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Tab. 1 Artificial feed formula and nutritional composition
; Saillant [22] s %
. terial tent
(Dicentrarchus labrax) raw materia comten
(23] corn flour 25
5 wheat flour 21
, (Haliotis discus hannai) kelp powder 15
soybean meal 12
> fish meal 12
[24] P i lecithin 1
, (Poacea canaliculata)
soybean oil 3
calcium dihydrogen phosphate 2
s Y multidimensional" 1
Jmulti mine? 2
antioxidants 1
( ) s ) gelatin 5
nutritional components
protein 27
B fat 6
:1) ( kg ): A, 1700 1U; D,
25 1200 IU; E, 45 mg; K, 4 mg; B, 4.5 mg;
Zhang [25] , g g 1 g
B, 10 mg; Bg, 15 mg; By, , 0.05 mg; , 65 mg;
D- , 23 mg; , 5.5 mg; D- , 0.1 mg; , 110 mg.
, 5 2) (mg/kg): , 11; , 170; , 34; , 12; ,
1.2;  ,1.5, ,0.15 ,60; ,200.
Note: 1) Vitamin premis (per kg diet): vitamin A, 1700 IU; vitamin
D, 1200 IU; vitamin E , 45 mg; vitamin K, 4 mg; vitamin B,, 4.5 mg;
[26-28] vitamin B,, 10 mg; vitamin Be, 15 mg; vitamin Bj,, 0.05 mg;

nicotinic acid, 65 mg; D-calcium pantothenate, 23 mg; folic acid,
5.5 mg; D-biotin, 0.1 mg; inositol, 110 mg.

2) Mineral premis (mg/kg): copper, 11; iron, 170; zinc, 34; manganese, 12;
cobalt, 1.2; iodine, 1.5; selenium, 0.15; magnesium, 60; potassium, 200.
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Tab. 2 Number of experimental sea urchin and design of replicates in each family fed by two diets
number of families and sea urchins
diet 1 familyl 2 family 2 3 family 3 4 family 4 5 family 5 6 family 6
20 x3 20 x3 20 x3 20 x3 20 x3 20 x3
Undaria pinnitafida 20 sea urchins x 20 sea urchins x 20 sea urchins X 20 sea urchins x 20 sea urchins x 20 sea urchins x

3 replicates

20 %3
20 sea urchins x

artificial feed 3 replicates

3 replicates 3 replicates

20 x3
20 sea urchins x
3 replicates

20 x3

3 replicates

20 sea urchins x

3 replicates 3 replicates 3 replicates

20 x3
20 sea urchins x
3 replicates

20 x3
20 sea urchins x
3 replicates

20 x3
20 sea urchins x
3 replicates

1.3
(SGR) (ACV)
(FCR)
SGR (%/d) = ( InX1—InXj) /tx100%
, Xo » X ’
t
ACV (%) = (SD1/X1—SDy/X5)*x100%
, SD, , SDg
FCR =F/(X,—Xo) ,F
Excel
; (IBW)
(FBW) SGR
(FCR) (ACV)

LSD ,
SPSS
16.0 : P<0.05,
P<0.01
2
2.1
3 3 ,
100% :
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Tab. 3 Statistics for body weight, variation, feeding and survival rate of sea urchins fed by two diets

it Undaria pinnitafida artificial feed
item
initial value final value initial value final value
/ number 360 360 360 360
/g body weight 1.09+0.74 5.07+£2.20 1.06£0.69 2.88+1.61
/% CV for body weight 68 43 65 56
/g total food intake 8615.69 838.71
/% survival rate 100 100 100 100
b
FBW ACV , SGR TFCR
2.2
23
4 IBW 4 ;
b b
FBW SGR FCR(TFCR) 1
ACV s 2 1 ,

x4 EHH RERZEZEXRBEERMEEERK. SFESTEFMEM

Tab.4  Effects of diet, family and diet by family interaction on growth, feeding and variation of the sea urchin

parameter FBW SGR TFCR ACV
IBW 0.001 0.100 0.601 0.761
family 0.012 0.000 0.003 0.004
diet 0.000 0.000 0.000 0.000
family x diet 0.096 0.007 0.010 0.604
P . IBW

Note: Numbers in the table are P value. When the effect of IBW on parameters such as growth and feeding is not significant, significance
levels for the following factors are re-examined without covariates in the analysis model.
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(P<0.01),

(P<0.05).
Fig. 1 Effects of family and diet on FBW of Strongylocentrotus intermedius
Columns among families or between diets sharing the same superscript are not significantly different. Upper-case letters indicate
extremely significant difference (P<0.01). Lower-case letters indicate significant difference (P<0.05).
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(P<0.01), (P<0.05).

Fig. 2 Effects of family and diet on ACV of Strongylocentrotus intermedius
Columns sharing different upper-case letters indicate extremely significant difference (P<0.01), and lower-case letters indicate sig-
nificant difference (P<0.05).
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Fig. 3 Comparisons among SGRs of different families fed by
the same diet
** means SGRs for body weights are extremely significantly
different between diets within a family (P<0.01). Values with
different letters indicate significant difference (P<0.05)
between different families.
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Fig. 4 Comparisons among FCRs of different families fed by
the same diet
** means SGRs for body weights are extremely significantly 3.3
different between diets within a family (P<0.01). Values with
different letters indicate significant difference (P<0.05)
between different families.
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Effects of diet, family, and the diet by family interaction on growth,
feeding, and phenotypic variation in sea urchin, Strongylocentrotus
intermedius

WANG Haifeng, ZHAO Shuai, ZHANG Weijie, JING Chenchen, ZUO Rantao, HOU Shouquan, CHANG Yaqing

Key Laboratory of Mariculture & Stock Enhancement in the North China’s Sea, Ministry of Agriculture; Dalian Ocean
University, Dalian 116023, China

Abstract: Strongylocentrotus intermedius was introduced to China from Japan in 1989. It is the only sea urchin species
cultured in China due to its short spines and high gonad quality. Family selection is being applied to genetically im-
prove growth rates and gonad quality of S. intermedius. Families from different environments (water temperature,
stocking density, illumination, and culture facility) rank differently during family selection, suggesting a family by en-
vironment interaction. However, the diet by family interaction, which is one of the most important environment factors,
has not been examined. In this study, two different diets (artificial feed and Undaria pinnatifida) were fed to six fami-
lies of S. intermedius to examine the effects of diet, family, and the diet by family interaction on final body weight
(FBW), specific growth rate (SGR) for body weight, feed conversion rate (FCR), and change in the coefficient of varia-
tion (ACV). At the end of the 60-day experiment, we found no significant diet by family interaction effect on FBW or
ACYV. Sea urchins fed U. pinnatifida grew significantly larger and had more uniform FBW than those fed artificial feed
(P <0.01). Significant differences were detected in both FBW and ACV among families. These differences suggest that
family selection is an effective genetic method to improve FBW and uniformity. We compared the FCRs of S. interme-
dius families fed macro-algae and artificial feed for the first time. Significant diet by family interaction effects were
detected on both SGR and FCR (P<0.01). Sea urchins in all families fed U. pinnatifida had larger SGR and FCR
(P<0.01). Both SGR and FCR were significantly different among families fed the different diets (P<0.05). These dif-
ferences suggest that both SGR and FCR can be improved genetically using family selection. The families fed the two
diets were the same when ranked by SGR, suggesting that the interaction effect on SGR was caused by variations in the
families between diets. However, family ranking using FCR was the opposite of that for SGR. Re-ranking the families
showed that FCR was different based on diet. In conclusion, our results suggest that growth rates, FCR, and uniformity
of S. intermedius were improved genetically by family selection. In addition, diet significantly lowered growth rate,
FCR, and uniformity when family selection was applied. Breeders should consider the family by diet interaction when
FCR is the target trait.

Key words: Strongylocentrotus intermedius; family; diet; interaction; growth; feeding; variation
Corresponding author: CHANG Yaqing. E-mail: yqchang@dlou.edu.cn



