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executive summary

This report documents a pilot study (the Liao River pilot study) undertaken as part of the River Health and 
Environmental Flow in China Project (the project). The report documents a river health assessment undertaken in the 
Taizi River Basin, located in the Liao River Basin in China’s north-east. The objective of the project was to establish 
a method for selecting suitable indicators of river health, and to make an initial assessment of river health in the 
catchment. 

Rivers provide a range of goods and services that communities depend on. River health assessments try to assess the 
ecological condition of rivers and their capacity to continue to provide these valuable goods and services. A science-
based assessment can identify rivers in poor health and the likely causes of the decline in their ecological condition. 
This information can help prioritise government actions and funding aimed at improving river health, as well as assess 
the effectiveness of interventions. Reducing pollution and improving water quality and river health is currently a high 
priority for the Chinese government. Studies such as this one are intended to support these priorities by providing 
methods for better assessing and understanding the current ecological state of China’s rivers and the different factors 
that are affecting them.

Methodology

Seventy sites across the catchment of the Taizi River Basin were sampled in May 2009 for water quality, benthic 
macroinvertebrates, fish, algae, and aquatic and riparian vegetation. For each of these indicator groups, a range of 
different indicators was assessed to establish whether they responded in a predictable way to changes in levels of 
catchment disturbance and whether they were suitable for assessing changes in river health.

Rivers across the catchment were classified based on a range of factors, including topography, climate, and hydrology. 
The classification resulted in the catchment being spatially divided into three regions: the highlands, midlands and 
lowlands. In each region, reference values – to define what is a ‘good’ or a ‘bad’ score for different indicators across 
different river classes – were set based on existing Chinese standards (e.g. national water quality guidelines), the data 
collected during the fieldwork, and various international standards and studies. 

Potential indicators were assessed to see how they varied with changes in levels of disturbance. To test indicator 
sensitivity, catchment disturbance gradients were identified in each of the three regions. A primary ‘disturbance gradient’ 
was generated by assessing land use and land cover upstream of each sampling site. A secondary water quality 
disturbance gradient was also used to test the response of biological indicators. This process identified eight water 
quality indicators and 10 biological indicators as potentially suitable for use.

For each site and region, indicators were scaled to produce a score from 0 to 1, using the reference values as a 
benchmark. These scores were aggregated for different indicator groups and sites. Each site was then graded on a 
scale of river health from ‘critical’ to ‘excellent’. In addition to this detailed technical information, a summary ‘report card’ 
presented the project work and outcomes in an easy-to-read format.

A separate process also assessed river health based on catchment hydrology. Four methods were trialled. Two existing 
rapid methods for assessing hydrological alteration (the Flow Stress Ranking method and the Chinese Hydrology and 
Water Resources Index method) were tested. A new method, the Index of Flow Deviation (IFD), was developed as part 
of the project, using monthly, gauged data to assess river health based on changes in eight flow parameters. The fourth 
method was the Index of Flow Health (IFH), also developed as part of the project. The IFH measures the degree of 
compliance with what was expected for good ecological health based on a number of important ecological assets in the 
Taizi River, and established hydrological objectives that would maintain those assets in a healthy state. 

As part of a second phase of the project, a further 176 sites across the Liao River Basin, including parts of the Taizi 
River, the Hun River, and the Liao trunk stream, were sampled between May 2009 and May 2010. The same water 
quality and biotic indicators were used to assess river condition across this larger area.
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results of the river health assessment

The results of the study suggest that the health of the Taizi River has been compromised across the entire basin, with 
river health in the lowlands assessed as being in a ‘poor’ to ‘critical’ condition. Only two sites in the basin are considered 
to be in a state of ‘excellent’ health. Indicators for nutrient levels and fish species richness across all regions of the 
catchment are considered to be at unacceptable levels for healthy river systems.

The catchment appears in better ecological health in the upper catchments, and there is a general trend of deteriorating 
river health from highlands to lowlands. This trend reflects the relative intensity of human activity within the catchment. 
Pollution from urban and industrial sources is clearly having an impact on water quality and river health. 

Many of the biological indicators appear to reflect a poorer level of health than the water quality indicators. This is likely 
to be because biological indicators tend to be better long-term integrators of ecosystem condition and stress, whereas 
water quality indicators tend to exhibit short-term responses to individual disturbance events. Biological indicators also 
showed stronger responses to land use disturbance at the buffer scale (the strips of land along each side of the river) 
compared with the whole of upstream catchment. This result suggests that the poor condition of the riparian zone (as a 
result of the severe degradation of riparian vegetation) is having a strong and negative effect on the aquatic biota. These 
results highlight the importance of integrating biological indicators into a river health monitoring program.

The results also demonstrate the negative impact that flow regulation has on river health. This impact is most evident 
in the midlands, where ecosystem health scores downstream of the major reservoirs are generally lower than those 
upstream of the reservoirs, suggesting that flow and habitat modification downstream of reservoirs is negatively affecting 
river health.

The results of the second round of sampling showed the worst scores in the main channel of Liao River, with most sites 
being graded as ‘poor’. River condition was best in the headwaters of the Taizi, and both the Taizi and Hun River were 
considered to be in ‘fair’ condition. 

Conclusions and recommendations

There are significant challenges for making robust conclusions about river condition based on a single investigation. The 
natural variation of river health indicators is an important constraint on river health assessments. Establishing suitable 
reference values is particularly difficult. In the early stages of investigations, reference values are likely to include 
considerable uncertainty. Over time, the outcomes of river health assessments will improve as larger data sets become 
available, as local aquatic conditions are better understood, and as reference values are refined. 

Further work is needed to refine the methods used during the pilot study in order to improve the quality of the results. 
This work should include confirming initial results and refining the set of recommended indicators by repeating some of 
the work – a larger data set covering a longer period of time will provide greater confidence in the results. The existing 
water quality guidelines (including development of Chinese standards for total nitrogen (TN) in rivers and streams) and 
other river health reference values also need to be refined. 

Care should be exercised in using hydrological data to assess river health. Rapid desktop approaches that rely on 
basic indicators linked to a limited number of flow parameters are attractive. But these approaches are often not closely 
correlated to the flow requirements of a river’s ecosystem and do not recognise the natural variation in flow pattern 
across different river types or the importance of different flow components for river health.

The results of two of the hydrological methods tested – the IFD and the more comprehensive IFH – were significantly 
correlated (reported as annual scores), which suggests that the IFD could be an ecologically relevant indicator of 
hydrological alteration. Because the IFH requires more greater effort than the simple IFD, a practical approach could be 
to reserve the IFH for the main stems of major rivers or for sites of particular importance, and apply the IFD elsewhere.

A shift towards a routine monitoring program requires significant investment of time and resources to develop the 
necessary systems and human resource capacity. A considered approach to these issues is important to ensure the 
program will be effective and sustainable over the longer term. Ideally, the program should use an adaptive approach 
that integrates scientific knowledge and research, policy and management, and effective stakeholder engagement. 

The results of the pilot study demonstrate a clear link between human disturbance and river health. The preliminary 
nature of the study makes it difficult to identify specific management responses to address poor river health in the 
catchment. It is reasonable to assume that river health will be improved by targeting urban and industrial pollution, 
improving land management practices, and revegetating riparian land. The implementation of an environmental flow 
regime, in accordance with the flow objectives identified in the environmental flows study (Gippel et al. 2011a), would 
also be expected to improve river health.
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However, the real benefit of a river health assessment program for guiding management actions will only be realised 
with further monitoring and an improved understanding of the basin’s ecosystems. A mature monitoring program may be 
able to provide more specific information on the state of the river basin and specific causes of poor health – such as the 
major source or sources of the high nutrient load in the Taizi River – allowing more targeted responses.

Assessing different indicators against various disturbance gradients identified a number of indicators that appear to 
respond to changes in catchment disturbance and that may be suitable for a river health assessment program within the 
Taizi River Basin.

Indicators should respond predictably to changes in the catchment and to changes in river health. It cannot be assumed 
that indicators that are suitable for one river basin will necessarily be suitable in another location – different local 
conditions can affect the response and the suitability of different indicators. Therefore, indicators should ideally be tested 
for their responsiveness within different geographic settings. 

Establishing appropriate reference values against which indicator values can be assessed is a major challenge. The 
reference values used in this study have significant limitations and will need to be refined to ensure their suitability to 
Chinese conditions. Establishing a central repository of ecological data collected as part of river health assessments 
would provide an excellent basis for developing reference values that are appropriate for Chinese rivers.

Reference values will also vary significantly between different rivers and regions within China. Water quality parameters 
can also show significant natural variation. Reference values will therefore need to be established for different river 
types. Developing a national river classification system may support this process.

Common objectives for national governments in developing national river health assessment programs is to be able 
to compare the relative health of different rivers, to help establish priorities for funding and to assess the success 
of restoration activities. Attempting to meet these objectives can result in pressure to adopt common indicators and 
reference values across a country. However, often, this is not a scientifically sound approach because the health of 
different types of river ecosystems (e.g. from tropical to arid zone environments) may be best assessed using different 
indicators. 

It is possible, and arguably more relevant, to establish a common reporting framework, where the results for different 
indicators from different rivers can be compared against. If results are scaled in the same way – so that a ‘good’ score 
or a ‘poor’ score is equivalent – it should not matter if different indicators or indicator groups are used to calculate 
river health scores: the scores can still be compared. In implementing a national river health assessment program, a 
balance is needed between avoiding prescriptive guidelines on indicators and reference values, while ensuring that the 
methods for data collection and analysis are sufficiently consistent to allow results from different rivers and regions to be 
compared.
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Acronyms

ACEDP Australia-China Environment Development Partnership
A_D The density of benthic algae 
AIC Aikake’s Information Criterion
ANZECC Australian and New Zealand Environment Conservation Council
A_S The species richness of benthic algae 
AusAID Australian Agency for International Development
BMWP Biological Monitoring Working Party
BOD5 Biological Oxygen Demand
BP Berger-Parker index 
CAS Chinese Academy of Sciences
CODmn Chemical Oxygen Demand
CRAES Chinese Research Academy of Environmental Science
D abundance of all taxa per given area or volume (total density)
DEM Dgital Elevation Model
DRNM Queensland Department of Natural Resources and Mines
DO Dissolved Oxygen
EC Electrical Conductivity
EF Satisfaction level of ecological flow
EHMP Ecological Health Monitoring Program
EPT Ephemeroptera, Plecoptera and Trichoptera
F_BI Fish Index of Biotic Integrity 
FD Flow Variation Degree
FECO Foreign and Economic Cooperation Office, Ministry of Environmental Protection
FSR Flow Stress Ranking
GIWP General Institute of Water Resources and Hydropower Planning, MWR
GLM Generalised Linear Modelling
H Shannon-Weiner index, an indication of taxonomic evenness
IBD Indice Biologique Diatomées
IBI Index of Biotic Integrity
ICLU Industrial and commercial land use
IFD Index of Flow Deviation
IFH Index of Flow Health
IPS Indice de Polluosensibilité
IWC International WaterCentre
LULC Land use and land cover
M_D Total macroinvertebrate density 
MEP Chinese Ministry of Environmental Protection
Mg Magnesium
M_IBI Macroinvertebrate Index of Biotic Integrity
MWR Chinese Ministry of Water Resources
Na Sodium
NDVI Normalised Difference Vegetation Index
PCO Program Coordination Office
PRWRC Pearl River Water Resources Commission
QA/QC Quality Assurance/Quality Control
RMB Renminbi
S the number of different taxa (total richness)
SEWPAC Australian Department of Sustainability, Environment, Water, Population, and Communities
SS Suspended Solids
TDS Total Dissolved Solids
TN Total Nitrogen
TP Total Phosphorus
WWF World Wide Fund for Nature
YOY Young of Year recruitment index
YRCC Yellow River Conservancy Commission
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Key concepts

River health: A ‘healthy’ river is one that has retained its biodiversity and ecosystem integrity. The health of a river 
depends on its ability to maintain its structure and function; to recover after disturbance; to support local biota (including 
human communities) and to maintain key processes like sediment transport, nutrient cycling and energy exchange. 
River health incorporates both ecological and human values. 

River health assessment: A river health assessment is the process of comparing the condition of a river’s ecosystem 
to a set of reference values that are based on river health. The results of river health assessments are used to identify 
rivers in poor health, to identify causes of poor river health, to help prioritise river restoration and management 
interventions and to evaluate the effectiveness of management actions.

River health indicators: Indicators of river health can be physical, chemical or biological measures that respond in a 
positive or negative way to a given level of disturbance or pressure and, therefore, are assumed to reflect changes in 
river health. There are many possible indicators that can be used to assess the health of a river. In this report, ‘indicator 
group’ refers to a collection of indicators that relate to a particular aspect of the river ecosystem: indicator groups 
considered in the project included water quality, macroinvertebrates, diatoms, fish, riparian and in-stream vegetation 
and hydrology. Indicators represent quantitative descriptors of each indicator group. For example, fish species richness 
was used to represent ‘fish’. The selection of appropriate indicators that are sensitive to the threats, disturbances or 
management actions being monitored is critical to the success of a river health monitoring program.

Disturbance gradient: A disturbance gradient is a range (from low to high) of human impact or pressure (for example the 
percentage of cleared riparian vegetation or urban development) used to assess the response of potential indicators. 
A disturbance gradient is often used to derive indicator reference values for river health scores where undisturbed 
reference sites are not available. 

Reference value: A reference value is value or guideline derived for each river health indicator based on a given 
benchmark (reference condition) or level of disturbance. For example, a given reference condition for a healthy river 
ecosystem may be based on a system that has been minimally disturbed by human activity. 

Report card: Report cards are a way of communicating the results of a river health assessment in an easy-to-read 
format. They are designed to be easily understood and interpreted by all stakeholders, including the general public.
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project team 

The project benefited from inputs by a large number of individuals. The core work was completed by a team of Chinese 
experts from the Chinese Research Academy of Environmental Science (CRAES) and Australian experts under the 
banner of the International WaterCentre. The overall direction of the project was overseen by a steering committee. The 
Foreign Economic Cooperation Office, within the Chinese Ministry of Environmental Protection, performed a support 
and oversight role. The individuals involved and their roles in the project are shown in the following tables.

Chinese project team

Advisor Organisation

Meng Wei CRAES

Zhang Yuan CRAES

Qu Xiaodong CRAES

Kong Weijing CRAES

Australian project team

Advisor Role

Catherine Leigh, Griffith University Pilot study leader
Peter Hanington, University of Queensland Pilot study leader
Robert Speed, Independent consultant Project director
Stuart Bunn, Griffith University Technical director
Chris Gippel, Fluvial Systems Pty Ltd River health expert, hydrology and physical form
Jane Catford, University of Melbourne River health expert, aquatic and riparian vegetation
Nick Bond, Griffith University River health expert, environmental flows
Paul Close, University of Western Australia River health expert, aquatic fauna
Fiona Chandler, International WaterCentre Project manager; communications and capacity building
Todd Zeng, International WaterCentre Logistics and administration
Kate Hodge, Hodge Environmental Report card design

Project steering committee

Committee member Organisation

Greg Claydon Queensland Department of Environment and Resource Management
Martin Cosier Australian Agency for International Development
Tanja Cvijanovic Australian Department of Sustainability, Environment, Water, Population and Communities
Gunther Mau Australia China Environment Development Partnership
Christine Schweizer Australian Department of Sustainability, Environment, Water, Population and Communities
Tang Yandong Foreign Economic Cooperation Office, MEP
Liu Zhiquan Science and Technology Department, MEP

Chinese supervisory and support team (Foreign Economic and Cooperation Office, MEP)

Advisor Position

Li Hongbing Former Director, Division II
Wang Ying Senior Program Officer
Tang Yandong Director of Division II
Zhang Xiaolan Senior Program Officer
Lu Chenggang Deputy Director of Division II
He Xin Program Officer

Yao Chunhe Program Officer
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Chapter 1. Introduction 

1.1 the importance of river health 
River health is a concept that incorporates both ecological and human values. The health of a river depends on its ability 
to maintain its structure and function, to recover after disturbance, to support local biota (including human communities), 
and to maintain key processes, such as sediment transport, nutrient cycling, assimilation of waste products, and energy 
exchange. In broad terms, a healthy river is one that can sustain its ecological integrity.

River health is important. Healthy rivers provide: water for drinking, for agriculture and for industry; fish and other 
produce for consumption; buffers against flooding; electricity generation; and transport and recreational opportunities. 
As rivers become unhealthy, they lose their capacity to provide these valuable goods and services.

Maintaining and improving river health requires an accurate assessment of the current ecological state of river 
ecosystems. Ideally, this process should involve monitoring and assessment that can:

• identify rivers that are in poor health, or at risk of poor health

• identify the likely causes of poor health, such as sources of pollution

• help prioritise funding for river restoration, including catchments that are most in need, and guide effective and 
efficient management actions

• assess the effectiveness of management actions, which can be particularly important where there is significant 
investment of public funds in improving river health

• allow for reporting on river health, to improve awareness within both government and the broader community of the 
current condition of a waterway.

River health monitoring can consider all elements of a river ecosystem that respond at different spatial and temporal 
scales. These elements include water quality; the structure, abundance and condition of aquatic flora and fauna; 
hydrology; levels of catchment disturbance; and the physical form of the channel system. Importantly, no single variable 
can indicate ecological condition unequivocally and a suite of complementary variables is typically required to provide 
an accurate picture of river health. Over time, water quality monitoring programs alone may prove to be inadequate in 
providing a thorough understanding of the condition of a river.

In recognition of the importance of healthy waterways, the Chinese government has committed to programs that will 
involve investment of billions of dollars over the coming decades to reduce pollution and to improve water quality and 
overall river health. A comprehensive program for river health monitoring and assessment has the potential to provide 
valuable guidance to these investments through identifying priority regions for intervention, establishing effective and 
efficient management actions and strategies, and by allowing ongoing evaluation of the effectiveness of management, 
including pollution abatement and river rehabilitation actions. 

The need for such a river health monitoring and assessment program is recognised in the ongoing efforts by various 
Chinese ministries and their agencies to improve the scope, quality and utility of information that is currently collected 
about river health. This report forms part of a project designed to contribute to that goal.

1.2 background to the project
This report documents a pilot study (the Liao River pilot study) undertaken as part of the River Health and 
Environmental Flow in China Project (the project). The project is one of a number of projects being undertaken under 
the Australia–China Environment Development Partnership (ACEDP), an initiative of the Australian and Chinese 
governments, and funded through the Australian Agency for International Development (AusAID). The study was also 
financially supported by the Chinese National Science and Technology Program and the Chinese Research Academy of 
Environmental Science (CRAES). 

The project’s objective is to strengthen China’s approaches to improving river conditions through developing and 
applying advanced methods for monitoring river health, estimating environmental flows and translating that to policy 
approaches. The broader aim of the project is to develop a consistent national approach to river health assessment. The 
project involved trialling international approaches to river health and environmental flow assessment as part of the three 
pilot studies conducted in the Pearl, Liao and Yellow River Basins. 

River health assessments were undertaken in all of the three pilot basins. The assessment methodologies applied in 
the three studies were similar, but not identical. The assessments analysed and interpreted newly collected and existing 
data sources relevant to the ecological health of the pilot sites. Based on the results of this work, the project was able to 
comment on the current health of the pilot rivers, and make recommendations for future monitoring programs and other 
management actions. The final stage of the project will involve making recommendations about the options for developing 
and implementing a river health monitoring program for wider use in China, based on the results of the three pilot studies.
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This report focuses on the work in the Liao River Basin, undertaken in the Taizi River subcatchment over the period from 
May 2009 to April 2011. This report builds on significant research activities that were already underway by the CRAES at 
the time the project started. 

This report is the final report for the Liao River Basin pilot project. It is one of a number of reports related to the pilot 
study. Other project reports that provide context and background to this report, include:

•	 River	Health	Monitoring,	Assessment	and	Applications (Gippel and Speed, 2010). This report documents 
approaches to river health monitoring and assessment and outlines the key steps and issues involved in developing 
a river health monitoring program. 

•	 Report	on	data	and	information	on	River	Health	in	the	Liao	River	Basin	(Taizi	Catchment) (CRAES, 2010). This 
report includes detailed background information on the pilot study catchment.

•	 River	health	assessment	in	China:	comparison	and	development	of	indicators	of	hydrological	health. (Gippel et al., 
2011a). This report is an assessment of river health in the Liao River based on hydrological alteration. Elements of 
this assessment are included in this (current) report in summary form.

•	 River	health	assessment	in	China:	development	of	physical	form	indicators (Gippel et al., 2011b). This report 
describes options for using channel form as an indicator of river health and elements are summarised in this 
(current) report.1

1.3 objectives of the liao river pilot study
The objectives of the Liao River pilot study were to build on existing work in China and draw on approaches used in 
Australia to:

• develop and demonstrate a method for assessing river health, including identifying indicators of river health suitable 
for Chinese conditions

• assess the ecological condition of the waterways of the Taizi River Basin

• comment on the factors likely to be influencing river health and policy responses 

• demonstrate the use of a report card format to summarise rivers’ ecological condition and convey that information in 
a clear and simple way

• assess the suitability of the assessment methodology for application in China

• make recommendations on the development of a river health monitoring program for wider application within China.

Experience internationally shows that the process of developing a river health monitoring program can take up to a 
decade and cost tens of millions of dollars. The work undertaken in this study is a small, preliminary, but important step 
in that process. 

Making robust conclusions on river condition on the basis of an initial investigation is challenging. River health 
assessments make inferences about river health based on what might be expected of a healthy river, such as the 
number of fish or macroinvertebrates, or the value of water quality parameters. The natural variation (in time and space) 
of these river health indicators is an important constraint on river health assessments, especially when the assessments 
are based on preliminary data sets, or on data sets with limited spatial and temporal resolution. Establishing suitable 
reference values is difficult when first implementing a monitoring program. Reference values typically need to be 
adapted from other regions. Refining them to accurately reflect local conditions generally depends on the accumulation 
of additional data and an understanding of how they naturally vary. As a result, setting initial reference values for river 
health indicators is inherently difficult, and in the early stages of investigation, reference values are likely to include a 
level of uncertainty. 

Therefore, the focus of this pilot study, and its most significant outcome, was to establish a method for identifying 
suitable river health indicators and applying them. The pilot study also started the process of building a base of 
knowledge about the ecosystems in the region. The conclusions about the actual health of the river and recommended 
management responses in this report are based on a limited, preliminary assessment, and the limitations of the study 
should be carefully considered. Over time, the outcomes of future river health assessments will improve as larger data 
sets become available, as local aquatic conditions are better understood, and as reference values are refined. 

1  These and other project reports are available at www.watercentre.org. 
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1.4 overview of the methodology and rationale
A major goal of river health monitoring is to assess the current condition of an aquatic ecosystem so it can be 
maintained or returned to an acceptable level of health. Assessing the condition of aquatic ecosystems typically 
involves developing health assessment indicators that reflect anthropogenic impacts. These indicators can then 
be used to set minimum targets, which, if not met, are indicative of the need for some form of management action. 
River health monitoring programs need to be formulated based on local biological and environmental characteristics, 
as well as based on local pressures. Most river health monitoring programs have been developed around a similar 
conceptual foundation (see Gippel, 2010), which involves identifying a suite of indicators that describe the physical 
and biotic environment to show a predictable response to anthropogenic drivers such as agricultural development and 
urbanisation. 

Indicators are typically used to assess river condition by making comparisons against a reference condition. The 
reference condition is often the value an indicator is expected to have in the absence of any human disturbance. By 
comparing scores for different rivers against a reference condition, it is possible to rank locations by their overall health. 
These rankings, together with a specified minimum acceptable level of health, can then be used to guide and prioritise 
investment to improve river health. 

This pilot project trialled approaches to river health monitoring and assessment, including testing indicators of 
ecosystem health against a disturbance gradient. This pilot project involved both desktop and field study components, 
drawing on prior experience from within the project team together with specific information provided in a background 
report compiled before the field program (CRAES, 2010). The desktop component produced conceptual models of river 
health and a classification for the Taizi River Basin. 

In general, these components of the pilot project were based on the successful and well-documented approach of the 
freshwater ecosystem health monitoring program (EHMP) in South East Queensland, Australia (Bunn et al., 2010). The 
approach in South East Queensland focuses on using conceptual models and objective, quantitative testing of potential 
indicators against a known disturbance gradient. The approach involves eight steps, which were applied in the pilot 
study (Figure 1.1). The following section provides a brief overview of each step.

The approach taken in the pilot project was designed to identify suitable indicators and reference values to incorporate 
into a routine monitoring program. When a monitoring program is established, these steps should not need to be 
repeated annually basis. However, elements of the program, particularly reference values, should be regularly reviewed 
and refined as part of a cycle of adaptive management. 
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Figure 1.1: Steps in developing an ecosystem health monitoring and assessment program 

Step 1
Define objectives of the program

Step 3
Selection of potential indicators

Field trips

Assess indicator response to levels of 
disturbance and select suitable indicators

Step 6
Determine reference values for different 
indicators and river classes

Step 7
Assessment of river condition

Step 8
Implement management responses

Reporting and report card

Step 2
Background & conceptual model of river system

Step 4
Land use assessment to define catchment 
disturbance gradient

Step 2
Background & conceptual model of river system

Step 5
River classification
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1.5 Key steps in developing a monitoring program
Step 1: Defining objectives of the program

Objectives of river health monitoring programs can vary from place to place, based on the types of human disturbances 
impacting on the river, and also based on the values and uses for the river system. While most river health monitoring 
programs share the objective of assessing if rivers are at an acceptable level of health, in some regions the focus can 
be on measuring impacts of particular threats, such as hydrologic alteration and water use or pollution. A monitoring 
program can also focus on particular assets or values of importance, such as highly valued or iconic species or sites. 

In many instances, a common set of indicators that are capable of assessing a range of threats to different aspects 
of river health (e.g. water quality, fish communities etc.) will be widely monitored. This range of indicators can also be 
supported by additional indicators for more targeted monitoring. 

River health monitoring can also assess the outcomes of management interventions aimed at improving river health 
(Gippel, 2010). Experience suggests that the impacts of local management interventions are not always detected by 
routine assessment programs. Therefore, more intensive monitoring, such as with additional indicators or additional 
sampling sites, is often justified. More intensive monitoring is particularly justified where interventions are costly or can 
be refined over time based on further monitoring results (e.g. environmental flow releases).

Step 2: Develop conceptual models linking a range of drivers to potential impacts

Conceptual models are important for developing a river health monitoring and assessment program because they can 
be demonstrate how human disturbances are likely to affect river health. Conceptual models also help to identify, and 
provide a clear understanding of, the processes that help maintain healthy ecosystems, and how these processes might 
change as ecosystem health declines. Therefore, conceptual models can help determine the aspects of river health that 
should be monitored, which helps to guide indicator selection and interpretation. Developing conceptual models can 
also help to identify any areas of disagreement the importance of processes and identify any major gaps in knowledge. 
Finally, conceptual models are valuable communication tools. Graphical conceptual models are particularly helpful for 
communicating with a non-technical audience. Graphical conceptual models were developed for this pilot study and 
incorporated into the river health report card that summarises the results of the assessment for a non-technical and 
semi-technical audience.

Step 3: Selection of appropriate indicators

Indicators are central to river health assessments. Indicators are variables that provide a concise measure of the 
condition of different aspects of river health. In most river health assessment programs, a suite of indicators are used to 
characterise different aspects of the ecosystem (for example water quality, fish, plants), and are tied to different parts of 
the system that are important or at risk from disturbance identified in step 2. 

A large number of indicators have been used in river health monitoring programs around the world. For this pilot project, 
the selected indicators related to key elements of the river’s ecosystem, including water quality, macroinvertebrates, 
diatoms, fish, riparian and in-stream vegetation and hydrology. This report refers to these elements as ‘indicator groups’.

Indicators are quantitative descriptors of each indicator group. For example, fish species richness was used to represent 
‘fish’, and ‘hydrology’ was quantitatively measured using eight separate indicators describing different components of 
the river flow regime. Selecting appropriate indicators that are sensitive to the threats, disturbances or management 
actions is critical to the success of river health monitoring programs.

Step 4: Conduct a trial sampling program and refine the selected indicators

Perhaps the most critical step in the developing a river health assessment process is testing the sensitivity of indicators 
to relevant disturbance gradients. This assessment can be based on existing data sets if they are available, or the 
assessment may require additional field collection of data. In general, the aim of this step is to identify a suite of 
indicators associated with each indicator group that respond in a predictable way to stressors, such as an environmental 
disturbance gradient. 

Data sets appropriate for testing the sensitivity of indicators should include a variety of information relevant to potential 
stressors or disturbances in the study area. Describing the disturbance gradients is likely to rely on a variety of available 
data sets, which may include: 

• land use information (using remote sensing or aerial photography and GIS) to quantify catchment disturbance
• water resource use information to quantify a flow disturbance gradient 
• point source pollution (for example from industrial sources) to properly capture stressor gradients.
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After disturbance gradient is described, data on potential indicators is required across the range of disturbance to 
assess the sensitivity of the indicator to the change in disturbance. This assessment can be based on existing data, 
or on field collection of new data; however, it is important that the data reflects a consistent sampling methodology. 
Appropriate timing of collection should also be considered. Sites should be sampled over the same period and sampling 
techniques among sites should be consistent. 

The data is then analysed to select indicators that respond in a predictable way to the specific measures of disturbance. 
Indicators may respond to a disturbance gradient in many ways: in a linear or curvilinear way, showing no response; 
or in a random, non-predictable way. Generally, only those indicators that respond in a predictable way should be 
considered for inclusion in a river health monitoring and assessment program. Indicators that are too variable or show 
no clear trend along the disturbance gradient are generally rejected. Some indicators may respond in a similar way to 
others, so including them may provide little additional information. Redundant indicators can be discarded to reduce 
costs.

A range of approaches can be used to considering the response of indicators to disturbance gradients (see appendices, 
section 14.2, for more information). In many cases, there may be multiple disturbance gradients (e.g. land-use 
alteration, water extraction, pollution), making analysis more complicated. Four possible approaches for considering 
how indicators respond to disturbance gradients include: 

• simple linear regression models
• non-linear regression approaches
• data reduction approaches to reduce complex gradients into simple metrics (e.g. via principal component analysis)
• more complex modelling approaches (e.g. multiple regression).

Multiple regression modelling is often chosen because it can identify which disturbance gradients account for the 
variability in each of the indicators; the scale at which the disturbance gradient is acting (e.g. whole of catchment); and 
quantify the proportion of variation for by each disturbance measure and then model the disturbances as a whole. The 
simplest multiple regression model is often a simple linear regression. Multiple regression modelling was successfully 
used in developing the EHMP river health program (Smith and Storey, 2001).

Step 5: river classification to identify homogenous ‘river types’

Classifying similar types of rivers together is an important step in river health assessment and river management more 
generally. River classification ensures that comparisons are only made between similar types of systems. Classification 
helps to set thresholds for determining what is ‘good’ river health and what is not. 

Recognise the differences in river types is important when developing a monitoring program because:

• different types of rivers (and other freshwaters) will not look and behave the same even when they are healthy
• the types of indicators that might be appropriate in one type of river may not be appropriate for another
• the methods used to sample in one type may not be possible or relevant in another
• even where the same indicator can be used in different river types, the thresholds or targets are likely to differ.

Step 6: Select suitable reference values for ecological indicators

When the list of indicators of ecosystem health has been chosen, a scoring system must be devised to assess 
ecosystem health. There are two aspects to developing this scoring system: different scores for an indicator given 
varying levels of health, and standardising across indicators so they can be combined for an overall measure of health. 
Standardising across indicators is generally straightforward. However, developing different score for individual indicators 
is quite challenging.

The traditional approach to setting reference values relies on reference sites, which are free of anthropogenic 
disturbances, to guide setting values for target indicators. However, these sites often do not exist, and this approach 
cannot indicate what the minimum values should be before concerns are expressed about the health of a river. A range 
of approaches exist for setting suitable scoring systems. Options for scoring are discussed in Chapter 12.
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Step 7: Assess river health and report and communicate results

Despite its technical nature, it is important that the findings on river health assessment can be communicated simply and 
effectively to different groups, including government officials with different levels of technical training, other scientists, 
and also the wider community who often have an interest in the health of the rivers they live around. Effectively 
communicating to diverse groups may require several different reporting techniques. Typically, a detailed technical 
report describing the details of the methods and results of a river health assessment is prepared, together with a simple, 
non-technical summary report. The detailed technical report ensures that consistent approaches are adopted in different 
locations, and that future assessments can follow the same procedures and approaches to site selection, classification 
and sampling, even if a different group of technical experts undertake or oversee the work. 

For communicating with a wider audience, an example of a simple report card was prepared as part of the pilot project. 
These simple reports rely on aggregating scores for different indicators, sites and regions to give a single measure of 
health. In aggregating scores for a single site or region, a number of different approaches can be taken. Approaches 
include averaging scores, or giving the same importance to each indicator, or weighting scores, giving one indicator 
a greater value in calculating the overall site score because of the importance of the indicator, or because it is a more 
accurate measure of health.

Step 8: Implement management actions and address priority areas or threats

While one use of river health monitoring programs is to simply audit and report on the condition of ecosystems, the 
results can also guide investment in river health improvement. Decisions about whether to invest in management 
actions, and if so, which ones and where, are not strictly scientific. Rather, investment decisions are guided by the 
desired state of the river based on the intended uses. For example, in areas where rivers provide water for human 
consumption, a strong focus may be directed towards ensuring water quality is sufficient to protect human health, 
although it is also important to recognise that humans depend on healthy rivers in complex ways – not just in terms of 
water quality (see section 1.1). 

There are also different ways to prioritise investments to improve river health. For example, investment may be directed 
toward the worst sites to ensure that all rivers achieve a minimum standard of overall condition. In other cases, funds 
may be focused on conserving the highest value (best) river reaches to ensure they do not decline in condition in the 
future. These decisions all reflect the types of values placed on rivers, and the condition or level of health required to 
achieve those objectives.
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Chapter 2. background on the pilot study region 

2.1 overview of the region
Liaoning Province is located in north-eastern China, bordering the Yellow Sea and the Bohai Gulf in the south and North 
Korea in the south-east. The region has been an important mining area and, since the creation of the new China in 
1949, a major industrial base. These activities have resulted in significant impacts on the natural environment over the 
past 40 years. The Liao River Basin has a catchment area of over 232,000 km2. However, the mean discharge of the 
basin is relatively small, with an average of approximately 500 m3s-1 (Figure 2.1).
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Figure 2.1: Liao River Basin, the Taizi River Basin, showing the location of sampling sites and delineation of 
three catchment regions.
The pilot project work in the Liao River was conducted on the Taizi River, one of the main tributaries of the Liao River 
Basin. The Taizi River has a watershed of 1.39 x 104 km2, and stream length of 413 kms. The Taizi River supplies 
water for domestic, industrial and irrigation purposes for three cities: Benxi, Liaoyang and Anshan. Taizi River has nine 
tributaries: Xi River, Lan River, Tang River, Beisha River, Liuhao River, Nansha River, Yunliang River, Yangliu River, and 
Haicheng River. 

The Taizi River has been an important industrial area in the middle of Liaoning Province since 1950. Since then, stream 
health has been severely impacted, including the loss of several fish species. A detailed background document (CRAES 
2010) has been compiled on the Taizi River Basin, describing its physical, chemical, biological, social and economic 
attributes. Key aspects of the region detailed in the background report are provided in the following sections, including 
information about hydrology, physical form and vegetation in the region.
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2.1.1 Climate, hydrology and physical form

The Taizi River Basin is located in China’s mid and high latitudes in a temperate, continental monsoon climate zone. The 
main features of the local climate include a hot rainy season; a sunny, long, cold period in winter; and a short spring and 
autumn. In general, the eastern part of the catchment is wet and the western, windy plain is dry, with annual precipitation 
across the basin ranging between approximately 650–950 mm (You 2004). 

The Taizi River originates from two branches: in the north from Xin Bin County and in the south from Benxi County. 
The two branches used to meet at Xiaweizi Village to form the main stem of Taizi River. However, with the construction 
of Guanyinge Reservoir, these two branches now directly run into the Guanyinge Reservoir. Benxi City is located at 
the downstream reaches of Guanyinge Reservoir. The average slope in this part of the system is 0.87~1.22 per cent. 
Mountain and hilly streams dominate from the headwaters to Liaoyang City, with the river substratum comprising 
cobble and gravel. The floodplain expands significantly after the channel passes through Liaoyang City, where the 
river substratum is dominated by sand and mud. The Taizi River mainly passes through low-lying lands with a slope of 
0.10~0.29 per cent.

There are 35 water conservancy gate dams in the Taizi River Basin, including nine reservoirs, which have altered the 
natural flow regime of the river system. More detail on these structures is given in Section 2.3.

2.1.2 In-stream vegetation

In-stream vegetation can be free-floating, submerged and emergent macrophytes that grow in the centre and edges 
of the river channel. Together, these plants occupy a range of flooding conditions from deep water to terrestrial-like 
areas that are only flooded intermittently, but where the soil is often saturated. At least 156 herb species from 90 
genera and 29 families have been recorded in stream channels in the Taizi River catchment. At the drier edges of the 
stream channels, common taxa include Bidens	biternata,	Scirpus	species,	Echinochloa	crusgalli,	Rumex	acetosa	and	
Rorippa	species.	Reflecting	a	gradual	change	in	soil	moisture	from	the	edges	of	the	channel	to	the	riparian	zone,	there	
is	some	overlap	of	species	in	these	two	zones.	Emergent	macrophytes	that	occur	in	shallow	water	include	Polygonum	
species,	Cyperus	species,	Carex	species,	Typha	species	and	Oenanthe	javanica.	In	areas	of	deep	water,	submerged	
macrophytes	occur	and	taxa	include	Potamogeton	species,	Ceratophyllum	demersum,	Hydrilla	verticillata,	Myriophyllum	
spicatum	and	Trapa	bispinosa.	While	some	free-floating	plants	are	present	in	the	region	(e.g.	Lemna	minor),	they	are	
not	highly	abundant.	

2.1.3 land use

Land use and land cover (LULC) in the Taizi River Basin is dominated by areas of remnant vegetation and farming 
(Figure 2.2). In 2007, remnant forest accounted for 57.2 per cent of the total area, followed by dryland farming activities 
(as opposed to wetland farming such as rice fields), which accounted for 22.3 per cent of total land cover (CRAES 
2010). Overall, land development activities were dominated by dryland and paddy field farming, followed by building 
and construction activities. Land development activities in riparian zones mainly included farming and river channelling. 
In-channel land use (e.g. farming) was also found in the lower sections. In-stream extraction of bed materials and 
minerals is a significant activity in the Taizi River Basin, mainly centralised at Taizi River’s primary tributary in the upper 
reaches, and also in the upper reaches of Xi and Haicheng Rivers. Field surveys of riparian and in-stream vegetation in 
2009 (see section 2.1.2) found that riparian vegetation was severely degraded in the Taizi River Basin. The original area 
coverage of riparian vegetation has mostly been reclaimed as farmland, and riparian vegetation is now fragmented.
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Figure 2.2: Land use and land cover map of the Taizi River Basin in 2007.
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2.2 Key ecological assets and values
Forty-two sites have been identified within the Taizi River Basin as being either culturally significant (e.g. valued as 
conservation areas) or important as local tourism spots. The locations of these 42 sites are shown in Figure 2.3 and are 
briefly described in CRAES (2010). 

Figure 2.3: Location of important sites within the Taizi River Basin.

A number of ecological assets have also been identified as having significant conservation value because of their 
uniqueness or scarcity, for their known ecological importance to the wider ecosystem, or for their provision of ecosystem 
services to the community. These assets are summarised here, but are further detailed in CRAES (2010):

• Nature reserves and conservation areas: including wetlands, wildlife reserves, drinking water supply catchments, 
unique and protected vegetation communities and high-valued or unique landscapes.

• High conservation value species: a number of rare and endangered native fish species have been identified within 
the Taizi River Basin, such as the Lampetra morrii Berg, Hypseleotris swinhonis and Huigobio chinssuensis and others.

• Ecologically important habitats and ecosystem components: the protection of habitat, breeding areas and 
migration passageways for rare and endangered native fish species have been identified as highly valued ecological 
assets. The protection of remnant riparian vegetation communities have been recognised as important ecological 
assets due to their significant influence on the health of aquatic ecosystems.

This list of assets has been compiled from existing knowledge and research. As further ecological-based research and 
field surveys are undertaken, it is likely additional ecological assets will be identified, and that the relative value of existing 
assets, and in some instances their distribution in the catchment, are likely to change over time. Incorporating locally 
valued assets in a river health monitoring program may attract the attention of government officials and managers, as 
these assets are likely to hold higher levels of community interest. In addition, river health monitoring can be used to help 
identify ecological assets, the risks to those assets, and where management investment would be most effectively directed. 
A further discussion on ecological assets and their linkages to river health assessments is given in Gippel (2010).

These asset lists should ultimately be reviewed by various stakeholder groups to ensure they accurately reflect the 
values and priorities of parties with an interest and role in protecting the Taizi River Basin and its ecosystems.
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2.3 threats
The major threats to ecosystem health in the Taizi River Basin have been identified and are shown in conceptual 
diagrams in section 3.3 and also in CRAES (2010). The major threats to ecosystem health are essentially related to 
human activities within the catchment and within the waterways. The most significant threats to ecosystem health are 
inputs of industrial, urban and rural pollution; clearing of natural vegetation within the catchment and riparian zone; 
construction of in-stream barriers; alteration of natural river flows; and in-stream extraction of river bed materials. 
Following is a summary of the major threats to ecosystem health within the Taizi River Basin.

2.3.1 Industrial point-source pollution

There are significant industrial pollution sources within the Taizi River Basin, concentrated in and around the major 
industrial cities of Anshan, Liaoyang and Benxi. In 2004, pollution load estimates indicated that the main channel of 
the Taizi River directly received 42.3 million tons of industrial wastewater per annum (CRAES 2010) and that the major 
tributaries of the Taizi River, such as the Yunliang River and Xi River also receive similar industrial pollution loads. 

Industrial pollution often contains a large variety of toxic chemicals such as heavy metals and organic compounds, 
many of which can cause chronic or lethal responses in living organisms, including humans. Other chemicals that have 
detrimental effects on aquatic organisms include nutrients such as nitrogen, phosphorus and carbon when at elevated 
levels can cause excessive growth of nuisance algae and the loss of oxygen from the water body.

It is estimated that in 2004, approximately 63 per cent of the total industrial wastewater discharge to the Taizi River 
system comes from the ferrous metal smelting and metal forming industry, and the paper product manufacturing 
industry. The remaining industrial pollution load to the river system is made up from the following industries:

• ferrous mining and processing activities
• chemical manufacturing
• textile industries
• electricity generation
• beverage manufacturing
• non-metallic minerals industries
• a range of other smaller industries.

Further development of industry within the catchment since 2004 and into the future, is an increasing threat to the 
health of the river system. In recognition of this, the Chinese government has committed to funding at least 12 industrial 
pollution prevention and control projects within the catchment.

2.3.2 urban and other point source pollution

Domestic sewage loads across the whole Taizi River Basin in 2004 were estimated at 861 million tons per annum. 
Approximately 50 per cent of this load is discharged into the Xi and Taizi Rivers. The city of Benxi is estimated to 
contribute approximately 75 per cent of all urban domestic sewage discharge to the river system, followed by the cities 
of Liaoyang (13 per cent), Anshan (12 per cent) and Fushun (<1 per cent). As a response, the Chinese government has 
planned to build 11 sewage treatment plants in the Taizi River Basin.

Domestic wastewater effluent contains a large variety of harmful chemicals including nutrients (nitrogen, phosphorus, 
and carbon) as well as a range of endocrine disruptors (chemicals that interfere with the body’s endocrine system) such 
as pharmaceuticals, detergents, cosmetics and pesticides. Pathogens are also a significant health threat from untreated 
domestic wastewater.

Aquaculture wastewater discharge into the Taizi River Basin based on 2004 estimates, was 482,000 tons per annum. 
These pollution sources, typically high in nutrients, are concentrated in the lower river reaches within in the districts of 
Anshan and Liaoyang.
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2.3.3 Diffuse source pollution

Diffuse sources of pollution come from many activities that are inherently difficult to quantify. Such activities include:

• agricultural runoff
• land clearing
• soil erosion
• urban runoff
• road construction and development
• urban and rural septic waste disposal
• general waste disposal
• atmospheric deposition.

Agriculture is a significant land use within the Taizi River Basin and represents a total area of approximately 3955 km2 
(based on 2007 data (CRAES 2010)). Agriculture is predominantly located in the Anshan and Liaoyang Districts on 
river plains in the middle and lower reaches of the river basin. Agricultural activities are known to contribute pollution 
to waterways in the form of nutrients, sediment, pesticides and herbicides, and faecal wastes from livestock and urban 
septics.

A potentially significant diffuse source of pollution within the catchment is atmospheric deposition. There is no known 
quantitative estimate of the atmospheric pollution load into the river basin. Given the extent of industry within the basin, 
deposition from atmospheric sources is likely to be a significant source of contaminants to the land and, ultimately, to 
the waterways.

2.3.4 Clearing of natural vegetation and land use change

Forest accounts for 57 per cent of the total land cover across the basin based on 2007 data. The major human-induced 
land use changes are a result of farming activities (dryland and paddy farming) and rural and urban development 
(CRAES 2010). These changes to the landscape include the clearing and development of riparian vegetation and 
channelling and altering watercourses. These activities have significant negative impacts on aquatic ecosystem health.

2.3.5 barriers and river flow alteration

There are nine major reservoirs constructed across the Taizi River Basin: Guanyinge Reservoir, Shenwo Reservoir, 
Tang River Reservoir, Sandaohe Reservoir, Guanmenshan Reservoir, Shangying Reservoir, Yingfang Reservoir, 
Shanzui Reservoir, and Guanmenlazi Reservoir. Guanyinge Reservoir, Shenwo Reservoir and Tang River Reservoir 
generate hydroelectricity. There are also 26 river weir gates distributed as follows: 23 in the Taizi River, two in the 
Tang River, and one in the Xiaojia River. The locations of these reservoirs and weirs are shown in Figure 2.4. These 
structures have a significant impact on aquatic ecosystem health by altering the river’s natural flow regime, acting as 
a barrier that prevents the migration of fish, disconnecting the river from the floodplain, preventing the transport of 
nutrients to the estuary, and in some instances, becoming a source of thermal pollution to down-stream ecosystems. 
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Figure 2.4: Distribution of major weirs and reservoirs within the Taizi River Basin.

2.3.4 riverbed extraction

The extraction of riverbed materials and minerals is a significant activity within the Taizi River Basin. The extent of 
these activities is largely unknown and unquantified; however, they are thought to be mainly concentrated in the upper 
river reaches of the Xi River, Haicheng River and the northern tributaries of the Taizi River (CRAES 2010). Riverbed 
extraction activities are a significant threat to the health of the river system as it degrades important structural habitats 
for aquatic biota, disturbs benthic sedimentary habitats important for macroinvertebrates and alters the natural 
hydraulics within the channel. Hydraulic variation (pools, riffles, runs, backwaters) provide important habitat for fish and 
macroinvertebrates. Disturbance of the river bed is likely to result in localised destabilisation of the stream bed and 
bank through processes of erosion and sedimentation, which may also lead to additional downstream impacts on water 
quality (increased turbidity) and smothering of benthic habitats. The extent of these activities could potentially increase 
given the demand for these resources in a rapidly developing country.
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Chapter 3. pilot study methodology

3.1 overview 
The Liao River pilot study was conducted to trial approaches to river health monitoring and assessment, including 
testing indicators of ecosystem health against a disturbance gradient. The study generally followed the steps outlined in 
section 1.5. The pilot study relied largely on data from fieldwork conducted in May 2009. Data from that work was used 
to test a number of potential indicators (physical, chemical and biological) by assessing their suitability and sensitivity 
to known disturbance gradients. The dataset was part of a broader program of river monitoring that is being developed 
(Meng et al. 2009). The river classification, site selection, sample collection and laboratory analyses were completed 
before the collaboration with Australian experts. The Australian team members participated in subsequent fieldwork to 
familiarise themselves with the methods used, and to trial some alternative methods. However, this report documents 
the process of assessing river health in the Taizi River Basin, based on the May 2009 dataset only.

Seventy sites distributed across the three river regions in the basin were sampled. All measures and collection of 
samples, which were later used as indicators or used to calculate indicators, were completed within a short time 
interval so that temporal variability in environmental conditions was relatively controlled. Indicators were then analysed 
against the disturbance gradients and were primarily selected based on their sensitivity, or response, to the disturbance 
gradients (Bunn et al., 2010).

A broad suite of indicators were calculated and tested. The pilot study tested multiple indicators representing all aspects 
of the river’s ecosystems (physical, chemical and biological), following successful and well-documented river health 
monitoring programs elsewhere (see Bunn et al., 2010 and examples in Flotemersch et al. 2006). Surface-water quality 
indicators included physical and chemical parameters (e.g. electrical conductivity and measures of oxygen demand) and 
nutrients (e.g. total nitrogen concentration). Three major groups of biological indicators were also tested: benthic algae, 
benthic macroinvertebrates and fish, and both single and multi-metric indicators (e.g. biotic abundances and indicators 
of biotic integrity, respectively). This approach was considered to be a holistic method of river health monitoring and 
assessment (Gippel & Speed, 2010).

This chapter describes the establishment of objectives for the monitoring program (step 1). The conceptual models for 
the study region are then detailed along with the river classification method, the indicators considered and trialled in this 
pilot study, the disturbance gradients used and the methods of data analysis. This analysis primarily aligns with steps 
2–6 of the approach outlined in section 1.5, with detailed discussion of this approach for different indicators set out in the 
subsequent chapters. Steps 7 and 8 are discussed in more detail in Chapter 13. 

3.2 Defining objectives for the program
It is essential that river health monitoring programs are established with an understanding of what the program is 
intended to achieve. The objectives should go beyond simply assessing the condition of the waterways in a basin. A 
program may be designed to monitor the condition of certain high-value assets (e.g. particular fish species, or certain 
wetlands). Alternatively, or in addition to, a monitoring program may be designed to identify threats to river health, or to 
assess the effectiveness of management interventions.

These objectives need to be developed in close consultation with a range of stakeholders, ideally including those 
responsible for managing the catchment, as well as those who rely on its resources. In the case of this pilot study, due 
to time and resource constraints, it was not possible to consult with external stakeholders. Instead, a desktop review and 
internal project-team discussions were used to identify key human disturbances within the catchment and management 
actions that might be implemented to address those disturbances. Key disturbance and proposed management actions 
were determined for the three different regions in the Taizi River Basin (Table 3.1).

The pilot study then identified indicators that would be suitable for assessing the impact of these disturbances. However, 
any future monitoring program should build on this list of threats and priorities, together with the key assets discussed 
in section 2.2, ensuring they are evaluated by a broader group of stakeholders so any future monitoring program meets 
stakeholder needs when providing information about the condition of the basin.
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Table 3.1: Key human disturbances and priorities for management for different regions of the Taizi River

Stream type Human disturbances Priorities for management

Highlands Loss of native vegetation
Grazing livestock
Urban development
In-stream sand mining

Maintain natural habitat
Protect diversity and biotic integrity of aquatic 
organisms 
Reduce suspended solids

Midlands Flow alteration due to dams
Mining (predominately iron ore)
Urbanisation
Point source pollution from factories

Reduce nitrogen and phosphorus loads
Protect ecologically important aquatic organisms

Lowlands Point source pollution from factories
Diffuse pollution from farmland
Urbanisation

Reduce organic pollutant load 
Protect the most common aquatic organisms
Improve water quality within national standards

3.3 Conceptual models of river health 
Conceptual models can be used to show how human disturbances are likely to affect river health. The main conceptual 
model for the Liao River pilot study was developed to show how biological attributes of the river ecosystem respond to 
disturbance associated with land use in the region, and which biological indicators may best reflect these responses. 

Mountainous streams (Figure 3.1) are mainly located upstream of Guanyinge Reservoir. Due to the low disturbance 
level, compared to downstream regions, this region is characterised by comparatively high biodiversity of algae, 
macroinvertebrates and fish. However, biodiversity is expected to be lower than under unmodified conditions. The main 
human disturbances in this region are village development, animal stocking, and sand mining. Erosion, total suspended 
solids loadings and diffuse sources of nutrients (nitrogen and phosphorus concentrations) are expected to be higher 
than under unmodified conditions. However, dissolved oxygen levels may be buffered due to the naturally higher flow 
velocities in this region as a result of the steep gradient. Other human disturbances include changes to natural flow 
variation as a result of small dams, which may also impede fish movement. These disturbances and the resultant 
changes to water quality are expected to result in reduced biodiversity of aquatic biota. In the case of migratory species 
(particularly fish) these disturbances are expected to demonstrate the cumulative effects of downstream impacts, such 
as physical barriers to movement and habitat alteration.

Figure 3.1: Conceptual model for mountain stream areas of Taizi River Basin.
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The next major region of the basin is located between the Guanyinge Reservoir and Shenwo Reservoir in the 
middle part of the Taizi River Basin (Figure 3.2). This region is characterised by reduced diversity richness of 
macroinvertebrates and fish, relative to upper regions of the basin. The communities of the aquatic organisms have 
been influenced by both human activities and the natural gradient of the region. Species richness and composition 
changes as a result of changes in river morphology, hydrology, and climate across the basin. The main human 
disturbances are diffuse sources of pollution from urbanisation and farmland development, and point source pollution 
from factories. Two large reservoirs and physical barriers in the urban areas also modify the natural flow variation of the 
river in this part of the basin and impede fish movement. These disturbances and the resultant changes to water quality, 
especially high nutrient concentrations, are expected to result in reduced biodiversity of aquatic biota.
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Figure 3.2: Conceptual model for middle region of the Taizi River Basin.
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The lower, floodplain region of the Taizi River Basin (Figure 3.3) is characterised by low biodiversity of 
macroinvertebrates and fish, with lower biodiversity than the middle and upper regions. The communities of the 
aquatic organisms have been severely impacted by human activities. The main human disturbances in this region are 
diffuse sources of pollution from urbanisation and farmland development, and point source pollution from factories. 
High nutrient and organic pollutant loading in this region of the Taizi River is expected to result in high biological and 
chemical oxygen demand, low dissolved oxygen concentrations, high nutrient concentrations and a limited diversity of 
aquatic biota. The lower regions of the basin can also be expected to accumulate impacts from a variety of upstream 
disturbances, including flow alteration, riverbed extraction and pollution. These impacts are expected to exacerbate local 
disturbance occurring within the floodplain reach.

Figure 3.3: Conceptual model for the floodplains and farmland areas of Taizi River Basin. 
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3.4 Classification of taizi river basin 
Categorising similar types of rivers into groups is crucial for setting appropriate river health reference values, and for 
ensuring that comparisons are only made between comparable river systems (Bunn et al., 2010). This process divides 
catchments spatially, based on natural biological and physical characteristics, which influence aquatic ecosystem 
structure and function.

The classification of the Taizi River Basin was based on classifying the surface area of the basin, using spatial data, 
including natural and geomorphologic variables in pixel format. Variables included a digital elevation model (DEM); 
topology; slope; soil type (China Soil Map 1:100000); vegetation type; annual average temperature; annual precipitation; 
annual evaporation; and the normalised difference vegetation index (NDVI). 

In general, elevation above sea level (m) decreases from upstream parts of the basin (> 400 m) to downstream (0–67 
m). Topology changes from undulating mountains with comparatively high gradients in the upper parts of the basin, to 
flat plains and low gradients downstream. The soil type in the upper and middle sections of the basin is mainly brown 
earth, with occasional meadow soil, drab and calcareous skeletal soil. In the downstream section, the soil type is 
mainly meadow soil, with occasional paddy soil and submerged paddy soil. Based on 30 years of data, average annual 
temperature (°C) and evaporation are higher in upstream than downstream parts of the basin, while average annual 
precipitation (mm) is lower.

Using data on local ecosystems collected during the fieldwork component of this study, together with existing information 
on the geography and hydrology of the region, correlations between aquatic ecosystems and natural geographic factors 
were identified. As a result of this analysis, altitude (via a digital elevation model) and annual precipitation were chosen 
as the basis of the river classification in Taizi river catchment. The boundaries for different classes were adjusted to align 
with subcatchment boundaries. This process resulted in three classes of river in the catchment: highlands, midlands and 
lowlands (Figure 3.4). 

These three classes were then used in the process of establishing reference values for different indicators. In some 
instances, different reference values were used for different classes of river, for example where different species 
richness or composition were expected in a lowland stream, compared with the highlands. 

This classification process was undertaken a local scale. In the future, it may be appropriate to undertake river 
classification at a larger scale, such as at a country-scale, to allow comparisons between river basins.

Figure 3.4: Regional classification of the Taizi River Basin.
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3.5 Identifying potential indicators 
The choice of potential indicators for the Taizi River Basin pilot study was informed by the literature and expert opinion, 
but was limited to indicators that could be determined from the May 2009 dataset. This dataset included either direct 
measurement (e.g. electrical conductivity of surface water) or sampling from which indicators were calculated (e.g. 
family-level richness of macroinvertebrate communities). The indicators that could be determined from the existing 
dataset, plus those that were later considered for the Liao River pilot study, are shown in Table 3.2. Each indicator 
tested for the Liao River pilot study is also detailed.

Table 3.2: List of potential indicators and the relevant region.

Ecosystem processes 
Chlorophyll a – as measure of productivity 
Oxygen demand measures

Region where indicator expected to be relevant*
Mid and lowlands
Lowlands

Biological patterns 
Structure, function and condition of aquatic macrophyte communities 
Structure, function and condition of riparian vegetation 
Structure and function of benthic algal community 
Structure and function of benthic diatom community 
Structure and function of phytoplankton community
Structure and function of zooplankton community
Structure and function of invertebrate communities 
Structure, function and condition of fish communities 

Uncertain
Uncertain
All regions
All regions
Uncertain
Uncertain
All regions
All regions

Water physical and chemical parameters
Nutrient concentrations
Salinity/conductivity/ionic composition 
Alkalinity/pH/hardness 
Dissolved oxygen
Water temperature
Turbidity/suspended solids concentrations
Heavy metal concentrations
Industrial pollutant/toxicant concentrations

All regions, especially mid and lowlands
Uncertwain
Uncertain
All regions, especially mid and lowlands
Uncertain
All regions
All regions
All regions, but especially mid and lowlands

Physical measures of disturbance 
Riparian canopy cover and condition
Barriers (i.e. dams/weirs): presence and effects 
Hydrological alteration 
Geomorphological assessments of channel integrity 

All regions
All regions
All regions
All regions

* based on conceptual models of the Taizi River Basin 
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3.6 trial sampling program
For the May 2009 dataset, seventy sites were sampled along the main channel and tributaries of the Taizi River Basin 
before the monsoon season (Table 3.3, Figure 3.5). Sites were distributed across the three river regions identified in the 
classification process (25 in the highlands, 22 in the midlands, and 23 in the lowlands), which corresponded with the 
three regions in the conceptual models (mountain streams, middle reaches, lower floodplains). The sites were selected 
to represent all major land use categories and a gradient from low to high levels of human disturbance. At each site, 
the sampling region covered an area 150 metres upstream and downstream from a fixed GPS location in the stream 
channel. 

Sampling included water quality, fish, diatoms and macroinvertebrates. Details of the sampling methodology for each 
indicator group are described in subsequent chapters.

Table 3.3: Sites and streams sampled in May 2009.

Region Sampling sites Streams included

Highlands 25 Taizi North Stream, Taizi South Stream, Qinghe Stream, Xiaotang Stream, Xi Stream, 
Lan Stream, Tang Stream 

Midlands 22 Sandao Stream, Beisha Stream, Xi Stream, Lan Stream, Tang Stream, Haicheng 
Stream, Taizi River

Lowlands 23 Beisha Stream, Haicheng Stream, Yangliu Stream, Nansha Stream, Haicheng Wudao 
Stream, Taizi River

Figure 3.5: Location of sampling sites in the Taizi River Basin.
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3.6.1 Disturbance gradients

Land use change is long recognised as a major, human-induced disturbance on river health (Dudgeon et al. 2006). Land 
use was, therefore, used as the primary disturbance gradient to test potential indicators of river health. 

Land use and land cover of the catchment upstream of each sampling site were extracted from the land use and land 
cover map interpreted from the 2007 Landsat TM and + ETM imageries using ArcGIS 8.7 Desktop GIS software. Ten 
kinds of land cover categories were identified: 

1. forest lands, including coniferous, deciduous forest, mixed coniferous, broad-leaved forest, and shrub including 
thickets and herbs (forest land)

2. agricultural areas of dry farmland (dry farmland)

3. paddy fields 

4. construction areas, including impervious areas of industrial and residential areas of urban, villages, and towns 
(urban land) 

5. grasslands

6. reservoirs

7. channels, including manmade channels with widths greater than two metres used to transport stream water (river 
channelisation)

8. floodplains

9. in-channel land use areas calculated as the percentage of small, artificial wetlands constructed within the dry 
channel bed for various land use activities (in-channel land use)

10. unused fields, defined as the ‘untouched area’ within the urban regions, industrial factories, villages and towns. 

The percentage cover of each of the different land use categories was calculated: 

• within the catchment area upstream from each site 
• within an area 10 kilometres upstream of each site and within a one kilometre buffer either side of the riverbank. 

These two scales of land use are referred to in this report as ‘catchment’ and ‘buffer’ scales. 

A water quality disturbance gradient was also used to test the response of biological indicators. This disturbance 
gradient comprised several water quality parameters measured in May 2009 and that were also tested as potential 
indicators. Stressors to aquatic ecosystems (for example land use change, hydrological alteration and riparian condition) 
affect water quality parameters (for example nutrient concentrations), which in turn affect biota (for example fish, 
macroinvertebrates and algae). Therefore, water quality parameters can act as both disturbance gradients and river 
health indicators in their own right. In the Liao River pilot study, water quality parameters were used as the secondary 
disturbance gradient for testing the effectiveness of biological indicators together with the primary land use gradient.

The distributions of percentage cover of the different disturbance categories among sites were explored at both the 
catchment and buffer scales. These distributions helped determine which disturbance gradients were suitable to use 
in each river region (as defined in the river classification process) and whether data needed transforming to conform to 
statistical assumptions of the analysis.

Primary disturbance gradient distributions
Farmland, forest and urban land use had the widest range of percentage cover among sites within each river region 
(see appendices, section 14.3, for summary statistics and figures). The range of percentage cover of land use for 
several land use categories was considered too narrow for sensitivity analysis. The percentage cover of land use did 
not span a broad range of values between 0 and 100 per cent across the sites in each of the three river regions. For 
example, paddy field land use cover at the catchment scale in the highlands only ranged from 0 to 1.9 per cent. This low 
range would be likely to restrict the ability to detect ecosystem responses to this particular disturbance gradient.

Correlation among disturbance gradient variables was tested for each river region (see appendices, section 14.3 for 
full results and figures). In the highlands, and at the catchment scale, farmland and forest cover are strongly negatively 
correlated (Spearman rho = 0.89). It also appears that as the percentage of farmland cover increases, so does urban 
land and paddy field cover. A negative relationship is also apparent between the urban land and paddy field variables 
and forest cover. Catchment size does not appear to be correlated with land use cover. At the buffer scale, farmland 
and forest cover are strongly and negatively correlated (Spearman rho = 0.90). Farmland and forest cover also appear 
positively and negatively correlated, respectively, with urban land cover. Buffer size does not seem to be correlated with 
land use cover.
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For the midlands, at the catchment scale, farmland and forest cover again appear to be negatively correlated. 
Catchment size does not seem to be correlated with land use cover. At the buffer scale, farmland and forest cover 
appear negatively correlated. Again, buffer size does not appear to be correlated with land use cover.

For the lowlands, at the catchment scale, farmland and forest cover are strongly and negatively correlated (Spearman 
rho = 0.92). As the percentage of farmland cover increases, it appears that urban land cover also increases. A negative 
relationship is also seen between urban land and forest cover. Reservoir cover appears to increase with forest cover 
and decreases as farmland and urban land cover increases. Catchment size does not seem to be correlated with land 
use cover. At the buffer scale, urban land cover appears to decrease as farmland and forest cover increase. Buffer size 
does not seem to be correlated with land use cover.

Based on these results, only farmland (catchment scale); forest (buffer scale); and urban (catchment and buffer scales) 
land use and land cover were used as the primary disturbance gradients in the highlands. The same parameters were 
used in the midlands, together with farmland and paddy field land use at the buffer scales and forest cover at the 
catchment scale. The lowlands used the same parameters as the midlands, except for forest cover at the catchment scale.

Secondary disturbance  gradient distributions
In general, physical and chemical water quality data were distributed well across the sites in the three river regions, i.e. 
there was a wide range of values found (low, medium and high) in each region. However, nutrient concentrations tended 
to skew distributions, making the log transformation appropriate. Strong and positive correlation (Spearman rho > 0.8) 
was found between some total nutrient and dissolved inorganic nutrient concentrations (TP and PO4; TN and NO3) 
within some river regions (see section 14.7in the appendix). Suspended solids concentrations can vary substantially 
in space and time. Therefore, although suspended solids are considered to be unnaturally elevated in the Taizi River 
Basin, due to human activities, and to have an adverse affect on ecosystem health, suspended solids concentrations 
from the May 2009 sampling period were not used as a secondary disturbance gradient. Therefore based on the results 
of the correlation analyses, only electrical conductivity (EC, μS/cm); dissolved oxygen (DO, mg/l); total nitrogen (TN, 
mg/l); total phosphorus (TP, mg/l); and ammonium (NH4, mg/l) were used as the secondary disturbance gradients. More 
information on these water quality parameters is in Chapter 4.

3.6.2 protocol for analysis

A brief outline of the protocol used to test the response of each indicator to the disturbance gradients is described in 
this section. Where methods differed for the different types of indicators (e.g. physical and chemical indicators versus 
biological indicators), detail is provided in the relevant chapters following. 

Step 1: Exploratory data analysis: Distributions of data were checked to identify suitable transformations (if found 
to be necessary when conducting regression analyses) and outliers (values far beyond the central range of data). 
In addition, summary statistics such as means, medians, range, and standard deviation were calculated from these 
distributions. 

Step 2: Spearman’s Rank correlations: Associations between disturbance gradients and indicators were explored 
using Spearman rank correlation coefficients. This non-parametric method identifies correlation between two variables 
and is useful to highlight redundancy (for example, if two indicators are highly correlated, such as a Spearman 
correlation coefficient (rho > 0.8), only the most ecologically relevant of the two indicators, or the indicator most cost-
effective or requiring less technical skill, may be ultimately retained in the monitoring and assessment program). 

Step 3: Regression modelling: Generalised linear modelling (GLM) was used for the multiple regression analyses 
because GLM allows different distributional forms to be used. This is particularly important when modelling ecological 
indicators, because not all indicators follow a normal distribution like many continuous data such as nutrient 
concentrations. Count data (like abundances) are non-negative, whole integer data and usually follow a Poisson 
distribution; continuous data (like nutrient concentrations) tend to follow a normal distribution. 

Disturbance gradient variables (e.g. percentage cover of farmland at the catchment scale) were selected based on 
Aikake’s Information Criterion (AIC) (for biological indicators) or p-values (for physical and chemical indicators). A 
stepwise procedure was followed where the model that gives the best fit using the fewest predictors (disturbance 
variables). Resulting models were further assessed for approximate proportion of variation (R2 value) in the indicator 
that could be explained by the model and each predictor retained in the model; the statistical significance of the model 
and each of the estimated model parameters; and the direction of the modelled response in relation to the expected 
direction. For example, richness of sensitive macroinvertebrate taxa may be expected to decrease in response to 
eutrophication. In general, models were rejected if models or predictors had adjusted R2 values less than 0.15 as well 
as p-values greater than 0.10, or if modelled responses were in the opposite direction to that expected. Residuals were 
also checked to ensure model assumptions were not violated and data were transformed as necessary (see Step 1). 
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3.7 next steps
The following chapters describe in detail the methods used for selecting indicators and reference values, and the results 
of the analyses for different indicators within each of the indicator groups (i.e. water quality, macroinvertebrates, fish). 
This process identified the indicators that responded predictably to the disturbance gradient, and that might be suitable 
for inclusion in any future monitoring program. 

After these indicators were selected (see Chapter 11), it was necessary to establish reference values for each 
indicator and, where appropriate, for each class of river. A system of scoring ecosystem health was also established. 
This process is described in Chapter 12. More information about reporting and communicating the results of the pilot 
study are also provided in Chapter 13, with recommendations for management responses and future monitoring and 
assessment programs in the Liao River Basin and in China.
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Chapter 4. Water Quality parameters as 
Indicators of ecosystem Health

4.1 background
Water quality is a key component of aquatic ecosystem condition. Measures of the physical and chemical condition 
of the water column are often included in ecosystem health monitoring and assessment programs. The physical and 
chemical condition of the water column can also act as stressors on aquatic biota. Water quality is already widely 
monitored in China. Therefore, in addition to incorporating water quality into new initiatives to assess river health, 
analysing existing datasets for evaluating water quality problems is also recommended. Analytical approaches to 
examining existing water quality time-series data using Chinese water quality standards are presented in Gippel (2010).

The key aspects of water quality measured in this pilot study included the physical and chemical properties of the water 
(temperature, pH, conductivity, turbidity, dissolved oxygen (DO)); nutrient concentrations; and the presence of toxicants 
such as heavy metals. These indicators are typically included in river health surveys because they relate to the assets 
and values of the river’s ecosystem and the objectives of monitoring programs, such as the provision of safe drinking 
water or the protection of aquatic biota from highly toxic contaminants. The physical and chemical properties of water 
depend on natural and anthropogenic factors and relate to a range of potential sources, including agricultural, domestic 
and industrial point source pollution, as well as diffuse source pollution from runoff from the broader catchment. The 
relative concentrations of nutrients and pollutants can generally provide a clear indication of the likely sources of 
pollution within the catchment. A monitoring program that covers sites across the basin can identify spatial patterns of 
water quality decline, and decline in other indicators, to help determine critical areas to be addressed by management 
actions.

One of the advantages of using water quality parameters as part of a suite of indicators is there are often externally 
prescribed standards for different river uses, for example rivers used for drinking water. The external standards reduce 
the reliance on ‘reference condition’ targets for setting objectives for each metrics. However, in some cases, the value 
of some water quality parameters can be very high, even under natural conditions. However, because water quality 
data exists for so many systems around the world, the range of values different water quality parameters might take, for 
example in tropical areas versus desert streams, is relatively well documented (for example, see Wetzel, 2001). 

A critical problem with monitoring water quality is that most parameters vary over a large range, according to current and 
recent runoff data. For example, immediately following a dry period, flushing of material from stream banks, drains and 
other areas can elevate loads substantially, but only during the initial flush of water. However, given the strong condition 
gradient sampled in the pilot project, there was still value in undertaking water quality sampling. 

4.2 Methods
4.2.1 parameters (sampling and laboratory analyses)

At each sampling site, several water quality parameters were measured	in	situ and others were determined from water 
samples analysed in the laboratory, using standard methods. These methods include the measurement and collection of 
surface water only. Water temperature (°C); dissolved oxygen (DO mg/l); electrical conductivity (EC, μS/cm); and total 
dissolved solids (TDS, mg/l) were measured in	situ with calibrated, handheld sensors (Table 4.1). Other water quality 
parameters analysed from surface water samples included heavy metals, nutrients, oxygen demand parameters, and 
major anions and cations. Full detail on these parameters and methods of analysis are in appendices.
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Table 4.1: Water quality parameters, including units of measurement and methods of measurement or analysis.

Parameter Symbol Code Unit References or instruments used to measure and analyse 
the parameter

pH pH YSI multi-parameter instrument

Dissolved oxygen DO mg/l YSI multi-parameter instrument

Electrical conductivity EC µS/cm YSI multi-parameter instrument

Suspended solids SS mg/l YSI multi-parameter instrument

Total dissolved solids TDS mg/l YSI multi-parameter instrument

Potassium K+ K mg/l Atomic emission spectrometer – ICP-AES

Calcium Ca2+ Ca mg/l Chinese Standard Methods for Examination of Water and 
Wastewater (GB3838-2002)

Sodium Na+ Na mg/l Atomic emission spectrometer – ICP-AES

Magnesium Mg2+ Mg mg/l Chinese Standard Methods for Examination of Water and 
Wastewater (GB3838-2002)

Chloride Cl- Cl mg/l Dionex Ion Chromatograph

Sulfate SO4
2- SO4 mg/l Dionex Ion Chromatograph

Bicarbonate HCO3- HCO3 mg/l Titration method

Alkalinity Alkalinity Alk mg/l Chinese Standard Methods for Examination of Water and 
Wastewater (GB3838-2002)

5 day bio-chemical 
oxygen demand

BOD5 BOD5 mg/l Chinese Standard Methods for Examination of Water and 
Wastewater (GB3838-2002)

Chemical oxygen 
demand

CODCr CODCr mg/l Chinese Standard Methods for Examination of Water and 
Wastewater (GB3838-2002)

Permanganate index CODMn CODMn mg/l Potassium permanganate index method-NEPB, 2002

Ammonium NH4
+ NH4 mg/l Nessler’s reagent-NEPB, 2002

Total nitrogen TN mg/l UV spectrophotometric method-NEPB, 2002

Nitrite NO2
- NO2 mg/l Chinese Standard Methods for Examination of Water and 

Wastewater (GB3838-2002)

Nitrate NO3
- NO3 mg/l UV spectrophotometric method-NEPB 2002

Phosphate PO4
3- PO4 mg/l Ascorbic acid method-NEPB 2002

Total phosphorus TP mg/l Ascorbic acid method-NEPB 2002

Silicate Si04
2- Si04 mg/l Chinese Standard Methods for Examination of Water and 

Wastewater (GB3838-2002)

Lead Pb mg/l Atomic absorption spectrophotometer-APHA 2005

Cadmium Cd mg/l Atomic absorption spectrophotometer-APHA 2005

Chromium Cr mg/l Atomic absorption spectrophotometer-APHA 2005

Aluminium Al mg/l Atomic absorption spectrophotometer-APHA 2005

Zinc Zn mg/l Atomic absorption spectrophotometer-APHA 2005

Copper Cu mg/l Atomic absorption spectrophotometer-APHA 2005

Mercury Hg mg/l Atomic absorption spectrophotometer-APHA 2005

Arsenic As mg/l Atomic absorption spectrophotometer-APHA 2005

Volatile phenols Phenol mg/l Chinese Standard Methods for Examination of Water and 
Wastewater (GB3838-2002)

E.	coli colonies/l Chinese Standard Methods for Examination of Water and 
Wastewater (GB3838-2002)
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4.2.2 Data analysis 

Water quality indicators were tested against the land use disturbance gradients within each river region (highlands, 
midlands and lowlands). Multiple regressions were performed separately for land use cover measured at the catchment 
and buffer scales. The best-fit model was chosen using a stepwise procedure based on p-values (a = 0.05) of the 
estimated predictor parameters (i.e. land use variables) in the models. 

Models were generated for pH; dissolved oxygen (DO); electrical conductivity (EC); suspended solids (SS); total 
dissolved solids (TDS); anions and cations (K, Ca, Na, Mg, Cl); alkalinity; oxygen demand variables (BOD5, CODCr, 
CODMn); nutrient concentrations (NH4, TN, NO2, NO3, PO4, TP); phenols; and faecal coliforms (E.	coli). Models were not 
generated for all of the measured water quality indicators. This was mainly due to missing data, such as heavy metal 
concentrations, which were not available for all sites. 

4.3 results
4.3.1 Correlation between Indicators 

In the highlands, strong positive correlations were detected between alkalinity, bicarbonate, conductivity, and calcium 
and magnesium cations (Spearman correlation coefficient > 0.8). TN and NO3 and TP and PO4 were also strongly and 
positively correlated in the highlands. Similar correlations were found in the midlands, but the suite of indicators was 
reduced to calcium and magnesium, alkalinity and bicarbonate, TP and PO4. In the lowlands, alkalinity and bicarbonate 
were also strongly and positively correlated, along with potassium and sodium cations, as well as conductivity and 
sodium cations.

Summary statistics for the observed values of water quality indicators sampled in May 2009 are provided in section 14.5 
in the appendix. 

4.3.2 Sensitivity of indicators to the disturbance gradients

Several water quality indicators showed predictable responses to the land use disturbance gradients. The regression 
models and response that fulfilled the criteria outlined section 3.6.2 are summarised in Table 4.2 and Figure 4.1.

Within the highlands and at the catchment scale, conductivity, SS, TDS, Ca, Na, Mg, and Alkalinity showed significant 
(p <0.05) linear regression with the percentage of urban (conductivity, Ca, Na, Alkalinity) and forested (TDS, SS, Mg) 
lands. In particular, conductivity showed a positive response to urban land cover; SS and TDS showed a negative 
response to forest cover. These results were both the expected responses. At the buffer scale, no water quality 
indicators showed significant responses to the land use disturbance gradient.

In the midlands at the catchment scale, DO, Cl, Na, SS, NH4, PO4, and E.	coli showed significant linear regression with 
land use cover. DO showed a positive response to forest cover; Cl, Na, SS, and PO4 showed a negative response. NH4 

and	E.	coli showed positive responses to urban and farmland cover respectively. At the buffer scale, SS, Na, phenols 
and E.	coli showed significant linear regression with the land use disturbance gradient. SS, Na and E.	coli showed 
positive responses to farmland cover; phenols showed a positive response to urban land cover

In the lowlands at the catchment scale, DO, conductivity, SO4, Cl, Na, NH4, and TP showed significant linear regression 
with land use cover. DO showed a negative response to ICLU cover; Na a positive response. The remaining variables 
showed positive responses to urban land cover. At the buffer scale conductivity, Na, Cl, BOD5, CODMn, TN, TP and 
PO4 all showed significant linear regression with the land use disturbance gradient. DO had a negative response to 
ICLU cover; the other oxygen demand variables showed a positive response. The remaining variables showed positive 
responses to urban land cover. Conductivity and Na both responded positively to urban land and ICLU cover (multiple 
regression).
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Table 4.2: Results of water quality indicator models conforming to criteria outlined in section 3.6.2.

Indicator Region Disturbance Response Adjusted R2 Significance

EC Highlands Urban (catchment) positive 0.35 <0.01

Lowlands Urban (catchment) positive 0.09 <0.10

Lowlands Urban and ICLU (buffer) positive 0.18 <0.10

SS Highlands Forest (catchment) negative 0.41 <0.001

Midlands Forest (catchment) negative 0.19 <0.05

Midlands Farmland (buffer) positive 0.18 <0.05

TDS Highlands Forest (catchment) negative 0.22 <0.05

Phenols Midlands Urban (buffer) positive 0.25 <0.05

DO Lowlands ICLU (catchment) negative 0.23 <0.05

Lowlands ICLU (buffer) negative 0.10 <0.10

BOD5 Lowlands ICLU (buffer) positive 0.29 <0.01

CODMn Lowlands Artificial ponds (buffer) positive 0.29 <0.01

PO4 Midlands Forest (catchment) negative 0.79 <0.001

Lowlands Urban (buffer) positive 0.28 <0.05

TP Lowlands Urban (catchment) positive 0.38 <0.01

Lowlands Urban (buffer) positive 0.15 <0.05

NH4 Midlands Urban (catchment) positive 0.17 <0.05

Lowlands Urban (catchment) positive 0.38 <0.05

TN Lowlands Urban (buffer) positive 0.38 <0.01

Alkalinity Highlands Urban (catchment) positive 0.38 <0.001

Ca Highlands Urban (catchment) positive 0.25 <0.01

Na Highlands Urban (catchment) positive 0.15 <0.05

Midlands Forest (catchment) negative 0.18 <0.05

Midlands Farmland (buffer) positive 0.38 <0.01

Lowlands ICLU (catchment) positive 0.31 <0.01

Lowlands Urban and ICLU (buffer) positive 0.31 <0.05

Mg Highlands Forest (catchment) positive 0.17 <0.05

Cl Midlands Forest (catchment) negative 0.13 <0.10

Lowlands Urban (catchment) positive 0.25 <0.05

SO4 Lowlands Urban (catchment) positive 0.35 <0.01

E.	coli Midlands Farmland (catchment) positive 0.17 <0.05

Midlands Farmland (buffer) positive 0.13 <0.10
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Figure 4.1: An example of a regression trend line between a water quality indicator (total phosphorus) and a 
disturbance gradient at the catchment scale (% urban land) in the lowlands. 

4.4 recommendations
Because of the high correlation between some variables (e.g. PO4 and TP), only one of each correlated pair was 
considered necessary to include in a river health program. In general, total nutrient concentrations (e.g. TP) were 
chosen over dissolved inorganic nutrient concentrations (e.g. PO4) as total nutrient concentrations tend to be used 
more widely in other river health assessment programs and dissolved concentrations can vary substantially through 
time due to natural ecosystem processes. This same criteria was applied to solids concentrations and SS was chosen 
in preference to TDS. SS concentrations will also vary greatly through space and time, and may need to be considered 
in a future monitoring program that incorporates intensive sampling rather than as an indicator measured only once or 
twice per year. In addition, NH4 concentrations in many of the sampling sites were considered to be at unacceptably 
high levels (for aquatic ecosystem health) and, therefore, may be worthwhile monitoring. However, it is important to note 
that as well as being subject to temporal and small-scale spatial variability, NH4 samples can become contaminated 
if not handled appropriately. Multiple replicates of NH4 samples are recommended to account for spatial variation 
within sites and to increase confidence in the results of laboratory analyses. In addition, correct sampling and analysis 
protocols must be followed, as is the case with all indicators. Due to the high concentrations found at many sites in this 
pilot study, and because NH4 can be directly toxic to aquatic biota, it is recommended that NH4, along with TN and TP, 
be considered for inclusion in an assessment program for each river region within the Taizi River Basin.

Other variables that showed a significant response to the disturbance gradient (alkalinity, anions and cations) may not 
be of great benefit in the monitoring and assessment program. This is because the variables, especially alkalinity, may 
reflect the natural geology in the region and, therefore, any response to a disturbance gradient would most likely be 
tenuous.

Although EC and DO concentrations did not show a response to the disturbance gradient in all three regions of the Taizi, 
these indicators have been used successfully in other programs. Including EC and DO in a monitoring and assessment 
program of all regions should be considered to give a general indication of water quality throughout the basin and 
through time. However, future programs may need to consider different ways of calculating DO indicators so that diel 
fluctuations do not confound health assessment scoring. For example, the range of DO concentrations measured over a 
24-hour period, along with the minimum concentration may together be incorporated into one indicator.

Phenols were responsive in the midlands only; however, the conceptual models suggest that industrial pollution is also 
of concern for aquatic ecosystem health in the lowlands of the Taizi River Basin. Therefore, phenols may be important to 
monitor and assess in both midland and lowland regions of the Taizi River Basin.

E.	coli	could be included as an indicator if the program monitored and assessed the river from a human health 
perspective. In addition, heavy metal concentrations (either dissolved in the water column or in the sediments) may be 
of use in future monitoring and assessment of aquatic ecosystem health if they can be measured effectively and show a 
response to the land use disturbance gradients.
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The final list of water quality indicators that show promise for a future ecosystem health monitoring and assessment 
program are shown in Table 4.3.

Table 4.3: Water quality indicators showing promise for a future ecosystem health monitoring and assessment 
program in the Taizi River Basin.

River region Water quality indicators

Highlands DO, EC, SS, TN, NH4, TP

Midlands DO, EC, SS, TN, NH4, TP, phenols

Lowlands DO, EC, BOD5, CODMn, TN, NH4, TP, phenols
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Chapter 5. benthic Algae as Indicators of 
ecosystem Health

5.1 background
Benthic algae are useful ecological indicators because they are abundant in most streams, they respond rapidly to 
changed conditions, are relatively easy to sample, and their tolerance to environmental conditions is known for many 
species due to the cosmopolitan distribution of many taxa (e.g. Whitton et al. 1991). Some periphyton (algae that are 
attached to a substrate, including benthic algae) as well as some phytoplankton (suspended algae) have been shown 
to have very narrow tolerance ranges of pH, and diatoms (one of the many taxonomic groups of algae) have been 
used to indicate acidification in rivers (Coste et al. 1991). The composition of algal communities (e.g. species richness, 
percentages of different taxonomic groups), especially of diatoms, are widely used as an indicators to assess river 
health. For example, diatoms are particularly popular as indicators in Europe, where numerous indicators have been 
developed that reflect changes in community composition along disturbance gradients with declining water quality 
(Griffith et al. 2005; Torrisi et al. 2010). 

5.2 Methods 
5.2.1 Sampling protocol and taxonomic identification

Benthic algae were collected from all available substrates and habitats at each site. The objective was to collect a single 
composite sample that represented the benthic algae community for each site. Nine stones (diameter ~ 25 cm) were 
collected from a river or stream section (defined as 150 m upstream and 150 metres downstream of the sampling site 
GPS location). The surface area within a 3.5 centimetre-diameter corer was brushed thoroughly and rinsed with a total 
of 500 ml of distilled water. All the subsamples were collected and put into one 500 ml plastic bottle. The sample was 
divided into two parts: one (450 ml) was preserved using a 4 per cent formalin aqueous solution for later identification 
and the other (50 ml) was filtered through a Whatman GF/C filter for chlorophyll a	analysis.	In	the	laboratory,	chlorophyll	
a	was	determined	by	spectrophotometry	after	acetone	extraction. 

In the laboratory, benthic algae were identified in two steps. Firstly, a direct counting method was used for ‘soft’ algae, 
using a 0.1-ml counting chamber and microscope. Secondly, diatoms were identified. Diatom slides were kept in a glass 
jar to oxidize the organic material with acid disposal. Within each diatom slide, a minimum of 300 valves were counted 
under high magnification oil emersion. Most of the benthic algae were identified to the species level, and several 
species were only identified to genus level, according to classification manuals of Hu and Wei (2006), Zhang and Huang 
(1991) and Zhu and Chen (2000).

5.2.2 Selection and calculation of algal indicators

A total of 217 species was identified from the Taizi River samples. Diatoms were the most dominant species (142 
species, 65.4 per cent of total species). Green algae were the second most dominant group with 47 species (21.7 per 
cent of the total species), and blue algae the third with 21 species (9.7 per cent of the total species). There were seven 
other species from other algal groups. 

The most dominant diatom taxa included Melosira varians, Diatoma vulgare, Cymbella ventricosa, Cymbella bustedti, 
Naviculla rhynehocephalia, Gomphonema sphaerophorum,Gomphonema olivaceum, Achnanthes minutissima, Synedra 
acus, Synedra ulna, Synedra ulna oxyrhynchus contracta, Nitzschia palea and Cocconeis placentula. The most 
dominant green and blue algae taxa included Scenedesmus quadricauda, Stigeoclonium tenue and Oscillatoria tenuis.

Most indicators were chosen for their ease of calculation and ability to describe diversity of taxonomic richness and 
evenness, the two fundamental concepts of diversity measurement (Magurran 1988). They included total richness (S, 
the number of different taxa), total density (D, abundance of all taxa per given area or volume), the Shannon-Weiner 
index (H, an indication of taxonomic evenness), and the Berger-Parker (BP) index, an indication of the most abundant 
taxon’s proportional dominance. The species richness of benthic algae (A_S) and the density of benthic algae (A_D) 
were calculated based on the sampling areas. The Shannon-Weiner diversity (H) and Berger-Parker index (BP) were 
calculated based on the equations below.

Shannon-Weiner diversity index:

Where pi equals the proportion of individuals within the ith taxon within a sample.
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Berger-Parker index:

where nmax equals the number of individuals within the most abundant taxon in a sample, and N equals the total 
abundance within a sample.

Two additional algal indicators based on biotic integrity (Karr 1981 and subsequent papers) were also calculated. The 
first of these (A_BI) was calculated as the percentage of motile diatoms (Barbour et al. 1999). This index was expressed 
as the relative abundance of monoraphidinales + biraphidinales + aulonoraphidinales. The three orders are associated 
with habitats that have a low level of disturbance. 

The second index of biotic integrity of benthic algae (A_BI2) was a multi-metric index constructed for the Taizi River 
based on unpublished research. ‘Reference’ (minimally and least disturbed) and disturbed sites were selected and 
sampled and the resultant data on algal assemblages was used to select the core indices that made up the multi-metric 
A_BI2. In general, these were the indices that had values corresponding to expected values for the reference and 
disturbed sites (see Barbour et al. 1999 for more detail). These indices include: total species richness; density of benthic 
algae; relative abundance of species richness of diatoms (%); relative abundance of species richness of Achnanthes 
(%); relative abundance of species richness of Oscillatoria (%); relative abundance of species richness of motile diatoms 
(%); and the relative abundances of species richness of both sensitive species and tolerant species (%). Based on 
these indices, the A_BI2 was then calculated for the pilot study: 

1. indices were calculated for each of the 70 sites sampled 

2. for each index, values were range standardised between 0 (representing the ‘worst’ health) and 1 (representing the 
‘best’ health)

3. for each site, the A_BI2 was then calculated as the sum of each index’s range-standardised value at that site. 

5.2.3 Data analysis

Algal indicators were tested against the land use (percentage cover at catchment and buffer scales), and secondary 
disturbance gradients (EC, DO, NH4, TN, TP). Within each river region, the combination of disturbance gradient 
parameters used within a model depended on the relevance or importance of each parameter to the region and results 
of correlation analyses. For example, forest and farmland cover at the catchment scale were not included together 
within model for the highlands or lowlands, as they were highly correlated. The best model fit was chosen using a 
stepwise procedure based on the AIC. 

5.3 results 
5.3.1 relationships within and among the algal indicators 

There appeared to be a positive correlation between algal density and the A_BI2, particularly within the highlands and 
lowlands. However, other indicators did not show strong correlation with each other. Density was transformed (square-
root) to meet assumptions of model testing. See section Relationships within and between biotic indicators of the 
appendix for results of correlation analyses.

5.3.2 relating algal indicators to the disturbance gradients

Indicators tested included density (D, square-root transformed), richness (S), BI, BI2, the BP Index and H. The expected 
directions of response of the indicators to the disturbance gradients and the results of models conforming to criteria 
outlined above (section 3.6.2) are provided in the tables and Figure 5.1 below. 
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Table 5.1: Expected direction of response (positive or negative) of algal  
indicators to the disturbance gradients included in model testing.

D* S H BI BI2 BP

Highlands Farmland (C) - - - - +

Forest (B) + + + + -

Urban (C) - - - - +

Urban (B) - - - - +

Water quality

EC - - - - +

DO + + + + -

Nutrients

NH4+ - - - - +

TP - - - - +

Midlands Farmland (C) - - - - +

Farmland (B) - - - - +

Forest (C) + + + + -

Forest (B) + + + + -

Urban (C) - - - - +

Urban (B) - - - - +

Paddy field 
(B)

- - - - +

EC - - - - +

DO + + + + -

NH4 - - - - +

TP - - - - +

Lowlands Farmland (C) - - - - +

Farmland (B) - - - - +

Forest (B) + + + + -

Urban (C) - - - - +

Urban (B) - - - - +

Paddy field 
(B)

- - - - +

EC - - - - +

DO + + + + -

NH4 - - - - +

TP - - - - +

TN - - - - +

*  Response may change depending on the level of disturbance, e.g. density may increase  
and then decrease in response to land use change or increasing concentrations of nutrients.
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Table 5.2: Results of algal models conforming to criteria outlined in section 3.6.2.

Indicator Region Disturbance Response Adjusted R2 Significance

A_BI2 Lowlands Farmland (catchment) negative 0.18 <0.05

Midlands DO positive 0.38 <0.01

Lowlands NH4 negative 0.15 <0.05

A_BP Lowlands Farmland (catchment) positive 0.18 <0.05

Lowlands EC positive 0.16 <0.05

Lowlands TP positive 0.14 <0.10

Figure 5.1: An example of a regression trend line between an algal indicator (A_BI2) and  
a disturbance gradient (dissolved oxygen concentration, mg/l) in the midlands.

5.4 recommendations
Although the amount of variation in algal indicators that could be explained by the disturbance gradients (for models with 
reasonable fits) was not very high (max = 38%), two indicators showed the expected responses. These were the algal 
A_BI2 (where high values reflect a healthy algal community, see section 5.3.2) and the BP Index (high values reflect 
communities dominated by one highly abundant species, see also section 5.3.2) These indicators did not have strong 
responses to the disturbance gradients in all river regions. However, they were not highly correlated with one another 
and they represent distinct aspects of ecological health in algal communities. It is recommended that they both be 
considered for use in the monitoring and assessment of all sites and regions in the Taizi River as they are still expected 
to inform our understanding of ecological health in the river system. 

Although multi-metric diatom indicators have shown responses to disturbance gradients in systems elsewhere (e.g. in the 
US, Fore and Grafe 2002), the appropriateness of using an Index of Biotic Integrity (IBI) multi-metric (such as A_BI2) may 
need to be reviewed in the future (see also Boulton 1999). This is because the recommendation for the A_BI2 is based on 
data collected from a small number of sampling sites (the initial study from which the core indices that make up the A_BI2 
were selected), and was subsequently applied to a region that has few sites in reference condition. Instead, some of the 
individual metrics that together constitute the index of biotic integrity (IBI) multi-metric may be more appropriate, particularly 
if their expected response to environmental stress and values can be established to provide a basis for scoring sites. 

Chlorophyll a concentration (as a surrogate measure of algal biomass) may also be worthwhile considering as an algal 
indicator, if it shows an expected and reasonable response to the disturbance gradient. For example, it may be possible 
to use chlorophyll a	concentration	together	with	isotopic	signatures	to	detect	nutrient	enrichment	and	nutrient	sources	
in	the	catchment	of	the	Taizi	River,	with	nitrogen	stable	isotope	ratios	frequently	being	enriched	by	sewage	discharge	
(Bergfur et al. 2009). In addition, other compositional, especially diatom, indicators that are widely used in Europe 
and have been trialled in other pilot projects (e.g. in the Pearl River pilot study) may be useful to explore as potential 
indicators of river health in the Taizi River Basin. However, while the sensitivity of these metrics is well established, 
they require relatively high levels of taxonomic expertise to identify specimens, and considerable lab work to process 
samples. In addition, it is important to recognise that sensitivity can vary regionally even within the same species. 
Therefore, application of these indicators in China requires further evaluation to revise existing sensitivity grades. For 
example, it has been shown that some diatom-based indicators do not perform as expected in limestone streams 
subjected to low levels of human disturbance (Eloranta and Soininen 2002). 
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Chapter 6. Aquatic Macroinvertebrates as 
Indicators of ecosystem Health

6.1 background
Aquatic macroinvertebrates are used throughout the world as biological indicators of river health. For example, 
there are over one hundred different bio-assessment methods used in Europe, two thirds of which are based on 
macroinvertebrates (Rosenberg and Resh 1993; Verdonschot 2000). Macroinvertebrates are found in most habitats, 
they tend to have limited mobility, they are reasonably easy to collect using well-established sampling methods, and 
they are a diverse group of aquatic fauna, which ensure a wide range of sensitivities to change in water quality and 
habitat (Hellawell 1986; Gippel & Speed, 2010).

After collecting benthic invertebrate samples, it is relatively straightforward to calculate a large number of different 
indicators. Previous studies suggest these indicators are frequently correlated with one another; therefore, a subset 
is generally appropriate for capturing the range of possible response patterns along gradients of disturbance (Bunn et 
al. 2010). The indicators that were calculated and used in this (current) pilot study are described briefly in this chapter. 
However, these indicators represent just a subset of all potential indicators. Rather than focusing on quantity (there 
are far too many to include them all), the emphasis for the pilot study was to adopt a final set of invertebrate indicators, 
selecting ones that show both predictable and consistent responses to the disturbance gradients, and that have a sound 
mechanistic explanation for such trends. A small number of reliable indicators with these properties will be far more 
effective than a longer list of less reliable or defensible ones.

6.2 Methods 
6.2.1 Sampling protocol and identification

Benthic macroinvertebrates were collected from 70 sites in May 2009 using a Surber net (30 cm × 30 cm, 500 μm mesh) 
and D-frame dip net (15 cm radius, 500 μm mesh). At wadeable sampling sites, three replicates were obtained by using 
the Surber net in riffles and shallow waters areas (< 40 cm deep). One other replicate was added by using the D-frame 
dip net in deeper waters (> 40 cm deep) to collect invertebrates over a 15-minute timeframe. For the non-wadeable 
sampling sites, three replicates were obtained using the Surber net in the shallow water areas (< 40 cm) along the 
riverside. One other replicate was collected with the D-frame deep net by scraping the surface of substrates in the deep- 
water areas. Each sample was separately put into a 1 L jar containing 70 per cent aqueous ethanol. 

In the laboratory, samples were rinsed through a sieve (500 μm mesh). The retained invertebrates were sorted 
and preserved in 70 pet cent aqueous ethanol. In general, macroinvertebrates were identified to genus. However, 
Chironomidae were only identified to the sub-family level, and Nematoda were not identified. Oligochaeta were identified 
as either Branchiura	sowerbyi	or	other	Oligochaeta.

6.2.2 Selection and calculation of macroinvertebrate indicators

A total of 103,207 individuals were identified in the laboratory. The 131 species of macroinvertebrates collected 
belonged to six classes, 21 orders, 70 families, and 105 genera. Dominant species were calculated separately for each 
of the sub-regions within the research area. For the highlands, Orthocladiinae, Baetis	thermicus and Serratella	rufa were 
the most dominant taxa. Orthocladinae, Oligochaeta, and Tanypodinae were the most dominant taxa in the midlands 
and Oligochaeta, Chironominae, and Gammarus sp. dominated in the lowlands. 

Total M_D was calculated for each sampling site based on the sampling area (0.09 m2 per replicate); the total number 
of taxa (identified to the family level) was also counted at each site (M_S), based on three replicates. The family level 
richness of EPT (Ephemeroptera, Plecoptera and Trichoptera) taxa was also calculated. Macroinvertebrate H and BP 
indicators were calculated as for algae (see Chapter 5). Two other indicators were calculated: BMWP and IBI.

To calculate the BWMP score (Hellawell 1986), each macroinvertebrate family was assigned a sensitivity grade, ranging 
from zero to 10, based on its sensitivity to organic pollutants. High sensitivity grades reflect pollution-sensitive families 
and low grades reflect pollution-tolerant taxa (Walley and Hawkes 1997). According to the presence or absence of 
different taxa for each site, the grades for all families sampled were then summed to give the overall BWMP score. The 
BWMP score indicates the sensitivity (or tolerance) of the macroinvertebrate community sampled, and the condition of 
the site. 
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Like the algal multi-metric A_BI2, the core indices of the benthic macroinvertebrate IBI (M_IBI) were selected for the 
Taizi River Basin based on a previous (unpublished) study of reference and disturbed sites. These sites were selected 
from a large list of possible indices (revised from Kerans and Karr 1994, Barbour et al. 1999, and Wang et al. 2005). Ten 
sites were selected, based on the methods outlined in the literature, to construct the multi-metric M_IBI. 

For the pilot study, the ten core indices were calculated for each site. For each index, the values between the 5th 
to 95th percentiles of the distribution were divided equally into two smaller ranges of data. Values outside the 5th to 
95th percentiles were allocated the values 1 (good) or 4 (critical), depending on the direction of the index’s expected 
response to disturbance (Table 6.1). The two ranges in between the 5th to 95th percentiles were allocated the values 
2 and 3, again depending of the direction of the expected response to disturbance. For each site, the allocated values 
(‘scores’) for each of the ten indices were summed to give each site a M_IBI value. Therefore, the highest M_IBI a site 
could attain in the Taizi River Basin was 40 (good condition) and lowest value was 10 (critical condition).

All together, seven macroinvertebrate indicators (M_D, M_S, M_EPT_S, M_H, M_BP, M_BWMP and M_IBI) were used 
in the trial sampling program for the Liao River pilot study.

Table 6.1: The ten indicators that make up the benthic macroinvertebrate index of biotic integrity (M_IBI) and 
the scores allocated to calculate the M_IBI.

Core indicator Range 
(min-max)

Allocated scores based on the 5th–95th percentile range of data

1 (critical) 2 (poor) 3 (fair) 4 (good)

Total taxa richness 1–50 <8 9–17 18–25 >25

Species richness of Trichoptera 0–12 <2 3–5 6–8 >8

Relative abundance of Trichoptera 0–24.38% <2.80% 2.81–5.59% 5.60–8.39% >8.39%

Relative abundance of EPT 0–82.43% <15.18% 15.19–30.35% 30.36–45.53% >45.53%

Relative abundance of Chironomidae 0–96.31% >70.24% 46.84–70.24% 23.41–46.83% <23.41%

Relative abundance of Oligochaeta 0–100.00% >71.73% 47.83–71.73% 23.91–47.82% <23.91%

Relative abundance of tolerant 
species (Mandaville 2002) 

0–75.00% >36.76% 24.52–36.76% 12.25–24.51% <12.25%

Relative abundance of Predators 0–48.91% <4.75% 4.75–9.49% 9.50–14.24% >14.24%

Relative abundance of Clingers 0–53.15% <9.31% 9.31–18.62% 18.63–27.94% >27.94%

Shannon diversity (H) 0–3.81 <0.78 0.78–1.57 1.58–2.35 >2.35

6.2.2 Data analysis

All seven macroinvertebrate indicators were tested against the land use (percentage cover at catchment and buffer 
scales) and secondary disturbance gradients (EC, DO, NH4, TN, TP). Within each river region, the combination of 
disturbance gradient parameters used within a model depended on the relevance or importance of each parameter to 
the region and results of correlation analyses. For example, forest and farmland cover at the catchment scale were not 
included together within model for the highlands or lowlands, as they were highly correlated. The best model fits were 
chosen based on the AIC. 
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6.3 results 
6.3.1 relationships within and among the macroinvertebrate indicators

There appeared to be strong correlation between some pairs of macroinvertebrate indicators, in particular between 
the BMWP score and both macroinvertebrate and EPT family richness. The H index was also negatively and strongly 
correlated with the BP index. Density was log-transformed to meet assumptions of analyses. Correlation results and 
figures are provided in the appendices.

6.3.2 relating macroinvertebrate indicators to the disturbance gradients

Indicators tested included D (log transformed); S; family level EPT richness (EPT_S); the IBI; the BWMP score; the BP 
index BP; and H. The expected directions of response of the indicators to the disturbance gradients and the results of 
models conforming to criteria outlined above (section 3.6.2) are provided in Table 6.2, Table 6.3 and Figure 6.1.

Table 6.2: Expected direction of response (positive or negative) of macroinvertebrate  
indicators to the disturbance gradients included in model testing.

D S EPT_S H IBI BWMP BP

Highlands Farmland (C) - - - - + - +

Forest (B) + + + + - + -

Urban (C) - - - - + - +

Urban (B) - - - - + - +

EC - - - - + - +

DO + + + + - + -

NH4 - - - - + - +

TP - - - - + - +

Midlands Farmland (C) - - - - + - +

Farmland (B) - - - - + - +

Forest (C) + + + + - + -

Forest (B) + + + + - + -

Urban (C) - - - - + - +

Urban (B) - - - - + - +

Paddy fields 
(B)

- - - - + - +

EC - - - - + - +

DO + + + + - + -

NH4 - - - - + - +

TP - - - - + - +

Lowlands Farmland (C) - - - - + - +

Farmland (B) - - - - + - +

Forest (B) + + + + - + -

Urban (C) - - - - + - +

Urban (B) - - - - + - +

Paddy field 
(B)

- - - - + - +

EC - - - - + - +

DO + + + + - + -

NH4 - - - - + - +

TP - - - - + - +

TN - - - - + - +
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Table 6.3: Results of macroinvertebrate models conforming to criteria* 

Indicator Region Disturbance Response Adjusted R2 Significance

M_S Lowlands Forest (buffer) positive 0.33 <0.0001

Highlands EC negative 0.15 <0.0001

Highlands TP negative 0.32 <0.0001

Lowlands NH4 negative 0.38 <0.0001

M_BWMP Lowlands Forest (buffer) positive 0.48 <0.001

Highlands EC negative 0.21 <0.05

Highlands TP negative 0.27 <0.05

M_EPT_S Lowlands Forest (buffer) positive 0.59 <0.0001

Highlands EC negative 0.16 <0.0001

Highlands TP negative 0.38 <0.0001

M_BP Midlands DO negative 0.13 <0.1

* outlined in section 3.6.2.

Figure 6.1: An example of a regression trend line between a macroinvertebrate indicator (M_EPT_S) and a 
disturbance gradient (electrical conductivity, μS/cm) in the highlands.

6.4 recommendations
Although the amount of variation in macroinvertebrate indicators that could be explained by the disturbance gradients 
(for models with reasonable fits) was never higher than 59 per cent, four indicators showed reasonable responses. 
These were the macroinvertebrate family level richness (M_S); the BWMP score; family-level EPT richness; and the 
BPI. These indicators represent overall assemblage richness, sensitivity to pollutants and poor water quality, richness 
of sensitive taxa, and composition dominated by one taxon. No single index showed a reasonable response to the 
disturbance gradients across all river regions. BWMP was highly correlated with the richness indicators, so it may not 
provide any additional information on invertebrate sensitivity than EPT richness. However, it has shown promise as an 
index of river health in other north-east Asia studies (e.g. Park et al. 2007), as have EPT indicators. Although the BPI 
showed a reasonable response to dissolved oxygen concentration in the Midlands, the response was weak. Therefore, 
it is recommended that macroinvertebrate family level richness, the BWMP score and family level EPT richness each be 
considered for use in the monitoring and assessment of all sites and regions in the Taizi River as they are expected to 
inform our understanding of ecological health in the river system. 
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Chapter 7. Freshwater Fish as Indicators of 
ecosystem Health

7.1 background 
Fish have valuable properties as indicators because they have a range of sensitivities to water quality and habitat 
deterioration, they are relatively easy to sample and identify in the field, and they tend to integrate effects of lower 
trophic levels (i.e. their prey items such as macroinvertebrates and algae). Therefore, fish-based indicators are 
considered useful, and are widely used to measure environmental health (Barbour et al. 1999). Because fish typically 
move over larger spatial areas and are comparatively long-lived, they are also suited to assessing macro-habitat and 
regional differences, and for integrating the effects of long-term changes in stream health (Kennard et al. 2005). Fish 
are also highly valued socially and economically, and there is often pressure to incorporate them into river health 
assessment programs. 

7.2 Methods
7.2.1 Sampling protocol and identification

Fish communities were collected using electronic fishing methods in upstream and middle regions of the Taizi River 
Basin. At each site, fish were collected during a total of 30 minutes electro-fishing conducted within a 300 m long 
sampling reach. Each site was fished in an upstream direction, collecting fish from wadeable habitats only. Electrofishing 
was undertaken by two people using a backpack: the electrofisher and a netter, who collected all stunned fish using 
a hand net. In the downstream regions, 13 sites had stream depths greater than 1.5 m and, therefore, could not be 
efficiently sampled using electrofishing techniques. Instead, six to eight nets (mesh size approximating 5 mm) were 
deployed randomly within the 300 m sampling section and left for 30 minutes while the surface water was disturbed in 
a downstream to upstream direction using the boat. All collected fish were identified, enumerated, and weighed onsite. 
Rare or unknown species were preserved with 4 per cent formalin for identification in the laboratory. All other fish were 
returned to the water near their point of capture.

7.2.2 Selection and calculation of fish indicators

Due to the semi-quantitative sampling methods used for the fish communities, the density of fish was not used, but 
individual numbers were used instead (N). The S, H and Berger-Parker index indicators were calculated following 
methods outlined for algae and macroinvertebrates. However, it is important to note that calculation of fish abundance, 
species richness and other diversity metrics like H and BP are affected by sampling effort and technique. Therefore, the 
different sampling techniques used in this study may affect the calculation of such indicators. Alternate indicators were 
trialled in the Pearl River pilot study and these are discussed in the recommendations in section 7.4.

The fish index of biotic integrity (F_BI) was also calculated as an indicator, based on five core indices that were selected 
based on results of a previous (unpublished) study of ‘reference’ and disturbed sites in the Taizi River Basin (see also 
the algal A_BI2 and the macroinvertebrate IBI). The five core indices were: 

1. total species richness 

2. total biomass 

3. relative abundance of Leuciscinae taxa, including Zacco	platypus,	Phoxinus	lagowski,	Phoxinus	czekanowskii	and	
Leuciscus	waleckii (%) 

4. relative abundance of tolerant taxa, including Misgurnus	anguillicaudatus, Carassius	auratus cuvieri	and Carassius	
auratus (%)

5. relative abundance of widely distributed species (Phoxinus	lagowskii	and	Phoxinus	czekanowskii). 

A rating system was then used to allocate scores to the observed values of each of the five indices at each of the 
reference and disturbed sites that were sampled (Table 7.1; Karr 1981, Barbour et al. 1999). The rating were:

• 5 – reference site 
• 3 – in between a reference site and a disturbed site
• 1 – a disturbed site.

In the pilot study, the F_BI of each site was calculated by determining the values of each core index, converting these 
values to the relevant score (5, 3 or 1) and then summing the scores for each of the five indices. Therefore, for the F_BI 
in the Taizi River Basin, the highest (good) value that could be attained was 25, the lowest (poor) value was 5. 
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Table 7.1: The core indices and the 5, 3, 1 scoring system used to calculate the  
fish Index of Biotic Integrity (F_BI) in the pilot study.

5 3 1

Total species richness >4.75 2.375~4.75 <2.375

Total biomass >39.25 20~39.25 <20

Relative abundance of Leuciscinae taxa >20.75 11~20.75 <11

Relative abundance of tolerant taxa <8.25 8.25~45 >45

Widely distributed species >6.5 3.25~6.5 <3.25

7.2.3 Data analysis

Fish indicators were tested against the land use (percentage cover at catchment and buffer scales), and secondary 
disturbance gradients (EC, DO, NH4, TN, TP). Within each river region, the combination of disturbance gradient 
parameters used within a model depended on the relevance or importance of each parameter to the region and results 
of correlation analyses. For example, forest and farmland cover at the catchment scale were not included together 
within model for the highlands or lowlands because they were highly correlated. The best model fits were chosen based 
on the AIC.
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7.3 results
7.3.1 relationships within and among the fish indicators

There appeared to be strong positive correlation between the H index and fish species richness (S) and negative 
correlation between the fish H and BP metrics. In general, this would suggest that the H index may be redundant as a 
fish indicator. Values of fish indicators were generally well distributed across sites within each of the river regions.

7.3.2 relating fish indicators to the disturbance gradients

Indicators tested included fish abundance (N); S; Biotic Integrity (BI); the BP index; and H. The expected directions of 
response of the indicators to the disturbance gradients and the results of models conforming to criteria outlined above 
(section 3.6.2) are provided in Table 7.2 and Table 7.3 and Figure 7.1.

Table 7.2: Expected direction of response (positive or negative) of fish  
indicators to the disturbance gradients included in model testing.

N S H BI BP

Highlands Farmland (C) - - - - +

Forest (B) + + + + -

Urban (C) - - - - +

Urban (B) - - - - +

EC - - - - +

DO + + + + -

NH4 - - - - +

TP - - - - +

Midlands Farmland (C) - - - - +

Farmland (B) - - - - +

Forest (C) + + + + -

Forest (B) + + + + -

Urban (C) - - - - +

Urban (B) - - - - +

Paddy fields 
(B)

- - - - +

EC - - - - +

DO + + + + -

NH4 - - - - +

TP - - - - +

Lowlands Farmland (C) - - - - +

Farmland (B) - - - - +

Forest (B) + + + + -

Urban (C) - - - - +

Urban (B) - - - - +

Paddy fields 
(B)

- - - - +

EC - - - - +

DO + + + + -

NH4 - - - - +

TP - - - - +

TN - - - - +
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Table 7.3: Results of fish models conforming to criteria outlined in section 3.6.2.

Indicator Region Disturbance Response Adjusted R2 Significance

F_N Highlands DO positive 0.17 <0.0001

Lowlands Urban (buffer) negative 0.32 <0.0001

Lowlands EC negative 0.21 <0.0001

Lowlands TP negative 0.28 <0.0001

F_S Lowlands Farmland (catchment) negative 0.40 <0.0001

Lowlands TP negative 0.28 <0.0001

F_BI Lowlands Forest (buffer) positive 0.42 <0.001

Lowlands EC negative 0.38 <0.01

Lowlands NH4+ negative 0.64 <0.0001

F_H Lowlands Farmland (catchment) negative 0.46 <0.001

Lowlands EC negative 0.21 <0.05

Lowlands TP negative 0.36 <0.05

F_BP Lowlands Farmland (catchment) negative 0.25 <0.05

Figure 7.1: An example of a regression trend line between a fish index (total species richness) and the 
disturbance gradient (total phosphate concentration, mg/l) in the lowlands.

7.4 recommendations
For models with reasonable fits, the amount of variation in fish indicators explained by the disturbance gradients ranged 
from 17 to 64 per cent, with reasonable responses from all indicators (fish abundance, species richness, the BI, H and 
the BP Index). However, responses were generally only found in the lowlands (in which the greatest number of different 
species (13) was recorded). In addition, the fish H index was strongly correlated with both species richness (positively) 
and BP (negatively). The remaining four indicators respectively represent total abundance of all fish species, species 
richness, fish biotic integrity and fish composition dominated by one taxa; they represent distinct aspects of ecological 
health in fish communities. It is recommended that all of these indicators be considered for use in the monitoring and 
assessment of all sites and regions in the Taizi River as they are still expected to inform our understanding of ecological 
health in the river system. 

The appropriateness of using an IBI multi-metric may need to be reconsidered; however, like the algal and 
macroinvertebrate IBIs, its calculation is based on data collected from a small number of reference and disturbed sites. 
The criteria used to score and calculate these sorts of multi-metric indicators should be based on high quality historical 
data from minimally disturbed sites across an appropriate spatial and temporal scale (Barbour et al. 1999). As such, the 
fish IBI may need further refinement and subsequent testing for use in the Taizi and Liao River Basins, and its current 
scoring criteria is unlikely to be appropriate for regions outside the Liao River Basin. However, direct use of some of the 
individual metrics trialled to calculate the F_BI may have potential as indicators, particularly if there is an understanding 
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about their expected response to environmental stress and values to benchmark river health in the study region can 
be established. For example, the proportion of introduced or migratory species, and changes in the relative number 
of pollution sensitive taxa (e.g. Barbour et al. 1999; Flotemersch et al. 2006) may show promise. However, with the 
exception of exotic species, these indicators depend on the development of expected reference values that may be 
difficult to develop unless historical data can be accessed.

Establishing target values for fish abundance (F_N) that represent ‘good ecosystem health’ may be difficult, and the 
index itself may be affected by sampling effort. Therefore, fish abundance may not be an appropriate index to include in 
a future health assessment program, despite its apparent response to the disturbance gradient in the pilot study. New, 
innovative fish indicators may be more appropriate, and some of these have been trialled elsewhere in China.

Indeed, there are specific challenges that arise in comparison to macroinvertebrates and algae (e.g. diatoms) in relation 
to sampling fish. Because of their small size and limited movement, it is possible to sample macroinvertebrates and 
algae easily in the field to provide consistent and repeatable results with relatively little sampling effort. Notably, both 
types of indicators generally require additional laboratory work to finalise identifications. In contrast, while fish are easily 
identified in the field, typically a greater sampling effort is required to provide consistent measures of abundance and 
community composition (e.g. Kennard et al. 2005). In addition to the greater effort required, differences in stream size 
will typically necessitate different sampling approaches. These issues can be problematic for calculating indicators 
based on abundance, biomass or species richness, all of which are sensitive to sampling effort. 

While most river health indicators reflect properties of biological assemblages, indicators that assess individual condition 
(or health) are frequently applied to fish. As with other taxa, as fish grow and age, there are generally predictable 
changes in both their length and weight. This general relationship can, however, change depending on the condition 
or relative health of the individual. Conceptually, one would expect healthier fish to weigh relatively more for a given 
length than fish in poor condition (Figure 7.2). This general rule is complicated by potential sexual dimorphism and also 
changes in weight associated with spawning. However, assuming sampling times do not coincide with spawning period 
then fish condition has been shown to relate well to some forms of stream degradation. This approach may provide the 
basis for using fish as an indicator of river health.

Figure 7.2: Hypothetical length-weight relationship for a given species, with residuals around a common 
regression line being used to indicate fish in relatively good or poor condition.

As well as changes in weight-based condition, fish in poor health are often more prone to infection by parasites and 
disease. Lesions and the presence of parasites are another example of an easily measured indictor of potential poor 
health, particularly the proportion of individuals caught at a site that suffer from these problems.

Finally, at a sub-individual level, tissue samples can be used to test for the presence of heavy metals, both as a measure of 
exposure of the organism to these stressors in the environment, but also as a measure of the risks posed to humans who 
may rely on the fish as a source of protein. The use of tissue samples in pilot studies and river health programs will depend 
on the cost and ease with which samples can be transported to a suitably equipped laboratory for processing. 

An additional option for using fish as an indicator of river health is the adoption of a ‘young of year’ (YOY) recruitment 
index. This method was not tested in the Taizi pilot study, but a small trial was conducted in the Hun River Basin, which 
also forms part of the Liao River Basin. That trial showed that there is significant potential for using fish as an indicator 
of river health. This methodology, and a brief summary of the results, is included in section 14.8 in the appendix. 

Drawing on the findings of other pilot studies in China for alternate fish indicators would be of benefit to investigating 
the suitability and usefulness of these new indicators (e.g. their ease of calculation, their response to disturbance) in the 
Taizi River Basin.
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Chapter 8. riverine Vegetation as Indicators of 
ecosystem Health

8.1 background
Riverine vegetation refers to plants in the river channels and riparian zones, which includes riverbanks, the floodplain 
and its wetlands, and other fluvial landforms inundated by bank-full discharge (Hupp and Osterkamp 1996). Reflecting 
the broad range of environmental conditions (Richardson	et al. 2007), riverine flora is typically very diverse (Hughes 
1997; Naiman and Décamps 1997). All riverine vegetation provides an important role for both the structure and function 
of river ecosystems (Barling and Moore 1994; Naiman and Décamps 1997; Pen 1999; Hood and Naiman 2000; 
Richardson	et al. 2007). The services that riverine vegetation provides are crucial for ecosystem health and are highly 
valuable to humans (McComb and Lake 1990). Some of the main services provided by riverine vegetation include: 

•	 Habitat: Living and dead vegetation provides habitat for other biota. For example, the vegetation acts as a substrate 
for algae and invertebrates, and it can create pools and backwaters of low velocity suitable for fish and turtles. 

•	 Source	of	energy	and	nutrients:	In-stream and riparian vegetation provide a source of carbon, nutrients and energy, 
and helps to form the basis of aquatic (and terrestrial) food webs.

•	 Water	filtration:	Riparian vegetation	provides a buffer zone that filters sediments and controls nutrients. In-stream 
vegetation acts like a sewage treatment plant by filtering water and improving its quality. 

•	 Channel	and	riverbank	stabilisation:	Shoots and particularly roots of riverine vegetation stabilise stream channels 
and banks. 

•	 Dispersal	corridors:	Intact	strips of riparian vegetation provide a corridor for the movement of animals. 

•	 Moderation	of	stream	temperature:	Vegetation	can moderate stream water temperature through evapotranspiration 
and shading. 

The health of riverine vegetation is threatened by numerous processes that occur both inside and outside the river. 
Threats include hydrological modification, water pollution and disturbance caused by recreation and navigation along 
the river; catchment land use practices that leads to vegetation clearing; livestock grazing and trampling; water pollution 
(including eutrophication); increased sediment deposition; and invasion by alien plants that can reduce native plant 
cover and diversity and alter the structure and function of riparian plant communities (for examples see: Robertson 
1997; Carpenter	et al. 1998; Hood and Naiman 2000; Ogden 2000; Jansen and Robertson 2001; Richardson	et al. 
2007; Merritt	et al. 2010; Catford	et al. 2011; Quinn	et al. 2011). 

Riparian vegetation provides numerous ecosystem services and functions, so disturbance and loss of riparian 
vegetation can impede river health. Assessing the condition of riparian vegetation can indicate the extent of human 
modification and disturbance that a riverine ecosystem has experienced, but it also indicates when a riparian ecosystem 
is in good condition or not. A dense, continuous, wide strip of riparian vegetation indicates good riparian condition. 
Large, mature trees usually indicate a lack of disturbance in the last few decades, and high numbers of young trees 
(saplings) indicate successful reproduction and suggest continued health of the riparian vegetation. 

Herbaceous vegetation that grows in the river channel (macrophytes) can indicate in-stream river health. Lack of in-
stream vegetation may relate to stressors like poor water quality, pressure from grazing and trampling, and dredging of 
the stream channel for gravel and sand. High abundance of free-floating plants usually indicates eutrophication. 

8.2 Methods 
Vegetation was not surveyed as part of the river health assessment in the Taizi River catchment, so neither methods 
nor results for the Taizi River are included in this report. However, river health vegetation surveys were conducted at 
sites along the Hun River, a neighbouring catchment also located within the Liao River Basin. To illustrate potential 
field methods that could be used for the Taizi River and other rivers, the field methods used in the Hun River survey are 
described below. 

At each field site, vegetation was surveyed in three 50 m sections within one 500–1000 m reach. All measurements and 
estimates were made for the three 50 m sections, and averaged across the reach to give a single value for the field site. 

At each of the three sections, the width of the riparian vegetation was measured with a range finder, the longitudinal 
extent (or continuity, i.e. the inverse of fragmentation) was scored from 0 to 5 (0 = no vegetation 1 = isolated/scattered, 
2 = regularly spaced, 3 = occasional clumps, 4 = semi-continuous, 5 = continuous), and the cover abundance of trees, 
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shrubs and herbs was estimated. Values for these measures and estimates were recorded for both the left and right 
banks, and together they indicate the condition of the riparian zone including its capacity to filter inflowing water and 
provide habitat, shelter and food for other organisms. In addition, the average and maximum tree height, and number 
of saplings (young trees) were recorded at each section. The name of the dominant tree species and a general site 
description were also recorded. 

The cover abundance of in-stream vegetation (macrophytes) was estimated in each 50 m section. Macrophytes were 
split into three broad categories (submerged, floating, emergent) and were further divided into 14 types. The functional 
diversity of the macrophyte groups can be calculated using the Shannon-Weiner diversity index. 

8.3 results 
Vegetation surveys were not conducted in the Taizi River catchment, so no results are reported. 

8.4 recommendations
8.4.1 riparian vegetation 

There are several advantages of using the condition of riparian vegetation to gauge river health (Table 8.1). Measures 
are non-destructive and can be remotely sensed or collected in the field. It is relatively easy to estimate vegetation 
continuity, cover, structural diversity and reproductive success (e.g. seedling and sapling density) in the field, and 
detailed taxonomy is not necessarily required. Unlike other measures of river health, long-lived plant species (namely 
trees) can integrate disturbance signals over mid to long time periods. As with any type of survey, some training will be 
required to ensure that all assessors use the same approach. 

Reflecting the important services that riparian vegetation provides (as well as its inherent value), we recommend 
that river health assessments include measures of longitudinal extent (continuity) of riparian vegetation, its width 
and structural composition and abundance (i.e. cover abundance of trees, shrubs and herbs). Estimates of tree size 
class and recruitment (tree maturity and longevity) and invasive species cover will also be informative. Categorical 
assessment of land use and vegetation types in channel, banks, and floodplain will help to ground-truth data gathered 
from remote sensing or GIS layers. 

8.4.2 In-stream vegetation 

On-site assessments of in-stream vegetation can provide valuable information at the scale of an individual site because 
most plants are sessile, and assessments are relatively easy to undertake. However, the abundance and distribution of 
in-stream vegetation are naturally variable in both space and time, and relate to many environmental factors. Detailed 
assessments are therefore required to gain an accurate picture of river health at the site-level, and assessments are 
ideally conducted in the warmest, wettest season. As such, other river health indicators that have stronger, more direct 
effect-response relationships that are better understood (e.g. macroinvertebrates, water quality) may be preferable 
in the short term, with two exceptions (noted below). This does not preclude incorporating in-stream vegetation into 
assessments in the future, and they will be particularly valuable if metrics that measure other primary producers are not 
used (e.g. algae). 

We recommend that the presence and cover abundance (percentage of water surface covered, categorical estimates) 
of free-floating macrophytes be recorded at sites (Table 8.1). Their presence can indicate high nutrients levels, and they 
may prevent light reaching aquatic algae annulling the ability of algal indicators to detect poor water quality. Although 
they are unlikely to reach high abundances in northern China due to its cool climate, many floating plant species are 
invasive and pose a threat to native species diversity, can alter the structure and function of river ecosystems, can 
clog irrigation channels and ponds and impede navigation. Abundance of macrophytes changes throughout the year 
in response to flow and flood regimes, light and temperature. It is therefore preferable to conduct assessments at the 
same time of year (the warmest period) to enable comparisons. However, if not possible, even recording the presence 
of free-floating macrophytes will be informative. 

We also recommend that remotely sensed data of macrophyte distribution and abundance be examined, if available. 
Collection of such data is non-destructive, does not rely on detailed knowledge of taxonomy and has no ethical issues. 
It can show spatial and temporal trends in river health at a high spatial resolution but over a large area (i.e. large spatial 
extent). Reflecting the strong seasonality of macrophyte growth, remote sensing images of in-stream vegetation are only 
comparable if taken at the same time of year. This data can be ground-truthed in the field (and dominant species and 
communities potentially identified). 
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Table 8.1: Suggested indicators to rapidly assess riverine vegetation condition, including quantification and 
references for example scheme.

Indicators Quantification method References 

Riparian vegetation 

Structural composition and 
abundance 

% cover (categorical) of trees, shrubs 
and ground layer (includes forbs, 
grasses, ferns) 

Norris and Thoms 1999; Dixon et al. 
2006; Gibbons and Freudenberger 
2006; McElhinny et al. 2006; Jansen 
et al. 2007

Longitudinal extent or continuity Qualitative categories Ladson et al. 1999; Norris and 
Thoms 1999; Jansen et al. 2007

Width of riparian zone (channel, 
banks, floodplain)

Measured or estimated (categorical) Ladson et al. 1999; Norris and 
Thoms 1999; Jansen et al. 2007

Land use/vegetation types (channel, 
banks, floodplain)

Categorical, e.g. native forest, 
plantation, cropping, urban, industrial

Norris and Thoms 1999

Recruitment of trees Counts of seedlings and saplings 
(categorical)

Ladson et al. 1999; Dixon et al. 2006; 
McElhinny et al. 2006

Tree size class Based on trunk diameter or tree 
height, measured or estimated 
(categorical)

Dixon et al. 2006; Gibbons and 
Freudenberger 2006; McElhinny et 
al. 2006; Jansen et al. 2007

Alien species cover (including high 
threat species)

% cover estimates (categorical) Ladson et al. 1999; Dixon et al. 
2006; Gibbons and Freudenberger 
2006; Jansen et al. 2007; Victorian 
Government 2009

In-stream macrophytes

Presence and abundance of different 
functional groups (optional) 

% cover estimates (categorical; field 
estimates)

Norris and Thoms 1999

Presence and abundance of free 
floating macrophytes

% cover estimates (categorical; field 
estimates)

Distribution and abundance of 
macrophytes (split into groups if 
possible) 

Remote sensing (images only 
comparable if taken at same time of 
year: ideally early summer)
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Chapter 9. Assessment of Hydrology

9.1 background
Hydrology is an important controlling variable of the health of biota in streams, so it is often included in river health 
assessment programs. Hydrology can be assessed for the purpose of providing contextual information that aids 
interpretation of ecological data, or it can be included as a component of a river health index. In regulated rivers the 
hydrology is at least partly manageable, so in this situation, one potential benefit of a hydrological assessment is 
identification of aspects of hydrological management that can be altered for the benefit of the ecology.

Four different approaches were trialled on the Taizi River main stem for characterising hydrology from the perspective of 
stream health. The work is detailed in Gippel et al. (2011a), and a summary is provided here.

9.2 Catchment hydrology
There are nine reservoirs in the Taizi River catchment: Guanyinge Reservoir, Shenwo Reservoir, Tanghe Reservoir, 
Sandaohe Reservoir, Guanmenshan Reservoir, Shangying Reservoir, Yingfang Reservoir, Shanzui Reservoir and 
Guanmenlazi Reservoir, of which Guanyinge, Shenwo and Tanghe Reservoirs are used for hydroelectric power 
generation (Figure 9.1). Also, these three are the only reservoirs with total capacities exceeding 1 × 108 m3. 

Figure 9.1: Location, year of closure, and total capacity of the three major dams in the Taizi River catchment. 

The Liao River Basin is located in the temperate zone, where a distinctly seasonal monsoon climate prevails. Spring 
and summer are mild while the winter between November and March is extremely cold. Precipitation increases from 
northwest to southeast. The average annual precipitation is between 350 and 1200 mm. Between 70 and 80 per cent 
of annual precipitation occurs in the period June to September and 50 per cent occurs in the period July to August 
(IRTCES 2004). Floods are mainly induced by monsoon storms in July and August. This two-month period typically 
accounts for 90 per cent of the annual storms within the Liao River basin (LUCRPO et al. 2001). 

Based on the dates of dam closure (Figure 9.1), the flow records for each gauge were separated into regulation phases 
(Table 9.1). For reach 1, Guanyinge Dam to Shenwo Reservoir, only two regulation phases apply, pre-Guanyinge (i.e. 
pre-1995) and post-Guanyinge (i.e. post-1995), while the other three reaches had three phases of regulation. Note 
that the Benxi reach was affected by regulation of a tributary from 1972 when Sandaohe dam began operation. This 
reservoir is relatively small in capacity, having only 1% of the capacity of Guanyinge Reservoir, so a separate regulation 
phase was not defined post-1972. 
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Table 9.1: Taizi River regulation phases.

Regulation phase Period

1. Pre-Tanghe/Shenwo Pre-1969

2. Post-Tanghe/Shenwo 1973–1994

3. Post-Guanyinge 1996–2007

A comparison of median daily discharge for each day of the year suggests that regulation of the river in the post-
Guangyinge dam phase (which is also post-Tanghe/Shenwo at Liaoyang, Xiaolinzi and Tangmazhai gauges) was 
associated with a high degree of flow alteration (Figure 9.2). Flow regulation shifted flow seasonality, reduced overall 
discharge, increased flows in May, increased low flows at Benxi, and reduced high flows at all gauges. It would be 
expected that indicators of flow alteration should be capable of highlighting these basic changes.

Figure 9.2: Median discharge calculated for each day of the year for two Taizi River gauges before dam 
regulation and after Guanyinge Dam (post-1995). 
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9.3 Methods
Four contrasting approaches were taken to hydrological characterisation:

1. applying an existing rapid method of characterising hydrological alteration, the Flow Stress Ranking (FSR) 
procedure

2. applying the Chinese Hydrology and Water Resources Index (HD), which has been proposed for a nation-wide river 
health assessment program

3. developing a suite of flow deviation indicators based on historical monthly flows, the Index of Flow Deviation (IFD)

4. developing a method that used environmental flows compliance testing as a river health index, the Index of Flow 
Health (IFH).

The IFH approach offers a fundamentally different way of assessing hydrology compared to the FSR, HD and IFD 
approaches. The FSR, HD and IFD approaches attempt to answer the question:

	 Are	general	ecologically	important	hydrological	parameters	impaired	in	the	flow	regime?

The IFH approach attempts to answer the question:

	 Are	specific,	locally	ecologically	important	hydrological	parameters	present	in	the	flow	regime?
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9.4 results 
9.4.1 Flow Stress ranking 

The FSR scores showed some promise as meaningful indicators of hydrological change (e.g. Figure 9.3). The indicators 
characterised the aspects of the flow regime normally considered to be important for ecological river health (Poff et 
al.1997). 

Figure 9.3: Results of FSR flow stress scores for Benxi and Liaoyang gauging stations.
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9.4.1 Chinese Hydrology and Water resources Index (HD)

The Chinese Hydrology and Water Resources Index (HD) comprises two indicators: the degree of flow rate variation 
(FD), which is based on the Amended Annual Proportion of Flow Deviation indicator and the satisfaction level of 
ecological flow (EF) indicator, which is based on the Tennant method. Only the EF could be calculated here, because 
FD requires a modelled reference flow series, which was not available. The EF indicator, which comprises two scores 
called EF1 (for the low flow season) and EF2 (for the high flow season), was calculated for four stations on the main 
stem of the Taizi River (e.g. Figure 9.4)

The EFr score was more often controlled by EF1r because the standards for the low-flow period are relatively stricter 
than those for the high flow period. EFr scores are higher for monthly flows compared to daily flows, because brief falls 
in discharge at the daily time-step are averaged out over the monthly time step. The water year is the more appropriate 
time standard, but this had little influence on the overall EFr score. 

Figure 9.4: EFr scores for Benxi and Liaoyang stations on the Taizi River.
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The Taizi River EFr scores were universally low, even for the unregulated phases of the discharge records. The 
apparent improvement in the flows at Benxi following the construction of Guanyinge dam can be explained by use of 
the river channel to deliver irrigation, industrial and domestic water from the dam to downstream areas, which increased 
flows in the low-flow period. The flow releases reduced the frequency of low flows with poor ecosystem suitability (those 
< 20 per cent of mean annual flow), lifting the EFr score. In reality, this form of flow regulation (increased low-flow period 
flows) could be associated with a negative impact on the ecosystem, yet the EFr index does not capture this aspect of 
regulated flow regimes. 

9.4.2 Index of Flow Deviation 

The IFD indicators were derived for each year in the available historical monthly flow time series (1954– 2007) for four 
stations on the main stem of the Taizi River. The reference statistics for the indicators were derived from historical data 
prior to regulation by dams. 

The time series of annual individual IFD indicator scores illustrated the detailed deviation of the flow parameters. 
Examples of these time series for Benxi and Liaoyang stations illustrate that the IFD indicators are sensitive to the 
differences in the degree and type of regulation of the river at these locations. The full suite of IFD indicators were 
presented in a relatively simple way by placing the scores within five flow deviation classes (Figure 9.5). The annual 
IFD index indicated a degree of inter-annual variability, which reflected natural variability in hydrological conditions. The 
scores also showed a general decline when Guanyinge Dam began operation from 1996, and at Liaoyang and Xiaolinzi 
the index scores fell during the 1970s, coincident with the operation of Tanghe and Shenwo dams. From 1980 to 2007 
the IFD index scores varied cyclically at Liaoyang and Xiaolinzi, possibly in connection with natural climatic variation. At 
Tangmazhai, the IFD score demonstrated a general declining trend.

For regular river health card reporting, the full historical time series is of less interest than detail concerning the most 
recent period, with the previous three years probably being the most relevant to the ecological conditions of the current 
year (Figure 9.6). 

Figure 9.5: Time series of IFD indicator scores in five classes of deviation for two Taizi River stations.
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Figure 9.6: Detailed IFD indicator scores for two Taizi River stations for the last three years of available record.

9.4.3 Index of Flow Health 

The IFH, which is an evaluation of the compliance of the suite of core environmental flow components, produced a 
comprehensive picture of the pattern of flow health in the Taizi River main stem over the past 50 years (Figure 9.7). 
Compliance with expected was high for all flow components for the pre-dam periods at each station, although there 
were a few exceptions. Firstly, Xiaolinzi was notable for its low compliance with the Overbank component. This was not 
related to hydrology, but to the construction of high dikes close to the channel banks. When the dikes were constructed 
is unknown, but it has been assumed they were in place from 1953 to the present day. Secondly, while operation of 
the Guanyinge Dam from 1995 had an immediate impact on reducing high flows and increasing low flows at Benxi 
station, there were individual years, and periods, particularly from the mid-1970s to the mid-1980s, with relatively poor 
flow health, which affected high flows, low flows and rates of rise and fall. This impact might be partially related to an 
extended period of naturally dry conditions, but could also be related to the operation of Sandaohe dam from 1972. 

Liaoyang is arguably the most seriously hydrologically impacted reach (Figure 9.7). Slight impacts on high-flow 
components began from 1969, after construction of the Tanghe Dam. The impacts were compounded from 1973, after 
construction of the Shenwo Dam. Impacts on high flows, low flows and ceased flows were apparent immediately, and 
within five years the flow event scores were poor (the lag results from consideration of five-year inter-annual frequency). 
When the river began to be impacted by operation of Guanyinge dam from 1996, the scores deteriorated further. The 
only components not negatively impacted were low-flow pulses and the rates of rise and fall associated with these low-
flow period events. High flows, low flows, ceased flows and bankfull flows are of particular concern. Xiaolinzi reach has 
suffered similar impacts as Liaoyang reach, but with slightly less severity. A significant difference is that the river does 
not cease to flow at Xiaolinzi, and low flows are less seriously impacted. 

Xiaolinzi and Tangmazhai both show serious impacts of regulation on high flow rated of fall (Figure 9.7). These impacts 
could have implications for maintenance of the alternating bar morphology, and also for the biota (due to risk of 
stranding). Low-flow season flow health is not impaired at Tangmazhai, which is largely the result of modest hydraulic 
requirements for low flow and low flow pulse components. These hydraulic requirements are a product of the particular 
shape of the only available cross-section and the low river gradient. There is a high level of uncertainty about these 
aspects of the evaluation. 
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Figure 9.7: Results of annual evaluation of compliance of the core environmental flow components. 

Note: Periods of regulation are indicated by: grey text = pre-dam, orange text = post-Tanghe, blue text = post-Shenwo and red text = 
Post-Guangyinge.
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9.5 Discussion
The FSR indicators are relatively easy to calculate from monthly flows, and they show sensitivity to hydrological 
alteration. However, the results relating to river health impacts can be difficult to interpret, and do not necessarily assist 
in deciding the most appropriate course of management action. Another problem is that the method ideally requires 
simulated reference and current flow series, which are not generally available in China. If applied to a gauged flow 
series, the indicators only indicate the broad impact of regulation on flows over a period of time. Without the availability 
of output from frequently updated hydrological models, the method cannot realistically contribute to an annual river 
health report card.

The HD index proposed for China’s nation-wide river health assessment program suffers some limitations in terms of 
where it can be applied. In general, application of the HD method would be limited to rivers with modelled reference 
flows, because these flows are required for calculation of the FD indicator. Where simulated reference flows are 
available, the models are unlikely to be current in most places. The EF indicator is ideally calculated from a daily flow 
series, which is not always readily available in China, further limiting the applicability of the HD index. The FD indicator 
was a good indicator of the volume of water diverted from the river, but the conceptual link to ecosystem health was 
weak. The EF indicator is grounded in the simple Tennant concept of relating hydrological factoring to ecosystem health. 
However, there are doubts about the transferability of these factors to China.

To overcome the demonstrated limitations of the FSR and HD approaches in China, the IFD was developed to measure 
flow alteration based on comparison with pre-regulation monthly flow data. It comprises eight indicators, with each one 
having conceptual relevance to ecosystem health. The IFD, with its focus on highlighting deviations of flow parameters 
beyond a reasonable range of natural variability, proved to be adequate as a river health index. The IFD highlights 
impacts of flow regulation, and also highlights years of naturally lower than usual flows, both of which are important 
determinants of ambient ecological health, as measured using bioassessment methods. At the very least, the IFD 
provides a simple way of establishing the relative hydrological health of rivers at the national and regional scales for 
gauging stations that have pre-regulation flow data available.

Given that the IFD is a hydrology-only approach, and the monthly time-step is relatively coarse from the perspective of 
ecological processes, the connection between the index scores and ecological health is only at the conceptual level. 
Thus, an IFH based on locally assessed environmental flow requirements was developed. The IFH is measured as the 
degree of compliance of environmental flow components with the standards expected for good ecological stream health. 
An IFH score can be calculated for each year.

The stream health standards for the IFH were determined for the Taizi River within an environmental flows assessment 
framework using a mix of expert opinion and flow-habitat and flow-geomorphology relationships from the literature. 
There are no suitable ecological data available from the Taizi River to validate these standards for local conditions 
because: (i) the river has been regulated for a long time, so recent ecological survey data reflect regulated conditions, 
and (ii) there are a number of factors other than flow that compromise stream health, such as poor water quality, 
barriers, and gravel extraction, so the influence of flow alteration on ecology is confounded. 

The environmental flow assessment undertaken for the Taizi River main stem used the asset-based framework set 
out in the ACEDP River Health and Environmental Flow in China Project. Flow objectives were set for vegetation, fish, 
macroinvertebrates and physical form. Flow event objectives were specified in multi-dimensional terms of magnitude, 
duration, annual frequency and inter-annual frequency, so a sophisticated form of spells analysis was undertaken to 
determine the compliance of the flow components. Compliance means the frequency that components appeared in the 
flow regime, relative to their required frequency for good river health. The evaluation of the compliance of the suite of 
core environmental flow components produced a comprehensive picture of the pattern of flow health in the Taizi River 
main stem over the past 50 years. Compliance with expected was high for all flow components for the pre-dam periods 
at each station, although there were a few exceptions. Regulation by dams caused a dramatic decline in the IFH scores. 
Liaoyang, just downstream of two large dams with another much larger dam further upstream, was arguably the most 
seriously hydrologically impacted reach. 

The IFH requires more effort than simple computation of indicators from a hydrological data series. Work is required to 
understand the hydraulic and hydrological characteristics of the river under investigation, and also to define river health 
in terms of the particular hydraulic and hydrological needs of the local ecological assets. This is standard procedure for 
a holistic environmental flow assessment. In this report it was demonstrated how useful information can be derived on 
these subjects using existing data and expertise. In rivers where a comprehensive environmental flow assessment has 
already been undertaken, the IFH can simply be calculated from hydrological records.
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The IFH index approach to assessment of stream hydrology for river health assessment has a number of significant 
advantages over other simpler approaches, including:

• Each of the indicators has an explicit link to ecosystem health, in particular those aspects related to the key 
ecological assets.

• The reference standards are not related to pristine hydrology, which in many places would be regarded as 
unachievable, and perhaps not relevant. Rather, the hydrological standards are set according to the desired state of 
ecological health, as determined using a scientific process.

• The index is expressed in terms that relate directly to those aspects of the flow regime that are manageable through 
implementation of an environmental flow regime. Thus, scores will reflect positive management intervention. 

The main difficulty of deriving the IFH scores is not calculation of the scores per	se, which requires only simple algebra, 
but derivation of the environmental flow recommendations. Undertaking a holistic assessment of environmental flow 
needs is not a trivial exercise, so the application of IFH will be mostly limited to large river mainstems, and rivers that 
are highly valued for their ecological and/or economic values. The IFD index scores were correlated with the IFH 
index scores, suggesting that the IFD could be a reasonable indicator for use in rivers where an environmental flow 
assessment has not been undertaken. 

The IFH is effective because it communicates to river managers those aspects of the flow regime needing attention in 
order to improve river health. The environmental flow assessment documentation, compiled as part of the IFH process, 
contains the necessary background and technical information on which river managers can base their decisions to 
change flows for the benefit of river health. 

9.6 recommendations
A number of recommendations were drawn from the experience of the pilot study:

1. Generic indicators of flow alteration based on comparison of pre- and post-regulation hydrology data provide 
contextual information that might aid interpretation of ecological data. While indicators developed in other countries 
can be expediently borrowed and applied in China, some of the indicators will be unsuitable due to different 
hydrological river-types and different relationships between hydrology and ecology. Inevitably there will be problems 
interpreting the results of application of generic indicators of flow alteration to Chinese rivers. It might be possible 
to overcome this problem by calibration of generic indicators to local conditions, or by developing China-specific 
indicators. 

2. Application of the HD index proposed for China’s nation-wide river health assessment program will be limited to 
sites with modelled reference hydrology data, and long-term daily flow records. The standards for the EF component 
of the HD index may not be appropriate for the drier rivers in the north of China. Application of this index will require 
development of suitable standards for different river types. 

3. The IFH, based on the hydrological needs of the key ecosystem assets, generated an ecologically meaningful 
annual hydrological health score with sub-component scores showing the detail for various environmental flow 
components. This approach requires that an environmental flow assessment first be carried out. Therefore, applying 
the IFH would realistically be limited to the main stem of major rivers, where daily hydrological records are available, 
where regulation impacts are greatest, and where environmental flow assessments are either completed or likely to 
be conducted in the future. 

4. The time series of monthly and annual IFD scores represented a reasonable indicator of the pattern of gross change 
in flow volume associated with regulation impacts, and also of periods that are naturally particularly wet or dry. 
The IFD and IFH indicators (reported as annual scores) were significantly correlated, which suggests that the IFD 
could be an ecologically relevant indicator of hydrological alteration. As the IFH requires a greater effort than the 
simple IFD, a practical approach could be to reserve the IFH for the main stems of major rivers, and apply the IFD 
elsewhere.

5. In streams not impacted by major dams, their hydrology may have been modified by direct extraction of water, farm 
dams, altered land use or climate change. Separating the impacts of these changes on river hydrology requires 
a major modelling effort (catchment-scale rainfall-runoff and water accounting models) that in China has been 
limited to modelling of reference hydrology at key sites. Expansion of this modelling work would be a worthwhile 
undertaking. The benefits would include improved understanding of catchment hydrology, and the ability to test 
scenarios as an aid integrated catchment management. Also, modelled hydrological data is preferred over historical 
records for assessing hydrological impacts of water resources development. 
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Chapter 10. Assessment of physical Form

10.1 background
Physical form is a term that encompasses fluvial geomorphological process and form, or the interaction of sediment, 
flowing water, and organic factors (growing and dead vegetation) to shape river channels and floodplains. Physical form 
is included in river health assessment because, together with chemical processes (water quality); radiation (energy 
from the sun); and hydrological processes (river flow regime); geomorphological processes provide the template for 
ecological processes interact to interact. Geomorphological condition is defined as the balance of sediment supply, 
transport capacity and resistance to erosion, which gives rise to a distribution of physical forms at a range of scales. 
Good or desirable physical form is a state that does not limit the achievement of good or desirable ecological condition.

Data collected from bioassessment surveys (e.g. fish, diatoms, and invertebrates) are often difficult to interpret without 
the aid of contextual information concerning physical form. For example, a stream with a mud bed would have a different 
invertebrate community compared to a stream with a cobble bed, even though both streams might be of a similar size 
and found in similar parts of a catchment. Similarly, some measured aspects of the flora and fauna are scale dependent, 
so it is desirable to have available basic information describing the physical setting of the surveyed site. Thus, some 
geomorphological data may be useful for developing a physical form indicator in its own right, while other data might be 
used only as contextual information to help interpretation of biological indicator data.

10.2 recommended approach for the liao river pilot study
The development of the physical form indicators is detailed in Gippel et al. (2011b). Only a brief summary is provided 
here.

A number of different approaches to assessment of physical form in stream health studies are described in the literature. 
For the pilot studies, the variables considered were:

• sand and gravel extraction and gold mining
• connectivity
• channel planform
• channel bedform
• channel dimensions – absolute
• channel dimensions – variability
• bed material particle size
• bank material critical shear stress (fluvial erosion resistance potential).

From these variables, four potential indicators groups were selected:

• bank stability (resistance to fluvial scour)
• channel form variability (at three scales)
• connectivity (lateral and longitudinal)
• direct disturbance (sand/gravel and gold mining).

10.3 results 
As part of the Liao River pilot study, training in the physical form field methodology and field data collection were 
conducted on the Hun River. However, the pilot study is concerned only with reporting results from the Taizi River, so 
does not include any physical form data.

10.4 recommendations
It is recommended that the full suite of physical form data be collected and evaluated. It will be necessary to collect a 
reasonably large data set to establish the expected range of variability of physical form indicators in different settings.
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Chapter 11. Water Quality and biotic Indicators 
for ecosystem Health Monitoring and 
Assessment

11.1 refining and defining the indicators 
11.1.1 Water quality indicators

There are a large number of water quality indicators from which a river health monitoring and assessment program 
can be developed. Of the indicators measured or sampled in the Taizi River Basin, those that showed reasonable and 
expected responses to the land use disturbance gradient within the relevant river regions, and that were considered 
suitable for inclusion in an ecosystem health monitoring and assessment program, are listed in Table 11.1. 

Table 11.1: List of water quality indicators that show promise for a future ecosystem health monitoring and 
assessment program for the Taizi River Basin.

Water quality indicators

Highlands DO, Conductivity, SS, TN, NH4, TP

Midlands DO, Conductivity, SS, TN, NH4, TP, Phenols 

Lowlands DO, Conductivity, BOD5, CODMn, TN, NH4, TP, Phenols

Many of these indicators may vary naturally following storms and major flow events. This is particularly relevant for 
conductivity, dissolved oxygen and suspended solids. In addition, dissolved oxygen fluctuates naturally, throughout a 
day–night cycle, as well as seasonally. Therefore, sampling should not be conducted following flow events and should 
be performed at a similar time of day and season for each site included in a monitoring and assessment program. 
Likewise, flow events can bring with them high pollutant loads, again having significant short-term impacts on a number 
of indicator values. The sampling regime needs to be developed with an understanding of the mechanisms of pollutant 
delivery and how different times or events are likely to affect pollutant loads and index values.

Future programs may need to consider different ways of calculating DO indicators so that diel fluctuations do not confound 
health assessment (i.e. scoring). For example, the range of DO concentrations measured over a 24-hour period, along 
with the minimum concentration may together be incorporated into one index (cf. EHMP, see Bunn et al. 2010). However, 
SS may need to be considered in a future monitoring program that incorporates intensive sampling rather than as an index 
measured only once or twice per year. Monitoring and assessment of nutrient concentrations should be considered for all 
river regions, as eutrophication of waterways is a major ecosystem health issue (Smith 2003).

Potential indicators for water quality include physical and chemical indicators (EC, DO, BOD5, CODMn and phenols) 
and nutrients (TN, TP and NH4). SS data may accompany these indicator groups in a reporting framework, but the 
inclusion of SS is not recommended at this stage for the reasons outlined above.
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11.1.2 biotic indicators (algae, macroinvertebrates and fish)

The biotic indicators that showed reasonable and expected responses to the land use or secondary disturbance 
gradients within the relevant river regions are listed in Table 11.2. No single biotic indicator would appear to respond 
adequately to the disturbance gradients in all river regions. For example, no algal indicators were responsive in the 
highlands, and no fish indicators were responsive in the midlands.

Table 11.2: Biotic indicators showing ecologically significant and expected responses (y) to the land use 
disturbance gradient within each of the river regions. 

Indicator group Indicator Highlands Midlands Lowlands

Algae Index of biotic integrity of benthic algae (A_BI2) n y y

Algae Berger-Parker index (A_BP) n n y

Macroinvertebrate Total number of taxa (M_S) y n y

Macroinvertebrate BMWP index (M_BMWP) y n y

Macroinvertebrate Family level richness of EPT taxa (M_EPT_S) y n y

Macroinvertebrate Berger-Parker index (M_BP) n y n

Fish Number of individuals (F_N) y n y

Fish Species-level richness (F_S) n n y

Fish Fish index of biotic integrity (F_BI) n n y

Fish Berger-Parker index (F_BP) n n y

Despite the lack of consistent response in the indicators among river regions, the monitoring and assessment of all ten 
indicators in all river regions may still be of value. This is because each indicator reflects a different component of biotic 
assemblage structure for the different trophic levels and, therefore, for ecosystem health. In addition, strong correlation 
(Spearman rho >|0.7|) between the different types of biotic indicators was rare, occurring only in the midlands, where 
the A_BI2 was positively correlated with M_S (rho = 0.73). This further supports the use of the different biotic indicators 
(algae, macroinvertebrates and fish) in the Taizi River Basin. 

However, the macroinvertebrate BP index showed only a weak response to dissolved oxygen concentration in the 
midlands. Given that the three other macroinvertebrate indicators showed stronger responses to the disturbance 
gradients, these three indicators may be sufficient to monitor and assess macroinvertebrate communities and function in 
the Taizi River Basin. Although there were some strong correlations within the macroinvertebrate indicator group (M_S, 
M_EPT_S and M_BWMP tended to be correlated strongly in all regions of the Taizi River Basin), they may be the best 
indicators of macroinvertebrate diversity and sensitivity to use in a river health assessment program at this stage. In 
addition, the calculation of an index like the macroinvertebrate BMWP can be done without much additional effort than 
that required for the richness indicators. Investigation into the potential of other macroinvertebrate indicators should be 
pursued in future studies.

For the fish indicators, there were only two cases where there was strong correlation: F_S was negatively correlated 
with F_BP in the Highlands (rho = -0.82) and positively correlated with F_BI in the Lowlands (rho = 0.76). These three 
indicators were still considered appropriate to use in a future river health monitoring program. However, establishing 
target values for fish abundance that represent ‘good ecosystem health’ may be difficult, and the index itself may be 
affected by sampling effort. Therefore, fish abundance may not be an appropriate indicator to include in a future health 
assessment program, despite its apparent response to the disturbance gradient in the pilot study. 

The appropriateness of using an IBI multi-metric (for algae and fish) may also need reconsideration if it is based on data 
collected from a small number of sampling sites, and particularly if sites in ‘reference’ condition are lacking. Instead, 
some of the individual metrics used to calculate the IBI multi-metrics may be more appropriate, particularly if there is an 
understanding about their expected response to environmental stress and values on which river health is scored can be 
established. Alternatively, the different metrics within each biotic integrity index (i.e. algae and fish) could be weighted 
according to expert opinion and local knowledge as to their individual importance for biotic integrity. 

New, innovative biotic indicators may also assist to improve the results of disturbance gradient testing and therefore 
be more effective in a monitoring and assessment program than some of the more traditional indicators tested above. 
Further discussion on the chosen indicators and on new indicators that may show promise for future use is provided in 
each of the chapters on biotic indicators.
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11.2 linking indicators and threats
The relevant management options and indicators for each region of the Taizi River Basin can be informed by the 
conceptual models developed in the earlier stages of the river health assessment process. These are presented in the 
table below (Table 11.3) and relate back to the important assets and values identified in the Basin, and the main human 
disturbances. In summary, the key threats in the basin are:

Long historical effects of human disturbances on the Taizi River: The Taizi River has been recorded in the history 
data since 200 BC. The basin, and especially the downstream areas, has been used mainly as farmland, and the main 
channel used for shipping to transport materials from upstream areas since the Qing Dynasty (around 400 years ago).

Agriculture development: Agricultural development has lead to non-point pollution in the Taizi River. As the main and 
important agriculture region of Liaoning Province, the area used as farmland in the Taizi River Basin has continued to 
increase over the past decades. This has mainly been converted from forested lands through logging in lowland and 
highland regions, used to generate income for local farmers.

Urbanisation: Urbanisation has increased the levels of non-point source pollution in the Taizi River. Over the past 
decades, urbanisation has continued to increase in the Taizi River watershed. Three large cities have developed quickly 
in recent years – Benxi, Anshan, and Liaoyang. 

Industrial pollution: Because of the resource-rich mines in the Liaoning Province, this region had been widely used 
as an energy and industry base. The point pollution from industry is correspondingly high. Fish species richness of has 
decreased significantly in association with the degradation of water quality. 

Hydrological modification: Three large reservoirs have been constructed for water resource use, including Tanghe 
Reservoir (completed 1969); Shenwo Reservoir (completed 1972); and Guangyinge Reservoir (completed 1995).

Based on these threats, the study recommends the use of the chemical indicators of TN and TP to monitor both point 
and non-point pollution. DO, phenols and NH4 were selected to assess the impacts of industrial pollution. The various 
biological indicators, such as species or family richness of fish and macroinvertebrates, are suitable for assessing a 
wide range of human disturbances. 

Table 11.3 shows these different indicators, as recommended for each of the three regions in the basin, together with 
the different assets, disturbances, and management responses identified as part of the study. To date, monitoring in the 
region by the local environmental management department has focused on water quality. Except for EC, all other water 
quality indicators (DO, TN, TP, NH4, Phenols, BOD5, CODMn) proposed for a river health monitoring and assessment 
program in the Taizi River Basin are monitored by this department. A river health assessment program that builds on this 
existing monitoring work can be readily developed. There has, however, been very limited work done in China on the 
use of biological indicators. Adopting biological indicators will require significant investment of time and money. 
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Table 11.3: Summary of key assets and human disturbances, and potential aquatic ecosystem health indicators 
and management options to improve stream health.

Region Assets, values or aims Human disturbances Relevant management option Relevant indicators

Highlands 1. Natural habitat
2. Diversity and biotic 

integrity of aquatic 
organisms 

3. Decreasing 
suspended solids

4. Protecting native/ 
rare fish species

1. The loss of native 
forest and other 
vegetation

2. Farmland and the 
raising of stock 
animals

3. Village development 
and poor disposal of 
garbage

4. Sand and gravel 
mining

1. Improve riparian vegetation 
and in-stream habitat

2. Restrict direct stock access 
to stream banks and waters

3. Educate public about stream 
health and river pollution

4. Reduce or change sand 
mining activities

EC, DO
TN, TP
A_BI2
M_S, M_EPT_S
F_S, Fi-BI
(SS if monitored 
intensely)

Midlands 1. Decreasing the input 
of N and P

2. Protecting the main 
aquatic organisms 
and biodiversity

1. Reservoirs, dams 
and accompanying 
hydrological 
alteration

2. Mining
3. Urbanization
4. Factories and 

industrial pollution

1. Implement environmental 
flows

2. Implement best management 
practices, reduce point-
source pollution and improve 
riparian zones

3. Implement water sensitive 
urban design to reduce 
impact of stormwater from 
urban areas and educate 
public about stream health 
and river pollution

EC, DO. Phenols
TN, TP and NH4
A_BP
M_S, M_BWMP
F_S, F_BP

Lowlands 1. Decreasing the input 
of organic pollutants; 

2. Protecting the 
common aquatic 
organisms

3. Improving water 
quality

1. Point pollution 
from factories and 
industrial zones

2. Diffuse source 
pollution from 
farmland

3. Urbanization

1. Implement best management 
practices, reduce point-
source pollution and improve 
riparian zones

2. Implement water sensitive 
urban design to reduce 
impact of stormwater from 
urban areas and educate 
public about stream health 
and river pollution

EC, DO, BOD5, 
CODMn, Phenols
TN, TP and NH4
A_BI2, A_BP
M_S, M_EPT_S, 
M_BWMP
F_S, F_BI, Fi-BP
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Chapter 12. ecosystem Health reference Values 
and Scores for the taizi river basin

12.1 purpose of guidelines, scoring and reporting on river health
To report on river health, it is important to set reference values (threshold or target values) for each of the indicators that 
reflect different levels of ecosystem health. Most importantly, it is necessary to agree on levels that distinguish between 
‘good’ (target) and ‘bad’ (unacceptable or threshold) condition in a particular river based on:

• river type (based on a classification process)
• management objectives for that river.

For example, different trigger values for water quality parameters are routinely set for different uses or values (e.g. 
aquatic biodiversity, drinking water, recreational contact, industrial use), which can be used to set thresholds of concern.

12.2 Setting reference values
There is a need to define a reference point for indicators, sometimes known as the ecosystem health reference value 
or guideline, which represents what we expect at a site if it is undisturbed by human activity (i.e. in a state of ecological 
integrity). However, in practice such sites will not exist for many stream types. The ‘reference condition’ is thus common 
as a concept, but rare in practice. Alternatives for setting reference conditions include:

• the best attainable condition, i.e. the expected condition if best management practices were in use, for a given use 
of the river or catchment 

• established criteria or standards (often applied to water quality)

• standards required for designated use (swimming, fishing, industry, agriculture, drinking)

• comparison with values derived from indicator-disturbance relationship equations

• expert opinion or local knowledge

• historical or modelled data (prior to a particular disturbance)

• data from similar systems elsewhere in good condition (this is an example where the classification step in 
developing a river health program is important).

12.3 options for setting ecosystem health target and threshold values
Several sources were used to set potential target values based on the aim of improving river health in the Taizi River 
Basin, i.e. achieving and maintaining a healthy aquatic ecosystem, reflected in high levels of biodiversity and the 
protection of sensitive taxa. Reference values for these targets were sourced from:

• The ANZECC guidelines for protecting aquatic ecosystems (Anon 2000a) (Table 12.1) were used.

• The Chinese surface water quality standards for different functional categories of river (GB3838-2002) (Table 12.2) 
were used. In China, State of the Environment reporting for river health is based on the National Surface Water 
Quality Standard (GB3838-2002), which classifies chemical water quality into five water use categories for a range 
of indicators (e.g. MEP 2008). A number of water quality indicators are used to define these standards, with each 
parameter having a numerical limit for each category (Ma and Ortolano 2000). Under these standards, functional 
river categories I, II and III would provide some protection to aquatic ecosystem health. In particular, categories 
I and II would be most applicable, as category III also applies to aquaculture, trade-waters and swimming areas. 
Standards for category III and above rivers could therefore have potential for use as thresholds values to indicate 
when the aquatic ecosystem is in an unacceptable state of health. The default category VI, for values of the water 
quality parameters that fall beyond those of category V, could also be used to represent a ‘worst case scenario’ 
condition of aquatic ecosystem health (i.e. an ecosystem health ‘disaster’ for which it is assumed that aquatic biota 
cannot survive and ecosystem function collapses).

• Ecosystem health guidelines (or methods used to derive guidelines) used in the Ecosystem Health Monitoring 
Program (EHMP) in South East Queensland, Australia (e.g. EHMP 2010) (Table 12.3) were used.

• Western Australian water quality guidelines (Suttar 1990) (Table 12.4) were used.

• IBI guidelines derived for the Taizi River Basin (based on unpublished research (Table 12.5) were used.

• Expert opinion and local knowledge and understanding of aquatic ecosystems were also used to derive potential 
guideline values where appropriate. For example, the macroinvertebrate BMWP guideline was set down according 
to research conducted in South Korea over the last few years (Table 12.2). 

• Studies on stream health elsewhere (e.g. in South Korea, Park et al 2007) were used.
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Table 12.1: ANZECC aquatic ecosystem health guidelines for relevant indicators of aquatic ecosystem health 
used in the Taizi River Basin.

Regions and river types EC μS/cm NH4 mg/l TN mg/l TP mg/l

South East Australia Upland 30–350 0.013 0.250 0.010–0.030

Lowland 125–2200 0.020 0.500 0.050

Tropical Australia Upland 20–250 0.006 0.150 0.010

Lowland 20–250 0.010 0.200-0.300 0.010

South-west Australia Upland 120–300 0.060 0.450 0.020

Lowland 120–300 0.080 1.200 0.065

South-central Australia Upland na na na na

Lowland 100–5000 0.100 1.000 0.100

New Zealand Upland na 0.010 0.295 0.026

Lowland na 0.021 0.614 0.033

Table 12.2: China surface water quality standards for each river category for relevant indicators of aquatic 
ecosystem health used in the Taizi River Basin.

River
categories 

Phenols
mg/l

DO
mg/l

BOD5 
mg/l

CODMn 
mg/l

NH4 
mg/l

TN† 
mg/l

TP 
mg/l M_BMWP*

≤ ≥ ≤ ≤ ≤ ≤ ≤ ≥

I 0.002 7.5 3 2 0.15 0.2 0.02 81

II 0.002 6 3 4 0.5 0.5 0.1 51

III 0.005 5 4 6 1 1 0.2 25

IV 0.01 3 6 10 1.5 1.5 0.3 10

V 0.1 2 10 15 2 2 0.4 ≤9

VI >0.1 <2 >10 >15 >2 >2 >0.4 ≤9

†  Standards for TN are for lakes and reservoirs only (TN standards do not apply to Chinese streams and rivers). *Standards derived 
from published data based on studies of streams in South Korea (Park et al. 2007; Song et al. 2006, 2007)

Table 12.3: South East Queensland (Australia) EHMP ecosystem health guidelines (target values) and worst 
case scenario values (threshold values) for relevant indicators of aquatic ecosystem health used in the Taizi 
River Basin.

Regions and river types Target values Threshold (worst case scenario) values

EC μS/cm M_S M_EPT EC μS/cm M_S M_EPT

≤ ≥ ≥ ≥ ≤ ≤

Upland* 400 22 5 1040 0 0

Lowland 400 22 4 1870 0 0

Coastal 400 22 4 1870 0 0

Wallum 400 11 3 1870 0 0

* EHMP ‘upland’ rivers are generally at lower elevations in reference to the highlands in the Taizi River Basin. Therefore, EHMP upland 
river guidelines may be most relevant to both highland and midland regions in the Taizi River Basin, and lowland river guidelines to 
the lowland region in the Taizi River Basin. ‘Wallum’ rivers are unique to the EHMP reporting region.
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Table 12.4: Some electrical conductivity ranges for Western Australian water quality*.

Water type Electrical conductivity (µS/cm)

Deionised water 0.5–3

Pure rainwater <15

Freshwater rivers 0–800

Marginal river water 800–1600

Brackish water 1600–4800

Saline water >4800

Seawater 51,500

Industrial waters 100–10,000

* Suttar, S 1990, Ribbons of Blue Handbook, Scitech, Victoria.

Table 12.5: Algae and Fish Index of Biotic Integrity guidelines based on unpublished research from the Taizi 
River Basin for relevant indicators of aquatic ecosystem health used in the Taizi River Basin.

Level of ecosystem health A_BI2 F_BI

Maximum value possible 7 25

Excellent ≥4.04 ≥22

Good 3.06–4.03 18–21

Fair 2.08–3.05 14–17

Poor 1.10–2.07 10–13

Critical ≤1.09 ≤9

Minimum value possible 1 5

Alternatively, threshold values that indicate when an aquatic ecosystem is in an unacceptable state of health can be 
derived from observed data (see section 14.7 of the appendix for summary statistics for the selected indicators for the 
Taizi River Basin). For example, the ANZECC guidelines recommend using 95th or 5th percentile of observed values, 
for indicators that respond in a positive and negative direction to a disturbance gradient, respectively, as indication 
of unacceptable ecosystem health (Anon. 2000a). This same approach could be used to set potential target values 
if no other guidelines are available and in the absence of true reference condition sites: for example, the 5th or 95th 
percentile of observed values (for indicators that respond in a positive and negative direction to a disturbance gradient, 
respectively) as indicative of ‘good’ ecosystem health (US EPA 2000; Stoddard et al. 2006). However, in situations 
where no sites are in ‘reference condition’ or there are very few minimally disturbed sites (such as in the Liao River 
pilot study) it must be considered likely that most sites will be in a relatively disturbed condition (Gippel & Speed, 2010). 
Therefore, the 95th or 5th percentile of observed values could represent the threshold to separate values indicative of 
sites under comparatively low environmental stress from those under considerable stress.

In addition, target (‘good health’) and threshold (‘unacceptable health’) values may be extrapolated from empirical 
models (e.g. indicator-disturbance gradient regression models) when ‘reference condition’ or minimally disturbed sites 
do not exist (Stoddard et al. 2006) (Figure 12.1). In the case of regression models, a target value may be inferred 
for an indicator by setting the coefficient for the disturbance gradient variable to a value indicative of minimal human 
disturbance (e.g. zero percentage urban land cover). A threshold value may also be inferred by setting the same 
disturbance gradient variable to a value indicative of an unacceptable level of human disturbance. However, there are 
two issues associated with this approach. Firstly, caution must always be applied when extrapolating from a regression 
curve as the estimates will be outside the range of observed data the model was derived from (Stoddard et al. 2006). 
Secondly, the values of the disturbance gradient variables chosen to represent states of minimal and unacceptable 
levels of human disturbance will be subjective.
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Figure 12.1: Theoretical relationships between an indicator of aquatic ecosystem health and an environmental 
disturbance (stressor).

Note: The relationships between an indicator of aquatic ecosystem health and an environmental disturbance (stressor 
to which the indicator shows a) a positive response, or b) a negative response. Potential target values for the indicator 
would correspond with the environmental disturbance value considered to represent a minimal or acceptable level of 
stress for (a) this would be a low indicator value, for (b) a high value. Potential threshold value for the indicator would 
correspond with the environmental disturbance value considered to represent a high or unacceptable level of stress for 
(a) this would be a medium to high indicator value, for (b) a low to medium value. Blue circles represent hypothetical 
observed data in the situation where there are no minimally disturbed sites.

In light of this range of options for setting thresholds, a decision framework was used to select potential target and 
‘critical’ threshold values for the Liao River pilot study, based on established guideline values, observed data and 
indicator-disturbance regression models, and given that no or few minimally disturbed sites existed within each river 
region. Expert opinion, local knowledge, and an understanding of each monitoring and assessment program’s objectives 
must also be kept in mind when applying a decision framework. In the case of established guidelines, expert opinion 
and local knowledge should inform as to whether the guidelines are appropriate for the rivers and sites being assessed 
and the program’s objectives.

In terms of established guidelines in China, and based on expert opinion, indicator values for category I rivers (under the 
China surface water quality standards) were regarded acceptable as targets for aquatic ecosystem health for sites in the 
Taizi River Basin. Indicator values for category VI rivers were considered to represent the worst case scenario (‘critical’) 
threshold at which aquatic ecosystem health collapses. 

For the IBI guidelines, scores corresponding to the maximum values possible for algae and fish were set as targets for 
aquatic ecosystem health for sites in the Taizi River Basin; the minimum values for algae and fish were set as the worst 
case scenario (critical) threshold at which aquatic ecosystem health collapses.

Where no established guideline existed, the literature and unpublished research were consulted to compare indicator 
values found in similar systems elsewhere (similar in size, altitude, climate etc.) under ‘pristine’ conditions or under 
conditions of extreme disturbance from human activities. If these values seemed reasonable, given expert opinion and 
available knowledge, for the Taizi River Basin, they were selected to represent target and worst-case scenario values for 
scoring purposes. 

As a last resort, the 5th or 95th percentile of the observed data from the May 2009 sampling period was selected to 
represent either the target or worst case scenario value for scoring purposes (depending on the direction of response of 
each indicator to the disturbance gradient). 

Values derived using this framework should be reviewed and if necessary revised based on:

• results of successive monitoring and assessment rounds 
• any changes to the program’s objectives and spatial or temporal scale of relevance
• any changes in the suite of indicators used
• management actions that affect aquatic ecosystem responses. 
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In particular, if the number of minimally disturbed sites within any reporting region increases substantively in the future, 
the use of 5th and 95th percentiles of observed data in the decision framework should be re-considered. This is because 
these values will change accordingly and, as the number of minimally disturbed sites increases, the percentiles of data 
that represent indicator values of sites in ‘reference’ condition may be better captured by the 20th or 80th percentiles, for 
example. In addition, values appropriate to systems elsewhere that have not been used widely in China should be used 
only when considered acceptable by a panel of experts and their use should be reviewed in the future.

Figure 12.2: Decision framework for selecting suitable benchmarks for scoring river health indicators in the 
Taizi River Basin. 

Note: Each step must be reviewed in light of expert opinion, particularly in cases where more than one choice is available and when 
values from other systems or observed data are considered.

12.4 Scoring river Health: standardisation, aggregation, weighting and 
evaluation

If target (the guideline representing good health) and threshold values (some level of unacceptable health) can be 
set for each of the indicators (based on a method of comparison among established guideline and threshold values, 
distributions of the observed data, indicator-disturbance relationships, expert opinion, available knowledge and an 
understanding of the objectives of the river health assessment program in question), the next step involves choosing the 
method to score each site. 

A common and well documented method, like that of the Australian monitoring and assessment programs (e.g. EHMP 
2010), is to standardise scores between 0 and 1 based on the site’s observed value for each indicator and the target 
and threshold values. In this way, if the observed value of a particular indicator at a particular site is equal to, or better 
than, the target value, the site would score 1; if the observed value was equal to or worse than the threshold value, the 
site would score 0 for that indicator.

The scoring method can be expressed mathematically as:

Site indicator score = 1-(|target-observed|)/(|target-threshold|) 

For the Liao River pilot study, threshold values at which indicators score zero were assumed to represent the ‘worst 
case scenario’ (i.e. aquatic biota cannot survive and ecosystem functioning collapses resulting in a ‘disaster’ or critical 
situation). Improvement (or otherwise) between reporting periods can be assessed. If the unacceptable threshold of 
ecosystem health is set less conservatively, any improvements to aquatic ecosystem health between reporting periods 
(perhaps as a result of management responses) will not be picked up by the assessment program. 

When each indicator is scored for each site, scores can be aggregated across similar indicators (e.g. all the fish 
indicators may be aggregated into an overall fish indicator group) if desired, often by averaging the scores for indicators 
within each indicator group. This method would be appropriate unless a poor score from any of the individual indicators 
was particularly detrimental to overall ecosystem health. If this is the case, it may be more appropriate to take the 
minimum score for any one index within an indicator group as the overall score for the group. For example, for a water 
quality indicator group that includes parameters that can be toxic for aquatic biota, the minimum score of the individual 
indicators may be the most appropriate to use as the overall group score.
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Scores can also be aggregated across sites to provide an overall score for each river region. Aggregation can be 
undertaken by averaging the indicator group scores across sites within each river region, which is the method used by 
the EHMP in Australia. Alternatively, different indicator values may be given greater weighting than others when scores 
are combined. This approach may be appropriate where certain indicators are considered more reliable than others, or 
more closely linked to the health of important ecological assets and functions.

Another step may be required to set the levels where score values are considered acceptable or of concern in terms of 
ecosystem health. For example, is a score of 0.5 considered to pass or fail in terms of ecosystem health? By definition 
of the standardisation process (if it is based on threshold and target values of unacceptable and good, respectively), 
then any score above zero could be acceptable. However, a score very close to zero could be considered on the brink 
of ecological collapse and therefore should trigger a level of concern. Some management action could be required to 
improve the condition of the river ecosystem. Scores of 0.5 and above should constitute a pass, and those below a fail. 
The value chosen as the acceptable cut-off may also depend on the ecosystem health objectives and/or management 
actions applicable to the site, river section or reporting region. For example, a score of 0.2 may be considered 
acceptable for a site in a designated industrial zone where little or no ecosystem health management is expected. China 
river categories for different water functional uses may provide a method of defining different levels of concern between 
scores of zero (critical) and one (good). In particular, the China categories II or III and IV or V may mark the thresholds 
between good and critical, for example fair, poor or very poor health.

The above options and their implications for ecosystem health and management must be considered carefully (see 
Gippel & Speed, 2010 for more information).

12.5 potential target and threshold values for the taizi river basin, and 
resultant ecosystem health scores

Based on this decision framework and the results of the May 2009 trial sampling program, the tables in this section 
present potential targets (Table 12.6 and Table 12.8) and worst-case scenario values (Table 12.7 and Table 12.9) for the 
reduced list of water quality and biotic indicators for the Taizi River Basin (see Chapter 11).

Table 12.6: Potential target values for water quality indicators (Taizi River Basin), representative of aquatic 
ecosystems in a state of ‘good’ health.

Indicator group Indicator Region Target Source Comment

Physical and 
chemical

EC (μS/
cm)

All ≤ 400 Expert opinion 
Local knowledge 
EHMP (2010) guideline for 
healthy lowland rivers 

Conductivity is highly variable 
among different river types 
and guidelines may need to 
be spatially and temporally 
explicit. 

Phenols 
(mg/l)

Midlands 
& 
lowlands

≤ 0.002 Expert opinion 
Guideline value for China 
category I and II rivers

Future programs may consider 
using this indicator for 
highland rivers, particularly 
if concentrations are likely to 
increase in this region of the 
basin.

DO 
(mg/l)

All ≥ 7.5 Expert opinion 
Local knowledge 
Guideline value for China 
category I rivers
~ ANZECC guidelines for 
aquatic ecosystems in 
Australia, which range from 
7.0 to 8.0 mg/l; 7.5 mg/l 
would equate to around 100% 
saturation (depending on water 
temperature), supportive of 
oxygen-dependent aquatic 
biota

Future programs may need 
to consider different ways of 
calculating DO indicators so 
that diel fluctuations do not 
confound health assessment 
(i.e. scoring). For example, the 
range of DO concentrations 
measured over a 24-hour 
period, along with the minimum 
concentration may be 
incorporated into one indicator 
(cf. EHMP).
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Indicator group Indicator Region Target Source Comment

Physical and 
chemical

BOD5 
(mg/l)

Lowlands ≤ 3 Expert opinion 
Guideline value for China 
category I rivers 
5th percentile of observed 
values in May 2009

BOD and COD are used here 
as indicators of municipal or 
industrial effluent pollution. 
These target scores are best 
considered as trigger values 
for further investigation and 
assessment of point-source 
pollution.

CODMn 
(mg/l)

Lowlands ≤ 2 Expert opinion 
Guideline value for China 
category I rivers

As above

Nutrients NH4 
(mg/l)

All ≤ 0.15 Expert opinion 
Guideline value for China 
category I rivers 
~ mean of 5th percentiles of 
observed values in May 2009 
for each river region 
This concentration should also 
protect at least 95% of species 
at pH between 6 and 9 (Anon. 
2000b)

TN (mg/l) All ≤ 0.2 Expert opinion 
Guideline value for China 
category I lakes and reservoirs 
~ ANZECC guideline values 
for aquatic ecosystem health 
in different regions of Australia 
and New Zealand, which range 
from 0.25 to 1.20 mg N/l

TN standards for China are 
for lakes and reservoirs only, 
not for streams or rivers. 
Therefore, this target value 
may not be appropriate 
for the Taizi River sites 
and must be used with 
caution. Development of 
Chinese standards for TN 
concentrations in rivers and 
streams is recommended.

TP (mg/l) All ≤ 0.02 Expert opinion 
Guideline value for China 
category I rivers 
~ ANZECC guideline values 
for aquatic ecosystem health 
in different regions of Australia 
and New Zealand, which range 
from 0.01 to 0.065 mg P/l. 
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Table 12.7: Potential ‘critical’ thresholds for water quality indicators (Taizi River Basin), representing the 
threshold at which aquatic ecosystem health collapses. 

Indicator group Indicator Region Critical Source Comment

Physical and 
chemical

EC (μS/
cm)

All ≥ 1500 Expert opinion 
Local knowledge 
Falls within the range of 
‘threshold’ values for ANZECC 
and EHMP (worst case 
scenario) guidelines 
~ Brackish (non-fresh) water

Conductivity is highly variable 
among different river types 
and guidelines may need to 
be spatially and temporally 
explicit. 

Phenols 
(mg/l)

Midlands 
& 
lowlands

≥ 0.1 Expert opinion
Guideline value for China 
category VI rivers (i.e. unfit for 
any use)

Future programs may consider 
using this indicator for 
highland rivers, particularly 
if concentrations are likely to 
increase in this region of the 
basin.

DO 
(mg/l)

All ≤ 2 Expert opinion
Guideline value for China 
category VI rivers (i.e. unfit for 
any use) 
2 mg/l would equate to anoxic 
conditions, which cannot 
support oxygen-dependent 
aquatic biota

Future programs may need 
to consider different ways of 
calculating DO indicators so 
that diel fluctuations do not 
confound health assessment 
(i.e. scoring). For example, the 
range of DO concentrations 
measured over a 24-hour 
period, along with the minimum 
concentration may together be 
incorporated into one indicator 
(cf. EHMP). 4 mg/l dissolved 
oxygen would not adequately 
support oxygen-dependent 
aquatic biota and is indicative 
of poor ecosystem health 
(Wetzel 2001), and therefore 
could be considered as an 
alternative critical threshold 
for DO.

BOD5 
(mg/l)

Lowlands ≥ 10 Expert opinion
Guideline value for China 
category VI rivers (i.e. unfit for 
any use)

CODMn 
(mg/l)

Lowlands ≥ 15 Expert opinion
Guideline value for China 
category VI rivers (i.e. unfit for 
any use)

Nutrients NH4 
(mg/l)

All ≥ 2 Expert opinion
Guideline value for China 
category VI rivers (i.e. unfit for 
any use)

TN (mg/l) All ≥ 2 Expert opinion
Guideline value for China 
category VI rivers (i.e. unfit for 
any use)

TN standards for China are 
for lakes and reservoirs only 
(not for streams or rivers). 
Therefore, this critical value 
may not be appropriate for the 
Taizi River sites and must be 
used with caution.

TP (mg/l) All ≥ 0.4 Expert opinion Guideline 
value for China category VI 
rivers (i.e. unfit for any use)
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Table 12.8: Potential target values for biotic indicators (Taizi River Basin), representative of aquatic ecosystems 
in ‘good’ health.

Indicator group Indicator Region Target Source

Algae BI2 All 7 Expert opinion 
Maximum value attainable

BP All ≤ 0.15 Expert opinion 

Macroinvertebrates S (family) Highlands 
& midlands

≥ 30 Expert opinion
95th percentile of observed values in May 2009 in the 
Highlands 
~ values from unpublished studies of relatively undisturbed 
South Korean rivers and streams

Lowlands ≥ 22 Expert opinion 
EHMP target value for lowland rivers 
~ values from unpublished studies of relatively undisturbed 
South Korean rivers and streams

BMWP 
score

Highlands 
& midlands

≥ 131 Expert opinion 
95th percentile of observed values in May 2009 in 
Highlands 
~ values from unpublished studies of relatively undisturbed 
South Korean rivers and streams and undisturbed streams 
(orders 1-3) in South Korea (Park et al. 2007)

Lowlands ≥ 81 Expert opinion 
Guideline for China category I rivers according to 
unpublished data; ~ values from unpublished studies of 
relatively undisturbed South Korean and northeast China 
rivers

EPT_S 
(family)

Highlands ≥ 15 Expert opinion; 95th percentile of observed values in 
May 2009 in the Highlands; ~ values from undisturbed 
streams (orders 1-3) in South Korea (Park et al. 2007) 
and unpublished data from ‘reference’ streams in southern 
China

Midlands ≥ 10 Expert opinion; 95th percentile of observed values in May 
2009 in the Midlands; ~ values from ‘reference’ condition 
rivers in Tennessee, USA (Kerrans and Karr 1994)

Lowlands ≥ 7 Expert opinion; 95th percentile of observed values in May 
2009 in the Lowlands; ~ mean value from 25 ‘reference’ 
condition sites in Wyoming, USA (Stribling et al. 1999)

Fish S All 65 Expert opinion in consideration of historical records (Xie 
2007). This value is for total species richness in the whole 
Taizi River Basin approximately 30 years ago; as such it 
may be an overestimate of potential species richness within 
each of the river regions under undisturbed conditions. 
Further review of historical records may provide a better 
estimate of the ‘target’ value for the three regions for future 
health assessments.

BI All 25 Expert opinion; Maximum value attainable; 95th percentile of 
observed values in May 2009 in Highlands and Midlands

BP All ≤ 0.15 Expert opinion
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Table 12.9: Potential ‘critical’ thresholds for biotic indicators (Taizi River Basin), representing the threshold at 
which aquatic ecosystem health collapses.

Indicator group Indicator Region Critical Source

Algae BI2 All 0 Expert opinion 
Minimum value attainable

BP All ≥ 0.90 Expert opinion 
Representative of an algal community heavily dominated by one 
tolerant taxon

Macroinvertebrates S (family) All 0 Expert opinion 
Minimum value attainable 
Representative of conditions unable to support any 
macroinvertebrates 
EHMP worst case scenario guideline

BMWP 
score

All 0 Expert opinion 
Minimum value attainable 
Lower guideline value for China category VI rivers (i.e. unfit for 
any use) according to unpublished data

EPT_S 
(family)

All 0 Expert opinion 
Minimum value attainable 
Representative of conditions unable to support any EPT taxa 
EHMP worst-case scenario guideline

Fish S All 0 Expert opinion 
Minimum value attainable 
Representative of conditions unable to support any fish species

BI All 5 Expert opinion 
Minimum value attainable 

BP All ≥ 0.90 Expert opinion 
Representative of an fish community heavily dominated by one 
tolerant taxon

12.6 Calculating the report card scores
Scores for the Taizi River Basin based on the sampling and analyses of the May 2009 data are presented for 10 sample 
sites in Tables 12.11, 12.12, and 12.13. Results for all sites are included in the appendices in Table 14.1 and Table 
14.2. These scores could be used as a benchmark for future trialling or monitoring and assessment in the Taizi River 
Basin, with the assumed goal that scores will improve through time. However, revision of the scoring process should 
be considered with each successive monitoring and assessment round (particularly given any management actions 
in place) as well as on the basis of expert opinion and local knowledge of what may be expected, in terms of aquatic 
ecosystem health, in the river regions of the Taizi Basin. It is also important to note that for TN, China standards for 
different categories of use applicable to lakes and reservoirs only (not applicable to streams or rivers). Therefore, the 
potential target and critical values proposed above must be used with caution and any management responses based 
on TN scores must take this into account.

For this pilot study, scores were calculated for each indicator at each site. These scores were also aggregated into 
indicator group scores reporting purposes for the physical and chemical indicators and nutrient indicators (i.e. the water 
quality indicators), and for the algal indicators, macroinvertebrate indicators and fish indicators (i.e. the biotic indicators) 
(Table 12.10). In general, site scores for the indicator groups (e.g. macroinvertebrates) were averaged across each 
group’s individual indicators (e.g. M_S, M_BWMP and M_EPT_S). An exception was made if a critical value for a 
particular index (e.g. ≤ 2 mg DO/l) was considered to render all other Indicators in the relevant indicator group redundant 
(i.e. anoxic conditions would be considered ‘disastrous’ for aquatic ecosystem health regardless whether conductivity 
levels were considered ‘good’). This rule was applied to site scores for: DO within the physical and chemical indicator 
group; and NH4 within the nutrients group (see also the discussion about the use of NH4 as an indicator in section 5.4). If 
DO or NH4 failed (scored zero) then the physical and chemical group or the nutrients group also failed (Table 12.10).

In addition, and after this rule was applied, the minimum score for each of the physical and chemical was taken as 
the overall site score for this group (Table 12.10). For all other indicator groups, the average value of the individual 
indicators was used to create the indicator group scores for each site (Table 12.10). The minimum value was used only 
for the physical and chemical group because most of the physical and chemical indicators can be critically limiting for 
aquatic biota; taking the minimum also follows the Chinese water quality standards protocol. For the nutrient group, 
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and after this rule was applied, only TP and NH4 were averaged (TN was not included). This was because the target 
and critical values by which TN was scored may not be applicable to rivers and streams (the values used to calculate 
TN scores are currently based on standards for lakes and reservoirs only). Although the concentrations of TN in the 
study region well exceeded the Chinese standards for TN in lakes and reservoirs (see Table 12.11), assessing these 
concentrations as relevant to acceptable levels in Chinese river systems is limited. In future assessments, TN may 
be re-incorporated into the nutrient group score if there is greater confidence that the target and critical values are 
appropriate for streams and rivers. We therefore highlight the need for Chinese water quality standards to include TN 
standards for rivers and streams. 

Table 12.10. Proposed scoring and aggregation rules for calculating indicator group scores.

Indicator group Indicator Region Scoring rule Aggregation rule 1 Aggregation rule 2

Physical and 
chemical

EC All Standardised 
between 0 and 1

Use scores as 
calculated

Minimum indicator score 
= indicator group score 
unless DO score failsDO All Standardised 

between 0 and 1
Indicator group fails if 
DO score = 0

Phenols Mid and 
Lowlands

Standardised 
between 0 and 1

Use scores as 
calculated

BOD5 Lowlands Standardised 
between 0 and 1

Use scores as 
calculated

CODMn Lowlands Standardised 
between 0 and 1

Use scores as 
calculated

Nutrients TN All Standardised 
between 0 and 1

Not included in the 
group aggregation at 
this stage

Average of indicator scores 
(excluding TN at this stage) 
= indicator group score 
unless NH4 score failsTP All Standardised 

between 0 and 1
Use scores as 
calculated

NH4 All Standardised 
between 0 and 1

Indicator group fails if 
NH4 score = 0

Algae All All Standardised 
between 0 and 1

Use scores as 
calculated

Average of indicator scores 
= indicator group score

Macroinvertebrates All All Standardised 
between 0 and 1

Use scores as 
calculated

Average of indicator scores 
= indicator group score

Fish All All Standardised 
between 0 and 1

Use scores as 
calculated

Average of indicator scores 
= indicator group score

If desired for reporting purposes, a whole ecosystem health score can be calculated for each site, based on the five 
core indicator groups (physical and chemical, nutrients, algae, macroinvertebrates and fish). An example for 10 sites 
is shown in Table 12.13. The full results are included in Table 14.2). It is recommended that physical and chemical 
and nutrient groups are weighted lower than algae, which should be weighted lower than macroinvertebrates and fish. 
This is because physical and chemical and nutrient indicators may be affected by short-term fluctuations, but the biotic 
indicators tend to be more long-term integrators of ecosystem health. Therefore, the biotic indicators should contribute 
more heavily towards an overall ecosystem health score for each site. For similar reasons, fish and macroinvertebrate 
indicators may be weighted more heavily than algal indicators (e.g. they are longer lived than algae). For each site, the 
following equation was used to create an overall score for ecosystem health:

Ecosystem health = (Physical and chemical score x 2/15) + (Nutrients score x 2/15) + (Algae x 
3/15) + (Macroinvertebrates x 4/15) + (Fish x 4/15)

Levels of ecosystem health between ‘critical’ and ‘good’ could then be determined for each site using the following cut-
off scheme: <0.2 = critical; ≤0.4 = poor; ≤0.6 = fair; >0.6 = good. This last category could be further divided into ‘good’ 
(≤ 0.8) and ‘excellent’ (>0.8). These levels of ecosystem health were determined for the May 2009 data and could be 
colour-coded in a report card. The working definitions of these categories are as follows:
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Critical: 
• aquatic ecosystem health and function nearing or at collapse and of high concern, indicative of severe or chronic 

human disturbance 
• habitat severely impacted and tending toward homogeneity
• health unlikely to improve without targeted and priority management
• no or very few aquatic biota present and fauna dominated by taxa tolerant of harsh conditions. 

Poor: 
• aquatic ecosystem health is of concern 
• indicative of moderate to severe or chronic human disturbance
• targeted management is likely to improve ecosystem health, but otherwise, health may degrade to ‘critical’
• biotic diversity present but fauna dominated by taxa tolerant of poor water quality.

Fair: 
• aquatic ecosystem health and function is indicative of slight to moderate human disturbance
• biodiversity is limited by human disturbances and water quality, habitat and riparian zone could be improved 
• no action may or may not result in a decline to ‘poor’ conditions, but improvement is unlikely. 

Good: 
• aquatic ecosystem health and function is indicative of slight human disturbance 
• a diverse and abundant aquatic fauna exists but water quality, habitat and riparian zone may not be at the same 

standard as under ‘excellent’ health conditions. 

Excellent2: 
• aquatic ecosystem health and function is at its maximum, indicative of little to no human disturbance 
• a viable (reproductive and successfully recruiting), diverse and abundant aquatic fauna exists; structurally diverse 

habitat and riparian zone. 

However, in general, it is recommended that ecosystem health is only aggregated to and reported at the level of each 
indicator group (Physical and chemical; Nutrients; Algae; Macroinvertebrates; Fish) rather than aggregating the scores 
further (into Water Quality, Biota or Overall Ecosystem Health groups) because this loses information that would be 
valuable for scientists, managers and the general public.

Table 12.11: Ecosystem health scores for sites T1 to T10 in the Taizi River Basin for each water quality indicator*. 

Site Region TN TP NH4 DO EC Phenol BOD5 CODMn
Physical 
chemical Nutrients

T1 Highlands 0.00 0.79 1.00 0.56 1.00 - - - 0.56 0.89

T2 Highlands 0.00 0.01 0.94 0.60 1.00 - - - 0.60 0.48

T3 Highlands 0.00 0.89 0.96 0.76 1.00 - - - 0.76 0.93

T4 Highlands 0.07 1.00 1.00 0.82 1.00 - - - 0.82 1.00

T5 Highlands 0.00 1.00 0.99 0.58 1.00 - - - 0.58 1.00

T6 Highlands 0.27 1.00 1.00 1.00 1.00 - - - 1.00 1.00

T7 Highlands 0.26 0.84 1.00 0.73 1.00 - - - 0.73 0.92

T8 Highlands 0.11 1.00 1.00 0.56 1.00 - - - 0.56 1.00

T9 Highlands 0.00 0.87 0.97 0.56 1.00 - - - 0.56 0.92

T10 Highlands 0.22 1.00 0.99 0.60 1.00 - - - 0.60 0.99

* Based on analysis of May 2009 field data and processes outlined in this document.

2  Note that in the report card prepared as part of this study, the good and excellent categories were merged into a single category for 
reporting purposes.
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Table 12.12: Ecosystem health scores for sites T1 to T10 in the Taizi River Basin for each biotic index.* 

Site Region A_BI2 A_BP M_S M_BMWP M_EPT_S F_S F_BI F_BP Algae MIV Fish

T1 Highlands 0.49 0.73 0.53 0.47 0.27 0.06 0.80 0.16 0.61 0.42 0.34

T2 Highlands 0.54 0.67 0.73 0.73 0.73 0.12 1.00 0.66 0.60 0.73 0.60

T3 Highlands 0.40 0.87 0.90 0.87 0.87 0.12 1.00 0.84 0.63 0.88 0.66

T4 Highlands 0.45 0.31 1.00 1.00 1.00 0.14 0.90 0.88 0.38 1.00 0.64

T5 Highlands 0.69 0.31 1.00 1.00 1.00 0.11 1.00 0.24 0.50 1.00 0.45

T6 Highlands 0.66 0.61 0.77 0.89 0.73 0.05 0.80 0.08 0.64 0.80 0.31

T7 Highlands 0.45 0.64 0.70 0.85 0.67 0.05 0.30 0.25 0.54 0.74 0.20

T8 Highlands 0.47 0.17 0.70 0.76 0.60 0.12 0.70 0.80 0.32 0.69 0.54

T9 Highlands 0.34 0.25 0.50 0.40 0.20 0.05 0.90 0.08 0.29 0.37 0.34

T10 Highlands 0.42 0.36 0.87 0.85 0.80 0.08 0.90 0.43 0.39 0.84 0.47

MIV = macroinvertebrates
* Based on analysis of May 2009 field data and processes outlined in this document.

Table 12.13: Ecosystem health scores and levels of ecosystem health for sites T1 to T10 in the Taizi River Basin.* 

Site Region Whole Ecosystem Health Score Ecosystem Health Level

T1 Highlands 0.52 fair

T2 Highlands 0.62 good

T3 Highlands 0.76 good

T4 Highlands 0.76 good

T5 Highlands 0.70 good

T6 Highlands 0.69 good

T7 Highlands 0.58 fair

T8 Highlands 0.60 fair

T9 Highlands 0.44 fair

T10 Highlands 0.64 good

* Each indicator group is weighted differently. Based on data collected in May 2009 and processes outlined in the document.
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Chapter 13. Conclusions and recommendations

13.1 river health in the taizi river basin
The pilot study used a suite of indicators to assess the aquatic ecosystem health of streams and rivers in the Taizi 
River Basin. The indicators were grouped into two groups of water quality indicators (physical and chemical indicators 
and nutrient indicators) and three groups of biotic indicators (algae, macroinvertebrates and fish). The indicators within 
each group were chosen based on a robust method of testing their response to a disturbance gradient and scores were 
derived for each indicator to assess river health. 

The results of this pilot study suggest that the health of the Taizi River has been compromised across the entire basin, 
with river health in the lowlands assessed as being in poor to critical condition with only two sites within the river basin 
considered to be in a state of excellent health. Indicators such as those for nutrient levels and fish species richness 
across all regions of the Taizi River Basin are generally considered to be at unacceptable levels for healthy river 
systems.

The Taizi River appears in better ecological health in the upper catchment (highlands) compared with the mid and lower 
reaches and there is a general trend of deteriorating river health from the highlands to lowlands. This trend reflects 
the relative intensity of human activity within the catchment, with the highest level of urban and industrial development 
located in the mid to lower reaches. Pollution from urban and industrial sources is clearly having an impact on water 
quality and, therefore, river health. Significant improvements in river health are likely to be achieved by further 
reductions in urban and industrial pollution loads. 

Although in comparatively better ecological health than the lowlands, the midlands and highlands are still significantly 
impacted by human activities such as land clearing, agriculture, urban development, river flow regulation and riverbed 
extractive industries. Midland and highland sites with fair-to-poor river health scores are generally influenced by poor 
scores for biotic indicators such as fish and macroinvertebrates. Many of the biotic indicators appear to reflect a 
poorer level of health than the water quality indicators; this is likely because biotic indicators tend to be more long-term 
integrators of ecosystem condition and stress than water quality indicators. Interestingly, the biotic indicators often 
showed stronger responses to land use disturbance at the buffer-scale (the strips of land along each side of the river) 
compared with the whole of upstream catchment scale. This suggests that the poor condition of the riparian zone (the 
severe degradation of riparian vegetation) in the Taizi River Basin is having a strong and negative effect on its aquatic 
biota. These results highlight the importance of integrating biological indicators into a river health assessment and 
monitoring program.

The results of this pilot study also demonstrate the negative impact that river flow regulation has on river health. This 
is most evident in the midlands, where ecosystem health scores below the major reservoirs are in general lower than 
those above the reservoirs. For example, site 22 upstream from Shenwo Reservoir, had an overall ecosystem health 
score of 0.55, whereas site 31 downstream from the reservoir scored 0.43. The difference in these scores was due 
mainly to low scores for macroinvertebrate and fish indicators in the downstream site. This suggests that flow and 
habitat (physical form) modification downstream of reservoirs is negatively affecting river health, and is most likely to be 
detected in poor scores for biota directly affected by barriers to their movement and/or flow modification, for example 
macroinvertebrates and fish (Robinson et al. 2003, Arthington et al. 2010).

The limited number of sites sampled and the lack of suitable reference values poses challenges in making robust 
conclusions about the health of the river. Further monitoring, both within the Taizi and elsewhere in China, will contribute 
to filling this knowledge gap. 

It is necessary to recognise the challenge of making robust conclusions on river condition on the basis of a single 
investigation. The natural variation in time and space of river health indicators represents an important constraint 
on river health assessments, especially when they are based on preliminary data sets, or those with limited spatial 
and temporal resolution. Establishing suitable reference values is a particular challenge when first implementing a 
monitoring program and in the early stages of investigation reference values are likely to include a level of uncertainty. 
The conclusions on the actual health of the river described above, and the recommended management responses 
below, need to be read with an understanding of these limitations. Over time, the outcomes of future river health 
assessments will improve as larger data sets become available, the local aquatic conditions are better understood, and 
reference values are refined. 
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13.2 Application of method across liao river basin
As part of an extension to the project, the assessment method was used to assess river condition across a larger 
section of the Liao River basin. Seventy sites were sampled during August 2009 in the Taizi, and a further 62 sites 
were sampled during May 2010 in the Hun River. The water quality, nutrients, algae, macroinvertebrates and fish were 
sampled at all sites. A total of 44 sites were sampled on the Liao River trunk stream between May 2009 and June 2010. 
Data from these sites were assessed using the same method, indicators, and reference values to derive scores across 
the basin.

The assessment showed that the health was poorest on the main channel of Liao River and best in the headwaters of 
the Taizi. River health is considered ‘fair’ in both the Taizi and Hun River, although the average score of Taizi (0.50) was 
higher than that of the Hun River (0.44). The average river health score was ‘poor’ in the Western Liao River (0.36), and 
‘fair’ in the Eastern Liao River (0.42). Most sites sampled in the main channel of the Liao River were considered in poor 
health. 

Results for the Eastern and Western Liao River both show significant degradation of the fish communities. No sites in 
the Eastern and Western Liao River scored higher than 0.5, which was notably lower than the upper scores in the Hun 
River (0.11–0.68) and Taizi River (0.06–0.65). The fish indices generally scored lower than the other indices. 

Reference sites in the Taizi Hill-Mountain region were used as a benchmark for assessing streams in the Western Liao 
River. The Taizi floodplain was also used as the reference condition for assessing the Eastern Liao River. These sites 
may not necessarily be suitable for this purpose. Detailed research is needed to revise and improve the reference 
values used in assessing the health of Liao River. 
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13.3 Communication of results
Effective communication of the results is an important outcome of a river health assessment. Internationally, there are a 
number of examples of the use of report cards to presenting the results of detailed technical analyses of river condition 
in a way that is readily comprehensible by a wide range of (non-technical) stakeholders. Report cards can be a valuable 
tool for disseminating the results of a river health study, as well as a mechanism for generating political and grassroots 
support for actions to improve river health. 

As part of this study, a report card was prepared to summarise the project work and the results of the assessment. 
An extract from the report card is shown in Figure 13.1. The report shows the overall scores (graded from critical to 
excellent) for each sampling site. In addition, more detailed information is shown for a selection of representative sites. 
For these, a pentagon was used to show the scores for each of the five different indicator groups.

Figure 13.1: Map showing the condition of different sites sampled during the study. 
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Note: Each pentagon shows information on the five indicator groups assessed – algae, fish, macroinvertebrates, water quality and 
nutrients. Red indicates a score of 0–0.2, while green indicates a score of 0.6–1.0. 

In preparing a report card, careful consideration needs to be given to the objective of the report – including the intended 
audience, the level of technical detail that is appropriate for the audience, and the particular message being conveyed. 

The integrity of a report card depends on the scientific process that underpins the report card: a glossy brochure is not a 
substitute for a sound scientific study. It is critical that any limitations of the scientific assessment are not lost as part of 
the simplification that accompanies the development of the report card. 

A similar reporting format was used to summarise the results of the second round of assessment for the Taizi, and for 
the broader Liao River Basin. These results are shown in Figure 13.2.
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Figure 13.2 includes a series of bar graphs that compare the number of sites in each of the three regions that scored 
good, fair, poor, or critical in May 2009 compared with August 2009. Over time, reporting trends in this way is likely to 
provide a useful gauge of how river condition is changing.

Figure 13.2: Results of second round of river health assessment for the Taizi River, based on sampling in August 2009. 
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Figure 13.3: Results of river health assessment for the Liao River basin, incorporating results from the Liao 
trunk stream, the Taizi, and other tributaries.
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13.4 Future monitoring research and programs 
Further work is needed to refine the method applied during the pilot study to improve the quality of the results, 
particularly before it can become the basis for a routine monitoring program. It is recommended that the following 
research topics are considered as part of any future monitoring:

• Confirm initial results or refine the set of indicators recommended in this report by repeating some of the work done 
in correlating indicator values with levels of catchment disturbance.

• Assess seasonal variability. This would involve assessing whether the correlation between indicator scores and 
catchment disturbance is different at different times of the year (the current study relied on a single sampling 
undertaken during spring). It is possible that some indicators are more or less suitable for assessing river health at 
different times of the year.

• Refine existing water quality guidelines, including development of Chinese standards for total nitrogen (TN) in 
rivers and streams) and river health target levels, using a load-based approach for indicators such as nutrients and 
sediments.

• Investigate linkages to down-stream ecosystems such as the estuary and coastal zone. This may include the 
modelling of nutrient and sediment budgets and their likely impacts on estuarine and marine ecosystems.

In addition to the further development of the river health science, a shift towards a routine monitoring program requires 
significant investment of time and resources to develop the necessary systems and human capacity. A considered 
approach to these issues is important to ensure the program will be effective and sustainable over the long-term. 
Experience gained from ten years delivery of the South East Queensland Ecosystem Health Monitoring Program 
(EHMP, 2010), has shown that the success of such a program relies on an adaptive approach that integrates scientific 
knowledge and research, policy and management, and effective stakeholder engagement. 
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The key attributes of an effective and ongoing monitoring and assessment program include:

• The presence of drivers that provide an incentive for governments or other parties to invest in the program and 
ensure adequate funding is sustained. Examples of such drivers include: (a) the requirement for agencies to report 
on the health of the natural resources they manage (b) the presence of strong public and political support.

• Generating information for all stakeholders that is useful and easily understood (e.g. a report card).

• Adopting a standardised approach to monitoring, evaluation and reporting is key for a successful program.

• Using an adaptive management approach embodied within a strategic catchment management plan that requires 
regular review of progress towards management goals will help ensure management actions are revised to ensure 
goals are met. 

• Establishing a sound governance framework will help to ensure effective strategic planning and implementation as 
well as providing transparency and accountability.

From the results of the Taizi River health assessment pilot study, the following steps are proposed to move to an 
ongoing monitoring and assessment program:

1. Determine the sampling regime for all chosen indicators, considering both spatial and temporal scales.
2. Investigate the usefulness of alternate indicators of river health that have been trialled elsewhere in China.
3. Develop standard operation procedures and train field and laboratory staff.
4. Develop a quality assurance/quality control (QA/QC) plan for data collection, management, and analysis.
5. Prioritise a list of targeted research activities that are designed to improve the science and effectiveness of the program.
6. Consider ways to incorporate the program into existing policy and management frameworks. 
7. Consider expanding the program into neighbouring catchments and the downstream estuarine waterways.

13.5 Management actions to improve river health
The results of the pilot study demonstrate a clear link between human disturbance and river health. Improvements to 
river health will require a concerted, long-term, and adaptive effort focused on reducing the impacts of both past and 
present human activities across the catchment. 

The preliminary nature of the study makes it difficult to identify specific management responses to address poor river 
health in the catchment. Based on the pilot study, and other similar studies, it is reasonable to assume that river health 
will be improved by targeting urban and industrial pollution through improved land management practices to reduce the 
sediment, nutrient and chemical load entering the waterways, and with the rehabilitation and revegetation of riparian 
land. Implementing an environmental flow regime, in accordance with the flow objectives identified in the environmental 
flows study, would also be expected to improve river health.

However, the real benefit of a river health assessment system for guiding management actions will only be realised with 
further monitoring and an improved understanding of a basin’s ecosystems. A mature monitoring program may be able 
to provide more specific information on the state of the river basin and specific causes of poor health. For example, 
identifying the pollutants are having the greatest impact on the ecology and their source, such as whether high nutrient 
loads are principally the result of human or animal waste, or which parts of the catchment are contributing to increased 
sediment loads. This type of information can allow more targeted responses.

13.6 Application of results to national level policies 
Improving river health and, as part of that, monitoring and assessing river condition, is a high priority for the Chinese 
government. In 2011 water management and conservation was, for the first time, the focus of China’s Number	1	Policy	
Document, a statement issued annually by the State Council that highlights the top policy priorities of the country. 
China’s Ministry of Environmental Protection is part way through implementation of the National Water Pollution Control 
and Treatment Program, a 15-year, multi-billion RMB project aimed at improving the health of Chinese rivers. The 
program includes a major component on river health assessment. At the same time, the Ministry of Water Resources 
is currently piloting a national river health assessment program and has issued draft guidelines to support this work 
(NTWGHARL, 2010).

The work undertaken during the pilot study provides a number of lessons that should be considered in the development 
and implementation of these national monitoring programs. 
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The pilot study was successful in trialling an international method for river health assessment in the Taizi River Basin. 
The approach of assessing the results for different indicators against a various disturbance gradients identified a 
number of indicators that appear to respond to changes in catchment disturbance and thus may be suitable for use in a 
river health assessment program.

This method is underpinned by the understanding that indicators should respond predictably to changes in the 
catchment and, therefore, to changes in river health. Importantly, it cannot be assumed that indicators that are suitable 
for one river basin will necessarily be suitable in another location – different local conditions can affect the response 
and thus the suitability of different indicators. Indicators should ideally be tested for their responsiveness within different 
settings. 

Establishing appropriate reference values against which indicator values can be assessed is a major challenge. The 
pilot study set reference values based on a combination of existing Chinese guidelines, international standards, and by 
extrapolating the data collected during the study. While these values were adequate for the purposes of this study, they 
have significant limitations and would need to be refined to ensure their suitability to Chinese conditions. For example, 
while indicators based on the tolerance of different species of macroinvertebrates are, in principle, readily transferrable 
to China, the actual tolerance values may not be. Chinese specific tolerance values are needed, based on local 
taxonomy and tolerance patterns of individual taxa. Establishing a central repository of ecological data collected as part 
of river health assessments would provide an excellent basis for developing reference values that are appropriate for 
Chinese rivers.

Reference values will also vary significantly between different rivers and regions within China. The abundance and 
composition of different biota in healthy rivers is likely to vary, for example, between upland and lowland streams, 
between tributaries and trunk streams, and between the wet and dry catchments. Water quality parameters can also 
show significant natural variation. Reference values therefore need to be established for different river types. 

To support this, a river classification should be developed based on landscape and climatic features that are known 
to influence water quality and biota (such as rainfall, runoff, temperature, geology, topography and other landscape 
features), but are not directly influenced by human activity. This could be done at a relatively coarse scale initially and 
refined as the need arises.

The river classification would allow grouping together rivers and catchments that are similar to one another. The 
selection of indicators and threshold values for indicators can then be determined for each class of river. This would 
include identifying for each river type:

• standards and thresholds for water quality and biological indicators 
• aspects of the flow regime that are environmentally significant. 
• It may be possible to adapt existing classification systems to meet present needs. 

A common objective for governments in developing (national) river health assessment programs is to be able to 
compare the relative health of different rivers. This allows the government to identify priorities for funding of restorative 
action and to assess the relative success of conservation and restoration activities. This can result in pressure to adopt 
common indicators and reference values across a country. However, for the reasons discussed above, this is often not a 
scientifically sound approach. 

It is possible, and arguably more relevant, to establish a common reporting framework, by which the results for different 
indicators from different rivers can be compared against one another. Provided results are scaled in the same way – 
such that a ‘good’ score or a ‘poor’ score is equivalent – it doesn’t necessarily matter if different indicators or indicator 
groups are used in calculating river health scores: the scores can still be compared with on another. 

As such, in implementing a national river health assessment program, a balance should be struck between avoiding 
prescriptive guidelines on indicators and reference values, while at the same time ensuring that the methods for data 
collection and analysis are sufficiently similar to allow results from different rivers and regions to be compared.
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Chapter 14. Appendices

14.1 ecosystem health scores for each site

Table 14.1: Ecosystem health scores for each site in the Taizi River Basin for each water quality index3 

Site Region TN TP NH4 DO EC Phenol BOD5 CODMn Physical chemical Nutrients

T1 Highlands 0.00 0.79 1.00 0.56 1.00 - - - 0.56 0.89

T2 Highlands 0.00 0.01 0.94 0.60 1.00 - - - 0.60 0.48

T3 Highlands 0.00 0.89 0.96 0.76 1.00 - - - 0.76 0.93

T4 Highlands 0.07 1.00 1.00 0.82 1.00 - - - 0.82 1.00

T5 Highlands 0.00 1.00 0.99 0.58 1.00 - - - 0.58 1.00

T6 Highlands 0.27 1.00 1.00 1.00 1.00 - - - 1.00 1.00

T7 Highlands 0.26 0.84 1.00 0.73 1.00 - - - 0.73 0.92

T8 Highlands 0.11 1.00 1.00 0.56 1.00 - - - 0.56 1.00

T9 Highlands 0.00 0.87 0.97 0.56 1.00 - - - 0.56 0.92

T10 Highlands 0.22 1.00 0.99 0.60 1.00 - - - 0.60 0.99

T11 Highlands 0.00 1.00 1.00 0.73 1.00 - - - 0.73 1.00

T12 Highlands 0.00 0.84 1.00 0.60 1.00 - - - 0.60 0.92

T24 Highlands 0.00 0.84 1.00 0.73 1.00 - - - 0.73 0.92

T25 Highlands 0.00 0.72 0.98 0.73 1.00 - - - 0.73 0.85

T26 Highlands 0.00 0.79 0.00 0.42 1.00 - - - 0.42 0.00

T27 Highlands 0.00 0.00 0.78 0.85 1.00 - - - 0.85 0.39

T29 Highlands 0.00 0.82 0.99 0.78 1.00 - - - 0.78 0.90

T36 Highlands 0.00 0.00 0.85 1.00 1.00 - - - 1.00 0.42

T37 Highlands 0.11 0.78 0.96 1.00 1.00 - - - 1.00 0.87

T65 Highlands 0.00 0.74 0.86 0.91 1.00 - - - 0.91 0.80

T66 Highlands 0.27 0.95 1.00 0.73 1.00 - - - 0.73 0.97

T67 Highlands 0.00 0.97 1.00 0.91 1.00 - - - 0.91 0.99

T68 Highlands 0.00 0.92 1.00 1.00 1.00 - - - 1.00 0.96

T69 Highlands 0.00 0.88 1.00 1.00 1.00 - - - 1.00 0.94

T70 Highlands 0.00 0.97 1.00 0.69 1.00 - - - 0.69 0.99

T13 Midlands 0.00 0.76 1.00 1.00 1.00 0.98 - - 0.98 0.88

T14 Midlands 0.39 1.00 1.00 1.00 1.00 0.71 - - 0.71 1.00

T15 Midlands 0.39 1.00 1.00 1.00 1.00 0.76 - - 0.76 1.00

T16 Midlands 0.00 0.97 1.00 0.91 1.00 0.88 - - 0.88 0.99

T17 Midlands 0.00 0.79 1.00 0.85 1.00 0.76 - - 0.76 0.89

T18 Midlands 0.00 0.75 1.00 1.00 1.00 0.50 - - 0.50 0.88

T19 Midlands 0.00 1.00 0.93 0.98 1.00 0.96 - - 0.96 0.97

T20 Midlands 0.00 1.00 1.00 0.91 1.00 0.35 - - 0.35 1.00

T21 Midlands 0.00 1.00 0.48 0.55 1.00 0.83 - - 0.55 0.74

T22 Midlands 0.00 0.75 0.97 0.80 1.00 0.78 - - 0.78 0.86

T23 Midlands 0.00 0.74 0.70 0.78 0.95 0.30 - - 0.30 0.72

T28 Midlands 0.00 0.26 0.95 0.58 1.00 0.68 - - 0.58 0.61

T30 Midlands 0.73 0.97 0.97 0.67 1.00 0.96 - - 0.67 0.97

T31 Midlands 0.00 1.00 0.62 0.78 1.00 0.98 - - 0.78 0.81

3  Based on analysis of May 2009 field data and processes outlined in this document.
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Site Region TN TP NH4 DO EC Phenol BOD5 CODMn Physical chemical Nutrients

T34 Midlands 0.69 0.92 1.00 0.27 1.00 0.99 - - 0.27 0.96

T35 Midlands 0.00 1.00 0.64 0.60 1.00 1.00 - - 0.60 0.82

T38 Midlands 0.15 0.57 0.95 0.55 1.00 1.00 - - 0.55 0.76

T44 Midlands 0.00 0.00 1.00 0.60 1.00 0.53 - - 0.53 0.50

T51 Midlands 0.00 0.28 0.95 0.73 1.00 0.91 - - 0.73 0.61

T61 Midlands 0.00 - 0.78 0.51 0.96 0.93 - - 0.51 0.78

T62 Midlands 0.00 0.92 0.71 0.78 1.00 0.94 - - 0.78 0.82

T63 Midlands 0.00 0.97 - 1.00 0.92 0.98 - - 0.92 0.97

T32 Lowlands 0.00 - 0.94 0.55 1.00 0.92 0.11 0.87 0.11 0.94

T33 Lowlands 0.00 0.97 1.00 0.64 1.00 0.86 0.31 0.92 0.31 0.99

T39 Lowlands 0.00 0.50 0.67 0.58 1.00 1.00 1.00 0.84 0.58 0.58

T40 Lowlands 0.00 0.79 0.56 0.33 1.00 0.86 1.00 0.83 0.33 0.68

T41 Lowlands 0.00 0.00 0.53 0.62 0.88 0.96 0.76 0.63 0.62 0.26

T42 Lowlands 0.00 0.00 0.00 0.16 0.74 0.95 0.51 0.56 0.16 0.00

T43 Lowlands 0.00 0.12 0.65 0.42 0.90 1.00 1.00 0.64 0.42 0.38

T45 Lowlands 0.00 0.33 0.49 0.51 0.97 0.91 0.00 0.80 0.00 0.41

T46 Lowlands 0.00 0.76 0.47 0.53 0.97 0.88 0.81 0.80 0.53 0.62

T47 Lowlands 0.00 0.88 0.62 0.87 0.96 0.85 0.14 0.77 0.14 0.75

T48 Lowlands 0.00 0.13 0.41 0.82 1.00 - 0.79 0.87 0.79 0.27

T49 Lowlands 0.00 0.00 0.00 0.00 0.34 0.92 0.00 0.54 0.00 0.00

T50 Lowlands 0.00 0.00 0.00 0.00 0.35 0.92 0.00 0.54 0.00 0.00

T52 Lowlands 0.00 0.00 0.35 0.64 0.93 - 0.82 0.71 0.64 0.17

T53 Lowlands 0.00 0.00 0.21 0.80 0.92 - 0.83 0.74 0.74 0.11

T54 Lowlands 0.00 0.00 0.00 0.00 0.34 0.90 0.27 0.55 0.00 0.00

T55 Lowlands 0.00 0.00 0.40 0.78 1.00 - 0.81 0.90 0.78 0.20

T56 Lowlands 0.00 0.00 0.00 0.00 0.52 0.85 0.41 0.00 0.00 0.00

T57 Lowlands 0.00 0.00 0.30 0.67 1.00 - 0.84 0.89 0.67 0.15

T58 Lowlands 0.00 0.00 0.34 0.75 1.00 - 0.85 0.90 0.75 0.17

T59 Lowlands 0.00 0.30 0.39 0.00 0.66 1.00 0.00 0.00 0.00 0.35

T60 Lowlands 0.00 0.82 0.37 1.00 0.88 0.84 0.51 0.57 0.51 0.59

T64 Lowlands 0.00 0.51 0.56 0.53 0.83 0.93 0.51 0.28 0.28 0.54
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Table 14.2: Ecosystem health scores for each site in the Taizi River Basin for each biotic indicator.* 

Site Region A_BI2 A_BP M_S M_
BMWP

M_
EPT_S F_S F_BI F_BP Algae MIV Fish

T1 Highlands 0.49 0.73 0.53 0.47 0.27 0.06 0.80 0.16 0.61 0.42 0.34

T2 Highlands 0.54 0.67 0.73 0.73 0.73 0.12 1.00 0.66 0.60 0.73 0.60

T3 Highlands 0.40 0.87 0.90 0.87 0.87 0.12 1.00 0.84 0.63 0.88 0.66

T4 Highlands 0.45 0.31 1.00 1.00 1.00 0.14 0.90 0.88 0.38 1.00 0.64

T5 Highlands 0.69 0.31 1.00 1.00 1.00 0.11 1.00 0.24 0.50 1.00 0.45

T6 Highlands 0.66 0.61 0.77 0.89 0.73 0.05 0.80 0.08 0.64 0.80 0.31

T7 Highlands 0.45 0.64 0.70 0.85 0.67 0.05 0.30 0.25 0.54 0.74 0.20

T8 Highlands 0.47 0.17 0.70 0.76 0.60 0.12 0.70 0.80 0.32 0.69 0.54

T9 Highlands 0.34 0.25 0.50 0.40 0.20 0.05 0.90 0.08 0.29 0.37 0.34

T10 Highlands 0.42 0.36 0.87 0.85 0.80 0.08 0.90 0.43 0.39 0.84 0.47

T11 Highlands 0.72 0.71 0.73 0.79 0.73 0.02 0.70 0.00 0.71 0.75 0.24

T12 Highlands 0.39 0.20 0.60 0.41 0.47 0.06 0.80 0.00 0.29 0.49 0.29

T24 Highlands 0.41 0.76 0.53 0.39 0.53 0.09 1.00 0.63 0.58 0.49 0.58

T25 Highlands 0.35 0.77 0.73 0.77 0.67 0.08 1.00 0.38 0.56 0.72 0.49

T26 Highlands 0.27 0.67 0.37 0.34 0.40 0.06 0.70 0.38 0.47 0.37 0.38

T27 Highlands 0.50 0.63 0.53 0.38 0.33 0.03 0.80 0.00 0.57 0.42 0.28

T29 Highlands 0.36 0.53 0.30 0.15 0.07 0.08 0.90 0.37 0.44 0.17 0.45

T36 Highlands 0.41 0.63 0.63 0.40 0.47 0.05 0.90 0.52 0.52 0.50 0.49

T37 Highlands 0.30 0.72 0.57 0.40 0.47 0.11 1.00 0.76 0.51 0.48 0.62

T65 Highlands - - 0.40 0.24 0.40 - - - - 0.35 -

T66 Highlands - - 0.40 0.23 0.13 - - - - 0.25 -

T67 Highlands - - 0.87 0.90 0.73 - - - - 0.83 -

T68 Highlands - - 0.53 0.42 0.33 - - - - 0.43 -

T69 Highlands - - 0.67 0.51 0.67 - - - - 0.61 -

T70 Highlands - - 0.87 0.91 0.87 - - - - 0.88 -

T13 Midlands 0.47 0.89 0.53 0.34 0.40 0.08 1.00 0.16 0.68 0.42 0.41

T14 Midlands 0.55 0.37 0.37 0.30 0.60 0.06 0.90 0.30 0.46 0.42 0.42

T15 Midlands 0.41 0.21 0.47 0.15 0.00 0.03 0.60 0.31 0.31 0.20 0.31

T16 Midlands 0.57 0.62 0.50 0.56 0.60 0.05 0.70 0.46 0.60 0.55 0.40

T17 Midlands 0.36 0.79 0.47 0.33 0.60 0.12 1.00 0.68 0.58 0.46 0.60

T18 Midlands 0.59 0.50 0.80 0.88 1.00 0.15 0.60 0.76 0.54 0.89 0.50

T19 Midlands 0.51 0.91 0.60 0.44 0.20 0.09 0.50 0.63 0.71 0.41 0.41

T20 Midlands 0.32 0.67 0.27 0.15 0.20 0.05 0.60 0.53 0.49 0.21 0.39

T21 Midlands 0.30 0.50 0.27 0.17 0.20 0.11 1.00 0.81 0.40 0.21 0.64

T22 Midlands 0.38 0.73 0.50 0.44 0.70 0.05 0.30 0.53 0.56 0.55 0.29

T23 Midlands 0.46 0.72 0.30 0.21 0.30 0.03 0.40 0.00 0.59 0.27 0.14

T28 Midlands 0.34 0.70 0.23 0.21 0.20 0.06 0.60 0.53 0.52 0.21 0.40

T30 Midlands 0.42 0.69 0.23 0.07 0.00 0.08 0.90 0.46 0.55 0.10 0.48

T31 Midlands 0.33 0.79 0.27 0.08 0.00 0.08 0.50 0.31 0.56 0.12 0.30

T34 Midlands 0.30 0.70 0.23 0.08 0.10 0.11 0.30 0.89 0.50 0.14 0.43

T35 Midlands 0.28 0.95 0.27 0.11 0.10 0.12 0.80 0.41 0.61 0.16 0.44

T38 Midlands 0.26 0.81 0.17 0.12 0.20 0.05 0.90 0.71 0.54 0.16 0.55
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Site Region A_BI2 A_BP M_S M_
BMWP

M_
EPT_S F_S F_BI F_BP Algae MIV Fish

T44 Midlands 0.32 0.73 0.47 0.31 0.30 0.11 0.40 0.31 0.52 0.36 0.27

T51 Midlands 0.46 0.58 0.40 0.38 0.30 0.03 0.20 0.53 0.52 0.36 0.25

T61 Midlands 0.38 1.00 0.40 0.47 0.80 0.09 0.70 0.89 0.69 0.56 0.56

T62 Midlands 0.38 0.92 0.37 0.27 0.30 0.05 0.80 0.12 0.65 0.31 0.32

T63 Midlands 0.59 0.90 0.73 0.60 1.00 0.05 0.70 0.46 0.74 0.78 0.40

T32 Lowlands 0.38 0.68 0.36 0.14 0.29 0.15 0.80 0.81 0.53 0.26 0.59

T33 Lowlands 0.32 0.67 0.59 0.72 1.00 0.08 1.00 0.53 0.50 0.77 0.54

T39 Lowlands 0.28 0.93 0.41 0.19 0.00 0.11 0.50 0.60 0.61 0.20 0.40

T40 Lowlands 0.32 1.00 0.77 0.62 1.00 0.20 0.60 0.99 0.66 0.80 0.60

T41 Lowlands 0.32 0.65 0.18 0.04 0.00 0.02 0.20 0.00 0.48 0.07 0.07

T42 Lowlands 0.08 - 0.18 0.10 0.00 0.02 0.40 0.00 0.08 0.09 0.14

T43 Lowlands 0.43 0.10 0.59 0.28 0.43 0.11 0.50 0.61 0.27 0.43 0.41

T45 Lowlands 0.31 0.76 0.36 0.28 0.29 0.12 0.20 0.64 0.54 0.31 0.32

T46 Lowlands 0.15 0.79 0.23 0.04 0.00 0.15 0.50 0.70 0.47 0.09 0.45

T47 Lowlands 0.32 0.71 0.27 0.15 0.00 0.09 0.50 0.54 0.51 0.14 0.38

T48 Lowlands 0.21 0.87 0.18 0.04 0.00 0.08 0.40 0.18 0.54 0.07 0.22

T49 Lowlands 0.37 0.59 0.23 0.04 0.00 0.05 0.00 0.47 0.48 0.09 0.17

T50 Lowlands 0.27 0.47 0.05 0.01 0.00 0.00 0.00 - 0.37 0.02 0.00

T52 Lowlands 0.23 0.22 0.27 0.04 0.00 0.06 0.30 0.57 0.23 0.10 0.31

T53 Lowlands 0.15 0.76 0.18 0.04 0.00 0.00 0.00 - 0.45 0.07 0.00

T54 Lowlands 0.17 0.35 0.14 0.04 0.00 0.00 0.00 - 0.26 0.06 0.00

T55 Lowlands 0.19 0.84 0.23 0.04 0.00 0.06 0.20 0.24 0.51 0.09 0.17

T56 Lowlands 0.06 - 0.14 0.01 0.00 0.00 0.00 - 0.06 0.05 0.00

T57 Lowlands 0.25 0.56 0.14 0.04 0.00 0.03 0.30 0.31 0.41 0.06 0.21

T58 Lowlands 0.22 0.92 0.09 0.04 0.00 0.08 0.30 0.76 0.57 0.04 0.38

T59 Lowlands 0.26 0.57 0.41 0.23 0.57 0.03 0.00 0.53 0.41 0.41 0.19

T60 Lowlands 0.25 0.85 0.27 0.25 0.00 0.08 0.50 0.64 0.55 0.17 0.41

T64 Lowlands 0.19 0.82 0.23 0.04 0.00 0.11 0.30 0.78 0.51 0.09 0.40

MIV = macroinvertebrates
* based on analysis of May 2009 field data and processes outlined in this document
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Table 14.3: Ecosystem health scores and levels of ecosystem health for all sites in the Taizi River Basin* 

Site Region Whole ecosystem health score Ecosystem health level

T1 Highlands 0.52 fair

T2 Highlands 0.62 good

T3 Highlands 0.76 good

T4 Highlands 0.76 good

T5 Highlands 0.70 good

T6 Highlands 0.69 good

T7 Highlands 0.58 fair

T8 Highlands 0.60 fair

T9 Highlands 0.44 fair

T10 Highlands 0.64 good

T11 Highlands 0.64 good

T12 Highlands 0.47 fair

T24 Highlands 0.62 good

T25 Highlands 0.65 good

T26 Highlands 0.35 poor

T27 Highlands 0.46 fair

T29 Highlands 0.48 fair

T36 Highlands 0.56 fair

T37 Highlands 0.64 good

T65 Highlands 0.60 good

T66 Highlands 0.55 fair

T67 Highlands 0.89 excellent

T68 Highlands 0.70 good

T69 Highlands 0.79 good

T70 Highlands 0.86 excellent

T13 Midlands 0.61 good

T14 Midlands 0.54 fair

T15 Midlands 0.43 fair

T16 Midlands 0.62 good

T17 Midlands 0.62 good

T18 Midlands 0.66 good

T19 Midlands 0.62 good

T20 Midlands 0.44 fair

T21 Midlands 0.48 fair

T22 Midlands 0.55 fair

T23 Midlands 0.36 poor

T28 Midlands 0.43 fair

T30 Midlands 0.48 fair

T31 Midlands 0.43 fair

T34 Midlands 0.42 fair

T35 Midlands 0.47 fair

T38 Midlands 0.47 fair

T44 Midlands 0.41 fair
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Site Region Whole ecosystem health score Ecosystem health level

T51 Midlands 0.45 fair

T61 Midlands 0.61 good

T62 Midlands 0.51 fair

T63 Midlands 0.72 good

T32 Lowlands 0.47 fair

T33 Lowlands 0.62 good

T39 Lowlands 0.44 fair

T40 Lowlands 0.64 good

T41 Lowlands 0.25 poor

T42 Lowlands 0.10 critical

T43 Lowlands 0.38 poor

T45 Lowlands 0.33 poor

T46 Lowlands 0.39 poor

T47 Lowlands 0.36 poor

T48 Lowlands 0.33 poor

T49 Lowlands 0.17 critical

T50 Lowlands 0.08 critical

T52 Lowlands 0.26 poor

T53 Lowlands 0.22 poor

T54 Lowlands 0.07 critical

T55 Lowlands 0.30 poor

T56 Lowlands 0.03 critical

T57 Lowlands 0.26 poor

T58 Lowlands 0.35 poor

T59 Lowlands 0.29 poor

T60 Lowlands 0.41 fair

T64 Lowlands 0.34 poor

*  Each indicator group is weighted differently, based on data collected in May 2009 and the processes  
outlined in the document. This type of aggregated score was used in the report card.
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14.2 Approaches to analysing disturbance gradient-indicator relationships
There is a range of potential approaches for looking at the response of indicators to disturbance gradients. In many 
cases, there may be multiple disturbance gradients (e.g. land-use alteration, water extraction, pollution) making 
analyses more complicated. Four possible approaches, outlined in Table 14.4 include: 

• simple linear regression models
• non-linear regression approaches
• data reduction approaches (to reduce complex gradients into simple metrics (e.g. via PCA)
• more complex modelling approaches (e.g. multiple regression).

Table 14.4: Pros and cons of different approaches to exploring the response of indicators to disturbance gradients.

Approach Simple 
to do

Simple to 
communicate 

method

Simple to 
communicate 

results

Captures 
non linear 
responses

Captures 
interactions 

between 
stressors

Data 
needs

Recommendation

Linear 
regression

yes yes yes no no small 
datasets

good for strong 
simple gradients

Non-linear 
regression

yes yes yes yes no small 
datasets

good for strong 
simple gradients

Data reduction 
of disturbance 
gradient (e.g. 
PCA) linked 
with simple 
regression

yes no no sometimes sometimes moderate 
datasets

not recommended

Multiple 
regression 
and similar 
techniques

less so some 
approaches

some 
techniques

some 
methods

yes larger 
datasets

good for complex 
gradients but 
requires more 
data

Some principles to help decide which approach to chose include:

• keep it simple

• start by looking at the data (e.g. scatterplots and Spearman’s rank correlations), where the relationship types and 
strengths can be explored and the amount of variation in the data (indicator values) between sites can be taken into 
account 

• consider that multiple regression approaches require more data, and that it is best to keep models as simple as 
possible (e.g. based on AIC).

14.3 Disturbance gradients in the taizi basin

Table 14.5: Summary statistics for the major land use categories at the catchment scale for each river region.

Region Farmland Forest Paddy Urban Reservoir Grassland Catchment area (ha)

Highlands Min 2.75 73.82 0.00 0.00 0.00 0.00 1,653

Max 22.53 95.78 1.86 2.38 1.28 10.10 90,898

Mean 11.59 85.08 0.30 0.79 0.10 0.56 17,768

Midlands Min 0.30 55.58 0.00 0.00 0.00 0.00 166

Max 30.80 99.70 11.44 6.79 2.07 2.26 620,317

Mean 15.03 77.77 0.85 1.78 0.84 0.77 183,626

Lowlands Min 3.66 23.16 0.11 0.00 0.15 0.00 25,493

Max 51.24 78.59 23.99 24.01 1.59 20.72 2,540,723

Mean 25.87 56.30 4.96 8.43 0.94 0.81 64,1010
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Table 14.6: Summary statistics for the major land use categories present at the buffer scale for each river region.

Region Farmland Forest Paddy Urban Reservoir Grassland Buffer area (ha)

Highlands Min 2.65 35.98 0.00 0.00 0.00 0.00 185

Max 46.35 93.82 13.04 8.02 0.48 8.13 1,994

Mean 21.47 68.61 1.82 2.93 0.03 1.03 1,736

Midlands Min 0.48 9.38 0.00 0.00 0.00 0.00 205

Max 59.00 99.52 5.73 65.25 6.35 9.58 2,010

Mean 30.83 48.77 0.85 8.68 0.43 1.11 1,564

Lowlands Min 1.15 0.00 0.00 4.04 0.00 0.00 1,733

Max 73.66 26.05 27.47 67.18 1.59 10.76 2,231

Mean 45.24 4.87 9.27 25.66 0.11 0.97 1,962

Table 14.7: Spearman rank correlation coefficients between major or important  
land use cover categories within the highlands.

Catchment Buffer

Farmland Forest Urban Paddy Farmland Forest

Catchment

Forest -0.89 1

Urban 0.57 -0.75 1

Buffer 

Paddy 0.41 -0.54 0.44 1

Farmland 0.37 -0.45 0.43 0.55 1

Forest -0.38 0.50 -0.49 -0.73 -0.90 1

Urban 0.38 -0.57 0.77 0.57 0.64 -0.74

Table 14.8: Spearman rank correlation coefficients between major or important  
land use cover categories within the midlands.

Catchment Buffer

Farmland Forest Urban Paddy Farmland Forest

Catchment

Forest -0.66 1

Urban 0.49 -0.44 1

Buffer 

Paddy -0.26 0.20 -0.36 1

Farmland 0.43 -0.66 0.15 0.16 1

Forest -0.17 0.38 -0.24 -0.33 -0.58 1

Urban 0.10 -0.22 0.47 0.06 0.13 -0.67
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Table 14.9: Spearman rank correlation coefficients between major or important land use cover categories within 
the lowlands.

Catchment Buffer

Farmland Forest Urban Paddy Farmland Forest

Catchment

Forest -0.92 1

Urban 0.79 -0.85 1

Buffer 

Paddy 0.62 -0.69 0.46 1

Farmland -0.34 0.34 -0.11 -0.23 1

Forest -0.66 0.70 -0.67 -0.63 0.14 1

Urban 0.57 -0.58 0.47 0.20 -0.54 -0.42

Figure 14.1: Boxplots of land use disturbance (% cover) within the catchments upstream of sites in the 
highlands, midlands and lowlands of the Taizi River Basin. 

Note: 1 = highlands; 2 = midlands; 3 = lowlands.

Boxplots show the interquartile range of the data within the ‘box’; ‘whiskers’ show the data that falls within 1.5 times 
the 25th and 75th percentiles; data with values larger or small than the whiskers are shown as circles and are often 
considered as outliers. In addition, the median value is shown by the line across the box; the mean by the triangle.
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Figure 14.2: Boxplots of land use disturbance (% cover) at the buffer scale of the Taizi River Basin.

Note: 1 = highlands; 2 = midlands; 3 = lowlands.
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Table 14.10: Spearman rank correlation coefficients between secondary disturbance  
gradient parameters within the highlands.

DO EC NH4 TP TN NO2 NO3

DO 1

EC 0.35 1

NH4 -0.03 0.42 1

TP 0.15 0.51 0.67 1

TN -0.12 0.329 0.37 0.30 1

NO2 -0.36 0.01 0.43 0.09 0.37 1

NO3 0 0.45 0.17 0.16 0.87 0.31 1

PO4 0.35 0.54 0.61 0.81 -0.22 -0.32 -0.15

Table 14.11: Spearman rank correlation coefficients between secondary disturbance  
gradient parameters within the midlands.

DO EC NH4 TP TN NO2 NO3

DO 1

EC -0.53 1

NH4 -0.41 0.25 1

TP -0.31 0.53 -0.12 1

TN 0.13 -0.02 0.28 0.09 1

NO2 -0.36 0.26 0.23 0.28 0.12 1

NO3 -0.13 0.02 0.49 0.16 0.73 0.55 1

PO4 -0.62 0.63 0.12 0.95 -0.16 0.17 0.06

Table 14.12: Spearman rank correlation coefficients between secondary disturbance  
gradient parameters within the Lowlands.

DO EC NH4 TP TN NO2 NO3

DO 1

EC -0.66 1

NH4 -0.30 0.49 1

TP -0.29 0.40 0.78 1

TN 0.03 0.22 0.72 0.49 1

NO2 0.77 -0.78 -0.25 -0.18 0.10 1

NO3 0.64 -0.55 -0.26 -0.26 0.33 0.76 1

PO4 -0.30 0.23 0.42 0.45 0.31 -0.15 -0.17
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Figure 14.3: Boxplots of secondary disturbance gradients (mg/l except for electrical conductivity, μS/cm) at 
sites in the highlands of the Taizi River Basin.

Note: 1 = highlands; 2 = midlands; 3 = lowlands.
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14.4 Water quality parameters – sampling and laboratory analyses
At each sampling site, several physical and chemical variables were measured: 

• water temperature (°C); dissolved oxygen (DO mg/l); conductivity (μS/cm); and total dissolved solids (TDS, mg/l) 
were measured in	situ with a handheld YSI multiparameter instrument (professional plus)

• pH was measured using a pen style YSI pH tester instrument (YSI Incorporated, Yellow Springs, Ohio, USA). 

Sensors were calibrated before the measurement was taken. 

Water samples for analyses of other parameters were collected in polyethylene plastic bottles rinsed three times with 
distilled water and kept at 4°C for laboratory analysis. For potassium (K); sodium (Na); chloride (Cl); sulfate (SO4) and 
phosphate (PO4) (mg/l) analyses, the water samples were filtrated through 0.45 µm pore sized Millipore nitrocellulose 
membrane filters. Cations of K and Na were determined by inductively coupled plasma atomic emission spectrometer 
(ICP-AES; IRIS Intrepid II XSP DUO, USA). Method accuracy and quality control were verified by triplicate analysis of 
standard reference material (SRM, SPEX CertiPrep, Inc., USA). Anions of Cl and SO4 were quantified by using Dionex 
Ion Chromatograph. 

Bicarbonate (HCO3; mg/l) was determined by titration method, and the permanganate index (CODMn, mg/l) was 
measured by the potassium permanganate index method (NEPB 2002). Before analysis for ammonium (NH4), nitrite 
(NO2), nitrate (NO3) and total nitrogen (TN) (mg/l), water samples were acidified to pH < 2 by sulfuric acid, while 
samples for phosphate (PO4) and total phosphorus (TP) (mg/l) analysis were acidified to pH ≤ 1 with nitric acid (NEPB 
2002). The concentration of NH4 was measured with Nessler’s reagent, NO3 and TN determined by the alkaline 
potassium persulfate oxidation–UV spectrophotometric method, respectively. TP was analysed by digestion and a 
colorimetric method (ammonium molybdenum blue method/ascorbic acid method) after the samples were digested 
with concentrated nitric and sulfuric acid to convert all the phosphates into the orthophosphate form (NEPB 2002). 
Orthophosphate (PO4) was measured by the same analytical method as TP, but the samples were not digested (NEPB 
2002).

The concentrations (mg/l) of others nine chemical variables, including cations of calcium and magnesium (Ca, Mg), 
alkalinity (Alk), suspended solids (SS), silicate (SiO4), 5-day bio-chemical oxygen demand (BOD5), chemical oxygen 
demand (CODCr), volatile phenols (Phenols), and Escherichia	coli	(E.	coli, colonies of faecal coliforms /l), were 
measured according the Chinese Standard Methods for Examination of Water & Wastewater (GB3838-2002). Phenols 
are defined as hydroxyl derivatives of benzene and its condensed nuclei, and can occur in domestic and industrial 
wastewaters as well as natural waters and potable-water supplies (APHA 2005). 

CODCr is often used to estimate the ‘oxygen demand of organic pollutants in heavily polluted water bodies with oxygen 
demand of organic pollutants > 30 mg/l, such as industrial wastewater’ and CODMn (the permanganate index) may be 
used to estimate the organic pollutants in surface water or ground waters ‘with the range of the oxygen demand of 
organic pollutants from 1.0 to 15.0 mg/l’ (Tian et al. 2008).

The dissolved elements of the heavy metals lead (Pb), Chromium (Cr), Aluminium (Al), Zinc (Zn), Copper (Cu), Mercury 
(Hg) and Arsenic (As) were determined by using atomic absorption spectrophotometer (APHA 2005), but concentrations 
were generally below detection limit. 
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Table 14.13: Water quality parameters, including units and the sampling/laboratory method of measurement.

Parameter Unit References/instruments

pH YSI multiparameter instrument

DO mg/l YSI multiparameter instrument

EC µS/cm YSI multiparameter instrument

SS mg/l YSI multiparameter instrument

TDS mg/l YSI multiparameter instrument

K+ mg/l Atomic emission spectrometer – ICP-AES

Ca2+ mg/l Chinese Standard Methods for Examination of Water & Wastewater (GB3838-2002)

Na+ mg/l Atomic emission spectrometer – ICP-AES

Mg2+ mg/l Chinese Standard Methods for Examination of Water & Wastewater (GB3838-2002)

Cl- mg/l Dionex Ion Chromatograph

SO4
2- mg/l Dionex Ion Chromatograph

HCO3
- mg/l Titration method

Alkalinity mg/l Chinese Standard Methods for Examination of Water & Wastewater (GB3838-2002)

BOD5 mg/l Chinese Standard Methods for Examination of Water & Wastewater (GB3838-2002)

CODCr mg/l Chinese Standard Methods for Examination of Water & Wastewater (GB3838-2002)

CODMn mg/l potassium permanganate index method-NEPB 2002

NH4+ mg/l Nessler’s reagent-NEPB 2002

TN mg/l UV spectrophotometric method-NEPB 2002

NO2- mg/l Chinese Standard Methods for Examination of Water & Wastewater (GB3838-2002)

NO3- mg/l UV spectrophotometric method-NEPB 2002

PO4
3- mg/l Ascorbic acid method-NEPB 2002

TP mg/l Ascorbic acid method-NEPB 2002

Si04
2- mg/l Chinese Standard Methods for Examination of Water & Wastewater (GB3838-2002)

Pb mg/l Atomic absorption spectrophotometer-APHA 2005

Cd mg/l Atomic absorption spectrophotometer-APHA 2005

Cr mg/l Atomic absorption spectrophotometer-APHA 2005

Al mg/l Atomic absorption spectrophotometer-APHA 2005

Zn mg/l Atomic absorption spectrophotometer-APHA 2005

Cu mg/l Atomic absorption spectrophotometer-APHA 2005

Hg mg/l Atomic absorption spectrophotometer-APHA 2005

As mg/l Atomic absorption spectrophotometer-APHA 2005

Volatile 
phenols

mg/l Chinese Standard Methods for Examination of Water & Wastewater (GB3838-2002)

E.	coli colonies/l Chinese Standard Methods for Examination of Water & Wastewater (GB3838-2002)
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14.5 General trends in water quality parameters and response to disturbance

Table 14.14: Summary statistics for water quality parameters observed in the highlands during May 2009.

n min 5th median 95th max mean SD

pH 25 7.9 8.1 8.3 8.8 9.0 8.4 0.2

DO (mg/l) 25 4.3 5.1 6.0 9.4 9.6 6.5 1.5

EC (μS/cm) 25 67 72 168 266 356 173 72

SS (mg/l) 25 6 8 28 72 124 34 26

TDS (mg/l) 25 85 88 212 555 903 252 176

K (mg/l) 25 0.8 1.0 2.1 3.5 9.2 2.3 1.6

Ca (mg/l) 25 9.4 10.3 30.4 62.0 64.3 34.4 17.9

Na (mg/l) 25 0.5 3.2 4.8 9.5 11.2 5.3 2.3

Mg (mg/l) 25 1.7 1.9 5.5 15.7 18.3 6.8 4.3

Cl (mg/l) 25 4.6 5.6 10.0 30.7 40.1 12.1 8.5

SO4 (mg/l) 25 12.1 13.8 33.2 90.8 304.5 47.1 58.2

SiO4 (mg/l) 25 7.5 7.6 10.2 13.8 17.1 10.5 2.2

HCO3 (mg/l) 25 8.8 14.3 41.1 81.6 88.2 44.4 23.0

ALK (mg/l) 25 8.8 14.3 41.1 81.6 88.2 44.5 23.0

BOD5 (mg/l) 25(22) 2.2 2.2 4.6 8.4 8.7 4.8 1.9

CODCr (mg/l) 25 12.1 12.6 21.5 38.4 48.5 24.1 9.7

CODMn (mg/l) 25 3.1 3.2 4.1 9.1 24.2 5.3 4.2

NH4 (mg/l) 25 0.08 0.10 0.15 0.53 6.21 0.43 1.21

NO2 (mg/l) 25(20) 0.003 0.004 0.008 0.029 0.285 0.022 0.062

NO3 (mg/l) 25 1.23 1.35 2.11 9.79 12.00 2.85 2.71

TN (mg/l) 25 1.5 1.5 2.9 13.4 17.8 4.3 4.1

PO4 (mg/l) 25(15) 0.01 0.01 0.03 0.14 0.23 0.05 0.06

TP (mg/l) 25 0.01 0.01 0.07 0.40 0.73 0.11 0.16

Phenols (mg/l) 25(24) 0.002 0.002 0.008 0.086 0.113 0.018 0.028

E.	coli 
(colonies/l)

25(21) 40 110 935 5400 16000 2167 3554

Al 25(15) 0.14 0.14 0.25 2.75 7.20 0.82 1.78

Cu 25(0) – – – – – – –

Hg 25(14) 0.04 0.09 0.69 1.77 1.90 0.84 0.61

As 25 (16) 0.20 0.21 0.54 1.83 1.90 0.72 0.53

Pb 25(0) – – – – – – –

Zn 25(0) – – – – – – –

Cd 25(0) – – – – – – –

Cr 25(0) – – – – – – –

* n is the number of sites, with the number in parentheses representing those for which values were at or above the detection limit

110



A n  I n t e r n At I o n A l  W At e r C e n t r e  p u b l I C At I o n

Assessment of river health in the Liao River Basin (Taizi Sub-Catchment) 

Table 14.15: Summary statistics for water quality parameters observed in the midlands during May 2009.

n min 5th median 95th max mean SD

pH 22 7.6 7.6 8.2 8.7 9.1 8.2 0.4

DO (mg/l) 22 3.5 4.8 6.3 9.6 10.3 6.5 1.6

EC (μS/cm) 22 57 145 299 452 492 283 118

SS (mg/l) 22 9 11 33 81 109 38 26

TDS (mg/l) 22 120 132 266 392 414 252 71

K (mg/l) 22 1.5 1.8 2.5 5.5 12.6 3.4 2.4

Ca (mg/l) 22 7.5 11.3 38.2 57.8 135.0 40.7 24.9

Na (mg/l) 22 2.3 2.8 8.9 19.1 26.7 10.7 5.6

Mg (mg/l) 22 1.5 1.8 8.1 28.0 34.8 10.3 7.9

Cl (mg/l) 22 9.7 9.9 15.2 29.4 46.7 17.6 8.6

SO4 (mg/l) 22 32.8 38.5 60.0 126.1 153.0 69.0 28.4

SiO4 (mg/l) 22 2.9 2.9 8.9 15.9 21.8 9.2 5.5

HCO3 (mg/l) 22 17.3 17.4 48.7 72.9 79.5 47.3 16.6

ALK (mg/l) 22 17.3 17.4 49.0 74.9 79.5 48.4 17.6

BOD5 (mg/l) 22(14) 2.1 2.1 5.8 10.7 14.0 6.0 3.3

CODCr (mg/l) 22(20) 7.3 9.6 17.0 48.7 53.4 20.5 11.9

CODMn (mg/l) 22 2.7 2.8 3.6 5.8 29.3 4.9 5.5

NH4 (mg/l) 22(14) 0.06 0.07 0.21 0.86 1.11 0.34 0.31

NO2 (mg/l) 22(20) 0.006 0.008 0.012 0.150 0.211 0.033 0.054

NO3 (mg/l) 22 0.38 0.45 1.74 10.16 12.00 2.96 3.04

TN (mg/l) 22 0.7 0.8 3.7 13.8 15.5 4.7 3.8

PO4 (mg/l) 22(10) 0.01 0.01 0.03 0.29 0.36 0.08 0.11

TP (mg/l) 22(21) 0.01 0.01 0.05 0.30 0.51 0.10 0.13

Phenols (mg/l) 22 0.002 0.002 0.012 0.065 0.071 0.021 0.021

E.	coli 
(colonies/l)

22(20) 50 50 700 13000 13000 2103 3814

Al 22(8) 0.06 0.11 0.39 4.30 6.20 1.09 2.08

Cu 22(4) 128.00 133.10 163.75 169.75 170.50 156.50 19.32

Hg 22(16) 1.20 1.28 3.15 7.75 7.90 3.88 2.55

As 22(16) 0.36 0.37 2.00 7.13 7.50 2.59 2.26

Pb 22(1) 0.10 0.10 0.10 0.10 0.10 0.10

Zn 22(8) 0.05 0.05 0.06 0.14 0.17 0.08 0.04

Cd 22(0) - - - - - - -

Cr 22(0) - - - - - - -

* n is the number of sites, with the number in parentheses representing those for which values were at or above the detection limit
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Table 14.16: Summary statistics for water quality parameters observed in the lowlands during May 2009.

n min 5th median 95th max mean SD

pH 23 6.7 6.8 7.9 8.4 8.6 7.8 0.6

DO (mg/l) 23 0.4 0.6 5.0 6.8 8.5 4.4 2.3

EC (μS/cm) 23 177 182 477 1123 1126 539 294

SS (mg/l) 23 5 5 20 75 107 35 30

TDS (mg/l) 23 60 67 290 413 795 272 162

K (mg/l) 23 0.1 0.3 5.3 15.7 17.2 6.2 5.0

Ca (mg/l) 23 0.1 0.1 48.4 70.5 92.0 38.2 27.4

Na (mg/l) 23 0.1 0.2 20.6 95.3 123.0 31.5 35.0

Mg (mg/l) 23 0.1 0.2 9.7 31.8 38.8 12.0 10.9

Cl (mg/l) 23 14.6 20.0 38.0 163.9 169.0 62.7 51.5

SO4 (mg/l) 23 60.2 62.4 103.5 192.2 243.5 118.1 48.6

SiO4 (mg/l) 22 0.7 2.3 7.8 25.4 31.9 10.8 8.3

HCO3 (mg/l) 23 1.7 1.7 31.6 123.7 135.5 41.6 41.8

ALK (mg/l) 23 2.0 2.0 31.6 123.7 135.5 42.5 42.0

BOD5 (mg/l) 23 2.4 2.6 6.4 24.1 28.5 8.1 6.8

CODCr (mg/l) 23 14.6 17.0 33.5 83.5 110.5 40.4 24.0

CODMn (mg/l) 23 3.1 3.3 5.4 16.5 24.2 6.9 4.9

NH4 (mg/l) 23 0.16 0.32 1.26 5.21 5.71 1.84 1.60

NO2 (mg/l) 23(21) 0.006 0.007 0.096 2.000 2.230 0.451 0.721

NO3 (mg/l) 23(22) 0.70 1.10 2.87 6.64 12.25 3.26 2.56

TN (mg/l) 23 3.3 3.4 6.4 10.1 16.0 6.6 2.8

PO4 (mg/l) 23(20) 0.02 0.02 0.06 0.74 0.93 0.18 0.25

TP (mg/l) 23(22) 0.03 0.07 0.38 2.50 3.03 0.70 0.81

Phenols (mg/l) 23(17) 0.002 0.002 0.010 0.017 0.018 0.010 0.005

E.	coli 
(colonies/l)

23 700 1130 4400 88200 92000 17259 26554

Al 23(12) 0.15 0.19 0.41 1.79 2.35 0.67 0.64

Cu 23(8) 0.15 0.15 147.50 281.68 323.50 131.10 111.92

Hg 23(14) 1.00 1.00 3.35 8.12 8.90 4.17 3.02

As 23(16) 0.51 0.64 2.00 8.66 9.30 3.81 3.13

Pb 23(4) 0.13 0.14 0.20 0.20 0.20 0.18 0.03

Zn 23(12) 0.03 0.03 0.08 0.30 0.45 0.12 0.12

Cd 23(0) - - - - - - -

Cr 23(0) - - - - - - -

* n is the number of sites, with the number in parentheses representing those for which values were at or above the detection limit
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14.6 relationships within and between biotic indicators

Table 14.17: Spearman correlation coefficients for pair-wise analyses of algal indicators.

 A_D A_S A_H A_BI A_BI2

Highlands 

A_S 0.28 1

A_H 0.03 0.11 1

A_BI -0.27 -0.04 0.18 1

A_BI2 0.66 0.44 -0.14 -0.06 1

A_BP 0.15 -0.02 -0.78 -0.26 0.12

Midlands 

A_S 0.05 1

A_H 0.23 0.37 1

A_BI 0.08 0.26 -0.11 1

A_BI2 0.29 0.39 -0.04 0.09 1

A_BP -0.14 -0.23 -0.70 0.20 0.20

Lowlands 

A_S 0.54 1

A_H 0.48 0.66 1

A_BI 0.18 -0.06 0.14 1

A_BI2 0.80 0.51 0.31 0.25 1

A_BP 0.15 -0.17 -0.74 0.26 0.25

Table 14.18: Spearman correlation coefficients for pair-wise analyses of macroinvertebrate indicators.

M_D M_H M_BMWP M_IBI M_BP M_EPT_S

Highlands

M_H 0.47 1.00

M_BMWP 0.63 0.73 1.00

M_IBI 0.54 0.87 0.72 1.00

M_BP -0.28 -0.87 -0.41 -0.80 1.00

M_EPT_S 0.63 0.71 0.90 0.80 -0.48 1.00

M_S 0.71 0.69 0.95 0.75 -0.42 0.95

Midlands

M_H -0.43 1.00

M_BMWP 0.08 0.48 1.00

M_IBI -0.28 0.78 0.73 1.00

M_BP 0.26 -0.91 -0.35 -0.68 1.00

M_EPT_S 0.18 0.45 0.88 0.68 -0.42 1.00

M_S 0.18 0.42 0.86 0.57 -0.26 0.68

Lowlands

M_H -0.58 1.00

M_BMWP 0.06 0.43 1.00

M_IBI -0.32 0.75 0.41 1.00

M_BP 0.62 -0.97 -0.33 -0.75 1.00

M_EPT_S 0.22 0.15 0.76 0.29 -0.04 1.00

M_S -0.04 0.63 0.86 0.57 -0.54 0.74

113



A n  I n t e r n At I o n A l  W At e r C e n t r e  p u b l I C At I o n

Assessment of river health in the Liao River Basin (Taizi Sub-Catchment) 

Table 14.19: Spearman correlation coefficients for pair-wise analyses of fish indicators.

 F_N F_S F_BI F_H

Highlands 1

F_S 0.18 1

F_BI 0.64 0.57 1

F_H 0.03 0.92 0.47 1

F_BP -0.15 -0.82 -0.48 -0.95

Midlands 

F_S 0.59 1

F_BI 0.70 0.26 1

F_H 0.34 0.84 0.09 1

F_BP -0.02 -0.41 0.04 -0.79

Lowlands 

F_S 0.80 1

F_BI 0.79 0.76 1

F_H 0.69 0.97 0.68 1

F_BP -0.31 -0.83 -0.44 -0.93

Figure 14.4: Boxplots of algal indicators in the in the Taizi River Basin.

Note: highlands (1); midlands (2); and lowlands (3).
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Figure 14.5: Boxplots of macroinvertebrate indicators in the Taizi River Basin.

Note: highlands (1); midlands (2); and lowlands (3).
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Figure 14.6: Boxplots of fish indicators in the Taizi River Basin.

Note: highlands (1); midlands (2); and lowlands (3).

14.7 Summary statistics of observed data for selected indicators

Table 14.20: Summary statistics for potential water quality indicators of aquatic ecosystem health by river 
region, in the Taizi River Basin.* 

n* min 5th median 95th max mean SD

Highlands

DO (mg/l) 25 4.3 5.1 6.0 9.4 9.6 6.5 1.5

EC (μS/cm) 25 67 72 168 266 356 173 72

NH4 (mg/l) 25 0.08 0.10 0.15 0.53 6.21 0.43 1.21

TN (mg/l) 25 1.5 1.5 2.9 13.4 17.8 4.3 4.1

TP (mg/l) 25 0.01 0.01 0.07 0.40 0.73 0.11 0.16

Midlands

DO (mg/l) 22 3.5 4.8 6.3 9.6 10.3 6.5 1.6

EC (μS/cm) 22 57 145 299 452 492 283 118

NH4 (mg/l) 14 0.06 0.07 0.21 0.86 1.11 0.34 0.31

TN (mg/l) 22 0.7 0.8 3.7 13.8 15.5 4.7 3.8

TP (mg/l) 21 0.01 0.01 0.05 0.30 0.51 0.10 0.13

Phenols (mg/l) 22 0.002 0.002 0.012 0.065 0.071 0.021 0.021

Lowlands

DO (mg/l) 23 0.4 0.6 5.0 6.8 8.5 4.4 2.3

EC (μS/cm) 23 177 182 477 1123 1126 539 294

Phenols (mg/l) 17 0.002 0.002 0.010 0.017 0.018 0.010 0.005

BOD5 (mg/l) 23 2.4 2.6 6.4 24.1 28.5 8.1 6.8

CODMn (mg/l) 23 3.1 3.3 5.4 16.5 24.2 6.9 4.9

NH4 (mg/l) 23 0.16 0.32 1.26 5.21 5.71 1.84 1.60

TN (mg/l) 23 3.3 3.4 6.4 10.1 16.0 6.6 2.8

TP (mg/l) 22 0.03 0.07 0.38 2.50 3.03 0.70 0.81

* Based on the field trial analyses of May 2009 data.
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Table 14.21: Summary statistics, by river region, for the potential biological indicators of aquatic ecosystem 
health in the Taizi River Basin.*

n min 5%ile median 95%ile max mean SD

Highlands

A_BI2 21 0.12 1.91 2.90 4.80 5.02 2.98 1.07

A_BP 19 0.25 0.31 0.42 0.75 0.77 0.48 0.16

M_S 25 9 11 20 30 32 20 1

M_BMWP 25 20 30.4 67 131 147 80 37

M_EPT 25 1 2 9 15 16 9 4

F_S 19 1 2 5 8 9 5 2

F_BI 19 11.0 18.2 23.0 25.0 25.0 21.9 3.4

F_BP 19 0.24 0.27 0.62 0.93 1.00 0.61 0.24

Midlands

A_BI2 22 1.79 1.94 2.68 4.09 4.10 2.84 0.73

A_BP 22 0.11 0.31 0.36 0.62 0.74 0.36 0.15

M_S 22 5 7 12 22 24 12 1

M_BMWP 22 9 10.05 37 78.75 115 40 27

M_EPT 22 0 0 3 10 13 4 3

F_S 22 2 2 5 8 10 5 2

F_BI 22 9.0 11.0 18.0 25.0 25.0 18.1 4.8

F_BP 22 0.23 0.23 0.53 0.81 0.92 0.53 0.18

Lowlands

A_BI2 23 0.45 0.62 1.73 2.65 3.04 1.74 0.64

A_BP 22 0.13 0.20 0.37 0.73 0.83 0.40 0.18

M_S 23 1 2 5 13 17 6 1

M_BMWP 23 1 1.2 3 47.3 58 12 15

M_EPT 23 0 0 0 7 8 1 2

F_S 23 0 0 5 10 13 5 4

F_BI 23 0.0 0.5 11.0 20.6 25.0 11.1 6.1

F_BP 19 0.16 0.28 0.47 1.00 1.00 0.52 0.22

* based on the field trial analyses of May 2009 data.
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14.8 potential for Young of Year index
An additional option for using fish as an indicator of river health is the adoption of a ‘young of year’ (YOY) recruitment 
index. This method was not tested in the Taizi pilot study, but a small trial was conducted in the Hun River Basin, which 
also forms part of the Liao River Basin. This section describes the rationale for and results of that trial.

A YOY Index for river health assessment is based on the premise that spawning or recruitment of fish are susceptible 
to changes in environmental conditions. For some species, spawning will be reliant on certain environmental conditions 
or cues (e.g. migration cue, or inundated floodplains). Early life history stages are known to be (relative to adult life 
stages) susceptible to environmental changes. Consequently, annual variation in the strength (e.g. proportion of entire 
population at a site) of YOY cohorts may provide a useful indication of recent environmental conditions.

Figure 14.7 presents hypothetical population size structures for three scenarios: the ‘expected’ population (grey 
bars) consisting of multiple length cohorts indicating regular spawning; a ‘healthy’ population that matches expected 
population size structure; and reduced ‘health’ lacking YOY (broken line) or multiple (stippled line) cohorts. A YOY Index 
could consist of several metrics such as:

1. abundance of YOY expressed as a proportion of entire population
2. presence or absence of YOY cohort. 

The presence/absence metric is likely to be the most appropriate given the ease of calculation, and difficulties 
associated with predicting the expectedproportion (i.e. reference condition) of the YOY size class.

Figure 14.7: Hypothetical graph showing frequency vs standard length.

A prerequisite for this index is that fish species must exhibit synchronised spawning, leading to the establishment 
of clearly identifiable length cohorts. In riverine environments, synchronised (often seasonal) spawning is common, 
especially in rivers with strongly seasonal flow regimes. Species that exhibit opportunistic spawning over extended 
periods (multiple seasons) are likely to be less useful due to difficulties in identifying length cohorts. Nevertheless, there 
are some techniques to ‘decompose’ length frequency distributions into their component cohorts (e.g. FiSATT Length 
Frequency Analysis Program). 

Figure 14.8 shows the length of frequency distributions of key species collected from around five sites on the Hun River. 
The first set of graphs includes all data for each species (e.g. pooled across sites). The point of these is to identify if 
any of the species have clearly identifiable length cohorts. With the data presented here it appears that cohorts can be 
identified for several species (e.g. Carrassius	auratus,	Abbottina	rivularis,	Cobitis	granoei).
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Figure 14.8: Frequency distribution of key species collected from five sites in the Hun River.
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Figure 14.9 shows one example (A.	rivularis) of spatial variation in population size structure. The first graph shows size 
structure based on fish lengths collected at all five sites (e.g. data pooled). The size structure of populations at sites 
H12, H6 and H7 are then shown. On these graphs, the measured length frequencies are shown by the bars. ‘Notional’ 
length cohorts are indicated by the lines. It appears hat, for A.	rivularis, population size structure varies among sites and 
from the size structure compiled from all sites. This indicates that there may be opportunities to further develop a YOY 
Index.

Figure 14.9: An example of spatial variation in population size structure.
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14.9 Species lists

Table 14.22: Fish collected during May 2009 sampling of Taizi River.

Class Order Family Genus and species

Cyclostomata Petromyzoniformes Petromyzonibae Lampetra morii Berg

Osteichthyes Salmoniformes Osmeridae Hypomesus olidus

Osteichthyes Cypriniformes Cyprinidae Abbottina liaoningensis Qin

Osteichthyes Cypriniformes Cyprinidae Abbottina rivularis

Osteichthyes Cypriniformes Cyprinidae Aceilognathus chankaensis Dybowski

Osteichthyes Cypriniformes Cyprinidae Carassius auratus cuvieri Temminck

Osteichthyes Cypriniformes Cyprinidae Carassius auratus Linnaeus

Osteichthyes Cypriniformes Cyprinidae Cobitis granoei Rendahl

Osteichthyes Cypriniformes Cyprinidae Gobio gobio cynocephalus Dybowski

Osteichthyes Cypriniformes Cyprinidae Gobio gobio rivuloides Nichols

Osteichthyes Cypriniformes Cyprinidae Gobio ling yuanensis Mori

Osteichthyes Cypriniformes Cyprinidae Hemiculter leucisculus

Osteichthyes Cypriniformes Cyprinidae Huigobio chinssuensis 

Osteichthyes Cypriniformes Cyprinidae Zacco Platypus

Osteichthyes Cypriniformes Cyprinidae Leuciscus Waleckii

Osteichthyes Cypriniformes Cyprinidae Phodeus lighti

Osteichthyes Cypriniformes Cyprinidae Phodeus sericeus 

Osteichthyes Cypriniformes Cyprinidae Phodeus sinensis Gunther

Osteichthyes Cypriniformes Cyprinidae Proxinus czekanowskii Dybowski

Osteichthyes Cypriniformes Cyprinidae Proxinus lagowskii Dybowski

Osteichthyes Cypriniformes Cyprinidae Pseudorasbora parva

Osteichthyes Cypriniformes Cobitidae Misgurnus anguillicaudatus

Osteichthyes Cypriniformes Cobitidae Nemachilus nudus Bleeker

Osteichthyes Cyprinodontiformes Oryziatidae Oryzias latipes

Osteichthyes Beloniformes Hemirhamphidae Hemirhamphus sajori Temminck et Schlegel

Osteichthyes Perciformes Gobiidae Tridentiger trigonocephalus

Osteichthyes Perciformes Gobiidae Ctenogobius brunneus

Osteichthyes Perciformes Gobiidae Ctenogobius cliffordpopei

Osteichthyes Perciformes Gobiidae Ctenogobius pflaumi

Osteichthyes Perciformes Eleotridae Hypseleotris swinhonis

Osteichthyes Perciformes Eleotridae Perccottus glehni Dybowski

Osteichthyes Perciformes Eleotridae Odontcbutis obscura
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Table 14.23: Algae collected during May 2009 sampling of the Taizi River.

Phylum Class Order Family Genus-Species

Bacillariophyta Pennatae Monoraphidinales Achnantaceae Cocconeis placentula

Bacillariophyta Pennatae Monoraphidinales Achnantaceae Cocconeis sp.

Bacillariophyta Pennatae Monoraphidinales Achnantaceae Achnanthes exigua

Bacillariophyta Pennatae Monoraphidinales Achnantaceae A. heideni

Bacillariophyta Pennatae Monoraphidinales Achnantaceae A.minutissima var. cryptocephala 
Grun.

Bacillariophyta Pennatae Aulonoraphidinales Surirellaceae Cymatopheura solea

Bacillariophyta Pennatae Aulonoraphidinales Surirellaceae Pinnularia brevicostata Cl.

Bacillariophyta Pennatae Aulonoraphidinales Surirellaceae Surirella ovalis

Bacillariophyta Pennatae Aulonoraphidinales Surirellaceae Surirella sp.

Bacillariophyta Pennatae Aulonoraphidinales Surirellaceae S. ovalis var. salina (Wm.Smith) 
Van Heurck

Bacillariophyta Pennatae Aulonoraphidinales Nitzschiaceae Nitzschia palea

Bacillariophyta Pennatae Aulonoraphidinales Nitzschiaceae Nitzschia communis 

Bacillariophyta Pennatae Aulonoraphidinales Nitzschiaceae Nitzschia fonticola

Bacillariophyta Pennatae Aulonoraphidinales Nitzschiaceae N. communis

Bacillariophyta Pennatae Aulonoraphidinales Nitzschiaceae N. sinuata

Bacillariophyta Pennatae Aulonoraphidinales Nitzschiaceae N. sinuata (Thwaites?) Grun. var. 
tabellaria (Grun.) Grun.

Bacillariophyta Pennatae Aulonoraphidinales Nitzschiaceae Nitzschia sublinearis

Bacillariophyta Pennatae Aulonoraphidinales Nitzschiaceae Nitzschia acicularis

Bacillariophyta Pennatae Aulonoraphidinales Nitzschiaceae Hantzschia amphioxys

Bacillariophyta Pennatae Aulonoraphidinales Nitzschiaceae S. ovalis Breb. var. pinnata (Wm.
Smith) Van Heurck

Bacillariophyta Pennatae Aulonoraphidinales Surirellaceae Cymatopleura solea

Bacillariophyta Pennatae Biraphidinas Cymbellaceae Cymbella hustedtii

Bacillariophyta Pennatae Biraphidinas Cymbellaceae Cymbella aequalis

Bacillariophyta Pennatae Biraphidinas Cymbellaceae C. tumida

Bacillariophyta Pennatae Biraphidinas Cymbellaceae Cymbella ventricosa

Bacillariophyta Pennatae Biraphidinas Cymbellaceae Cymbella ventricosa 
semicircularis

Bacillariophyta Pennatae Biraphidinas Cymbellaceae Cymbella excisa

Bacillariophyta Pennatae Biraphidinas Cymbellaceae Cymbella cistula

Bacillariophyta Pennatae Biraphidinas Cymbellaceae Cymbella cymbiformis

Bacillariophyta Pennatae Biraphidinas Cymbellaceae Cymbella sp.

Bacillariophyta Pennatae Biraphidinas Cymbellaceae Cymbella tumidula

Bacillariophyta Pennatae Biraphidinas Cymbellaceae C. jolmolungnensis

Bacillariophyta Pennatae Biraphidinas Gomphonemaceae Gomphonema olivaceum

Bacillariophyta Pennatae Biraphidinas Gomphonemaceae Gomphonema sphaerorum

Bacillariophyta Pennatae Biraphidinas Gomphonemaceae G. helveticum

Bacillariophyta Pennatae Biraphidinas Gomphonemaceae G.olivaceum(Lyngbye)Desm. var. 
minutissima Hust.

Bacillariophyta Pennatae Biraphidinas Gomphonemaceae G. gracile Ehr. var. major (Grun.) 
Cl.

Bacillariophyta Pennatae Biraphidinas Gomphonemaceae G. constrictum
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Phylum Class Order Family Genus-Species

Bacillariophyta Pennatae Biraphidinas Gomphonemaceae G. angustatum(Kuetz.)Rabh.var.
producta Grun.

Bacillariophyta Pennatae Biraphidinas Naviculaceae Navicula rhynchocephala

Bacillariophyta Pennatae Biraphidinas Naviculaceae N. oblonga

Bacillariophyta Pennatae Biraphidinas Naviculaceae Navicula exigua

Bacillariophyta Pennatae Biraphidinas Naviculaceae N. mutica Kuetz. var. 
goeppertiana (Bleish) Cl.

Bacillariophyta Pennatae Biraphidinas Naviculaceae N. lepidosa

Bacillariophyta Pennatae Biraphidinas Naviculaceae N. falaisiensis

Bacillariophyta Pennatae Biraphidinas Naviculaceae N. falaisiensis Grun.var. lanceola 
Grun.

Bacillariophyta Pennatae Biraphidinas Naviculaceae N. radiosa

Bacillariophyta Pennatae Biraphidinas Naviculaceae N. cuspidata Kuetz.var. heribaudii 
M. Peragallo

Bacillariophyta Pennatae Biraphidinas Naviculaceae Navicula simplex

Bacillariophyta Pennatae Biraphidinas Naviculaceae N. cocconeiformis

Bacillariophyta Pennatae Biraphidinas Naviculaceae N. bryophila

Bacillariophyta Pennatae Biraphidinas Naviculaceae N. dicephala

Bacillariophyta Pennatae Biraphidinas Naviculaceae Navicula confervacea

Bacillariophyta Pennatae Biraphidinas Naviculaceae Nacicula menisculus

Bacillariophyta Pennatae Biraphidinas Naviculaceae N. placentula (Ehr.) Kuetz.f. 
rostrata (Mayer) Hust.

Bacillariophyta Pennatae Biraphidinas Naviculaceae N. viridula

Bacillariophyta Pennatae Biraphidinas Naviculaceae Navicula minima

Bacillariophyta Pennatae Biraphidinas Naviculaceae N.gracilis

Bacillariophyta Pennatae Biraphidinas Naviculaceae N. tantula

Bacillariophyta Pennatae Biraphidinas Naviculaceae N. graciloides

Bacillariophyta Pennatae Biraphidinas Naviculaceae N. capitata

Bacillariophyta Pennatae Biraphidinas Naviculaceae N. tuscula

Bacillariophyta Pennatae Biraphidinas Naviculaceae Navicula salinarum

Bacillariophyta Pennatae Biraphidinas Naviculaceae Navicula cryptocephala

Bacillariophyta Pennatae Biraphidinas Naviculaceae Gyrosigma scalproides

Bacillariophyta Pennatae Biraphidinas Naviculaceae Gyrosigma acuminatum

Bacillariophyta Pennatae Biraphidinas Naviculaceae Caloneis silicula (Ehr.)Cl. var.
inflata (Grun.)Cl.

Bacillariophyta Pennatae Biraphidinas Naviculaceae Amphora coffaeiformis var. 
dusenii (Brun) Cl.-Eul.

Bacillariophyta Pennatae Biraphidinas Naviculaceae Didymosphenia geminata

Bacillariophyta Pennatae Biraphidinas Naviculaceae Rhoicosphenia curvata

Bacillariophyta Pennatae Araphhidiales Fragilariaceae Fragilaria brevistriata

Bacillariophyta Pennatae Araphhidiales Fragilariaceae Fragilaria capucina 

Bacillariophyta Pennatae Araphhidiales Fragilariaceae F. construens (Her.) Grun. Var. 
subsalina Hust

Bacillariophyta Pennatae Araphhidiales Fragilariaceae Fragilaria vaucheriae 

Bacillariophyta Pennatae Araphhidiales Fragilariaceae Fragilaria sp.

Bacillariophyta Pennatae Araphhidiales Fragilariaceae Ceratoneis arcus
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Phylum Class Order Family Genus-Species

Bacillariophyta Pennatae Araphhidiales Fragilariaceae Ceratoneis arcus var. amphioxys 
(Rabh.) Hust.

Bacillariophyta Pennatae Araphhidiales Fragilariaceae Synedra acus

Bacillariophyta Pennatae Araphhidiales Fragilariaceae S. acus Kuetz. var. angustissima 
Grun 

Bacillariophyta Pennatae Araphhidiales Fragilariaceae S. affinis

Bacillariophyta Pennatae Araphhidiales Fragilariaceae S.amphicephala

Bacillariophyta Pennatae Araphhidiales Fragilariaceae Synedra ulna

Bacillariophyta Pennatae Araphhidiales Fragilariaceae S. ulna (Nitzsch) Her. var. 
spathulifera Grun

Bacillariophyta Pennatae Araphhidiales Fragilariaceae S. ulna (Nitzsch) Ehr. var. 
oxyrhynchus (Kuetz.) Hust.

Bacillariophyta Pennatae Araphhidiales Fragilariaceae S. ulna (Nitzsch) Ehr. var. 
oxyrhynchus f. contracta Hust

Bacillariophyta Pennatae Araphhidiales Tabellariaceae Meridium circhlare

Bacillariophyta Pennatae Araphhidiales Tabellariaceae Diatoma vulgare

Bacillariophyta Pennatae Araphhidiales Tabellariaceae Diatoma vulgare var. ovalis 
(Fricke) Hust

Bacillariophyta Pennatae Araphhidiales Tabellariaceae Diatoma vulgare var. producta 
Grun

Bacillariophyta Pennatae Araphhidiales Tabellariaceae Diatoma vulgare var. lineare 
Grun

Bacillariophyta Centriae Coscinodiscales Thalassiosoraceae Cyclotella meneghiniana Kuetz

Bacillariophyta Centriae Coscinodiscales Thalassiosoraceae Cyclotella asterocostata

Bacillariophyta Centriae Coscinodiscales Thalassiosoraceae C. bodanica

Bacillariophyta Centriae Coscinodiscales Thalassiosoraceae C. comta 

Bacillariophyta Centriae Coscinodiscales Thalassiosoraceae C. striata

Bacillariophyta Centriae Coscinodiscales Melosiraceae Melosira varians

Bacillariophyta Centriae Coscinodiscales Melosiraceae Melosira granulata

Bacillariophyta Centriae Coscinodiscales Melosiraceae M. granulata var. angustissima 
O.Müller

Bacillariophyta Centriae Coscinodiscales Melosiraceae Stephanodiscus sp.

Chrysophyta Chrysophyceae Chrysomonadales Mallomonadaceae Dinobryon cylindricum

Chrysophyta Chrysophyceae Chrysomonadales Mallomonadaceae D. divergens

Cyanophyta Cyanophyceae Oscillatoriales Oscillatoriaceae Oscillatoria agardhii

Cyanophyta Cyanophyceae Oscillatoriales Oscillatoriaceae Oscillatoria princeps

Cyanophyta Cyanophyceae Oscillatoriales Oscillatoriaceae Oscillatoria tenuis

Cyanophyta Cyanophyceae Oscillatoriales Oscillatoriaceae Oscillatoria amoena

Cyanophyta Cyanophyceae Oscillatoriales Oscillatoriaceae O. formosa

Cyanophyta Cyanophyceae Oscillatoriales Oscillatoriaceae Oscillatoria sp1.

Cyanophyta Cyanophyceae Oscillatoriales Oscillatoriaceae Oscillatoria sancta

Cyanophyta Cyanophyceae Oscillatoriales Oscillatoriaceae O. splendida

Cyanophyta Cyanophyceae Oscillatoriales Oscillatoriaceae Ulothrix moniliformis

Cyanophyta Cyanophyceae Oscillatoriales Oscillatoriaceae Lyngbya contarta

Cyanophyta Cyanophyceae Oscillatoriales Oscillatoriaceae L. lagerheimii

Cyanophyta Cyanophyceae Oscillatoriales Oscillatoriaceae Spirulina maxima

Cyanophyta Cyanophyceae Oscillatoriales Oscillatoriaceae Oedogonium prengsheimii
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Phylum Class Order Family Genus-Species

Cyanophyta Cyanophyceae Oscillatoriales Oscillatoriaceae Phormidium tenue

Cyanophyta Cyanophyceae Oscillatoriales Oscillatoriaceae P. faveolarum

Cyanophyta Cyanophyceae Chroococcales Merismopediaceae Merismopedia glanca

Cyanophyta Cyanophyceae Chroococcales Merismopediaceae M. sineca

Cyanophyta Cyanophyceae Chroococcales Merismopediaceae M.tenuissima

Cyanophyta Cyanophyceae Chroococcales Chrococcaceae Chroocoxeus minor

Cyanophyta Cyanophyceae Chroococcales Chrococcaceae Dactylococcopsis rhaphidioides

Chlorophyta Conjugatophyceae Desmidiales Desmidiaceae Cosmarium obtusatum

Chlorophyta Conjugatophyceae Desmidiales Desmidiaceae C. depressum

Chlorophyta Conjugatophyceae Desmidiales Desmidiaceae Closterium leibleinii

Chlorophyta Conjugatophyceae Desmidiales Desmidiaceae Closterium acerosum

Chlorophyta Conjugatophyceae Desmidiales Desmidiaceae Staurastrum sp1.

Chlorophyta Conjugatophyceae Zygnematales Zygnemataceae Spirogura varians

Chlorophyta Chlorophyceae Cladophorales Cladophoraceae Cladophora oligoclona

Chlorophyta Chlorophyceae Cladophorales Cladophoraceae Stigeoclinium temue

Chlorophyta Chlorophyceae Cladophorales Cladophoraceae Chaetophora imcrassata

Chlorophyta Chlorophyceae Chloracoccales Oocystaceae A. falcatus

Chlorophyta Chlorophyceae Chloracoccales Characiaceae Characiaceae sp1.

Chlorophyta Chlorophyceae Chloracoccales Chlorelllaceae Selenastrum minutum

Chlorophyta Chlorophyceae Chloracoccales Scenedesmaceae Peridinium tetras

Chlorophyta Chlorophyceae Chloracoccales Scenedesmaceae P. simplex

Chlorophyta Chlorophyceae Chloracoccales Scenedesmaceae P. boryanum

Chlorophyta Chlorophyceae Chloracoccales Scenedesmaceae Scenedesmus dimorphus

Chlorophyta Chlorophyceae Chloracoccales Scenedesmaceae Scenedesmus obliquus

Chlorophyta Chlorophyceae Chloracoccales Scenedesmaceae S. acuminatus

Chlorophyta Chlorophyceae Chloracoccales Scenedesmaceae S. quadricauda

Chlorophyta Chlorophyceae Chloracoccales Scenedesmaceae Crucogemia quadrata

Chlorophyta Chlorophyceae Ulotrichales Ulotrichaceae Ulothrix oscillarina

Chlorophyta Chlorophyceae Ulotrichales Ulotrichaceae Ulothrix zonata

Chlorophyta Chlorophyceae Ulotrichales Ulotrichaceae Ulothrix geminata

Chlorophyta Chlorophyceae Ulotrichales Ulotrichaceae Uromema confervicolum

Chlorophyta Chlorophyceae Ulotrichales Ulotrichaceae Ulothrix tenuissima

Chlorophyta Chlorophyceae Ulotrichales Microsporacea Microspora stagnorum

Chlorophyta Chlorophyceae Ulotrichales Microsporacea M. willeana

Euglenophyta Euglenophycaea Euglenales Euglenacceae Euglena viridis

Euglenophyta Euglenophycaea Euglenales Euglenacceae E. tristella
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Table 14.24: Macroinvertebrates collected during May 2009 sampling of Taizi River.

Phylum SubPhylum/Class Order Family Subfamily Genus/Species
Nematoda Indeterminate spp.
Platyhelminthes Turbellaria Dugesia sp.
Annelida Oligochaeta Tubificidae Branchiura sowerbyi 

Beddard
Annelida Hirudinea Erpobdellidae Nephelopsis sp.
Annelida Hirudinea Glossiphoniidae Placobdella sp.
Annelida Hirudinea Hirudinidae Whitmania pigra 

Whitman
Mollusca Bivalvia Unionoida Unio douglasiae
Mollusca Bivalvia Unionoida Anodonta woodiana
Mollusca Gastropoda Lymnaeidae Radix sp.
Mollusca Gastropoda Lymnaeidae Radix auricularia
Mollusca Gastropoda Lymnaeidae Radix swinhoei
Mollusca Gastropoda Planorbidae Gyraulus 

convexiusculus
Mollusca Gastropoda Planorbidae Gyraulus compressus
Mollusca Gastropoda Hydrobiidae Bellamya aeruginosa
Arthropoda Arachnida Indeterminate spp.
Arthropoda Crustacea Amphipoda Gammaridae Gammarus sp. (Ga)
Arthropoda Crustacea Decopoda Atyidae Syncaris sp.
Arthropoda Crustacea Mysidacea Acanthomysis sp.
Arthropoda Collembola Entomobryidae Tomocerus s.l.
Arthropoda Insecta Hymenoptera Agriotypus sp.
Arthropoda Insecta Lepidoptera Crambidae Indeterminate sp.
Arthropoda Insecta Lepidoptera Crambidae Elophila sp.1
Arthropoda Insecta Lepidoptera Crambidae Elophila sp.2
Arthropoda Insecta Lepidoptera Crambidae Parapoynx crisonalis

Arthropoda Insecta Megaloptera Corydalidae Protohermes grandis
Arthropoda Insecta Coleoptera Scirtidae Hydrocyphon sp.
Arthropoda Insecta Coleoptera Elmidae Ampumixis sp.
Arthropoda Insecta Coleoptera Elmidae Indeterminate sp.
Arthropoda Insecta Coleoptera Gyrinidae Gyretes sp.
Arthropoda Insecta Coleoptera Dytiscidae Neonectes natrix
Arthropoda Insecta Coleoptera Dytiscidae Liodessus sp.
Arthropoda Insecta Coleoptera Hydrophilidae Sperchopsis sp.
Arthropoda Insecta Coleoptera Hydrophilidae Berosus sp.

Arthropoda Insecta Coleoptera Haliplidae Haliplus sp.
Arthropoda Insecta Diptera Tipulidae Antocha sp.
Arthropoda Insecta Diptera Tipulidae Tipula sp.
Arthropoda Insecta Diptera Tipulidae Hexatoma sp.
Arthropoda Insecta Diptera Tipulidae Dicronota sp.
Arthropoda Insecta Diptera Tipulidae Ormosia sp.
Arthropoda Insecta Diptera Chironomidae Chironominae Indeterminate spp.
Arthropoda Insecta Diptera Chironomidae Orthocladinae Indeterminate spp.

Arthropoda Insecta Diptera Chironomidae Tanypodinae Indeterminate spp.
Arthropoda Insecta Diptera Chironomidae Diamesinae Indeterminate spp.
Arthropoda Insecta Diptera Ceratopogonidae Indeterminate sp.1
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Phylum SubPhylum/Class Order Family Subfamily Genus/Species
Arthropoda Insecta Diptera Ceratopogonidae Indeterminate sp.2
Arthropoda Insecta Diptera Simuliidae Simulium yonagoense
Arthropoda Insecta Diptera Simuliidae Simulium sp.
Arthropoda Insecta Diptera Simuliidae Simulium japonicum
Arthropoda Insecta Diptera Simuliidae Prosimulium 

daisetsense
Arthropoda Insecta Diptera Tabanidae Hybomitra montana
Arthropoda Insecta Diptera Dolichopodidae Dolichopus sp.
Arthropoda Insecta Diptera Dolichopodidae Hydrophorus sp.
Arthropoda Insecta Diptera Dolichopodidae Rhyphium sp.
Arthropoda Insecta Diptera Psychodidae Psychoda sp.
Arthropoda Insecta Diptera Ephydridae Discocerina sp.
Arthropoda Insecta Diptera Ephydridae Scatella sp.
Arthropoda Insecta Diptera Empididae Clinocera sp.
Arthropoda Insecta Diptera Empididae Oreogeton sp.
Arthropoda Insecta Diptera Empididae Ephydra sp.
Arthropoda Insecta Diptera Athericidae Atherix sp.
Arthropoda Insecta Diptera Stratiomyidae Odontomyia sp.
Arthropoda Insecta Diptera Canacidae Indeterminate sp.
Arthropoda Insecta Diptera Scathophagidae Indeterminate sp.
Arthropoda Insecta Ephemeroptera Baetidae Baetis thermicus
Arthropoda Insecta Ephemeroptera Baetidae Baetis sp.
Arthropoda Insecta Ephemeroptera Baetidae Baetis sp.2
Arthropoda Insecta Ephemeroptera Baetidae Acentrella sibirica
Arthropoda Insecta Ephemeroptera Baetidae Baetiella japonica
Arthropoda Insecta Ephemeroptera Heptageniidae Epeorus latifolium
Arthropoda Insecta Ephemeroptera Heptageniidae Rhithorogena sp.
Arthropoda Insecta Ephemeroptera Heptageniidae Ecdyonurus sp.
Arthropoda Insecta Ephemeroptera Heptageniidae Ecdyonurus sp.2
Arthropoda Insecta Ephemeroptera Heptageniidae Ecdyonurus tobiironis
Arthropoda Insecta Ephemeroptera Heptageniidae Ecdyonurus viridis
Arthropoda Insecta Ephemeroptera Heptageniidae Ecdyonurus bajkovae
Arthropoda Insecta Ephemeroptera Heptageniidae Ecdyonurus kibunensis
Arthropoda Insecta Ephemeroptera Leptophlebiidae Choroterpes altioculus
Arthropoda Insecta Ephemeroptera Leptophlebiidae Paraleptophlebia 

westoni
Arthropoda Insecta Ephemeroptera Leptophlebiidae Paraleptophlebia 

japonica
Arthropoda Insecta Ephemeroptera Siphlonuridae Siphlonurus sp.
Arthropoda Insecta Ephemeroptera Ephemerellidae Serratella rufa
Arthropoda Insecta Ephemeroptera Ephemerellidae Serratella setigera
Arthropoda Insecta Ephemeroptera Ephemerellidae Drunella trispina
Arthropoda Insecta Ephemeroptera Ephemerellidae Drunella basalis
Arthropoda Insecta Ephemeroptera Ephemerellidae Ephemerella 

atagosana
Arthropoda Insecta Ephemeroptera Ephemerellidae Cincticostella orientalis
Arthropoda Insecta Ephemeroptera Caenidae Caenis sp.
Arthropoda Insecta Ephemeroptera Potamanthidae Potamanthus 

huoshanensis
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Phylum SubPhylum/Class Order Family Subfamily Genus/Species
Arthropoda Insecta Ephemeroptera Ephemeridae Ephemera orientalis
Arthropoda Insecta Ephemeroptera Ephemeridae Ephemera strigata
Arthropoda Insecta Ephemeroptera Ameletidae Ameletus cosalis
Arthropoda Insecta Hemiptera Belostomatidae Lethocerus indicus
Arthropoda Insecta Odonata Coenagrionidae Cercion sexlineatum
Arthropoda Insecta Odonata Gomphidae Sieboldius sp.
Arthropoda Insecta Odonata Gomphidae Davidius moiwanus
Arthropoda Insecta Odonata Libellulidae Crocothemis sp.
Arthropoda Insecta Odonata Libellulidae Tholymis tillarga
Arthropoda Insecta Odonata Calopterygidae Matrona cornelia
Arthropoda Insecta Odonata Platycnemididae Platycnemis sp.
Arthropoda Insecta Plecoptera Perlidae Neoperla sp.
Arthropoda Insecta Plecoptera Perlidae Oyamia sp.
Arthropoda Insecta Plecoptera Perlodidae Isoperla sp.
Arthropoda Insecta Plecoptera Perlodidae Stavsolus sp.
Arthropoda Insecta Plecoptera Nemouridae Amphinemura sp.
Arthropoda Insecta Plecoptera Chloroperlidae Suwallia sp.
Arthropoda Insecta Trichoptera Glossosomatidae Glossosoma sp.
Arthropoda Insecta Trichoptera Glossosomatidae Glossosoma altaicum
Arthropoda Insecta Trichoptera Stenopsychidae Stenopsyche 

marmorata
Arthropoda Insecta Trichoptera Rhyacophilidae Rhyacophila sp.1
Arthropoda Insecta Trichoptera Rhyacophilidae Rhyacophila sp.2
Arthropoda Insecta Trichoptera Rhyacophilidae Rhyacophila sibirica
Arthropoda Insecta Trichoptera Rhyacophilidae Rhyacophila 

nigrocephala
Arthropoda Insecta Trichoptera Rhyacophilidae Rhyacophila 

kawamurae
Arthropoda Insecta Trichoptera Rhyacophilidae Rhyacophila 

brevicephala
Arthropoda Insecta Trichoptera Limnephilidae Limnephilia sp.
Arthropoda Insecta Trichoptera Hydroptilidae Hydroptila sp.
Arthropoda Insecta Trichoptera Leptoceridae Setodes turbatus 

(Ceraclea)
Arthropoda Insecta Trichoptera Psychomyiidae Psychomyia sp.
Arthropoda Insecta Trichoptera Hydropsychidae Cheumatopsyche sp.
Arthropoda Insecta Trichoptera Hydropsychidae Cheumatopsyche sp.1
Arthropoda Insecta Trichoptera Hydropsychidae Hydropsyche orientalis
Arthropoda Insecta Trichoptera Hydropsychidae Hydropsyche 

kozhantschikovi
Arthropoda Insecta Trichoptera Hydropsychidae Hydropsyche 

yaeyamensis
Arthropoda Insecta Trichoptera Hydropsychidae Hydropsyche sp.
Arthropoda Insecta Trichoptera Goeridae Goera japonica
Arthropoda Insecta Trichoptera Lepidostomatidae Lepidostoma sp.
Arthropoda Insecta Trichoptera Odontoceridae Psilotreta kisoensis
Arthropoda Insecta Trichoptera Ecnomidae Ecnonumus sp.
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