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FE, I E - IR B R R ALK PNR, 5 784X 1
T SRR ) A 7 O AR b SR B R SO DL R A2
RES1, RMBIE RIS %,

1 RS
1.1 ##

YT 2016 4F 3 A AEH E KBTS e i
KW T RIS 96 e 3t HEAT o DROBREA ) B3 A £18 1
YN AR LR FR 58 2 W DL FoRfa, i LA
SR B R R BEHOME A3 (LHRH-A3)#E4T A T 4™,
AR B IRAL AT

1.2 FHix

121 &2 %F frea b5 BEML Y A . BAIC
341, H4H20002 A 80 LIRTE kT, M,

FERWE, oKUK, HokKE k13, ALVENIER X
M4, MFaIFORG dIFhR, AR E I 28 /N ek
¥ (Chlorella vulgaris) F1 5 b 19 %4 4% & B # &
(Brachionus plicatilis), % & }10~154~/ml; BHMICZHi%
FYURAL, A SRR KRS = gudug, ASRKIR
F18C~19°C, #HEFH30~31, HHA(DO)=5.0 mg/L,

pH47.8~8.0,

122 WUk 5% LI TR e, B R A IE SR A A
FET RO, MEAT LA L B AT EIE . BRI A
B 4l h 458 10 BAT M, A HIMOR Biss T
M Ak IEEERAE | MAAMmER AR, Uaek-H
4 O 2R i 2% AR 28 A K R (SGR) FL AR LR X A1 A K
R, A 2K AH N 2R RZE(CY),

BN B PR F=4/3 X 70 X (#/2)*%R/2

b, oMU EREELE, R NINE KA,

BRI =4/3x1x(D/2)’

K, DMERER,

SGR=(InL,—InL,)/(t,—;)*100%

A, Ly Ly 43 S 5256 45 o1 st RN 5256 I 4R A1
MR R, 6. 6 R ERAT 0 H I,

CV=SD/X x100%

KX, SD Wb, X Miffae KR,
123 #k#EAFA PNR BT O)E,
KM C HREHLEL 20 AT, T 500 ml BebRH, 1%
FER IS, BN 10~15 /ml. 4h 5, B
B, S%fE/R ARE R, fERMEE N, . WEAT
OGO, DR A IR,

WIR AR R =4 AT A FUREA T X 100%

PNR UL PR RIS 0 H R, 4 HIEDL

A ORI R, S PriiS f A )k a2
T e BB R K 50%0F, BRI PNR 4] (Blaxter
et al, 1963),

1.3 HiESH

SZI AR F Excel 2003 #{FAb R FIZ2 A, If:
iz SPSS 19.0 k44T ¢ KBk g1t o0 o

2 #R

2.1 ERRYE(F £ IR B e A0 Bk 89 IR UL

ik 69 A7 K5 U UP A% 4 (0.89+0.01) mm, ARk
(0.3717£0.0174) mm® (n=10), fE/KIEH 18°C~197C %
PFF, 29 36 h WAL H A 40 74110 B 5 8 458 0 (1.03+
0.06) mm, %54%4(0.61£0.02) mm, AT} (0.1997+
0.0176) mm’; JHERE 424 (0.21£0.01) mm, KRN
(0.0052+0.0007) mm?® (& 1), F7-£f P IEME 9 W8I 5
S SeOE ek, WEALE, DR e TSGR, 5 1
KNI A BARFRG 70%, & 4 H 52Ul ek
WO B A AN, A 1 RINAFE RVATY 30%; 3 HilR
I, 2 U filERiEFEE AR, Z)a, YURdLimER
WCRBEZE, ST BRZE TR PR 3 25 |/(P<0.05); &
6 Fif, 2 ZHyBRTE M, f7 ik ASMEMEE TR B .

2.2 EMEAFEVIRERZER PNR

TEREE KRN 18C~19C &M, &t ALk
REUG , PRI 015 R BH DI S A2 K
W 1, TEFFAYREG Hig), #M4h 5, (FaP46
BEHEN 30%; ZJa, REHRT, 5 HBYURft
IR RIR B R 1Y 90%; BJE W NI, 7 H R
T 45%, NIRRT R 172, fHaiif sz Uk PNR
Rk 7 A%, 8 HEHEATH R, (- fpai a2y
B 15%, {HICA A s T IE W E NS 5%
WA R 5 R T BIL,  Jo3k PR 21 15 48 B K
£ 9 B, YURFFOA TR, CIETFRR . LAl I,
DUBRAT fa HAR B B8 i N IRAL IS 958 3~6 K, Bk
B 11 £ fo 3 B AR P S ) A At R S 9 4 d 9.

2.3 YUENT BREGF A ERFIFEIRZM

DU OGS R4 fa 2 AR KA I L 22 R 2,
3HAHE, B PIIEMEE SRR P s, 24147 fR
FRac i E Kl , aRMKHE; 25, ARKEE
BN SE, 5SHIBHRHA 2K 2ZERA R E(P>0.05), 5HiER
J&i . WA P B RRER Y 2 M, A7t ASNEEE
RO B, 24U A K TR 3k
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R1 EBERYMTEINERMNHBKAIR K (n=10)
Tab.l  Characteristics of yolk sac and oil globule in A. schlegelii larvae (n=10)
[T e 1 £ e =
it - sk 7 ki ORI g
z . . . g diameter Short diameter
Days post Group Diameter of 0il ~ Volume of 0131 globule of yolk sac of yolk sac Volume 0f3yolk
hatching globule (mm) (mm”) (mm) (mm) sac(mm”)
0 X414 Ungrouped 0.21£0.01 0.0052+0.0007 1.03+0.06 0.61+0.02 0.1997+0.0176
Xt HRZH Control group 0.19+0.01 0.0036+0.0007 0.64+0.03  0.43£0.04  0.0625+0.0137
YUk 4 Starved group 0.19+0.01 0.0035+0.0007 0.66+0.02 0.43+0.03 0.0632+0.0069
2 X8 4H Control group 0.16+0.01 0.0022+0.0007 0.39+0.03 0.28+0.03 0.0163+0.0053
YUk Starved group 0.17+0.01 0.0024+0.0004 0.39+0.06 0.29+0.04 0.0184+0.0076
3 X} B&4H Control group 0.10+0.01 0.0006+0.0002 0.23+0.02 0.16+0.02 0.0032+0.0007
PDUHk4H Starved group 0.09+0.01 0.0005+0.0001 0.22+0.02 0.16+0.02 0.0031+0.0010
4 X} B 4H Control group 0.06+0.01* 0.0001+0.0001°
YUk Starved group 0.08+0.01° 0.0002+0.0002"
5 X8 4H Control group 0.03+0.01* 0.00002+0.00002°
YU Starved group 0.04+0.01° 0.000050.00005°

T ) H R TR bR A [A]_EAR 7 B R 4 ) 22 53 2.2 (P<0.05), T[]

Note: Data in the same age and same index with different superscripts are significantly different (P<0.05). The same as

below
1;)3 X 2 3 o B B A O A B ) R AR AR K
<80 WrBe, 29 Hig, FHLKA3.74mm, HRLEKHE
370+ i 4 mm, B35 TR B IURKA A (P<0.05),
Eeof S friF AR BRI, 2K0)S H IR
23 4 / : KRR L=0.64911nd+2.2215 (R*=0.9594); HLUEKLLAT
®35 304 {045 6 H T th 3L KA RN SRS, £ 9 H
= fg I B KA 3.14 mm, £K5HBHEL0R
o , , , ‘ , . L=-0.03064°+0.4166d+1.9325 (R*=0.8786), 2 ZHiffn
o4 s ;ﬁ@ o8 9 FREE A KA (SGRWAT B i 22 5, W IR 9 Hld Ay
Days post h;tching/d 11 SGR N 6.41%, B & FUURAAF T 4.47%,
GRS T RIS e PRER A AR S OL UL 3. 2 AT e T T
Fig.1 Initial feeding rate of 4. schlegelii larvae FET R IBAR(L 15%), AiItT-HEZ5 A K, 5 H
R2 OUIENBRYTFEERKBZM(n=10)
Tab.2 Effect of growth on 4. schlegelii larvae (n=10)
X IR ATt A DUk fa 4k
H e Total length of larvae in control group (mm) Total length of larvae in starved group (mm)
vl R RFRE REEKE M PSR ERRE REEKEK
Range Mean+SD CV(%) SGR(%/d) Range Mean+SD CV(%) SGR(%/d)
0 2.05~2.16 2.10+0.04 1.76 0.00 2.05~2.16 2.10+0.04 1.76 0.00
1 2.74~2.92 2.82+0.07 2.34 29.48 2.75~2.95 2.82+0.08 2.77 29.48
2 2.85~3.18 3.02+0.08 2.51 18.17 2.94~3.10 3.03+0.06 2.07 18.33
3 3.17~3.24 3.21+0.03 0.90 14.14 3.07~3.28 3.22+0.08 2.37 14.25
4 2.90~3.40 3.17+0.16 5.30 10.29 3.01~3.33 3.18+0.10 3.14 10.37
5 3.09~3.37 3.23+0.10 3.05 8.61 3.08~3.39 3.26+0.12 3.54 8.80
6 3.40~3.60 3.48+0.07° 1.95 8.42 3.20~3.39 3.30+0.08° 2.28 7.53
7 3.54~3.67 3.58+0.05% 1.42 7.62 3.15~3.25 3.20+0.04° 1.35 6.02
8 3.54~3.97 3.67+0.13* 3.43 6.98 3.01~3.33 3.19+0.09° 2.93 5.23
9 3.59~4.03 3.74+0.15% 4.06 6.41 3.03~3.23 3.14+0.08° 2.50 4.47
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Fig.2 Effect of starvation on growth of 4. schlegelii larvae
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Fig.3 Effect of starvation on survival of 4. schlegelii larvae

7 HESHIZET-F N 49%, & 10 HB BT %N
55.2%; T ILERZL AT £00 R JC e SR EUA D B8 5% 1 Jn Ji e
T2, &7 HIREIZET 142 (57.3%), 10 HIRRAFRIET,

2.4 RN BERGMFEFERENITAZFER R0

TEKE R 18 C~19CHKAM T, MR MIEA L
BRHEAE 4 iR o W4T 4K R (2.10+0.04) mm
(n=10), KB, SHARPERAEINERE D, LA
SO AR, AT 2 AN EDEIRSE, R
R, WEELNAE, KREALSFaeKE 12,
Bk ATE , AL T IR B S5, A7 skER . AR
WA BRI G, SR, BT IR T,
CURUITT T g B LR A (] 4.1); A ye e K E b, i
VKAE S, I ElE, Tt SERMNSL. 3 H
WA BRI, BP BT R BR S IRER AT R0 R
MAEIE K, RFHAEAEREARAE, DEIFE,
RN, AR, I NEEEERY, H I, THAIE
AR, ALTTFE (B 4.2); AFadr s b Bk iEiz g,
HAESER S, 4 HRraoE®samsk, m
BRakgeml, B RmBus, 8. ok,
AR AR K, Wi 5 R (181 4.3) A7 f iz dhRE T 35

1 mm

4 YLER ROBRER T 00 25 % B IR

Fig.4 Effects of starvation on morphological development of 4. schlegelii larvae

L RIWEATA0; 2~3 4030k 3. 4 HibAF M 4~6 S3 B X HRAL 6. 8. 9 AT 7~9 435U 6. 8. 9 ATl
1: Newly hatched larvae; 2 and 3 are 3 and 4 days post hatching larvae respectively; 4, 5 and 6 are control group larvae of 6, 8,
and 9 days post hatching respectively; 7, 8, and 9 are starved group larvae of 6, 8, and 9 days post hatching respectively

SROBREE X A AU AT fE 4 H RIS IE S
FE M RFOETT 46 BRACR 22 5, X B LA 42 i s e it
— AR, RTINS i st oy

G YU A KR 2%, iFshae S48 55, b oh A
PO NVREL, 29 50% BB RIS . £ 6 HiR, {1
ER e 4, HEASMEYEE FEH B, eI, X BRZH
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fréam BEAERE, Hlk, ey, i, K
AL, EEAR K, ATIE, AR L
(Kl 4.4); DUk BB A% 55, KMzt (& 4.7),
frea K, Sk s Db sE s, ALk TR L E
HF KK LE, JFEFMENFKE, 2505 VR
FER TUE, NS, S5, s M9 H
WX ALt ey ik — 2P s, 8RR, WAE
TRAERG, B TEESE, BhiEshE, B
BEGE AR 58, RBIRE R IEAR, K AE g &
(K1 4.5, &l 4.6); YUBRALFF o SR B0 A B 22450
LK B, TagRsE, BRI, MiEZEg, ForAT
fmAEMESH, BhNEABRZHE 4.8, E 4.9),
frealEREs UL, TG shAE 1125, RHERES.

3 iTig
31 (FEMREERE

0 A7 AT B B 3] A 57 56 3 1) SR B R
ZHT— L TTIR A H IR B B o A (a7 A0 T )
) SR A SR AR R . SIS (Plectropomus
leopardus)ff 8 7E2.5 H T L HE &, 3 H IR N IR MEE 57
FERR, IREEFRWMNO0.5 d BEILAF, 2017); R
VRS (Salma salar)fFAIEAL H BT D&, 71 H RGP
AW, IRAEFRINEKIE30 d (Hansen et al,
1985); X BARHEMTRONE R/ IR L TR K
) T 2 AT A5 AT O o PR A £ B9 (R R
4(0.1997+0.0176) mm’® (n=10), J@ T/ 5P &A%,
FFA AL I B o S I AU, 2R 1R B AR R AR
70%, ZE3 HEIT 11 BF 24 (R R 19 1.6%, 6 H
BRI SRR, (N&D T3 dREERY, 1A
WA 2T Ji B () PN 38 e e R AR 4 R AT 3
fo ik B PEYLK (Progressive starvation), ARG S
FEHHBRAFAE RN ] 22 740, 1032 B & B /K IR S5 R4 [+
BRI, AIRAKT 18 CHY, #fh(Engraulis japonicus) 2~
SHIBFEITRIE, 6 HIRENEIH K, IRGE R~
4d; M/KIRTHFI23.0C~24.8°CI}, fFta2 HIETFIT,
SHIERONEELR, IREEFRMMNL d, BE%E T72~34d,
AR, KRR, A7 R A R RO O Bt A,
2004) . A T I8/INAK I DI B R U S0 3R AT P R XA
IR A E IR IR R R 22 5T 2, PR I A
(2008)F i1, AT TF 114 £ 3] B 0 48 1 AR 56 HE I [)
Sl Ja B O B A a] A8 He RO A AR, B
i L 358 7% L b B AN [R] £ AT 003 63 5 0 A A X
ARBL, ZFH RS, Ul DRk, A5
ZOVRRRE , B 28 mIOR K<, fFAR R PR

IR R AZ DUk AU A s o BB KR Z | T4
2FPEAL . B (Pagrosomus major){fa2 H #$ I 1T,
4~5 H 5 B9 v B8 T 2% (05 e 55, 1998); 4 ki (Sparus
aurata)ff-£03 HISFF 1, 5 H % P 2 975 2k (Yafera ef al,
1993); i (Rhabdosargus sarba) (J8 7 #1155, 1990)
T W (Dentex tumifrons)(JE % 424, 2004)F11E 2 i
& (Plectorhinchus cinctus) (¥t R85, 2003)fFmAf 2
TEFF Y RN R A, thRim<1, A5,
TR AT AR A R L% h0.33<1, LIS
T AZ YU UM, AT 0 T B AR B B B R R S
e IR E SR, Ik, 7ESEPRA =, N A A
PEAL, e G AT- A AL T IUHRIRAS T 38 AL 2 401 .

32 FaEYXRIBEREZE PNR

3 H AT F ) O B8 B 238 1Y e AT R e o B B R A
ST [1] A R S T A R ) o AR IR A B AR
AR, AR fZEA o A FD B PHRRZEAL. A AT
10 QN4 ) (Carassius auratus red variety) (FRPHESE,
2015). {68 (Lateolabrax maculatus) (EHEW5E, 2017)
5, JFIRET R AL, SRR E T, PR
TFE; B R UnE RS fi(Acrossocheilius hemispinus)
(ZEIES, 2015), KHffk(Leptobotia elongata) (B4R
A, 2015)% , JHIGM BT B B AL, SR A F
F, A e (A PR HE — BB RS AR R, AR
B BT e DG B RURT R A, S ERE ) R,
MRk E RS 02K WK EE T DL RS E &
BIFFEEREA L, [FET, a8 Rk R LKA
BRI, RPERE T A Bm2E, DRE/N,
WUk Be 1 — M, 1 3 HIRIF ORI BB R AR
30%, 5 HEHIUEE R IA 5 (90%), ZJm s T
B, 7 HIRFIR IR E R R 45%, 8 HIRUHN 15%,
FF T T R e (AR, R =

PNR ZEPEM YU ) 0 B 25tz —,
ik PNR [WYHFAEG , A7t sz ULk v e 07 dkas ,
Z B (VAR 2012)  BRBRER PNR K AETE 7 Hl,
5 BE9% (Siniperca scherzeri)( % 7G, 2015). # 2 fil
(Sebastiscus marmoratus)(If 55, 2014060, i 5%
g i) PNR HBELE 19~20 HiIR(GEHZ S,
2018) . 44323 (Huso huso LinnaeusQ X Acipenser baeri
Brandt 3)N 25~26 Hi#&(Song et al, 2004), $7% 11
(Hucho taimen)’y 39~40 H (3K K R 55, 2009), Bk,
FRBER PNR RABCR., (a2 YL R 155
TEXT AR Z ST B, A7 dkik PNR A A
A IR B T v T A0 R R R, KRB R, A G
P, IR S FRIHFE AR, N S BOOMEMEE SR B
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BERUIRAT, BA4EIRJE PNR I [H] 45 B (Bisbal ef al,
1995; 2255 F4 2005; M 24, 2009), N T 1E LA
AFf2E PNR B EAEINEHARRE, E5EK, A
FHTEMSE PNR BFRHA RO IR (Sum of effective
temperature) IS, A IS E0T DU & b LA
[F 2 Uk Be 1, HAtA AT RN L
ISR H7K IR (C)XPNR B fal(d) (Dou et al, 2002)., 24X
FhZEAT-f1 PNR A RUBURNE FEIA 100~250°C -d (WA S,
2007), AWFFEH, BEEE PNR AR N 129.5°C d,
IAERE U RINLE . BB A PNR 4 2 HAE K
Ak AR R B A X AR PR B B R M SR

33 YT aEEENILEH

i A AE T AZ UM R, R T $ AT AN
BRJLE, EHAK  EEHIEE S HH— R0
TN RN . PR A KNS LS Farris (1959)% 1
S A KRG 3 AN AR AT - AT WAL S 1Y
PR 7 30 A K T, T 1 2 A Y 4 i ok
SE, 6 HibZ 5t BTt &AM SR AR
AR, DIUAR LI M 0 A K RN R A B 2
2 AR S S BOR B 3 (P<0.05), B A
AR SHEBRERVIME, FEARVFIE S, YUk R
B8 P R R LA T R T 1 T OE o R X HR A
Jir DR Lk B JE 2% A 10 %o P VB 2 R A R A R L
Ik R YR A O A TS I TR, 1R A R L =TT
R, X2 008 B AT A K i —Fh 3 AR HL
i, ATRAZEAR R A RSB, 4R AT A A S R
BEE DU, A7k TAE0G , 541808 B oAt
Fe, FEEVEES, BAWIE, £ A BEREEREA L
mF, Kt ez 2, A A B, X
HH RGN AR KR T WA AR TE S FERR , 1SR
FEEHL S ) —Fh AL A SR G (T g 4, 2017).

DU A7 £0 5 30 (R 52 i B B2 R AR TR S AT
D51 o SRR LR AL £ PR B A, IR Sk
TEIE . B HED N . ARBRIE | i S S — RS
B YUV IT BT S 410 . 28 ASRIRE T, SRR
TP T PR | SR SRR 5, TR T A
TR I PE . AAFST v, SRR A A0 S5 LR A ) 52
A, fFaIF e REERE, YUk dRIA 1258
YOS, 3 AR ANEEERT N, YUK
FRE AV S M B R, XS e (B E L
45 02017). BESR(ERIT, 2015). 7% (kK R 4%,
2009) % A G A IS G . R SRR
BIREZ AR E AR, RO R 2 A4 A 25 5
BT SR AT I 2 LA Z R AR 4, 1L

AT R Tl A A1 B 55 75 - 3 Wy 1 A i A v
B R RACEN (RIS, 2016) MBI A E T
JEAF e ASMEIEE IR B Ber B 2R, XoF IR 21 R
8 7 £ 0T 11 = 32 0T B 183 502 sl 0 s AN R
I5, YU PR N /DBy, A 0 AE IR B R
R BUERA L IF PUAL AT, BEE DU ] A HE I
i hid L drite , EEF L, JET. EYUAY R
&, AT R 3l 4 75 3Ok 5 i [R] £ H  AH 3 0
R, XKL T AT TR B AR BRI A 5 (BRI AR
THEZRRER, I TAFEAIET: . HIE, 7EA ™52
Berb, XTI AZ DUREE S B AR, AR AT R A
SRR TR 2 i SR DR, (A R B 5
FIEE SRR, IR G LR (TR, 2015)
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Experimental Starvation of Acanthopagrus schlegelii Larvae, and
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Abstract The potential effects of starvation on the growth, feeding, and survival of Acanthopagrus
schlegelii larvae were investigated at a water temperature of 18°C~19°C by using ecological experimental
methods. Along with the detection of the initial feeding rate and the point of no return (PNR), the
optimum initial feeding time of the larvae were also ascertained. The results showed that larvae started
feeding on the third day post hatching (dph), and the yolk sac and the oil globule disappeared at 4 DPH
and 6 dph, respectively, which suggested that the duration of the mixotrophic stage was about 3 days and
larvae were vulnerable to starvation. When the fish opened their mouths, the initial feeding rate was only
30%, which then rapidly increased to the highest level of 90% at 5 dph, after which it gradually declined
to 45% at 7 dph, which denoted the PNR. Significant variation was found between the starved and control
groups after 6 dph (P<0.05). Reduced mobility, distorted or deformed bodies, and increased mortality
were observed in the starved larvae after the PNR. All the starved larvae died before 10 DPH. In brief, our
study suggested that A. schlegelii larvae were vulnerable to starvation and the optimum initial feeding
time of the larvae was within 4 days after their mouths opened.
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