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Fig. 2 Changes in salinity, DO, pH, and temperature during the culture period
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Tab.1 Species recorded in periphyton on different substrates in net cage for sea cucumber seedling culture

NM CN CP CU
Bacillariophyta Achnanthaceae sp. + + + +
Pinnularia sp. + + + +
Synedra sp. + + + +
Pleurosigma sp. + + + +
Coscinodiscus sp. + + + +
Nitzschia paradoxa + + + +
Nitzschia longissima + + + +
Nitzschia sp. + + + +
Fragilaria sp. - + + +
Licmophora abbreviata - + + +
Navicula sp. + + + +
Navicula membranacea + - + +
Nitzschia sigma + + + +
Nitzschia lorenziana + + + +
Pseudo-Nitzschia sicula + - + +
Nitzschia closterium + + + +
Achnanthes brevipes + + + +
Cocconelis sp. + + + +
Diploneis sp. + + + +
Pyrrophyta Peridinium sp. - - - +
Alexandrium sp. - - - +
Cyanophyta Dactylococcopsis acicularis + + + +
Chlorella sp. + + + +
Chlorophyta Cladophorales sp. + + + +
Ulothrix sp. + + + +
Ulva sp. + + + +
Chrysophyta Chromulina sp. + + + +
Isochrysis sp. + + + +
Chordata Styela clavd + + + +
Ciona intestinalis + + + +
Annelida Hydroides ezoensis + + + +
D L«
( 3 9 (8 30 ) 9
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Fig. 6 Variations in chlorophyll a and pheophytin of the periphyton on different substrates
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Tab.2 Growth and survival rate of sea cucumber using different substrates after 12 weeks

(g ) (%/d) (kg/m’) (%)
0.933+0.141* 2.735+0.187% 0.59+0.02% 23.8+3.8°
0.868+0.172% 2.857+0.325% 0.78+0.24% 22.9+4.1*
1.050+0.265* 3.107+0.160* 0.92+0.16° 33.9+3.6°

3 + (mean+SD, n=3)., (P<0.05)
%3 FEMBERESE 17 AESENERKSHER
Tab.3 Growth and survival rate of sea cucumber using different substrates after 17 weeks

(g ) (%/d) (kg/m®) (%)
1.747£0.190™ 2.615+0.100™ 1.03+0.13° 21.9+3.1%
1.591+0.200° 2.531+0.109° 0.93+0.17% 21.7+£2.2°
2.037+0.151° 2.754+0.066" 1.44+0.23° 26.6+1.0°

3 + (mean+SD, n=3), (P<0.05)
, , Johnston ¥ s
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; 3
28 /2016 / 40 / 4



e IRkE REPOATS

19 68%, )

32%

[24]

[25]

10 ,
, 12 )

Macrobrachium rosen-

bergii ,
[26]

[27] [28]

Cherax destructor Panulirus Cygnus

[29]
3
, , 12
33.9%, (30] 10~40 d
30% B
17 ,
(P<0.05),

(P<0.05) , 12 ,
1.050 g/ +0.265g/ 3.68
33.9%, 17

1, 5.76 ,

, 17

, 3,
%ib
3
a N 5

- - [M].
, 1997: 115-117.

Liao Yulin. FAUNA SINICA-Phylum Echinodermata-
Class Holothuroidea[M]. Beijing: Science Press, 1997:
115-117.

Kang K H, Kwon J Y, Kim Y M. A beneficial coculture:
charm abalone Haliotis discus Hannai and sea cucumber
Stichopus japonicus[J]. Aquaculture, 2003, 216: 87-93.

[1]. , 2007, (6): 3-5, 13, 20.
Shen Hui, Chen Jing, Li Hua, et al. Progress of studies

on the culture techniques of sea cucumber worldwide[J].
Hebei Fisheries, 2007, (6): 3-5, 13, 20.

Marine Sciences / Vol. 40, No. 4 /2016 29



[10]

[11]

[12]

[13]

30

e IRkE REPOATS

[J1. ,2012, 33(12): 14-15.
Li Li, Wang Xiaohong, Qiu Zhaoxing. Study on the in-
termediate culture technology of sea cucumber seedling
using net cages set in pond[J]. Journal of Aquaculture,
2012, 33(12): 14-15.
. [J].

,2007,24(11): 14-16.
Xue Qingru. Development status and problems of sea
cucumber culture technology in China[J]. Shandong
Fisheries, 2007, 24(11): 14-16.
Sloan N A, Bodungen B V. Distribution and feeding of
the sea cucumber Isostichopus badionotus in relation to
shelter and sediment criteria of the bermuda platform[J].
Mar Ecol Prog Ser, 1980, 22: 57-264.
Chen J. Present status and prospects of sea cucumber
industry in china[J]. FAO Fisheries Technical Paper:
Chen J, 2004. 1-26.
Purcell S W, Kirby D S. Restocking the sea cucumber
holothuria scabra: Sizing no-take zones through indi-
vidual-based movement modelling[J]. Fisheries Re-
search, 2006, 80: 53-61.

[J1. , 2012,
33(4): 42-48.
Guan Min, Wang Yingeng, Chen Guiping, et al. The effect
of different artificial substrates on the inhabitation taxis of
the sea cucumber Apostichopus japonicus[J]. Progress in
Fishery Sciences, 2012, 33(4): 42-48.
. J1.

, 2005, 22(7): 31-31.
Yu Jiandong. Discussion of sea cucumber seedling in-
termediate culture method using net cages set in natural
sea area [J]. Shandong Fisheries, 2005, 22(7): 31-31.
[J]. (

), 2009, 39(3): 392-396.
Qin Chuanxin, Dong Shuanglin, Niu Yufeng, et al. Ef-
fects of shelter type on the growth and survival rate of
sea cucumber, Apostichopus japonicus Selenka, in
earthen pond[J]. Periodical of Ocean University of
China, 2009, 39(3): 392-396.
(1. (

), 2013, 43(1): 41-46.
Li Feng, Wang Fang, Dong Shuanglin, et al. Study on the
effect of different types of shelter on sea cucumber growth
and nitrogen and phosphorus budgets[J]. Periodical of
Ocean University of China, 2013, 43(1): 41-46.

(Apostichopus japonicus Selenka)

[J1. , 2013, 28(1): 27-33.

Wang Jigiao, Zhang Kai, Xu Zhenxiang, et al. Effects
of various shelter shapes on growth in juvenile sea cu-

cumber Apostichopus japonicus Selenka[J]. Journal of
Dalian Ocean University, 2013, 28(1): 27-33.

/2016

/

[14]

[15]

[16]

[17]

[18]

[20]

(21]

[22]

[24]

[27]

(28]

40

[M].
, 1965.
Jin Dexiang. Marine planktonic diatom species in

China[M]. Shanghai: Shanghai Science and Technology
Press, 1965.

[M]. , 1982.
Jin Dexiang, Cheng Zhaodi, Lin Junmin, et al. Marine

benthic diatoms in China, Volume 1[M]. Beijing: Ocean
Press, 1982.

[M]. , 1991.
Jin Dexiang, Cheng Zhaodi, Liu Shicheng, et al. Marine
benthic diatoms in China, Volume 2[M]. Beijing: Ocean
Press, 1991.
. [M].

, 1960.
Kokubo Kiyoharu. Plankton diatoms[M]. Shanghai:
Shanghai Science and Technology Press, 1960.

s . [M].

: , 2006.
Yang Shimin, Dong Shugang. Atlas of common plank-
tonic diatoms in the sea area of China[M]. Qingdao:
China Ocean University Press, 2006.

, . [M].
, 1993.
Shu Yunfang, Han Maosen. Marine plankton of China
illustrata[M]. Beijing: Ocean Press, 1993.

Tseng C K. Common Seaweeds of China[M]. Science
Press, Beijing, China, 1983.
Lorenzen C J. Determination of chlorophyll and pheo-
pigments: spectrophotometric equation[J]. Limnol Oce-
anogr, 1967, 12(2): 343-346.

[J1. , 2009, (6): 39.
Song Zongyan, Liu Zhenghai. The analysis of advantages
and disadvantages of using different substrates in sea cu-
cumber culture[J]. Ke Xue Zhong Yang, 2009, (6): 39.
Johnston D, Melville-Smith R, Hendriks B, et al. Stoc-
king density and shelter type for the optimal growth
and survival of western rock lobster Panulirus cygnus
(George)[J]. Aquaculture, 2006, 260: 114-127.

s . [M].
, 2004.
Zhou Fengxia, Chen Jianhong. Atlas of microorganism in
fresh water[M]. Beijing: Chemical Industry Press, 2004.

[D].
: ,2012.

Tidwell J H, Coyle S D, Schulmeister G. Effects of
added substrate on the production and population char-
acteristics of freshwater prawns Macrobrachium rosen-
bergii in ponds[J]. J World Aquac Soc, 1998, 29(1):
17-22.

Shiell G R, Knott B. Diurnal observations of sheltering
behaviour in the coral reef sea cucumber Holothuria
whitmaei[J]. Fisheries Research, 2008, 91(1): 112-117.
Singh R, MacDonald B A, Thomas M L H, et al. Pat-



e IRkE REPOATS

terns of sea seasonal and tidal feeding activity in the
dendrochirote sea cucumber Cucumaria frondosa (ech-
inodermata: Holothuroidea) in the bay of fundy, can-
ada[J]. Mar Ecol, Prog Ser, 1999, 187: 133-145.

24(5): 46-48.

Zheng Zhifang, Liu Feihong, Sun Yuanhu, et al. Feasi-
bility study and development of intermediate cultiva-
tion of juvenile and young sea cucumber in outdoor

[29] Uthicke S, Karez R. Sediment patch selectivity in ponds[J]. Shandong Fisheries, 2007, 24(5): 46-48.
tropical sea cucumbers (holothurioidea: Aspidochiroti- [31] , , ..
da) analysed with multiple choice experiments[J]. J 0] 2011. 7: 36-37

Exp Mar Biol Ecol, 1999, 236: 69-87. . . .
[30] Xp VAt Biot Beo Wang Haitao, Wang Shidang, Tong Wei, et al. Interme-
’ ’ ’ diate cultivation technique of sea cucumber seedling in

[J1. , 2007, pond[J]. Scientific Fish Farming, 2011, 7: 36-37.

Effects of substrate type on succession of periphyton and in-
termediate seedling culture of sea cucumber, Apostichopus ja-
ponius Selenka, in net cages set in an earthen pond

WU Yan-qing', ZHAO Kui-feng?, LIU Li-ming', ZHANG Yu-xiang', DU Rong-bin’
(1. Ocean School, Yantai University, Yantai 264005, China; 2. Shandong Oriental Ocean Science-Technology
Co., Ltd., Yantai 264005, China)
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Abstract: A field experiment was conducted in nine net cages of 2 m® (2 mx1 mx1 m) set in an earthen pond during
the intermediate seedling culture period of the sea cucumber, Apostichopus japonicus Selenka. The experiment in-
vestigated the occurrence and succession of periphyton on the surface of three different substrate types (i.c., four
different substrate materials) of curvimurate net (CU), ground cage [cage net (CN) & cage plate (CP)], and nylon
mesh (NM). Moreover, the effects of substrate type on the growth, survival rate, and yield of A. japonicus were
examined simultaneously. The results indicated a similar succession process in periphyton among different sub-
strates. The dry weight (DW) and ash free dry weight (AFDW) of periphyton on CP were significantly higher than
that on three other materials (P<0.05), while no significant differences were observed among other substrates
(P>0.05). The contents of chlorophyll a on the surfaces of the four substrates in descending order were
CU>CP>NM>CN, and significant differences among the four substrates were found. After 12 weeks of seedling
culture, the yield of the sea cucumber was significantly higher in the net cages with CU than in those with a ground
cage (P<0.05), and the survival rate of the sea cucumber in was significantly higher in the net cages with CU than in
other net cages (P<0.05). After 17 weeks of seedling culture, the yield of sea cucumbers was significantly higher in
net cages with CU than in the other net cages (P<0.05). The survival rate and special growth rate (SGR) of sea cu-
cumbers was significantly higher in net cages with CU than in those with NM (P<0.05); however, no significant
difference was observed between the ground cage and two others (P>0.05). The present results demonstrate that
substrate type has a significant influence on yield, survival rate, and growth of 4. japonicus during the intermediate
culture period. On the basis of comprehensive results analysis of the present study, the substrate CU should be

recommended as the better one for the intermediate culture of sea cucumber.
(R R4 Rigik)
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