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24 R 5 600 m. BN PR K
FEHH, o7 5 AP 2SN BE Y X BR ( Penaeus
monodon) | FJLANEEXT EF ( Litopenaeus vannamei ) |31
JE # ( Seylla paramamosain ) | 1§ ¥ ( Rhopilema
esculentum ) 1 45 W& ( Sinonovacula constricta ) %5,
H T R E SRR 70 B, A <6 v R 7 Sk
CEBI"ENE SRS,

ST L A I T 352 S B e B/, K ARG
TE , AT DI DR TR A S 56 BT B T JR A S AR} 2 )
RESE . it AR SESG T 2015 4 1—12 J i —
TERE 1%k 5 1 455 v 1] B T 7K 57 8 T S85K B 2F A
WESE, A1 T J T IR0 R 4K e 3 1 7 25 S A )
ST BIEST, DAL 0T 7K S 58 T 485100 7K 48
SEREST o AR SCHIWIT T 45 SRR Ay i o v K 5 51 T
Sl e ) A B R OK B A8 5 e T Y VA B A1

2% IR R K IR B Y ] 158k e R A
PR H

bR ik

1.1 HREBEEAIZE

g EIREETH41 3 H 15 H—25
H e 5 18] F 5 K el AR W5 | ATREK, P2
KAEN(L.5 £0.2)m 3% (3.2 £0.2)m, FHF
fE 12 H 15—25 H 7ER 1 BIR] 5 7K 9], K Fil B
TR TR K HE 22 50, HE K G R X3 K BN
(1.8 +0.3) m, ¥RAK X3 o M40 [l B v 1X 1Y)
AEBERFE R FRIAE O, B 12 SRR (BT,
TF2015 4F 1 H—12 H, & 7 78 [ sk 57K
¥

N
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30° 80’ Shanghai o
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Fig.1 The sketch map of sampling sites in enclosed bay

1.2 KERENSEN
1.2.1  Woils bR Ak

TR i 1 R A DR AT R i 4% B ot v )
A HITE) (GB12763.4—2007) HEAT " o FEAE A
A3l v W F Niskin SRK 88 RERZ (KHTF
0.5~0.8 m)3 PMKMHEAENEK, HHEF A 500
mL & VB, PR e 4 CUKF R4 L Tl
FEARTE 24 h N S8 N A o P T 2 T 1 i
A (DO) Fr i, Bk P /o A R B AR Ak T T 2 b2 75
A5 (COD) , R A far 2% Skalar 7K 5T 43 #4300 & il
BE(NO;-N) JEAHER(NO,-N) (A (NH,-N)
ki (PO,-P) , A3CLL NO,-N NO,-N F1 NH, -
N ZFHE R R ICHLA (DIN) |, DL PO,-P 1E i
fif JCHLE (DIP) .
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1.2.2 KBV s

KA G RPN Ta 8 (A) Fg SRR s
BCE) XA MK B TP

A IS AN R R A SR

A =COD,/COD, + DIN,/DIN, + DIP,/DIP —
DO,/DOy (1)
KA FREA PG Y45 % COD,  DIN,  DIP,
DO, 43513 COD  DIN DIP #1 DO (1) — 255 K
IK SR HEAE, HAH 23514 2. 0 mg/L.0. 20 mg/L,
0.015 mg/L F1 6 mg/L,COD, DIN, DIP, 1 DO,
G300 R A AR AR B SR B . A LTS YL a3 A <
0, KB RAF;A =0 ~ 1, KBTHEAF;A =1 ~2, K5
THRZENG YA =2 ~3 K m R ge;A =3 ~
4 KJEEFIEYA >4 KRB E TS L,
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BIREEE AR T,

E = (Do xN,, xP,) x 10°/4500  (2)
X E REEFRREIEG D AR A i
WIE (mg/L) 5 Ny Fm 5 i TCHL R E (mg/L) 5
Py 7R PO-P WE (mg/L) o 2 £ <0.5 if, £
KRR EFAL: 2 0. 5<E < 1.0 i, £H KK
EHREFRE S 1.0<E <3.0 Bf, RUDKIA L
BERRE Y E=3.0 0, RUIDKIKZIESEE
FRARAS EEBK , KA S E TR A AR B ™ o
1.3 EMEE

T 2015 4 3 H ORI 12 H 7645 3 o7 2R SE IS o
B PR W T S AT Rl SR 5 BEER S M 5T
FEI A S A, B AA TR AR, 32 T Olympus
BX61 1 5 WL 5 35 1A 3% 10 2 A HE 5 LR/ Je
TGO, 2R 512 A ITS F1 5S tDNA 7348 4
AR — PR3 Fo0E
1.4 EEEMEMZEHIENE
L4 1 BERAEYENE

T 2015 4E 3 A ZE /KR 2015 4E 12 A ik
Ja T mox 1 om A7 W VS - 2R b 7 1) 4 B 200
m AT R AT A ) R A, T3 B /K (0. 45 pm
Tt R 2T A % JE ) k4 I 43 ) B . (FE i 22 0. 01
kg) JER R K562 0. 1 em) JHREHAYE
1.4.2 JRSE(TN) B (TP) & & E

SR A VR A v DX JECAVG Vg S A o, FH 2 D8 Vg K
PR ID S T5 W oh G T35, 00T 9% B kLA
H iR Iz (] S 00 5, 7R S0 & A5 T, FHZE K
Y3 ~5 W, BT 80 CHEAR h At T R, dElk
TN AT TP 0 43501 >R P L G i A - L
BAMR a3k B AR LASE B AR T 4
(% ,m/m) £IR,

1.5 HBEHH

Hdi it Excel 2010 #4240 5 328 A Origin
7.0 F1 Surfer 8. 0 F A T/ER 43 HT. SPSS 16.0
AP AL ST HEAT B R 3R 5 25 43 BT (ANOVA) | 24
P <0.05 B gEIA Ry 22 5 B3, T AS B0 2 -2
H = bRfE2EFRIR

2 4k

2.1 BRgbEEKUIERTK

11l 2 AT, 7K 4K DO ,COD \DIN F1 DIP &
AR (P <0.05), DO &HER8.9 H
4, HoAth iy #97R T 5. 00 me/ L, Be R 52 9 e
AT R ESE . 176K COD & &,
ZIR SRR T B, DIN F87E 1—4 H
Py F 1.00 mg/L, 344 (1.32 £0.9) mg/L,
11 A&EHMK, 7 (0.15+£0.03)mg/L, DIP f1
DIN A28 fp #a ¥ — 2, DIP % 7 2 4E 3 3 4> )
il 7°0.02 mg/L, 75 3 J F1 8 J 4yt BRIy Ui
43 31(0. 045 £0. 003 ) mg/L (0. 068 +0. 005)
mg/L,

2.2 BREDEEKRFR

PA LM, COD 244H 5 P AL TEHEN
Z&. DIN 12 1—7 J 12 34K Bkt T4 1V
28,1 DIP 424E 6 AT 26,5 A AT I
KT, 7E 10—12 Ao 1T ~ MK,

MIE 3 WT LA, 28 B v R W E SR
DU (P <0.05) o AHLTSHAEECA T H
Z 11 ARSI ER, BRI R (P<0.05),
2—7 J Hl B it SO 46 52 B A HLTS 9%, 10 0 11
ARTHEANIL S, §8RIERE R,
1—9 H K Buak 7@ & B Rk &, 10—12 A
J& T e ERACIRES
2.3 BUHESUBRESTERE

BEARGR S, B s, BRI, /55 6 ~ 18 em,
BARBEA DR, FTERO0.7~1.0
mm , 735 T AL, B T ] KL, AR
AREGE LR AL, b ERA I o T, 58 2
T 40 R 55 A, AR 23 o, D) THIDUL A A AE
BEAAIY e S = re] S0 G B2, 20 2% DU B AR
11 ~15 wm (& 4) o FE—20 H ITS FF5 o0 ifr,
SRGRKEW(ES) , T E I A i R e 2
NHHES (Ulva flexuosa)
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Fig.2 Varitions of DO, COD, DIN and DIP in enclosed bay throughout 2015
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Fig.3 The variations of organic pollution index and eutrophication index in enclosed bay
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4 HMERSERHIE
Fig.4 The morphology characters of U. flexuosa

99|HM447564 Ulva flexuosa
15-JS04-02 15-JS05-03 15-JS03-04
15-JS06-01 15-JS08-02 15-JS10-04
15-JS04-04 15-JS06—04 15-JS10-03

99 FU933988 Ulva sp

2rAJ012276 Ulva procera

99AJ000203 Ulva linza

80|FJ002301 Ulva prolifera

HM031186 Ulva prolifera

AY016307 Enteromorpha compressa

AY260570 Percursaria percursa

GU062560 Monostroma grevillei

9

O

0.05

5 MRERZRER
Fig.5 The phylogenetic tree of U. flexuosa

2.4 EEEMERERNEBE

S0l 2015 4F 3 A4y E KRR 12 A {3 HEK
Ja 3 FH TRV RE 59 oF [ el 3o SR DR e 4 114 2
Pri (R 1) Fiorfi (B 6) EATi A, 45 RARW,
BT X F KRR EFAZY R 1. 61 km®, 25
L AZE3 AT, WIERER, BREKX
THIARZY A7 0. 69 km’ i FA 2 HIUR A 14 17 5
ST AR AR (0. 13 £0.01) kg/m? 12 163

HEAKJG , TC AL 7, 2% > BBl b vl 3k 35 A IS
WRWE 20 A, 16 BB P IE A 1 R XU 8 1 A K
P AUVE Y R (2,41 £0.19) kg/m*, 20
L ME T RS AR N 3.50% £0.02% , &
Witk 0. 13% +0.01% , i #F & 19 T L Hh
8.31% +0.08% . %A X %> 35 A5 Wy 5 11
A, AT A — AR AR A IR X
A~ BB i K PR B Y IR B A ik
(4354.90 +46.78 ) kg FI(161.75 +1.74) ke,

3 itig

B P T 2 B 5 2 52 BRI R A B R
FCRTHRpE e SR 1A T LR B, T VAP 1 5 TR R
WK FRFEAH R IR TS Y i S P R g
FrhH 22 K R % a9 B 2 A 20 TR 1) FR AR A 50, R
1 5 TR R B A 0 4 HE ) R T T B UK
EEFAER M EH . PAEZ-OSUNA %6 i
T BT FE SR B RO e 1R 40y S5 - 5 A B, 6 R BH
R AR URBUE G I8 H A TN TP AMUBORE 4 73 531 i
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26 %

PR A B 24% ., 84% FI 93% . 1L ),
WALLIN I HAKASON'"™" ffF 53 4238 , 43 W4 e o
B 15% ~30% MR bl fl S0, HAth 51% ~59%
PAURLIE AP AE, 16% ~26% WK, ARWF5E
S5RWon, AW R4 3 A% KEF DIN fil
DIP e B2 347 1 30 2 W, 3 5 7K U5k SN oM VS
K0 3—5 AR IEAT R MR I G B, FLbE
AW RO TH i B2 A R I R OK MR i
F24k DIN 1 DIP ¥ B & W T B, 5 H ha) 4k
JBCHFER 20 T34, ML R vk fif £r ARDRE L B R 15t
B s b 2SS HUE 30 o 5 H IR

XTHRZ) 2 000 J7 2, PLAABEATIE 700 J7 B, Je ) #%
ML BXE A o R P A AR 3 e (A AR ML =
42.0% , SBE=1.0% ) o KB M IS R BoR,5—
8 A4y DIN #1 DIP ¥ b7}, 8—12 H{sA #%
WELAT A i Rk, T 4R 6 35 5 s 4 AT 4 85, DIN A1
DIP e J& 2518 N Mo i T 55 9 1 3 4 3t 1A 36
BE 78R KK ST BT ok i 7K T AR b W] 20 AN
L TN BR B Z T N TR FR A s
AL, ToHAD A ot 28 375 =X, 4l A T, 2576
b FRIRAF IX /K RS AL 5 FR A S VA 5

®1 BEEVREWESENESRIT

Tab.1 The biomass of benthic U. flexuosa in enclosed bay

LB Y km? K/ em WAL BUER AL (kg/m?) SER/N
Date Area Length Average biomass The total biomass
2015 4% 3 J] March, 2015 0.69 7.9+2.6 0.13 +0.01 89.70 +69.00
2015 4F 12 A December, 2015 2.3 30.4 +10.3 0.69 +0.01 1 587.00 +23.00
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700 0.52
600 0.46
500 0, 0.40

400 &
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300 )
S 0.28

200 \

160 N 0.22

|

0 0.16

600 800 1000 1200

0
(a) 3HE/KET Before watering in March

il n 00 __n__n A [ 1o
0 200 400 600 800 1000 1200
(b) 12HHE/K)G After draining in December

B 6 BiggibERBIERMEHTEEKIMNIAKEHNZES%

Fig.6 The spatial distribution of benthic U. flexuosa population before watering

in March and after draining in December
TR AR Ay LB X BE RN TEFE (m) 5 BRI IR Dy (kg/m®)

The vertical and horizontal coordinates are the length and width of the seabed area(m) ; The black represents the biomass of the U. flexuosa

(kg/m®)

RISEEIE FRIH S Y BA A0 A T A
P, AR B g 7 AR K A v 6 A A T IR
FIFHK A TEHLIR (DIC) ) [e] B 0 i 354 3 4
HER A b AT 7 0 0 55 20 ik BT R i ) I
DUEFRER SRR IR BRI . KR
B IR R 2 R T B A WSOHR 1T 5 7 22 it , AN ]
PIFE RS N P S8y QA S LR it i e, I
FE A I A A RGRTE R AT LA g
M 2T L, kb B 20 DR 50 3k U T ol ) 28 B 4
Ko BRULZAN, RIUEBEIL RE 5% | 7= A 0, 1A
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KRR pH 38 3 W B R 4R R K A3 B R A
T3k 1) %) 57 5E 20 458 19 A 008 RN A S R 4R A
IR S ARSI AR AT e 0 10 A
AR BT, SAEY RN T 1 497.3 t, X[ 5#5H
IR W A W e 3t 3 1) R (4 354.90 +46.78) kg
HI(161.75 £ 1.74) kg H 4h [l B Vi Sa 7K AR 1) 5
PRFR IR AR 4 A7 2 R0 2 o, P R0 310 4 VD 1]
B T 35 K AR Th B A i R 66 976. 00 kg Fl
2 281.60 kg, R I i o R 18 A 20 £ 433l
7 L B 96 DX K AR B R 19 6. 50% 1 7. 09%
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[[IF AR ERE ST VN TR0 W R R IREE X 1
A HAREE 1.88 £0. 21, RPPKIA T
ZENG Y W E IR E AR IE N
29.95 + 1. 18, B J¥ & H /IR, Kk, AR
T B ARG R AL 32X IR 5 K AR 1 8 57
R R T A (BARSE R AR R R
RPN A W) i v R 3K B K BT 18 5 1
K FRFUKRE B RN E . A, 2
b I v 3 N AR 0 il W R R AR O R
AT N, i & A [m) 44 1) S0B3 0 o A3 455
RS, A b B BRI T RBOK

LR 75 LB A 4 VD R IR 1 b 3L A 2 b
FIFRBEAS O , T AY IR BRSO ) T 24 1l 5 5™
v R RREE R R o AR SCHF ST A B T R W K 5R A
VRSB FCATS W AR S BE P TR K SR A
PR AR E R, R, — A LA
TR AR R R T A T I Ve B A A, 5 —
TET T 9 8 H 28 A (RS v TR AR T o dlk Y R
RUESE, IF & 278 37 2 IR 255 37 96 (Integrated
Multi-trophic Aquaculture , IMTA) , 2437 i+ V¢
SR FRAE & B IR A K R R SE Bl A BB 0 T R
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The evaluation of water quality in enclosed mariculture bay and assessment
of bioremediation abilities of Ulva flexuosa

DING Pingzhen'? | WEI Zhangliang’ , TAO Yandong'®, WANG Yi'*, ZHANG Jianheng'*, YU Kefeng'?*,
HE Peimin'*, HUO Yuanzi'”

(1. College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China; 2. Water Environment
and Ecology Engineering Center of Shanghai Institute of Higher Education, Shanghai 201306, China; 3. Key Laboratory of
Tropical Marine Bio-resources and Ecology, South China Sea Institute of Oceanology, Chinese Academy of Sciences, Guangzhou
510301, Guangdong,China)

Abstract; Based on investigation data obtained from January to December in the enclosed Fengxian bay
throughout 2015, water quality and eutrophication conditions were evaluated on the basis of organic pollution
index (A) and eutrophication index (E) and the species composition, biomass as well as bioremediation
abilities of benthic algae community were analyzed. The results of water quality indicate that this mariculture
area has been in serious eutrophication state. Dissolved inorganic nitrogen ( DIN) and dissolved inorganic
phosphorus ( DIP) complied with the Grade inferior IV and Il , respectively. The annual average values of A
and E were 1.88 +0.21and 29.95 +1. 18, respectively. The results also show that the dominant species of
green algae is Ulva flexuosa, accounting for 97.3% . From March to December in 2015, the biomass of U.
flexuosa increased by 1497. 3 tons. The average N and P contents of algae were 3.50% =+ 0.02% and
0.13% =0.01% and (4354.90 +46.78 ) kg of N and (161.75 £1.74) kg of P could be removed by this
seaweed. The population of U. flexuosa has certain bioremediation abilities by assimilating nutrients generated
by human aquaculture activities. However, the biomass of U. flexuosa stocked on hand could not completely
remove all excess nutrients. Establishing an integrated multi-trophic level system co-cultured with macroalgae
showed high bioextraction efficiencies on nutrients and could balance the nutrient produced by marine aquatic
animal farming in the enclosed bay.

Key words: enclosed bay; Ulva flexuosa ; water quality ; eutrophication; Integrated Multi-trophic Aquaculture
(IMTA)
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