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Introduction 
Southeast Queensland’s coastal regions and waterways, including Moreton Bay, 
represent unique and complex ecosystems that have a high conservation value and 
support major recreational and commercial fisheries.  The agricultural districts of the 
region also contribute significantly to the local and regional economy and, together 
with the growing urban areas, are heavily reliant on the availability of good quality 
water supplies.  However, the human footprint of these activities has led to significant 
changes in hydrology and sediment delivery, declining water quality and loss of 
aquatic biodiversity. Nutrients (particularly nitrogen), fine sediments and to a lesser 
extent, toxicants (e.g. pesticides) have already been identified as causes of significant 
environmental problems.  Predicted population increases in southeast Queensland 
have the potential to further impact on the ecological and economic health of its 
waterways and catchments, and there are growing community expectations to reverse 
the decline in water quality and ecosystem health. 

In response to these concerns, government, industry and community stakeholders in 
southeast Queensland have worked in close cooperation to develop a regional water 
quality management strategy (SEQRWQMS) to protect and enhance the social, 
economic and environmental values of the region.  The Strategy forms part of the 
Southeast Queensland Regional Framework for Growth Management 1998.  Stage 1 
(1993 to 1995) of The Strategy reviewed available information and delivered a model 
for Strategy development.  Stage 2 (1996 to 1998) focused on urban areas in the lower 
catchment, marine and estuarine areas of the Moreton Region and was developed by 
six local councils, the Environmental Protection Agency and other state agencies, 
industry and community. Stage 3 (1999 to 2001) of the Strategy was focused on the 
15 major freshwater catchment areas of the Moreton region (22,353 km2) and 
incorporated 19 local government regions (Figure 1).   

This collaborative approach has been a key characteristic of Strategy development to 
date.  Based on strong local political leadership and advocacy, it has allowed the 
development of an effective, “whole of community” approach to prepare an action 
plan to protect and enhance water quality and ecological/economic sustainability in 
the region.  

 
The following vision was developed for the Strategy by its stakeholders: 

“South East Queensland land catchments and waterways will, by 2020, be a healthy 
living ecosystem supporting the livelihoods and lifestyles of people and will be 
managed through collaboration between community, government and industry.” 
 



The SEQRWQMS has adopted three key steps to achieve this vision: 
1. set values that reflect the vision  
2. develop measurable water quality objectives that protect the values 
3. identify and implement management actions to achieve these objectives 
 
A key component of Stage 3 of the Strategy was the Design and Implementation of a 
Baseline Monitoring program for streams and rivers in the region (DIBM3).  The aim 
of the project was: 

To develop a cost-effective, coordinated ecosystem health monitoring program 
(EHMP) for freshwaters of the region that is able to measure and report on 
current and future changes in ecological health. 
 

 
Figure 1.  The southeast Queensland study region. 
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The process 
When it comes to assessing the ecological health of freshwaters, there is no shortage 
of available methods, and it is no coincidence that the proponents of the various 
methods are often responsible for promoting their own “pet” indicators (see Bunn, 
1995).  There is a clear need for an objective comparative approach to assess the 
robustness and utility of the many potential indicators. 
 
The DIBM3 study adopted an approach similar to that previously used to detect 
anthropogenic impacts in marine systems (Bayne et al., 1988; Addison & Clarke 
1990; Stebbing & Dethlefsen, 1992).  In these GEEP (Group of Experts on 
Environmental Pollution) studies, a broad range of indicators was evaluated against a 
known disturbance gradient and those that best responded identified. The study 
reported here is unique, in that it represents the first time that such an objective 
approach has been used to compare a range of ecosystem health indicators for streams 
and rivers. 
 
Defining the disturbance gradient 

Given that the major land uses in southeast Queensland are grazing, cropping or urban 
developments, land clearing was chosen as the primary disturbance against which 
indicators were evaluated. The percentage of catchment cleared was derived from GIS 
data, while other attributes or descriptors of the disturbance gradient were measured 
during fieldwork.  The disturbance gradient descriptors were assigned to one of six 
broad categories (Table 1) to simplify reporting and allow direct comparison of 
different indicators when deciding which ones were most suitable for the EHMP. 
 
Table 1.  Six categories used to describe the land clearing disturbance gradient giving 
examples of each category and the scale at which they are influenced. 
 

Category Example of descriptor Scale of action 

Landuse % cleared, % cropped, landuse type Catchment 
Channel condition Bank stability, Erosion score Catchment or reach 
Riparian condition % Canopy cover Reach 
Water chemistry Conductivity, pH, temperature Catchment or reach 
In-stream habitat Diversity of substrates Reach 
Flow-related variables Maximum velocity, barriers to fish Catchment or reach 
 
In mid 1999, a study team was formed to undertake DIBM3.  The group, which met 
regularly throughout the course of the project, was comprised of freshwater 
ecologists, natural resource managers, statisticians, water quality experts and 
community group representatives. 

DIBM3 was undertaken in two major phases (Figure 2).  Phase 1, which was 
completed in January 2000, was largely a desktop study that developed the work plan, 
identified a suite of potential indicators of ecosystem health, outlined initial 
monitoring protocols and classified stream types in the study area. Phase 2 built on 
information collated during Phase 1 and included a major field trial to test the 
proposed indicators of ecosystem health across the disturbance gradient.  Results of 
the major field trial were used to determine which indicators were most suitable for 
inclusion in the EMHP for freshwaters (Figure 2). 
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Figure 2:  Flow chart depicting the process undertaken to develop the freshwater 

EHMP for south east Queensland.  
 
 
Phase 1:  Identifying potential indicators 
There is growing agreement that measures of ecosystem health should include aspects 
of organization (e.g. biodiversity, species composition, food web structure), vigour 
(e.g. rates of production, nutrient cycling) and resilience (e.g. ability to recover from 
disturbance) (Rapport et al., 1998; Bunn & Davies, 2000).  One of the first tasks of 
the study team was to derive a list of potential indicators of ecosystem health. Fifty-
two potential indicators were proposed, based on experience and expertise of the team 
and drawing on the scientific literature. This included indicators of ecological 
processes and patterns, as well as a suite of physical and chemical indicators.  It 
included commonly used indicators as well as others that had never previously been 
used in stream or river health assessment. 
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Development of conceptual models 
A recognised strength of the science and monitoring undertaken in Stage 2 of the 
Strategy was the use of conceptual models to illustrate the effects of human 
disturbances on coastal waterways.  These models are simple diagrams that: 

1. Show how healthy aquatic ecosystems function 
2. Show how aquatic ecosystems respond to disturbance 
3. Indicate critical biotic components/processes in the system to target for monitoring 
4. Highlight possible management actions for rehabilitation 
 
These models are not only useful and instructive for scientists, but are informative and 
easily understood by other stakeholders. Conceptual models were also adopted as an 
integral part of DIBM3 (Figure 3).  Most models were developed to show how the 
proposed indicators respond to diffuse disturbances associated with the land clearing 
disturbance gradient (e.g. loss of riparian vegetation, bank erosion, nutrient 
enrichment). 
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Figure 3.  Example of 
a simple conceptual 
model to illustrate the 
relationship between 
riparian condition and 
stream ecosystem 
processes. 
 

 
These conceptual models proved valuable in highlighting indicators that were likely 
to be measured important aspects of ecosystem condition.  They were used to pinpoint 
which aspect of the ecosystem should be measured to obtained worthwhile 
information on the health of a stream.  This process saw the initial list of 52 indicators 
reduced to a more manageable number (Table 2). 
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Table 2. List of potential ecosystem health indicators tested in the major field trial 

Ecosystem processes Biological patterns 
Benthic metabolism (includes GPP, R24) Structure and function of fish communities 
Tracking catchment disturbance using 
δ15N 

Structure and function of invertebrate 
communities 

Use of 13C as a potential surrogate of GPP Structure of microbial community-Ecoplates 
Nitrogen cycling – denitrification  
Chlorophyll a - as surrogate of GPP Water chemistry 
Depth of O2 penetration in sediments  Nutrient concentrations (water & sediment) 
Algal bioassays Salinity/conductivity/ionic composition 
 Alkalinity/pH/hardness 
Direct measures of disturbance Dissolved oxygen – snapshot & diel 
Measure of riparian canopy cover Water temperature – snapshot & diel  
Assessments of channel integrity Turbidity 
 
 

Classification of stream types 

A classification was performed to divide the study area into stream types.  This was 
deemed important for four reasons: 

1. To ensure stream comparisons were valid (i.e. “compare apples with apples”) 
2. To assess if indicators were more effective in different stream types 
3. To assist in setting water quality guidelines 
4. To assist in stratifying sites across all major stream types 
 
The classification used four variables: stream order, rainfall, altitude and slope and 
four broad stream types were ultimately identified: 

1. Upland;   
2. Lowland 
3. North coast and 
4. South Coast 
 
 
Pilot studies 

Potential indicators were sorted into two categories: those that were well established 
or proven (e.g. water chemistry measures), and those that were less proven (e.g. 
benthic metabolism).  Less proven indicators were subjected to pilot studies (small 
field or laboratory experiments) to determine if they were worthy of inclusion in the 
major field trial.  The reasons for pilot studies varied depending on the indicator, and 
results have been summarised in Table 3. 
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Table 3: List of less proven indicators subjected to pilot studies, the reason why 
they were trialed, a summary of results and the decision on whether they 
should be included in the major field trial. 

Indicator Aspect examined in pilot 
study 

Results Include in 
field 
trial? 

Benthic metabolism Spatial and short-term 
temporal variability 

Within site variability low 
compared with between site 

YES 

Nutrient flux Spatial variability Within site variability too 
high 

NO 

Denitrification in 
sediments 

Spatial variability Moderate within site 
variability 

YES 

Tiles for algal growth 
(chlorophyll a) 

Suitability of substrate for 
algal growth 

Prone to sedimentation and 
vandalism 

NO 

Microbes as bioindicators 
(using Ecoplates) 

Local suitability of 
technique 

Positive correlations with 
nutrients 

NO* 

Fish as bioindicators Quantitative investigation 
of existing data 

Evaluation of predictive 
model was encouraging 

YES 

Amino acid composition 
of aquatic plants as 
bioindicators 

Suitability for freshwater 
systems 

Preliminary laboratory trial 
promising 

NO* 

*Some further testing of microbial indicators and the amino acid composition of aquatic plants was 
undertaken in the field trial. 

 
 
Phase 2:  Major field trial 

With increasing frequency, monitoring programs to assess ecosystem health 
incorporate the principle of comparison with reference condition (Davies 1994; 
Reynoldson et al., 1997).  Depending on the specific values society wishes to set for 
the preferred state of its rivers, we can take an ecocentric or anthropocentric view in 
setting reference condition (Fairweather, 1999). As evident in the Strategy’s vision of 
“healthy ecosystems”, many of the values placed on the SEQ region’s waterways are 
dependent on ecological attributes.  Accordingly, reference sites were chosen from 
largely undisturbed catchments reflecting an ecocentric approach to establishing 
reference condition. 
 
Site selection and sampling 

In spring 2000, 53 sites were selected across the study area with sites being stratified 
according to the four stream types given by the classification (Figure 4). These sites 
represent a complete gradient of disturbance from minimally disturbed reference sites 
(chosen to establish ecosystem health guidelines), through moderately disturbed to 
heavily disturbed test sites.  Sampling occurred in September following a dry winter 
when four teams of field workers were deployed to collect samples. All indicators 
were applied at exactly the same sites within two weeks of each other, and as such, 
any differences observed were likely to be due to technique rather than spatial and/or 
temporal variability in environmental conditions as there were no large rainfall events 
during this time. 
 



Catchment scale influences or  Reach scale influences?

Land clearing
% cropping, grazing, urban

DIBM 28 - Brisbane River West

DIBM 26 -  Neara Creek near Kilcoy

Riparian condition
In-stream habitat
Water chemistry
Flow variables
Channel condition

 
Figure 4:  The 53 sites used to establish the land clearing disturbance gradient, 

illustrating catchment and reach scale influences, and field trial sites 

 
Protocol for data analysis 

A protocol for data analysis was devised to enable a consistent and direct comparison 
of each indicator. Initially, distributional properties of the data were checked to 
identify outliers and any required transformations for subsequent statistical analyses. 
Preliminary investigation of relationships between disturbance gradients and indices 
were explored using scatter plots and Spearman rank correlation coefficients to 
ascertain whether any simple bivariate relationships existed. 
 
A Generalised Linear Modelling (GLM) framework was used to determine whether 
particular indices could be used to detect the underlying disturbance gradient/s.  
While a number of multivariate approaches could have been taken, stepwise 
regression modelling was employed because it not only accommodates for the 
different distributional forms of the indices (e.g. normal, poisson, binomial), but it 
also identifies which disturbance gradients account for the variability in each of the 
indices.  Furthermore, the approach quantifies the proportion of variation accounted 
for by each disturbance measure. Indicators were assessed in terms of the approximate 
amount of variation explained (approximate R2 value) by the model and the 
proportion of this variation explained by individual descriptors of the disturbance 
gradient.  Data were analysed using the S-PLUS 2000 - Professional Release 3 
(MathSoft Inc.) statistical software. 
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Which indicators responded to the disturbance gradient? 

GLMs showed that 22 indices responded to the disturbance gradient (Table 4) and 
were proposed for inclusion in the EHMP.  Of these, some showed a strong response 
(R2 >75 %) while others showed a moderate response (R2 >50 %). 
 
Physical and chemical indicators 

Only a few physical and chemical indicators showed a strong response to the 
disturbance gradient and most of these responded to descriptors of land-use, channel 
condition and riparian condition (Table 4).  Measures of conductivity and diel DO and 
water temperature were the most responsive physical and chemical indicators.  
Measures of ambient nutrient concentrations did not show a significant response to 
the disturbance gradient. 
 
Macroinvertebrates  

Numerous macroinvertebrate indices could be derived from the same data set and 
GLMs showed that many of these responded in similar ways.  Macroinvertebrates 
responded to landuse and water chemistry aspects of the disturbance gradient, with 
samples from edge and pool habitats showing similar patterns.  Three indices 
responded best to the disturbance gradient.  (i) Total richness - the number of 
macroinvertebrate families identified in each sample.  (ii) PET family richness - three 
orders of aquatic insects, the Plecoptera, Ephemeroptera and Trichoptera are 
considered most sensitive to water quality. (iii) SIGNAL Index - (Stream Invertebrate 
Grade Number Average Level), where pollution tolerant taxa are assigned a score of 
1 and sensitive taxa a score of 10.  The SIGNAL index was calculated by averaging 
scores for all families at a site. 
 
Fish 

Again, a range of different indices were considered, but the three that responded most 
strongly to the disturbance gradient were:  (i) Percentage of Native Species Expected 
(PONSE) – the proportion of native species observed divided by the number of native 
species predicted from a model based on minimally disturbed reference sites.  (ii) 
Percent exotic individuals (% exotics) – the proportion of individuals in the sample 
that were exotic (i.e. introduced) species.  (iii) Fish O/E – the comparison of the 
species composition of the community observed against that predicted by an 
AusRivAS-style model.  All three fish indices responded to a range of catchment and 
reach scale descriptors of the disturbance gradient but in particular to descriptors of 
in-stream habitat.  
 
Ecosystem processes (carbon flux) 

Measures of benthic metabolism (GPP and R24) both responded strongly to the 
disturbance gradient (though P:R did not) (Table 4).  GPP was influenced primarily 
by water chemistry and riparian condition, while R24 responded to factors relating to 
the water and sediment chemistry.  δ13C signatures of aquatic plants showed a very 
strong response to the disturbance gradient, especially to water chemistry and riparian 
condition.  Neither algal biomass (Chl a) nor δ13C were good surrogates of GPP. 
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Table 4:  The 22 proposed indicators, and including the total amount of variability 
explained (approximate R2) and the disturbance gradient categories 
responsible for explaining this variability. 
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Conductivity 60 46 6 8 * 0 * Physical & 
chemical pH 46 33 4 1 * 8 * 

 Alkalinity 52 36 6 10 * 0 * 
 Change in Temperature 60 23 3 23 * * 11 
 Change in DO 82 29 26 17 * * 10 

Invertebrates PET richness (Edge) 67 32 4 12 12 0 7 
 SIGNAL score (Edge) 61 34 0 15 8 4 0 
 Family richness (Edge) 55 40 0 3 3 0 9 
 PET richness (Pool) 74 34 10 8 13 9 0 
 SIGNAL score (Pool) 72 35 26 7 4 0 0 
 Family richness (Pool) 64 11 26 5 0 22 0 

Fish Native species richness 73 11 13 17 13 17 2 
 % exotic individuals 87 12 0 14 14 34 12 
 Fish assemblage O/E50 65 11 11 0 11 31 0 

Ecosystem GPP (Cobble sites) 89 0 0 13 76 * * 
processes R24  (Cobble sites) 91 0 0 0 91 * * 

 δ13C (aquatic plants) 92 3 9 48 32 * * 

Nutrients δ15N (aquatic plants) 79 9 12 7 42 9 * 
 Algal bio-assay - Control 72 0 0 19 53 0 * 
 Algal bio-assay - (+N) 80 0 0 27 26 27 * 

 Algal bio-assay - (+P) 37 0 0 15 22 0 * 
 Algal bio-assay - (+NP) 68 0 0 33 2 33 * 

* Denotes disturbance gradient variables from this category were not used in GLMs. 
 



Nutrient assays and fluxes 

The algal bioassay responded well to the disturbance gradient, indicating that benthic 
algae in SEQ streams were limited primarily by light and secondarily by nitrogen.   
The δ15N signature of aquatic plants responded strongly to the disturbance gradient. 
While measures of denitrification responded reasonably well to the disturbance 
gradient they were not recommended for inclusion in the ambient EHMP because they 
are better suited to strategic monitoring programs dealing with nutrient loads. 
 
 
Identifying ‘redundancy’ within and between indicator groups 

It is clear that some of the indicators tested in the field trial responded in a similar 
fashion to the disturbance gradient and that inclusion of more than one of these would 
need to be strongly justified if the program was to be cost-effective.  Bivariate 
scatterplots were used to look for redundancy among indicators within the same 
group.  Most scatterplots showed no relationship between indicators, however, several 
plots showed two indicators responding in a similar manner to the disturbance 
gradient (Figure 5).  In some instances, this was justification for dropping an 
indicator; however, in other instances both indicators were retained because the 
additional information could be obtained for no additional cost. 
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Figure 5: Bivariate scatterplots showing moderate to strong relationships between 
proposed EHMP indicators of the same type; (a) pH v alkalinity; (b) Signal 
(pool) v Signal (edge); (c) PONSE v Fish O/E, and 9d) R24 v GPP. 
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Physical and chemical indicators 

Four of the five proposed physical and chemical indicators were retained for the 
EHMP.  Alkalinity was dropped after finding it showed a strong curvilinear 
relationship with pH (Figure 5a).  The latter was retained in preference to alkalinity 
because it was seen as a more appropriate indicator given regional issues with 
naturally low pH streams; acid sulphate soils; and because many community groups 
have the capacity to directly measure pH but would have to pay for laboratory 
analysis of alkalinity. 
 
Conductivity, pH, diel temperature change and DO change were all been retained for 
the EHMP because they respond to the catchment-scale, landuse disturbance gradient.  
Each describes a different water quality attribute and all four are likely to have a 
direct influence on aquatic biota and ecosystem processes.  Furthermore, accurate 
measurement of these parameters requires little technical training and many 
catchment groups already have the necessary instruments to measure these 
parameters. 
 
Macroinvertebrate indicators 

Macroinvertebrates were the only biological indicators assessed in the field trial that 
responded to catchment-scale landuse aspects of the disturbance gradient.  The six 
indicators listed in Table 4 included three pool habitat indicators and three edge 
habitat indicators.  Both habitats were initially included because the National River 
Health Program protocol, recommends a ‘weight of evidence’ approach to 
determining ecological condition.  However, it was clear that indicators from both 
habitats responded in a similar fashion and inclusion of data from both habitats was 
not justified (e.g. Figure 5b).   Edge habitat data were preferred over the pool habitat 
because the former is easier to sample and more frequently encountered in local 
streams in southeast Queensland. 

Bivariate plots of Richness, PET and SIGNAL showed there was no significant 
relationship between any of these indicators and as such all three were retained for the 
EHMP. 
 
Freshwater fish indicators 

The three proposed fish indices were sensitive to the disturbance gradient (displayed 
high approximate R2 values) and were unique in that they responded to all disturbance 
gradient categories, though in particular, the in-stream habitat category (Table 4).    

Bivariate plots showed there was a strong relationship between Fish O/E and PONSE 
(R2 = 74%, Figure 5c); however, both indicators have been retained for the EHMP 
because they offer slightly different information about fish communities.  Fish O/E 
takes into account which of the predicted assemblage of species occur and is based on 
AusRivAS modelling, whereas PONSE does not take into account which species are 
expected at a site. The % Exotics indicator was also recommended because it requires 
less sampling effort and taxonomic expertise.  It is worth noting that all three indices 
are derived from the same sample at no additional field cost.   
 



Bunn and Smith 13

 

Ecosystem processes 

The three proposed indicators of ecosystem processes have all been retained for the 
EHMP.   Although GPP and R24 are clearly correlated, as would be predicted (Figure 
5d), they responded to different attributes of the disturbance gradient (Table 4).  The 
δ13C signature of aquatic plants was originally included as a potential, inexpensive 
surrogate of GPP; however, neither it, nor chlorophyll a was correlated with GPP.  
This is because plants may become carbon limited at high GPP and lead to relative 
13C-enrichment (see Finlay, 2001). 
 
Nutrients 

The algal bioassay was recommended for the EHMP because it responds to 
water/sediment chemistry and riparian condition and provides useful information on 
stream nutrient limitation (Table 4).  This information is particularly important given 
none of the nutrient concentration indicators responded to the disturbance gradient.  
Furthermore, it is not nutrient concentrations per se but their effect on algal growth 
that is important to stream health. 
 
The stable isotope signature of aquatic plants (δ15N was trialed as a potential surrogate 
for catchment-scale disturbances to nitrogen cycling (Udy and Bunn, 2001), and has 
been retained because it responds well to a suite of disturbance gradient categories, 
particularly water and sediment chemistry.   
 
 
All indicator groups 
An ordination was performed to assess the overall relationships between the 
remaining 18 indicators and the six disturbance gradient categories listed in Table 4.  
Data were first standardised so that all indicators carried equal weight, and hence, the 
sensitivity of the indicator (approximate R2 value) would not influence the 
relationship between indicators. The Bray-Curtis association measure and Semi-
strong hybrid multi-dimensional scaling options available within PATN™ (Belbin, 
1993) were used (Figure 6).  In addition, Principal axis correlation was used to depict 
the relationships between the indicators and the disturbance gradient categories, and 
Monte Carlo randomisations were performed to assess the significance of the 
relationship between indicators and the vectors representing these categories.  Three 
of the six disturbance gradient categories had statistically significant relationships 
with indicators (p < 0.01; see Figure 6).  The stress value obtained for the ordination 
is low and suggests that the ordination accurately reflects the relationships in two-
dimensional space. 



INDICATORS
   Physical/chemical     Productivity
1  Temperature change 15  GPP 
2  DO change 16  R24 
4  Conductivity 17  del13C
5  pH     Nutrients 
   Invertebrates 18  del15N
8  Edge PET 19  Bioassay control
9  Edge Signal 20  Bioassay N 
11  Edge richness 21  Bioassay P 
    Fish 22  Bioassay NP 
12  O/E
13  Exotics 
14  Richness
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Figure 6: Ordination of the remaining 18 indicators (stress = 0.17), colour-coded according to 
indicator type.  Vectors representing disturbance gradient categories have been assigned 
letters.  Three of the six disturbance gradient categories (solid lines) showed a statistically 
significant relationship with indicators (p < 0.01). 
 
 
Indicators recommended for EHMP 

This ordination clearly shows that the indicator groups respond to different aspects of 
the disturbance gradient.  Each contributes unique information about the nature of the 
disturbance and, together, they provide a comprehensive assessment of ecosystem 
health.  As a result of the above process, the original list of 52 potential indicators was 
reduced to 15 recommended indicators for the EHMP (Table 5). 
 
Table 5:  List of indicators recommended for ambient EHMP of rivers and streams 

in southeast Queensland. 
Indicator type Recommended indices 
Physico-chemical Conductivity 

 pH 
 Diel change in Temp(includes max & min) 
 Diel change in DO (includes max & min) 

Macroinvertebrates PET richness (Edge) 
 SIGNAL score (Edge) 
 Family richness (Edge) 

Fish % Of Native Species Expected (PONSE) 
 % exotic individuals 
 Fish assemblage O/E50 

Ecosystem processes GPP 
 R24

 δ13C (aquatic plants) 
Nutrients δ15N (plants) 
 Algal bio-assay (4 treatments = Control, N, P, N+P) 
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Reporting on Ecosystem Health 

A conceptual diagram of the five types of ecological health indicators and their 
various indices (Figure 7) was prepared to help illustrate the proposed EHMP 
program to the Strategy stakeholders.  All five types of indicator were argued to be 
equally important, and as such it was proposed that ecosystem health be reported 
using pentagons to depict the five components of a healthy stream (Figure 8). 
 

Gross primary production
Respiration24
del13C

Fish assemblage O/E50 
Native species richness
% exotic individuals

PET richness
Family richness
SIGNAL score

pH 
Conductivity
Temperature change
Dissolved oxygen change

Chlorophyll-a bioassay
(control, N, P, NP) 
del15N

Figure 7: Conceptual model summarising the five types of indicators recommended 
for the ambient EHMP and the suite of indices within each of the types. 

 
Pentagons can be derived as long as one indicator is measured for each of the five 
types. Each of the five types of indicator has a number of indices associated with it. If 
several measures are taken from an indicator type (e.g. pH, Conductivity and diel 
temperature are measured) the minimum value for this type is reported.  Reporting the 
minimum value constitutes a conservative approach to defining ecosystem health, 
which is in line with the precautionary principal that should be applied to any 
monitoring program. 
 
The background of each pentagon is coloured red in the middle fading though orange 
to yellow at the edge.  Green triangles are then placed over this background in a 
“traffic light” approach to reporting on ecosystem health. The measured value for any 
indicator is scaled relative to the ecosystem health guideline to lie between 0 
(maximally impacted) and 1 (in reference condition).  The scaled score determines the 
size of each green triangle with the axis of the pentagon representing a score of 0 and 
the perimeter representing a score of 1.  A perfectly healthy site is represented by five 
green triangles, of equal area (Figure 4a) all of which cover the red, orange and 
yellow background.  In contrast, a maximally impacted site would have no visible 
green. 
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To illustrate the potential use of the pentagons in reporting ecosystem health, two 
examples have been given (Figure 8).  Site 40 is a minimally disturbed reference site 
(Figure 8a), whereas Site 8 is a heavily disturbed site (Figure 8b).  The latter site 
scored zeroes for fish (100 % exotic species), ecosystem processes (extremely high 
GPP) and diel variation in DO and temperature (both high); and as such there is no 
green triangle for these three facets. 
 

a

Fish
Invertebrates

Phys/chem

Eco processes

Nutrients

  

b

Fish
Invertebrates

Nutrients

Eco processes
Phys/chem

  
Figure 8:  Examples of the pentagon-approach to presentation of EMHP results 
using data from (a) DIBM Site 40 (Back Creek) and (b) DIBM Site 8 (Petrie Creek). 
 
Based on a conceptual understanding of how each indicator should respond to 
catchment and/or reach-scale disturbance, and their measured response to various 
descriptors (Table 4), this information can be used to guide management actions.  For 
example, in the case of Site 8, the poor score for fish is due to the absence of native 
species, the lack of suitable habitat, and the presence of a downstream barrier.  
Absence of riparian cover has led to elevated GPP and large daily fluctuations in 
temperature and DO. Provision of fish habitat, removal of the barrier, and 
rehabilitation of riparian vegetation is likely to be an effective means of improving 
stream health. 
 
Implementing the Ecosystem Health Monitoring Program 

An ambient ecosystem health monitoring program is currently being implemented at 
120 sites across southeast Queensland using the suite of indicators developed in this 
study.  Information from this monitoring program will give an objective assessment of 
stream condition and provide early warnings about declines in stream health.  
Moreover, this information will be important when evaluating the ecological benefits 
of proposed management actions such as riparian rehabilitation and improved sewage 
treatment.  Further work on the development of the pentagons for reporting indicators 
is also underway.  These data, together with information on nutrient and sediment 
loads will form the basis of ongoing annual ‘report cards’ on the health of southeast 
Queensland’s waterways. 
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