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s SPSS17.0 10.26, 7.64~12.13, 0.48~
Duncan 1.15, >
a 0.41~6.57, , 5/6
+ (x%Es) R a S 1.0 pg/L
P<0.05 .7 8 9 a , 10
’ 2 8 2
2 b , s a
" 22 WEAY
2 £X
21 FHEETFEAA
1 pH
; 7.42~
1 AEKBEMEEFHETHTK
Tab.1 The seasonal variation of environmental factors in different water layers
() pH (mg/L) (umol/L) (umol/L) a(pg/L)
5 12.5 11.3  31.83 31.82 7.92 8.03 8.61 7.42 9.62 9.15 0.56 0.48 0.45 0.41
6 14.3 12.5 3122 31.16 8.13 8.04 9.51 7.62 12.13 10.56 0.89 0.95 0.86 0.65
7 18.6 16.8  32.15 32.13 7.94 7.92 8.89 7.96 10.45 10.15 0.74 0.74 2.14 1.84
8 28.1 27.9 3094 31.12 7.84 7.82  10.26 9.51 11.13 11.32 1.15 1.08 4.23 4.11
9 20.3 19.6  31.51 31.48 8.04 8.06 8.84 8.61 10.82 8.95 0.87 0.78 6.57 6.28
10 15.4 14.8  31.1 31.72  8.11 8.11 7.95 6.82 8.64 7.64 0.75 0.66 4.25 3.81
b b 2’
s 1~2 cm
2~3 cm
2.3 FEMAE :
R ) s 1.5cm R
2 ,
#2 HMEFRANEREFELER(%)
Tab.2 The experimental results of different sizes during winter(%)
(cm)
1.0 3.00+0.12% 10.00+0.14* 2.63+0.07% 7.89+0.06% 87.10+£1.37% 80.30+1.51*
1.5 2.00+0.09° 9.33+0.09° 2.40+0.06" 7.20+0.14° 86.10+1.40° 78.20+1.56°
2.0 3.50+0.15° 8.00+0.22° 2.85+0.12°¢ 8.19+0.35°¢ 85.20+1.43°¢ 81.1+1.49*
25 2.80+0.10° 7.20+0.08¢ 1.44+0.09¢ 4.55+0.62¢ 83.40+1.44¢ 77.30+1.55°
3.0 3.67+0.12° 8.00:£0.20° 1.45+0.16° 6.69+1.47° 85.80+1.39™°  78.30+1.50°
Marine Sciences / Vol. 41, No. 11 /2017 17
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Tab.3 The experimental results of different sizes during summer(%)

(cm)
1.0 9.00+0.11a 153.00£10.10a 10.98+0.09a 359.76+10.42a 93.4+0.72a 87.5+4.42a
1.5 10.67+0.10b 142.00+11.1b 8.21+0.10b 563.43+£14.5b 92.2+0.81b, ¢ 84.3£3.16b
2.0 9.00+0.13a 128.50+13.3¢ 4.61+0.17¢ 482.57+12.8¢c 92.6+0.77b 80.4+4.24c¢
2.5 6.80+0.11c 117.20+13.1d 9.15+0.23d 431.12+16.3d 91.8+0.82¢ 75.6+£3.33d
3.0 8.00+0.13d 91.00£10.2¢ 7.36+0.33e 358.86+13.4a 93.4+0.75a 68.5+4.36¢
R4 RIBHZFELER®%)
Tab.4 The experimental results of bottom sowing culture during winter(%)
(cm)
1.0 1.92+0.04* 4.09+0.06° 18.37+0.09*
1.5 1.94+0.03" 4.36£0.09° 22.3+0.11°
2.0 1.18+0.03" 4.58+0.07° 25.4+0.15°
2.5 1.45+0.03° 3.41+0.07¢ 26.8+0.21¢
3.0 1.73+0.03¢ 4.30£0.04° 33.58+0.34°
x5 KEEEFRELER®%)
Tab.S5 The experimental results of bottom sowing culture during summer(%)
(cm)
1.0 144.20+11.95% 337.60+37.55* 23.58+0.21°
1.5 128.00+13.63° 596.40+5.86" 33.52+0.18°
2.0 117.40+£9.56° 496.80+23.86° 35.37+0.22°
2.5 108.53+7.15¢ 381.80+63.13° 36.19+0.31¢
3.0 88.00+8.33° 335.00+27.90° 38.05+0.19°
, 1~5 ,2m .
, , 2~3 cm ,
, 1~1.5 cm , 3m
; 1~2 cm s s 35m
2~3 cm ; , 1.29 cm, 135 ¢
,2.5m ,3m
s ,2m ,3.5 4m
,1~1.5cm s spss S 2
2 cm ; 35 4m 25 3m
, 1.5 cm )
, , 2.5~3m
24 HFKE 2.5 FEEE
1.15 cm, 1.14 g 1.2 cm, 1.18 g,
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, 2000 1800 1500 ( , , 800~
4 5 6 ) 1200 80%
F6 HEARREFKERELER%)
Tab. 6 The experimental results of different layers during winter(%)
(cm)
2.0 0.69+0.04° 10.46+0.04° 2.69+0.04* 8.48+0.05° 81.3£1.33"  57.32+0.07°
25 0.31+0.03° 11.39+0.04° 1.82+0.03° 9.30+0.11° 80.6+1.37°  64.17£0.08"
3.0 0.370.04° 11.74+0.05° 1.50£0.03° 9.18+0.05° 81.7+1.31°  67.62+0.09°
3.5 0.69+0.35% 13.50+0.47¢ 2.13+0.07¢ 11.52+0.03¢ 82.3+1.36°  78.67+0.05¢
4.0 0.50+0.04¢ 13.91£0.09° 1.9440.35° 11.960.06° 81.1£1.35°  79.34+0.06°
#7 EERREFKEBRELER%)
Tab.7 The experimental results of different layers during summer(%)
(cm)
2.0 17.45+0.08° 163.94+0.86" 23.18+0.78° 344.04+3.24° 86.4x1.22° 71.3£1.43°
2.5 17.06+0.08° 179.89+1.01° 24.75+0.23° 411.90+6.21° 87.241.19° 86.7+1.38°
3.0 16.58+0.07° 178.20+0.29° 24.50+0.25° 410.59+3.17° 84.9+1.37° 85.1+1.34°
3.5 16.58+0.10¢ 170.23+0.71¢ 22.31+0.28° 394.94+10.66° 85.7+1.36° 83.7+1.39¢
4.0 17.14£0.04° 167.59+1.01° 22.93+0.23% ¢ 396.25+4.48° 86.7+1.21° 82.3x1.41°
#8 FXHELER)
Tab. 8 The results of the first over-wintering age(%)
7))
2000 1.08+0.05° 3.62+0.04° 1.63+0.04%° 9.09£0.03° 83.5+1.12° 62.18+1.31°
1800 0.83+0.04° 4.2440.04° 1.69+0.07>°¢ 10.14+0.09° 84.6+1.13°  66.54+1.33°
1500 1.4620.04° 5.47£0.07° 1.5040.06° 11.930.05° 86.5+1.11° 72.35+1.30°
1200 1.50+0.06° 7.24+0.06° 1.63£0.07*° 13.40+0.27¢ 88.3+1.09¢ 80.25+1.32¢
1000 1.25+0.05¢ 7.16+0.05° 1.76+0.04° 17.57+0.11° 87.2+1.12° 81.26+1.31°
800 1.58+0.06° 7.53+0.07° 1.57£0.06™ ¢ 17.96+0.07 88.2+1.104  80.67+1.32°
1.29 cm, 1.4 g, 200 /
) s , , , 200
1 000~600 , 10)
) s 3.94 cm, 8.03 g
,  200~500 / 11 , 200 150 ( 4 5
80% , ) ,
, , , 500 80 ( 11)
9 "
3.6 cm, 7.15¢ 2.6 B RNAL RIGIIA
, 80~500 , , ; ; 3
, 300~ ,
500 /

b
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R FE-REELR%)
Tab.9 The results of the first over-summer(%)

/7))

1000 5.58+0.06" 153.02+3.42° 7.5040.05° 305.62+3.84° 94.6+1.02°  68.14+1.33°
800 5.54+0.05° 162.02+5.45° 7.46+0.03° 317.86+4.66" 95.1+1.04*  72.58+1.31°
600 5.74+0.05° 167.23+1.23¢ 7.29+0.07° 371.2146.00° 93.8+1.01°  77.62+1.32°
500 5.97+0.05¢ 179.17+1.35¢ 7.64+0.08° 402.48+3.59¢ 94.2+1.02°  84.39+1.33¢
400 5.81+0.07° 181.11+1.32¢ 7.89+0.09¢ 410.91+2.97° 94.6+£1.03*  83.47+1.32¢
200 5.74+0.05° 179.56+0.68¢ 7.46+0.05° 409.79+2.85° 96.2+1.01°  85.24+1.33¢

R0 FITRBELER(%)
Tab. 10 The results of the second over-wintering age(%)

/7))
500 3.13+0.03° 5.91+0.06° 2.63+0.04° 7.1140.05° 93.3+1.01°  58.95+1.12°
400 3.24+0.04° 6.62+0.03° 3.02+0.06° 8.45+0.06° 94.1+1.03°  62.13+1.11°
300 3.49£0.05° 7.500.09° 3.14+0.05° 10.64+0.05¢ 93.6+1.02°  66.48+1.14°
200 3.01+0.04¢ 9.31+0.04¢ 3.01+0.05° 12.22+0.03¢ 95.2+1.03*  68.25+1.12f
80 3.33+0.05¢ 9.53+0.08" 3.24+0.04¢ 12.4620.03¢ 93.5+1.01°  60.52+1.11°

11 FIREELER(%)
Tab. 11 The results of the second over-summer(%)

C /)
200 1.67+0.04% 32.63+0.98° 2.1740.06 253.13+2.06° 93.5+0.32°  62.34+0.06°
150 1.78+0.07° 40.68+0.21° 2.00+0.09° 275.20+1.11° 94.1+0.25°  67.51+0.24°
100 1.89+0.07° 49.71+0.57° 1.94+0.09" 360.04+1.29° 93.8+0.34"°  73.82+0.17°
80 1.80+0.05" 50.69+0.26¢ 2.03+0.06° 370.84+2.31¢ 94.940.29°  71.53+0.15¢
50 1.82+0.04%¢ 52.140.77° 2.04+0.10° 367.18+1.46° 95.140.22°  66.58+0.18°
12 ,

*12 FREFEBERNER
Tab. 12 The results of different cultural models

(%) (%) (%) (kg) ()
117.146 429.52 30.07 750 9000
376.65 2794.05 68.36 1800 27000
200 iy
3 it 25t g
S
3.0 RMABAMI A K EEAEE =
A T EH Y
2~3 cm s 1
1 2 3 s 1~5 Fig. 1 The growth rate of shell length during winter
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Fig. 2 The growth rate of wet weight during winter Fig. 5 The growth rate measured by wet weight during summer
= R HOE = === R
O g;’%%ﬁ 100 i1 SR
< 80 . 80
5 60 < 60
40 2 40
20 S
20
0 1 2 3 4 5 0
S
3 6
Fig. 3  The survival rate of Scapharca broughtonii during winter Fig. 6 The survival rate of Scapharca broughtonii during
summer
2 ( 1.5cm ),
b 4~ 6 b b
o 3.2 kb F ERABEXGREKESH
s 7 ’
, 2 ( 1.5cm )
1.27~1.31 cm, 1.24~1.28 mg,
' 2~3 cm
, , 87.5% ’ ’
3.5 R
68.5%
, 57.32%~79.34%
, 2 ( L5cm ) — eI
e SR ET R
s 100 F eenees friE
. 80
b b ;}q- 60
W40
) = 20
- == T 0
160 MEFRA 1 23 435
G A
e 140
% 120 7
00 Fig. 7 The analysis of different water-course during winter
80 , , 8
, 2.5~3m ,
4 >
Fig. 4 The growth rate of shell during summer , 71.3%~86.7%, ,

Marine Sciences / Vol. 41, No. 11 /2017 21



e IRkE REPOATS

—_— T R
.............. 3 IR e e s
500 F.eeeeee gizkﬁ TR R
S0 i [
ST T eeeesees (%YS’%‘
400 e,
0]
N4
100 [eeeecccccccccee
0 1 1 1 1 1 J
3 123 456
. . . . M Tk
Fig. 8 The analysis of different water-course during summer
10
, 3.5 cm Fig. 10 The analysis of density test during the first summer
, 2.5~3 m, — R RR
3.3 F AN RAERAEE 2
3
) NS
%EII
; A
) 2 11
5 > 1 000 Fig. 11 The analysis of density test during the second winter
JTICHE K
.............. R b [
400 .'.:.'.::.'.:...4?”3 0
100
o g 300F e
e 3 200
3 60 £
X 49 B T
>_3‘qu
20 0
1 2 3 45
0 AL
12
9 Fig. 12 The analysis of density test during the second summer

Fig. 9 The analysis of density test during the first winter

3.4 B E-RIEGEN FAEXKF S

10( ) s 200~
500 / ( 1~3 ) ’
80% , , 34 cm ( )
, 500 ) )
, 11 , 5 cm
, 3 >
200 ) )
, 12 , 3 , )
, 100 , ) )

22 /2017 /41 /11



e IRkE REPOATS

[J1. , 2015, 11: 132-137.
Pan ying, Li jianming, Huang weide. The perspectives
of molluscan mariculture and its developmental sug-
gestions in Guangxi[J]. Marine Sciences, 2015, 11: 132-
137.
. [N].
, 2014-04-28(B03).
Liu jialin. The technology of larval rearing and bot-
tom-seeding of Scapharca broughtonii[N]. China Fish-
eries Report, 2014-04-28(B03).
[J1. , 2010, 11: 42.
Lin peizhen, Liu dekun, Du mengmeng, et al. The
technology of bottom- seeding of Scapharca brough-
tonii in the sea area[J]. China Fisheries, 2010, 11: 42.
[J1. , 2009, 3: 87-90.
Yu ruihai, Li qi. New Techniques for bottom sowing
multiplication and cultivation of the pollution-free
arkshell (Scapharca broughtonii schrenck)[J]. Transac-
tions of Oceanology and Limnology, 2009, 3: 87-90.
[J1. , 1994, 15: 79-86.
Tang qisheng, Wang jun, Qiu xianyin, et al. Studies on
releasing enhancement of Scapharca broughtonii[l].
Marine Fisheries Research, 1994, 15: 79-86.
[J]. , 1989, 6: 182-184.
Bi shuwan, Xu zongfa. The development and reasonable
utilization of Scapharca broughtonii in the huanghai
and bohai sea[J]. Fisheries Science & Technology Infor-
mation, 1989, 6: 182-184.
[J1. , 1994, 5(4): 396-402.
Tang qisheng, Qiu xianyin, Wang jun, et al. Resource
enhancement of arkshell in Shandong offshore waters[J].
Chinese Journal Of Applied Ecology, 1994, 5(4): 396-
402.
. [M].
,2014.
Ministry of Agriculture, Fisheries Bureau. China Fish-
eries Yearbook[M]. Beijing: China Agriculture Press,
2014.
[M].

[11]

[12]

[16]

[19]

,2010.
Ministry of Agriculture, Fisheries Bureau. China Fish-
eries Yearbook[M]. Beijing: China Agriculture Press,
2010.

J1. , 2016,
10: 43-48.
Zhang xiaoju, Ding long, Feng Chunhui. Macrobenthos
community and environmental factors in the middle
waters of Liaodong Bay in spring[J]. Marine Sciences,
2016, 10: 43-48.
Dame R F, Prins T C.ivalve carrying capacity in coastal
ecosystems[J]. Aqu- atic Ecology, 1997, 31: 409-421.
Smith J, Shackley S E. Effects of a commercial mussel
Mytilus edulis lay on a-sublittoral, soft sediment benthic
community. Mar Ecol, Prog Ser, 2004, 282: 185-191.
Yang Y F, Li C H, Nie XP, et al. Development of
mariculture and its impacts in Chinese coastal waters.
Reviews in Fish Biology and Fisheries, 2004, 14: 1-10.
Hansen L G, Jensen F, Russell C. The choice of regula-
tory instrument wh- en there is uncertainty about com-
pliance with fisheries regulations. American Journal of
Agricultural Economics, 2008, 4: 1130-1142.

[J1. , 2007, 3: 75-83.
Ning xiuren, Liu chenggang, Hao qiang, et al. Sustain-
able development of the fisheries resources and the en-
vironment in mariculture[J]. Journal of Marine Science,
2007, 3: 75-83.
[J1. ,2016, 10: 160-169.

Shen hui, Wan xihe, He peimin. Review of research on
bioremediation in the eutrophication of intertidal
flats[J]. Marine Sciences, 2016, 10: 160-169.

[J1. , 1992, 6: 281.
Song bin. Changdao has formed the biggest bottom breeding
area of marine products inland[J]. Marine Fisheries, 1992,
6: 281.
“97” 6 [J1.
, 2016, 10: 49-54.

Kong ning, Lian jianwu, Xue yanjie, Zhong zhaoshan,
et al. Effects of water temperature and salinity on
metamorphosis, post-larval survival, and growth of the
sixth generation of “97” selective breeding population
of Haliotis discus hannnai Ino[J]. Marine Sciences,
2016, 10: 49-54.

[J]. ,
2011, 3: 160-163.

Marine Sciences / Vol. 41, No. 11 /2017 23



e IRkE REPOATS

Zhao yue, Wang jinhai, Zhang congyao, et al. Effects of 117-130.

Stocking Density and Alga Species on Larval Growth, [21] , , , .

Survival and Metamorphosis in Surf Clam Mactra ven- [J]. , 2015, 6: 54-58.

eriformis[J]. Fisheries Science, 2011, 3: 160-163. Li li, Zheng yongyun, Xu kefeng, et al. The relationship
[20] Raillard O, Ménesguen A. An ecosystem model for the between morphometric traits and body weight of

estimating the carrying capacity of a macrotidal shellfish Scapharca subcrenata at different ages[J]. Marine Sci-

system [J]. Marine Ecology Progress Series, 1994, 115: ences, 2015, 6: 54-58.

Experiment research of the cage culture and bottom sowing
culture of Scapharca broughtonii in Bohai Gulf

ZHAO Chun-nuan, CAl Zhong-giang, ZHENG Yan-xin, YU Tao, LIN Jian-guo

(Changdao Enhancement and Experiment Station, Chinese Academy of Fishery Sciences, Yantai 265800,
China)

Received: Jul. 12, 2017
Key words: Scapharca broughtonii; hoisting cage; growth; survival rate

Abstract: The purpose of this experiment was to investigate the impact of different cage inputting specifications on
the growth and survival rates of Scapharca broughtonii. The study also compared the differences of cage culture
and bottom sowing culture. The results indicated that the best cage inputting specification was 1.5cm. The cage
inputting specification should be greater than 3.5cm during winter, but the best choice during summer was between
2.5cm and 3cm. The optimum density was 1000 ind/layer during the first summer and 500 ind/layer during the first
winter. The optimal density during the second winter and summer period were 200 ind/layer and 100 ind/layer, re-
spectively. According to the results of farming in hoisting cages, there could be greater survival rates if one begins
bottom sowing culture when the length of S. broughtonii was between 3cm and 4cm. Therefore, these results dem-
onstrated that relay breeding of S. broughtonii in the hoisting cage and the bottom of the sea could be an effective

farming mode that could raise the efficiency of farming S. broughtonii.
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