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Ecosystem health assessment in Baiyangdian Lake
XU Fei, ZHAO Yanwei, YANG Zhifeng” , CHEN Bin

State Key Laboratory of Water Environment Simulation, School of Environment, Beijing Normal University, Beijing 100875, China

Abstract; Index system covering thermodynamic indicators specialized by eco-exergy and structural eco-exergy could
comprehensively characterize the ecological health condition of lake ecosystems under human disturbances. This system has
been widely used for assessing lake ecosystem health in recent decades. For comparing ecological health of one lake across
time scale or that of different lakes, integration of comprehensive health index is needed to identify the degree of lake health
and to better reflect the discrepancies of the ecological health conditions. In this paper, an integrated index system including
indicators of phytoplankton biomass ( BA) , ratio of zooplankton to phytoplankton biomass ( BZ/BA) , phytoplankton primary
production ( P), eco-exergy ( Ex), structural eco-exergy ( Ex,) and ecological buffer capacity to total phosphorus for
phytoplankton (B,) collected from field survey was structured to assess the ecological health condition of Baiyangdian Lake
which is located in North China. Health classes of fourteen water areas in Baiyangdian Lake were identified using
comprehensive health index, which was computed through the sum of normalized indices multiplied by the weights. The
results indicate that the ecological health of most water areas in Baiyangdian Lake is deteriorated severely. The water areas of
Zaolinzhuang and Caiputai are sub-healthy, those of Shaochedian, GuangdianZhangzhuang and Dongtianzhuang are less
healthy, and those of the remaining nine are unhealthy. The spatial variations of ecological health condition of the all water
areas across Baiyangdian Lake are notable. The water areas in the northeast and southeast are under relatively better
ecological health conditions. The ecological health conditions in the northern, central and southern water areas are

deteriorated to some extent while those in the western water area, which is close to Fu River, the ecological health
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conditions are seriously degraded. The ecological health conditions from good to bad in spatial scale are in the following
order; water areas in the northeast and southeast > water areas in the north, center and south > water areas in the west.
There is close relationship between intensity of human disturbances and extent of lake health degradation. The water areas in
the northeast and southeast with little human disturbances can maintain relatively natural state of the lake ecosystem with
good health conditions. The dense non-point source pollution associated with aquaculture and villages is the key factor which
leads to the ecological health deterioration in the northern, central and southern water areas. The western water areas have
been greatly affected greatly by large amounts of pollutants from Fu River, leading to relatively worse ecological health
condition. It can be seen that sewages discharged from the villages and aquaculture into the reservoir are the dominant
factors resulting in ecological health degradation in Baiyangdian Lake. In comparison with the pollutants from the
aquaculture and villages, there are more impacts of pollutants discharged from Fu River on the ecological health condition of
Baiyangdian Lake. The results in the paper could offer foundation for further study of early warning and control of lake
ecosystem health. In addition, they can provide scientific evidence for ecosystem restoration and management of Baiyangdian

Lake.

Key Words: ecosystem health; health assessment; Baiyangdian Lake; eco-exergy
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Fig.1 The sampling sites in Baiyangdian Lake
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Table 1 Introduction of sampling sites in Baiyangdian Lake

No. Sampling sites Coordinate Description

1 P VE N 38.94065° E 115.99974° K PRSI T B UK i %

2 T 5% N 38.9177° E 116.01142° JAAE R A A3 AR DK P FR A 1 Bl

3 WET N 38.908° E 116.04733°

4 AR N 38.90205° E 116.08038° NR T RS B A R OKAE Y 50T
5 koxcd) N 38.91114° E 115.95599° DL F HPEVERRWE X, A TR EE R K

6 X N 38.90449° E 115.93478° JEAE R PRS0 52 R85 15 YL W R AR

7 A N 38.90437° E 115.9238°

8 M N 38.90376° E 115.98805° A 7K FRBE B AT

9 TR N 38.89491° E 116.02956° JAPIAT RS S AT

10 B LR N 38.87511° E 115.99689° FIR TR IX

11 Pl sk N 38.86037°E 116.02824° K FRAE AR X

12 b o) N 38.84698°E 115.95057°

13 K N 38.83492° E 115.99138° JRTIAT RS A H 43 A

14 il & N 38.82489° E 116.01023° NR T D ROK P FR5EIE B, KK AEY 5T
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Table 2 Biological and chemical data of water areas in Baiyangdian Lake

TR A JsX TR 2L ) TR S L jvﬂ*tt*ﬁ%;t%ﬁ
Sampling sites Total nitrogen Total phosphorus phytoplankton biomass ~ Zooplankton biomass Macrophyte biomass
/(mg/L) /(mg/L) /(mg/L) /(mg/L) /(g/m?)

P TE 4.724 0.135 46.29 0.384 479

F 5 2.858 0.355 41.20 0.915 270
W+ 1.865 0.109 53.92 0.645 346

AP 1.304 0.035 8.48 0.132 625

4 5y 13.615 1.113 62.96 1.512 510
X 17.818 1.544 12.45 0.141 442

SRE PN S| 18.113 1.612 10.50 0.096 140

£ 3] 3.218 0.290 20.77 0.654 443

JGIE K 1.543 0.046 17.10 0.321 450
P 4792 0.065 22.25 0.174 405

J&l sk 4.545 0.061 17.27 0.783 374

Ui 4.769 0.182 114.97 0.252 519
AHE 2.237 0.045 19.07 0.315 424

il & 1.896 0.046 11.32 0.732 485

1.3 Mok
1.3.1 PR

ARSCER R T B IR LB S ARYE Xu 50 H A R AR WA A A TR AR A 2R | e B A AT AR . R A
YA (BA) TV S A W/ S WA ) A W) ( BZ/BA)  IIEES R IR I Y BETE WA P8 (P) s R G
FEbR BB (Ex) SSHIRENR (Ex, ) FUIFWEHIINT TP 1L 0E 1 (B,) 3% 6 TR ARIEAT IR TEMERTAN

BEIT (Ex) VER RGUK I AE ST, B AR RGN R, AR RG] &R, LA
BRGRTRMBES " AN R RAEWIAA S R G RBRE L B RAERE PR 7 Jorgensen
SN RE R B B R A i AR RE AR R R B B R AR

Ex = Zﬁici (1)
Krfr, B, WA i FAEYIMAE I F; C, A i MY A Y& (mg/L) ;— M 1 g AHLIRERRBERIL 18.7 k) BE
It 38 3 AR PR R AN [ A P et e A LR TS 1 SN (KD/L) o
ZEMIREITE SCHREIFBR LA B A Py, R A 28 R G R SR BE 71 R A=

Ex, = Y.B.C/C, (2)

AP, Ex B e k)/mg; C, AR AN AY &2 Fl(mg/L) .

e A RE A BE R ) ad AR v, 2 S A= W A o B 45 TR IAE A TR U sh 4 AV S 4 Fn K LK AR A8
BRI S IRE IR T (36 3) JEARIE A R Fh S A W 3L A5 T 1Y, A3 78 FRR S A Bk A28 1k iy
AT

G MRE T T RS R G XHINT AR A (W78 FR R MR FE AR Ak e IR TR 45 ) i o7 > ) Rz A 25 &R
GRS RRE S, AT HA T IR R M ANR A R g T SOh R R TP 28 vhig
FBFEARX N .

_a(TP)
B’I‘P-A - G(A)
o, 9(TP) Al (A) 43 SR TP e B RV A 9 A= 4 & 7 Ak i 4 X {H

(3)
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£3 BEREMANWNEERTF

Table 3 Weighting factors of organisms! "’

U153 Organisms A KT Weighting factors B,
A HLIE)E Detritus 1
PFIFAEY) Phytoplankton ( algae) 20
P304 Zooplankton JFAEEH) Protozoa 39
4 1 Rotifera 163
H 722 Crustaceans (Cladocera and copepod ) 232
JEAI % Benthonic animals A5 5h% Annelida 133
ARSI Mollusca 310
2 12 Insecta 167
KIIK R Macrophytes TRl FAEAE T Seedless vascular plants 158
FFAEHIY) Flowering plants 393

1.32  (#RZEATEH
SRR T AL A @R B 5 125, 1 e PR 8 bn 08—k, 1520 31 3R LAAH 7 A9 A 5 I R A
I ESAIL R oSt (b g = R/ v (1l
[y = i]i X W, (4)
K, 1y, FORBRREEATEEG 1O | FRFR G —A0AE; W, FoRIBAR i AU S AL AR,
FAR PO FE bR A IR 4,
F a4 BRTEMNBRHE

Table 4 Weights of health assessment indicators

. e RO TP (1)
TR s TR S ulie
[ERliER /L7 b TR A HIGR L BT ZEHRERT T .
. . . Ecological buffer capacity
Phytoplankton biomass Ratio of zooplankton to Phytoplankton primary Eco-exergy Structural eco-exergy .
. . to total phosphorus for
phytoplankton biomass production
phytoplankton
0.17 0.18 0.15 0.15 0.18 0.17

WU Jorgensen > 1 Xu 451> (e RREAYIATA A 25 8 GE LA AR5 o5 (1 P e s 0 A 0 e/ VR AL AR
REST ZE M RE T A= A5 G2 R g S BAR BRI i A ) A W i AR U RV WD A i, R AR P 0 52
MRS | e X FIRFIRT A 1 K Sl S Eh ve B A v , (R IP AL ) A W RV W A 7 B AR, A T A R AR
A&, RV PR T AL LR e AR B AL D R T D A 7 P AN BB SR A RROIR S . b M8 &S R Y
RUWIE , FAEE AR BK AR AR i ey Ak T ad B AR FOIRAS . AR RE BT X, RARUK A A i Y 2E
Wyt A L [N i A RE PR A e, R W R RE ST IR AN BB /s S FROIR S o PRIk, 76 N7 P LR 48 s B i it B
LRATRRUNS , LAA R BUAR X 08 AP K P45 b X DA R e e v gt RS DR 285 1) S U 47 051
—ALAb B, FRWEALY) AR (BA) PRI YIRS OIS 7 B (P) BRI (Ex ) J& T 18T R b , RV BH Ir 5—
Bola, pEHOR B, [ TR AR B A — R AR

Min | X, — X

! "

o |

A, v, NIEPRE 2, A AR R PR AU
TR S s TR AR (BZ/BA) (ASAAREIT (Ex,, ) RITPIFREA X TP 8922 shBE S (B,) J& T 1E i

TUFERR , RIFE PR B AR, SRS, 1E ) RS By 3 — A R A 208

/= (2, = %) (6)

(xmax - xmin)

‘xl—x

i
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PN A WV At 3 A5 R0 o I SR, B R K SR 1y, (B R T3 — BRI, 2R 120K AL F A HER S s %
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Table 5 Health assessment standards for Baiyangdian Lake

fied25 {5 AR Ve
Healthy Sub-healthy Unhealthy Sick
>1.921 1.344—1.921 0.766—1.344 <0.766
2 HBRHW

B ER I AT T 14 AR PP O 4545 M (R BRER S SR 50 (18] 2) | AR I FE PP AR s 1 2
FKBUEEAER (K 6 5K 3) . PP 14 7RI SCRARERIERGE & 2 /KA T WA RS B3 |
JEVETKEEANZR [ HE 3 /K IRAL T AR, HR 9 A KSR Ab T 25, Z W 1P U8 R AR 20 7 Jal At B A2 4 A
HFEE, MEREIR S B ZS [0 AT R, T AR AL AT A Pl 0 14 K 3o A BRER 2SR 5 5 G v A e S e
FERZS U 5 PU TR A R S AR 22

x6 RIFEBREITMER

Table 6 Health assessment results for Baiyangdian Lake

st L. o

. i TR R V% TFIAE I TP

T Ve R oo
Kb sy ) WA T " SEMRE T 2% B RE T (L A

- - . = Phytoplankton e Structural Ecological buffer ore Ta AR
Water Phytoplankton Ratio of . Eco-exergy . Comprehensive
areas biomass soonlankion primary J(kI/L) eco-exergy capacity to total health index Health classes
) 0op production ’ /(kJ/mg) phosphorus for
/(mg/L) to phytoplankton o
biomass /(g-m™>d™) phytoplankton

B vE 46.29 0.008 1.694 4062 6.22 0.007 0.790 A
THR%E 41.20 0.022 1.403 2345 6.35 0.060 0.318 I A
¥ 53.92 0.012 1.829 2868 6.33 0.012 0.551 A
MR 8.48 0.016 0.312 4848 7.15 0.895 1.596 RIAfEH
B 62.96 0.024 2.401 3712 6.05 0.042 0.346 A
X 12.45 0.011 0.426 2984 6.18 0.018 0.293 A
RPN 10.50 0.009 0.670 2131 6.23 0.645 0.189 A
Eg) 20.77 0.031 0.977 3878 6.7 0.062 0.445 A
eIk E 17.10 0.019 0.568 4004 6.72 0.025 0.938 A
BiEE 22.25 0.008 1.148 3012 6.62 0.012 0.395 IR
ZES 17.27 0.045 0.699 2857 6.35 0.039 0.326 S
A 114.97 0.002 2.958 3904 6.27 0.004 0.476 I 2%
ENGilES 19.07 0.017 0.643 3129 6.8 0.009 0.798 A
P 11.32 0.065 0.498 4261 6.99 0.686 1.497 WV ft B
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Fig.3 Health classes of fourteen water areas in Baiyangdian Lake

B2 BiFE 14 DKEHERESES
Fig.2 Health comprehensive index of fourteen water areas in

Baiyangdian Lake
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