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[HZE] AT TR b S I AR fa A AR RE AL A, DIEALJE 56 10 X (10 dph) )
Wb fairt ((0.16 £0.01) ) g AMFFENS, SBIHEN R . FLAemIh, DURA/INEREE SR AL i 56 A i
IR St PRt TR T M. A FRRAL) BEMEASRILIE A B SRR gE/NER
FeRfbpRs L, C AR T L mR iRt D AR RE AT R AL B R B E 417E 10 ~22 dph
(HI) Mk gn/Nekssm b AYFe IR, 20 ~25 dph (JAHD) HMEvRSn/Nekiim Ly pd UGG, F AR
MREFLA L AR AL Ae B, SR IR AR A 5 B TCTT AR G AR IR A A R AL A A, S
MR A PR ALY R TG IR . BRA 3 ATAT, BTAT 12 000 BE A4, FRAERTEIY 15 d, 500
5NN . B A rHEMMIE R | RpE KR BUE RN B S TR R, (HARRE (P>0.05),
HoAh S ue 20 # h f AFAE AR A0 IX 4 DN RFRAR BB T T IRAL (P <0.05) 5 A4 ¥ I ik i 7E 22 5 T BB A 6]
WA, SR GCHSFHSEH SAH, DA S>CH >BAH>AH,; FAHEMaMEAmYIREE N G 4 >
FASEA>DA>CA>BA>AA, HAXMIIKEE F, G MEAREZERTHAM 44 (P<0.05), L5
SRR XA ATREA DR (e dump RIEAghiR) BEATE SRR, AT DL SRR e e A A Y A
KrERe AP, LA R A AR AL SO R, LR Rk, FRUOR RS/ DBk R L 7RIS
HRIFEFEMBL (20 ~22 HiR) HEF TR 4 o 3 1 B A A f 1 A RSB AT

[R$ER] wmabfn, fFHEfn; Eoeumfh; ERMERE; brait:
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Abstract: A 15-day feeding experiment was conducted to investigate the effects of dietary fed with nutri-
tion-intensified diet on growth performance and anti-stress capacity of yellow drum larvae. Ten days post
hatching (dph) yellow drum larvae were chosen for the study, and fed with the nutrition-intensified rotifer
and artemia which were intensified by Schizochytrium sp., emulsified fish oil, and concentrated Chlorella

sp. . Seven groups were designed and marked as A to G group. Each group were repeated three times with
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12 000 yellow drum larvae, and fish were given rotifer with no intensify ( the control, A) , rotifer intensified by
concentrated Chlorella sp. ( B) , rotifer intensified by emulsified fish oil ( C), rotifer intensified by Schizochy-
trium sp. ( D), rotifer (10-22 dph) and artemia (20-25 dph) intensified by concentrated Chlorella sp. (E),
rotifer (10-22 dph) and artemia (20-25 dph) intensified by emulsified fish oil ( F) , and rotifer ( 10-22 dph)
and artemia (20-25 dph) intensified by Schizochytrium sp. ( G) , respectively. Results showed that, the weight
gain, specific growth rate, survival rate ( SR), and condition factor of yellow drum larvae in group B were
higher than the control but not remarkable ( P >0. 05) , while those parameters of yellow drum larvae in other
groups are significantly higher than the control( P <0. 05) . The SR of yellow drum larvae in each group with
drying stress showed the consequence that G >F >E > A and D > C > B > A, while the anti-hunger capacity
of fish in group E, F, G was significantly higher than other groups( P <0. 05), and showed the consequence
that G>F >E >D > C > B > A. In conclusion, diet with nutrition-intensified can significantly improve the
growth performance and anti-stress capacity of yellow drum larvae. The performance of fish showed the best in
dietary condition that rotifer and artemia were intensified by Schizochyirium sp. , while the performance fol-
lowed by dietary condition that rotifer and artemia were intensified by emulsified fish oil, and concentrated
Chlorella sp. , respectively. Besides, the conversion of dietary rotifer to artemia can also improve the growth
performance and anti-stress capacity of yellow drum larvae ( about 20-22 dph) .

Keywords: yellow drum; larva; nutrition enhancement; growth performance; anti-stress
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W4k Nibea albiflora (Richardson) JE®9E H A H AR E g, oM TAE., 515 HWAE
W, HRABEESE MIAEE@E NS K (Larimichthy crocea) FIPL, AR HEEERYL, A5 Bl
R B, AR C o 3R E Ui R SR 1 S K s A O G N T B TE AR R SR T I
WFFCESRIT AR, BT & S R8T .

EERANTEE A B, —BCRBEE ., BEERZR 0, Higghd ) el ) I mahik (A
temia nauplii) | B8R AR A REVENAFRE@A LR . REZBIIERY, R S SR
FETE AR R SEMAAR K, T8 XK AR R A E SR b s By . pd BEAR RS, nl DUR i K A F £
MFFE S, AR XUBOLSE D BT T e 4 /NBR B . TR fha aih R #4 il 3 b Ak R B
PEAFREM AR | ARG THALRE S A o B, 25 SRR T 3 P Ak 4R T e p AT HE £6 A )
PERHR AL, L DR G I B s 0 AR T R B s BR/NER SR RO T B SRR AR L b Uk 2
(Paralichthys olivaceus) AL . A B AR AR 7 R 4 U2, 25 SR e WY P i Ak 1) 48 HORT pg e
TIL RO A, T LA R S A A A SR B R RTE 8, X T K 2 A i AR I A B
GRECE SR B R AE KT, R E, HEF A, WNIEMEE SR MAMEEE SR, —SEZE IR
Py AN RS R U KPR T — A B R ED ) RZ 2 H TR, AR R i
KAWL 1 1 BE AN R IR T R 45 H 288 FR W e S BOR K 28 B i s A8, A KB B 2R
PG, AT R B 5 55 T T A DR AR W) 2 ORI /K £ AP HE f1 S 700 2SR AR KRR

AR SCIE o 275 B Ity AR A0 B PR A ) i AR R s Ak B TR, PR A & A A £ 1 AR R PR B S a1
PRICIRLE TR A ) B i A HE 2R PR RE NPT MRS, LU R B (0 0 & 0 AR P 3RS % |
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ey, £5E 2 10 dhp (days post hatching) Bf4 K44 3. 86 mm, KFHF10.16 mg,

S5 ) i P 4G B R = A R B SR R A RS B ( Brachionus plicatilis) (AR fRiAREE ), H
50 pm FLAE T 28 I USCAE 5 B 3% T N K et b &, 8T 95 3 T 5 v 4 /N Bk i

S A [R]JIT FH 1x0 HUJE T 2 eh i OB AL AR AT . SR 0.5 m A [ A T B 5 4 0 A AR 14T RAL
PRk 28 °C, ERFE 30, Bl RELR TR, 424 h BF, PSR, G, 5 E 10 min, ffigs5T
TEF K, SRIGHTIFICHHEAKEL, FEHEK 10 0 48 PO s RUOTE 1 @ik, 43 B8 ) B JC T 4l A i B 3
AR A T, LA

FLAtam . tfm e e e Sl PR AR AL ARE e i, 4% 40 mL g +300 mL IRK +1 MY EHE
AIEeB], SN PR ALt B4 CIRAERS A (BR2 d NTERD)

ST (Schizochytrium) ¥ . W H ILARE BHEEEWHEARARA R, T HAEL 50 pm
PR 5 25 D9 22 0 3 RICFS DR I 1

Wedii/NKBE (Chlorella sp. ) : We4i/NKEW B ILARE K AEYRHHEARAF],

1.2 {ERIEFRENL

PR ke | FLA ARG AR PR A R AR o0 i R A S BRI R TS AR, AR 100 LAY
SRARVE ASRA A, SEPR/KAAR 80 L, 4 Hi% B 1000 ind/mL, < B I 4K 100 ind/mL, /KR
21 °C, 30, BB ERAHETRAA, BRaRk 12 h,

sEALF AR SRR AU FLAL 3t 40 mL SUEUTE A 4 g B4R/ NEREE 40 mL,

1.3 A%

LT LRI TA, A, B, C, D, E, FAIG IR, Hih A4l (KR RRIRIM
oy, B (/hERigIRfbACRA]) SRR DR BRI R C A (fAnRikie i) SRR
FUlkfEhsRfbnyfedy; D4 (ARt i) RRRAGHT R B4 (NkiERiL
i) 10 ~22 dph (ATHH) Fembkga/ heEREERLAYFE AL, 20 ~25 dph (JEH) BEI/NERSEESR AL 1) i H
TR, FAl (fayhmmfei Rl AL b ahnn i de B S R LA fa b s Ak i 1 T Y
Gii; G4l (AR ) HTHE MR A AR AR R R M S A R SR AR 1 R T Y
ik, BB 3 A PAT, SRITAFR 1000 L A B ES AN BIAR S FRGEAR, A 43 K900 L, SEg T
BAMHEEAR A HLEE B 2 10 dph AU B 4160 12 000 2. SEEGHAM] A H 30K 50% , EmMms ., Bk 1
MEAAITE R TR, TR AN TR, AT TR, AR EYERETE 3 ~5 ind/mL, K
IR B AEIFTE 0.5 ~2 ind/mL, SCIGHARIKIEARSRTE 22 ~24 °C, £hJF 30,

ARREOLIE . T 10, 13, 16, 19, 22 25 dph XJAFHEM A AR RIG L HEATINE , F A
BEALEL 30 B Ffin) sl e e, 7 RFIE 30 BAFAARE, FiHE B S anF ek,
R,

BUEFMAE . T 25 dph FENLBRETHEL, THE A A0 Hh A7 35 A (i 28, AR 18 SE 90 JF Ih B A £ 1 2500
THE TG

POV IESESS . T 25 dph #EATHONISES . A AR Hh 1455 I R AL BBCHE £2. 30 2, 0 I 7 T 88 il
—EWEJG (10s, 20s, 30s, 1 min, 2 min, 3 min, 5 min, 10 min), BCEEKAF, 1 h J5iE#ET:
FEH, ARYEAT 16 RO HIHE f2 (5T

M PUER S . T 25 dph FEATIH YU SER: . AR H BENLI 50 REHEA 50 L i8R, S2Pr
KIAR30 L, #KEEE, BRWEICESM T A se TG00, AR 15 00 UL TC 45 AR 4235 J1 48
I, (survival activity index, SAT) PFEH| T ILREE ST
1.4 H&EARK

HATE % (weight gain rate, WGR) Ry, = (W, -W,) =+ W, x100% ;

FrEARK R (specific growth rate, SGR, d™') R, = (In W, -In W,) +:x100% ;
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WG (survival rate, SR) R, =N, + N, x 100% ;

AEY# B ( condition factor, CF) C, =W, =L, x100% ,
o, WoRZKRIRE (g); W, WWIRIAE (g); ¢ WFRFHREL (d); N RWEKREEG N, Ao RAL
LAARELK (em),

AT, ARER SN EHEMSTIET, HEMAAELEE IR (SAD I, = 2 (N-h,) xi+N,
H, N st n i HEAE, b OMHER STBET TR KB h NS | RITHEMR RSET 4L
1.5 HIESHFALIE

GERVFEIE « bruEZEFRIR, W] SPSS 20 BUAF XS S g 45 R 24T LN Z J7 220 #r, R Duncan
IR A I 2 T A T 22 5 W VA

2 HR545WH

2.1 EREFRBUNERESFRESEKMEENEN
FH [ 3R A 3R A ) PR R 3t AT R A AR B AR KR K22 R 1, Bl 2.
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Fig.1 Effect of different enhanced diets on body weight of larva and juveniles of Nibea albiflora
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Fig.2 Effect of different enhanced diets on total length of larva and juveniles of Nibea albiflora
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TCVR R HE HUh 2 ) IR 280 5 TR o A e SR A Bt R A RfE #0303 i

TR IEA, B R AR N, X R 22 ORI # (P <0.05), 16 ~25 dph, C,. D, F I G
HARE R ERT AA (FB4), BAME HAKEBRKFXIEA,; 19 ~25 dph, D 41H G 4404

KBERTAH (P<0.05), HABAMEKLAT A4,

FHAA )it Ak 8 A P s ORI p e S50 MR B Al e AT RE AL S, 5 S 20 2 [ 110 B 0y e A0 £ A R 424K
WA 2R, SRR, SHENOFREANAEMEKERIDHAS>CHS>BYA, DARER
TBHMCH (P<0.05); FiiHIEe RSB v e, S d mah tfrEmp A Em ek 2E RN
CU>FASEH, CHBERTELAMFY (P<0.05); BEhfafrHEMEEpd RS M4L, (FHEMm
HFI A A HE AR 3 R T ARHR i 4 (P <0.05)

PR A ] 58 AR s AL R 48 ORI b HOTE 1 2 iR, s bt e mE i E KVEREZE R 3 (K1),
C. D, E, F, GAIMIER FrE B LM R EFERTXEA (P <0.05), B
HA L REEE R E B GE R W R TXRA, HERIFA R,

R 1 AREBRUIER B & FHEE KISR0
Tab. 1 Effect of different enhanced diets on growth performances of larva and juveniles
of Nibea albiflora during the experiment

2 5 IJ Group

Wi H Item
A B C D E F G
iﬁ% P ] g d f
WGR/% 1172 £70° 1636 +59° 2460 £99° 3319 £ 114° 7514 £197¢ 8619 £417° 10 889 +£403%. .
o
FREAERKE

. 15.89 £0.35" 17.84 £0.21" 20.26 £0.24° 22.07 +0.21" 27.08 +0.16° 27.92 +0.29" 29.37 +0. 23*
SGR/ %

R R
SR/% 39.01 1. 50" 46.01 £0.87™ 53.01 £0.87° 49.51 +1.50" 56.01 £2.29° 43.01 +1.73" 59.02 +1.74°
(4

NEHEE CF/

(g+em™)

Y. R UE EAR TR AR ERRE (P <0.05),

Note: Values in the same row with different superscripts represent significantly different (P <0.05) .

AN [ IS AN [ s A 700 i A %) 6 R g R AR MR B Il A AR A0 ), A% 2H 22 ) 190l fr A EE £ A
et A 25, SRAR R, S OAHEA AR ER | FrE A KR IR R R E RN
DA >CH>BA, HDHBFERTBAMCH (P<0.05); R SRS s R &4
BN AAPHEM A R | RREAERR IBHEER HCAHASFAHASEH, HCHRERTEAMFE
4H (P<0.05),

SRR i AU S IR AR B, B ) A SO A G AT RE R I T R RR A KOR | IE
RS R RK R R E RS (P <0.05),

2.2 EMEFBEANEGEEATFEENRMm
2.2.1  SRATEREGT 8 o fa HE T T RERE 1 M 2 )

B HME A TEEAIL 10 s Ji, 1 h NBRT A48T 1 B, HAWREIMIET:, THEA#E20 s
S, 1 h WIRE—LE00T | £ S0 2 i Al e ME B AT AR L A 25, H C, D, E. FFl G ARALENG
REESGT AL (P<0.05), TEERFE30 s/, 1 h NFET-EEH B340, D 41f G 4 RF7 1% R i
FERTAH (P<0.05), EAMFAHAMFEREET AH, HEFARE (P>0.05), TEHM
I minf5, 1 h WEYSET ¥ W&, Bk B A4, HASCmAMMEAfFEREEES T AH (P<
0.05), TEEHIH 2 min J5, 1 h WER E AHMLA S AREA M AAE R B E S T AH (P<0.05), T
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FEHIB 3 min J5, 1 h WIOSET REE T 50% , B E 40N H A 52 50 41 o foh fa Ml i A7 75 SR80 e A 41
f, HC, D, FHMGCHMMAERREST AH (P<0.05), TERMS mn J5, 1 h N&LRAH
HTEERE T A4 (P<0.05), TEAIE 10 min J5, A ZUH B 4175 1h NAETAET:, HAKULW
AW RMBIET 10% , BIEREAML (WK 3),

AN TR 5 A 70 5 A 118 A R R e R AR R R o Er R R S, 5 S A )y £ 48 7 A [ s [ 2
WG ARG R A 225, SRR RN, 455000 415 I A RE (A 7E 28 7 AS IR st (] 28 00 B A3 %
ZRHNDHASCHS>BA, DABERTBA (P<0.05); HilH T RAG B g s &4 8
It HE AL DTN I A TR RE G R 2EZF N CAS>FA >EY, HCHARERTELD (P<
0.05); MK RAELELL (B, F, G4l) BEUhHMEATEZ IS R ] 280045 A7 15 R 808 TR
B KA SEERA (B, C, D4D),

aaaaaaa

< bb CCbC
a I «A =B =C =D =E «F -G

100 |
9 |
80 |
70 |
60 |
50 |
40 |
30 |
20 |
10 |
0!

T % Survival rate/%

10 s 20 s 30 s 1 min 2 min 3 min 5 min 10 min
T-#& B 1] Exposure time
B3 AREE4AEHMMEHERAETERNHARMNEE1hWEEEHZ0
Fig.3 Effect of different enhanced diets on one hour survival rates of larva and juveniles of Nibea albiflora after
different exposure time

2.2.2  smARTERE B Gl fHE £ R LR RE T B R R
2253 15 d ARFEERHER A2 s A X IUR A S BE I AF e 2E 5 (LI 4) .
100 fe

. d d. d.

90 .
so| Wb
70
60
50
40
30 b b R
20
10 2 a a a
0 T

A B C D

205 Group
4 AEBEEMNBEHEFHREEERAEARNENEFERNIZN
Fig.4 Effect of different enhanced diets on survival rates of larva and juveniles of
Nibea albiflora after no feeding

PEEE PE 1 RIS 2 K, ARG BT, )55 3 K, 4 H KRt
o, (AL E N AREANFAEREES T A4l (P<0.05), HAPEERgmrE F 40 G 4,
HxZEH, MEERT B, C, DA (P<0.05), #HFEH4 K, F, G, EHNFRRRE R TH
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fl4 20 (P<0.05), 1 FZ4MGHNAERRES T EH (P<0.05), AHLHIET:, B, C, D4
Mefa b )L, RESES X, E. F, GAMNAGERRESTHM4 4 (P<0.05), HF, G4
AR REER T E4 (P<0.05), B, C, DAIMEMETILT, S 6 X, E. F. G UM
B KT, FAMFERBEEE THM 2 4H (P<0.05), EREY 7 X, IraHmALr, &4
WG HEO AR AT G IR B (SAT) fFfE£S, BR C Ao, HABSLEK AR SAT B E &S T A4l (P<
0.05), HD, E. F, GHMSAI &R T BAMCY (P<0.05), D, E, F, G4lZ[Ef) SAT 225
ANEE (P>0.05), AL, MR ELKH (B, F, G24H) A9l (o 7 (548 )5 AR [ B a) 77 1%
Hm TR K LA (B, C, D4l),

3 iTig
3.1 HHEFBUNEGEFHEEE KRNI

RE¥K A A BSAREG W n-3 RINGEEAUHMAGIIR (n-3HUFA), HAKKF T n-3HUFA
SURE MG P ARAR S Shilok AP RE R E IR (R R OET4hIR) AT E R,
SN T HRE R A BUCTT 4R n-3HUFA i, JUHOE DHA B9, HAFHEAXS n-3HUFA A
AR, AFREfmS AR E  ERZE LB AR, BHES . XA R IR0 Z %, #8500
ik, FETREAAER, SRR n-3HUFA /Y& &5 IR U UG, B R Ry R g de i
n-3HUFA W& mAE R AR, pd HOIC AR n-3HUFA " St K 220 B0 7K i 25 1) 5 M AR AS 2
ML BT R, R RS IR AL B, T DA R IR (R, (R I K £ R £
AR A R e LA 6

ALy AR g R G AT TR | FL ARl DR /N KR AL S SRR B A RE £ BR/NVER
BoR A A U Z A, HALA A A RE AR | | EA | R KA BN M s R 3
T XTIRE (P <0.05), X RUIBLL M AFHE @ TR 1Y MR 2 o 8 FR oAU fS AT D $d o 0l £ A1 £
PR 2 K B AT 3%, X 5 RN IR &5 ( Dicentrarchuslabrax) ' | 28085 ( Morone saxatilis) ' | 1@
BAMERE  ( Plectorhinchuscinctus) TSR B AE R—2K o

AR SRAL T A SR A ASOR A AT 22 57, DS U g A R AR DL SO TRl i (R B AR K 22 ok R, 240
A ISR ARSCR B, HUGRFLA o, e/ MR 2% . RLFH A TR RE A5 A R vy o Al fa AP AE F 7Y
ARMRES A BN DHA A6, ARBKSSE " X250 a5 05 IR A o T s SR e i, oA =2
SrRINRIE . EEBUHUENE, WIS H ] & B A0 T Y 55% ~75% , HZ AR, Hh -
3HUFA F8ik 20% DA b, 45845 0 A DHA S5 R AR R AR 17 R 6 96 T 40 M P, AR R 258 5 e,
ARPGEER G IR | RS B A R — 3, Yamasaki 557 A H 4 A A TR IR
sRAGAYAC L i B RSEIREY), AIfedEf | 0F . DGR ARG, SEEAFTE R,

FIFLA et R M R A T s Ak, TEVF Pt S I T RN A P P A BN, R
ABETE R, FHFL AL IR A 5 HOR B HUTETS ) (A4 MR ) i ol e AR £ 0 AR R | TR R R
FUAL A IMER T AT N AS SO U DHA I EPA S, 0 RIS IMER G R it
FW], TEVR R NI > L] 0 DR BEAR BETE A [RIRR B b 38 i A f0 0 A K ARG 58, BRI %
BRIl 5 BAL A B, JRHOEH A DHA F1 EPA Ab T BDIRES , MRS B IS F 5 &4 AR
Ak, TEALIR X RV E Y RA RN, i BRI R SR AL S A S i UK B AL, AR T
B A FHE@AY AR S, X AT RE RS FL A (il e 250 A 1T ot AL SR 22 Y T

AR, NEREET EPA AR, (HELZ DHA, WAPREED s his i, S/hekig
SRAGAYEE BRI EPA &5 0 42w, (A2 DHA &t S biric A W m 2= 5, AROFserh, F/hekiE
SERALAE HUR B e TG G A R B8R AR N 2458 A R AN LAt il 22, (ERE SR oy B Al AP E R Y AR KRR . 5K
FESSE A o/ Nk s AR5 BUBUR AN, T 2R LRI Gk, A REik B Ar A s AL RCR
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PR RIS (B, F, G 4l) BEGh A AFHEA R A KRR AT TR B T A SL 304 (B,
C. D4) BERE, XA SEFRROA R, F AR I INFUE F5 7T DL i G (A7 B Be i 2k
KE5EFRFR, MpEE B airamiAaR, 8 aum/hey METo 2 i E R 5ERFR, FTEK
AF e A R K L B G  Bah fA PR A AR R S B IR R py i B, Rk, AER i F il e, AMUE
PRUEFE R TERL, R S A AN R R DU 2 B i AP REf AR K SRR
3.2 ENEFEANEGREHETEENZME

£ LA BT 5 A PN (R 8 05 PR 2E AT 56, n-3HUFA 75 i I 5% i 2 A (0 A K R 3% , IA
UL R A IR R Y R s bR 2 — Y ARSER R, Rt B SRR BOR A A, FE
OAE T B HINEUS (AT R 3 = TR R B IR, & SC A nHE ARG R 22 R D 4 > C 4 >
B4, G4l >F 4l >E 4l 55502 ME AR50 J5 AN R [R] () 7216 28R SAL Ry T X IR, 455000 4 v
I HELAAETE R M SAL BN CAHA>FASEH >D 4 >C 4 > B 4, XEWHRZEFmAE T
P& e ME £ 7E 188 WU A7 2R UL S A R Rl ] (9 AA TG 252, RIS E SRk i R s , TS
TR MBI, X5 Cavalli 2 | EHEMEDY TR LSR8, ALK IR RN,
Toie e A B A + i Iy =, AR eRERib)E, s pritez: s o3, 2ma
WaRfbdl (DA G AH) myBhbtafEapri vk mom, HUORFbau, Mk /N ksem2E, BT
W 1] P () S I A B e R A R M B R L, HEAMAMARRSE R WRE, fRTE R, PRt
FEHA G
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