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Tab.1 Treatment group number

it S
TR Density of sea cucumber/(ind./plate)
Treatment of plate
1 2 4
LRI AL P P1 P P4
Common plate
TR W Wi W2 -
Holeless plate
TCALSRIHELATCE R T
Holeless plate with J1 12 J4

non-knot nets
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A KGR, FRA LIRSS G, R rA FR N K
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No I SPSS 23.0 Geit otk sy Hrkdls; R
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BN 5 XA Sk 25 28 BN L AN i 35 SR80 1Y)
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211 %% a BEANY XU 2R 7 22 34T
SR, T Chl-a Al POM S0 A i 35 (P>0.05); i
FEH 3% Chl-a F1 POM 50 #414% 2 35 (P<0.01) ; 35,
FIBCEE A 45y 22 H AW % Chl-a 5200 & 2% (P<0.05), X
POM ¥ &t 2 (P<0.01) (3% 2).

12 A 4R 5 A P Chl-a & 7778 3% 22 5
(P<0.05), HAh4 H Pk Chl-a & L& %R
(P>0.05), HH[FIEELA 4 Ay Chl-a &R BE
(P<0.05), FIEIEMEASLIEER 0.92~2.11 pg/L,
T AR T Bl 0.88~2.41 pg/L ( 2a).

12 A WiEsl POM & f AA7E ik 2 22 7 (P<0.05),
HAh4% A Gy v, POM 400 8 3% 22 5(P>0.05).,
AH TR 345 59 25 5 T 35 (P<0.05), 58V Vs v 3l A8 4k,
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LN 3.57~12.52 mg/L, T 3281k {E Bl
4.02~11.59 mg/L (/& 2b).

212 #i#% MR R T 22500 s, IR ATEUE A
Xt 4 T FRERAEAR AR I 35 (P<0.01); M AITHL

FEA R ASHANRT PO -P Fl NO3-N  ASEIHL i 25 (P<
0.01), X} NO,-N I NH, "N FEZIA 235 (P>0.05) (£ 2).

12 AR5 POy -P W B i Z L TH 51
B(P<0.05), HAth# A R WG S TH 7%k
B, Br 1 A6 ALISMYA 25 W3 (P<0.05);
[l 345 A (1 PO3 -P ki 22 5 1t 3(P<0.05), #& 1k 3%
PR T G LT R S((A 3a),

HF R NO-N MR EEREAR S TRINEIFIX, BR
3 H . 6 AUSMA A h25 8% (P<0.05); HHFRNEES H
NO,-N k25 B2 (P<0.05), A% FaEE 3b).

B - FWT Sanggou Bay "
(@) -=- #HTY Guazichang 4 d
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* 2 BE5EHEAGIEHNEEF R
WEEFESNER
Tab.2 Two-way ANOVA analysis of the influence of sea

area and month on the environmental factors

IMERF P {8 P value
a3CY EEEA S < BURE A 4

Sea area Month Sea area x month
Chl-a 0.163 <0.001"" 0.019"
POM 0.590 <0.001"" <0.001""
PO -P <0.001""  <0.001"" <0.001""
NO3-N <0.001""  <0.001"" 0.109
NO3-N <0.001"  <0.001" <0.001""
NH;-N <0.001"  <0.001" 0.107
. ¥+ P<0.01, *:. 0.01<P<0.05, F[H.

Note: ** represents P<0.01, * represents 0.01<P<0.05,
the same as below.
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Fig.2 Variation of Chlorophyll a content and POM content in experimental sea areas

AR 75 3R S0 AN [ A 0 58l 22 53 (8.3 (P<0.05) ;. ARG PR 7 S i U R A 03 8cd

25 5 E(P<0.05); *FAHIEH G

N T T SRS B 2 5

¥ (P<0.05), T,

Different capital letters indicate significant differences (P<0.05) among different months in Sanggou Bay, and
Different lowercase letters indicate significant differences (P<0.05) among different months in Guazichang.
* indicates significant differences (P<0.05) between sea areas in the same month, the same as below.

SVNTE MR NO3-N Wk B3 1A & TH: 41k,
Fr 4 AR 6 HUIAMY A 2557 W35 (P<0.05); AHIATEEL
A H A3 NO3-N e i 22 5 1 3 (P<0.05), BARFRIHN TR
(&l 3c)o

FINTE R NH-N #e B2 3R & T8 T4k,
B2 AF S5 A LSMG A 22 573 8% (P<0.05); HIlF)E

W45 H 0y NH,-N #2557 1 25 (P<0.05), B iRk M fa
E (K 3d),

2.2 KHEHFHFERSHERK

221 kUGB ETRGRAALE EUSEWiE =0

Fridsm (G 3), FREHBLAITES % N 1 RIS K 5

B R B A 2 (P<0.01), TR N L3
(P>0.05); T PR A8 EAE X5 2 5058 8 E A
25 (P>0.05), X4 W5 558 5 5 e i 2 (P<0.05) 5
= 2 A AR R ) 2 R R R O (P>
0.05), R4 4t i B 58 5 5 1) I 25 (P<0.05),
A ) 5 5 25 PG 258 B 4, W2 f 02 b B2l
AN [7) ¥ 35 22 () < 4 05 R L A A R 25 S (P<
0.05), H:ftl 45 4b P4 R [R] v 30 2 () 2 0 B £ R
(P>0.05), THIRNEIRFNGES BRI, M0 1 /4
EIT W R J AbERA T P AR EA (P<0.05). A
IEURFRIESL AR T, Y FRFE S0 538 F2 50 £k (P
2 kAL R B E T 1 SRR BRAH (P<0.05), 5
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4 3/ BRI PR 22 A B35 (P>0.05) (& 4a).

AH R TR 5E £ RS 5% B2 45, A A0 BRAH AN [R) Vi
W2 1) ) 2 8 R EE A TG B 35 25 5 (P>0.05) . H ]
TGS SRS, W AL 5 2 B0 M
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PR R T (A 4b),

2.2.2 GRIAMRREFo 7 F =R 250
MrigmEE 3), W0 I S AR 52 il 8 2 (P<

0.01), XFHAIE R A B2 (P>0.05), 2% X}
A8 F5 5 I P8 5 35 (P<0.01), FE48 5% W48 57 5
IR (P>0.05); PN 2 22 BAE o A i~
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Fig.3 Variation of nutrient contents in experimental sea areas
x3 BE. REENESEENKEGERARNSEREGNZAZRAFAESHER

Tab.3 Three-way ANOVA analysis of the influence of sea area, aquaculture plate, and sea cucumber density
on the growth index of the C. gigas and A. japonicus

H: K F8F1 Growth index

EES RS HRELE KAGPELSE HRSMMEE  RSEEER KAGRRE KA
Factor Total weight of Total weight of Sea cucumber Survival rate of Oyster Condition
sea cucumber oysters weight sea cucumber weight index
A 0.343 0.537 <0.001" 0.100 0.834 0.186
B 0.005™ <0.001™ 0.131 0.161 0.969 0.529
C <0.001"" <0.001" <0.001" <0.001"" 0.682 0.578
AxB 0.622 0.007"" 0.213 0.148 0.991 0.679
AxC 0.277 0.026" 0.028" 0.432 0.996 0.938
BxC 0.057 <0.001" 0.093 0.737 0.990 0.090
AxBxC 0.301 0.031" 0.011" 0.430 0.996 0.688

W AR, B RRKHL, CRRIBSEIE.

Note: A represents sea area, B represents aquaculture plate, and C represents sea cucumber density.
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T 2 %% B 28 B AR RO 0 i 2 AR A 5 52 ) B 25 (P<
0.05), HoAth 9 X 28 A2 B AT WG 48 A 52 1w 240 G 25
(P>0.05); —PHIZ 28 HAE X5 il 24 AR FE 52 i
F(P<0.05), XFHAUEHE A 2 (P>0.05),

FH IR T3 58 £ RS 9% FE 25T, B W1, J1 Fil P4
Ab 3 2H 7 30 R S AR R S T R
T LLANP<0.05), HoAh % Ab BELH A [ R 2 (] 35 G
W EZEF(P>0.05), HEIFAGESEE LM,
T W1 I T1 AL BRLELOT R S A R 5
T P1 AbFEA(P<0.05). HHEEIRA TR AT,
BIER 1 Sk AR BT 2 M 4 S/ b PR
(P<0.05); [FEE, AHXTFRIA oI SRR E, UF
BN 1 Sk/ AL BRZH Fe I B, At A R b R
BIRMK T (A Sa).

FHIF RGBS % A T, 45 A BRAUAS [] ifg
B2 (6] 2 0 B3 0 1 35 25 R (P>0.05) o A 7] Tk
FGSE LR, UG RIS W2 b B 2
KT P2 1 J2 Kb FEZH (P<0.05), Jifths 42 6] TG i &
Z5(P>0.05). MFEGIRAFFE LT, BSEE
1SR/ AR PR 3 i 2 A4 Sk Ab HILA (P<0.05)
(K 5b),

223 KAEF/RRE Fo e ih B SR ES
Mrigos, 3 PR 2R g A A A i R HC R ¥4 G

O #A1AE Initial weight
[ &R Sanggou Bay * *

—
R

B #T3% Guazichang —‘
T B Bb Bbb Bb
B Abb b b
6 A ab a
o Aa ab a a
=50
i 5
ﬁég4—
"7
23
82
Hg2r
5
1_
0
Pl W1 J1 P2 W2 J2 P4 W4 J4

4324 Groups

PiRlS RS E

2R (P>0.05); PRI RN =K R3¢ BARHIX P4
BRI TC 25 510 (P>0.05) (35 3).

TERTA L5 v, A A (A B 45 2 () 34 G W 2%
£ 5 (P>0.05) (Al 6a).

AH R FRE £ S5 B A5, A& b BRA AN [R) Vi
S 2 [ R L 5 5 459 TG . 3 2% 5% (P>0.05) o A [ ifg
WS % AT, AUA SRIETE T W2 AP K
SRR B E R T P2 ALBR4L(P<0.05), H A4S
5] TG 3 25 5(P>0.05) . AH ISR B4 T,
A Z BT HFIE W2 A B 2H K A s AT 36 B e R T
W1 Fl W4 kbH4] (P<0.05), HAt454 7] )G i % 2 5
(P>0.05) (I 6b).

it
31 EEHEEIKRE A EWIT AR ST

S5 YA VA - S A L I T ok
SR, Hob T IR T 1L RS FLAL Y,
DU W5 7 S F , A5 E R 05 2 % 71 % %% (Fang
etal, 2016; WM, 2019), HRT, fRK—H 541
10 F G IX A K T U, 6 R LI e
HEAT R MLFRTE , B PR A 7= S i A5 1 T 3L
R K I L 38 P R B A 0K 258 (R R

3

(b) 800 T AT mitial weight M M M
w0 [ %9 Sanggou Bay
% B 7% Guazichang -
s 600 c b ||, D
2 Ab lAc
B
2 b
E 400
Q
3
3
~ 200
s
o
[
O 7P Wi 11 P2 W2 12 P4 W4 Ja
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P4 I AN 7 0 2 B T LA

Fig.4 Comparison of total weight of C. gigas and A. japonicusin a single aquaculture cage

P ARFE W SR A AL R, W ARRTCALIRA AL B, T ARSRESINTC 1 WAL BEAL s B0 1. 2. 4 70 RRAEZ B0k
SN 1, 2, 4%/ AFRKRE TR AR R RN 2 5 B 265 T AN [R] 57 58 3 21 Bt 22 57 .35 (P<0.05) ;
ANTR) /N SR 705 R [ T R 5 9 28 2% P A [ ¥ 25 4 R AR 0 22 7 1 3 (P<<0.05) 5
* 7 HH TR Ak BE A F R AN ) 1 SR 22 5 W35 (P<0.05), Rl
P represents the common aquaculture plate treatment group, W represents the holeless aquaculture plate treatment group, and J
represents the treatment group of adding non-knot net. Numbers 1, 2, and 4 represent the density of sea cucumbers treated as 1, 2,
and 4 ind./plate. Different capital letters indicate significant differences of different aquaculture plate groups in the same sea area
and sea cucumber density (P<0.05). Different lowercase letters indicate significant differences of different sea cucumber density
groups in the same sea area and using the same kind of aquaculture plate (P<0.05).
* indicate significant differences (P<0.05) between different sea areas in the same treatment group, the same as below.
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0 WIERIAE Initial weight
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Fig.5 Comparison of individual weight and survival rate of A. japonicus
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Fig.6 Comparison of individual weight and condition index of C. gigas

8,2021), ABFFET, W15 R IETE L Chl-a #kBEE
B4 0.92~2.11 pg/L, 5230 5(2016)F 2014 45
3 Chl-a #<J#(0.30~1.87 pg/LYKEMAFT; (HIAGH:T
YiitHs, Chl-a WETEH N 0.88~2.41 pg/L, BEMETHR
252013) T 2010 4FMIT5 Chl-a HeFE T E(0.76~9.94 pg/L);
B 12 AFEAE S HLIAE, X 2 s Chl-a ¥ Al
POM &5/, Jo #2255 (P>0.05), X 5145t
INFT R <FLIL KNS A o B AT DAHET, 73555
P IX AT BB O 2B L I TR R A i I
R, BERTFESMRIEE TiX—M,. HEZHF2021)
5T o, LI A5 7R 58 1 AL 2008 4FA9 2 900 hm?
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Feasibility of Integrated Oyster-Sea Cucumber Raft Culture
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(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences,
Laboratory for Marine Fisheries Science and Food Production Processes,
Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071, China;
2. Ocean University of China, Key Laboratory of Mariculture, Ministry of Education, Qingdao 266003, China)

Abstract China is a major aquaculture country, with both the world’s largest aquaculture
production and area, especially oyster aquaculture which accounts for 80% of the global production.
However, its ascent has had numerous negative implications, requiring the development of more
environmentally friendly aquaculture methods. The ecological farming model is gradually being
acknowledged and encouraged as it is the result of in-depth investigations of marine ecosystems.
"Integrated Multi-trophic Aquaculture" is a well-known environmentally friendly aquaculture model.
The application effects have been outstanding, as it boosts high output per unit area, improves the
marine environment, and improves material utilization. Filter-feeding shellfish are raised at levels
that create considerable biodeposition. Particulate matter is transferred from the upper to the lower
layers of the water body. Organic matter accumulates on the seafloor in the form of biological
sediments, which badly influences the substrate environment, including releasing ammonia nitrogen,
increasing dissolved oxygen consumption, and altering seabed biodiversity. Previous research
suggests sea cucumbers absorb large amounts of organic matter-rich sediments, reducing the nutrient
load caused by coastal shellfish and fish aquaculture. Therefore, a novel sustainable farming model
based on the principle of multi-trophic integrated farming could be developed by using sedimentary
sea cucumbers to feed on the biological sediments produced by filter-feeding shellfish. The purpose
of this study was to investigate the possibility of an oyster-sea cucumber raft integrated culture. Sea
cucumbers were stocked in oyster breeding cages. A raft-style integrated oyster-sea cucumber culture
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was attempted to improve the breeding method. This method allows oyster biological sediments to be
utilized in situ, reducing oyster breeding density and maintaining economic benefits. This
comparative culture experiment of integrated oyster (Crassostrea gigas)-sea cucumber (Apostichopus
japonicus) raft culture utilized Sanggou Bay and Guazichang as representative oyster farming
locations. We stocked C. gigas in the odd-numbered layers and A. japonicus in the even-numbered
layers of the oyster cages in polyculture. Even-numbered layers had three levels of chassis: common
aquaculture plate, holeless aquaculture plate, and holeless aquaculture plate with non-knot nets. The
aquaculture plate was the first variable in the experiment. The stocking density of A. japonicus in
each of the even-numbered layers were separated into three levels, 1, 2, and 4 ind./plate. The second
variable in the experiment was stocking density of sea cucumbers. The experiment was
simultaneously conducted at both sea locations. Therefore, the experimental design consisted of a
three-factor and three-level experiment with a total of 18 treatment groups. During the experiment,
we examined to content of: chlorophyll a, particulate organic matter, POi_-P, NO>-N, NO3-N, and
NH;-N in both sea locations. The survival rate, growth performance, and condition of C. gigas and
A. japonicus were compared. There was no significant difference in the contents of chlorophyll a or
particle organic matter between the two marine areas (P>0.05). There were significant differences in
the four nutrient salt contents between the two locations (P<0.05). There were no significant
differences in the individual oyster weight or condition between the two locations (P>0.05). Only the
low-stocking density sea cucumbers grew, with individual weights over 25% higher than that of the
high-density individuals. Individual sea cucumber weights and survival rates in the low density
treatment groups were considerably higher than those in the high density treatment groups (P<0.05).
The performance of the holeless aquaculture plate considerably exceeded the common treatment
group (P<0.05). The holeless aquaculture plates with sea cucumbers at a density of 1 ind./plate
achieved the highest results in this study. The chlorophyll in the sea area of Sanggou Bay remained
mostly unchanged in this experiment. However, the chlorophyll in the water region of Guazichang
reduced when compared with that of previous data. With the recent rapid growth in the oyster
industry in Rushan City, the oyster output may have reached or possibly exceeds the area’s
aquaculture capacity. We advise the oyster breeding density in the Rushan sea area to be reduced to
lower the breeding risk for farmers while also promoting the breeding industry’s long-term viability.
In this experiment, there was no significant difference in oyster growth across the treatment groups,
indicating that the integrated oyster-sea cucumber raft culture mode can lower oyster density and
reduce environmental impacts. Simultaneously, breeding high-value sea cucumbers compensates for
the loss of breeding income induced by the lower oyster breeding density. When compared to
bottom-seeded sea cucumbers, this raft cage mode has a higher level of safety and ease of harvest.
This method can be used to replenish oyster growing zones with a high density of oysters to boost the
aquaculture industry’s health and long-term development.

Key words Apostichopus japonicus, Crassostrea gigas; Integrated multi-trophic aquaculture; Growth;
Nutrient; Water environment



