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Abstract: The effects of three levels of environmental enrichment treatments ( no environmental enrichment ( group C) ;
low-level environmental enrichment ( group EL) ; and high-level environmental enrichment ( group EH) ) on the behavioral
response and distribution of Sebastes schlegelii in early developmental stages were studied with an experimental ecology
method. Additionally, the attractive effect of two kinds of artificial reef models ( pyramid and cylinder reef models) on S.
schlegelii was also studied. The results showed that S. schlegelii had different behavioral habits in early developmental stages.
The post-larvae were scattered, whereas larvae and juveniles concentrated around the test tanks when there were no artificial
reef models. When the two kinds of artificial reef models were introduced into the test tanks, there were no significant

changes in the larval and post-larval average distribution rates in the central region of the tanks where the artificial reef
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models were placed (P>0.05), but juveniles increased significantly from 1.11% to 47.78% and 54.44% , for pyramid and
cylinder reef models, respectively (P<0.01) , indicating significantly increased atiractive effects of the two kinds of models
with the growth and development of the fish. Environmental enrichment of 25 days had no significant effects on the average
distance between the center of gravity of colony and artificial reef models (D, ), average distance of fish and the center of
artificial reef models (D, ), distance between individual fish (D), nor average distribution rate in the central region (P>
0.05). However, environmental enrichment of 47 days showed different behavioral characteristics among juvenile fish
cultured in three types of net cage environments. When no reef models were introduced, the average distribution rate in the
central region of group EH was significantly higher than that of group C (P<0.05). However, there were no significant
differences between groups EL and C, nor between groups EL and EH (P>0.05). The order of D, and D, was group EL >
C > EH. When artificial reef models were introduced into the tanks, the order of the average distribution rate in the central
region was group EL > C > EH, and the order of D, and D, was group EL < C < EH. These results indicated that low-level
environmental enrichment could strengthen the juvenile attractive effect of artificial reef models and decrease the boldness of
fish, which is essential for their survival in the natural environment. The research may provide referential information for

further studies in hatchery techniques and stock enhancement.
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Fig.1 Sketch of physical structures with different sizes Fig.2 Picture of plastic plants with different sizes
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Table 1 Parameters of physical structures and plastic plants with different sizes in the experiment

% F938& ) Physical structure Ntk Plastic plant
Parameter /N Small 178 Medium KA Large /N Small KA Large
i Height /em 10 35 70 25 45
MK Length /cm 12 40 80 — —

W11 55 B Width /cm 6 20 40 — _

W FL4% Diameter /cm 1.5 5 10 — —

25 J5 P& F Cube volume /dm? 0.2 13.9 110.9 — —
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Table 2 Parameters of environmental enrichment at different levels

ZH F4)3& ) Physical structure N Plastic plant
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High-level enrichment

BT RN AT R /N R W A BT AR PO, Y R TR 3 ) B N T AR A B T R ke DX dsk

1.3 EBREAT D SC R KM M YRR (Y e 4% 5 et

FREREAT Ay S50 T K A B KA T IFJE KRS 50 emx30 emx30 em (K xFEXIR) , 2501 7] 7K 07 4k ¢
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Fig.3 Sketch of behavioral test tank Fig.4 Picture of two kinds of artificial reef models
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Table 3 Parameters of two kinds of artificial reef models
2% B mu e AR 2% JE AL RIS
Pyramid reef Cylinder reef Pyramid reef Cylinder reef
Parameter Parameter
model model model model
B Height /cm 10 8 Ml FL4E Diameter of side /cm 1.5 1
Ml Length /cm 12 — [74% H 12 Diameter of tube /cm — 3
Ml 55 B Width /cm 6 — 25 )7 {AFH Cube volume /cm? 187.1 169.6
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Table 4 Average distribution rate of S. schlegelii within different artificial reef model conditions

(NE:] il X3k Area
Stage Type I i I v v VI
{73 Larvae TeAF T 30.00+4.20a  22.78+4.56ab  21.67+4.37ab  10.56+2.35¢  12.22+3.58hc 2.78+1.09¢
Tt 18.89+3.89 4.44+2.94 32.22+4.94 35.56+2.94 7.78+3.64 1.11£1.11
R 36.67+4.71 37.78+4.65 11.11+3.09 8.89+3.51 4.44+1.76 L11z1.11
GiizeeRid] o Tl 19.44+2.62ab  22.22+5.08a  18.33%+3.16ab  12.22+2.86b  16.67+2.87ab  11.67+2.18b
Post-larvae ST 14.44+3.77 22.22+2.78 14.44+3.38 17.78+3.64 18.89+5.12 12.22+4.34
R 17.78+2.78  20.00%3.33 16.67+4.71 22224324 15.56+2.94 7.78+2.78
AR ] e AL 20.56+3.38ab  12.78+2.53b  25.56+3.36a 17.78+3.58ab  22.22+2.63a 1.1120.76¢
Juvenile AU 12.22+2.78 4.4442.42 12.22+4.65 10.00£3.33  13.33%5.77 47.78+11.03
(egili 5.56+2.42 3.33+2.36 17.78+3.64 8.89+3.89  10.00+3.73 54.44+7.29

FRP I LIV V VISR R8T 2 5 S0 Il 23 H A6 R DX, e VI DR R R 5 DX U D5 R RN 5 B 2OR [/l — A & B
BET] — A S S 0 7 AN [ DX 3T 24 4377 % 28 57 135 (P<0.05)
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Fig.5 Average distribution rate in area VI of S. schlegelii at different environmental enrichment levels
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Fig.6 Changes of barycenter of S. schlegelii at different environmental enrichment levels
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Fig.7 Distribution of S. schlegelii at different environmental enrichment levels
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Fig.8 Behavioral habits of S. schlegelii in early developmental stages
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