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MHE, SEREER C6iE). Ot IR B R IR
WA, BeE kR KA A A4
KaRFEM, fem Q™. draafb " B
TN BN AT, KRR B R S
H SR B R A G 2R AR b (B A7 A B AR G, 7
AL A R 5 ACHE RS B2 A DR B 40 14 i
TR, TR T AR Y T B R R A ] e ¢
S R S (Sepia pharaonis) IRJIGRALR | 1
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HOG R RRAE R A, kA SR KB, 6k
FG T 3 X675 90 2 (Stichopus japonicus) #1A A= K
KEHA BEN, J5R 9 umol/(m®-s), JEEM 14L -
10D B 52 M H AR 3R, S5 0.9 pmol/(m*s),
JEJE M 101 ¢ 14D AbPRAH AR A R a4 R I 2
PN R . Gao A5 & 0 HE 4% ' X 45 4
£ 6f] (Haliotis discus hannai) W7 A6 38 148 25 2 5
(P<0.05), FFifiRWim, ARSMtEA, JFREE JGIR
P3G NI REAR, B 203G, BB R A
AN, ARARSRER , FOGEMAET, 4ih
A K B AR T HAL A 2H (P<0.05), Mallet 55 4%
175 55 UL (Argopecten irradians) #=F51E 4 FpA[EDEG
T, RBOGRE T 8 h 5, JLig
16 h Kb FRA L1 A e R AT, DR RAE I
TSR IG T . HAET, KTRHEFXTr
BEAR KU A 36 SR A AR X B2, B ZR P BB
BEAR IR &) HUFE ' IR B K T 55 pmol/(m’-s) B,
TE 4% 4 HOUTIR %6 K F 60%, 8% FR 38 5 2 180
pmol/(m*s) 551 T, A4 MR AR RS, Hb
MRS E W S S 4 R B T A, AR BT R B
BEAR IR FE IR Y B AE O FEOE AT, fee
KR, AR AR A

ARSI R AT R A BTk i s AR DR T . R
5 JBE N SR I 7K P-4 6 6 7 BE AR KRR IR & & 1)
SR AN, 3 5T R R TR R KR R i
B RGN, S H AR A 7 f 2
RlFERL

1 M THE

1.1 XEHRN5RE

S BT 25 8208 T BE AR XUBZEr i R I 28
1 57(GS-01-008-2018), H: ALK A (45.5£1.0) mm,
SIS R R A 2 TN 55 R BRI A PR WD AR
7= ) LED 4] H (%15 5y OUGE-YZXTY-18, %isE
HIE 24 V), SEERARMACHEA 20 508 /M (0.5 mx
0.5mx0.5 m) FRREAAEIIBIEET (5.0mx1.0mx0.5m)
(Bl 1) 250 T 1 AR A BTG /3 eAm S
GRS AR | DR HECERHE | TRMLAE . ML, 1Y
AHL, RAEERA . E BB,
1.2 SRR R IRME

AR TR, HOLE P 4 Fot
JRMEAIE 620 nm . £ 565 nm ., #)'E 450 nm
1 460 nm. RIS [ E N 0 pmol/(m’s)], J& R
50 B Ay 2~32 pmol/(m’-s), JGRERS[E] (L : D=Y¢GHR -
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Fig. 1 Screenshot of multi-grid experimental box

M) 4%k 6L ¢ 18D, 12L : 12D, 18L : 6D Al
24L : 0D, Szuhdbit 8041, FifGILE A 2k, H
AP TP BRAE T V5 N AE B AE N34 A LED 4T,
ST 50T Z R I BR B B 2, AE St # v,
REARE TR A, IR BT LED AT
FEAEARIR L5, SRASHGER G TTAT 5ok ik Z
(i) P 8 ke s TG IR

BRI BEAR RIE R I8 BEREG T4, AMARTC
P . JORE . BEMOHEMEANAR 100 K, HEPEAS A
100 H, MERES AR 2548 B 3E (P>0.05), SE5T
b IR A AR (25+2) °C, R ATREK
AnfEHITE 29.34~31.47, %fif*E 6.64~7.15, pH 7.78~
7.89, TERTHIFRGH L FE T, BEEROKGEFLAG . A2
e o Xt SRR TR 2, FEREH 17:00~18:00 H[H]
WE, HEENEBAER 5%~10%, FHER
WERAR I, JFHOKIEE . BEEN 1w, IEH
5x107° G PR B X I IR E AT I B o 2 WRAE 1K [ 3
758, B H )G, o ongE ., FE0 32 2 7E
WG, 256 #oKeHET K, A IR
WET 60 HUAERE, HT ¥ ifKuE LU 7/ T o
HE, RIGH 5x10° SRR ISR EE 30s, T
K ERER 1 min JE R

TR e REALA I 3 A4, FE U T g
A LI AR 5 32 4 D9 B T3 52 A 2R D R
Bg . HOR, BT B RREAE (FLAR
0.3 cm), FAPACEHZE TR Lk, RIERS
L ISAR IR AR B A, AR TR A TR,
JEE AR 5 MR AR — B, F IR 1 R B
SeHF 5, R EER 10 4002 T (L AE
F¥e AU, b e RS B AR AT T . ST
WE, BRI L TIEN, M5 1 Hgh
MG, BERCRFEG T4 M 4 s, Rpghi 4
TR IR IE T4 b FRg AR ASONHEIR S
AR B HHEIR G T A AR
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F1 ARMAHARIBHZHEER, FCRMESRE MY
Tab.1 Effect of light factory to FR. HR and MR of B. areolata

g SRR FE/[umol/(ms)] S i/ R R HR MR
no. light intensity photoperiod light quality CTEMELAFAER)%  mean & SD
1 8 24 B 32.11£1.61 25.15+0.76 24.82+2.54
2 4 12 G 66.62+4.46 65.34+4.91 66.12+3.38
3 32 24 G 59.81+3.33 60.33+3.17 63.51+2.29
4 16 24 B 20.62+1.62 19.64+1.01 20.5240.93
5 8 18 R 72.34+5.29 76.90+4.44 75.01+3.85
6 8 12 R 74.32+6.32 78.81+6.69 77.43+3.85
7 8 24 W 39.5242.21 40.11+1.54 38.41+2.36
8 4 6 w 77.41+4.48 70.22+3.96 61.63+5.89
9 2 12 W 76.54+6.02 77.90+4.41 70.68+3.38
10 2 12 R 67.36+3.65 55.24+2.28 52.79+2.96
11 4 24 W 40.48+1.95 44.38+4.92 46.77+3.31
12 2 18 R 67.41£5.78 61.2243.39 59.90+2.28
13 8 18 B 40.19+1.16 37.9242.95 30.63+3.44
14 16 6 B 32.48+3.59 29.74+5.42 29.78+3.47
15 8 6 R 78.53+6.02 76.56+4.59 76.59+7.13
16 16 24 G 70.59+6.13 65.62+4.15 66.81+4.30
17 16 18 G 73.90+2.86 77.11£5.53 84.33+5.29
18 32 12 w 55.28+2.29 60.25+6.68 61.24+2.94
19 8 6 W 70.34+4.21 65.43+3.33 62.65+5.53
20 2 18 w 74.09+3.67 69.36+4.96 66.12+7.73
21 8 18 G 78.91+6.68 82.58+5.32 83.90+5.15
22 32 6 w 58.93+3.27 63.82+4.78 60.13+4.20
23 16 12 G 89.84+6.66 90.3446.53 91.49+6.59
24 32 18 R 49.5245.58 57.29+6.06 49.334+7.71
25 4 24 B 40.48+5.86 32.46+4.38 30.62+3.49
26 4 18 G 78.88+6.51 80.23+9.03 75.74+8.86
27 2 18 G 70.27+6.64 78.12+3.39 70.58+7.13
28 32 12 G 77.90+5.14 83.64+6.71 79.09+5.55
29 32 6 B 22.58+1.24 20.66+0.88 19.82+3.49
30 4 24 R 62.43+4.49 70.70+3.38 69.91+1.63
31 2 24 B 40.27+7.73 38.88+3.81 35.6+2.29
32 8 12 w 77.28+5.25 80.63+6.91 89.32+4.48
33 32 18 B 20.31+5.94 19.51+1.30 15.79+3.36
34 8 24 R 69.03+£2.26 70.50+7.98 67.7+6.11
35 2 24 G 72.51+7.78 77.02+4.58 73.63+5.53
36 4 18 R 76.78+5.22 79.12+4.49 72.64+3.31
37 16 18 W 79.89+9.94 82.82+3.37 80.51+8.82
38 16 12 R 76.23+£5.43 78.24+3.31 75.74+4.42
39 16 24 R 76.61+6.06 78.08+7.10 79.17+5.55
40 8 12 B 30.57+6.14 32.1145.17 29.66+2.10
R E K7 2: 2 E /) sponsored by China Society of Fisheries https://www.china-fishery.cn
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SR
g BRI/ [umol/(m’s)] AZEIN R R HR MR

no. light intensity photoperiod light quality CEHHELAFHETS)%  mean = SD
41 16 18 B 20.51+3.36 19.58+2.02 17.80+3.83
42 8 6 B 38.53+4.49 40.69+5.39 42.17+5.11
43 32 24 R 40.91+6.72 50.03£3.41 41.33+£6.53
44 4 18 B 30.34+2.24 32.07+5.44 29.88+3.19
45 4 6 B 36.72+7.79 40.79+8.30 39.5348.15
46 4 24 G 60.48+3.36 62.09+2.29 63.81+1.87
47 4 6 G 82.56+6.74 80.33+5.42 79.80+8.82
48 2 24 w 60.39+5.55 49.91+£3.96 50.2245.02
49 4 18 w 85.29+7.72 80.59+5.85 86.26+9.85
50 16 24 w 30.21+4.33 33.27+3.21 39.48+4.53
51 4 12 R 71.23+8.80 68.90+6.92 68.20+5.43
52 16 18 R 82.61+10.02 84.57+6.63 85.63+4.01
53 8 24 G 79.80+9.97 83.52+8.31 84.03+3.25
54 2 6 R 60.46+3.41 49.00+6.27 41.17+£5.33
55 2 12 G 79.88+5.14 80.51+£2.21 81.2443.01
56 32 18 w 40.08+7.14 46.33+6.42 50.654+2.07
57 2 6 B 49.71£5.55 50.26+4.40 43.49+3.39
58 8 6 G 88.23+2.98 83.65+5.45 89.90+3.43
59 32 18 G 67.70+3.38 65.47+2.21 67.5243.94
60 32 12 B 22.34+1.20 20.61+3.26 19.69+4.21
61 16 12 B 25.12+0.93 22.93+4.32 20.61+£2.01
62 2 12 B 40.24+3.32 39.80+4.05 37.46+2.94
63 2 24 R 43.61£5.18 44.22+1.93 39.90+2.22
64 4 12 B 37.60+3.48 38.79+4.19 35.83+3.38
65 8 12 G 80.34+4.47 81.22+6.01 82.2742.97
66 32 12 R 50.40+3.33 49.66+2.88 46.83+3.10
67 4 12 w 70.72+4.32 73.48+4.39 75.54+7.16
68 16 6 G 88.36+3.92 89.81+2.15 90.33+1.13
69 16 12 w 80.53+£2.94 81.84+5.14 83.80+3.39
70 16 6 W 78.89+7.40 80.33+5.52 83.91+3.38
71 4 6 R 63.00+6.06 63.70+6.17 64.88+4.49
72 8 18 w 68.93+5.86 68.38+2.85 71.1743.03
73 32 6 R 60.46+4.74 62.72+5.13 50.83+6.62
74 2 6 G 70.09+4.54 69.48+2.89 68.11+1.95
75 2 18 B 39.75+5.13 38.53+0.84 33.66+2.97
76 2 6 w 70.42+6.66 72.53+4.27 70.06+4.18
77 32 24 w 30.22+3.02 29.63+2.24 24.71+£1.38
78 32 6 G 70.47+5.18 71.58+6.25 77.2843.30
79 32 24 B 18.13+1.95 15.34+2.31 13.69+1.11
80 16 6 R 78.60+2.97 71.77+4.43 68.56+5.04

FE: R4, G806, BV, W.EDE, FROZKESE, HROWHLZEE, MR ESE.

Notes: R. red light, G. green light, B. blue light and W. white light, FR. fertilization rate, HR. hatching rate, MR. metamorphosis rate.
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1.3 BIES

FI H design expert 12.0 %K {4 32E 17 £ 95 43 #7 o
JRABARZE L 10 S R84, e s i B bk
WES, FEPRIRTE A Ik

, N
A5 % (fertilization rate,FR ,%)= N—FO x 100%
TO

N
%4t % (hatching rate,HR ,%)= N—IH x 100%
FO

. N
AF# % (metamorphosis rate, MR ,%):N—JB x 100%
TI

KA, Nypo IRINEEZAE IR (K), Npo FRINFEN B
IR (HD), Ny TR A BB (), Ny TR HEBREL
(R), NpfEEYHE(R).

RN WAT7 %, LD, R E
FOCREWE AAS R, DGR 2, 2R3
BEP L A 1A 25 3R g R 28 ) i 7 b TR AR
PR

Y=0) + Z Bixi + Z 5_1'_1')6_,2 + Z ﬂkkkszr
i j k

Z Bijx i + Z Birx ix + Z Bixx jx + Z Bijkxijk + e
i ik Jk ik

Kb, Bo HEIEIFRREEE, 8. BB — B N
A5 A R Ak, F AR X 3 AR a5 PR (R 3R
. xiy xpFx KRR 2BOEET (0). JGIREREE ()
FOEEW ), x;. x]2 kR xg s xRt
B, O e BE R JE A G 7 B AR KSR AZ G 2 RF
RN S A ) — IR . IR EAER, e
FERZE

A 7 25 s e LA LAY, R e
Z 8 (determination coefficient, R%). 1 1FE &% (Adj-
R?) SR IR (A5 B, (RIS SR ] F 06 ke i
g 2Pk o i g T L RRE O ) A6 e 4k I
KA AT A [R] JBT 25 4T 't e B R0 S JR) HH X6 B
IR INIR IR IIG K B R AN o ARG RIS AR EE R
SESIS SIS PR S PR 51 2 4IETE (20230324),
S I R AR E N B AR RN T AR TR R AR
F, R IR AR R AR B2 5 23 il 1R AR
T BT

2 4R
2.1 fHERESEEMHRE
TEAREDEIR ST, 7 BEZR KU IR G & & ot

& FR, HR fl MR A B 225 (£ 1), 7EL%

R E K7 2: 2 E /) sponsored by China Society of Fisheries

J6 4 F FR. HR Al MR f KAE 2 5 T206 A
G, XTIRIG 2R « Ak R AR 25 5 A g 9 £ i
YER, MBI FRCRE 22, 3 TWifstrin K
R EMCT 540 3 Fiti

ZRGE T BTk g PR AR 5[] S A R 0y AR
(D). @) F Q) Fw, H Yer. Yar Al Yyr HEN
B, I. PF Q4 nlAR KRG SR E [umol/(m*s)].
JERH (h) FDERT
Yrr=1.76 — 0.088 07 — 0.044 5P — 0.028 070 —
0.025 61P+0.004 833/0+0.023 40P — 0.042 07*—
0.040 6P240.007 067IPQ +0.026 31>P—
0.003 43720 + 0.003 8IP2 4 0.031 767P%0+
0.012 57° — 0.040 8P (1)

Yur=1.76 — 0.111 07 — 0.032 9P — 0.034 930 —
0.024 7IP — 0.000 4710 + 0.024 533QP — 0.037 41
0.053 0P2 + 0.007 9IPQ + 0.023 71*P—

0.000 66770 + 0.000 97P2 +0.032 833P20+
0.048 27° — 0.049 4P (2)

Ymr=1.77 — 0.126 11 — 0.045 3P — 0.045 070 —
0.030 1/P — 0.001 27/Q + 0.022 7Q0P — 0.066 6/°-
0.052 7P% +0.011 967IPQ + 0.015 41>P—

0.002 6337*Q — 0.005 5/P% +0.040 3P20+

0.065 973 — 0.031 4P3 3)

MR 2~3 4 J Inl BT 5 FE (1)~(3) 13501,
H R, Adj-R® Fl Pred-R* {H 435124 0.949 0~0.967 2.,
0.922 6~0.950 2 1 0.843 8~0.908 3, H. Pred-R*> #il
Adj-R* Z [0 F/NT 0.2%, £ A7 FE3LG B4
I, ARASCE R XTSRS RTINS
FIEAE 3N 35.86~56.82, P{EI/NT 0.000 1, 1
AR R 0 5 8 5L, BB S B 45 RO IR A 1
X} FR. HR Fll MR 52500 . 5290 B 1545 1l 53 5
PR ZERE L, B ES AL DL, HRHE
B, UL A P (] 2),

F2 iR, SGHEGREE | S IA R TN T
BEAR KR IRNG K b 324 2252 ) 1Y — IR LAY 1)
LI EKE (P<0.01), 1H1 P A W B AR
(P<0.05), HAM5 O A & BAERUN (P<0.01),
B =& JC i # 2L\ B AR (P=0.696 6>0.05), 1
AP R IRV 5 B 8 3% /K (P<0.01), H —
H RIS 5 B — YR IBRLN S B 2 KO (P<
0.01), {H_WRINEAER N A WE, S5 55%.

3, F AP EIRT IR AXT IR R AR
BRPMREN, 1] & BOE B8 444 % HR Al MR 5
M) ) — YR 0T 354 107 347 222 B f 3 /K OF (P<0.01), 1,

https://www.china-fishery.cn
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Fz2 ZREDREBERFERESH
Tab.2 ANOVA for cubic model of FR

T5 Z IR SEITA H ¥o7 Fid PE BEME
source sum of squares dar mean square F-value P-value significant

A model 2.580 0 27 0.095 4 35.86 <0.000 1 **
A-light intensity 0.243 5 1 0.243 5 91.50 <0.000 1 ok
B-photoperiod 0.146 8 1 0.146 8 55.17 <0.000 1 ok
C-light quality 1.790 0 3 0.596 9 22436 <0.000 1 **
AB 0.014 4 1 0.014 4 5.42 0.023 8 *
AC 0.1111 3 0.0370 13.92 <0.000 1 **
BC 0.060 7 3 0.020 2 7.60 0.000 3 **
A’ 0.023 0 1 0.023 0 8.64 0.004 9 **
B’ 0.027 6 1 0.027 6 10.37 0.002 2 **
ABC 0.003 8 3 0.001 3 0.48 0.696 6
A’B 0.004 6 1 0.004 6 1.73 0.193 7
A’C 0.084 7 3 0.028 2 10.61 <0.000 1 **
AB’ 0.000 1 1 0.000 1 0.05 0.8313
B’C 0.059 9 3 0.020 0 7.50 0.000 3 ok
A’ 0.000 2 1 0.000 2 0.07 0.790 2
B’ 0.005 3 1 0.005 3 1.98 0.165 3
B%%  residual 0.1384 52 0.002 7
MR AE  cor total 2.710 0 79

R'=0.949 0, Adj-R’=0.922 6, Pred-R’=0.843 8

i AGHBEEE. BOGAB. COLBL ** P<0.01, * P<0.05; TI.
Notes: A. light intensity, B. photoperiod , C. light quality; **. P<0.01, *. P<0.05; the same below.

F3 WURZIRERFRERESH
Tab.3 ANOVA for cubic model of HR

Ti ZEARUR A H Hi ¥y FiE PiE BEM
source sum of squares df mean square F-value P-value significant

BB model 2.890 0 27 0.1070 50.41 <0.000 1 o
A-light intensity 0.1928 1 0.1928 90.78 <0.000 1 *k
B-photoperiod 0.373 1 0.1373 64.64 <0.000 1 *x
C-light quality 2.050 0 3 0.683 6 321.95 <0.000 1 ok
AB 0.013 4 1 0.013 4 6.33 0.0150 *
AC 0.162 7 3 0.054 2 25.54 <0.000 1 *k
BC 0.090 1 3 0.030 0 14.14 <0.000 1 **
A’ 0.023 5 1 0.023 5 11.07 0.001 6 **
B’ 0.044 8 1 0.044 8 21.11 <0.000 1 **
ABC 0.006 0 3 0.002 0 0.94 0.4273
A’B 0.003 7 1 0.003 7 1.76 0.190 2
A’C 0.098 2 3 0.0327 15.42 <0.000 1 **
AB’ 0.0074 3 1 0.0073 1 0.00 0.953 1
B°C 0.0559 3 0.018 6 8.78 <0.000 1 **
A 0.002 8 1 0.002 8 1.34 0.2527
B’ 0.007 7 1 0.007 7 3.63 0.062 3
Bk residual 0.1104 52 0.002 1
AR REL cor total 3.000 0 79

R=09632, Adj-R*=0.944 1, Pred-R>=0.885 1

https://www.china-fishery.cn HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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FT4 TEEREZREBERFERESH
Tab.4 ANOVA for cubic model of HR

T7 Z IR Rl H ¥175 Fit PIE BEM
source sum of squares df mean square F-value P-value significant

B model 3.3100 27 0.1227 56.82 <0.000 1 o
A-light intensity 0.2131 1 02131 98.72 <0.000 1 *k
B-photoperiod 0.1347 1 0.1347 62.38 <0.000 1 *k
C-light quality 2.360 0 3 0.7872 364.64 <0.000 1 *
AB 0.020 6 1 0.020 6 9.54 0.003 2 **
AC 0.164 0 3 0.054 7 25.32 <0.000 1 **
BC 0.079 6 3 0.026 5 12.29 <0.000 1 **
A’ 0.069 3 1 0.069 3 32.09 <0.000 1 **
B’ 0.041 1 1 0.041 1 19.04 <0.000 1 **
ABC 0.0103 3 0.003 4 1.59 0.202 0
A’B 0.001 6 1 0.001 6 0.73 0.396 7
A’C 0.112'1 3 0.037 4 17.30 <0.000 1 *k
AB’ 0.000 3 1 0.000 3 0.12 0.733 1
B’C 0.0955 3 0.031 8 14.75 <0.000 1 *x
A’ 0.005 3 1 0.005 3 2.46 0.123 1
B’ 0.003 1 1 0.003 1 1.44 0.2353
B%  residual 0.1123 52 0.002 2
ZHRRE cor total 3.4200 79

R=0.9672, Adj-R°=0.9502, Pred-R*=0.908 3

PRI O ¢ I 8] — W 3B AR 500 5 3R 4 2 (P<0.05)
A 2 2 K (P<0.01), {H =3 — R I B [F] &4
BN AS Bk 2 [P=0.427 3(HR) F1 0.202 0(MR)>0.05],
ITF1 P X%t HR AT MR Z I 00 50 0 347 42 BN 2 35 7K
S (P<0.01), M2 Z YT — 3R] O 2 3% HAE
BN (P>0.05), {H 35 ) — R I K58 i — Ik
TG 7K SF B AE ROV 5 B 35 UK SF (P<0.01), FR#E,
A o 2R i, HO 2 R B i 2 B R
RO, OB AL AR HOR R MK, RIET,
KT P R I B AR 280 AR5 T T B 8 3
IR, SR AR R v 5 B

22 AEPDERFHTOCRBEMS AR 755
FXIZAERS % B HIF M

LI R A T R SR B A B A xR G R
R kG MR, ASEDE ISR B FHEE
LUEERE OB NN Y N sl = PO A B N
ARSI N, ELOEARME T, 758
9 18L = 6D, JGHAFEEE 16 pmol/(m*s) 5514 F, FR,
HR FI MR 53514 82.61% . 84.57% #185.63%, B3
T HADE A AR 4 A, Kb, FR. HR
HT MR 5 IR H BRAE G IESR B 16 pmol/(m’s),
SR 241 OD A F, HAH S0 43.61%.
44.21% F1 39.90% (& 1) SEit4r iy g fal )= #2
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(4~6) PSRV 45 R R, LR, AL
A EAEARRKCEA S FESR (d>99%, [E 3-a),
AN ] 5 B 5l B2 A% JE 9 X FR. HR AT MR 521,
RIMTELDCHMT, BEEMBET T, KLkl
W IRITE ) [ 72 (18] 3-b~d), TG IR GE B R
JE) JR 55 M 5 T N, AR AR S AR R R A R
BRJE 12~16 pmol/(m*'s), JEARATEIZE 16~18 h B H
PRUEE
Yr_rr=1.757 67 4+ 0.032 4161 — 0.015 812P—

0.000 685IP — 0.001 0727% + 0.001 929P >+
0.000 01372P + 3.144 51IP?* + 3.696 001> —
0.000 056P3 4

Yrour=1.713 43 + 0.040 6837 — 0.022 647P—
0.000 546/P — 0.001 6167% + 0.002 544P2+

0.000 01272P 4 7.759 22IP2 + 0.000 01473 —
0.000 068P°> (5

Yr-Mr=1.596 01 4- 0.046 0161 — 0.004 639P—

0.000 2497P — 0.002 00272 + 0.001 314P%+
7.596 361°P — 4.533 43IP% + 0.000 02073 —
0.000 043P3 (6)

GREM T ARREALE AT IEBEF
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(@)FR, (b)HR, (c)MR; #&ZE FR/HR/MR FUERET 10 KX Hitit,
H i OREEER, AOREEES, WONT ZHH: TH.
Fig. 2 Externally studentized residuals for regression
equation of FR
(a) FR, (b) HR, (c) MR; the numerical value of FR/HR/MR has trans-

formed by logarithm in residuals plot, among which bule color represen-
ted low value, red color represented high value, the value of yellow color

between other two color; the same below.
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A REERW, E56E M 120 : 12D, JhiRR
J& 16 pmol/(m’-s) 2t/ T, FR 4 89.84%, HR A
90.34%M% MR} 91.49%(F 1), &K MHT, #
RULG S BEAEA [FK 206 R Y3 (d>99%.,
Kl 4-a), TESOC&MAT, SR E N 8~20
umol/(m*s), Ffi# Y& MATHIIEL , FR. HR fil MR
I ETHEHE 4-b~d). SR, G HRER KT
20 5 /NF 8 umol/(m*s), 6 IEBT[A] 4E K 3 A4N%% 7
HEI TR, RS RN, GO R
NIZREIG & B AR HER

Yo_rr=1.929 42 + 0.019 5937 — 0.026 782P—

0.000 6317P — 0.000 6581 + 0.002 267P>+

0.000 01372P + 3.14 4511P? 4 3.69 600/ —

0.000 056P° O]

Y6_ur=1.906 02 4 0.024 6397 — 0.028 551P—

0.000 6337P — 0.001 106> + 0.002 684P>+
0.000 0127%P + 7.759 22IP? + 0.000 01473 —
0.000 068P3 (3

Y6_mr=1.880 20 + 0.027 8421 — 0.021 052P—
0.000 294/P — 0.001 3897% + 0.001 770P2+
7.596 361°P — 4.533 43IP2 + 0.000 020/°—
0.000 043P )]
R A T R 5R A b B B Rt BE S R
ERSEAG] FEWE IR, AR R
b, TREARNUREARMK FR . HR Al MR
G 1), UEHHEEGREM SR T BEAR NIBIEIG 2 & . Ot
JH 6L : 18D, YEHAGREE 2 umol/(m*-s) i, H FR.
HR F1 MR 35 2 fe K1E, 53510 49.71%. 50.26%
H143.49%. GEit o ke g [l J7 B (10~12) FlsE
Ml 4 N 25 R R, WGBSR, BEAMLA AT B
FERFIKT A A T B (@>99%, K 5-a). %
L (K 5-b~d) R TEREE SRR, FEGIERT )
R, B OCRGRBEIR WL & F
B, YO IR B A TRARK T, B LR
BFRIZE K, IRBG & & HREWsig

Yp_rr=1.859 48 — 0.010 237/ — 0.044 941P—
0.000 705/P — 0.000 026% + 0.002 878P2+
0.000 01372P + 3.144 51IP? + 3.696 0073 —
0.000 056P (10)

Ys_nr=1.896 57 — 0.009 7921 — 0.048 681P—
0.000 4597P — 0.000 48072 + 0.003 130P>+

0.000 01272P + 7.759 22IP? + 0.000 01473 —
0.000 068P°> (11)
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Fig.3 Contour and reliability of effects of light intensity and photoperiod on

embryo development of B. areolata under red light

(a) desirability level, (b) fertilization rate (FR), (c) hatching rate (HR), (d) metamorphosis rate (MR); the number value increased from blue to yellow to

red; the same below

Yg_mr=1.878 56 — 0.004 9781 — 0.048 722P—
0.000 2281P — 0.000 7891% + 0.002 499P 2+
7.596 361%P — 4.533 43IP2 + 0.000 02073 —
0 000 043P3 (12)
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Fig. 4 Contour and reliability of effects of light intensity and photoperiod on embryo development of
B. areolata under green light
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Fig. 5 Contour and reliability of effects of light intensity and photoperiod on embryo development of
B. areolata under blue light
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Fig. 6 Contour and reliability of effects of light intensity and photoperiod on embryo development of
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Fig. 7 The effects of light quality, light intensity and

photoperiod on fertilization rate, hatching rate and

metamorphosis rate of B. areolata were analyzed by
model fitting
(a) FR, (b) HR, (c) MR; when the color changed form blue to red, the
value of FR/HR/MR increased.

R E K7 2: 2 E /) sponsored by China Society of Fisheries

13

32 KRN ABENIZEAEZHEER. WLEM
RIS EA
FEARSZE Y, 2RO RE HH S 52 e 5 B AR XU AR

i FR, HR #l MR, 1 %t 4L ¥ FR. HR Al
MR EHEAL, AR AT, ARTH
BEAR KIRIEIG 320G SO Ab fAs R R B . otk
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RS REMABEFHEI 3 M0 IEFRRIBHE

Tab.5 Model optimized the best combination of factors for three response

% factors

BFIX 8] 95% CI

RSt LEIvA PALAE/% 1R %
optimal type 0 I P response optimized value low high desirability
DI R R R 2.03 6.01 FR 84.21 64.12 109.04 97.72
single-simultaneous optimization HR 36.18 67.60 108.63
MR 8733 68.36 110.28
B 14.00 6.00 FR 45.28 33.84 59.75 98.89
HR 47.69 36.79 61.13
MR 45.04 34.66 57.85
G 13.70 15.54 FR 91.36 68.69 119.81 98.02
HR 88.64 68.74 113.01
MR 92.02 71.22 117.55
W 9.50 13.02 FR 80.25 61.33 103.53 95.65
HR 83.11 65.42 104.42
MR 88.29 69.34 111.12

T RO, TP HIARE I SRR 3.

Notes: Q, I and P represented the light quality, light intensity and photoperiod.

KX D,
& HETR
JCHEGREE | G R ) =3 AR A O
B, IR A BRI REBL . E IR
AESEY AR LT, HAZREIRE . 2l
AR ERIEI, SETR S ARk E R
Y, ' MR JRE T A AR ) R MR T O R 4,
M Z T, SO AR YR I 52 0 045 3 o 5 2L,
e A R AR B D o fEARSI T, R
MR T, SLRAIFHUKFHEHEII SR
FISMATRE, (AL BT A R

F A0 IR 5 B F 3 L3 A R0

FEAEY L RB BE, G REE 7 R B 30 i
S5 S AR AR T R R A KRR
R AT A o FEARSEEG T, JEl 7 25
IR 7, HABREE N 7 7E Bk s,
AFESC R AR p, SR 7 B8 B A 4 b g
IREE R . TG IR R R KRR 5
e VB AR Ak, — T R B A ' R R 3
TR, AR E 182 pmol/(m?-s) Ab B £ iR
JE 1 0.2 pmol/(m*-s) AL BRAI 7 T 0.8 °CPY, fEA
e, SR e G R EE R 32 pmol/(m?s), [\
F SR FH s 4R T, P RE AR A KR L s R
S8R JRE 7 A AR X S R R

WETERKARRE T RER A A0 R AR SR
T BEAR KR SE PR E Rl e, 4 W% B — s ol

https://www.china-fishery.cn

I P 0 Ak T A R AL IS i FRE T

3.4

14

TE 0.08~0.20 H/mLP, 7EAR S5 rhoK (R AR 2 Ky
50 L, WRALJE B%h HUE B AR B A T R X ]
R, ARSI — AL RS, MUK
Wl s A H , ELRE L R E 25 5 i U
S EAMARBET

RE 2, R O AR A Y AR S R 33k
it % 1 DL R R K SRR ks A A 2, R
IR P 22 8] EL A 58 HAE HT (P<0.05), 38 5o A8 52 5
A DA 5 B AR VI S B 3 2B 7= rh T LR
LOLIUT 6~12h, AR THBRMWAERKRELR, &5
TEBR TR R A A, TR Z S mT LA
Je SEFIT B AR MR R A K R 1 B S

(& AL L PR s & i Al 1ok &)

S & 3 Hk (References):

(11 B, I, TR, 5. FREER 0 07 BER RURAE K
K EEIREIR TR [T]. KR, 2019, 38(5): 610-
615.

Yang R, Wu K C, Yu G, et al. Effects of culture model
on growth and main environmental factors in snail Baby-
lonia areolata[J]. Fisheries Science, 2019, 38(5): 610-
615 (in Chinese).

B A, RUER, A, & AR TR J7 3R K
R4l A K R AEE (MR AL D). KRR, 2018, 37(1):
115-119.

Yao G Y, WuHM, Tan J, et al. Effects of different arti-

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


http://dx.doi.org/10.16378/j.cnki.1003-1111.2018.01.018

K722, 2023, 47(6): 069608

[31]

[4]

[81]

[10]

[11]

ficial diets on growth and survival of larval snail Babylo-
nia areolata[J]. Fisheries Science, 2018, 37(1): 115-119
(in Chinese).

Dobson G T, Duy N D H, Southgate P C. Utilisation of
organic matter from Babylon snail (Babylonia areolata)
culture sediments by cultured juvenile sandfish (Holo-
thuria scabra)[J]. 2020, 18:
100532.

B, B, T UIRE, S T BEZR KU LT AL PRI
IKRFRIIREE)]. BH7 TR, 2021(3): 64-65.

Weng W M, Cai Y, Lu M H, ef al. Experiment on indus-

Aquaculture Reports,

trialized  semi-recirculation  culture of areolate
babylonia[J]. Scientific Fish Farming, 2021(3): 64-65 (in
Chinese).

FIA e, Weftath, 384T, 55, O7 BEAR RUR“iE4e 15,
7K 7=, 2020(5): 101-106.

Ke C H, You W W, Luo X, et al. Babylonia areolata
“Haitai I ”[J]. China Fisheries, 2020(5): 101-106 (in
Chinese).

M5, DRAR. JUM RS E T 7 2R KR AER AL
K S5TEIE R [T]. HEERHE, 2008, 32(7): 15-19.

Liu J Y, Luo J B. Influences of some environmental
factors on growth and survival of Babylonia areolata
juveniles[J]. Marine Sciences, 2008, 32(7): 15-19 (in
Chinese).

Li W G, Shen M H, FuJ Q, et al. Combined effects of
temperature, salinity and rearing density on growth and
survival of juvenile ivory shell, Babylonia areolata
(Link 1807) population in Thailand[J].
Research, 2017, 48(4): 1648-1665.

Xue M, Ke C H, Wang D X, ef al. The combined effects

Aquaculture

of temperature and salinity on growth and survival of
hatchery-reared juvenile spotted Babylon, Babylonia
areolata (Link 1807)[J]. Journal of the World Aquacul-
ture Society, 2010, 41(S1): 116-122.

A, RN, B E . T B AR AR E A A
FL[I]. B 5 /K=, 2008, 4(3): 20-26.

Zhang W, Liu Z G, Zhang Q Z. Study on adaptability of
Babylonia areolata to salinity[J]. South China Fisheries
Science, 2008, 4(3): 20-26 (in Chinese).

Liu S, Liu Y L, Yang D F, et al. Trace elements in shell-
fish from Shenzhen, China: implication of coastal water
pollution and human exposure[J]. Environmental Pollu-
tion, 2020, 263: 114582.

Vedamanikam V J, Hayimad T. Effect of mixtures of

metals on the spotted Babylon snail (Babylonia areolata)

R E K7 2: 2 E /) sponsored by China Society of Fisheries

15

[12]

[13]

[14]

[15]

[1e]

[17]

(18]

[19]

[20]

(21]

under different temperature conditions[J]. Toxicologi-
cal & Environmental Chemistry, 2013, 95(8): 1388-
1394.

AT, JURIGE= 25 VUSRS CO, WREN IMIgFERR AL I
MR FT (D], BT BT TRA, 2017,

Guo X Y. Effects of ocean acidification driven by rising
CO, on several economic marine mollusks[D]. Xiamen:
Xiamen University, 2017 (in Chinese).

Honryo T, Kurata M, Okada T, et al. Effects of night-
time light intensity on the survival rate and stress
responses in juvenile Pacific bluefin tuna Thunnus ori-
(Temminck and Schlegel)[J].
Research, 2013, 44(7): 1058-1065.

entalis Aquaculture
Davie A, Mazorra de Quero C, Bromage N, ef al. Inhibi-
tion of sexual maturation in tank reared haddock
(Melanogrammus aeglefinus) through the use of con-
stant light photoperiods[J]. Aquaculture, 2007, 270(1-4):
379-389.

Gao X L, Zhang M, Tian H Q, et al. Effect of LED light
quality on respiratory metabolism and activities of
related enzymes of Haliotis discus hannailJ]. Aquacul-
ture, 2016, 452: 52-61.

Noureldin S M, Diab A M, Salah A S, et al. Effect of
different monochromatic LED light colors on growth
performance, behavior, immune-physiological responses
of gold fish, Carassius auratus[J]. Aquaculture, 2021,
538:736532.

Hou Z S, Wen H S, Li J F, et al. Effects of photoperiod
and light spectrum on growth performance, digestive
enzymes, hepatic biochemistry and peripheral hormones
in spotted sea bass (Lateolabrax maculatus)[J]. Aquacul-
ture, 2019, 507: 419-427.

Backelandt S, Mandiki S N M, Schmitz M, et al. Influ-
ence of the light spectrum on the daily rhythms of stress
and humoral innate immune markers in pikeperch
Sander lucioperca[J]. Aquaculture, 2019, 499: 358-363.
Ramenofsky M, Németh Z. Regulatory mechanisms for
the development of the migratory phenotype: roles for
photoperiod and the gonad[J]. Hormones and Behavior,
2014, 66(1): 148-158.

Bairwa M K, Saharan N, Rawat K D, et al. Photoperiod,
melatonin and its importance in fish reproduction[J].
Central European Journal of Experimental Biology,
2013, 2(4): 7-15.

AR, BB, WRarmk, 5. J6HE SRR 500 A I g
PE 5 VR TG A RO B W [D]. R AR 3 R 2018,

https://www.china-fishery.cn


http://dx.doi.org/10.16378/j.cnki.1003-1111.2018.01.018
http://dx.doi.org/10.1016/j.aqrep.2020.100532
http://dx.doi.org/10.3969/j.issn.1004-843X.2021.03.034
http://dx.doi.org/10.3969/j.issn.1004-843X.2021.03.034
http://dx.doi.org/10.1111/are.13000
http://dx.doi.org/10.1111/are.13000
http://dx.doi.org/10.1016/j.envpol.2020.114582
http://dx.doi.org/10.1016/j.envpol.2020.114582
http://dx.doi.org/10.1016/j.envpol.2020.114582
http://dx.doi.org/10.1111/j.1365-2109.2012.03109.x
http://dx.doi.org/10.1111/j.1365-2109.2012.03109.x
http://dx.doi.org/10.1016/j.aquaculture.2007.04.052
http://dx.doi.org/10.1016/j.aquaculture.2015.09.005
http://dx.doi.org/10.1016/j.aquaculture.2015.09.005
http://dx.doi.org/10.1016/j.aquaculture.2021.736532
http://dx.doi.org/10.1016/j.aquaculture.2019.04.029
http://dx.doi.org/10.1016/j.aquaculture.2019.04.029
http://dx.doi.org/10.1016/j.aquaculture.2018.09.046
http://dx.doi.org/10.1016/j.yhbeh.2014.04.012
http://dx.doi.org/10.13287/j.1001-9332.201806.033

IKPA 4R, 2023, 47(6): 069608

[22]

[23]

[24]

[25]

[26]

[27]

(28]

29(6): 2059-2067.

Zhou S N, Lyu T T, Chen Q C, et al. Effects of light
intensity and photoperiod on the embryonic develop-
ment of Sepia pharaonis[J]. Chinese Journal of Applied
Ecology, 2018, 29(6): 2059-2067 (in Chinese).

FRAHE, XM, £55, & OGRS 4R A
Ko R E M E AT B W ], W R,
2014(1): 36-41.

Zhang Y S, Dong S L, Wang F, et al. The effects of light
intensity and photoperiod on the growth, survival, devel-
opment and metamorphosis of sea cucumber
Transactions of

36-41

(Apostichopus  japonicas) larvae[J].

Oceanology 2014(1): (in
Chinese).

Gao X L, Zhang M, Li X, et al. Effects of light quality

and Limnology,

and intensity on the growth, survival and metamorphosis
of Haliotis discus hannai Ino larvae[J].
Research, 2017, 48(7): 3369-3382.

Gao X L, Li X, Zhang M, et al. Effects of LED light

Aquaculture

quality on the growth, survival and metamorphosis of

Haliotis discus hannai Ino larvae[J].
Research, 2016, 47(12): 3705-3717.

Mallet A L, Carver C E. The effect of photoperiod on the

Aquaculture

reproductive development of the northern bay scallop,
Argopecten irradians irradians[J]. Journal of Experi-
mental Marine Biology and Ecology, 2009, 374(2): 128-
133.

B, J7 PEZR KR4 5% £ i) AL FRAEZS 0T [D). [
Iz IR, 2007.

Wei Y J. Studies on larval feeding ecophysiology of
ivory shell, Babylonia areolata link[D]. Xiamen: Xia-
men University, 2017 (in Chinese).

L. TR IR L) bR B R T % 5 RAS
FIESARWIL [D]. 3 & of E B2 Bt A e (e
L), 2015.

Zheng J M. Research on regulatory environment factor
in Babylonia areolata industrial aquaculture and RAS
construction technologies[D]. Qingdao: Institute of
Oceanology, Chinese Academy of Sciences, 2015 (in
Chinese).

ZeA 3, X 5, BRI, S, O HEur g i 22 £ 52 kG
OB AT AR BB B IAT]. ARAES R,
2017, 38(5): 97-102.

Qin X H, Liu G Y, Wu Y J, et al. Effects of light intens-
ity on the hatching rate of fertilized Schizothorax chongi

eggs and on the growth and feeding of larvae[J]. Journal

https://www.china-fishery.cn

16

[29]

[30]

[31]

[32]

[33]

[34]

[35]

of Hydroecology, 2017, 38(5): 97-102 (in Chinese).

Mo 28, RS, 284, 46 Ol IR i B X 4R IRV Ui
A4 2 A e VH A Tl R O 5 W [, v R g
2021, 42(3): 125-131.

ChenJ S, Xi S G, Qin C X, et al. Effects of light intens-
ity on growth and digestive enzyme activities of sea
urchin (Anthocidaris crassispina) larvae[J]. Progress in
Fishery Sciences, 2021, 42(3): 125-131 (in Chinese).

95 Bk, SRS, FRER, AE SR BE LN TEHRABART
WEFR ). #EPERLE, 2009, 33(10): 31-35.

Lao Z, Huang H L, Fu S, ef al. Study on optimum artifi-
cial breeding technology of Pinctada margaritifera[J].
Marine Sciences, 2009, 33(10): 31-35 (in Chinese).
FTFA. KA E NN L E B BRI KB R,
2006, 33(4): 154-156.

Zheng S Y. Artificial indoor rearing techniques of Solen
gouldii[J]. Fisheries Science & Technology Information,
2006, 33(4): 154-156 (in Chinese).

FEIESL, MRidtte, Rah, 5. Jef5E 2o Ju AL e g
K S A KA TR RS [T]. K= 2441, 2001, 25(4): 336-
341.

Yan Z L, Chen J H, Wu P R, et al. The influence of light
intensity on the growth and survival of the larvae and
juvenile abalone of Haliotis diversicolor aquatilis[J].
Journal of Fisheries of China, 2001, 25(4): 336-341 (in
Chinese).

XA, KA H, REM, & OGHL REX BEH(Q)x
FHR (32 AT TACSNE IR AL RO B 5 R [T]. Ve R
2,2018, 42(5): 108-115.

LiuHL, Zhang Z'Y, Zhang Z W, et al. Effect of illumin-
ation and temperature on zygote hatching and larval sur-
vival of hybrids obtained from Acanthopagrus schlegelii
(Q) xPagrosomus major (3)[J]. Marine Sciences, 2018,
42(5): 108-115 (in Chinese).

FERI, KL, R, O BT B 52 R O
AL IR [T]. ¥4 KL, 2019, 49(1): 62-65.

Wang C Y, Du H, Wu J M, et al. Effect of illumination
on the hatching of Sichuan taimen (Hucho bleekeri
Kimura) eggs[J]. Freshwater Fisheries, 2019, 49(1): 62-
65 (in Chinese).

WG, MOBR, TRAEZ, S5 O6 RO BT 25 6T A7 0 4%
. AKEAERE W] 856 %W (A ARF
hi2), 2009, 14(3): 224-228.

Qin Z Q, Lin Y J, Zhang Y Z, et al. Effects of light on
feeding, growth and survival of larval Paralichthys leth-
Journal of Jimei

ostigmalJ]. University (Natural

HPE K FE2:2: 3290 sponsored by China Society of Fisheries


http://dx.doi.org/10.13287/j.1001-9332.201806.033
http://dx.doi.org/10.13287/j.1001-9332.201806.033
http://dx.doi.org/10.13984/j.cnki.cn37-1141.2014.01.018
http://dx.doi.org/10.13984/j.cnki.cn37-1141.2014.01.018
http://dx.doi.org/10.13984/j.cnki.cn37-1141.2014.01.018
http://dx.doi.org/10.1111/are.13164
http://dx.doi.org/10.1111/are.13164
http://dx.doi.org/10.1111/are.12980
http://dx.doi.org/10.1111/are.12980
http://dx.doi.org/10.1016/j.jembe.2009.04.015
http://dx.doi.org/10.1016/j.jembe.2009.04.015
http://dx.doi.org/10.1016/j.jembe.2009.04.015
http://dx.doi.org/10.15928/j.1674-3075.2017.05.014
http://dx.doi.org/10.15928/j.1674-3075.2017.05.014
http://dx.doi.org/10.15928/j.1674-3075.2017.05.014
http://dx.doi.org/10.19663/j.issn2095-9869.20201219001
http://dx.doi.org/10.19663/j.issn2095-9869.20201219001
http://dx.doi.org/10.19663/j.issn2095-9869.20201219001
http://dx.doi.org/10.3969/j.issn.1001-1994.2006.04.009
http://dx.doi.org/10.3969/j.issn.1001-1994.2006.04.009
http://dx.doi.org/10.11759/hykx20171214003
http://dx.doi.org/10.11759/hykx20171214003
http://dx.doi.org/10.11759/hykx20171214003
http://dx.doi.org/10.3969/j.issn.1000-6907.2019.01.011
http://dx.doi.org/10.3969/j.issn.1000-6907.2019.01.011
http://dx.doi.org/10.19715/j.jmuzr.2009.03.002
http://dx.doi.org/10.19715/j.jmuzr.2009.03.002
http://dx.doi.org/10.19715/j.jmuzr.2009.03.002
http://dx.doi.org/10.19715/j.jmuzr.2009.03.002
http://dx.doi.org/10.19715/j.jmuzr.2009.03.002
http://dx.doi.org/10.19715/j.jmuzr.2009.03.002
http://dx.doi.org/10.19715/j.jmuzr.2009.03.002

K722, 2023, 47(6): 069608

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Science), 2009, 14(3): 224-228 (in Chinese).

Villamizar N, Vera L M, Foulkes N S, et al. Effect of
lighting conditions on zebrafish growth and develop-
ment[J]. Zebrafish, 2014, 11(2): 173-181.

Tian H Y, Zhang D D, Xu C, et al. Effects of light
intensity on growth, immune responses, antioxidant cap-
ability and disease resistance of juvenile blunt snout
bream Megalobrama amblycephala[J]. Fish & Shellfish
Immunology, 2015, 47(2): 674-680.

Downing G, Litvak M K. Effects of light intensity, spec-
tral composition and photoperiod on development and
hatching of haddock (Melanogrammus aeglefinus)
embryos[J]. Aquaculture, 2002, 213(1-4): 265-278.
MLz, BIMe, Tk 35, 25, Yt # H W2 (Thais clavigera
Kuster) A T2 F H AW FL[I]. 7L 2, 2020, 44(6):
122-130.

Tian C Y, Xia P L, Zhang J R, ef al. Study on artificial
breeding technique of Thais clavigera Kuster[J]. Marine
Sciences, 2020, 44(6): 122-130 (in Chinese).

Gallardo J A, Brante A, Cancino J M. The effect of light
intensity and tidal cycle on the hatching and larval beha-
viour of the muricid gastropod Chorus giganteus[J].
Journal of Experimental Marine Biology and Ecology,
2013, 440: 69-73.

Choi Y J, Yang S G, Jung M M, et al. Effects of water-
borne selenium on toxic and physiological stress
response in goldfish, Carassius auratus[J]. Molecular &
Cellular Toxicology, 2015, 11: 35-46.

Choi Y J, Song J A, Shin H S, et al. Effect of LED light
spectra on circadian rhythms in goldfish Carassius
auratus: expression profiles following thermal stress[J].
Biological Rhythm Research, 2014, 45(6): 895-908.
Villamizar N, Garcia-Mateos G, Sanchez-Vazquez F J.
Behavioral responses of European sea  bass
(Dicentrarchus labrax) larvae and Artemia sp. exposed
to constant light or darkness vs. light/dark cycles of
white, red or blue wavelengths[J]. Aquaculture, 2011,
317(1-4): 197-202.

Wei J, Tian L, Wang Y K, et al. Effects of salinity, pho-

toperiod, and light spectrum on larval survival, growth,

and related enzyme activities in the giant freshwater

R E K7 2: 2 E /) sponsored by China Society of Fisheries

17

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

prawn, Macrobrachium rosenbergii[J]. Aquaculture,
2021, 530: 735794.

Sierra-Flores R, Davie A, Grant B, et al. Effects of light
spectrum and tank background colour on Atlantic cod
(Gadus morhua) and turbot (Scophthalmus maximus) lar-
vae performances[J]. Aquaculture, 2016, 450: 6-13.

Gao X L, Zhang M, Li X, et al. Effects of LED light
quality on the growth, metabolism, and energy budgets
of Haliotis discus discus[J]. Aquaculture, 2016, 453: 31-
39.

Matsuda H, Abe F, Tanaka S. Effect of photoperiod on
metamorphosis from phyllosoma larvae to puerulus
postlarvae in the Japanese spiny lobster Panulirus
Japonicus[J]. Aquaculture, 2012, 326-329: 136-140.
Politis S N, Butts I A E, Tomkiewicz T. Light impacts
embryonic and early larval development of the European
eel, Anguilla anguilla[J]. Journal of Experimental Mar-
ine Biology and Ecology, 2014, 461: 407-415.

Gao X L, Zhang M, Li X, et al. Light cycle effects on
Haliotis discus hannai Ino growth, energy budget, and
related gene expression[J]. Aquaculture, 2018, 483: 213-
222.

Wang H, Shi W J, Wang L, et al. Light conditions for
commercial hatching success in Nile tilapia (Oreo-
chromis niloticus)[J]. Aquaculture, 2019, 509: 112-119.
Qiang J, Yang H, Wang H, et al. Interacting effects of
water temperature and dietary protein level on hematolo-
gical parameters in Nile tilapia juveniles, Oreochromis
niloticus (L. ) and mortality under Streptococcus iniae
infection[J]. Fish & Shellfish Immunology, 2013, 34(1):
8-16.

Pandit N P, Bhandari R K, Kobayashi Y, et al. High tem-
perature-induced sterility in the female Nile tilapia,
Oreochromis niloticus[J]. General and Comparative
Endocrinology, 2015, 213: 110-117.

HKE, KL, 2255, &5 J7 BEAR RVIE LA AL 1 A
FEHBABIF[I]. K FHE, 2009, 28(4): 209-213.
Feng Y Q, Zhou Y C, Li F Y, et al. Technology for large-
scale breeding of spiral shell Babylonia areolatall].

Fisheries Science, 2009, 28(4): 209-213 (in Chinese).

https://www.china-fishery.cn


http://dx.doi.org/10.19715/j.jmuzr.2009.03.002
http://dx.doi.org/10.1089/zeb.2013.0926
http://dx.doi.org/10.1016/S0044-8486(02)00090-X
http://dx.doi.org/10.11759/hykx20200225002
http://dx.doi.org/10.11759/hykx20200225002
http://dx.doi.org/10.11759/hykx20200225002
http://dx.doi.org/10.1016/j.jembe.2012.11.020
http://dx.doi.org/10.1080/09291016.2014.929854
http://dx.doi.org/10.1016/j.aquaculture.2011.03.036
http://dx.doi.org/10.1016/j.aquaculture.2020.735794
http://dx.doi.org/10.1016/j.aquaculture.2015.06.041
http://dx.doi.org/10.1016/j.aquaculture.2015.11.033
http://dx.doi.org/10.1016/j.aquaculture.2011.11.027
http://dx.doi.org/10.1016/j.jembe.2014.09.014
http://dx.doi.org/10.1016/j.jembe.2014.09.014
http://dx.doi.org/10.1016/j.jembe.2014.09.014
http://dx.doi.org/10.1016/j.aquaculture.2017.10.010
http://dx.doi.org/10.1016/j.aquaculture.2019.05.027
http://dx.doi.org/10.1016/j.ygcen.2015.01.028
http://dx.doi.org/10.1016/j.ygcen.2015.01.028
http://dx.doi.org/10.3969/j.issn.1003-1111.2009.04.008
http://dx.doi.org/10.3969/j.issn.1003-1111.2009.04.008

BPEAR, &5 K= E44R, 2023, 47(6): 069608

Effect of light condition on embryo and larva development of
Babylonia areolata

ZHONG Maocheng ', LIU Luyao', XUAN Zijie', XIONGLe', ZHANG Yuting ',
DOU Xiyin', ZHANG Yuan', LIU Zhigang *, LU Wengang "*'

(1. College of Fisheries, Guangdong Ocean University, Zhanjiang 524088, China;
2. Invertebrate Science and Technology Innovation Center, Guangdong Ocean University, Zhanjiang 524088, China)

Abstract: Babylonia areolata is well-liked and has great market value, but its embryonic development success rate
is very low and it is difficult to meet the market demand.. In this study, the effects of light intensity, light quality
and photoperiod on fertilization rate ( FR ), hatching rate ( HR ) and metamorphosis rate ( MR ) during embryonic
development of B. areolata were researched by factorial design. In addition, the result was analyzed by establish-
ing regression models to optimize light conditions and find the best combination level of light quality, light intens-
ity and photoperiod for embryonic development of B. areolata. The results showed that compared with other light
conditions, green light had a better promoting effect on embryo incubation, and FR. HR and MR had maximum
of 89.84%, 90.34% and 91.49%, respectively when photoperiod was 12L : 12D and the light intensity was 16
pmol/(m*-s). However, under the condition of blue light, FR, HR and MR were lower than other light qualities for
any combination of light intensity and photoperiod levels, with maximum values of 49.71%, 50.26% and 43.49%,
respectively. With the increase of light intensity and the extension of light time, the three indexes decreased more
and more obviously, which indicated that blue light inhibited embryonic development of B. areolata. Through the
establishment of model analysis found that under different light quality conditions, FR, HR and MR were signific-
antly affected by the linear, interaction and quadratic effects of light intensity and photoperiod, that is, under any
light quality condition, there was interaction effect between light intensity and photoperiod. The optimal light con-
ditions were optimized when the light quality was used as a classification variable, it was found that under the con-
dition of green light, the light intensity was 13.70 pmol/(m’-s), and the illumination time was 15.54 h, the FR, HR
and MR reached the optimal value, which were 91.359 %, 88.637 % and 92.023 %, respectively. However, under
blue light conditions, at a light intensity of 14 and a light duration of 6 h, the values of FR, HR and MR were 45.28 %,
47.69 % and 45.04 %. Compared with other light qualities, under the optimized conditions, the effect of green light
on the embryonic development of B. areolata was the most obvious, followed by red, white light and blue light. In
summary, appropriate light intensity and light duration can act synergistically with light quality, and in actual pro-
duction, green light conditions can effectively improve the emergence efficiency and seedling quality of B. areol-
ata, and blue light has an inhibitory effect on embryo development.

Key words: Babylonia areolata; light intensity; photoperiod; light quality; embryonic development
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