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An index of biological integrity : developing the methodology for assessing the

health of the Baiyangdian wetland
CHEN Zhan', LIN Bo', SHANG He" ", LI Yong’
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Academy of Forestry, Beijing 100091, China
2 Tianjin Natural History Museum, Tianjin 300074, China

Abstract ; Wetlands are valuable resources for sustaining biological diversity, but unfortunately they have historically
diminished in both quantity and quality. However, little is known about the degree to which the biology of wetlands changes
in response to human disturbances. Recently, wetland condition has been assessed using functional assessment methods.
Although functional assessment methods include a function for support of wildlife habitat, they usually do not directly
measure the biological communities in wetlands and therefore cannot substitute for a biological assessment method.

Indexes of biological integrity (IBls) are one of the most commonly used methods by federal and state agencies in the
United States to assess the health condition of wetlands. The IBI approach provides a direct measure of aquatic life that is
represented by diverse natural flora and faunal communities. Many groups of organisms have been used as indicators to
estimate environmental quality. IBIs have rarely been applied in China; they have been reported only in a small number of
studies that evaluated the health of stream ecosystems by means of Benthic-IBI and Fish-IBI. Vascular plants are quickly
emerging as one of the best indicators of human-mediated disturbances in the environment, and yet no plant-IBI approach
has been used to assess wetland health in China.

In this study, we developed a plant-based IBI ( P-IBI) to evaluate the condition of the Baiyangdian wetland in
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response to anthropogenic disturbances. Soil, water, and plant samples were collected from 23 sites in the Baiyangdian
wetland during field surveys in 2009 and 2010. Thirty vegetation community composition metrics were evaluated, and nine
were eventually selected based on the strength of their correlation with the human disturbance gradient. These metrics
included ; Percentage of native species; Percentage of perennial species; Number of genera of native perennial plant
species; Percentage of monocotyledon species; Number of aquatic guild species; Number of sensitive species; Percentage of
tolerant species; and Percentage of annual, biennial and introduced species, and so on. The composite scores summed in
the IBI score should also show a strong response to the degree of disturbance of the wetland. We delineated plant data into
metrics of the data set and analyzed these metrics using principal components (PCs) and cluster analyses. Each of nine
metrics that constituted the P-IBI was scored and included in the total IBI score. After analysis, four quality classes ( Good,
Fair, Poor, and Very Poor) were determined based on the calculated IBI value:35—45, Good; 27—34, Fair; 19—26,
Poor and <18, Very poor. Six of the 23 sites in the Baiyangdian wetland were characterized as Good, five as Fair, seven as
Poor, and five as Very Poor. Pearson’s correlation analysis between P-IBI and water chemical-physical variables showed
that P-IBI corresponded strongly with conductivity (-0.571, P<0.01), Fe (-0.64, P<0.01), Cu (-0.59, P<0.01)
and Zn (-0.52, P<0.01). The results suggested that the P-IBI approach was feasible for assessing the health of the
Baiyangdian wetland. Insufficient water supply and deteriorating water quality that could be attributed to human

disturbances primarily contributed to the degradation of the Baiyangdian wetland.

Key Words ; Baiyangdian wetland ; health assessment; IBI (Indexes of biological integrity)
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Fig.2 Wetland study site locations in Baiyangdian
H4 BT 4TS IR S (D TBI 543
F1 BFEMK IBI SH TR R AT H 05
Table 1 Metrics, scoring criteria and response to human disturbance in the IBI for Baiyangdian Wetland
, St K PR IBI {8} IBI score
BHL Metric .
Response to human disturbance 3 3 1
H 4 -
AR E . . wgib >94 90—94 <90
Percentage of native species/%
“H ANH

SRk . . B> >56 50—356 <50
Percentage of perennial species/%
A Z ALY B R ' _ _ > >13 7—13 <13
Number of genera of native perennial plant species

It i ANt
TR I > >58 54—58 <54
Percentage of monocotyledonnous plants/%
JAL K A AR .

kﬁ %ﬂi . ‘ > >9 5—9 <5
Number of aquatic guild species
HUBYFIEL Number of sensitive species Wb =2 1 0
etk BT 43 L
Percentage of species with both sexual and vegetative e >33 31—33 <31
propagation /%
ik 224 WAGN
IO 53 1 . s <18 18—33 >33
Percentage of tolerant species/%
1 4EA: 2 4EA L M AR RS & 43 L Percentage of annual, o <44 44— 550

biennial, and introduced species/%
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Table 2 Wetland number, site identification, and a definition of disturbance type

VE X G5 TE X £ FK IBI 1943 ANFETH
Site 1D Site name IBI score Human disturbance
8 I=E 45 BOKERIX LB, Z NI misb
1 AR 42 TE X K H B 5 YR | K T i
12 P 3 42 /b [l O S 4
6 12l 41 FERE K, KR
5 oS qn] 39 TEX K T BT Y IR AL | 7K AR i
T vE 37 TE X K H B 5 YR | K T i
10 Rk 33 HOKE BRI, IR %
7 K B 32 HOKERIX BRI L F
19 Tk 31 FOKE X, BT E
20 P UE 31 TR, K B8R RGN AR 3% 5
16 T ERVE 30 HOKE R, IR #
11 KHE 27 BRTE T, NS B R
3 BILRERT 25 KT FF I, AR/ B BB, (E A T A T RIS ARl
9 FEvEk 25 VESL, BATTEIL , NJSTE BRI K
18 T B 22 i IR
4 i+ 21 BRI, NRIE S5 R
14 e 20 IR K IR R IR
21 [SRES 20 FEI O S52 51, B B , AR TR R
23 Ry 17 FEATVE , F25, FiE
22 R R AR 16 TUE, FiiE E A
13 JEFRUE 15 FEH, A T
17 o 4% T el 14 JE R
15 44519 11 FRAD JifeiE R IK
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Table 3 Metric correlations with principal components ( PCs) and the percent variation explained by PCs for the Baiyangdian wetland data set

SR Metrics PCl1 PC2

AN E 4L 0.245 -0.503
ZAEAE YR 571 -0.084 -0.480
BT 4 H -0.136 -0.474
ML K A A FR S -1.159 2.260
A b Z AR ) i R R 2.420 0.992
HURYFEL -0.721 0.061
A BAE AL -0.421 -0.438
it 32 0 E L -0.133 -0.676
1 AR 2 AR DL AR R E 43 H -0.010 -0.742
fiftFE E 43 LL Percentage of explaination 88.0 96.0

X IBT 57K AR B AP 5T ( FL 3% A A4 pH (. T2 4
JREE) AR M43 B 2 B, IBI 55 Hy, 52 oK I 3 6 FH oG
(-0.571,P<0.01) , 5FE 4 )& Fe(-0.64,P<0.01) .

F4 AFEEHAERELIL BIFSEE
Table 4 Quality classes and scaling for each class for the total metric

scores of Baiyangdian wetland

Cu(-0.59,P<0.01)Zn(-0.52,P<0.01) &t 2 1B 443465 ]
FEHAC, IBI 5 HIEHALTR bR AR SCVEA 35 Quality class Score range
4 it 1 Good 35—45
(ETRE U] 1B 45 5O FT A e P 4 05 o o
FEBARD JE 530 R DA IR B A4S Ry e B v A7 2% Very poor <18

MM AR O AT T A, R B AEAE A ) e 1 i A
A ARG I 1 A ARy iR ) A T M A S
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