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Assessment methods of watershed ecosystem health
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Abstract: Watershed ecosystem health is the prerequisite for sustainable development of the watershed.
The aim of watershed ecosystem health assessment is to recover and manage watershed ecosystem and to
realize sustainable development of the watershed. Healthy watershed ecosystems possess the following
characteristics: they are resilient to normal perturbations encountered in their evolutionary history; they
are free of Ecosystem Distress Syndrome; they are self-sustaining; management practices and ecosystem
processes do not impair adjacent ecosystem; they are economically viable; they sustain healthy human
communities.

Watershed ecosystem is a social-economic-natural complex ecosystem; and watershed natural
ecosystem consists of terrestrial ecosystem, land/water ecotone ecosystem and freshwater ecosystem. The
assessment of watershed ecosystem health should be carried out from broad temporal-spatial scales. River
continuum and temporal-spatial scales of different biological features in a watershed should be taken into
account.

A rational aim for ecological improvement of unhealthy watershed ecosystems could be towards a
reference state of maximum naturalness attainable under the given conditions in a watershed. For
anthropogenically modified watersheds. the reference state of watershed ecosystem health assessment
might be ‘relative ecological integrity”.

Indicator species assessment and indices assessment are the two main methods of watershed ecosystem

health assessment. However. it should be careful in selecting indicator species. The sensitivity and
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reliability of species need to be considered simultaneously. Terrestrial ecosystem indicator species, land/
water ecotone ecosystem indicator species and freshwater ecosystem indicator species should be
simultaneously selected to assess watershed ecosystem health. The indices of watershed ecosystem health
assessment should include four categories: ecological category, physical-chemical category, social-
economic category and human health category. Every category has some relative indices. Ecological indices
are those reflecting the characters and states of a watershed ecosystem and are classified into terrestrial
ecosystem indices, land/water ecotone ecosystem indices, freshwater ecosystem indices and integrated
watershed indices. The physical-chemical indicators relate to the abiotic environment of a watershed
ecosystem. The social-economic and human health indicators are focussed on the supporting role of
watershed ecosystems in human survival and watershed development, with economic parameters and
environmental pressure indices of social development being adopting to measure the quality and
sustainability of watershed ecological service. Because of the complexity of watershed ecosystems, the
measures of watershed ecosystem health indices, especially some ecological indices, are difficult. The
measurement methods should be further developed.

The assessment of watershed ecosystem health has a history of only ten years. There are some
problems that should be further discussed in this realm. This paper puts forward these problems and
research trends in future.
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Table 1 Temporal-spatial scale of different biological features in a watershed
Biological feature Temporal scale Spatial scale
Algae Days~wecks m?
Macroinvertebrates Month~1 year Several 100 m?
Macrophytes Years Several 100 m?
Fish Years km?
Riparian vegetation Decades No scale
Upland vegetation Decades No scale
s s R (river

continuum)*’,
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Table 2 The ecological indices of watershed ecosystem health assessment

Type of Terrestrial Water/land ecotone Freshwater Integrated
index ecosystem index ecosystem index ecosystem index watershed index
. ( .
Specific ( . s s s
index ) s . ) s
s . s s s s
> i , ( ) , N
( . . . s
. s ( s
) s . . ( . ,
( . . . ) s . ) s s .

(D Composition of flora and fauna, species diversity (number of species and relative abundance). biomass, primary
production , proportion of exotic species, quantity and quality of habitats, ecosystem services (soil and water
conservation, water self-restraint, air purification. nutrient element cycling etc. ), ecosystem level indices (stability,
integrity, vigor, organization and resilience) . @ Biodiversity (species richness, species diversity index, landscape
diversity index, predominance index etc. ), proportion of exotic species, vertical structure and horizontal distribution of
species, reproduction and regeneration of species, biomass, primary production , quantity and quality of habitats,
ecosystem services (regulation function, purification function, social-cultural function and production function),
ecosystem level indices (3) Composition of aquatic flora and fauna, species diversity, size distribution of species, biomass.,
primary production , food web (trophic) structure, aquatic habitat type and area, . ecosystem services (regulation
function, purification function, production function) ., ecosystem level indices (1) Types and area of natural ecosystem in a
watershed, landscape patterns condition between different ecosystems, matter , energy and species flow between

ecosystems, harmony among ecosystems, continuity of stems and branches in a watershed, watershed connectivity etc.
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Table 3 The physical-chemical indices of watershed ecosystem health assessment

Type of index

Air index

Water index

Soil index

SO, NO.

Specific index

PAH. ,COD, BODs,

pH ,N.P

9

(DConcentrations of SO,, NO,, concentration of particles, incidence of air pollution rated dis

e and illness, weather

disaster, radiation exposure etc. @ Total amount of water resources, average annual precipitation and evaporation, water

quality (persistent toxic chemicals: PCB, PAH, heavy metal etc. , COD, BOD;, disssolved oxygen, pH, conductivity,

nutrient etc. ), water level and temperature, turbidity, sedimentation, degree of siltation, water condition of water/land

ecotone etc. (3)Amount of soil organic matter, soil pH, nutrient level, soil structure, species number of soil organisms,

soil enzyme activity, degree of soil pollution etc.

4

Table 4 Relative measures and methods of indices of watershed ecosystem health assessment

Health index

Relative measure

Practicable method

Nutrient element cycling
Energy flow
Air cleansing
Stability

Integrity

Vigor

Organization

Resilience

Harmony

/\mount ()f nutrient element accumulati()n

CO;

Amount of energy accumulation

Amount of CO, fixation

Alternative trend

s

Biodiversity . community structure

’

Primary production, metabolism

Diversity index, average mutual information predictability

s

Recovery time, accepted maximum stress

’

Boundary

Measurement method

Simulation modeling

Network analysis
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