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2. T B HA R S ARG E R LR =R S B Y= I BRI EE IR HE 2660715
3. RHEEEERYOKE S Mgk B 201306)

WE AFRT2018F9-11 ARLAEFETERGERMET A4 XM, & KK
(Pinctada martensi )1 5 4 # B % (Eucheuma striatum) iy % & 75 B )k 4 & 2 FE(IMTAVE KX, FFE 3%
LR E R, EERNMNET DRARHNNE S A BRTM BB XN ERBRRAEE, ST
TNEGZEFEAFAERERAREERLR, £RET, TREDTRABNTE L KkFE
SGRMHEEF THEL, KEN 050~0.62 m WL XK FNFHmHEET TEMAE, Lh A
SR BBENENEREE THEE, KEN 0.60~090m W4 KFERFE; £2445CEAHT, &
B 2R B DL R A L 4 (POM) B 3 3 | ROk 3 A MR 3% 3 348 4 7 1 (4.13+0.77) mg/(h-ind.)
(1.04+0.24) mg/(h-ind.)#7(25.00+2.51)%, #] B % & T 20.74°C L4 415 £ 5250 I8 2 56 Bl A, At it
FMN,P, SiEHRENFREFHMAEREAGELAATHFRRERNAS, ZHEHENEI0C, £
e, oK sk LA RSOk sy POM 23] 778.08 #1 144.47 o, EABLEE ¥ Bk B N, P, Si
BEMA K855, 1.11 #1918 g, HEm TxE A, #rE KW, BE. RAEKE. POM KEHRBRE
ERWMLRFKFN RS KR A BRI EER XK,

KR EAKNAERE; DRHREI; RRBBE; 2EREAEAFA
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R, ZEFRIRREEG KT IR IS NN 2 8 1 hia
TR AES RS W E TN —SARGER . BT, %
FHBEC AT AZAERPE . gk, #E.
DA B S8z 28k, RIS T8 2 B SCR (Neord
et al, 2004; Gui et al, 2018; Ashkenazi et al, 2019; FKZKT
85, 2013a). DADUHESH EIRAY IMTA 2K 7258l 4%
& SRR AR A, a5 AR M D SRR R
25, I DU uE B SR IO A 1R WIS 354
MIIIRE, 7T AU A R0 7 AR R R T, BRI
BLPFIE T T (SR AR LL4E, 2013b),

20 t2d 70 4FAC, FREC IR T K DR IR 1
oY, RS TR SRS, ML TR
i D1 (Mytilus edulis) . 4t 4 (Ostrea gigas) 5 i #ff
(Laminaria japonica)%db J7 FRFE A 28 (L5 F], 2001;
T HERR 2, 2016)., D R ERAE U1 (Pinctada martensi) X Fk
BEREEDL, T2 40 A0 FE R SO B, DL i
TR R | T U sh W %) < e R K R AT HLRE
Fe B (B IEARSE, 2016) . BB =2 (Eucheuma
muricatum) & —Fi AR, 32800 A AE IAHT Tk
PASCE RGPS, i Btk U2 (Eucheuma. gelatianae)
1SR BB 32 (Eucheuma. striatum), 44 K0 R IAEE
(Kappaphycus alvarezii), J&:F 5 w4 77 i X SR 58 i) 32 %2
VRIS (BREESE, 2018), £FxtIRE LIy 1440 DL e 37
B T T I A Te) A, BV B 2R K I S AT AL DL
(Azumapecten farreri) . HF 3 B D (Mizuhopecten
yessoensis) 5T [T, =ik T iR FRA RS
28 ERAE, H [RERBE DU S = 2 TT 58 DL 325 5 FR A 1Y)
PRAHZE PR FP 2 it 2405 | A S CBRBE DL | S5 A Bt
S S5 RE T T T R 3 %) R A 28 B 36 O T T e £ DL
P IMTA #5304 R0 R A 3 2Rt 5 1 3 X 5 s i)
K AR A S TR A 5 B DX v T R R R R (R,
2001), T IHAEI T Sk A T RS Ak SR 58 1 T e
AR R A T i R R K SR A R R A s kb e . H
A, C TR MR R0 . 5 Bk DL 5 S A R =2 1)
IRFFHCRIF IR G D o AW LLLAR T SR 5 W
FEFRFHIE BN BT IR, t TS A . BT
B4 DR A B A IMTA #552, % e If20 47 7 0
PELEA IR BT A TR X A K T RO, DU R
T £0 D1 3 IMTA B2 g o7 S b BoE S0 9% .

1 MR57EE
11 IWIHANEE
S 56 P A ECER A DU S A IR S 115K 11 T e

BEWHHFHEX, SiEEHLLRELERT A5
SR 20184E9—11H 76 INAR T 5 B 5 5 g B ik 1 0
FEFRAIX (LB A5, 35°55'16.6"N, 120°13'04.1"E)FIdEF:
B X (W} B, 35°55'27.6"N, 120°13'15.3"E), JF & |
DU 255 37 B0 L S G (BT 1) o I 46 5% 5 X i 1
(Lateolabrax japonicus) 77 25 #710.8 & /m’ .,

35°58’

N
35°56'F
. R
350557| Control station
Cage station
35054/
RIAEFREE X
e Cage area
35052' . . !
120°11"  120°12" 120°13" 120°14" 120°15'E

K1 LA IR SR vl
Fig.1 The station for field experiments of integrated
multi-trophic aquaculture

12 HEAREHEREE

121 HEFE S F LI S 6k 15 H AR B (ifg 7
44 7 HR ) (DB46/T192-2010) , Bk €0 75 8 228 11 S A%
BERESEEATS0T, FE4KN 2.5 m, BN 30 cm,

R MBS 7 AR 1) SR LB S I g,
S RRE WA IR, S0 AR X BESUR S R
R SR A% 4 2895 . S IR IR DL 35 e AR
T2 (1 T 48 Hu 07 A3 1fE ) (DB46/T2862-2014) , Pkl A
G [RBR AU E FRMMEN, BEIE 31,
7 2, B 21 DIRERREDL, X R SURSC R A
B S g, M S REREE D PRI . oM. TEM
FAFRHIC, M AR 1 B BRIl Kk
2, SIREREEN SR EREHELKT 026 m &b, g
FFREHFE T v 34k BA A i B AT Vg K T e B ST
RII5 [QBRAE DAY i SRR EE 2 51 0.26. 0.32, 0.38,

0.44. 0.50. 0.56 1 0.62 m, SeAgELEESER) IR E
AYHIh 0,03, 09, 1.2, 1.5, 1.8, 2.1 Al 2.4 m,

A FRFE X O] B St [FT AR 4R A

122 H&eREFNE  FFHTET 2018 429 H
21 H—11 A2 HIFE,IFF 10 A 15 HAT 11 A 2 H
SIAE S SRR B SORAERE S . JREE . $hE L pH &
ISR T 2 2 BOK B (Y SI-EXO, B E o &
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543 &

BIEORLY)(TPM) . BURLA ALY (POM) . 5 Frh 534
Bi 2 Hny R A KON E 4R T € R I S )
(GBI17378.4-2007) 1) J5 %5 %k & a >k Turner-
Designs Trilogy #¢6AX (35 E)#EAT I E (5= 30 4,
2018), fifi L F K- (M 47 4-ME-2002, 3¢ [E) B FR
WEREIGA . A B2 SRR R e SR
XRS5, it FRBRBE D3R5 8 W 2 I AE T A
B, ISR R g, o R OO RR RS S [T
KDL AE YA S5 GE R L R, B e S JEAL
SRR, AR F SR A A T R I R T

13 ERNEEIXR

131 LAKFNFELAEEE Z Mgk gkar
S5(2013a, b)A A, R FH 2 N EK IR I E 5 [RBR B DL
HYJE 7K 3R (Clearance rate, CR), % & *(Feeding rate,
FR). W (Absorption rate) M W IR K (Absorption
efficiency) 55 A= FRAE bR, B LA B E 51T
3 EXIR, BATATAURE | A D REREEDL, 52
WRELE 2 h 5, URSEZSME RS . LIRS, K
For HE TR i K, HEAS 2 h, PRRIREEEE,
D5 S50 DA e e L TR AR )2 E A8 AR, SE K
KRR X R 2 E IR K
132 FHBBEEETHREIOKEF LR VR
KIEH MR, R RER 745 RER, f
FHRE 7K 2608 A 2 T R 7K 0 i, 43 S 0 i
RS SR VR E, SR E N (9.8240.51) g, SLHE
KA A X6 2 1 SRR K AR AR A 8, 1828 3 AN 5K
ISART 1 Aas G RAL, SR AR IR 12 LR S
WA TR, B SCI AR AL EEK 10 L, 14
FEAKESE, MR E N 17°C.20°C . 25C . 30C
35°CH s B, MREMES ARG, HiRE KT
M 2°C, FFRLEWERI3 dIF, deifbir F—1
T RS RE A . ST IE], REFRARIEE 12 hOLIRA
12 h ARG, BRI B SCRHRLE 24 h, $i2 1.2.2
R I SRR
14 HEAFZE

[ B DU S A BRI =5 1 4R o A K 2 (specifiic
growth rate, SGR, %/d)iTH /A

SGR=100x(InW,—InW,)/t

A, Wy o S5 A () 852 i (mm), Wy ) BRI
H(@)E 7 i (mm), t SCIGTRLLI E] (d).

I QPR BE DL B AR AR AR AR T A NS %
JE R 45 (2002) Fgk 4k 2145 (2013a . b)Y,

S S L R 5 XoF % A R S W S R S B
ZE(2008)1y i, R
C=(Ng-N)xV/(TxG)
A, C AEFERNER (umol/g-h), Ny HLIE;
PRBT 25 6 B A A% 3 8 SRR Mk BE (pmol/L),, Ny R 52
5k AR b A A BURE B R SR & I R AR vk B
(pmol/L), V JNSZ58 BT K RRUL), T hscmmt
[ (h), G5BT E(g).
S [CERAEDUGT POM A S i m i a5
Mpom=nXWxIxTpx 107
L, Mpom F 55 FCEREE DU POM A9 5662 B 1ol W i
ME(g), n S REREE DR A4 A (ind.), Wy h
I FCBR S D SR e A B R 211 (g/ind.), |
N B Bk AR DL X POM (0 B R B Wl R
[mg/(h-g DW)], T, RFR5E IS [ (h),
SABUEESE N P oS ERRAEE AR,
R=G,xMxCxT,x10°
A, RFBHEEESENT N P a Si i LR EE(g),
Gy N F BB S EAREIT)(g), M A N, P 5
Si JCZE MY E /R B & (g/moL), C K 20°C~25CH}, Fkk
BEESEXT N P B S E IR AR W i R ) 7 9 {E
[umol/(g-h)], Ta A FRFEMIIE](h)

15 ¥iEAbE

SEEHHE K F Microsoft Excel 2010, Surfer8.0 Fl1
Matlab ZE i+ 73 Mrdf A1 A5 0 Hr Je 222 B, R 1 SPSS17.0
BAFHEAT IS AEAS t RS0 0 A 4 1R] 25 57 (P<0.05 2%
S, P<0.01 A2 ), VIR SGR 5 EHIRT
F 18] 1Y 5% F& % JH JC 4% %9 1 (redundancy  analysis,
RDA), 7 #1id #f# FH Canoco for Windows 4.5 #4-4%
8 [ P FH AR HE 52 IR (R 3LT 4%, 2018).

2 #R

2.1 IREBEHIELH

TV A FRIE SC I X SRR S B0 LR 1,
T 7 223 M (one-way ANOVA)E I, 52864 a], 5256
S TPM., POM ., 2 & (NH;-N) K% i JCHL A (DIN)Hk
JF 44 2 v TN TR A (P<0.05), 1T B B A T
HRAS; BREE 1 UHURESR, SE3e S IR 56 AU (NOs-N)T
JE. MR a kB R E R T B A(P<0.05); BRY)
WRICRESN , 5205 PO -P R JE 34 I 3 i T X IR S
(P<0.05); SiO3-Si ¥ & 7 9] Uiy URE B f 251K F X AR
R, MTER T RNER 2 YR IBURE S DU R 52 (P<0.05)
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Tab.1 The environmental parameters of experimental area in offshore fishcage farming
H #1 Date
SR 2018-09-21 2018-10-15 2018-11-02

Environmental

parameters SIS, Xl HE SIS, of B a SR A, of B

Cagey Control, Cage, Control, Cage, Control,

KZIRE T/IC 24.75+0.17  24.75+0.13  21.24+0.15  21.05+0.19  18.24+0.11  17.46+0.12

e S 32.57+0.09  32.55+0.07 32.27+0.08  32.56+0.11  31.51+0.06  31.75+0.05

%% DO/(mg/L) 6.89+0.37 6.83+0.41  7.35+0.24 7.23+0.31 7.46+0.22 7.39£0.27

pH 8.25+0.03 8.26+0.02  8.25+0.01 8.310.02 7.960.02 7.96£0.01

JKIE  Water depth/m 15224031 15514025 15.2240.31  15.51£0.25  15.2240.31  15.51+0.25

HHIE TRA/m 1.13+0.11 1.5140.15"  1.30+0.13 1.91+0.21 1.73£0.15 2.14+0.22"

SETREURY TPM/(mg/L) 111.42£11.17°  86.68+9.57  60.42+7.62°  47.62+8.64  70.78+7.56"  45.20+9.11

WOk HLY POM/(mg/L) 22.04+2.12°  17.26+1.31  10.52+1.02°  7.98+0.67  11.34+1.13°  6.22+0.54

4% a Chl-a/(ug/L) 1.01£0.14"  0.89+0.09  0.83+0.06 0.97+0.05 1.12+0.11°  0.69+0.08

W AgAR $E A NO3-N/(umol/L) 0.07+0.02 0.09+0.03  0.07+0.03 0.07+0.02 1.27+0.07°  0.77+0.05

EIRER A NO3-N/(umol/L) 1.48+0.14°  0.99+0.11 1.09+0.16 1.04£0.18 4.15+0.54"  2.97+0.37

A NH;-N/(umol/L) 3.66+0.14"  3.38+0.17  3.83:0.21°  3.25+0.16 1.77+0.33"  1.28+0.21

W IEHLA DIN/(umol/L) 5.2240.97°  4.46+0.44  5.00£0.54"  4.36%0.61 7.19+1.12"  5.01£0.99

Wieth PO3I-P/(umol/L) 0.18+0.03 0.22+0.04  0.32£0.09°  0.22+0.07 0.44+0.11"  0.23+0.08

RERRER SiO3-Si/(umol/L)  5.27+1.12 8.05+1.45"  4.96+0.99"  4.03+0.57 4.63£0.73"  2.3420.66

T BRI RBR 51 b EARAT %7 7R 225+ 1.3 (P<0.05), Cageo. Cage,. Cage, 71l fUR I sibIth . 5

1 ¥R, % 2 kM4 ; Controly. Control;. Control, 43 A XT

HE 5

AN WInN

IfR L T A 2 il RE

Note: “*” represented significant differences in the same sampling date, the same below, Cage,, Cage;, Cage, refers to the

initial, first and second shell height in fish cage area, respectively; Conctrol,. Conctrol;. Conctrol, refers to the initial, first and

second shell height in control area, the same as below

22 JEZAHFREMRSH

221 B RzRE A KK ZNGLiog s NG
T 7K R BE B T TG 2k B DL 56 o R 3 9 A ROk 1 L
F2FNE3, 2538, SE3UCHCRERT, 250 s AR

MAOADREFEFNASGMEEY R ES THHME
(P<0.05), L5558 5 [RERAED 72 7E0.38 mAl
0.50~0.62 m/K ¥ I 3 & T HA /K JZ (P<0.05), X R
AL RER R D SE R AE0.32H10.50 mAb 1y W # (%

SCEG4H Experimental group

cage, cage, cage, control, control, control,
T T T T T T

-0.26 | 30 38 41 30 36 44
-0.32 30 39 40 30 37 35
g —038F 30 38 45 30 35 38
%% —0.44 30 37 38 30 34 40
R -0.50 |- 30 40 46 30 37 34
—0.56 - 30 39 45 30 36 39
-0.62 |- 30 36 45 30 34 41

P2 S s A R o [k B DL 52 i A R AR (BT 19 KN 3RIR L2952 15 )/mm

Fig.2 The shell height of P. martensi in fish cage area and control area
(The size of the circle indicates the shell height of the shellfish)/mm

cageg. cage;. cage, /M AMRFLIE SR, B 1k, B2 kil
conctroly. conctrol;. conctrol, 73 HIMCEN; MR SHI4G . 55 1 R, 2B 2 IRIN&; T
cageo, cage;, cage, refers to the initial, first and second shell height in fish cage area, respectively; conctroly .

conctrol;, conctrol, refers to the initial, first and second shell height in control area, the same as below
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SCE4H Experimental group
cage, cage, cage, control, control; control,
T T I I I I

—0.26 |- 5 5 9 5 5 9
-0.32 | 5 6 8 5 5 7

g —0.38 - 5 6 9 5 6 8
&g —0.44 | 5 5 7 5 5 8
R 050 5 6 9 5 6 6
—0.56 |- 5 7 8 5 6 7
—0.62 |- 5 6 8 5 6 9

P 3 St RIS R D FR R A DL A= ORI (RE 1Y R/ 37 DR B ) /g
Fig.3 The wet weight of P. martensi in fish cage area and control area
(The size of the circle indicates the wet weight of the shellfish)/g

THAKIZE (P<0.05), S4B RERAE LA 270 RECR. 20d 43 d Wi EIRAESCR, SChmi iy SRAL
i FF X8 S ) Ol (43.7143.64) mm T (8.42+ BRSOV 44 4 4 G B Dl (253.48+38.68) g, 0.6~
1.04) g, X RS S [CERBE DL A P52 @ APE R E 0.9 m K2 340518 5 (200.04+33.02) g, IMiiXT
2391 49 (38.38+4.50) mmAl(7.83+1.80) g, J5 2243 #r HE A 1 5 40 3 0 R (211.09+43.42) g, 0.60~
R, IR, S8 AT 5 [RBRBE DL 52 v 1 3%
i X BE S (P<0.05) %2 AERELHAMESD KRG SGR (%/d)
L FC Bk BE UL 7E A [ 3 B 10 52 T 55 0 ) B A 10 Tab.2 The SGR of shell height and wet weight of

X - H;m e P. martensi in fishcage area and control area in different depth

SGR #5320 IR 2 WA Y, J280 5 T [RBRBE

175 SGR 7E 0.50 m At KA (0.96), 7E 0.44 m K AHEL Control area  S42 Fish cage area
Water depth =—=n A N
HE/N {E(O 53); il E SGR R IAE 0.26 m, a e/rm cp s Shell M2 Wet 5% Shell R H Wet

height weight height weight

H1.66, H/MEHBIAETREE R 0.44 m (0.83); XFHES5E

5 SGR 7E 0.26 m B iR K AH(0.86), 7E 0.50 m b Hyix giz 8?2 izz 22 1?:“
ME0.29); B SGR fAME I BAERE N 062 m 0.38 0.52 1.38 0.93 1.51
(1.58), fm/MEHBUEREN 0.56 m (0.96), S50 A 1Y 0.44 0.63 1.37 0.53 0.83
L ICEREE D 7R SGR V-IME 23 5 1% BR AR (P<0.05). 0.50 0.29 0.77 0.96 1.45
222 JPHBLBEE A KR S B S TE S 0.56 0.58 0.96 0.92 1.37
SR BRSO [ TR0 R B A KR UL I 4, MK 4 0.62 0.72 1.58 0.94 1.27
ATLAE Y, SRS 2K IR M 0.60~0.90 m A A=K EHME 0.56+0.19 1.23+£0.29 0.81+£0.16° 1.35£0.26
MR, B KT RGN, S5 OIS St i ARV 2 64 Average value
SZIG4H Experimental group
cageo cage; cage, controly control; control,
0 54 ‘ 59 65 0O s
-3r 7@ e« 81 0 @ o
06 39 @ 109 165 50 @ 125
e 09F 48 @ o5 171 s6 @ 114
gg 12 8 @ e 78 v @ 65
B ast 3 @ a1 45 50 @ 3
-18F 59 @ o 1 @® 335 @® u @ n ©
21 F 37 @ 30 14 ® 38 @ ©5 @ » @
24 70 ‘ 45 30 @ 68 . 3 @ 23 e

P 4 S0 5 IO I S SRR S A R AR BL (FE B /IR 78 BESR I T ) g

Fig.4 The growth of E. striatum in fishcage area and control area (The size of the circle indicates the wet weight of the algae)/g
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#®3 FARARETERAMMESR RTR] S5 4 B FCBREE DX POM. 1 Bk i, 286 4

SHRBBSEEMN SGR (%/d)
Tab.3 The SGR of E. striatum in fish cage area and
control area in different depth

e XEH S
Water depth/m Conctrol area Fish cage area
0 0.52+0.10 0.46+0.22
0.3 0.71+0.59 0.90+0.69
0.6 2.60+0.27 3.210.57"
0.9 2.50+0.64 2.32+0.23
1.2 1.00+0.60 1.114+0.38
L5 ~0.121.00 0.59+0.01"
1.8 —-0.32+1.06 —1.10+0.33
2.1 —0.51+0.10 —1.03+0.10
2.4 —2.47+0.60 —2.88+0.16

0.90 m 7K 2 V-3 148 13 75 4 (106.87+25.96) g, Hi%
K2 S 06 SRk TR S A v 1 T I TN R
(P<0.05) . S8 JBHC A 5 S 50 o5 FOG) BESR B2 Y SGR 25
W3, NEIITLIELE, KEHN 0.60~0.90 m i,
SRR M) SGR 3 = T HANOKZ, HACE S
SRS S SGR 7E/KTE M 0.60 A1 1.50 m B 8 3% = T
Xt B 5.(P<0.05).,

23 ORKBIWEELEE

I QB BE DU B A4 BRS04 /K AR M IR SR S U 5
TR R LR 40 R 4 0TLIEH, 10 H 15 H
STIS AL KRG TPM K Bk JCHLA (PIM) i 2 & T 9 A
21 HEz864, 1 9 H 21 H S5 4K IR E A LY
RO BEEET 10 A 15 HELKR41(P<0.05), HHLER
RV A YI# SRR 5. NFE S TR, 2 IR3E
55 BT FH S IRERBE DL A W 8 hn A HL Y TE B 2 5
(P>0.05)o AN[EREEAFT, B IRBREE DX 5L 56 X
H AR K B R HE bR L3R 6. Nk 6 ITLIE H,
L IRERBEDLAE 24.45°CAH T, SEERI X 7K POM 1

FITXE B 5 FCERES DL X /K o POM R B L 36 7,
M T ATLIEH, it 43 d i E IR, Su
MG ICERREDLRY POM £ & S i A POM A I I 5
09 778.08 Fil 144.47 g, JuEn TR

24 RBEEBEIEMNE FFEERIEE

AR ) S A BB SR GR B TT)XS N P Si H
FRERRCE L FE 8, MR 8 FTLIE I, SRR
N. P. Si 57 Eh M S 54 bl 5 I T s S e T
FEREACRE S, A BTE 30°C, 78 35°CRE &1
T, X NL P Si fYWSCER I I E, R
B IEAE 32 14) 5 R R W™ A B 35 5 A (] S 56 4 5
ORISR N P Si BBRACR A HEIE 9, WFE 9

R4 KIEKEBIINE S BURBIF ALY B i
Tab.4 The environmental parameters and characteristics of
suspended particles in experimental groups

B BR H i Date
Environmental parameters 2018-09-21 2018-10-15
RIZEE T/C 24.45+0.55"  20.74+0.37
HE S 32.37+0.02  32.17+0.03
#iR4E DO/(mg/L) 6.86+0.16  7.48+0.11
pH 8.04£0.01  8.18+0.02
MEGEBURY TPM(/mg/L)  39.05£3.07  46.61+4.31"
WHRAHY) POM/(mg/L)  9.04x1.11 9.25+1.31

WORLICHLY PIM/(mg/L)  30.01+2.89  37.36+2.67
HHYHEER /% 23.1542.84"  19.85+1.66
e RN AN E S5 B WA — 1780 22 5 W35 (P<0.05)

Note: “*” represented significant differences in the
different experiment sampling date (P<0.05)

*k5 THRADRKRKBNNEYNESH
Tab.5 Shell length/height and weight of
P. martensi used in experiment

= AR ™ - e oH 410 -

. ™ . SRy Jur=) J‘L'{'K /w~+i 4’}\/ﬂr/\+§
(4.13+£0.77) mg/(h-ind.) . (1.04+0.24) mg/(h-ind.) FI P* height/mm length/mm  weight/y  weight/g
(25.00+2.51)%, W FHET 20.74°C (P<0.05), #H 09-21 30.42+0.07 31.91+0.61 2.01+0.11  0.15+0.02
VEL S T [CBR U1 B B A B P A b R [T 10-15 31.14+0.64 32.60+1.43 2.03+0.14  0.14+0.01

*x6 AREBETIRHKEBIINAREKNERERER
Tab.6 Feeding physiological index of P. martensi in different temperatures

SeI 4 IEIRR A RER TR RAMABIER BARERICR RAMARICR R

G - Clearance rate Ingestion rate Ingestion rate Absorption rate Absorption Absorption
[L/(h-g DW)] [mg/(h-g DW [mg/(h-ind.)] [mg/(h-g DW)] rate/[mg/(h-ind.)] efficiency/%

roups /[L/(h )] /lmg/(h ) /mg/(h:ind.)]  /[mg/(h ) /[mg/(h-ind.)] efficiency/
09-21 (24.45°C)  6.03£0.69" 28.02+5.01" 4.13+0.77" 7.05+1.63" 1.04+0.24" 25.00+2.51"
10-15 (20.74C)  4.53+0.16 20.55+1.97 2.89+0.42 1.97+2.31 0.28+0.32 9.21+10.46
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Tab.7 Filtering effect of P. martensi from different experimental groups

ST FOHFI R B E R RAHHNATEYE IRENEH Wk AR B XHEUR A YL A TR R
Gro - Total number of = Mean dry weight of  Filter-feeding  The ingested amount of The absorbed amount of
up /ind. soft tissue/g time/h particulate organic matter/g particulate organic matter/g
S 97 0.32 1032 778.08 144.47
Cage
station
X IR 95 0.25 1032 595.37 110.54
Control
station
%8 AEABRETREBEENE., 8. EEFRLNRKE
Tab.8 The nutrient absorption rate of E. striatum in different temperature
W Wi 3k 2 R ¥ Temperature
Absorption rate/(pmol/g-h) 17°C 20C 25°C 30C 35C
WA JCHLA DIN 0.220+£0.090  0.450+0.130 0.720+0.240 0.700+0.021 —0.240+-0.012
WlkE: PO -P 0.022+0.010  0.031+0.020 0.038+0.010 0.049+0.011 —-0.002 2+-0.001
kR LR SioF-Si 0.080+0.030  0.250+0.130 0.380+0.120 0.530+0.170 —-0.030+-0.010
®9 TEZHARKBBENN, P, S EBRURILE 06 WhFaCllay | WRIALA
Tab.9 The removal amount of nutrient form E. striatum in \ prioxi )52
different experimental groups S NHE-N i TRA
At B O % S |
KW Added 0@ Total SI ] B e EMMANON
Grou weich removed removed Total P
P & nitrogen  phosphorus  removed BESi<e TERRER A NO;-N
g / / - I
g g silicon’g [, -
SR 1013.92 8.55 1.11 9.18 SH BEIERY
' |
Cage TPM ! g%
station —0.6 ! I : L DO
XTS5 844.36 7.12 0.93 7.65 -1.5 1.0
Control -
station K5 Dl SGR S5 4EF ¥ RDA HE/7

ARLAES, & 43 d 199 EIRESCE, S0 N SR
BERESE ) N P. Si ERREESHN 855, 1.11 F
9.18 g, Hyfm TR,

25 JUGREKPMERSH

L IRERAE DL S SR BRSS9 SGR 5 EEIH 111
RDA HEfF WLE 5. MK S ATLLE W, PR 7 S04k
HiskFon, Dl SGR HEAE kFw. MW TS
SGR 2 [H]J2 1 W A s AEAR R AR G, Rl fg /)y
HAHSCHE M . RDA 481, . TPM. POM
X 5 [CEREE DL A7 A E Y SGR A W3 sgm], 2IE
FA(P<0.05) ; T ELEE | SiO3 -Si. pH. NH;-N FI PO; -P
5 SRR S 1998 B SGR 2 5 1E A 5E(P<0.01),

3 it
31 &IURRFRGFHIVEFEUREZMER
ACAESR 7K AR FRBE 7 A B PR 5 R RS R G )

Fig.5 RDA biplot of SGR from shellfish and algae

EU: SHBUBSEIRHE SGR; SH: I [CEkt):
VIS¢ SGR; SW: Hh[RBREEDIZHE SGR
EU: Wet weight SGR of E. striatum;

SH: Shell height SGR of P. martensi ;
SW: Wet weight SGR of P. martensi,

MR EE, FFEM . DU BEA) IMTA &%
X—HEE A SRR, HE, By E PR E
P FRFE IR (SR AR LT 45, 2018), SR, FRAHMEHHE
Bl SR | S0 X A0 A B R 2 TT ) IMTA 1
P LR (LA 45, 2000), ABFFRFRBT, SCM0 D
[CERAE D158 8 & SGR ¥ 8 3 = T XTI, HLSCH0 5
T RCERAE DL SE R 7E K IR N 0.5~0.62 m i i &5 T H
k)2 AL SEAE KRN 0.60~0.90 m Ak A= 5k
R, HS A B 37 i 1 T g G T R
Mo 50 ERIFFAR IR ST 5T e (Qian et al,
1996; Wu et al, 2003), AAFFEIE 5] A 102 6 57 58
BATTRY £0 DL TR SR RO B AR FR A R AR
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RIFEHY , RARMR IR, R
HhPE A I 0 BRI | S SNSRI T A R
T FCEREE DL I i, [AIE, #4002 R BR A DT
BB N P Si SETCHLE SR 1 5 A LI =5 iz g
IR, JERL O, BZF ARG, X
FhFal 07 LR L A POM R FRdh, HE— 508
T EIEY) = G A F F (Chopin et al, 2001; Hayashi,
etal, 2008; TKAkLIZE, 2013a,b), I}, £ U1 HEFEGH AR
B FRFEAOR B 3500 T D iR R

50U BERIRA L, 2t Dl S IR AU I &R
WA 4%, AR, WA F7HEKZE . POM
N8 5 R W I 2 5 i) I R Bk R DL S I =5 F K
S BRAR ) 22 2R IR B R R i K SR AR A
K EZERREZ —(Bs kS, 2019), L4k, FKE
At 5 v 1R T 2 K I Aot v b DL A SR A 2 OE
TR | PR TR R s B ) (PR AE, 2017).
AHFFE I L FCBRAE DU | 543 MR S S5 A 0T B i 3 7
B 2 B0 A 5 T B A T 12 3R A, 38 A A ORI R 2R
AW T3 v A XoF ¢ v 114 7K Sk AR e, S T % B DX 1 1)
BRI AR R, SICERREDL | SR BURE S A
fiyi £ YR SR AR AT DA N b B IR AR AL, FRAERL
RE, FHKZUREZMIEERWERERNE, 5
PGB B DL 4l DU PR S5 1 1 3% R B3 % 7E 1.0~1.5 1§
2.0~3.0 m, MBS M IRIREAE 20~40 cm B,
1 F7 R 2 B B F 3% 8 U6 0 0% B 058 5 M (A7 50 55,
2001; TR, 2010), AWFITH, SCH 8 5 REREE
Wbl SR BORESE  FR R EE 4 HIAE 0.5~0.62 m Al
0.60~0.90 m ) SGRIRMLEM F HALK)Z, 7 REZE X
FIH ARG T POM A etk | BIRERWE | B
KoK ah Jy S R D dE e AE KK E =4 T
20 (Kasim et al, 2017). A58 RDA Z5 R E 0,
TR . FRPATRE . POM JB SR h vk i J2 5 i b [ R
B DUFILSE R B S SGR BN E, Wik, fEfyefa
DU LA FRA R, & 2 T AR K2 POM
JOE SR ARV B A D R o A R, R4 T A BRI
M IMTA #7258 R 40 B A B & 2y ae i fi
SEHLE SR A R ORI o

BIRF R R P IR R ERE RN

TR 7K 0 S R IR B — Fh = 2 | SR 775
H, BFREEWREREF . A 2WEE M FEE, K
6 R BRI AR AH R AR LR ) S N P Si ETLHLE
FEER U AN G K, X IR B A B T — R Y T
U Y S C R N A S E RS 8 e € S AR N
2013a, b), AHFFEEERFY], SCH A5 5 QR AL DL

32 &, m,

POM $% £ S FIXT POM B W2 AT e 24 15 o0 B
HL20 5 A S0 N, P Si R R TR
HE o T FQBRRS DL AT AR by A M 0848 A5 500 25 I I 4 97 4
FEAE BRI . SE AR A LY, uE PR 2R
B Y7 B KR P R E SR, E e
TR AR R 1 SR L R B e SR AR AR, DT
BEAR T KR E =Y R B B, R, 40 T3R5 16
BOE R, (HE A U128 R WA fa 2 A R AR R
Hr, 2 A R AR B CO, B NH4-N, 7E IMTA
RGP AR DO K- K THE DIN i, %
DU A0 2 i A KPR AR AT N ARSI 51 A
S RISk — PR SR A BT, R B2 1 A 1 22
V£, WG AR FRAE =B N P SiETRER, IR
BT R FRIERTIREE () 7, 3R T A AL R Y A
TSR AR FRAE AR B A S A B 3

TEIMTAZR G T, ¥ POM., HHibE NIl | 4
PN DL 2 1) BRI 5C R WAl 2 kA HEH (Hayashi
etal, 2008; AKLI4E, 2013a,b; EHEMIZE, 2016), 1Al
WA FRMARG T, BHYEFRE o (F B )=
AEBRIE . SRS SRR S T T A AR R (R
PRV | B2 EE) FRAE HC I B IR R IR (8 T4,
2013), AWFFREE LN, SUERFML, MAHX
I [ B B DL %] 35 58 1 X POM (14 45 £ 2 R W% g 5 44 42
51 30.69%, S IS N X DINGS 35 46 19 £ 4 &
PR T12.64%, [FE, NEERENNEZRERY
AL H B BRI, R T SRR 2R
MRS, AW FE R HE 7 06 10 U] B IMTA S R 42
M7 BE R S
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ASHKENAZI DY, ISRAEL A, ABELSON A. A novel two-stage
seaweed integrated multi-trophic aquaculture. Reviews in
Aquaculture, 2019, 11(1): 246-262

CHEN P, CHEN Y, MA J, et al. Bottom sowing culture technology
of E.gelatianae in Xisha Reef area. Journal of Hainan

D%, A PUUDHERL X BB BB I R R AR SE. 16
PTG EE2E B 224, 2018, 25(5): 13-17]

CHOPIN T, BUSCHMANN A H, HALLING C, et al. Integrating
seaweeds into marine aquaculture systems: A key towards
sustainability. Journal of Phycology, 2001, 37(6): 975-986

DENG Z H, JIANG S, ZHANG B, et al. Ingestion and digestion
of pearl oyster (Pinctada fucata) on microalgae of different
types and concentrations. South China Fisheries Science,
2016, 12(3): 112-118 [XBIEAE, Fhn, K1, 55 GHEREE
DUXS A [RY b 26 S e HE 1) P 4 B S5 T AL ASORBIE 9. 7



154 ook #®

543 &

FKERRE, 2016, 12(3): 112-118]

FANG Z, HUANG H Q, BAO S X, et al. The preliminary study
of Kappaphycus alvarezii on absorption of nitrogen and
phosphorus in sea water. Journal of Aquaculture, 2008,
29(6): 1-4 [J5 ¥, BOEEE, SURIH, S5 SRUBBEOE
KA BRSBTS, KR RAE, 2008, 29(6): 1-4]

FU S, DENG C M, LIANG F L. Mariculture of Pinotada martensi
and cage improvement for pearl cultivation. Marine Sciences,
2001, 25(3): 23-24 [4FiH, XA, B W, ThIREREE ISR
FH S A ERIEEASE. WETERLF, 2001, 25(3): 23-24]

GAO H N, LI L, ZHENG X, et al. Three co-culture patterns of
Pinctada fucata martensii and macroalgae in circulating
aquaculture system. Journal of Tropical Biology, 2016, 7(2):
147-152 [=okbdm, 255k, A%, 55 TEMOK RGN S RER
BEDLS 3 A RBS R MIR TR KoK B A, B A=)
2441, 2016, 7(2): 147-152]

GAO Z K, ZHANG J H, LI M, et al. Effects of Temperature
fluctuation on physiological and immune parameters of
scallop (Patinopecten yessoensis). Progress in Fishery
Sciences, 2017, 38(3): 148-154 [EiiEhR, TRaker, 24,
5 RN Eh AR RS R FE B3 D1 (Patinopecten yessoens's)
ARG RE R AR 2 . b B R, 2017, 38(3):
148-154]

GUIJF, TANG Q S, LI Z J, et al. Aquaculture in China success
stories and modern trends. Wiley Blackwell, 2018

HAYASHI L, YOKOYA N S, SERGIO O, et al. Nutrients
removed by Kappaphycus alvarezii (Rhodophyta, Solieriaceae)
in integrated cultivation with fishes in re-circulating water.
Aquaculture, 2008, 277(3/4): 185-191

KASIM M, MUSTAFA A. Comparison growth of, Kappaphycus
alvarezii (Rhodophyta, Solieriaceae) cultivation in floating
cage and longline in Indonesia. Aquaculture Reports, 2017,
6: 49-55

LAI Z X, LIU Y, WANG Q H, et al. Cloning of FBP gene in
Pinctada fucata martensii and its response to temperature
stress. Progress in Fishery Sciences, 2019, 40(2): 106-114
DR, XUHE, £ POIE, 4. DCEkEE I (Pinctada fucata
martensii) FBP J [ {14 5 b S HOG) Ji BE JBikaE o 1. il
Rl2EiEE, 2019, 40(2): 106-114]

NEORI A, CHOPIN T, TROELL M, et al. Integrated aquaculture:

rationale, evolution and state of the art emphasizing
seaweed biofiltration in modern mariculture. Aquaculture,
2004, 231(1/2/3/4): 361-391

QIANPY,WUCY,WUM, et al. Integrated cultivation of the
red alga Kappaphycus alvarezii and the pearl oyster
Pinctada martensi. Aquaculture, 1996, 147(1/2): 21-35

TANG Q S, FANG J G, ZHANG J H, et al. Impacts of multiple
stressors on coastal ocean ecosystems and Integrated
Multi-trophic Aquaculture. Progress In Fishery Sciences,
2013, 34(1): 1-11 [FHETE, Jrdt, Kakar, % ZHE
JIMRA R IR A S R GG SRR R SR IR K™
5T, 2013, 34(1): 1-11]

WANG A M, SHI Y H, WANG Y, et al. Biology and new
farming techniques of Pinotada martens. Beijing: China
Agricultural Science and Technology Press, 2010 [T 2,
fite, 5%, BIREREE DAY SRR EOR. dbat
OB H AR B, 2010]

WANG D L. Application and research of the co-culture
technique of shellfish and seaweed in China. Journal of
Oceanography of Huanghai and Bohai Seas, 2001, 19(1):
7881 [FAEM]. DL EHR IR RO TR E K IR FE B 5
ST TR R, 2001, 19(1): 78-81]

WU M, MAK S K K, ZHANG X J, e al. The effect of
co-cultivation on the pearl yield of Pinctada martens
(Dumker). Aquaculture, 2003, 221(1/2/3/4): 347-356

WU C M, GAO H F, DING M L, et al. The growth promoting
effect of metabolites of Pinctada martensi on Kappaphycys
alvarezii, Oceanologia et Limnologia Since, 1997, 28(5):
453-457 [RIEEE, wtig, TOEm, . AR
R S ROBBER A R ATV E . TP S A, 1997,
28(5): 453-457]

WU W G ZHANG J H, LIU Y, et al. Size-fractionated
phytoplankton and its influencing factors in autumn near
Zhangzidao Island and its adjacent waters. Acta Ecologica
Sinica, 2018, 38(4):1418-1426 [R3C), SKAKLL, X%, 4.
T 1 K P A8 P SRR R U R ) R R 2 ¥ B S R
. B, 2018, 38(4): 1418-1426]

WU W G, ZHANG J H, WANG W, et al. Variation of Chl-a
concentration and its control factors pre-and-post-the-
harvest of kelp in Sanggou Bay. Journal of Fisheries of
China, 2015, 39(8): 1178-1186 [Z=3L), K4ker, T 44,
S RIGEAKIINER R a TEIEATICRET S 28 2 H 5
WA 2. K24, 2015, 39(8): 1178-1186]

YANG H S, ZHOU Y, WANG J, et al. A modelling estimation of
carrying capacities for Chlamys farreri, Laminaria japonica
and Apostichopus japonicus in Sishiliwan Bay, Yantai, China.
Journal of Fishery Sciences of China, 2000, 7(4): 27-31 [#
grk, Fg, B4 SR JEG PO AL DL A
J 2 f0fr S AR 2 . A E K PR RR2E, 2000, 7(4):
27-31]

ZHANG J H, WU T, XU D, et al. Feeding on feces, diets and
cage farming sediments of Paralichthys olivaceus by
Japanese scallop Patinopecten yessoensis. Progress In
Fishery Sciences, 2013a, 34(2): 96-102 [3k4kZT, Rk,
TRAR, A MR R DU SF BFROZEME | HRAH M AR FRAE X TTT
FR R, R, 2013a, 34(2): 96-102]

ZHANG J H, WU T, GAO Y P, et al. Feeding behavior of 5
species filter-feeding bivalves on Paralichthys olivaceus
feed, fecal and sediment particulates in cage farming area.
Journal of Fisheries of China, 2013b, 37(5): 90-97 [5Kk4k4T,
bk, WP, A5 R DX SF 6RO S8 | FRIH K
WA SR X GO R AT . K= 254k, 2013b, 37(5):
90-97]

ZHANG JH, REN L H, WEL Y W, et al. Ecological environment



%31 SR R GR I K TR S B S DL B £ SR B AAOCR B i R R b 155

and sustainable utilization of biological resources in ZHOU Y, YANG H S. Biodeposition method used in bivalval
Sanggou Bay. Beijing: Agricultural Press of China, 2018 physio-ecological studies. Chinese Journal of Ecology, 2002,
[SRAKZL, (LRR4E, BRELMH, &5 RSBS54 YHR 21(6): 74-76 [JH%k, ML, NRT DU A A 3522 A0T 5T
JERTHPE A . deat: R ERD R, 2018] HIATIREL. ARk, 2002, 21(6): 74-76]

(% R ™)

Analysis of the Effectiveness of the Polyculture of Shellfish and Algae and
Influencing Factorsin the Xugjiadao Sea Cage AquacultureArea

WU Wenguang'~, ZHANG Jihong'*", LIU Yi', ZHAO Yunxia', ZHANG Kunyang', WANG Liangliang'

(1. Yellow Sea Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Development of
Marine Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao, Shandong 266071, China; 2. Laboratory for Marine Fisheries
Science and Food Production Processes, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao,
Shandong 266071, China; 3. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306, China)

Abstract In recent years, environmental pollution and ecological problems caused by cage
aquaculture have become increasingly prominent in shallow seas. The cultivation technique of integrated
multi-trophic aquaculture (IMTA) can be applied to minimize the impact of nutrient enrichment from
organic fisheries. The IMTA mode was implemented in September to November 2018 in this study, which
included fish cage aquaculture, the shellfish Pinctada martensi, and the alga Eucheuma striatum. The
feeding physiology indicators of P. martensi and the nutrient uptake rate of E. striatum were measured at
different temperatures in the laboratory concurrent with conducting field experiments, and the
improvement of the water quality in the cage aquaculture area by IMTA of shellfish and algae were
compared and analyzed. The results showed that: (1) the specific growth rate (SGR) of P. martensi in the
marine fish cage area was significantly higher than that in control area, and the average shell height of
P. martensi in the 0.50~0.62 m water layer in the cage area was significantly higher than the other water
layers. (2) Eucheuma striatum had the fastest SGR in the 0.60~0.90 m water layer, and the net wet weight
gain of E. striatum was significantly higher than that in the control area. (3) At 24.45°C, the average
feeding rate, absorption rate, and absorption efficiency of P. martensi on particulate organic matter were,
respectively, (4.13+0.77) mg/h-ind., (1.04+0.24) mg/h-ind., and (25.00+2.51)%, which were significantly
higher than those at 20.74°C. Within the experimental temperature range, the absorption rates of nitrogen,
phosphorus, and silicon first increased then decreased with increasing temperature, and the maximum
values appeared at 30°C. (4) It is estimated that the total amount of filtered particulate organic matter and
the total amount of absorbed particulate organic matter by P. martensi in the marine fish cage area during
the culture experiment was 778.08 g and 144.47 g, respectively, and the total amount of nitrogen,
phosphorus, and silicon removed by E. striatum in the marine fish cage area was 8.55 g, 1.11 g, and 9.18 g,
respectively; all the above indicators were higher than those in the control area. Temperature, depth of
cultivation, particulate organic matter, and nutrient concentrations were the primary factors affecting the
growth and physiological metabolism of P. martensi and E. striatum. This study provides data and
theoretical support for the establishment of IMTA technology.

Key words Sea cage mariculture; Pinctada martensi; Eucheuma striatum; Integrated multi-trophic
aquaculture (IMTA)
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