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Tab.1 Experimental design and results

Sl SebrE A /B
21 51 coded value actual value tiime
group  GEREE I RBE HE 2 R 8 i 16 41 FW R i 4 SR
T S T S 2-cell 8-cell 16-cell blastula float four-arm pluteus
1 -a 0 12 28 2.56 4.51 5.57 8.25 19.88 61.28
2 -1 -1 14 24 2.29 4.87 5.41 7.16 19.65 62.03
3 -1 1 14 32 1.95 3.55 4.63 6.37 15.77 55.84
4 0 -a 19 22 1.96 3.45 4.05 4.97 15.72 54.01
5 0 0 19 28 1.65 2.65 3.21 4.83 12.69 50.78
6 0 0 19 28 1.49 2.43 3.17 435 12.09 49.25
7 0 0 19 28 1.54 2.88 3.45 4.68 11.86 50.07
8 0 0 19 28 1.63 2.31 3.62 4.56 11.55 49.83
9 0 0 19 28 1.75 2.27 3.38 4.71 12.46 49.61
10 0 a 19 34 1.42 2.36 3.74 5.04 12.81 48.04
11 1 -1 24 24 1.83 2.24 4.37 4.96 12.23 52.95
12 1 1 24 32 1.50 2.03 4.08 4.25 11.44 48.16
13 a 0 26 28 1.68 2.54 4.75 5.12 13.56 49.39

H: RS a=1.414, UL EEE 5 K.

Note: The asterisk arm value a=1.414, and the center point repeats five times.
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Tab.2 ANOVA analysis of regression model of temperature and salinity to the
development time of Strongylocentrotus intermedius 2-cell

F 3 source TorMSs  HbiEd I MS F P fgﬁfﬁ? iﬁﬁﬁif

7 model 1.27 5 0.25 31.59 0.0001

A-T 0.58 1 0.58 71.78 <0.0001 —0.34 -0.19
B-S 0.26 1 0.26 31.93 0.0008 -0.26 -0.11

AB 2.50E-5 1 2.50E-5 3.10E-3 0.9572 -0.11 0.11

A? 0.44 1 0.44 54.24 0.0002 0.17 0.33

B’ 8.58E-3 1 8.58E-3 1.06 0.3368 -0.05 0.12

5% 2% residual 0.06 7 8.07E-3 - - -

JAYUTI lack of fit 0.02 3 5.21E-3 0.51 0.6970 -

4li iR 2% pure error 0.04 4 0.01 - - -

TE: A FR IR — KA ; B ZR/R ER 8 (1 — IR AR 5 AB F/R ik 4R M- B 8500 ; A FR B 19 ROV ; B? SRR R BE 1Y U8R — R

P €/

Note: A represents the linear effect of temperature; B represents the linear effect of salinity; AB represents the interactive effect of tempera-
ture and salinity; A? represents the quadratic effect of temperature; B represents the quadratic effect of salinity, — means no data.
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Fig. 1

Response surface and contour lines of temperature, salinity and interaction effect on the

development time of Srongylocentrotus intermedius2-cell
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Tab.3 ANOVA analysis of regression model of temperature and salinity to the
development time of Strongylocentrotus intermedius 8-cell

K source SEJ5 R SS H i df 7 MS F P 9;?}?4??;&& 9;;{)"/%;?}{;?
7 model 9.34 5 1.87 27.03 0.0002
A-T 6.03 1 6.03 87.14 <0.0001 -1.08 —0.64
B-S 1.18 1 1.18 17.04 0.0044 -0.62 -0.17
AB 0.31 1 0.31 4.45 0.0727 -0.04 0.62
A2 1.75 1 1.75 25.27 0.0015 0.27 0.74
B? 0.24 1 0.24 3.51 0.1031 -0.05 0.43
5% 2% residual 0.48 7 0.07 - - -
JAYUTI lack of fit 0.22 3 0.08 1.14 0.4328 -
4li iR 2% pure error 0.26 4 0.06 - -

TE: A RN IRLEE A — KA B R $RBE 9 — K000 ; AB FR iR KRB R0 A% FR TREE 9 AN B FR R 80N . —RR 6

K.

Note: A represents the linear effect of temperature; B represents the linear effect of salinity; AB represents the interactive effect of tempera-
ture and salinity; A represents the quadratic effect of temperature; B represents the quadratic effect of salinity; — means no data
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Fig. 2 Response surface and contour lines of temperature, salinity and interaction effects on the
development time of Strongylocentrotus intermedius 8-cell
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Tab.4 ANOVA analysis of regression model of temperature and salinity to the development time of 16-cell
KU source 7SS H B df ¥ MS F P 9;;/‘;/;ﬁéifvliﬁ 995;]/00/0%1%;1:;;&

% model 7.38 5 1.48 43.62 <0.0001

A-T 0.95 1 0.95 27.99 0.0011 -0.50 -0.19
B-S 0.28 1 0.28 8.20 0.0242 —-0.35 —-0.03
AB 0.06 1 0.06 1.77 0.2245 -0.10 0.36
A? 5.96 1 5.96 176.09 <0.0001 0.76 1.09
B? 0.55 1 0.55 16.22 0.0050 0.12 0.46

5% 2% residual
JRAUIN lack of fit

0.24
0.10
0.13

0.03 - -

0.03 1.01 0.4744

4li iR 2% pure error 0.03 - -

7
3
4
TE: A 7R TR M — YO8N B 7R 5 BE I — KON ; AB R7R IR R MRS 200; A 278 T BE (1 3K 3400 ; B 3R7m b BE AU ; /R T8

Note: A represents the linear effect of temperature; B represents the linear effect of salinity; AB represents the interactive effect of tempera-
ture and salinity; A represents the quadratic effect of temperature; B? represents the quadratic effect of salinity; — means no data.
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Fig. 3 Response surfaces and contours of temperature, salinity and interactive effects on the
development time of Strongylocentrotus intermedius 16-cell
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Tab.5 ANOVA analysis of temperature and salinity on the development time of Strongylocentrotus intermedius blastula

Fi source TIRISS A HrMS F P ﬁgﬁf&? fﬁﬁﬁif

H7 model 30.82 5 6.16 203.02 <0.0001

A-T 4.56 1 4.56 150.09 <0.0001 -0.90 -0.61
B-S 231 1 231 76.04 <0.0001 -0.70 -0.40

AB 0.14 1 0.14 4.76 0.0656 -0.02 0.42
A’ 23.62 1 23.62 777.92 <0.0001 1.68 2.00

B’ 0.10 1 0.10 3.29 0.1125 —0.04 0.28

5% 2% residual 0.21 7 0.03 - -

PAYUI lack of fit 0.11 3 0.04 1.50 0.3435

4lii% 2% pure error 0.10 4 0.02 - -

TE: A FORTR L — BN ; B 3278 0 BE 9 — URBLNE; AB F/R il R A I3 200, A 3R/ i BE i) —WORORE s B 3R BE WO — Rk i

Note: A represents the linear effect of temperature; B represents the linear effect of salinity; AB represents the interactive effect of tempera-
ture and salinity; A represents the quadratic effect of temperature; B? represents the quadratic effect of salinity; — means no data..
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Fig. 4 Response surfaces and contours of temperature and salinity and interactive effects on the
development time of Strongylocentrotus intermedius blastula
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Tab.6 ANOVA analysis of regression model of temperature and salinity to the
development time of Strongylocentrotus intermedius float

3 source THASS  EMEE A 7 MS F P %3%?3? f@ﬁﬁif
LAY model 98.77 5 19.75 42.43 <0.0001

A-T 51.34 1 51.34 110.28 <0.0001 -3.09 ~1.95

B-S 9.60 1 9.60 20.63 0.0027 -1.71 ~0.54

AB 2.39 1 2.39 5.13 0.0579 ~0.04 1.66

A2 33.31 1 33.31 71.56 <0.0001 1.57 2.80

B’ 5.42 1 5.42 11.65 0.0112 0.28 1.53
%74 residual 3.26 7 0.47

ST Jack of fit 2.43 3 0.81 3.88 0.1116

4li ik 2% pure error 0.83 4 0.21

TE: A R IR — KB ; B 7m # BE 9 — KRB AB FR/R IR R I I A 8005 A% 3R7R IR EE 1 IR 80N ; B R R IR ONE; —3R/R T8

Note: A represents the linear effect of temperature; B represents the linear effect of salinity; AB represents the interactive effect of tempera-
ture and salinity; A” represents the quadratic effect of temperature; B? represents the quadratic effect of salinity; — means no data.
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Fig. 5 Response surface and contour lines of temperature, salinity and interactive effects on the
development time of Strongylocentrotus intermedius float
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Tab.7 ANOVA analysis of regression model of temperature and salinity to the
development time of Strongylocentrotus intermedius four-arm pluteus

K source  FHASS AL M MS F P VRN

57 model 242.62 5 48.52 57.73 <0.0001

AT 133.58 1 133.58 158.93 <0.0001 ~4.83 -3.30

B-S 4272 1 42.72 50.82 0.0002 -3.17 -1.59

AB 0.06 1 0.06 0.08 0.7849 ~1.00 1.27

A 65.30 1 65.30 77.69 <0.0001 2.24 3.88

B2 4.88 1 4.88 5.80 0.0469 0.016 1.70

% 7% residual 5.88 7 0.84

S lack of fit 4.57 3 1.52 4.63 0.0863

4li{% 2% pure error 1.31 4 0.33
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Note: A represents the linear effect of temperature; B represents the linear effect of salinity; AB represents the interactive effect of tempera-
ture and salinity; A” represents the quadratic effect of temperature; B? represents the quadratic effect of salinity; — means no data.
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Fig. 6 Response surface and contour lines of the influence of temperature, salinity and interactive effects on the
development time of Strongylocentrotus intermedius four-arm pluteus
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I nter active effect of temperature and salinity on early embryo devel-
opment processes of the sea ur chin (Strongylocentrotus intermedius)

WU Yanglei, ZHEN Hao, WANG Luo, TAN Bamei, PEI Honglin, DING Jun, CHANG Yagqing

Dalian Ocean University; Key Laboratory of Mariculture and Stock Enhancement in North China Sea, Ministry of Ag-
riculture and Rural Affairs, Dalian 116023, China

Abstract: Using the fertilized eggs and larva of Srongylocentrotus intermedius, the effects of high temperatures
and low salinity on the early embryonic development of the S. intermedius were investigated, and the tolerance of
larvae at various stages to temperature and salinity were studied. Central Composite Design and Response Surface
Methodology were used to study the interactive effects of temperatures (12-26 ‘C) and salinity (22-34) on the
early embryonic development processes of S. intermedius, with the aim of establishing a quantitative relationship
model of temperature and salinity on the development processes of embryos, and then through statistical optimi-
zation methods obtain the best combination of temperature and salinity. The results showed that the early embry-
onic development time of S. intermedius first shortened and then lengthened with temperature increase. With sa-
linity decreasing, the early embryo development of S. intermedius increased. The linear effect and the quadratic
effect of temperature, and the linear effect of salinity on the early embryonic development process of S. interme-
dius were significant (P<0.05). The absolute value of the linear coefficient of temperature was greater than the
linear coefficient of salinity. The combined effect of temperature and salinity on the early embryonic development
of S. intermedius was not significant (P>0.05). The model equation of the 2-cell, 8-cell, 16-cell, blastula, float, and
four-arm pluteus larvae toward temperature and salinity were established, with the coefficients of determination
(R®) being 0.9576, 0.9508, 0.9689, 0.9932, 0.9681, and 0.9763, respectively. At a temperature of 20.47 C and a
salinity of 31.46, the development time of the 2-cell, 8-cell, 16-cell, blastula, float, and four-arm pluteus larvae of
S. intermedius were the shortest, which were 1.28 h, 2.07 h, 3.31 h, 4.14 h, 11.28 h and 47.31 h, respectively. The
results indicated that a high temperature and low salinity will prolong the early embryonic development processes
of S. intermedius. The findings provide a theoretical basis for the artificial breeding of S. intermedius.
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