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H ;L& ( Gracilaria verrucosa) 3 M8 3578 18 X B
EEERESFEREERN

1 1 > 2 > 1, =
wmAs B, XL E ATIZR,
(1. BEAPERE RVFAFEHRFRRSFEASERIFRERE, B 200090;2. FEHERESHELE, L F4  315500)

3 :2006 48 8 ~9 A, 7EWTLAR 1L ¥ 4E85 ( Lateolabrax japonicus) S FE M i FF B ILE ( Gracilaria verrucosa) %} PIFE 57 7 1t AR AY
KEEEFRUHITESBETR . B 45d AT I | SE s8R 2R LT A e, 25 RR . ENAEFER K G ETEE
BERURE , EFRRESBE(E) Hy 32.00, HE S 470 B R B A O X 1 A B 150m JERFUKEY #G R EXNREX N E
BERUEKEABRFNBEMR LB ESBEX R HAMHLE M K& PO,-P.NO,-N.NH,-N #1 NO,-N SR EBERTIFBE
X (P <0.01),5E X #/K PO,-P.NO,-N.NH,-N 1 NO,-N ¥ F LB E K 4 BlE{% 22% ~58% 24% ~48% .22% ~61% F
24% ~47% . FFEEILE 454 )5 ,BE XKk DO RERZEE BE R TIEBEX (P <0.05),D0 V15 28% , BB TH
$#1% 30% ; MBEE XKk Chl-a KEBERTIRBERX (P <0.05) , FIREK49% . BRETET N FEMAREESFEE
K, BUYOR 1kg B8 2/ DFEICALILE 4.7 kg wet wt A A LIXAKHB N 82K, HINANRBILENREGESE
P, I 2B sh M SREE BT R RUBIANE S, B R TS SR A RBE

KR : LILE ( Gracilaria verrucosa) ; B WAEFRIE AL BB E ; £ SFRHH; IMTA
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Abstract: Gracilaria verrucosa ( Huds. ) Papenf. was cultured on ropes in close proximity to the caged fish aquaculture of
Lateolabrax japonicus in Xiangshan Harbor, Zhejiang Province, China during the summer of 2006. Prior to the start of the

integrated multi-trophic aquaculture (IMTA) of Gracilaria with Lateolabrax, water quality was monitored at 220 sampling
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points ranging from a minimum of 20 to a maximum of 150 m from the fish pens. Levels of dissolved inorganic nitrogen
(NO,-N, NH,-N and NO,-N) , phosphate (PO,-P) and chemical oxygen demand ( COD) in the water column were 0. 053
mgL™", 0.36 mgL™",0.64mgL™",0.086 mg L ™" and 1.59 mg L', respectively. The index of eutrophication reached
32.00. After 45-days of cultivation of Gracilaria near the fish cages, the average concentrations of PO,-P, NO,-N, NH,-N
and NO,-N were reduced by 22% —58% , 24% — 48% , 22% — 61% and 24% —47% , respectively. In addition to the
reductions of nitrogen and phosphorus, there was a 28% increase in the concentration of dissolved oxygen and a 30%
increase in the transparency of seawater in areas where Gracilaria was cultured with Lateolabrax. There was also a 49%
reduction in chlorophyll a in these areas. Biomass of Gracilaria after 45 days of culture in association with the fish
aquaculture was (7.80 +1.65) kg m ™' and Gracilaria had a maximum SGR of 13.2% d~'. Nitrogen content in dry thalli
harvested from the fish cages averaged 4. 80% . According to the nitrogen budgets of L. japonicus and G. wverrucosa in open
mariculture system, 4.7 kg wet wt cultivated G. verrucosa are needed to balance the nitrogen discharged by 1 kg harvested
L. japonicus. The integration of the Gracilaria culture with finfish aquaculture in an integrated multi-trophic aquaculture
(IMTA) system is an effective practice for nutrient bioremediation of coastal waters that will also result in economic

diversification by producing another value-added marine crop.

Key Words: Gracilaria verrucosa; fish cage aquaculture; bioremediation ; integrated multi-trophic culture, IMTA

#AF I RFL G YR B EREAOERRGE K EFF RSB, T B SECEF 550 K 4 SR R R
FERE"Y, ERENGE S ISR KT B R ER A Y B, TTA SO MR RE R RN,
KAEBEMBER, BRAEE A S EAKREBLNER Y, NTIRIEFEESZEER" . SARMAS
YRR A Wi B DTSR 10a B BIRE R B, BN LB M RAELE P TR EHM AL
MEHELB RET T MBI KAERED " it FHRAREE X GEEEYBEERAR, BIRRER
AU, Qian "7 g8 5] 4 W8 ( Kappaphycus alvarezii) %t Zh & k43 I ( Pinctada martensii) 3756 X 19 8 B 774k
HEFTHE o Troell 251 75 PRk £ U F2 58 X s 97 YU 8 ( Gracilaria chilensis) , Wiz WAL P4 3% 51X HE B B 5
ATHECIN) TR (IP) HITEAEKRIER 40%, HAEE™  wEg™ fHRFE (Gracilaria
lemaneiformis ) F1 3§50 VLE ( Gracilaria lichenoides) FEARERB AR & MR 7 KT EMBEE L, R EW
LB X2 R K R BIFRBEERCR

TR ILERERERETERBEEN K- FEEMZ —,2005 £ EHREKMNHA D & ED 58854
R BB BT RMASEEE TRIEREN B AR, & RIS, MMk 2%, k37
AR BRI A HE S R B TR, RN A MAS SR B OV IS SR SR BTis JuR . KA
BILERRARERBUKE INJIP EFREGH B SEYE, RS O,, A5 K4k pH (8, 38 W #P il K o 2R 813
By RE™  ERRILE A YRR NN HERY, TR ARG, B EE R EERL,FE
PHEBRKNAET I E. RILE (Gracilaria verrucosa) MBS B, BN LI EEZ R, Wi/ #a
HOVERE, R W R B L BB OB . BT, E AN F LB A R R eI R S T LT
B AN A EE VL EREAY ( Gracilaria tenuistipitata var. liui) 45, X T HILE X B EFLE X KEDE
EORENINR RAGE . L5 LA 1 FL VLR X RIAH 77 58 3 X 04T AR B I S2 3 A AR 25 r FE DL P =X
5, AR KR B B, M4 4 5555 (Integrated multi-trophic aquaculture, IMTA) g #E) $2 48
2%,

1 #R5FAE
1.1 #Ef

V™ BWTLR I A BT B ( Gracilaria verrucosa (Huds. ) Papenf. ) (LAF jFRILE) , %F RA T

iR EE, A KRS A KB EEAEEGFEN S ~ 10 A4, 8858 LR
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1.2 S
ZUTRMNEEDEX (B 1), TRILE SR, N
HAK A 5180 R bk R B Mg Ratmr—, "]
HFEAE E:121°36'19. 08" ~ 121°37'10. 92", N 29°32'
37.68" ~29°32'20. 4", Wi B EFE H ¥, RAE W, P e
¥#i22.7 ~3.3m, FHHHE 0.5 ~0.6m-s ™", FHK 50’ Ningbo
¥ 10m; 353 25.4 ~27.5,pH 7.83 ~8.30,8 ~9 AR
25.7 ~31.5C,
1.3 B 307
BEBU TR X B0 24 R, Kb 6 HAT
HESMEE S ,6 RAEATHA, A 12 R MFHK L5
XS RXEIF(E 2) . WIER RS, N 3m 10"
x3m x3m, BRZIEMAE, ME 2 ~4.5cm, HE 0.10 ~ 107 20" 30" 40" 507 122°50" 10’ 20'E
0.15m-s™', & P BT 1500 B (Lateolabrax -
Jjaponicus) (FIIATRK 12. Sem 2. Sem, F)IRIKRE 41. 5¢ Fig. 1 Location of bioremediation study area
+4.3g) o EHMMAE S, TLE R MBI, HF 15cm
Je—fEE R 10g 0. 5g BTLHE , B AP RE MNP AN BN FETEZLRB THEZ T 0.2 ~0.5m,
H#RIEE 40 ~50cm , HASLH FIFHBH: 6 A%, SLIATIA] 2006 45 8 ~9 A,
1.4 RSN
1.4.1 FEEN
VLB FRFE T 4AHI (2006 4F 8 A 1 H ) , LISEE Br /e A IR FH X O o0, 7660 8 77 78 X R JA R R SR EE K 3R,
420 150m B BITE X IRAREE, 435178 L 20,50,80,

30°00 §

100,120m 1 150m % LR BE 56 15m 2457 1 4 Hode N

AR, 35220 AN &, W 5% 2 K iR PO,-P,NO,-N, e ~

NH,-N,NO;-N I COD #FH 475 AL e B

1.4.2 € SBRE S A3 B3
EREEELRFHE IEHBBANBANFEE o c2'® c3c4 %’5 6 L1k ot ®c'1| Ci12

1, DR ITE T 18d BUS H5% 14d P94H% 2d A% 1 A bs

W, Z G B 7d R 1 AT RE £ IR R W I K ‘ﬁ;@gg* — “ Xm‘?; *

PO,-P.NO,-N.NH,-N fl NO,-N &8, 3 & S MM  Bhremedationatta  Tramsitionarea ' Controlarca |

B TASBER BERESMBARE 3 AR oo L jape b e o

KZhEeK A (E 2 7O.@.0)

1.4.3 W E2 MIEADERTRXENSARER
i%ﬁﬁﬂiﬂﬂ‘(2006 —/E|5 9 H 15 [ ) ,E%F"E%EEIXV\] Fig. 2 Sketch map of monitoring sites

- ONOABT LA B R K 55 B K 85 0, OB C5) L T
SEPAATHIT 1 (AL ~ A6, B1 ~B6 W) XSHIRE g wimenmuaman i 24 4 Wi I MIE B TASBE K

HRYT7 i (C1 ~C12 W) , 3640 24 M sl ATHIE Y szt eg Al - A6,B1 ~B6,C1 ~C12 3 1B E
W‘lﬂ’ﬁqﬁ Al ~ A6 iﬁ] Cl ~C4 ﬁ@ﬁﬁ?i?&{gﬁzm Sampling points (1) and (@) are located in the center of
;Fvﬁlj\] ,B1 ~B6 ﬂ] 9 ~C12 :‘T’EJ"EI ﬁ?ﬁi“i’ﬂ‘ﬁﬁ X m%ﬁ Ij‘] , bioremediation and control area. Sampling point @) ( =C5) is located
N in the center of the net cage inal to bioremediation area. 24
C5 ~ C8 MMM Pt WX HyBr S WA P (B 2), 0 o @ o B e e o
monitoring sites of bioremediation and control area distribute on 3
W m B 495 PO,-P,NH,-N,NO,-N,NO,-N, DO, Chla

FEWE

transects; A1 —A6, B1 —B6 and C1 —Cl12
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FFUCRBER M43, BN KR E SR sh 2 R /N ™ o KBER S N2 B (BSKTE 0. 5m) 7
JRZE(BKE0.5m) , J54: 0. 45 wm FYBEERA- SRR BET U8 , P 1% GB17378- 1998 (Mg ¥ IS A0 ) $047. ME S
RUNTEFE AN A AR RBEZFHE,

1.5 MWKEFRBEE(E)

R B i R BK S R 7 X IS BRI P B E FIE 8 (E) X LR W58 7758 X BB 7R AT
T4, T8 bR A2 HE COD  DIN F1 DIP( 44734 mg-dm ) ,

P A=K . E = COD x DIN x DIP x 10°/4500 ; & & 4 [fi{ . COD.DIN #1 DIP /R B ESH N1 ~3
mg-dm™.0.2 ~0.3 mg-dm 1 0. 045 mg-dm > ; MR Y E=1 6 A EERL.

1.6 TEAKE

LI AR RV € BARRE  ER P IAET, iIC R BAESRENMNENER; SR KE, 8 7d NE-M5H
WA LHIET 5 ~8 FRILE , KT KIHITHE, BREHNERESR, X FTAITBEILENR ELEKE SGR
(%.d-1)[21] .

SGR =100(InW, - InW,) /t

A, W AILEPIREE () , WoASEHT RS « RWTLEHE(g),
1.7 FHEEVSFEHASE

SBFF MG HET , 73 AR R BN S AR P VLB FIAE S, F 430K /N0 W T, IR A 243000
KW FAEFHBREP BT ERERE, BRERGILEIFALEENSIRE KRS, Z EHEAZEBK
FVE LR, 1R B85 TLE T 60C Tt 2 {E 5 , & /K 28 /5 F S 38 B8 (Christy & Norris ) #E17 # T HE#,
Fi4 B shgl R B (KJELTEC 2300) i E B A S8 (%),

1.8 HdEabsE

BiEHHBEF 72 (ANOVA) & Duncan Z 5 W HATHTACE, riS 8B LR BIME + iR RN
2 GHE
2.1 SEEMFAFEXEFREHRIE

VLB R IGRT, LA WIAR X S s , R B 150m I3 X 3836 2 K4k PO,-P NO,-N NH,-N 1 NO,-N ¢
4537 LB 3a ~d, 453R%EM,PO,-P.NO,-N NH,-N 1 NO,-N Fyfx = B 3 i1} BEAE DA R 58 X 3, B s vk
By e DX A58 ] PO R R R B X S B e e, b PO,-P NO,-N A1 NO,-N #5781 Wi 89 5 5 1a] B 3 Jm vk &
BEPEESEE A, 2006428 A 1 H, LR T MM 7 X .00 B RZEEKE PO,-P ¥k JE J (0. 086 +
0.002) mg-L™" NO,-N ¥ 4(0.053 £0.004) mg-L™" NH,-N ¥ % (0.36 +0.032) mg-L™" NO,-N ¥
%7(0.64 £0.028) mg-L™",COD ¥ (1.59 +0.11) mg-L™"  BFREIEH(E) Bik 32. 00,845 31 1%, ZM4
FEXKERBTmEEERMRE., ZRMMAXAE 150m JEFRFEKERREEKE PO,-P ¥ ELE D 0.036

~0.038 mg-L™" ,NO,-N ¥ E %5 0.03 ~0.034 mg-L™" NH,-N &% 0.021 ~0.026 mg-L~" NO,-N V&
I 0.39 ~0.44 mg-L™" ,COD {EEI N 1.19 ~1.37 mg-L™' | EFREIEE(E) H 4.20 ~5.78, 445 3.20 ~
4.78 15, AT B EFMRE,

2.2 HIIEMMAEFERXKEHESER

2.2.1 MFETEITERERESR

S MFE P FRFEAVLE R 42d B9 HAEKRWNE 4 iR, Bf28d RILEAKEWR, BAKRES T
13.2% +0.89% , 2 G KB EBEA e, B 6 FLUGTLEM H A KEBNRIFES. 9% +0.43% , T4
TR AL E A Y BIEGK MAEFRE X T AERMMEE , B R R B R AL 17T R I, R R
HIFRFE T BT , LI 45 AT IRV 302. 4kg, AR E R 42 5, FIHBK 120. 4cm +15. 6em,

2.2.2 AFZIRERKEEFRERAEL
IBESMEE X B XA F TR X K PO,-P.NO,-N . NH,-N 1 NO,-N i & 2L ILE 5(a
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Fig. 3 Horizontal distributions of nutrients in surface water in the experimental cage area and adjoining area

B RAER NS PIAE X BT 7R (LB , SRAR I [|] 2006-08-01

The dashed rectangle denotes the location of the study area. Sampling time was Aug 1, 2006

~d) . BORELET, MEREXKEERLTE

[o)}
1

ATt 8 ARIR BRI FIRE S A 20 Setins 3 [

FIRAGME , b NEH EA BBE . NIEHARAN £ 0

MNTFARI 18 5,8 7 18 HEO B 15 AR IH 3 [[

IS X WU SRS MM AB MR h K 5 PO, PNO,- & 4 f

N.NH,-N fINO,- N & B#H B A BHME, B2R = [| |, L
BB (P <0.01) ;{55 XK H PO,-P W B ot I X T e
1K21.9% ~57.8% ,NO,-N [&{24.2% ~47.7% NH,-

N TR 21.8% ~60.9% ,NO,-N Wi/ 24.3% ~47.4% , B4 RIS KRR ERREL

Fig. 4 Variation of the specific growth rate of Gracilaria verrucosa in

TEBRE XM K PO,-P fl NO,-N & & BET
RIFFEILEHIA BRI (P <0.05) , B R X 5 HAHEE
IR 7K Py NO,-N Al NH,-N & TR EZ= R (P>0.05),

cage culture area
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#2425 X Bioremediation area 1EE XAHAR M4 Adjoining cage = AFHRIX Control area

0.08 a . 0.06 - b
0.07 —E¥§ ; 0.05 L .
0.06 || H N § 3 " I
= 8 2 0.04 5
2 005 [ § F N A & %‘ 'éo 1 N A
& J 3 o
£ 004 TR YN NA A& =003 [ N §
A i % ..E # E4] = % ?Q i\ &
S 0.03 [ Ey { ji“: ':"E N | N A o 0.02 A 5% 2 [
" 0o 1A NN N R A A “ A NN A
M il
’ /Q £§ é§ ’k /: /:: 1y 7 0.01 f\\‘ é§ 2 /:
0.01 H A | N ™) % ’ | BN
o l’/‘\ f'\ e | ] Ly | 17 K | R =
o Lk L L A/‘\\ L LB BN ] 0 A L L L L L L ﬁ [ ERL
8.01 8.18 8.20 8.22 8.24 8.26 8.28 8.30 9.01 9.08 9.15 8.01 8.18 8.20 8.22 8.24 8.26 8.28 8. .01 9.08 9.15
045 071
c d
0.40 - 0.6 |-
0.35 g A
~ ‘{% g 8 RN os PR %
2 030 YN B % A 5 B &
7 | § M i
2 025 | A Vg 8N A 2N A NN g AA §a
Z 020 U 3 by k g B3 !!s. ;’Q T % S ER 8
Zom) A NaNaN oy 2 o[ NAVEN N A
U 3 ¥ by o) 23 | R |
7 0I5 i o 73 q | N | N | 3
g 4 2 28 < 021k A A | A | 2
0.10 1 A 3 3 ¥ q | B A | A | 3
¥ N A A 01 A | A A A A A ’
el AN LA NN AL }
o LLE&, ! I L B YRR B ER | B I | A BN 43
8.01 8.18 8.20 8.22 8.24 8.26 8.28 8.30 9.01 9.08 9.15 8.01 8.18 8.20 8.22 8.24 8.26 8.28 8.30 9.01 9.08 9.15
H #4 Date H A Date

B S {LERIERE A FHEKOKEE KM

Fig. 5 The effect of G. verrucosa cultivation on inorganic nutrients of the water column in L. japonicus cage aquaculture area

2.2.3 AFTIEXKEBIHEAE
TLEFIBERN, ADBE X JEX EARX P Al ~ A6,B1 ~ B6 f1 C1 ~ C12 W K& w148tk
TWE 6, SEF AT, LS BEE X HE Al ~ A6 fif &Kk PO,-P.NO,-N NH,-N #1 NO,-N & & 8
T XX PYEY Bl ~B6 fii g, HEF BE (P <0.05), SHIRMEEM LM, M C12 & C1 i sUKEFRES
BEZS THaE  ESBEXNE Cl ~C4 i K74 PO,-P.NO,-N . NH,-N I NO,-N 4 & ¥/H B/&F X1
XPH CO~CI2 i, HERBE(P<0.05), FWXK,EEBEE XA, HKREFRES MK,
[E)AE , DA T TE M) Fry 25 3R (1B 7)) W] DA BRI AR 2B R X Hr DO ¥ i AN B B A B = TR IR IX (P <0.05)

0.08 - —— PO,-P a - 0.7 0.6 - —— HN,-N b - 0.08
2 007F == NOP 4065 T os| ™ NOwN Ho07 7
~ 0.06 —— NH;-N Dt 05 j) o —— PQ,-P :})
gouvr ‘ ' 2 E E04F -=— NOMN ~006 &
Z 005 5 g 1042 %03 005 %
; cpeEag| & Jo3f 05 %
S 004 1032 z S
& 003 FE3 [ 4027 7z 021 0.04 o
£ oo | F R Ho1 Z o1 0.03 €

001 1 | 1 | 1 1 1 1 1 1 | O 0 | | 1 | | | 1 1 1 1 1 002

Al A2 A3 A4 A5 A6 BI B2 B3 B4 B3 B6 C1 C2C3 C4 C5C6 C7 C8 COCIOCIICI2
FAE A Sampling sites SRAERL Sampling sites

E6 AEBBEXER R XRIEARE & B2 (2006-09-15)

Fig. 6 Variations of nutrients along the sampling transects of the bioremediation area and control area (2006-09-15)
(a) SWHEFEIFH Al ~ A6 F1 B1 ~ B6 Wi, i 1 : Al—>A6 B1—B6 ;(b) SMFEEM Cl ~C12 Wi; Al ~ A6,Cl ~C4 i TFAES
BREXM,B1 ~B6,C9 ~C12 i FXHEMA,C5 ~C8 U PR A,
(a) Al — A6 and B1 —B6 transects are parallel to the tide, and the tide direction is A1—+A6 or Bl—B6;(b) C1 —C12 transect is perpendicular
to the tide; A1 — A6 and C1 — C4 located in the bioremediation area; Bl —B6 and C9 — C12 located in the control area; And C5 — C8 located in the

transition area
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DO V#5321 28. 5% , B R VR R 30. 4% ; MAESBRE K KA R R a WENET X (P <0.05) ,F
WIREMR48.8% . SHIREER I, A C1 Z C12 fi K DO & EFAEY E 2 T RS, MH5E a IRER
EFEE.

—— DO —& Chl-a —a— & & Transparency

2 113 20 420
112 ~ 418 ~
10 | E 10 | | g
P 1.0 = 1'65;
T, 8+ 4110 8 ~% 8t 414 =
=% g LR I
5n 2 409 & 2% 412 &
év’6— 7] 336— 7
S 108 5 23 H‘i\;—w—l.og
85 a4t 70.7&8547 108 &
5| ‘0.6%":;‘ 27M70.6g
105 W 404 ¥

0 0.2

0 | 1 | | | | | 1 | | | 04 1 1 | 1 1 1 1 1 1 | | .
Al A2 A3 A4 A5 A6 Bl B2 B3 B4 B5 B6 Cl C2 C3 C4 C5 C6 C7 €C8 C9Cl10C11CI12
KAt s Sampling sites Kt 5 Sampling sites

7 ASBEXSXEXMEAGEE HRE o A& EEL(2006-09-15)
Fig. 7 Variations of DO, Chl-a and transparency along the sampling transects of the bioremediation area and control area (2006-09-15)
(a) SHIFFATH Al ~ A6 FIB1 ~ B6 Wil , I Jr [ : Al—A6 B1—B6;(b) SHIMEER C1 ~ C12 BiE; Al ~ A6,Cl ~ CA i TAEDE
K IXA,B1~B6,09 ~C12 fu TRMXK,C5 ~C8 U FAEXA
(a) Al — A6 and B1 —B6 transects are parallel to the tide, and the tide direction is A1—+A6 or Bl—B6;(b) C1 —C12 transect is perpendicular
to the tide; A1 — A6 and C1 — C4 located in the bioremediation area; Bl —B6 and C9 — C12 located in the control area; And C5 — C8 located in the

transition area

2.3 ETRPHHARESFEMENK
W T AR FF RS R N S8 3 2ok B W AR E A& AR, A7 S BB S 00T ZEH

B FRRE , b i R A ARHER N(FDN) % FRENGER I N(SUN) , Ko EEHER N(FDN) AR IR K -
(W, - W,) x FCR x FeCP
CPN_,

KA, IngN FREVBHEREA N(g) s ResN FoR R E N(g) s WA LRL RN B BER (g) s W R
LTI A B ER(g) s FCR FR AR L RS (T R) sFeCP ZRABHHE SR (% dry wt) ;CPN,, 3%
AEBEE A S N #50A%6.25 ;FRIN ZUREB LR AE N 58 (% dry wt) sFIN ZRERITR 4
A NER(% diy wt) ; FiDM FRBETYHRSER(%),

5 8 57 B U UG B EG Y SRR 3B TR SCA(666. Tm’) i «

) TS,,
~AWR x AWC x CR x RM

A, T8, TR TRBRNEER (g -wet wi) ;AWR RRBERAFEMNEAFNELRAWC RAHA L EHRE
BEHFHER (gwet wi- ™) ;CRERBAHBLNBEER(E &) ;R Z R ErHANE
(% +666.7m %),

ARSI R T W RIS UE, FeCP % 51.4% ,FCR 2R AR (FHBEE ~ hE) P8 0.85;
AWC 4 10 g wet wv/#,CR 20 %k - &' ,RM ;444 % - (666.7m) > , AWR B 500 , sSZieFit B4R (FE
1) R, BRI 670 kg EFFEFR TSR R HEM A N £ (10. 89 kg) KABEHEFILE R RIL N £(2.43 kg),
FEAORFFRE 16 m* KITEA T PG HE N B2, BIEBR 1kg BT E TR EILFITE 4.7 kg
wet wi,

3 itig
BRI RN E BRI K AR R ME R, BANBIRRR"Y MM XK NP4

FDN = IngN — ResN =

- (W, xFFtN - W, x FItN) x FiDM

SCA
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EHAVYTHRNBEREY—BEE TEREX, CHAERKS, FEKEFE PO,-P Fl NH,-N HEEX,
SERIEE R Z R IR, AL H PR K IR BR300 55, 5 AN HK R B F IS, 9K B
RET1 /0, B BE A R E X o0 KR TR IR S8 BU™ B A, (48 HA [ 150m JERFEK S 2 B E BRI
o RIZAKBINEIRE AR T RGN X (FFHE X ZRKRFFE GB3097-1997 MRy 1T Ze¥g K
7K : DIN<0.30 mg-L™',DIP<0.03 mg-L™") EFIIREM K IE, — BKX SRS A MHEH, MIEHA RER
BT AR

£1 FARFAARGHELSTEN NEX

Table 1 Nitrogen budgets of L. japonicus and G. verrucosa in open mariculture system

545 Index fE85 L. japonicus VL8 G. verrucosa
15 ¥ & Initial biomass (kg) 373.510.4 7.2+0.2
43k & Final biomass (kg) 669.5+0.3 302.4 +£0.2
FHREL Wet ; dry weight ratio 0.236 +0.02 0.169 +0.04
G4 N 4 & Initial tissue N content (ItN, % dry wt) 13.04 £0.82 2.08 £0.57

S AT 4H 48 N & & Final tissue N content (FiN, % dry wt) 13.48 £0.57 4.80 £0.36

£ (K28 N & Reserve N of fishes (ResN, kg) 9.80 -

1A% E3%E A N & Total ingestion N of feed (IngN, kg) 20.69 -
f{&$E N £ Discharge N of fishes (FDN, kg) 10.89 -

L3 X B8 R0 (X B A BB AR A B Xk ot B SR S iR i AR AR se B 1™ . i BRI
T AT S, VI I 45d PN, IBE X K%K PO,-P ¥k BE LUt B IX FEAIG 21. 9% ~ 57.8% ,NO,-N (R Ny
24.2% ~47.7% NH,-N T 21.8% ~60.9% ,NO,-N J5i/)> 24.3% ~47.4% ., 57 BHE B m Baisk
(G. lemaneiformis) 3 AEEEVEIHVE MIFEFRIEE X Y AERMEERCR M, BB EEFR M KNEEBRE N
B, 2006 45 8 ~11 HRIHEILEN L4 I EERLERATESBEE, W 1. 72km’ B RS X K
PO, -P ¥ ¥ B IR 2 TUIAAE /K, A B BRI XK R B 48 IV 25628 T IOK R, B, B BB KiRE
BEFRCROCEE A Y g as . WA FE X AR DI KRBT W4 R R, B E X it iR X DO ¥
5 28.5% B0 5 1948 30.4% , T Chl-a V¥ F4(K 48.8% , EEEHRLKET , IETELEZHEAR
K (R A A TR I s A e R T F) A -, o AR A 9 A0 o B 4% BE ( Sheletonema costatum ) ) 4
R I ECBE (Scrippsiella trochoidea) (28] ¥ 5 H & ( Prorocentrum donghaiense) [29] 04K BA RO, e
BEFRWAKER AV PG, TR R R AR, BT 52 EKIRE SR EESE RSB0,
b B S I A ARRRE T B T T O X B SR RO R A R T 2R AR SR Bl
BRI E AP T ILE TS X B SRR, ST ERSKMT B SNEF W iR
i S AL T R M R B A IR B S AR AL R XK AE AR R A MM A R T3 — 2R,
IEERERENENFE B RGN EHEA,RBE KD ERYRIFRIE T RS A K EM
PR, ALEGEMMFPRENETLE (KR 25.7 ~31.5C, FHEE 1 ~2m) ,45d JFRRMEY BT E
7.80 kg-m ™' +1.65kg-m™" 53 SGR K 11.52%-d ™" +0.49%-d " , B & SGR Tk 13.2%-d ™" +0.89%-d ",
2006 4F 11 A LS INEERMEBX (REKIE9.5~17.9C £ )% 10 ~ 18, FHEE 1 ~2m) FIFMEIT
# 21d PIEH SGR 5 9.2%-d "', Ti Zhou Z£1*212002 ~2004 4E 5 ~7 KNS AR FERE X (FEKE 18.7
~25.4C  FPEGEE 1 ~2m) NEIE R FEE, H 30d PIB K SGR 2 11.03%-d ™" +0.44%-d™", Yang %2001
4F 10 12002 4F 11 ~ 12 ZEBM SRS A N FEX P (REKIR 12 ~23C, FHEEE 1 ~2m) Rk
M3k ,28d F126d PIEHK SGR H913.9%-d "' f111.71%-d ", Troell 25 7EEfk:fa 4 10m AL FRE T (6.
chilensis) SGR N 7%-d ™', FHA BT B A KR RBT B E T B IS N AT B2 B h B EE
I BAR KRR ALK eE M b RN EILE FHHAE N BN 4.80% £0.36% dry
wt, N S BAFISNA IR RA S B (TLE R 45 R A 55 X 34 DIN % 48.5 pmol -L™") 4 70000 £ LA
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BV 5 Zhou 512002 ~2004 4E 5 ~7 BAEBN IR IR X AR ILHI L (G. lemaneiformis) i) T3
LHAE N B(4.17% dry wr) , J Torell ') 4535 iyt 5 A5 B X HE B FR VT8 (6. chalensis) (AN &8
(2.66% ~2.94 % dry wt) o EIFESFHHEKZFTE TR N SEKHM N KOM4EE, THSE HEKIK 1 ke
HHEDTFEITHE 4.7 kg -wet wt ICEER, BZESFHATFEH T BERBERRESE NHA, BFH
— 5 ot PR S I B S T P SRR ek ) R B I B AR B T R ik 2ok A . RIE
BEMREARNEEREZ —, A KRR RS A E TR ™, a0 A X A 58 &
Fhde R 508 ot BB e ERRB IS R E AR, EE L EE RS R R AR AR R
Bilf - FFRE 454 25 5758 (Integrated multi-trophic aquaculture, IMTA ) ™5 i B 5 4b H AV R FRFE RS
ABPEATE , Z BB/ SRR K =57 B XGRS B A TR, A T R B A KRR A B, R 4
HRasE SRR B
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