ISSN 1000-0933
CN 11-2031/Q

icaS

L D)
O

i
g
<




L J: 4 A 2R

L XX
" (SHENGTAI XUEBAO)
pemmEomes B 328 F 128 201256 A (FAT)
H X
TR A TR B A BT W VAKFEFT A oeeeeeennens WA, BAE E F,FE (3645)
A0 FLIR IR H ALY B R LA AR B I AT A AFAE oo KAEE, THM, REE,F (365)
E B TR A R AE S H EE e ettt W Om.R E.E &% (3670)
KR BB A S R R RS AT VAR A AL evnnneennnnnnnnn RV ERSEEHCE, F (3681)
LG R TAAR I R IR E 5 B AGTG A  ee e TR M R, ks & (3691)
WSS R A LIRS RE T LEMI B S BRI Ry oo f4est, 2 M, BT 4,4 (3701)
REHIE R T EEFF R BRI E F IR R e oAt B, B OUE , HRE % (3714)
AR T IE 8 A = JA AR GG K B B EE TR AT, RESH M %% (3722)
BBE A pH AT KRR WA WA IR ARG IREFEL  vvvvvvrnneeneeneens kpeE,E B, #,% (3729)
A G 2 3k A AE X B K EHE IR AL BRI vvvvereeeneneeeesesniiiii REF, 5, R EA, % (3737)
LR R LA T KT LR ES ARG A K F oo KR, FEMA, EELE (3745)
DEM M A& 5 98 & Fo T 73R R 5 3 & F FTIRBAK AL Fvmy -oeeeeeee B\ %% , #5981, Yin Runsheng (3754)
Ko B T AC ST IR T A B B I AR B T B G0 v WAL R, REE £ (3764)
AT RVE AR B0 AT I R —— AT A ] evevmmmeneeieeeeeens BOANREM, TEE (3773)
YR AE VB A R IT VAJE TT T A ] vvneneeerneeiieieeiiiie e WEN L, F A, EEHE £ (3782)
B R AR S R A H g M AAE T B A +oeeeeeeeeeeeee e FRA.T B (3795)
P L Dt L PR HEM ot A& BB (3806)
e K AL R B HL B L) KA B e vveeeeemmeee ettt et BB WAL INCE % (3816)
38 3 2k A A R AN S AT I R A G R A kB, EXE, S &, %F (3825)
i B 2L R AR ARG M R A AT AR X\ EAD, P E T F % (3834)
] Ay S A e B P R B BT IR A PR L - FoRX, AW, % (3841)
KT EZS FTAFTO AL B O RERERG R ZFHAR oo & U, B 4, A8 (3849)
R I LB AR 6] Ko AF BB B o1 BT oo eeeeveemmnmnneeeeeeeeiiiiiieeneeeeeeananns 2R BFEE, GEN, L (3859)
BRI KR ER ZABEG S M G R A e RAP I K, EE,F (3866)
Bl 5 A ARAAM M S At 0 LK AF P BR 5 ) R R A R WirH % @, FEE % (3873)
SRRt JE R AR AT O E A R Ao B A TR e o L RAA L% (3883)
AT R IR A o Y BB AR A AR GBI R ARG e IFR,EF, KA, F (3892)
B BALT F I B A 3R K B AR B M IE B e KE®, YHEE HLEF, % (3902)
A AR UL AT LI o A BRI Rri e oAk, A EL.Em %% (3912)
Art R BRI LT E BB HAEIREL o I OE BHEF, T L% (3921)
BEAT KRB IEAAL AT R A ENETE FPE o evvrnrerrnreerrneeriiie et e e e ea e & E B (3931)
M Aok T AP D E R AR BB BATFREE QRS A F oo BEI, EE A =, % (3940)
T E5Rik
PE AL EARBEREXGERILE B AT R o FOE KRR FESE (3950)
ki
ERBAAFEI 10 FTIAAL T e K E S F R, KRIF L, % (3958)
TSR N T RIE b Z REW FEE L (3966)

FFIEARSECN 11-2031/Q # 1981 # m * 16 330 # zh * P * ¥70.00 * 1510 * 35 % 2012-06

EEEECEECEEEECEEEEEEE

HEER: BE5—AnK LEEE H SR, 3204 A Mandarin Duck ( RI“FPEEN”) , 2238 HSE S S E R Gl
), HHE T LRI R I K BAEAL MERE R DM a o W B R RSN, B 4—9
Ala], MERERO SRS R, AT E TR S, T MR, 56 2 00 7—12 M, TIPS ZRAS 2
WINE KA A BN B, BER—MEWNNE Y, PEESE XU XK T ERL R FHER, Wik, #iFL
FELARNER P LRIk E

FERME: BRI JbsMl K% E-mail; cites. chenjw@ 163. com



5532 B 12 1 S = & il Vol. 32, No. 12
2012 46 H ACTA ECOLOGICA SINICA Jun. ;2012

DOI: 10. 5846/stxb201109281430

ZRARAE AR BRI, EROE, BN FURE I, 0 B ARA, BRAT . R A S R G, A= 53R ,2012,32(12) :3806-3815.
Li C H, Ye C, Zhao X F, Wang Q G, Chen X G, Kong X L, Lu S Y, Xu D J, Chen Q. The Ecosystem health assessment of the littoral zone of Lake
Taihu. Acta Ecologica Sinica,2012,32(12) :3806-3815.

KM ETESRRERITN

AL E AN B EHOEY B IR
BV AR AR

(1. A TR AR L PRBEFEE 5 RS A [ R E 5 S 00 %, P E AR 2 5T be , db R 1000125
2. HNTHEREE MR hoey ) BN 2130013, ZRIbbkl K2, M/REE  150040)

FEE ARIE W A RS RAE A 1B I GE A R TR B0 BT TS AR S RGUERE LN A R, (i HARZ N2 F8FR 2 M AL,
A o )2 P AT K BRI R YRR MBI e A IR IR S R R RS ) R AT ERIR B 5 ALK,
Fabr 2 B B AR KA 5 R AR 1S TR L, SRR RAT Ak R EE S e T HENZ e AR)2 I ALE R
B, XSRS 33 A AT T RAEE AT, IR T e A AL BRSBTS SRR R R TR G5 IR R 33 AN
PO ARMEREE R MEARRRET PR TRELR T 194005 0% 24.2% \21.2% \51.5% % 3. 0% , LRI T — 2 09 s Ay
AbTF B RS . A AR IR i g e A T R, ZR RV L BT | R R R AL T AR RS RS A
T PRI E T B RS, B IS A A SRR A R 22 L I 4 T I W A 4% 43 DX A S B A AR ST A, PEAN
Dy BT EEYE IO T S S W A 1 AR S R AR I — R S R

SR WA A S RGBT A2 R

The ecosystem health assessment of the littoral zone of Lake Taihu
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Abstract; Lake littoral zone, as a natural protection barrier of lake, is one kind of the most important ecotones between
terrestrial and aquatic ecosystem. It plays an important role in diluting pollutant concentration, improving aquatic
environment and providing aquatic animals’ habitat for their survival and reproduction. Therefore, ecological restoration of
littoral zone is a necessary measure for lake protection and rehabilitation technologies. However, little work has been done
on its ecosystem health assessment. Lake Taihu, being a typical large shallow lake, is one of the five famous greatest lakes
in the east China plain. Its ecosystem has been deteriorating due to the more and more serious water pollution and
eutrophication since 80's. The environmental problems of Lake Taihu have attracted Chinese government'’s careful attention.
Many attempts for Lake Taihu’s pollution control have been made by the government. Some progresses have been achieved
since the 10th Five-Year period. In the present work, a case study for assessing ecosystem health of lake littoral zones has

been conducted in the littoral zone of Lake Taihu.

EEWE : [FFZORIRT5 Y45 510 BRHL K L35 (20092X07101-009)
Wo#s B #1:2011-09-28 E1T H #1:2012-03-05
* MIRVEH Corresponding author. E-mail ; yechbj@ 163. com

http ://www. ecologica. cn



12 4] PR AR S R SRRV 3807

A unique structure of littoral zone of Lake Taihu is its dike, which occupies about 73% of the total lake bank length.
The dike blocks the natural material flow between the surrounding land area and the lake water, sequentially the material
exchange between them was reduced to a great extent. Therefore, unlike the natural lakes without dike, the littoral zone of
Lake Taihu does not cover the land area near the bank. After a careful analysis of the hydrology, geography, and aquatic
plant distribution, we defined the littoral zone as the region ranging from dike edges to 50—100m water forward. Among the
three common methods for ecosystem health assessment, namely, biological indicator, pressure-state-response ( PSR)
method and ecological health comprehensive index ( EHCI) method, the last one was employed for the lake littoral zone,
because it could better reflect the ecological health state from different aspects. According to the characteristic of littoral
zone ecosystem, an ecosystem health assessment approach for lake littoral zone was developed based on the method of
comprehensive ecological health index. The evaluating system in this approach is composed of objective level, normal level
and index level. The normal level consists of 5 factors including water quality, sediment quality, emergent macrophyte
conditions, and other biological physical conditions. In the index level, there are 15 factors including total nitrogen, total
phosphorous, dissolved oxygen, emergent macrophyte cover and so on. Total 33 sites in the littoral zone of Lake Taihu were
sampled. The normalization values of the observed sample data were used for ecosystem health assessment. The assessment
results shows that among these 33 sampling sites, the percentages of ‘ very healthy’ , ‘healthy’ , ‘sub-healthy’ , ‘ill” and
“serious ill” ecological situation are 0% , 24.2% , 21.2% , 51.5% and 3.0% , respectively. This result indicates that
more than half of the ecosystems in the 33 sampling sites were ‘ill’ state. Generally, the ecological health situation of the
East Taihu Lake littoral zone was better than others, with an EHCI value just over the low limit score for * healthy’
situation. The ecosystems in the east lake side zone, Gonghu lake and the south lake side zone were in *sub-healthy’
state, while those in Meiliangwan, Zhushanwan and the west lake side zone were evaluated to be ‘ill’ state. It is shown
that the ecosystem in Zhushanwan was in the worst ecological health situation among all of the littoral zones in Taihu Lake.
The assessment results were coincident with the real situations. The assessment approach developed in this study is highly
workable and reliable. This study may have some implications for the ecosystem health assessment of other lake littoral

zones.

Key Words: littoral zone; ecosystem health; assessment; aquatic ecosystem; Lake Taihu
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Table 2 The standard values(s;) for EHIC indexes and their reference sources

$8F5 A F Index factors

Z: MEFRE Standard values

&%W*& Reference sources
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o Iy
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Table 3 The hierarchy composition and the factor weights of EHCI

HEARIZE C BGE
HFR)Z A WENZE B (ALE) ¥hrZE C Factor weights of index level
Objective level normal level (weight) index level CRHEPRAHNT T C 248 R T
B JZHIRE A JZHE
WE N A S RFEEREGEAIREC KFRIRDL B1(0.2092) R TE R c1l 0.0180 0.0038
Ecological health comprehensive BAE C12 0. 1059 0.0221
index for littoral zone EHCI EE C13 0.4481 0.0937
A Cl4 0.2719 0. 0569
R4 C15 0.0158 0.0033
AR Cl6 0. 0066 0.0014
HWE C17 0. 1337 0.0280
JRUIRA B2(0.1743) BA 21 0.4109 0.0716
Mk c22 0.4749 0.0828
BANY C23 0.1142 0.0199
FERRAL B3 (0.2245) HEK MY 35 % C31 1 0.2245
HoAl PRI B4 (0. 1841) RS AE YR R c41 0.1848 0.0340
TR C42 0.7984 0. 1470
It P B C43 0.0169 0.0031
R ER AL BS (0.2078) I MER AR €51 1 0.2078
2.7 WIEALA ROHEL AR
ARG Tk 401 RS bR AL S L AR lag X
5, VAT SRA I A 45 R SN A I A L e it b 315 0008
m 2819 g 33};@} 31.83
EHCI = X [W(CA)i x rij] x 100 (8) SR S2nisaPass @ Ml
. j=1 - X 2626 @ 37-7km 74.70:;.“,~ O Wik
EHCI Sy A 38 RO @R 28 G 48 8By oA 200 @ Jihi
PSRRI TC R, AL T 2 0 <ry <1, KT 1 — 7 @ R
B/‘JE 1 Fﬂﬁo *, 34.5km 51.84
(,5_58‘. ZiH 50.05

2.8 ﬁz’ffl\é?:f 87.7km
AR 1 h EHCI 84588, R A0 (8) 15 4735

2010 GERBIBIEHE M2 RAE LI E B RAHBELE S T e

SR 3 BT/, 33 AN ARl AR i 49.24 QI6-2km 514
CTGMRRET PR TR I G 0% 24.2% 3

50.15 77.35

21.2% 51.5% & 3.0% , W EN#E ik — 2 5 g A7 b 9
o RAS . AERRA R B s A R A AE AR
RN DT AR R DX, < RS B U FE S A AR A
LS A ZRVE AP EUT R M ST AL B, T4, 4 FR

B3 KXH#HEEARENSESRERRESEH
Fig. 3 The EHCI values of different sampling sites in littoral

zone of Lake Tahui
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BT 7 A BRI 8 TP A A R SRR LR G 1R B, I A R AR R e 2 A5 R G AR
DUREZE | U 2R RIS P I e e i) I BIR , AR 7 eI R o i 2 7 A T MG B ™ AR AR SR
ML VYT R T B RS LA A A AR A e 22

F4 KHHEFIXESREBRESIEY
Table 4 The EHCI values of different littoral zones of Lake Tahui
W A S RGUE LR G REL

Ecological health comprehensive

X 3,

Littoral zone

(652U

‘ . Health state
index for littoral zone

MG Meiliangwan 31.20 P
#1115 Zhushanwan 24.07 IR
PEHUT 7 West lake side zone 37.96 B
YT A South lake side zone 45.11 P AR
7R K] East Lake Taihu 62.94 fi R
AU East lake side zone 59.31 P AR
1 Gonghu lake 45.26 DIZi33553

3 om5itie
3.1 XTIFMAGE

HEN]Z B ARXT T BARJE A B ZARYE & ZAT /0 IR T St b B 15 20 1Y, e BEACER R A KN 1
M2 B A4 2 AT EPEHE T R AR B3 (0.2245) S/KBRREL B1(0.2092) > H7 BRI
B5(0.2078) >HALA YRR B4 (0. 1841) >JEJRARAL B2(0.1743) , Hid FEBCIR AL B3 (0. 2245) KBk AL
B1(0.2092) Fl i PR AL BS (0.2078) % 3 AN 2 MUALE REU K, 7 H 3 FHAE ZH1(0. 2245+0. 2092+
0.2078=0.6415) KT 0.5, HlixX 3 NHRMAEZFK T 552 MetniAEZF, B REgeRol” KBk
B AR YRR R T HENZE B PR, RO BRI L,

FEPRZ CARXT THENNZE B BUACE & R ES AR T, (1) ZEKBURGE B1 Foxd b 1Y 7 Widsbr, |
 C13(0.4481) PALE K, WO E A C14(0.2719) ,2 ZFREZF1(0.72) KTF 0.5, B BARGLH )«
B A A B T REBEMER, (2)FRIRRAL B2 Ir xR 3 I brr, S C22(0.4749) AL E K,
HR R B C21(0.4109) ,3X 2 AR B2 200 & T ac A AL €23(0.1142) . (3) FEAEBCRGL B3 iy
FHBEPET 1 BiFSHR 7 A E R H C317, FILE AR R 1, (4) 78 HABAE YRR B B4 Bt I 11
3 WHEARH TRIEHE Y E C42(0.7984) A IR, AR FHE 2 Bz M, AMHPREZEHHEE, (5) 7
YRS BS A 1 WdE bR B ME TR C517, Br LB B ARXTALE M 1,

RhR)Z CABXTFHENZE A AR JE A (7) TR Y, o] DI % 2 A 1 KN 2 K i A 48 b
AR B 15 AR R 7 A A E R 2 BT 3 MR UCA < BE/K AL 78 55 2% C31(0.2245) >J5 Pt Ifi
FLC51(0.2078) >TRIFHEY) 2 C42(0.1470) ,3X 3 TR R AR Z (0. 5793) >0.5 W EPIX 3 Wiy d5 i 42
PR R, X A2 S R G R 245 R R B e M E A .

3.2 XTIFMEER

PPN 25 SR AT 0, I v MRS A s VG SRR R R TR RS I e A T ERIR S B
BN Z R KA A 55 K R I MR TR AR /D TR IR R R BRI B R A MR 5 AN TR A LAY
P AT Wb, 0 JCHE KA A, HLTR IR % B e i 3k 2. 5% 10% /L, 25 11T 32 53 28 7R R LA 52 1 i
TR A PR TR WA 2 B B e (E (3. 3% 107 A/L) wt B 1X — X B 5 3 AN 1T s AV 7K i R i D 1Y)
SR B AR WA AR R = 1Y . ORI R B R A A A 3 A S Bk R e T AR, SR AR KR D
JF HIJEA Y HBI AE a8t 2 i s, S a0 KA IEAN 45 5 | M —Ab T fat B " RS AR R IX B, i B AL
AR TE R e 9 Wb, KA A A % VR ) 2 AR X AT

Bk

i3
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AT TR R S R AT 2543 DX SE R A DUARFT & 121 RIAE L i A AR B 22 M B S 1Y
IR AL DX BE A A bR A I 4. 25 R B S 7 i B DX 5 2R I 4 AR S AR R A8, Ao 45 7 SR M
THA S RGERA RGURE  RGCREL Y AR 2 vh 25 5 FIFIA & SRR SR BRI 5t BoR JERIAE 2R, RIK )
P A FR A R S I A e S T X 1) PG AL R DG e, Th BRI AR IS TR S L £ AR R Bk xR
) 60 ANSRAL AL 175 BE 73 A RREIE R T AR R ) DX 4 FRCDR A AU B, K 15 AN T RE R
A9 AFERIDAAEAR KW, X UELAARST TR L RIT 0 S EAE LSS & A S R G BR LS 1 B0A 0
AT AR RS R G BE R PN G5 RS Al (R 0 D5 5 AT AT Y
4 HiLHEW

RN 25 AR ST AR o T 5 2 R ARSI g 2 K B3 Jo e 5 3 50 2 /K A= AL R v BRI 2k HL Ay
A AN AR E S PR SN o SRS T AW A 25 R G BRI SR AR A ZR 0 A R A 2
RGEAT TV oA A LU R AFSE 2R IE

(1) 335t Ao 25 R M B LR B R RO R P A HE DU 2= B8R 2 OB R KO e 45 2R s HENI R 5 AN R
A8 F R HE R AR OIR D > K SFOIR B > 2 i ) LR B0 > FA AR MR B0 > IR IEARBL ;15 A8 b - A
FBURR I 3 A TARUCH HE KA Y 55 3 >R N MEHL AR S TRIEREH 2 B 3 3 > I~ ROA L R B2 A
KT 0.5, LD 45 R E B e vE R

(2) LR A PPN AR s RKIANE A2 25 R G AR DU AN 20 SR 0L, M R0 AL | P i 2 4 T80 T3 4
AT PR AR I AR BT U | DT B0 I Y S AL T S A B OIR A s FUA AR W T e T R
RES S IRPPATZE T A5ty 52 P i A B0 LA BRI T 4 K B BIE S ARAE , i IS S A PP A D5 1 2 ]
iy,

(B2, AP T IO H A4 FRIR 25 S R 05X A 5 TR IV P> S S5 R ) s P G R0 22
KAty A A TR AR 2 R SR AR SCA ity A A R GU AR T vk | X A TR 25 ) A 25 R e f R 2
(Y LRV A R b, RERB TS HH S HER RO 45 2R . ASBIESEXT e — 2D S WA E S RGP R R B —
IS, R WA A B 3995l (9 A BB A S TR S B R Al dls
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