (Haliotis rubra) B TR B 2] PRI R IR,
1 LB L1 Rhofophyta T 457 7 48 8 (1 & D70,
s s g 2 UBJRIT 5% e B ALE (Haliotis diversicolor)
BERENEEE A, HR 2T LE, kR
LR (Sargassum) - FHICAED, 65 70 RL 89 3%
PEAT B 5 95 3 P 0 O 28 4k 22 1 4 K. Harada 8’
RI, WA EE (Ishige okamurai) TEH R B it 2
B AN, #0 ZE 9N B8 (Haliotis cracherodi) B
—E M AE A, T Sakata 200 AT 5% 3 T, 48 B X
H. cracherodi A3 FZVHEE/ERVE T 274 T 48
BEH R R LB BRI H v BR (DGDG) A1 IR — Ik
T H AR (PO . AN F S & H A MG &
B3 IR A AN [R] R B8 U5 B 0O R o 1 0
ARG R Z L . AR LR, BT 5 Fhi
EMEEEMNZEZRHEE (P<0.05), Al §85 & R
KBRS AFA R, H, il dBEdH f
EHE BT AT R 2 T H A B, TR, RR A X
HAR B B R, WOl 24 I A K RIOR B 5 T R 7
ELEESD PR B R AT REAR 2D, B3 & A HEFE AL
ar, B R R, B L, B K e 'R/, &
BANREW 2 HOEH A R 2, LA M ELA iR T
Ko XFLUH], AR AR T, 600 E R =
B RE T HAEKEE. X5 Mercer %21 Mai
2 2-2I71 Nelson 24 WP 7145 £ — 3. BRI
B AN (BRI TR R RO S H AR
I BE I R 2B HAR KR

0T VR ) A R0 R R W 4 i) A ) S A
=, AR E TR X R T R .

i 2 — M B K T I sh ), A R R A
FAEREEN AR WA K FERREA R
TERN AR &, L, 60 0 A KR S1E R E O &
BHF%. Mai 22 80 IE Y6 (Haliotis tubercula-
t) I AR M B EEASEN 22.3% ~
32.3%10123.3% ~35.6% HITHE G, BB RIG R KR
g E AR, T 3P %260 Bries 27 0T 57 B 6] 4
(Haliotis midac ) (EIR B R A& 47% MHEEE, th
HAGE27% HEEREES 18% . (£ RIH
KGRt AR, A LG DR BT v 5 2 o F A
Blo EASZI A, BAR BEEXT N LRCEHREH R &
EHEEMEEAZE KRR, B2 A L& 1K &
A& B2 SRR T S 6 520 B, BT L, 78
AF TR B B P N T A sk £ 1) 2 AR A5 L I At 5 A
BEFRAMAEK AREEKE, X5 AR
Nie 2:162) Viana 2659, Corazani 2B fl Myrna
S BRM g AR B, T, R B AR KR BEAR
[ 4% T, BEZEOR UE 6 G845 £ 21 L Z R A 1E k],
NELSHEERE, HRASGTEFR&HMEAY
&=, XA IR B PRI A K

4 Hit

ASSER R A ) R, (B R AT LU R A
(5] B R BEL IR T P 5% B A D e i RT3 Y
A S o 4 TR ) A ORI T DU AR EL R ER AR, (R
FE SRR FRIE A P2 vp L 3K 3 PR R} 249 AT R) M o R 0
o HEETICEREES, " &, RIET, Bk
A gl R I B R R T AR S T
i, (H2 SRR IR B B 2 5 AN RS
EAEL B AR S WA KR, (B RIEF W, 77
i, E IR, R AR T iR, AT E
PRUDIE B RS B o, (R, 286 3X 3 FhiE R
PSR A, N TS & PR R A5 2 o 7 % 7R
SFRIE A I E B R, R B AT W, SR
A L% R R T 1 A K HE 2R AL A 2 55 b A
T R TR PR AE  IXRERE REWS RUE PR EQ B R Y A2 I
PNV R TR I, SCRE AR BE i i VLB SR A b B A R

52 3k

(1] B&E#E, T2M, FTad APRHamHEaTRR]] F88
Ak,2005,22 M): 13- 14.
(21 BrEee. AR50 T SR i e 4 0 A KO e g [T .
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Effects of different diets on growth and survival rate of juvenile black abalone;
Haliotis discus hannai Ino (%) X Haliotis discus discus Ino (' )

ZHANG Han-hua'; LI Min"'2, ZHU Chang-bo'; WU Jin-feng!; CHEN Li-xiong!
(1.South China Sea Fisheries Research Institute; Chinese Academy of Fishery Sciences, Guangzhou 510300, China; 2 .Shanghai Fish-
eries University, Shanghai 200090, China)

Abstract: A 35-d growth experiment was conducted to assess the effects of six different diets on survival and
growth of black abalone, Halioris discus hannai Ino. () X H. discus discus Ino. (' ). The six diets
were green algae, Ulva faxciata > brown algaes Laminaria japonicared algaes Gracilaria lemaneiformis-
Gracilaria tenuistipitata and Grateloupia livida and formulated diet. The six different diets were random-
ly assigned to 6 groupsseach of which had three replicates. The abalones with initial shell length of (12.29
% 0.03>mm and wet weight of (0.223 +0.002) g were kept in 18 glass aquaria (50.0 cmX37.5cmX29.5
cms water volume of 35 L) and fed to apparent satiation at 17:00. During the experiment, the abalones in
algae treatments were fed every other day, while in the formulated diet treatment, the abalones were fed
once daily. The shell length as well as the body weight was measured before and after the experiment.
Twenty individuals were set in each repetition. During the experiment period; the temperature ranged from
15.4 'C to0 20.0 T, dissolved oxygen was controlled higher than 6.5 mg /L, salinity was from 32 to 34, and
whole experiment was under nature light cycle. Water exchange was from the same water source; and sea-
water used in the experiment was filtered by using a cloth filter. In order to keep higher water quality, water
was exchanged every other day in algae treatments, while in the formulated diet treatment water was ex-
changed every day.

The results showed that the survival rate of the juvenile abalone fed with Laminaria japonica and for-
mulated diet were significantly higher than those of the groups fed with Gracilaria lemaneiformis;
Grateloupia livida » Gracilaria tenuistipitata and Ulva faxciata (P<0.05) . The differences of the special
growth rate (SGR) > wet weight growth rate (WGR,,) > dry weight growth rate (WGRy» and shell length
growth rate (LGR) were also significant (P<0.05> among the six diets treatments. Juvenile black abalone
in formulated diet treatment and Laminaria japonica treatment had significantly higher SGR+ WGR,,~
WGR, and LGR than those in the other four algae treatments (P <0.05). There were significant differ-
ences in food conversion efficiency (FCE) among the juvenile black abalone under the six diets treatments
(P<0.05 ;and the FCE in formulated diet was the highest. The results indicated that formulated diet and
Laminaria japonica were the best diets for the cultured black abalone at present. [Journal of Fishery Sci-
ences of China,2007,14 6):903 —910]
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