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Abstract

Using response surface methodology and central composite design, we examined the relationships
among density (D), light intensity (L), photoperiod (P) and hatching rate of artemia resting eggs.
The results showed that the linear effect of density had significant effect on hatchability (P < 0.05),
and the quadratic effect of density was very significant (P < 0.01). With the increase of density, the
hatching rate decreased after an initial increase. The linear and quadratic effects of light intensity
were not significant (P > 0.05). The linear effect of photoperiod was very significant (P < 0.01); the
quadratic effect of photoperiod had significant on hatch (P < 0.05). The longer the photoperiod,
the higher the hatching rate. No significant intensity interactive effect was found between density
and light intensity on hatchability (P > 0.05), and the interaction between light intensity and pho-
toperiod was very significant (P < 0.01); light intensity and photoperiod had no significant inte-
raction on the hatching rate. The quadratic multiple regression equation of hatching rate towards
density, light intensity and photoperiod had high goodness of fit, and could be used to predict; the
optimum condition for hatch was the combination of density 1.12 g-L-1, light intensity 1598 lux
and photoperiod 23L:01D, under which the hatchability reached 96.56% with the reliability
peaked to 91.35%.
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X HARERIV B R Z MR R . RIERRY, BEH— RPN o B 23 (P < 0.05). =k
BN AL KIS AR B35 (P < 0.01), BEEFERBEM, MR ESR LG FTREIEE . RREEN—K
B IR AEZE (P> 0.05), LA —RBB ALK R EZE (P < 0.01). k¥
MR IR B3 (P < 0.05), LAMBK, BAREEE. FESHEEEERILZEIER (P> 0.05), &
ESXREAHME RN EERAREE (P <0.01), XRBEESHRBAMRLLEIER. BE. LA
B CRAEN RN RS mEE RN EREER, THRRW, BRERMAGHEGAEEL12
g'L-1, JLIRIREERN1598 lux. JLIE AR N23L:01D, FELET]£96.56%, T HEMX91.35%.
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1. 518

X H(Brine shrimp){&FrFFH, XHREKER, 2K EETEHH . SKFEFRE X HE(Artemia),
F& TP EL R 7K S IR A SR = (R S B SR R

KT LA AT AR I B 1775 4, AR K SRR FT, TR 20 tHAD 30 SEAXITAG . Seale
Al Rollefsen F 1933 450 J5 4 o1 HUVE SR AT 10 RN 8% & 0.7 OAERLIS SRS T Th, B st B A/K = 3)
VIR B B A2 AT . R SR pH A S0 T HUOR R RS 2 (1 R e O A R[] [2] [3] [4]-
B FEAG IR A pg AR BEIE IS IR A AR AT, ok AR SR [S]AN B RAESR [6] 73 R TR O
JELHXT o EREE TR ) e, DA R BECE SR [T T T B b B AR A R o ' R R A DAt it ERUE AN 5 i)
M—AEEYFE T, ENACHEIRIE, @ Linden 55815 B G X7 ALA B S RIBAE s FR5REF[9]%) B2
I o ORI RIE T, DGR AL FR A R, B R AL ) [ 2E s Asil ZE[1018F 5T 1 ' HE i BEX i
HEA . RSB AN [E] SRR e HON R B ESRANRI[11]; A R S [1207) B e B T A S
TR FEE 6T it R B SR 2 PRI B 8, i 1 R R R ) — IR RRURE « R USSR R A 28 350 i Y 3 ) s
B B T B kA ZE[13 R IE A SR A BLIR T . 2R JEIEER A pH X s Ak X5 1 55
EWRC, R AR RIEER RIS AR . BT 6 R R B2 5 0 IR ST o H e A 22 1 52 1) 1 R
WARIE, B ARSI X =N, A e R A 0 B AR IR W TH(CCD) 5 225X = AN A1 0 g4k
FIPFEM, W FUEE ST O e A FR AR IHE I S B K
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2. MRSE
2.1. #H

TRIG FTH o SR A R, 280 8% 1 HO AT HIOME £ B 1) <7 . (Artemia parthenogentica) . i@ H i
JEER N 26°C~28°C; #hE VB I A 10%0~35%0; pH {H L 7.8~8.5; 24 /N LLF U

2.2. RFIHEE

2.2.1. WL EAECH]
FHRERRECE H 3 (2 EE 58 NaCl), 737 B 1254 1000 ml 23 52 24 h J5 19 B KK B,
A FH R A SR & 20%0, T BRER AN FIBR IR S 4N Y pH & 8.5,

2.2.2. ERBHIECH

% Sorgeloos [14](1) 7 BCHI 2272k, BIGREEOR TS 13 ml (L5583, DA A& &N 10%(1) NaClIO (1]
&, 10 7850 10% NaClO 50 ml. 37K 80 ml. NaOH 1.3 g, M4 S56 i F i dh OF A J3R & 154 1 e
5 NaClO. NaOH. ¥%/KM&.

2.3. L

FREL0.1g. 1.059. 2.0g FIpqH68 4 3+ 9 4 4, 43 BRI 1000 ml IR mrH, IIANBR SR E K
7K 500 ml, FAUIRIR AT 1 RORAF LAEE, A 2h.

IR 2 h J5 B3 o ER O RE 43 1 P AL B 1000 mi BeAf R, JFaE 45 4 1000 mi, R0 1
THIR G HR B 5 0 TN N AU B TR A Ak, b o F v — B R AR 8 AU g Bl BN RIR .
i N AR RS 72 A (MGC-800HP, _F-ifg—E) U 1 B3 A0 B2 , 7 A0 1) il FE A 47 28°C 7 A s BRFEDN 20%o;
pH 79 8.0 + 0.03. 50T ik B 16 RS B IE i KT AN D SAT & 5K A PR B ok, I RS U
(ARB13A, AIGAF)RIME, HHE @ N TR (MGC-800HP, Lifg—1H)E .

24, REEITEER

TR AT I B O RS B Rl R A ) R DR AR, R SR I T R I R L R
SR RITE . R0 SR A o0 ARG T (CCD), W RSAE AR, BT NEE0.1 g~2.0 g). el
5% F (1000~3000 lux). Y& & #3(00L:24D~24L:00D); X3 F & FHCh 8, ST Eh 6, 0 74Uk 3,
BSEON, b 17 AR5 . AR E RS I 3 K. B, SRR SR E ) 3 ANE TR
W58 R IAE 1.

2.5. BUENESHE

A R R0 2 422 1R LR I AR R K 2% ALR.C. (Artemia Reference Center) /732:[15], W4k 24 /Nt 2 )5,
TR FE AR PR 3 ANRE S, BEMRESE TR K21 100 AN TSR FI AR AL 6 i d o, Kb Rt uE R B
Pedt b, EAREME T AR, TR P No KRR AL R B 500 mil (O BER R,
WL 1) 23 7R N AR R 2558 10 min, B2 pd O RO, THECR AL I i R, TSP C.

WL (HI): HYb =100
C+N

2.6. BIEALIE
J32 ] Statistica 10.0 Fffxf SEIG KR AT AL B . 00T, UL ORISR, SCIRE N AR, ik

O



Table 1. Experimental design and results
= 1 R RER

HE SzRRE Actual value
- gL AR ux I8 80 %&ﬁﬁﬁﬁ
Density Light intensity Photoperiod
1 1.05 2000 15 93%
2 1.05 3000 24 90%
3 1.05 2000 15 96%
4 0.1 2000 24 85%
5 1.05 2000 15 96%
6 2.0 1000 15 79%
7 1.05 2000 15 91%
8 1.05 1000 6 83%
9 1.05 3000 6 86%
10 1.05 2000 15 92%
11 1.05 1000 24 96%
12 0.1 3000 15 88%
13 0.1 2000 6 82%
14 2.0 2000 24 90%
15 2.0 2000 6 67%
16 0.1 1000 15 81%
17 2.0 3000 15 79%

KON, H L =R R X T s R e m 5, R d AR T, 15 e
RTHEG. REKFRENP<0.05,

3. R
3.1. B 5y 5EE vt o kAR R L R eV SN

o T VA ) 5 0l R R PR T i kB A A S P L TP (] 1) PR 1 AT, AR
RESRIEE T, LI BR BT T o B AL RS AN SB35 o 5 O T o SRR A PO 20 S T L e v s PR A 5
BARRIN, 01~1.05gL I, BEHZZNMAK, (RIRIIFHLE 2T, B2 AT 1.05 gL HHFHL
RETEEY, HESCMBENSESLEAMETE, RPN LT ENAR.

3.2. BE SR AR R IKERIPFL R

B 2 w5, OGREE 5 g B rg A R R IEARSE, BRI ARG, R W AR
SO SO e e PR S, 76 1.05 gL IIMME, WE KT 1.05 gL IR ITE PR %
JE 5 6 A i A e A T AR, I A S8 ELAE X i EREAL 2 A R A 8. 25 (P < 0.01).

3.3. R E 5 A AR B R KRR BRSFL a0 =2 M
H I 3 mr %, JERESEEEZE 1000 lux~3000 lux YEREI Y, BEZEMGR RSN, MR WE A e, J6
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iz H Statistica 10.0 A% i AL Ze 25 AT IR BNAHLA, SRR SRR AT AL, T7 ZE i s
R 2. 4158 3 7w, B4 P = 0.0004 < 0.01, FR7 i 37 1y [l Y= 458 AU Bl G I8 25 5 SR AUL 5T P = 0.4248 > 0.05,
TG IBIE R MR IR 56 R R A — 808 P 4351 0.0124. 0.5939 5 0.0003, #7R
B P I — VOB R A 2R IR 52 0 S5 25 (P < 0.05), G BB 1) — 20 SR % o R PR HIRG B 4D 7 A 238 52 T AN S35
e R ST o U R (S A (P < 0.01). . JRIREEE SRR E I RN P 58 P <
0.0001. 0.1297 55 0.0425, 7R FE 1) IR USRI B AL 22 (1 s ma il 2 2 (P < 0.01), SGREBRAELR) —Ik
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Figure 1. Response surface for the combined effects of density and light intensity on the
hatching rate of artemia resting eggs
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Figure 2. Response surface for the combined effects of density and photoperiod on the
hatching rate of artemia resting eggs
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Figure 3. Response surface for the combined effects of light intensity and photoperiod on the
hatching rate of artemia resting eggs
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Table 2. ANOVA for hatching rate of artemia resting eggs
7 2. )MAKRERINFILRARBI S E

5 53 U5 EJ A E ¥175 F P
Source of variation Sum of squares df Mean square
BAL model 0.093 9 0.01 19.77 0.0004
7 residual 3.66x10°7° 7 522 %10
JAUTH lack of fit 1.71x10°° 3 5.70x10™* 1.17 0.4248
4lii5% % pure error 1.95x10°° 4 487 x10™*
R?=0.9621 Adj. R* = 0.9135

Table 3. The significance test of the regression equation for the hatching rate of artemia resting eggs

3. [ HRIREROPIF (L RR AR HFIEH B E QL

e Bl H R ¥ PR 95%E 5 LM 95%E 5 T
Intercept  Estimate of coefficients ~ Standard error ~ 95% Upper limit of confidence 95% Lower limit of confidence i

D —0.027 0.00808 —0.007869 —0.046 0.0124
L 0.004513 0.00808 0.024 —0.015 0.5939
P 0.054 0.00808 0.073 0.035 0.0003

DxL —0.019 0.011 0.007846 —0.046 0.1372

DxP 0.054 0.011 0.081 0.027 0.0022

LxP —0.025 0.011 0.002221 —0.052 0.0666
D? —0.098 0.011 —0.072 —0.12 <0.0001
L2 —0.019 0.011 0.007216 —0.045 0.1297
p? —0.028 0.011 —0.001234 —0.054 0.0425

e 4 3 PR TR BCAS HAl T LA g g
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RSN B R O (R AL e S AN ., SRR A ) RN B (P < 0.05). B SRR BE 5L
JE . R 56 8 R I RS ELAE T P 43051008 0.1372. 0.0022. 0.0666, & B4 B 5 e ) 31 18] 1) 42
TERA ZZEEH (P <0.01).

WL OGREBREE . GRS AR Ik Z oo R A R EUTTE N

H = 0.56808 + 0.14632 D + 1.44 x 10" L + 0.015085 P — 2.02 x 10°D x L + 6.31 x 10°D x P — 2.76 x
10°L xP—0.10902 D*-1.91 x 10 81L2— 3.4 x 10*P?

ZAFEH R E R EL R® = 0.9621, Ut Wiz AR A FEE AT, DR Lk ] AR FH 2455 20 o it R BIR B ZE A
IR . R 5 6 IR 325 1F R k47 7 . 385 Statistica 10.0 2SS 7Y 1 43 BT 45 31 5 ) S 36
SAFALA NEE 1.12 gL JBIESRSE 1598 lux. YEIE I 23L:01D, LR n]ik 96.56%, nJFElkik
91.35%. 1% AJ SEE T 7 E W ICHR[16]

4, it
4.1, BET RIS

WRE L GBS R IAME ot SRR AR, BRI ) B, AR A
[Fi 1t 75 ) o bSO S A P B e R B % ' R 3O 0 SR AR ) [12], [RIEAR ) 0 5 5 B IR 50k R
JEL B e R AR 3R 7 AR R R A BT 25 S o SRR A AR, B RE I — VRS e AL R R R 3 (P <
0.05), 8% J&£ I — VRO X i ELPRHE B AR B A B i A% 852 35 (P < 0.01) 0 Ak 5 Bt 35 5 1 F 089 I S B ks 28 T v
JERERIES, 78 1.05 gL i, MR R, BTEIKT 1.05 gLt B AL SR B K. BN
[171% 8L, *F Artemia salina i) 5 FRZE B K AR 78 S8 46 I, 0.01 gLt IS4k 35 5, 1 HRBR
WEAL R R, 153 73.43%:; MERKSME N, )R H 2 gL R R B 12 g LT LR AR A R R
ARSI (45 RS R, AR I — 45 SR 0 R AT R o L R AR R R B A 25 RO T, X T
SR FH [ N TR T8 SR 2 AR 0 Ak o R AR K S5 1 R Ak, T AR ST R R AR TR oK i %14
AL b HUARAR B .

4.2. FFRSEE T LA R

TE S0 A B IR IR R B O R P, IR 1) — IRBRORE S IR RIS o R PRI B 1D 7 A 26 1) TG Y 3
520 . {H /2 Sorgeloos %5 [18] 55— Ok Hnt gt B AL fl R LA AR TR 3R B, IR 5 70 D6 IR 110 i R4 L 3 1
BT AR B S, GRS i d R 3% Shima ZE[10] R G IR SR X Artemia urmiana i ) g
HUE A A 535 152 LR 2000 lux B SREAGR E 4 bhfmrs S AR SR [191A A BE R B 4E R77E 2000 lux
BV RE IR B B AP I R0 s 5 PR AR SR [ IA A T R il 2R 1) 1 R AT (14 0 R B ot A ) S PR A
A 2518 o R O AL B /N IS B AT G IR 1 /e, e REEREE A 2000 lux B, AT CAAS B HAF 1Ak
R, ByRgs FEARR WL IR EAE 2000 lux B pd B IFAGER L, IX 5 Paul S5 [20]55 50 45 SR AN, Paul
SV AN TR 7= b PR et ERORT ' HE B FBE 114 e 7 P2 AN [ T 1) — s 2 1 i ko s R P SR S A [ o 17 K
S [T 9 2 I e 5 JEE 56k o ERU AL B TE S I (HL S M AL TR D, X — 25 SR S AGRIG AR, (H Tk 58 55K B
B BT ot U R, Paul 55 BT o H PR 7 bt 5 AR SR B0 AN ]

4.3. SR T & LRI RN

SKIGSERR], JelE S s AL R 2 IEAR S, BIBDGI A, b Aiblim . SEIR KOy 24
iy, St By, HOGIER I — RS0 o FR AL R A L Ml 5 2 (P < 0.01), —IRAUNLX THEAL
FWIFN R (P < 0.05). TSR0 TCRY], s ARG, JelA R T 5 R IR A& F AN
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A H o OGRS TRl , b R ek sy
Shima %5 [10]#/ 7t 3% BH Artemia urmiana i 2 [ <1 L 7E 02L: 22D A1 121 12D % B AL 803 5
KSR E] R AN [ 5 7 1 O A 85 R L I e R R M R R B SRS [ [12]

4.4. BE. XRBEEEAMOZEER

SIS EE R, WS IBRAL R . SRR SOG MR R R A BAE AN B, TR R D R R
FEEXoF i FRBRE AR S A RO AN S0 3 o R 55 ol R 30 ) 5 B A P R

RIS K B O Z AT, B/ IR RN I e B ENE B R T AR R AR ik, BA T
TR EET ARG B AT G RIS R SR AR [16] 0 AR SERRAE = LA R AR P 0 L Ak
ITRAL, DLMCRBEAR A = AR BB AR @ — P m =i g, RERENNE, FER T
JZ IR [22] [23] [24]. 5256 R A e 7 i TR AN AT B0 B 10 2% B L OGRS R IR A IRALE, IF B
HE ST T R AT RN SRR R A A AT T IR i A T A A SR I, A5 S bR iR AL R
N 96.43%.

FESERR N LI RE A, g UL — N R R R R 2 B Z AR R e, Wik . REE.
T4 pH S, T HAS A& R TR AL SR A S A AN . ARSEES BT A b A R T I A E L, B
= ANG, BRI TR O R B R IR B g U AR s, BT UG £ S SR AR AR

E&mE
VL7348 e S R = AR I H (Y2014-30), VLI KA Q0% eI Zkit- 2w H (40WHO000) .
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