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gl , [ — HBORE RSB, DA DR R KR R 2
<0.2; TSH R TRZREN, &0 XK EHEHAE
KM BE TR, 1 2 X R X T 52 3 B IR K
M52, HER RS T 28.38, 45 X DOB % 7K
T T i REAR 26 ISR 2 <5 mg/L; [A]—Hf
W, BR3A SN, IR IXDOXIm T R4 X

Gy A, S5 A) AR DX RS DO RR A0
T JEC 4% )22 BB SR TR TR ) A AL . A MLBK
PLRCA HLA S i 3 o IR,

F1 SLWFXKFRRER BRI
Tab.1 Temporal variations in water parameters at

different experimental sites

HiA  seih e Ki/°C HE WRE/(mg/L)
date study site water temperature _salinity DO
2-18 MFIX fish farm 16.39 31.18 7.63
XFHE X control 16.74 31.19 7.81
3-26 MFEIX fish farm 18.27 31.24 8.62
XFHE X control 17.98 31.16 7.22
4-26 MFFIX fish farm 22.35 32.67 5.08
XFHE X control 22.60 32.56 5.74
5-23 MFEIX fish farm 27.21 29.86 5.50
XFHE X control 26.67 28.38 5.93
6-29 MFEIX fish farm 29.42 31.57 4.08
X} HE X control 29.93 31.42 4.95

22 ARSEBESFEER

S5 6 91 18] 45 965 DX 477 i 2 BT 2 R 100%,
Horpo— 4 HAERKRY HIEME, 4HJGH T/KIR
ThEr, DS A IRR A, HOR 5 T 4f 1
RS A B S ELR A A B0 LA DGR GE ™,

P 53 X477 ) 2 AU R A2 A 1 20.012~0.016
mg O,/(g'h), 7224, 25 il A %kds 8] JC
5 (P=0.145); Xt BRIX S H {5 Hl 3 B kAR
ERE®HT2. 3. 6 (1), X F R —BAER
H, AR, 20 3 WA X0 S 0 FE ER
93 3 T BRIX (P=0.026F1P=0.000), H. A4 H
1y — 3 Z IR JG I8 35 25 57 (P>0.05)

P A7 DX RS B 05 00 2 HE 24 % B B R) S B R
W, Hih2 ] HEE 2R[(0.061+0.009) pmol/(g-h)] '@ ¥
BT 5H[(0.045+0.011)pmol/(g-h)]F6H
[(0.035+0.007)umol/(g-h)] (K12)., I &4,
25 s HGT B DX 0 0 S HE 22 R TC 135 25 5 (P=0.976)
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H# date
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i [0 7715 A% 2 35 22 7 (P<0.01). T~ [

Fig. 1 Temporal variations in oxygen consumption
rates of the bottom-cultured A. japonicus at
different experimental sites
Different letters above bars indicate significant difference among times
at the same sampling site; *. significant difference between data for the
two sites at the same sampling time (P<0.05); **. extremely significant

difference between data for the two sites at the same sampling time
(P<0.01). The same below
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Fig.2 Temporal variations in ammonium excretion
rates of the bottom-cultured A. japonicus at

different experimental sites

R R, 2—4 )] WAE X5 il S HE = R 0 3%
o TR AT BR X (P=0.027 . P=0.001F1P=0.028).
25 B 1 RO AR DX 405 il 2 O/N L (B A7 7 . 5 25 57
(P=0.036), XX 0 2= 5 A 1 2% (P=0.052)
(E3)o 27 M X O/NELIE(13.04+3.47) 2 K T
6 (22.07+8.71), TMiHsAGEN TR EZES
W R, 5 H RAE X O/NHAH (19.05+2.94) . %
1B T[] 34 % B 1X(28.97+7.03)(P=0.020), H4 A 4y
TAHAEFAREP>0.05),
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Fig. 3 Temporal variations in O/N ratios of the
bottom-cultured A. japonicus at different

experimental sites
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PRI SHEE WA 3% 25, RV
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P52 AR B TR B, X 5% i R e Y
A RRARRT IS (5 R 2 B FE SR 32 & i R 5
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Bl 5 7K L P TR T N, 720 °Cik B e A,
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PR B DIAHOG , TR ok HE 2 A 2 A 0 2
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ia leucospilota) ) 5 B R 34 5 HAHFZ R EAH ! P,
X2, HAR R WS HEY B % U C,

http://www.scxuebao.cn

WA B SRR R AR RS A K
RUT 2020 KRR R, 2—4 A RIAS X5 2 Y
Head Rd v, HBE e TR RX, &X&H
R4 BEVKREE, IS HEEEK, W
R X005 30 2 A A 0 IR X AT AR AS B O S8 Y
R Y. % B AR DX S ) E SRR
P, ARKECREWE, SHURHEIS AR
MRORAS, Wil i E4n I ks, IR e Lk
R B 2 PR . X IR X 05 i S HE R AR L
e fae, RPHEFRESRKMGERER2ZN
Ko FiAh, MRz 2 i HE R AZ £ B R e AR
K, 2 Eh B AN A ) 2 0 i A
i R T B8 R, B aE AU S B B LR
28~3481 T 45 B 30 19X A DX R 0T R DX K R B 3
TE28~33 22 (A1 8, PR LAS BIF 5% Hh 6 8 R 2 52
Uik SHEE R BN R,

O/N LU AH S i 2 1 TC A sl At o # 1
HEARIR, AT LAAE 7 Az W 1 T DR AR 1Y R i
P — ki, O/NLG{E>303R BB BRI 9
PLBR KA B W 85 g B 32, 1TO/NLLfE <105%
BF T BRI RS 4 DA (1 R 0 2 SR
B B VA B A AR R /INGE: TR 24 1T LA S ) e B
SYHONLAE, Hh KU A = B &Y
BT LABEARO/NELAE " 24, A5 b R [ i 3
25 S50 S A O/N L E Y FE10~30 2[Rl % 8l , 3%
AH 5 30 2 397 B A IS 4 [R] B VR & B 1 R A /K
k& FH IR Hd, 2—5H A X058 =
O/NIEHEM T X BIX, $EplE2H, HEF R
IRZE13.04, 2 BIZ B B AR DX 05 5] 208 AR it
W R E TR B 2, XS A X
OREL7/)5T o S PITALS

ENSRTEE S L I =y R S % T
DX R 476 5% 505 000 2 1 8 3R RS B A B M A
T IRIX, 2% B B il A R XA s DL o =
FAY AR IMTARSE, AT R0k 46
IR AR AR A ALEORLY , BRI BT G
FEMe AL N A = o 3 Ah, bkt G B R
BB, BIFE4H T A Z AT K E<22 Ok
P2, SRERT DAGRAS SRR i = i

S E K-
(1] RvERHV B ER. o EfkaE%2016[M]. Jbat:
Hp [ Ol H R AL, 2016.

Fisheries and Fisheries Administration Bureau of the


http://www.scxuebao.cn

6

T, S A RS DSRS0l R 2 37 G 0T D9 AR B AR 25 AR 867

Ministry of Agriculture. China Fisheries Yearbook
2016[M]. Beijing: China Agriculture Press, 2016(in
Chinese).

Holmer M, Marba N, Diaz-Almela E, ef al. Sedimenta-
tion of organic matter from fish farms in oligotrophic
Mediterranean assessed through bulk and stable isotope
(6"C and ¢"N) analyses[J]. Aquaculture, 2007, 262(2-4):
268-280.

Yokoyama H. Growth and food source of the sea cucum-
ber Apostichopus japonicus cultured below fish cages-
potential for integrated multi-trophic aquaculture[J].
Aquaculture, 2013, 372-375: 28-38.

YuZH, Zhou Y, Yang H S, et al. Bottom culture of the
sea cucumber Apostichopus japonicus Selenka (Echino-
dermata: Holothuroidea) in a fish farm, southern
China[J]. Aquaculture Research, 2014, 45(9): 1434-
1441.

YuZH, Zhou Y, Yang H S, et al. Survival, growth, food
availability and assimilation efficiency of the sea cucum-
ber Apostichopus japonicus bottom-cultured under a fish
farm in southern China[J]. Aquaculture, 2014, 426-427:
238-248.

S5 O EARG SR N E O BB 1 W SE Y
RAMMEE T S1]. B LR, 2008, 19(4): 866-
872.

Yuan X T, Yang H S, Zhou Y, ef al. Bioremediation po-
tential of Apostichopus japonicus (Selenka) in coastal bi-
valve suspension aquaculture system[J]. Chinese Journal
of Applied Ecology, 2008, 19(4): 866-872(in Chinese).
XA, L, AR, 5. WS TR R X A
TURR I B AF FH B0 (1], WL, 2006,
30(12): 21-24.

LiuSL, Yang HS, Zhou Y, ef al. Simulative studies on
utilization efficiency of Apostichopus japonicus on the
biodeposit in the raft culture system in shallow sea[J].
Marine Sciences, 2006, 30(12): 21-24(in Chinese).
Zhou'Y, Yang H S, Liu S L, et al. Feeding and growth
on bivalve biodeposits by the deposit feeder Stichopus
japonicus Selenka (Echinodermata: Holothuroidea) co-
cultured in lantern nets[J]. Aquaculture, 2006, 256(1-4):
510-520.

An Z H, Dong Y W, Dong S L. Temperature effects on
growth-ration relationships of juvenile sea cucumber

Apostichopus japonicus (Selenka)[J]. Aquaculture, 2007,

[10]

(1]

[12]

[13]

[14]

[15]

[16]

272(1-4): 644-648.

Xing K, Liu S L, Yang H S, et al. Southward trans-
planted cage-culture of sea cucumbers Apostichopus ja-
ponicus in China's Shengsi Islands[J]. SPC Beche-de-
mer Information Bulletin, 2012, 32: 33-38.

OO, PRER, H R, S5 QMG AK £ 2 ) 45 77 5l
XTPCAR IR B [J]. AR IR R 2 224k, 2007,
26(1): 75-80.

Huang H H, Lin Q, Gan J L, et al. Impact of cage fish
farming on sediment environment in Dapengao Covel[J].
Journal of Agro-Environment Science, 2007, 26(1): 75-
80(in Chinese).

rhAe N RSR[5 o B B A B R e )R,
FITHENE B ZE R 4. GBI/T 12763.4-2007% 7% VA 2 #
VOS4SR E R AS]. dbat: FE AR H
hit:, 2008.

General Administration of Quality Supervision, Inspec-
tion and Quarantine of the People's Republic of China,
Standardization Administration of the People's Republic
of China. GB/T 12763.4-2007 Specifications for oceano-
graphic survey-Part 4: Survey of chemical parameters in
sea water[S]. Beijing: Standards Press of China, 2008(in
Chinese).

Yang H S, Zhou Y, Zhang T, et al. Metabolic character-
istics of sea cucumber Apostichopus japonicus (Selenka)
during aestivation[J]. Journal of Experimental Marine
Biology and Ecology, 2006, 330(2): 505-510.

YuZH, Qi ZH, Hu C Q, et al. Effects of salinity on in-
gestion, oxygen consumption and ammonium excretion
rates of the sea cucumber Holothuria leucospilota[J].
Aquaculture Research, 2013, 44(11): 1760-1767.

Talbot T D, Lawrence J M. The effect of salinity on res-
piration, excretion, regeneration and production in
Ophiophragmus filograneus (Echinodermata: Ophiuroid-
ea)[J]. Journal of Experimental Marine Biology and Eco-
logy, 2002, 275(1): 1-14.

A, BEU, EIM, & AR HNERSHAES
Heg 20 LU 8 [I]. /K= 544, 2013, 37(11): 1689-
1696.

Bao J, Jiang H B, Dong S L, et al. Comparison of oxy-
gen consumption rate and ammonia-N excretion rate
between green type and red type Apostichopus ja-
ponicus[J]. Journal of Fisheries of China, 2013, 37(11):
1689-1696(in Chinese).

http://www.scxuebao.cn


http://www.scxuebao.cn

868

Ko AR

0 E

[17]

(18]

[19]

[20]

Yuan X T, Yang H S, Zhou Y, et al. The influence of di-
ets containing dried bivalve feces and/or powdered al-
gae on growth and energy distribution in sea cucumber
Apostichopus japonicus (Selenka) (Echinodermata:
Holothuroidea)[J]. Aquaculture, 2006, 256(1-4): 457-
467.

BERGHE, T, BERE, & @R TR ST R 2
N2 AR S PR HRRE R R ], B E KRR, 2009,
16(6): 975-980.

Xue S Y, Fang J G, Mao Y Z, et al. Effects of salinity on
the respiration and ammonia excretion of sea cucumber
Apostichopus japonicus under high temperature[J].
Journal of Fishery Sciences of China, 2009, 16(6): 975-
980(in Chinese).

Shirley T C, Stickle W B. Responses of Leptasterias
hexactis (Echinodermata: Asteroidea) to low salinity[J].
Marine Biology, 1982, 69(2): 147-154.

LiuY, Dong S L, Tian X L, et al. Effects of dietary sea

http://www.scxuebao.cn

[21]

[22]

[23]

[24]

mud and yellow soil on growth and energy budget of the
sea cucumber Apostichopus japonicus (Selenka)[J].
Aquaculture, 2009, 286(3-4): 266-270.

Shi C, Dong S L, Wang F, et al. Effects of four fresh mi-
croalgae in diet on growth and energy budget of juvenile
sea cucumber Apostichopus japonicus (Selenka)[J].
Aquaculture, 2013, 416-417: 296-301.

Ikeda T. Nutritional ecology of marine zooplankton[J].
Memoirs of the Faculty of Fisheries Hokkaido Uni-
versity, 1974, 22(1): 1-97.

Bayne B L, Widdows J. The physiological ecology of
two populations of Mytilus edulis L.[J]. Oecologia, 1978,
37(2): 137-162.

Del Mar Oterovillanueva M, Kelly M S, Burnell G. How
diet influences energy partitioning in the regular echin-
oid Psammechinus miliaris; constructing an energy
budget[J]. Journal of Experimental Marine Biology and
Ecology, 2004, 304(2): 159-181.


http://www.scxuebao.cn

6 3] T, S A RS DSRS0l R 2 37 G 0T D9 AR B AR 25 AR 869

Temporal variations in physiological characteristics of the sea cucumber
(Apostichopus japonicus) bottom-cultured in a subtropical fish farm

YU Zonghe !, XU Qiang®, LUO Peng', HUANG Wen', HU Chaoqun "

(1. Key Laboratory of Tropical Marine Bio-resources and Ecology,
South China Sea Institute of Oceanology, Chinese Academy of Sciences, Guangzhou 510301, China,
2. State Key Laboratory of Marine Resources Utilization in South China Sea, Hainan University, Haikou 570228, China)

Abstract: An in situ experiment was carried out to estimate the temporal variations in physiological characterist-
ics of the sea cucumber Apostichopus japonicus bottom-cultured in a subtropical fish farm. Results showed that the
oxygen consumption rates of the 4. japonicus in the fish farm ranged from 0.012 to 0.016 mg O,/(g-h), and no sig-
nificant differences were observed between the values at different sampling times (P=0.145). This indicated the en-
ergy consumption for the basic metabolic needs of the animals didn’t vary obviously during the experiment;
however, the oxygen consumption rate of 4. japonicus in the reference site during the May sampling was signific-
antly higher than those in February, March and June, which indicated that high energy consumption at the begin-
ning of aestivation. During the February and March samplings, the oxygen consumption rates of A. japonicus in
the fish farm were significantly higher than those in the reference site during this period, indicating the higher
metabolic rates of the animals in the fish farm. The ammonium excretion rates of 4. japonicus in the fish farm de-
creased with time, and the value at the February sampling [(0.061+0.009) umol/(g-h)] was significantly higher than
those in May [(0.045+0.011) pmol/(g-h)] and June [(0.0354+0.007) umol/(g-h)], because water temperatures in
winter and spring were suitable for the growth of 4. japonicus, and animals in the fish farm could assimilate more
food of better quality from the surrounding environment. 4. japonicus in the fish farm underwent aestivation and
their guts degenerated after May, and their ammonium excretion rates decreased simultaneously. The ammonium
excretion rates of the 4. japonicus in the reference site were low and constant during the whole study period, which
indicated that animals were always in low nutritional condition. The O/N ratios of both sites ranged between 10
and 30, which indicated the mixed utilization of carbon-based substrates and protein acted as the catabolic sub-
strate for A. japonicus. The O/N ratios of A. japonicus in the fish farm was lower than the reference site from Feb-
ruary to May, which demonstrated the protein-dominated catabolism of the animals, and it corresponded to the
higher food quality in the fish farm.

Key words: Apostichopus japonicus; integrated multi-trophic aquaculture; bioremediation; oxygen consumption

rate; ammonium excretion rate
Corresponding author: HU Chaoqun. E-mail: hucq@scsio.ac.cn

Funding projects: National Natural Science Foundation of China (41406194, 41676162); Guangzhou Science and
Technology Plan Project (201707010176) ; Open Project Program of the State Key Laboratory of Marine Re-
source Utilization in South China Sea (2016006)

http://www.scxuebao.cn


http://www.scxuebao.cn

