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IR R TIRYA , AT DL 2R B A K A AR W) 8 A A
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JiT. 2005 4 R B IS, 6 e 248 ik 32 em,
TEAZERKI, X g P4 b = (RT3 8 K
], AR RN I HER RS o Tz RSESMIA
— 20 m FEAYITIE (SRR ) , BLATRIRR,
IRUEIRBE AT 1 mo 1255 46 Fif TS R BUK A= 464 43
fii o 1E 2008 441 S AR R =2 BI85, LAIS
FrE gk,

L1.2 REEE 2008 4 3 F7Eil i AR KR
SMIBCE T 3 9oy A BLC B E FE, 7351
NIEATE (50 m x50 m x 1.8 m) 2EREIE (6128 m x
1.8 m) MK (66 mx32 mx1.8 m), HHFHEFE
B Sy ith 39 15 I HE AR B9 Vv L B A kR BT
Bl KR JZ WA, FH 2R &0 8 0 i LA b i 1) 485 )
IRI0, JF R TR FRR A BATHE B, T s A
B E TR, 2008 4£ 7 J 30 H“RUE” & XA
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A XAEACERE T 3 D PREA AR [F] (B AT BER N
PR ) B F .G H RS, F RS A 40 m x
40mx1.8 m,G . HFHPFHH20 mx20 mx1.8 m,
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Fig.1 Map of demonstration area
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KIS 225 2 . PG, 2008 4F LIRS Al B IF ALY |
FEHAEY) A KA A K ARG F, T iR E
FRHIIEAE o 2009 4E55 1 110 Bl B 100 = Z AR TTK
YR 3, ECYEEIETFEAEY), W TTKAE )
W AR Ho F RS O B — 1 PR G IR
ST + MR, Bk Y 22 4R A 20% BB
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F I s AN AH SRR T, 43I RA T R ]
PR H L
1.5 IKBRITEM 5 Rbn e

K FHEA I TR MEFR RO AT K SRR 43, R
FHEGG 15 YA B2 2 W I s 7 KA B 75 e e i
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Tab. 1 Information on macrophytes introduced to the experimental demonstration area

F1 REXKEEDBRERL

KA N i [i] X3 I Hig/kg
21 ( Zizania latifolia) 2008. 03 kN N S A 3 B 7510
ALK I (Ludwigia ludwigia) 2008.03 e AT e [ 8 A 10100
125 ( Phragmites australis) 2008.03 A ER P A AL 6600
% ( Nelumbo nucifera) 2008.03 R IE R HB B.C 3210
B ELY 1351 (Alternanthera philoxeroides ) 2008. 04 B I B 15120
2218 ( Trapa bispinosa ) 2008.05 JuEs R 1180
LT (Seed of Vallisneria natans) 2008. 05 [ A 1 AB.C 50
JXUHR 3% ( Eichhornia crassipes) 2008. 06 TR IX A 25100
Ik Dok IR 732 ( Potamogeton wrightii) 2008. 06 A B ZJq] 151
{55 3% ( Elodea canadensis) 2009. 02 F 80
Z2 A (o e P T R L 48] 209% ) 2009. 05 G 140
T 5L ( Potamogeton crispus) 2009. 04 G 200
i ( Hydrilla verticillata) 2009. 06 G 200
{55 3% ( Elodea canadensis) 2009. 02 H 20
JRUHR 34 (PR i 7 20% ) 2009. 06 H 80

*x2

I XK E B HFE R

Tab.2 Information on aquatic animals stocked

in the experimental demonstration area

Sk 2008 4 2009 4f:
di/kg B/ AR Eh/kg B/ iR
1 i o i 6580 4.1 9610 3.0
1 1 £ Fof 5410 3.0 8402 2.3
1 5 240 45 6 1 Ry 330 1.3 320 1.2
HEE T 120 2.6 - -
i Ak 110 2.4 - -
20t 68 52 A 147 6.8 -
=ALE 12800 - - _
FAPR T hR R B0k -
G=max(G(i)) (1)
G (i) 5T G YR K B2 5
SE TR Rk
P =it 3)

i

P oy j LIS RHREL, Pyl j s o il

US/NOREE S iR @

Cji,i‘jj UL © I YL S {E,

C, N i TG PER AR UER, n S INPEA 5 G
S7/RUISE -4 O N Y (R RS (o €/ NN

0 Cooy =8
Cho
P[)()j =42 201 4SCD0j <8
5= Cyyy Cooy <4

(4)

EERG 15 A RO LAY s K BB 5 i 502

PRUEILFE 3

R3 KRGETFTHER T RIRE
Tab.3 Grading criteria for water quality by

the comprehensive pollution index

P R AR
_ e ZHOTERRH, AR
P03 LA R LY

0.3<P<0.7 5k AR E R

0.7<P<1.0 rhy5y AT 2 Tk A L A

1.0<P<2.0 migle 84339 F 8
s AT F K (1
P20 i L s

2 BRESH

2.1 KEEYEEER

2011 AKAEMEY KAMYE S AN

17.97 hm®, 00 1 0 T B 62. 68% . 1L3E AL
L B T 7 3 B o A0 X B PRk 2

R A YR8 T3k 4.

R4 KEEMBHEAERENE

Tab.4 Composition and biomass of aquatic

plant community

By IX T F/hm? e il % HYr/10%kg
FIEEX 0.78 2.72 126.72
HAEK X 2.87 10.01 240.38
ERETRIX 1.89 6.59 319.03
X 4.44 15.49 26.08
SERX 1.83 6.38 157.71
FEX 2.44 8.51 75.64
JRUAR 34 3.23 11.27 725.71
[l P i g X 0.49 1.71 3.92
5t 17.97 62.68 1675.19

Xt BB AL AR RUBR 2 1) A 4 AT T HUAR,

PR S, BEHLAHCS A id, B

w1 m’, [ A
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1E'lﬂﬁ%?\]ﬂﬁﬁiﬁé%ﬁﬁ%@ﬁ%%ﬁﬁ%ﬂ@l S24%, (ORI J& T/ H {5 Jek-F (2.03 ~2.09) , Tijik

X F T HIF A RURE 2 AR R R EMERY R (1.76 ~1.79) MBrA i 5 F (1. 63 ~ 1. 67)
KT HRaSMG, st BRI 2. 54 F12.13 5. WS REERIS/NT 2, BT EGRKF. Mkl %&

3 1 FY T R 1A L 7 ) SRR 32 A K G 1 L B 2
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Tab.5 Comparison of water hyacinth growth

parameters inside and outside the enclosures

JRUIR 34 [EI P N [l 4
- SEH4 K BE/ em 75.9 29.9
- fif 5/ kg 11.3 9.8
] SEHAKE/ em 44.2 20.8
AR i/ kg 21.5 11.8
L A+ RAMEEE/em 120.1 50.7
At )
fif 5/ kg 32.8 21.6
2.1.2 KAz (1) ZfMAiEd K, 2008 441

RIS, BEHLFRAS T 40 H =Lk, 2008 4K (11

H)JemEH33 J, 3er-7 R e % 17.5% . 46}
HFET T HOLFE6) 43 F WM, ARk = ik

PG E 124.7 o/ H o REPRE =AU A
JaE =, HA YRR 11.29 x 10°kg, 2008 4E7E [6]
PR AR LRI, AR YA 150 o/ Hipyghtt 2 H;
2009 4E 34K 2 H PR 450 ¢/ H i 2010 48
HEPFE RIS AR 1025 o/ H o = ALEEE LR
E TEAT, KB, XRIDKBUE B A (2)
A, 2008 4EAZE R AR AR GE . 2009 4
JUR AR R T o B | 5 % A 6% i 4 51100 kg, 7R
42.67 J1o6(K 7) s HRZE A 1 282 kg 2 500 JT.
2.2 RIEX K EREKREN
A M I 57 PR K BT B 4 A Dy BT BT 2
{E, i ﬂ‘$l%/’£ﬁ"ﬂﬂﬂ51&’97J<ﬁ5&ﬁﬁ1/r, 45
W8, FZIGYLYIh TN F1 TP, {544 KF TN J&

i, 282 SRR TRNAE, 56 DS L FE R L
X B (M X)) B A 17— 2540
x6 MFEME=RMMEEKER
Tab.6 Information of triangle sail mussels stocked

to experimental area by mark tracking

FRESMMUE 2008 4EF] 2008 4FJE 2009 4EJK 2010 4EJE
Bt/ 1 40 33 36 33
S E R/ A7 1076 1205 1310 1450
BT/ A - T(%hRshiE) 4 3

RT 2009 FIEESXERREFHKREER
Tab.7 Recapture information and revenue of

fish stocked for controlling algae

Hiok i/ g/ b= VAN UIE - VA i (V4
Tk kgeROR % st

fi 14020 0.80 17525 58.42 4.21
i 29080 1.40 20771 90.31 23.26
N 7990 0.45 17750 15.20
A1 51100 42.67

2.3 RERFETLYEDEER

e X L FIFE CODy,, Y T B, bl
[X Ay Xt B ) 114. 89% Fi1 106. 91% , [l B X U]
111.76% F1 105. 53% . KX ¥ X COD,, #6& T
PR HEE TR, B TN i &, 2008 — 2009
AE RIS X g X I ) 73. 48% ~81.42% , NH,-N
51 31.88% ~53.85% , 1fii TP > 108.96% ~
72.08% . TEMEIFEIEEH, 2008 4 A B .C [y 3 ~H
B M2 2009 4 F .G . H /9 3 A~[HFg, H TN F¥{E
ot B B 75. 97% i 80. 24% , NH,-N Y
26.81% F1 53. 85%, i TP | % 92.54% Fi
62.94% ,

®8 BEHEMmKREANREZTEY

Tab.8 Water quality parameters and the comprehensive pollution index of each monitoring station

COD,,,/ TN/ NH,-N/ TP/ DO/ AT
X3 JEXhe Re2 pH
me - L~ mg - L~! mg - L~} mg - L~ mg - L' PSR
A 7.68 7.32 2.89 0.34 0.123 10.99 1.76
FEI I B 7.90 6.74 2.39 0.32 0.123 9.62 1.52
C 7.96 7.32 2.98 0.46 0.126 10. 65 1.72
TR X D 8.08 7.33 2.66 0.44 0.146 11.34 1.79
X} HE 1 E 7.99 6.38 3.62 1.38 0.134 9.62 2.03
F 7.74 6.36 2.74 0.33 0.132 7.86 1.63
[l b G 8.11 7.10 2.54 0.33 0.124 9.84 1.63
H 8.04 7.16 2.87 0.39 0.115 9.94 1.64
TREIX I 8.37 6.96 2.76 0.35 0.142 10.89 1.76
XF BEE J 8.03 6.51 3.39 0.65 0.197 10.45 2.09
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£ Bl /K A NH,-N 2 BRSRAREL 5 (40. 00%
~76.81% ), B [l R m i 25 FEK A+ TP
() EBRF(5.97% ~41.62% ) {L KT NH,-N, H [
BEXS TP B2 BRAECR B 4o 45 Fl R KR TN B 2%
B3R 7E 15.34% ~33.98% , B G Y£R8
CODy, Bk F HFRA —EXBRF(2.31%) Fb, HAH
BRI, HOMRAES. 64% ~14.73% . fi Bk
Fref LA i, B BEIRRXF TN & NH,-N £ BR R Aw,
RILIZE R S5 XUIRGE (B 5 15 S R
S AR R R K AEAE RIS R RO B H
FEl R D AR Y, BRSO BT
2.5 MEEa

2008 4E 7R X 42 4E chl-a SF-12 55. 37 mg/L,
FE X R 5 f 41. 48 me/L & 33.49% , 2009 4EiRX T

e

DX R BE 5 B4 chl-a 43 5% 38. 35 me/L Fl 26. 71

mg/ L, {85 X Eb X R 5 5 43.58%
100 gEcop,,
80 OTN
o HENH,-N
® T 60 mTP
i s 40
S 20 I
I p [ |

X
2 BRBRERSREMERELLER

Fig.2 Comparison of removal rate of pollutants

between experimental enclosures
2.6 XETFRRITEE
TR ety A B ST S RCR WL 3

e ¢ k=

ZE U E RTINS 5 P I SR AR DX 3755 5 A 1 DA ik o DX 8 B K TG 22 A B 00 ) 2% b K R ABLH , AT ARAZ AL TRz T g 2 RO
B3 mEETESESEKXRRER R

Left: before the ecological restoration; Middle and right: after the ecological demonstration project

Fig.3 Pictures showing the lakeside zone of Gehu Lake before and after the ecological demonstration project
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T T FE I S S Bl M R B ) — 2
B 5 5 5 BTG S T, 2 42 i bk
5 YL T BB, R A RIS S A B 7 REACR
W ff NISTE SRS i bt o DATE A — 2B
FE R 2 R K AR &, S AR AR YT
PR HE S MERL IR BRSO . AT T 5% 2 i
1652 5 A i L iy o FH 280 B A T 0 0 i (R B AR
88,2013) , BHIL, RATENGEWMBE AR, R
R TR K A AR A | I35 TC il S £ 25 (% S A 2
gt ) JRIFSE ZROKA S ENRE &, o — 5L
KRR Z 2R S E R 5, WTE & T
KAEAYBEESEMBE S, 22 FiRBmR#
B e 1B E R BB ROk L. 2R a5
FEECEAEM AR T - X B IR s X)) g 1™
TSP KF(2.03 ~2.09), IREIX(1.76 ~1.79)
AP R (1. 63 ~ 1. 67) By 5 Y45 ¥ty /N T
2, BT EGYEA; B FEIEM oK TR %

V5 TN F TP, 1ff TN J&45 V28, TP J§ V 25, 1
K TR ARIAIA B T IV 2K BbR i, £ 51 2 NH,-N
R 3 HEAR i e TR K o AR R AR B
FEFH K AE R R K A R B R O A
R BRACR (2 45,2007 ) o &M, A5
[X 2008 4F [y TN 4EI{H A 2. 66 mg/L, X B A5 (K
W TN 4E ¥ {E K 3. 62 mg/L, Jdi /b T 0.96 mg/L;
2009 4E 4y WA 2.76 Al 3.39 mg/L, &A% T
0.63 mg/L; 2009 4E [y TP 4F ¥ {8 f %F M8 45
0.197 mg/L H| 3 % 0.142 mg/L, T & T
0.055 mg/L, FEHZAKKFRRHE , TN 547K 5 45
Y[ BE 259 0.5 meg/L, TP 5 0.05 mg/L, 7R
X6 TN F HI 8k i 78 38 K F 0.5 mg/L, Xf TP
KTF0.05 mg/L, UL, AT Rl XX TN K&
TP A S T T T — A KBS BRI, 5 hk
42 7E 1 30 100 1) S8 T 2008 4E 1 H F A RS K
T H 30 HAg R 5 KU 2009 4E 7 F 20 HIY
“SR T A RS R, B KU S DR 4
PRI a6 B B A 5T TR S, R T IR G X
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S FEL R N K AR A AR, (3 45 SR 0 3 — 26 )
U2 3 1 —E R,

45 R R, 2008 4245 I £ COD,, Wk 5
R FAEAEZE A T R R FEIG; 2009 44
I 5 COD, e B2 e S AR, a3 BN VR BEH s, T
BT ERAR, 2 4Ep I X COD,, 4351 g Xof it
BAY 114.89% F11 106.91% , BRI H 111.76% Fi
105.53% o 15 ], B ARAR i T 00 IR {EL 5 R R
B, X FRBIFZ M W A K B PR R R 2 Y
bR T RABESN A AN AR R, — 2K A
YIBcA KT8 m T AKIRAE LY. T AR
AL, N TR Y & MK AR ) 27 HE 2 1Y)
“REASTE T, R T ) S R A TR IS i (2
W14 20015 B4 ,2009) , K T EIHAE , 230K
R COD AR The a2 R /K A sl I AG 4
S 2 AR TR BESE 20k N AR SRR 7R TR R
JE T B 2 57 Ry BB K R AR, 3G T B4, 75
b B B R, E AT RE 233 K AR Y COD,
05 €= B ) ) i e ) | W % RN O i g
J Ry WL SR B X, FRBA I TR A 20 46, IR 145
JEIK 32 em, HAT AL L R 4 S AE 8 0 (S
2912, 1990) o XK AT & , B ] B2 IS BT -
JK SISl 1 4084 6 LAA HLIE B AR e &, Hods
BIEA B TIRIE R JZ 1 E FR Y Btk AK)Z (FE X
#K,1994) 512 COD Fhim, PRI, TR R85 2ot
FEH ST 35 A B A AN 20

AR DR 9 1) X e A () At B 4, 2003 )
5538 Tl IR AR A B iR 46 ~ 50 g/m’, AR
522 OUR IS DU IR B8 . |y T 2008 4F 7 J]
AT B 7K Ao B ™ JRUEL™ 5 XL 350 A Al 6 e, A B804
i — JC T 3R, 2009 4 W) i 6 ik 32 B R
58.14 ¢/m’, AFJRMARUE Y R AF] 100.22 g/m?,
SRR ZET A 2 W B, A W12 1 R R 4 o 1 35
KRR K o B ,2008 AFIRE X chl-a B X HE AT (K
WX & 33.49% ,2009 4E ) 5 43. 58% , 1i W1 1% fi
S i 7 28 T B BB A o) WA /K e R R (HUR B A RIE
BRI, —SufF 5T R, R T Ui A ) A R
WEGH T UMD R E R e, — s
OUR HAE W & 2 B (FRUAK, 19945 X 45,
2010) , X 5FRATHE 2006 — 2007 4F % 4R 5 1A X 35
VST AT 1% /N Y ] P a0 25 SR 26 L. L chl-a iy
KB IMKUZ TS e o 16 P 2L > xof BRI PR 26 > 5
IR R > FEIRRAN RIIZH > (HAE + IR i (Myrio-
phyllum verticillatum) + 53R T3¢ ) FPR4H > &3k

IR > (EoRIR 738 + 0 A Y) )
BRZH o X d TR B 6 T B 1) chl-a 24 5 T HAth 2%
o o, [ 150 B3 99 7K A 40 ) 910 35 S50 R e e
(ITkEAE5F,2010) o ASGCHG DLEDE A o7 AR )
HEKAEY) R 3, REE X B SR BT 3E A DA
AR A5 XoF 3 i A 0 7 A A AR ] (B 2R A,
2010 JHHE4E,2001 5 i R IE5E,2012) o A5 /R
DAAT HRLy 1 ARSI A7, 2R L A
B5), M chl-a FATRESE—PREAK, 5 HA B B SRk
WA R 40 2 T 390 7 U 0 00 A o 286 i AR - 2R
P CITSZE 45, 2011 ), W] 3 A 3 I VA DL 28 A Rk
TR, B2 KA WY BE , 073 VR Ui A D T 7 2 A (AR
B ZEAE 2010 X SEFEAE ,2011) o iy A s d2s il e 28
A R N 4 5 W B R BT A

PR IA W A M 21 3225 B AR Ik = K
AR . DRI R, & BRI oK
AERE R S 2 — 08 e gk ) 3 R, 7 R R LKL
TR DGR KR KRG UIe 55 PR R B R ) KB A A )
A (R AR, 2007 ) o 17 7 50 ML s | BOIR S 5
1) F2 A0 IR R (PR AE SR, 2011 ), {H -4
B a N FEYIR B IS IR K A B A R S Y
B FZ— (] i 45,2014 ), If HL% B B o g
BEM B chl-a J2 2k YRz, 15 19 H], 2008 4
RO 75 1 E R MR 55 A AF 1% — B 18], 2 3 S
IR 125 e 22 3 Y ) o B A - TS K R 52009 4ETE
F RGN H O R R 1 R, | B 5 e RUIR
HE, G HIFR IR RO, #5I2E . X I
PR K R R A TR A ) S HE KA ) A
K PUKAEPIME A AE K EUAA TG o F8 MR, 2008 44k
55 DX BE 33 em 0 HE S (GBI IX0) 39 em, 2009 4F:
G350 32 F1 24 em AT DL X7 B AR A A R,
{EXTRE SR RE T 15 em, 4f5 2004 4 4 J] % 2005 4F:
4 HA (322 HARSF,2007) , I8 W05 B R A2 4 18
~110 ecm, FEH{H 41 em; g EE A 49.5 cm,
IKE R, SAK AR L (2 55,2008 ), J& T 5L
IR, L8y 35. 4 om, J& T B AS (M 4655,
2011 ) o Shyfige phe 1 1] 3% 4890 00 ] P 7 88 G /K R ) it
2003 2004 4 FRATAE 2R e B ) A R I, SR R
0,3 20 BURT TR 5B i 83 A5 I B AT B E BUA 25 m?
(5Sm x5 m) WIETTEHIREG 15 A, 20205 A, &34
SEG FEIRR—4L, Srnl R BREE (25 1) R TR
B PURBEAMS A, X 4 FOUKED K AR
U, KBTI SRR AW 4 R B SR O
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Ecological Restoration Technology Applied in the Lakeside
Zone Demonstration Project of Gehu Lake

KONG You-jia', XU Dong-jiong®, LIU Qi-gen’, HU Zhong-jun’

(1. Fisheries Management Commission of Gehu Lake, Changzhou 213161 ,P. R. China;
2. Changzhou Environmental Monitoring Centre, Changzhou 213014 ,P. R. China;
3. Shanghai Ocean University, Shanghai 201306,P. R. China)

Abstract; Gehu Lake, located upstream of Taihu Lake, is the second largest lake in southern Jiangsu Province.
Historically, it was a typical shallow macrophytic lake and played an important role in protecting water quality in
Taihu Lake. However, large scale reclamation in the littoral zone beginning in the 19705 and the hardening of lev-
ees in the 19905 has seriously damaged the biological resources of the lake. Since 2008, Gehu Lake has been a tur-
bid algae-dominated lake and large scale cyanobacterial blooms occur every year. The lakeside zone is a natural
barrier, intercepting exogenous terrestrial pollutants and providing valuable habitat. In 2008 and 2009, we estab-
lished an ecological restoration demonstration project in the riparian zone along the mouth of Tai-Ge canal, connect-
ing Gehu Lake to Taihu Lake. This article is a detailed introduction to the demonstration project and the goal is to
provide a useful reference for remediating littoral ecology and improving water quality in shallow lakes. The demon-
stration area, enclosed by netting, was 28.67 hm” and ten sampling stations ( Stations A-J) were monitored. There
were no macrophytes in the demonstration area and herbivorous fish were removed by gill net before the investigation
began. In March of 2008, three experimental areas ( Station A, B and C) were established in the eastern section of
the project area and floating plants, macrophytes and emergent aquatic plants were introduced. In February of
2009, another three experimental areas (Station F, G and H) were established in the northern section of the pro-
ject area and submerged plants and a smaller number of floating plants were introduced. During the investigation,
silver carp ( Hypophthalmichihys molitrix) , bighead carp (Aristichthys nobilis) , Xenocypris microlepis and triangle
sail mussel (Hyriopsis cumingii) were released to the project area. To evaluate the effect of the ecological restora-
tion project and analyze the nutrient reduction efficiency of different bioremediation techniques, we investigated the
change in the phytoplankton and zooplankton communities and monitored water quality parameters. Water quality at
Station A, B, C, D (central demonstration area) and E ( control station, 1 500 m from the demonstration project )
was monitored monthly in 2008 and then at Station F, G, H, I and J (the same locations as Station D and E) in
2009. Water quality monitoring results show that the comprehensive pollution indices in the demonstration project
area ranged from 1.76 to 1.79 in 2008 — 2009, while the comprehensive pollution indices at the control station
ranged from 2.03 to 2.09. The higher pollution indices at the control site indicates the ecological remediation pro-
ject did improve water quality, although it remained heavily polluted. The floating plant-dominated wetland commu-
nity developed well and played an important role in nutrient reduction. The average removal rates of total nitrogen
(TN), total phosphorus (TP) and ammonia nitrogen ( NH,-N) in the trial zone were, respectively, 26.52% , 27.
92% , and (46.15 —-68.12) % compared with the control station. However, chlorophyll-a and the potassium per-
manganate index (COD,, ) in the demonstration area were higher than at the control station. The enclosures within
the demonstration project area removed TP most effectively (37.06% ). Stocking silver carp and bighead carp ef-
fectively suppressed cyanobacterial blooms in the demonstration project area.

Key words: lakeside zone; aquatic animal; aquatic macrophyte ; ecological restoration; Gehu Lake



