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Abstract The complexity of an ecosystem is only seen in parts and its interrelationships are never well understood.
Ecological indicators are able to represent integrate and characterize information embodied in comprehensive data sets when
direct measurements cannot be realized. Ecological indicator system EIS is normally made up of a number of ecological
indicators with certain structure to represent the most important features of the environmental state the complex ensembles
of ecosystem elements and the multiple webs of actions reactions and interactions.

As an effective tool or approach the ecological indicator system EIS is widely used in ecosystem monitoring
assessment and management. While there are many different forms of EIS based on the different purposes for EIS uses they
are all concerned with the following two key steps structure of the integrated EIS frame and the assignment of rational
weights to the ecological indicators. The frame of the EIS should integrally reflect not only the ecological hierarchy but also
the relationships among the complex ensembles of the investigated ecosystem. The status or the importance of an indicator in
the EIS will be represented by its weight which to some extent will be determined by the frame of an EIS.

This paper reviewed the branch shape ecological indicator system BEIS which is in common use at present and

point out its deficiency 1 the overlapping or intersecting connections of the indicators are often overlooked or simplified.

40371049 D031002
2005-12-05 2006-04-26
1978 ~ . E-mail lint@ xmu. edu. cn
* Corresponding author. E-mail xzxue@ jingxian. xmu. edu. cn

Foundation item The project was financially supported by National Natural Science Foundation of China No. 40371049  Fujian Province Natural
Science Fund No. D031002
Received date 2005-12-05 Accepted date 2006-04-26

Biography Lin Tao Ph.D. candidate mainly engaged in coastal management and environmental ecology. E-mail lint@ xmu. edu. cn



236 27

2 Incorrect weights are assigned to the indicators because of disintegrated representation of the ecosystem complexity.
Secondly a net shape ecological indicator system NEIS was presented including regular NEIS and irregular NEIS. It is
developed by adding the overlapping and intersecting relation of the ecological indicators to the BEIS hierarchy frame and
thus will better represent the integration and hierarchy of ecosystem. Then a twice assigning weight method TAW  was
demonstrated in both regular NEIS and irregular NEIS. This was used to resolve the problem of assigning the rational
weights to NEIS indicators. For further study and comparison of BEIS and NEIS two indicator systems for ecosystem health
assessment were derived from hierarchical ecosystem indicators respectively using the frames of BEIS and NEIS. The
weights of the indicators in BEIS were determined by the AHP and those in NEIS were determined by TAW. It was easy to
see the changes of the weights of the indicators in between the BEIS and NEIS. The indicators’ weights in NEIS have a
significant trend to the average compared with those in BEIS. Two problems about the NEIS design and application were

discussed.
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Real line means the indicator relation within hierarchies in BEIS.
dij represent ecological indicator i is the level number of the indicator

J is the place number of indicator at the same level
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Fig. 3 Break down the overlapping and intersecting relation of the ecological indicators within the NEIS
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Table 1 the fame of BEIS for ecological health assessment

Sub-Objective indicator

Objective indicator Operational indicator
First level Second level

Ecosystem health indicator d,; Composition health indicator d,, Physical Environment d5, Soil quality dy;

Water quality d,

Climate Change d,;

Biological Composition ds, Vegetation cover dy,

Biomass ds

Structure health indicator d, Species diversity dy3 Biodiversity index dq

Nutrient distribution dy, Water distribution d,;

Fragmentation dq

Function health indicator d,; Productivity dss Primary productivity dyy
Self-organization d; Succession dy;,
Nutrient cycling ds; Nitrogen cycling rate dy;,
Energy flow dsq Trophic level d,;,
« " 4B
dn di
dzz d
dsi d  d diu dss dis dy1 dsg dx diy di d’m d‘m\\ dy7 dsg
dn din ds dudss dis dirdss diw dao din din da dyz du d4: dys dp d4x dy dyo din dan
A B

4 M "
Fig. 4 BEIS and NEIS for ecological health assessment
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Table 2 Indicators’ weight in BEIS and NEIS for ecological health assessment

Sub-Objective indicator

Objective indicator

First level

Operational indicator
Second level

dy, 1.000 d,10.333/0.333

dyy 0.333/0.333

d»; 0.333/0.333

dyy 0.111/0. 111 dyy 0.022/0.044
dyy 0.022/0.044
dy3 0.067/0. 067

dy 0.222/0.222 dy 0.074/0. 074

dys 0.148/0. 148
dy3 0.222/0.211 dye 0.222/0. 141
dy, 0.111/0. 100 d; 0.074/0. 067

g 0.037/0.103
dys 0.167/0.153 di 0.167/0.109
dy 0.100/0. 116 day 0.100/0. 116
dy; 0.033/0.026 dyy, 0.033/0.026
dyg 0.033/0.026 dyy, 0.033/0.059
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Fig. 5  Comparing the indicators’ weight in BEIS and NEIS for
ecological health assessment.
x ¥ x axis is the operational

ecological indicator v axis is the indicators’ weight value
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