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The Department of Primary Industries, Parks, Water and Environment 

The Department of Primary Industries, Parks, Water and Environment (DPIPWE) is 

responsible for the sustainable management and protection of Tasmania's natural and 

cultural assets for the benefit of Tasmanian communities and the economy. 

DPIPWE's activities guide and support the use and management of Tasmania's land and 

water resources and protect and promote its natural, built and cultural assets. The 

Department is also responsible for delivering the services that support primary industry 

development and for the protection of the State's relative disease and pest-free status. 

The Water and Marine Resources Division of DPIPWE provides services that contribute 

towards the sustainable use and management of the State's water resources. This 

includes: the design of policy and regulatory frameworks to ensure the equitable, efficient 

and sustainable allocation and use of surface and groundwater resources and the safety of 

dams; monitoring and assessment of the condition of the State's freshwater resources; and 

supporting the development of new irrigation schemes.
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Executive summary 

Since 1994, the Tasmanian State Government has conducted broad-scale monitoring of 

river condition in the State under the Tasmanian River Health Monitoring Program (RHMP). 

The RHMP employs Australian River Assessment System (AusRivAS) protocols, which 

focus on benthic macroinvertebrate (waterbug) communities and habitat quality. The RHMP 

provides the only long-term, broad-scale monitoring of river ecosystem health in Tasmania, 

and supports State Government legislation (e.g. Tasmanian Water Management Act 1999 

and Environmental Management and Pollution Control Act 1994) and State Policy (e.g. State 

Policy on Water Quality Management 1997) that governs the management of freshwater 

ecosystems in the State. The RHMP is, therefore, a valuable tool for managing rivers and 

catchments in Tasmania. 

The Water and Marine Resources Division of the Department of Primary Industries, Parks, 

Water and Environment (DPIPWE) is responsible for the RHMP. The key activities of this 

Division that relate to water are governed by the Water Management Act 1999 and focus on 

the sustainable management of water resources in freshwater-dependent ecosystems. The 

RHMP provides crucial surveillance monitoring that supports the objectives of the Water 

Management Act 1999, and DPIPWE’s decision-making and regulatory procedures for 

managing water in Tasmania. 

Since the RHMP began, land and water management in Tasmania has changed 

substantially and river health science has progressed. Therefore, this review was undertaken 

to ensure the RHMP aligns with the work of the Water and Marine Resources Division of 

DPIPWE in the short- and long-term, while also considering what the program delivers more 

broadly to natural resource management. This review assesses the value of the RHMP and 

the information it is providing, and revises the design and structure of the program. The aims 

of this review were to:  

 Document the history of the RHMP. 

 Assess links to legislation and uses of data from the RHMP. 

 Assess the applicability of other measures of river condition to the RHMP. 

 Evaluate the value of abiotic (physical) and biotic (biological) data collected by the 

RHMP. 

 Examine RHMP data to investigate macroinvertebrate communities and river 

condition in Tasmania. 
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 Revise the purpose, design and structure of the RHMP. 

 

Between 1994 and 2000, the RHMP was associated with several state and/or national 

programs. These were components of the National River Health Program (NRHP), which 

was a Commonwealth and state collaboration that developed AusRivAS. Between 2001 and 

2012, the RHMP was associated with the Tasmanian State Government’s TasTogether 2020 

plan. Since 2012, the RHMP has not been linked to any external funding sources or 

programs; however, it has continued to be resourced by DPIPWE and provides valuable 

environmental science to support water management and planning in Tasmania. Due to river 

condition sampling in the RHMP, and project-based monitoring of river health by DPIPWE 

and other agencies in Tasmania, the RHMP database currently has AusRivAS sampling 

records for 7288 samplings across 959 sites. This is a powerful dataset that can be used to 

address a range of questions relating to land and water management, and river health. 

To date, outputs from the RHMP have been used by DPIPWE, other agencies and 

researchers for a range of purposes relating to the management of water and natural 

resources at varying spatial and temporal scales. Examples of these applications include: 

examining impacts from point-source pollution, determining the condition of rivers in selected 

catchments, assessing broad-scale effects of low flows on rivers, and national State of 

Environment reporting. In addition, recent studies in Australia have shown that analysis of 

taxonomic data from AusRivAS sampling can be used to examine ecological responses to 

various types of disturbances (e.g. agricultural land use, drought). 

Since the RHMP began, broad-scale bioassessment programs and methods for assessing 

river condition have advanced in Australia and other countries. Holistic strategies that 

integrate measures of several ecosystem components are now advocated and employed 

commonly. The Tasmanian River Condition Index (TRCI), which was developed in 2009, is 

an example of such an approach. However, the full TRCI approach is too onerous and time-

consuming to fit into the RHMP, which seeks to perform rapid bioassessments across a 

large network of riverine sites on a regular basis. 

Overall, the current design of the RHMP was found to have several limitations. In particular, 

at present the RHMP focuses on a single biological indicator group (aquatic 

macroinvertebrates) to measure riverine health. This limits its ability to holistically assess the 

overall state of a river. Furthermore, the accuracy and precision of measurements of several 

habitat parameters was found to be low. Based on the findings of recent studies and 

analyses undertaken in this review, macroinvertebrate data and AusRivAS model outputs 

from the RHMP are able to detect changes in river condition due to anthropogenic 
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pressures. However, of the 48 habitat-related variables that were considered to have 

sufficient explanatory power to warrant evaluation, 17 (35%) were rated as poor, 23 (48%) 

were rated as moderate and 8 (17%) were rated as good in terms of meaningfulness and 

usefulness. Therefore, this review recommends that some variables cease to be monitored, 

monitoring methods for some variables be improved, and a number of new variables be 

included, in line with other contemporary riverine monitoring programs. Moreover, this review 

recommends that more rigorous benthic sediment and algal sampling be included in the 

RHMP to broaden its approach to assessing river health. 

Preliminary, analysis of 311 sites that were sampled using AusRivAS protocols across 

Tasmania between 2007 and 2016 indicate that 40% of lowland riverine reaches sampled 

(<c. 100 m a.s.l.) were impacted (i.e. had mean O/E scores equivalent to impairment bands 

B, C or D). Based on mean O/E scores from sampling in riffle habitats in spring and autumn, 

90 sites (29%) were significantly impaired, 25 sites (8%) were severely impaired), and 

9 sites (3%) were impoverished. The remaining 187 sites (60%) were equivalent to or above 

reference condition. Temporal trends in river health at long-term monitoring sites and the 

environmental factors associated with these spatial patterns in river condition are being 

investigated. 

As the current design of the RHMP provides valuable information for managing rivers in 

Tasmania, wholesale alterations to the program are not proposed. Instead, this revision 

focuses on improving the breadth of monitored parameters and the rigour of the methods 

that are used to monitor some parameters. This review makes 35 recommendations (chapter 

7) to guide the implementation of the RHMP. In summary, the key recommendations are as 

follows: 

 The formal purpose of the RHMP is to provide long-term, broad-scale monitoring of 

river health across Tasmania. 

 A revised selection of 53 sites (43 test sites and 10 reference sites) will be monitored 

in the RHMP, whereas 60 sites (29 test sites and 31 reference sites) have been 

monitored historically (1994-2016). 

 Monitoring of river condition at all sites will be conducted biennially (every two years) 

in spring and autumn, and additional sampling will be undertaken, if warranted. 

 A revised selection of 104 physical and biological variables will be recorded in the 

RHMP database for each sampling occasion. 
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 Currently, there is no need to revise the existing State-wide AusRivAS models, and 

these models will continue to be used as baselines for assessing changes in river 

condition. 

 In the short-term, the existing RHMP database be maintained, and in the long-term 

the migration of information in the RHMP database to a more stable, online platform 

will be investigated. 

 River condition at sites in the RHMP will be assessed using outputs from State-wide 

AusRivAS models, and other metrics that describe macroinvertebrate communities 

(e.g. trait-based metrics) and habitat quality. 

 A communication plan for the RHMP be developed to guide analysis, presentation 

and communication of the program’s findings. 

 The RHMP will be reviewed every 10 years in light of changes in water management 

and policy, and the design of the program will be adjusted periodically (e.g. addition 

of new sites) where necessary during its implementation. 

 

Currently, the RHMP provides long-term, broad-scale monitoring of river condition in 

Tasmania and, as such, has the capacity to inform water management decisions and water 

policy development. The RHMP is a valuable surveillance and assessment tool, which 

supports State legislation and State Policies of the Resource Management and Planning 

System (RMPS) that govern the management of freshwater resources and their ecosystems 

in Tasmania. The recommendations of this review will assist future management and 

implementation of the RHMP, and the analysis and interpretation of data collected by the 

program to better support the sustainable management of Tasmania’s freshwater resources. 
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Glossary and abbreviations 

Abiotic: Not associated with or derived from living organisms. Abiotic (physical) factors in an 

aquatic environment include items such as substrate and water temperature. 

Antecedent: Preceding circumstances or events. Often refers to conditions, such as 

streamflows, prior sampling in freshwater ecology. 

AusRivAS: Australian River Assessment System; a framework for assessing the condition 

of rivers in Australia using biological sampling that focuses on macroinvertebrates and 

measurements of habitat quality. 

Benthic habitat: Area on the bottom of a river or lake. 

Bioassessment: An evaluation of the condition of a waterway using biological surveys and 

measurements of habitat parameters. 

Biotic: Associated with or derived from living organisms. Biotic (biological) factors in an 

aquatic environment include organisms themselves as well as items such as predation and 

food resources. 

Chlorophyll: A green pigment found in cyanobacteria, algae and plants. Chlorophyll-a is the 

main pigment that is used in photosynthesis. 

Disturbance: A change in environmental conditions that causes a noticeable change in a 

riverine ecosystem. Disturbances can occur temporarily or over long period, and can be 

caused by natural processes (e.g. floods, droughts) or be related to human activities (e.g. 

industrial pollution, water extraction). 

DPIPWE: Department of Primary Industries, Parks, Water and Environment. 

EPT: Macroinvertebrate taxa belonging to the orders Ephemeroptera (mayflies), Plecoptera 

(stoneflies) and Trichoptera (caddisflies) 

IFS: Tasmanian Inland Fisheries Service. 

GIS: Geographical Information System: a set of tools that captures, stores, analyses, 

manages and presents data that are linked to locations (i.e. spatial data). 
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Macroinvertebrate: Invertebrate (without a backbone) animals which can be seen with the 

naked eye. In lakes and rivers, common macroinvertebrates are insects, crustaceans, 

worms and snails. 

NRM: Natural Resource Management. In Tasmania, there are three NRM regional bodies: 

NRM South, NRM North and NRM Cradle Coast. 

O/E: Ratio of observed number of macroinvertebrate taxa and the expected number of 

macroinvertebrate taxa. O/E score is an output of AusRivAS predictive models. 

Physico-chemical variables: Parameters that relate to the physical and chemical 

properties of water (e.g. water temperature and turbidity). 

Reference site: Site that is located in a pristine or minimally-disturbed catchment. The 

results from ‘test sites’ are often compared to those from reference sites to assess condition 

and levels of impact. 

RHMP: Tasmanian River Health Monitoring Program. 

SIGNAL: Stream Invertebrate Grade Number Average Level scoring system that was 

developed to assess the sensitivity of macroinvertebrate families to common types of 

pollution. SIGNAL score is an output of AusRivAS predictive models. 

Spatio-temporal: Of or relating to both space and time. For example, spatio-temporal 

patterns in environment science occur across an area and through time. 

Substrate: The surface on the bottom of a river or lake. 

Stream class: An ordering system to define the size and complexity of stretches of river in a 

river system. This report uses the Strahler stream classification system (Strahler, 1952) 

where each segment of a stream or river within a river network is treated as a node in a tree, 

with the next segment downstream as its parent. When two first-order streams come 

together they form a second-order stream, and when two second-order streams come 

together they form a third-order stream, and so on. 

Tas 48 catchments: Riverine catchments that are commonly recognised for water 

management purposes in Tasmania (see http://dpipwe.tas.gov.au/water/water-

licences/surface-water-catchments, accessed 3 October 2018). 

Test site: Site likely or known to be impacted by habitat degradation that is located on a 

stretch of river that is of interest to resource managers, researchers or practitioners. The 

results from test sites are often compared to those from ‘reference sites’ to assess condition 

and levels of impact. 
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Trait: A distinguishing characteristic or quality. For example, some riverine 

macroinvertebrates require flow (i.e. flow obligates), while others avoid flowing water (i.e. 

flow avoiders) and live in pools or backwaters where there is minimal or no flow. 

TRCI: Tasmanian River Condition Index: a framework for assessing the condition of 

Tasmanian river systems. 
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1. Introduction 

Since 1994, the Tasmanian State Government has conducted broad-scale monitoring of 

river condition in the State under the Tasmanian River Health Monitoring Program (RHMP) 

(Figure 1.1). The RHMP employs Australian River Assessment System (AusRivAS) 

protocols (Appendix 1) that focus on benthic macroinvertebrate (waterbug) communities and 

habitat quality (Davies, 2000; Krasnicki et al., 2002; Simpson and Norris, 2000). The RHMP 

provides the only long-term, broad-scale monitoring of river ecosystem health in Tasmania, 

and supports State Government legislation (e.g. Tasmanian Water Management Act 1999 

and Environmental Management and Pollution Control Act 1994) and State Policy (e.g. State 

Policy on Water Quality Management 1997) that governs the management of freshwater 

ecosystems in the State. The RHMP is, therefore, a valuable tool for managing rivers and 

catchments in Tasmania. 

 

 

Figure 1.1 Sampling macroinvertebrates (waterbugs) using a ‘kick-netting’ method in the upper 
Great Forester River, north-east Tasmania. 

 

During the life of the RHMP, the State Government and natural resource management 

agencies in Tasmania have changed their approaches to managing land and water. This has 

been influenced by changes in legislation and policy, several departmental re-structures 

within the State Government, and various funding programs (e.g. Natural Heritage Trust’s 

National Landcare Program (1996-2002), National Action Plan for Salinity and Water Quality 

(2000-2007)). In addition, the development of the Natural Resource Management Act 2002 

and the Tasmanian Natural Resource Management Framework in 2002, and their 

associated entities (e.g. NRM regional bodies, Tasmanian Natural Resource Management 
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Council, etc.), has also changed the way in which natural resources in Tasmania are 

managed. 

The Water and Marine Resources Division of the Department of Primary Industries, Parks, 

Water and Environment (DPIPWE) is responsible for the RHMP. The key activities of this 

Division that relate to water are governed by the Water Management Act 1999 and focus on 

the sustainable management of water resources in freshwater-dependent ecosystems. The 

RHMP provides crucial surveillance monitoring that supports the objectives of the Water 

Management Act 1999, and DPIPWE’s decision-making and regulatory procedures for 

managing water in Tasmania. 

To date, outputs from the RHMP have been used by DPIPWE, and various agencies, 

consultants and researchers, for a range of purposes. For instance, RHMP data have been 

used to determine the condition of rivers in selected catchments (e.g. DPIW, 2008b; DPIWE, 

2003) and to undertake a bio-regionalisation of macroinvertebrate assemblages and assess 

their condition across Tasmania (CFEV, 2005; DPIW, 2008a). Recent studies have also 

shown how data from the RHMP can be used to examine the influence of land and water 

use (i.e. water extraction) on rivers (DPIPWE, 2014b; Hardie and Bobbi, 2017; Magierowski 

et al., 2012). This work illustrates the value of the RHMP to land and water management in 

Tasmania, and its potential to address questions relating to streamflow management and 

natural resource management more broadly. 

The value of long-term 

biological monitoring 

(‘bioassessment’ 

programs; Box 1.1) for 

managing river systems 

has been advocated 

widely in Australia (Davies 

et al., 2010; Nichols et al., 

2017) and internationally 

(Buss et al., 2015). 

However, data from broad-

scale monitoring programs 

have inherent limitations (Boulton, 1999; Bunn et al., 2010). For example, the breadth and 

scale of measured parameters and rigour of assessments (often qualitative instead of 

quantitative measurements) may restrict the applicability of the results to addressing 

management issues. Nevertheless, well-designed programs provide valuable data that, 

when interpreted carefully, enable spatial and temporal variability in measured parameters to 

Box 1.1 Bioassessment 

Freshwater biological assessments, or ‘bioassessments’, 
involve examining the status of waterways by sampling 
communities of aquatic animals and plants, and measuring 
the condition of habitats. Many biological communities that 
live in rivers (e.g. waterbugs, Box 5.2) are sensitive to 
changes in their habitats that occur over weeks, months or 
years, thereby summarising the history of conditions in 
rivers. This is a big advantage of bioassessments compared 
to monitoring programs that only measure water quality, and 
which may not detect the occurrence of short-term adverse 
conditions. Bioassessment programs are commonly used 
around the world to monitor river health, and their findings 
can be used to guide the management of activities that 
influence rivers (e.g. land use practices). 
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be assessed and substantial changes in river condition to be detected (Nichols et al., 2017). 

Furthermore, data from this type of monitoring may be used for unforeseen applications in 

the future (e.g. Chessman, 2009; Magierowski et al., 2012; Thomson et al., 2012); thus, the 

value of monitoring can be much greater than envisaged originally. 

Since the mid-1990s when AusRivAS was developed and the RHMP began, broad-scale 

bioassessment programs and methods for assessing river condition have advanced in 

Australia (Bunn et al., 2010; Davies et al., 2010; Nichols et al., 2017, and review therein) and 

elsewhere (Birk et al., 2012; Buss et al., 2015; Masese et al., 2013). Holistic strategies that 

integrate measures of several ecosystem components are now advocated and commonly 

employed. The Tasmanian River Condition Index (TRCI) is an example of such an approach. 

The TRCI was finalised in 2009 (NRM, 2009c; NRM, 2009d), but to date only components of 

it (sub-indices) have been used in selected catchment/regions in Tasmania (e.g. Davies et 

al., 2016; DPIPWE, 2014b), and its applicability to the RHMP has not been assessed. 

Including sub-indices of the TRCI in the RHMP could strengthen the program; however, how 

they could be integrated into the RHMP and issues with TRCI condition ratings (DPIPWE, 

2014b) need to be evaluated. 

The RHMP has been implemented for over two decades, and in this time, land and water 

management in Tasmania has changed substantially. Clearly, there is a need to ensure the 

RHMP aligns with the work of the Water and Marine Resources Division of DPIPWE in the 

short- and long-term, while also considering what the program delivers more broadly to 

natural resource management. This review assesses the value of the RHMP and the 

information it is providing, and revises the design and structure of the program. 

Specifically, the aims of this review were to:  

1. Document the history of the RHMP. 

2. Assess links to legislation and uses of data from the RHMP. 

3. Assess the applicability of other measures of river condition to the RHMP, especially 

those included in the TRCI. 

4. Evaluate the value of abiotic (physical) and biotic (biological) data collected by the 

RHMP. 

5. Examine RHMP data to investigate macroinvertebrate communities and river 

condition in Tasmania. 

6. Revise the purpose and design of the RHMP, including where and when monitoring 

is undertaken, and what is measured.  
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2. History of the RHMP 

2.1 Association with funding and monitoring programs 

The River Health Monitoring Program (RHMP) in Tasmania began in May 1994, with 

sampling commencing in spring 1994 (Krasnicki et al., 2002; Figure 2.1). The Tasmanian 

State Government has been committed to the RHMP from the outset in terms of financial, 

logistical and staffing resources. In the early years, the RHMP was associated with several 

state and/or national programs. These programs included the Tasmanian component of the 

Monitoring River Health Initiative (MRHI; 1993-1996), the First National Assessment of River 

Health (FNARH; 1997), and the Australia-Wide Assessment of River Health (AWARH; 1998-

2000) (Krasnicki et al., 2002; Figure 2.1). These were components of the National River 

Health Program (NRHP), which was a Commonwealth and state collaboration that 

developed the Australian River Assessment System (AusRivAS) (Davies, 1994; Davies, 

2000; Krasnicki et al., 2002; Simpson and Norris, 2000; see section 2.2). 

Following the initial developmental phases of AusRivAS and the RHMP, between 2001 and 

2012 the RHMP was associated with the Tasmanian State Government’s TasTogether 2020 

plan (Figure 2.1). This was a 20-year, community-owned, social, environmental and 

economic plan for the State (Tasmania Together, 2006). During this time, AusRivAS outputs 

contributed to the assessment of benchmarks under this plan that related to a goal to 

sustainably manage natural resources (Tasmania Together, 2006). This plan ceased in 

2012, with the Tasmania Together Progress Board Repeal Bill 2012 repealing the Tasmania 

Together Progress Board Act 2001. 

Between 2000 and 2008, data from the RHMP was also used to support projects funded by 

the National Action Plan for Salinity and Water Quality and the Natural Heritage Trust (NHT). 

In addition, results from the RHMP were used for Waterways Reporting and to prepare State 

of Rivers reports for selected catchments across Tasmania. 

Since 2012, the RHMP has not been linked to any external funding sources or programs; 

however, it has continued (with State Government funding and resourcing) to provide 

environmental science to support water management and planning in Tasmania. 
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Figure 2.1 Timeline of the Tasmanian River Health Monitoring Program (RHMP) between 1993 and 2016 showing sampling regimes, supporting programs, 
and milestones relating to the development of AusRivAS models (presence/absence (PA) and rank abundance (RK) models) and assessment of their 
sensitivity (Barmuta et al., 2001; Barmuta et al., 2003; Davies, 2000; Davies, 2002; Davies et al., 1999; Krasnicki et al., 2002; Simpson and Norris, 2000). For 
sampling regimes, the timing of sampling in spring (Sp) and autumn (Au) is indicated along with which habitats (riffles and/or edgewater) were sampled. The 
programs that were associated with the RHMP were as follows: MRHI = Monitoring River Health Initiative, FNARH = First National Assessment of River 
Health, AWARH = Australia-Wide Assessment of River Health, and Tasmanian State Government’s TasTogether 2020 plan (Krasnicki et al., 2002; Tasmania 
Together, 2006). 
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2.2 Development and use of AusRivAS and sampling regime 

Krasnicki et al., (2002) 

documented the 

development of AusRivAS 

sampling protocols and 

predictive models for 

Tasmania that underpin 

the RHMP, so only a brief 

description is provided 

here (also see Box 2.1 and 

Appendix 1). AusRivAS 

provides a standardised 

tool for rapid 

bioassessment that uses the same biota (macroinvertebrate assemblages), sampling and 

sample processing methods (Figure 2.2), and analytical methods for data processing across 

a wide range of river types (Davies, 2000; Simpson and Norris, 2000). Typically, AusRivAS 

sampling is used to assess impacts at riverine ‘test’ sites (sites likely or known to be 

impacted by habitat degradation in areas of interest) by comparing predicted and observed 

taxonomic composition of macroinvertebrate communities. These comparisons are based on 

predictive models (AusRivAS models; Coysh et al., 2000; Simpson and Norris, 2000) of 

macroinvertebrate community composition at ‘reference’ sites (least disturbed sites) that 

have similar habitat characteristics to those of the selected test sites (sensu Wright et al., 

1984). 

During model development, reference sites were selected subjectively following a set of 

criteria because rigorous quantitative selection processes were deemed to not be applicable 

(Davies, 1994; Krasnicki et al., 2002). This was due, partly, to issues associated with 

locating suitable reference sites in some catchments/regions that are highly disturbed, and in 

reaches of lowland rivers that are often impacted to varying extents by land use practices. 

Test sites covered the range of river types in Tasmania (excluding the south-west region) 

and locations where impacts from five threatening processes (acid mine drainage, intensive 

agriculture, plantation forestry, urbanisation and flow regulation) were likely to be occurring 

(Krasnicki et al., 2002). During the development and testing phase of AusRivAS in Tasmania 

(1994-2000), 657 samplings (average per season = 60) at reference sites and 

668 samplings (average per season = 61) at test sites were undertaken. 

 
  

Box 2.1 AusRivAS predictive modelling 

Predictive models use statistics to forecast outcomes. 
Weather forecasting is an example of the use of predictive 
models, where many variables (predictors) that describe the 
current conditions in oceans and the atmosphere are used to 
forecast the weather at a location in the near future. Similarly, 
‘AusRivAS predictive modelling’ uses predictors 
(variables that describe the location of river reaches, 
instream habitats, water quality, etc.) to predict what 
waterbugs (Box 5.2) are likely to be present at a site in the 
absence of impacts. Using this approach, AusRivAS models 
compare waterbug communities at ‘test’ sites (sites of 
interest) to communities at ‘reference’ sites (unimpacted 
sites) with similar habitats. 
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Figure 2.2 Standardised processing of macroinvertebrate (waterbug) samples following AusRivAS 
protocols, which involve (a) using a ‘live picking’ method in the field, and (b) identifying animals in the 
samples in the laboratory. 

 

After several modelling iterations (Figure 2.1), macroinvertebrate and habitat data from 145-

223 reference sites were used to develop six State-wide AusRivAS presence/absence 

models (AusRivAS PA models) based on 16 environmental predictor variables (5-9 predictor 

variables per model; Krasnicki et al., 2002). The Tasmanian AusRivAS PA models are for 

macroinvertebrate communities in: 

 Riffle habitats in spring 

 Edgewater habitats in spring 

 Riffle habitats in autumn 

 Edgewater habitats in autumn 

 Riffle habitats for combined seasons 

 Edgewater habitats for combined seasons 

 

Outputs from AusRivAS PA models include lists of taxa that are predicted to occur at 

sampled sites, Observed/Expected (O/E) taxa scores, O/E Stream Invertebrate Grade 

Number Average Level scores (SIGNAL scores; Chessman, 1995; Chessman, 2003a; 

Chessman, 2003b), and AusRivAS impairment bands (Coysh et al., 2000; Simpson and 

Norris, 2000; Appendix 1). Barmuta et al., (2001; 2003) examined the sensitivity of 

AusRivAS PA model outputs to variations of input values, low natural faunal diversity, and 

temporal variation in biota, and provided information to assist field sampling and 

interpretation of results (Figure 2.1). 

The sample processing procedures employed by AusRivAS protocols provide 

presence/absence and coarse relative abundance data for taxa. The AusRivAS PA models 

(a) (b) 
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only use the PA information provided by the samples. In order to utilise the abundance data 

provided by AusRivAS sampling, Davies et al., (1999) developed AusRivAS models based 

on rank abundance data (AusRivAS RK models) to assess the condition of rivers in 

catchments in Tasmania that are influenced by flow regime alteration associated with hydro-

electric infrastructure (Figure 2.1). Building on this work, Davies (2002) developed three 

State-wide AusRivAS RK models (Figure 2.1) based on macroinvertebrate and habitat data 

from 130-213 reference sites, with 5-11 predictor variables per model. These AusRivAS RK 

models are for macroinvertebrate communities in: 

 Riffle habitats in spring 

 Riffle habitats in autumn 

 Riffle habitats for combined seasons 

 

In Tasmania, AusRivAS PA models are commonly used by various organisations to assess 

river condition, while DPIPWE has also occasionally used AusRivAS RK models for this 

purpose. Hydro Tasmania routinely uses both AusRivAS PA models and AusRivAS RK 

models (Davies et al., 1999) to assess rivers influenced by hydro-electric infrastructure (B. 

Smith, Entura, pers. comm.). 

More broadly, AusRivAS sampling protocols and/or predictive models continue to be used in 

several states and territories in Australia (Nichols et al., 2017; Reynoldson et al., 2012; Table 

2.1). Based on a survey of jurisdictional representatives in March 2017, AusRivAS is used 

predominantly in temperate regions in states and territories in eastern Australia (Table 2.1). 

This is likely to be due, at least in part, to AusRivAS sampling protocols and/or predictive 

models being more applicable and effective in rivers with perennial (or close to perennial) 

flow regimes and relatively diverse macroinvertebrate communities. 

In Tasmania, the RHMP currently uses AusRivAS protocols to assess the condition of 

60 long-term monitoring sites (31 reference sites, 29 test sites; Figure 2.3; see Appendix 2 

and section 6.1 for further information about these sites) across the State. Periodically, 

DPIPWE undertakes AusRivAS sampling at additional sites during catchment-based studies 

that support water management (e.g. Ringarooma catchment river condition study; DPIPWE, 

2014b). AusRivAS protocols are also used periodically by Hydro Tasmania, Tasmanian 

Irrigation and scientific consultants to assess river condition at various sites in Tasmania, 

and data from much of this work is entered in the RHMP database, which is maintained by 

DPIPWE. Currently, the RHMP database has AusRivAS sampling records for 7288 

samplings across 959 sites (Figure 2.4). 
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Table 2.1 Use of AusRivAS in broad-scale river health monitoring programs in Australian jurisdictions based on a survey of jurisdictional representatives in 
March 2017. Jurisdictions are states and territories, while the Murray-Darling Basin (which encompasses 14% of the total land area of Australia and four 
states and the Australian Capital Territory; Davies et al., 2010) is also included, as a significant amount of freshwater bioassessment work in Australia 
occurs in this drainage basin. Jurisdictional representatives were: Scott Hardie (Department of Primary Industries, Parks, Water and Environment; Tas), 
Leon Metzeling (Environment Protection Authority; Vic), Jan Miller (Office of Environment and Heritage, Department of Premier and Cabinet; NSW), 
Johnathan Marshall (Department of Science, Information Technology and Innovation; Qld), Simon Townsend (Department of Environment and Natural 
Resources; NT), Tim Storer (Department of Water; WA), Peter Goonan (Environment Protection Authority; SA) and Peter Davies (Freshwater Systems, 
University of Tasmania and Murray Darling Basin Authority (MDBA); Murray Darling Basin (MDB)). 
 

Jurisdiction 
Are AusRivAS sampling 
and modelling used? 

Details of AusRivAS sampling 
and modelling that is employed 

For what purpose is AusRivAS 
used? 

If AusRivAS is not used 
what methods are used? 

Other comments 

Tas Yes. Both sampling protocols and 
predictive modelling are used. 
 

State-wide river health monitoring 
program, catchment/region-
specific studies and impact 
assessments. 

NA. AusRivAS sampling and modelling 
has also been incorporated in the 
Tasmanian River Condition Index 
(TRCI), which is a holistic 
approach to assessing river 
condition. 

Vic Yes. Both sampling protocols and 
predictive modelling are used. 

Broad-scale condition reporting 
(e.g. Index of Stream Condition), 
impact assessments, to support 
works approval applications.  

NA. AusRivAS is to be retained in the 
State Environmental Protection 
Policy which is currently under 
review. It provides one of four 
macroinvertebrate indicators for 
which objectives are set in the 
policy. 

NSW Yes. Both sampling protocols and 
predictive modelling are used. 

Catchment/region-specific 
assessments of river condition, 
water quality studies, impact 
assessments. 

NA. Currently, there is no broad-scale 
river health monitoring program in 
NSW. 

ACT Yes. Both sampling protocols and 
predictive modelling are used. 

River condition monitoring, 
examining impacts of dams, other 
impact assessments. 

NA. Nil. 

Qld Partly. A modified sampling protocol is 
used, but predictive models are 
not used. 

Collecting macroinvertebrate 
samples. 

A flexible approach (Q-
Catchments) is used guide 
assessment strategies. This 
approach focuses on 
pressures, stressors and 
responses, and conceptual 
models. Macroinvertebrates 
are not always relevant 
indicators. 

AusRivAS predictive models do 
not work effectively in many 
catchments in Qld. 
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Jurisdiction 
Are AusRivAS sampling 
and modelling used? 

Details of AusRivAS sampling 
and modelling that is employed 

For what purpose is AusRivAS 
used? 

If AusRivAS is not used 
what methods are used? 

Other comments 

NT Yes, to a limited extent. Both sampling protocols and 
predictive modelling are used by 
the private sector. The NT 
Government only uses AusRivAS 
in a single long-term monitoring 
program of one urban creek 
(Rapid Creek). 

River health monitoring and impact 
assessments. 

Currently, macroinvertebrate 
monitoring in river systems 
is not taking place. Effort is 
being placed into 
researching potential 
impacts of human-induced 
reductions in dry season 
baseflows on biota (fish and 
turtles) movement. 

Nil. 

WA Partly. The sampling protocol is used, but 
predictive models are not widely 
used. When modelling is used it is 
largely contextual, supporting 
interpretation alongside other 
qualitative descriptions and 
statistics. 

River condition reporting in south-
west WA (e.g. South West Index 
of River Condition), impact 
assessments. 

NA. AusRivAS predictive models do 
not work effectively in WA (i.e. 
they have poor sensitivity) due to 
low taxa richness, poor data being 
used to develop the WA models, 
considerable variability in 
tolerances within families. 

SA Partly. The sampling protocol is used, but 
predictive models are not used 
(stopped using the models over 10 
years ago). 

Collecting macroinvertebrate 
samples. 

Currently, monitoring 
focuses on 
macroinvertebrates and 
aquatic vegetation to assess 
river condition in regions in 
SA where streams occur. 

Currently, employing a rolling 
regional program to assess stream 
condition throughout SA (where 
streams occur), with regionally 
sampling occurring at least once 
every 5 years to coincide with 
reporting needs. Work is being 
undertaken to determine if diatom 
communities can be used to 
assess river condition. 

MDB (according to 
the MDBA) 

No. Not currently used, but see 
jurisdictional responses. 

NA. Environmental monitoring in 
the MDB is currently 
targeting floodplain 
condition, and responses to 
out-of-channel watering 
events, where the focus is 
on waterbird breeding, red 
gum forest regeneration and 
native fish. 

Macroinvertebrates were 
monitored in the Sustainable 
Rivers Audit of the MDB (2004-
2011), but are currently not the 
focus of broad-scale surveillance 
or intervention monitoring in the 
MDB. AusRivAS sampling 
protocols and/or modelling may be 
used in the MDB in the future. 
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Figure 2.3 Location of long-term monitoring sites in the Tasmanian RHMP, 1994-2016. See 
Appendix 2 for further information about the sites. 
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Figure 2.4 Location of all sites (closed black circles) that have been sampled using AusRivAS 
protocols, under the Tasmanian RHMP and other programs, between 1994-2016 according to the 
RHMP database. 
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The sampling regime of the RHMP has been altered in recent years (Figure 2.1), largely in 

response to resource constraints. Between spring 1994 and autumn 2007, the program 

monitored macroinvertebrate communities in riffle and edgewater habitats every spring and 

autumn (annual sampling). Between spring 2007 and spring 2009, the monitoring was 

undertaken every spring and autumn, but focused on riffle habitats with edgewater habitats 

no longer being routinely sampled. The sampling effort was reduced further between autumn 

2010 and spring 2016, with sampling of riffle habitats being undertaken biennially in alternate 

spring/autumn periods (e.g. sampling in spring 2012 and autumn 2013, then no sampling 

until spring 2014 and autumn 2015, etc.). These adjustments were based on assumptions 

that: (1) macroinvertebrate communities in riffle habitats are more sensitive to impacts from 

anthropogenic disturbances (e.g. flow regime alteration, sedimentation, etc.) (Krasnicki et al., 

2002), and (2) given the longevity of the RHMP, reducing the frequency of monitoring would 

not greatly affect the ability of the program to detect long-term temporal variation in river 

condition. 
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3. Links to legislation and uses of data from the RHMP 

3.1 Relevant legislation and policy 

The Resource Management and Planning System (RMPS) of Tasmania provides an 

integrated, planning and environmental management system for the State. Legislation that 

contributes to the RMPS share a common set of high-level objectives (Schedule 1 

Objectives of Land Use Planning and Approvals Act 1993; Appendix 3) that promote the 

sustainable development of the resources of air, water and land in Tasmania. While water 

quality monitoring is undertaken by several organisations in rivers in Tasmania (e.g. 

TasWater) to ensure water supplies are fit-for-purpose (e.g. safe to drink), the RHMP’s 

monitoring of river ecosystem health in Tasmania supports State legislation and State 

Policies of the RMPS that govern the management of freshwater resources and their 

ecosystems throughout the State. 

In particular, the RHMP supports the Objectives of the Water Management Act 1999, the 

Environmental Management and Pollution Control Act 1994 and the State Policy on Water 

Quality Management 1997. Examples of how the RHMP aligns with the Objectives of this 

State legislation and policy are as follows: 

Water Management Act 1999 

 Objective 1(a): Promote sustainable use and facilitate economic development 

of water resources. The RHMP underpins sustainable management of Tasmania’s 

water resources by providing long-term, broad-scale surveillance monitoring of river 

ecosystem health. 

 Objective 1(c): Maintain ecological processes and genetic diversity for aquatic 

and riparian ecosystems. The RHMP monitors instream (e.g. sediment, algae, 

macroinvertebrates, dissolved oxygen) and riparian (riparian vegetation) components 

of riverine ecosystems that relate directly to ecological processes and genetic 

diversity (i.e. populations of flora and fauna). Thus, the program provides a means of 

checking that ecological processes and genetic diversity are being maintained in 

Tasmanian rivers. 
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 Objective 1(e): Increase the community's understanding of aquatic ecosystems 

and the need to use and manage water in a sustainable and cost-efficient 

manner. Reporting of the results of the RHMP – which has been done via State of 

Rivers reports and during the development and review of Water Management Plans 

– is an effective way of increasing the community’s understanding of aquatic 

ecosystems, and the need to use and manage water resources sustainably. 

 Objective 1(f): Encourage community involvement in water resource 

management. Reporting of the results of the RHMP raises the community’s 

awareness of the need to manage Tasmania’s water resources sustainably and 

promotes active participation in water resource management, particularly by 

stakeholders. Standardised methods that are employed in the RHMP have been 

used by NRM regional bodies (i.e. AusRivAS sampling) and community groups (i.e. 

water quality monitoring by Waterwatch groups), thus enabling community 

involvement in water resource management. 

Environmental Management and Pollution Control Act 1994 

 Objective 3(a): To protect and enhance the quality of the Tasmanian 

environment. The RHMP is a unique resource that is drawn upon by several 

agencies to protect and manage the quality of the Tasmanian environment. 

 Objective 3(c): To regulate, reduce or eliminate the discharge of pollutants and 

hazardous substances to air, land or water consistent with maintaining 

environmental quality. The monitoring undertaken by the RHMP can be used to 

regulate and manage the influence of pollutants (especially diffuse pollutants) on 

water resources in Tasmania in order to maintain environmental quality. 

 Objective 3(f): To provide for the monitoring and reporting of environmental 

quality on a regular basis. The results of the RHMP have been reported 

periodically via State of Rivers reports and are reported regularly during the 

development and review of Water Management Plans. 

 Objective 3(h): To adopt a precautionary approach when assessing 

environmental risk to ensure that all aspects of environmental quality, 

including ecosystem sustainability and integrity and beneficial uses of the 

environment, are considered in assessing, and making decisions in relation to, 

the environment. The RHMP underpins decision-making in environmental risk 

assessments and informs regulatory procedures that relate to the environment. 
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 Objective 3(j): To promote public education about the protection, restoration 

and enhancement of the environment. Reporting the results of the RHMP (e.g. via 

State of Rivers reports and during the development and review of Water 

Management Plans) is an effective way of educating the public about and the 

protection, restoration and enhancement of the environment, and need to use and 

manage water resources sustainably. 

 Objective 3(k): To co-ordinate all activities as are necessary to protect, restore 

or improve the Tasmanian environment. The RHMP is a key activity for the 

protection, restoration and improvement of the Tasmanian environment. The results 

of the RHMP are used by several agencies (e.g. DPIPWE and Environment 

Protection Authority (EPA)) in this regard, and are complemented by other monitoring 

programs in the State. 

State Policy on Water Quality Management 1997 

 Objective 6.1(a): Focus water quality management on the achievement of water 

quality objectives which will maintain or enhance water quality and further the 

objectives of Tasmania’s Resource Management and Planning System (RMPS). 

The results of the RHMP (e.g. water quality and AusRivAS model outputs) are being 

used to derive water quality objectives for Tasmanian catchments, and thus the 

program is linked directly to the maintenance of water quality and the objectives of 

the RMPS. 

 Objective 6.1(b): Ensure that diffuse source and point source pollution does 

not prejudice the achievement of water quality objectives and that pollutants 

discharged to waterways are reduced as far as is reasonable and practical by 

the use of best practice environmental management. The RHMP focuses on 

assessing the influence of diffuse source pollution (e.g. landscape-scale land and 

water use effects) of rivers in Tasmania. The surveillance monitoring it undertakes is 

an important component of the State’s best practice environmental management for 

aquatic ecosystems. 
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 Objective 6.1(c): Ensure that efficient and effective water quality monitoring 

programs are carried out and that the responsibility for monitoring is shared 

by those who use and benefit from the resource, including polluters, who 

should bear an appropriate share of the costs arising from their activities, 

water resource managers and the community. The RHMP uses rapid 

bioassessment methods to assess river ecosystem health and has the ability to 

detect changes in these ecosystems. Currently, the program is resourced by the 

Water and Marine Resources Division of DPIPWE, and the results are used by 

several agencies (e.g. DPIPWE, EPA) to manage Tasmania’s riverine ecosystems 

and water quality in the State’s rivers. 

 Objective 6.1(d): Facilitate and promote integrated catchment management 

through the achievement of Objectives 6.1(a) to 6.1(c) above. The indicators 

(ecosystem components, e.g. benthic algae, sediment, macroinvertebrates) that are 

monitored by the RHMP respond to disturbances in rivers (e.g. flow regime 

alterations) and catchments (e.g. runoff associated with land use activities). Hence, 

the RHMP is crucial to integrated catchment management in Tasmania. 

 

3.2 Uses of RHMP and AusRivAS data 

As was intended by the development of AusRivAS (Davies, 2000), in several jurisdictions in 

Australia (Table 2.1), outputs from AusRivAS sampling and predictive modelling (O/E 

scores, SIGNAL scores, etc.) are still thought to provide a meaningful assessment of the 

condition of sampled sites based on the presence/absence of macroinvertebrate families. To 

date, data from the RHMP, and AusRivAS sampling in Tasmania more broadly, have been 

used for various applications at a range of spatial scales (Table 3.1). 

For example, data from the RHMP and AusRivAS data from other jurisdictions have been 

used to assess river health across Australia (Norris et al., 2007; Norris et al., 2001), 

including for State of the Environment reporting (Harrison et al., 2011). While in Tasmania, at 

a State-wide scale, RHMP data have been used to: assess river condition to inform water 

management, planning and policy (DPIPWE, 2016b); undertake a bio-regionalisation of 

macroinvertebrate communities and assess their condition (CFEV, 2005; DPIW, 2008a); 

and, examine impacts of land use on macroinvertebrate communities and identify land-cover 

thresholds to guide land use practices (Magierowski et al., 2012). 
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Table 3.1 Examples of uses of data from the Tasmanian RHMP, and AusRivAS sampling more broadly, in Australia, and Tasmania at various scales. 
CFEV = Conservation of Freshwater Ecosystem Values Project, DPEMP = Development Proposal and Environmental Management Plan, EPA = Environment 
Protection Authority, EPBC Act = Commonwealth Environment Protection and Biodiversity Conservation Act 1999, EMPC Act = Tasmanian Environmental 
Management and Pollution Control Act 1994, EMT = Environmental Management Tools, EPN = Environment Protection Notice, LUPA Act = Tasmanian Land 
Use Planning and Approvals Act 1993, NRM = Natural Resource Management, WQG = Water Quality Guideline and WQO = Water Quality Objective. 

Scale Use Details Examples/references 

Australia National River Health Program’s nationwide 
assessment of river health 

Nation-wide assessment of instream biological health using AusRivAS data from 
jurisdictions. 

(Norris et al., 2001) 

 Spatial modelling of river condition Use of AusRivAS data from jurisdictions to model river condition across most of 
Australia. 

(Norris et al., 2007) 

 State of the Environment reporting Nation-wide assessments of instream biological health using AusRivAS data 
from jurisdictions. 

(Beeton et al., 2006; Harrison et al., 2011) 

Tasmania River condition assessment State-wide assessment to inform water management, planning and policy. (DPIPWE, 2016b) 

 Bio-regionalisation of aquatic 
macroinvertebrate fauna 

Under the CFEV Project, a State-wide bio-regionalisation of macroinvertebrate 
communities was undertaken using data from the RHMP. These data were also 
used to assess and rate the condition of macroinvertebrate communities. 

(CFEV, 2005; DPIW, 2008a) 

 Setting goals to sustainably manage 
natural resources 

Under the Tas Together 2020 plan, data from the RHMP were used to develop 
‘benchmarks’ for conditions in rivers across the State and assess rivers in 
relation to the benchmarks. 

(Tasmania Together, 2006) 

 Research into the impacts of land use on 
rivers 

Use of RHMP data to assess the impacts of land use on macroinvertebrate 
communities and to identify land-cover thresholds to guide land use practices. 

(Magierowski et al., 2012) 

Tasmania – 
catchment 

River condition assessment Catchment-wide assessments to support environmental flows assessments, and 
water management and planning. 

Assessments in the Ringarooma River and 
Macquarie River catchments (DPIPWE, 
2014b; DPIW, 2008b). 

 State of Rivers reporting Catchment-wide assessments to inform water management, stakeholders and 
broader community. 

Reports for the Duck River and South Esk 
Basin (DPIF, 1996; DPIWE, 2003). 

 Waterways Reporting Catchment-wide assessments to inform water management, stakeholders and 
broader community. 

Report for the upper Derwent River 
catchment (DPIW, 2009). 

 Environmental flow response Monitoring to assess ecological responses to flow regime alterations associated 
with environmental flows. 

Monitoring in the Mersey River (DPIPWE, 
2009). 

 NRM regional bodies Collaborative monitoring to monitor, raise awareness, educate, restore and 
protect rivers. 

State of the Region reports by NRM North 
(NRM North, 2007). 

 Development of WQGs/WQOs Use of biological condition data, including AusRivAS data, to determine 
WQGs/WQOs. 

Draft biological condition WQGs for the 
protection of aquatic ecosystems in 
catchments in Tasmania. 
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Scale Use Details Examples/references 

Tasmania – 
specific location 

Assess impacts of mining operations Monitoring to assess the impacts of mining operations and/or rehabilitation from 
historical impacts. 

Savage River Mine Rehabilitation Project 
(DPIPWE, 2012) and other 
bioassessments associated with mining 
operations in western Tasmania (e.g. 
Davies and Cook, 2014a). 

 Assess impacts of irrigation schemes Monitoring to assess the impacts of alterations to flow regimes in natural 
watercourses. In some instances, this is required in landscape monitoring and 
reporting associated with strategic assessments under the EPBC Act. 

Monitoring by Tasmanian Irrigation in 
various river systems (Tasmanian 
Irrigation, 2017). 

 Assess impacts of existing activities or 
establish baselines for water quality and 
biological condition for proposed 
Scheduled 2 Level 2 Activities 

Monitoring to assess the impacts of effluent discharge or establish baselines for 
water quality and biological condition to inform the DPEMP process and AMT 
used, and protect identified environmental values. 

TasWater ambient monitoring reports for 
STPs and proposed Scheduled 2 Level 2 
Activities with discharges into inland 
waterways. 

 Assess impacts of aquaculture facilities Monitoring to assess the impacts of effluent discharge or establish baselines for 
water quality and biological condition, to inform setting of effluent discharge 
quality limits and to protect the identified environmental values. This is typically 
required under regulatory instruments from the EPA, which may include LUPA 
Act permits and EMPC Act EPNs and Environmental Licences. 

Monitoring of the impacts of salmonid fish 
hatcheries (e.g. Davies and Cook, 2014b). 

 Assess impacts of the management of 
hydro-electric infrastructure 

Monitoring to assess the influence of flow regime alterations associated with 
hydro-electric impoundments and power stations. In the Gordon River system, 
this is associated with monitoring and reporting requirements of Hydro 
Tasmania’s Special Water Licence Agreement. In other smaller-sized schemes, 
this is associated with Operation Environmental Management Plans and 
conditions on water licences issued under the Water Management Act 1999. 

Basslink monitoring in the Gordan River 
system (Hydro Tasmania, 2016). 
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Furthermore, within Tasmanian catchments, RHMP data are used routinely to document 

river condition to support water planning (e.g. DPIPWE, 2014b; DPIW, 2008b), and have 

also been used to prepare State of Rivers Reports (e.g. DPIWE, 2003) and Waterways 

Monitoring Reports (e.g. DPIW, 2009). At finer spatial scales in Tasmania, AusRivAS data 

are used to examine the effects of irrigation schemes, infrastructure associated with hydro-

electric power schemes (e.g. Hydro Tasmania, 2016), and mines (e.g. DPIPWE, 2012) and 

other potential sources of pollution (e.g. fish hatcheries). 

In addition to the many 

direct applications of the 

standardised outputs of 

AusRivAS models, recent 

studies in Australia have 

shown that analysis of 

taxonomic data from 

AusRivAS sampling can 

be used to examine 

ecological responses to 

various types of 

disturbances (Box 3.1; 

Figure 3.1). For example, data from AusRivAS sampling has been used to assess the 

influence of climatic variation (Chessman, 2009; Chessman, 2015; Thomson et al., 2012), 

water abstraction (Brooks et al., 2011) and land use (Magierowski et al., 2012) on 

macroinvertebrate assemblages. Magierowski et al., (2012) examined relationships between 

several environmental variables and patterns in macroinvertebrate assemblage structure in 

Tasmanian rivers based on AusRivAS data from the RHMP, and found strong relationships 

between land use (especially stock grazing) and community structure. Furthermore, 

Magierowski et al., (2012) found significant changes in community structure at sites with 

~40-60% of catchment area under grazing. This study demonstrates how the broad-scale 

application of data from the RHMP can assist in addressing landscape management issues. 

  

Box 3.1 Disturbance 

In ecological science, a ‘disturbance’ is a change in 
environmental conditions that causes a noticeable change in 
an ecosystem. In rivers, disturbances can occur over short 
or long periods, and can be caused by natural processes 
(e.g. floods, droughts) or be related to human activities (e.g. 
industrial pollution, water extraction). Bioassessment (Box 
1.1) programs aim to detect the effects of disturbances; 
however, several disturbances often simultaneously affect 
rivers, so identifying the impacts of a particular disturbance 
can be challenging. Nevertheless, well-designed river health 
monitoring programs provide information that can be used to 
disentangle the impacts of multiple disturbances, thus 
providing important information for river management. 
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Figure 3.1 Degradation or removal of riparian (riverbank) vegetation is a common disturbance to 
rivers in Tasmania. Healthy riparian vegetation (a) provides shade and woody material to rivers, 
which helps keep water temperatures cool during hot weather and provides important habitat for 
aquatic animals like macroinvertebrates (waterbugs) and fish, respectively. Conversely, removal of 
riparian vegetation (b) allows water temperatures to warm up during hot weather and degrades 
instream habitats, and can contribute to overall declines in river health. 

 

DPIPWE used AusRivAS data (in conjunction with quantitative macroinvertebrate sampling) 

and similar analytical approaches to those of Magierowski et al., (2012) to examine temporal 

and spatial trends in river condition in the upper Ringarooma River catchment (DPIPWE, 

2014b; Hardie and Bobbi, 2016; Hardie and Bobbi, 2017). The work in the Ringarooma River 

catchment partly disentangled the impacts of water use and land use on river condition – 

especially effects on macroinvertebrate communities – and provided information to assist the 

implementation of the Ringarooma Water Management Plan (DPIPWE, 2014c; Hardie and 

Bobbi, 2017). 

Building on the work of Magierowski et al., (2012), the study in the Ringarooma River 

catchment further illustrated that taxonomic data from AusRivAS sampling is able to reveal 

impacts of land and water use on river condition. The rapid, qualitative AusRivAS sampling 

method was found to provide similar results to quantitative (Surber) sampling in the 

Ringarooma catchment (DPIPWE, 2014b). This was also found to occur in a biophysical 

assessment of the Arthur River system (DPIPWE, 2014a) and a study of the effects of dry 

climatic conditions in 2015/16 on rivers in Tasmania (DPIPWE, 2016b). Additionally, 

relationships between antecedent flow conditions and macroinvertebrate community 

structure in the Arthur River (DPIPWE, 2014a) and River Clyde (DPIPWE, 2016a) have been 

derived using AusRivAS data, indicating that AusRivAS sampling can detect ecological 

responses to flow regimes. 

  

(a) (b) 
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This synthesis shows that the RHMP is providing valuable data that can be used for a variety 

of applications. Standardised AusRivAS model outputs (e.g. O/E taxa scores, impairment 

band ratings) are useful measures of river health. However, information about 

macroinvertebrate community structure derived from AusRivAS data (variables such as 

%EPT and flow exposures groups, multivariate statistics, etc.) can also be used to examine 

anthropogenic impacts on Tasmanian streams (e.g. DPIPWE, 2014b; DPIPWE, 2016b). 

While this type of analysis requires more resources (time, data analysis skills, etc.), it can 

deliver more detailed information about river condition than that provided by rudimentary 

site-based assessments of river health using AusRivAS model outputs (see chapter 6). 
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4. Applicability of other measures of river condition to the 

RHMP 

Aquatic macroinvertebrates are the most commonly-used bioindicator for assessing the 

ecological condition of rivers because they are important components of aquatic 

ecosystems, sensitive to the effects of many stressors, and their community structure 

reflects the influence of pressures over time (Buss et al., 2015; Masese et al., 2013; 

Rosenberg and Resh, 1993). The AusRivAS framework uses the RIVPACS approach (the 

River Invertebrate Prediction and Classification System; Wright, 1995; Wright et al., 1984), 

which focuses on macroinvertebrates and also assesses various habitat parameters. Since 

the development of AusRivAS in the 1990s (Davies, 2000; Simpson and Norris, 2000), 

techniques to assess river condition have progressed globally. This has involved exploring 

other components of riverine ecosystems that are sensitive to, and indicators of, stream 

degradation, including: organic matter breakdown rates (Young et al., 2008), stream 

metabolism (Clapcott et al., 2012; Clapcott et al., 2010; Young et al., 2008), bacteria (Lau et 

al., 2015), diatoms (Lavoie et al., 2008; Oeding and Taffs, 2015), plankton (Collier et al., 

2013) and fish (Davies et 

al., 2010; Joy and Death, 

2004a). Integration of 

measures of different 

ecosystem components 

into overall river condition 

indices (i.e. holistic 

assessments of river 

condition; Box 4.1) have 

also been developed for 

some regions (e.g. Bunn 

et al., 2010; Clapcott et al., 

2014; NRM, 2009c). Furthermore, predictive models of the distributions of biotic 

assemblages other than macroinvertebrates are now available in some areas (e.g. Joy and 

Death, 2004b; Kennard et al., 2006). 

Upon finalisation of the RHMP sampling protocols for Tasmania and the State’s AusRivAS 

models, Krasnicki et al., (2002) noted that the program does not describe the condition of 

instream habitats rigorously, nor provide a holistic assessment of river condition. In 2002, 

these were seen as areas that required further work. The development of the Tasmanian 

Box 4.1 Holistic assessments of river condition 

Riverine ecosystems are made up of many components – 
such as aquatic plants and animals, instream habitats, water 
quality, and bankside vegetation – and each part plays 
important roles in the ecosystem. The components of riverine 
ecosystems also respond differently to impacts, with some 
components being more tolerant or sensitive to certain 
disturbances (Box 3.1) (e.g. instream nutrient concentrations 
increase in response to an increase in the use of fertilisers in 
a catchment). ‘Holistic assessments of river condition’ 
involve the monitoring of many of the key parts of riverine 
ecosystems in order to provide a complete picture of the 
status of a river. This style of approach also has the ability to 
detect the effects of many different types of disturbances. 
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River Condition Index (TRCI), which was finalised in 2009 (NRM, 2009c; NRM, 2009d), has 

somewhat addressed these issues; however, to date, it has not been adopted extensively 

nor applied in the State. 

The TRCI is a framework for assessing the condition of rivers in Tasmania and evaluates the 

condition of four aspects of riverine ecosystems: (1) aquatic life, (2) hydrology, (3) physical 

form and (4) streamside zone (NRM, 2009c). These are known as sub-indices of the TRCI 

and can be used individually to derive condition ratings for each ecosystem component or 

collectively to formulate integrated condition ratings (NRM, 2009b; NRM, 2009c). The TRCI 

uses a referential approach whereby the current condition of sites is compared with pre-

European reference condition where possible (NRM, 2009c). In some instances, the TRCI 

draws on information from the CFEV database (CFEV, 2005; DPIW, 2008a) to do this. 

Since the development and initial testing of the TRCI, only some of its sub-indices have 

been used to assess the condition of rivers in Tasmania. The Aquatic Life Sub-Index of the 

TRCI assesses benthic algae, benthic macroinvertebrates and freshwater fish (NRM, 2009a; 

NRM, 2009c). This sub-index of the TRCI employs standardised sampling methods, some of 

which have been widely used for many years in Tasmania, including AusRivAS (qualitative) 

sampling of macroinvertebrates, Surber (quantitative) sampling of macroinvertebrates 

(Figure 4.1a), and single-pass backpack electrofishing for fish (Figure 4.1b). 

 

   

Figure 4.1 (a) Surber (quantitative) sampling of macroinvertebrates (waterbugs) and (b) backpack 
electrofishing for fish are commonly used to assess river health in Tasmania; however, these 
methods are not currently employed in the RHMP. 

 

It was envisaged by the developers of the TRCI that its condition-rating rule sets could be 

modified once more extensive, State-wide datasets for some of its measured variables (e.g. 

benthic algal chlorophyll-a concentrations) became available (NRM, 2009c). Currently, this is 

not occurring across Tasmania systematically, but some variables included in the TRCI are 

(a) (b) 
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measured commonly in the State (e.g. Surber-based estimates of macroinvertebrate 

abundance). DPIPWE (2014b) noted issues with some of the river condition-rating rule sets 

during an application of the Aquatic Life Sub-Index in the Ringarooma River catchment and 

recommended that condition ratings from this sub-index are used cautiously until further 

testing and refinement is undertaken. Despite these issues, sampling protocols of the 

Aquatic Life Sub-Index of the TRCI are thought to provide valuable datasets for riverine 

bioassessments that are more informative than using AusRivAS protocols in isolation. 

Moreover, while the results from TRCI assessments can be used to generate river condition 

ratings, they also provide datasets that can be analysed using various statistical methods 

(i.e. standard univariate or multivariate analyses) to address management issues or 

research questions. This is an important strength of the TRCI sampling protocols that is 

exemplified by recent bioassessments by DPIPWE (DPIPWE, 2014b; DPIPWE, 2016b). 

The TRCI provides a framework for assessing the status of rivers using several key 

components of riverine ecosystems; however, some aspects of riverine ecology, which are 

thought to be particularly sensitive to effects of land and water use, are not included in its 

approach. In particular, sedimentation, water quality and nutrients, and measures of 

ecosystem process (e.g. stream metabolism) are not covered currently by the TRCI; 

although, basic physico-chemistry (i.e. water temperature, dissolved oxygen concentration, 

etc.) is measured during AusRivAS sampling, which contributes to the macroinvertebrate 

component of the Aquatic Life Sub-Index (NRM, 2009c). It should be noted that during the 

development of the TRCI, the inclusion of a Water-Quality Sub-Index (which was to focus on 

sediment and nutrients) was explored but not completed (NRM, 2009c). However, it was 

envisaged by the developers of the TRCI that a Water-Quality Sub-Index could be 

developed and included in the TRCI framework in the future (NRM, 2009c). 

Increased sedimentation and deterioration of water quality are common in rivers in human-

altered landscapes and can have substantial impacts on river health (Allan, 2004; Boulton et 

al., 2014; Govenor et al., 2017). Declines in water quality can have a wide range of effects 

on riverine ecosystems, including eutrophication, salinisation, acidification, and various 

forms of pollution (e.g. thermal, chemical). While sedimentation effects on riverine 

ecosystems are also varied and complex (see Boulton et al., 2014), the negative effects of 

elevated fine sediment loads on benthic macroinvertebrate communities have been widely 

documented (e.g. Jones et al., 2012; Kefford et al., 2010; Matthaei et al., 2010). For 

example, fine sediment can directly smother substrate and reduce habitat quantity and 

quality by infilling interstitial spaces, limit and reduce oxygen supply, and reduce periphyton 

food sources (Jones et al., 2012). 
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In Tasmania, alterations to water quality in rivers have been associated with point-source 

pollution (e.g. mining: Davies and Cook, 2014a; aquaculure facilities: Davies and Cook, 

2014b), diffuse effects from agricultural land use (DPIWE, 2003; Magierowski et al., 2015) 

and flow regime variability (Bende-Michl et al., 2013; Hardie et al., 2012; Warfe et al., 2014). 

Forestry operations (Davies et al., 2016; Davies and Nelson, 1993; Davies and Nelson, 

1994) and agriculture (DPIPWE, 2014b) have been linked to increased loads of fine 

sediment in headwater streams and rivers, and alterations to sediment dynamics have been 

related to changes in the abundance and composition of macroinvertebrate communities in 

flowing waters (Allan et al., 2012; Davies et al., 2005; DPIPWE, 2014b; DPIPWE, 2016b; 

Magierowski et al., 2015; Smith et al., 2009). Therefore, the inclusion of other measures of 

sedimentation and water quality in the RHMP is worthy of consideration. 

While river health monitoring often focuses on indicators relating to biodiversity, and water 

and habitat quality, metrics that are based on measurement of processes in riverine 

ecosystems can also be used to examine river health (Bunn and Davies, 2000; Clapcott et 

al., 2014; Young et al., 2008). Functional metrics representing ecosystem processes, such 

as rates of organic matter decomposition and stream ecosystem metabolism, have been 

included in some broad-scale river health monitoring programs in Australia (e.g. SEQ 

Healthy Waterways Partnership, south-east Queensland; Bunn et al., 2010). Stream 

metabolism reflects the interplay between photosynthesis (that produces oxygen) and 

respiration (that consumes oxygen), which provides food resources and energy that support 

aquatic food webs (Boulton et al., 2014). Organic matter decomposition, which often focuses 

on leaf breakdown, links the characteristics of riparian vegetation with the activity of aquatic 

invertebrates and microbial organisms, and is a critical process in riverine ecosystems 

(Young et al., 2008). 

In Tasmania, to date, ecosystem processes have mostly been examined in headwater 

streams that are subject to impacts from forestry practices (Burrows et al., 2013; Burrows et 

al., 2014; Clapcott and Barmuta, 2010a; Clapcott and Barmuta, 2010b), and have not been 

explored in great detail in larger sized rivers (DPIPWE, 2010; Warfe et al., 2014; Watson, 

2011). Because of this, there is a lack of baseline data for these types of process-related 

metrics for rivers across Tasmania. Hence, their inclusion in the RHMP would require 

substantial investment to develop standardised condition ratings for rivers across the State. 
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5. Evaluation of physical and biological data collected by 

the RHMP 

In light of how data from the RHMP have been used to date (chapter 3) and the potential 

applicability of other measures of river condition to the RHMP (chapter 4), this chapter 

critically evaluates the value of abiotic (physical) and biotic (biological) data that have been 

collected by the RHMP. 

5.1 Habitat data 

A total of 93 abiotic and biotic variables are recorded in the RHMP database for each 

sampling occasion (Table 5.1). These variables relate to the topography of sites 

(24 variables), the 100-m reach that is monitored at the sites (47 variables), and the 10-m2 

areas from which macroinvertebrate samples are collected (22 variables). These variables 

are recorded at sampling 

sites so that habitats at 

sites can be characterised, 

habitat variability (Box 5.1) 

can be examined, and 

habitat quality (Box 5.1) 

can be assessed 

(Figure 5.1). Of these 

variables, 16 are used as 

environmental predictor 

variables in the Tasmanian 

State-wide AusRivAS 

presence/absence (PA) models (Table 5.2), and 14 are used as predictor variables in the 

Tasmanian State-wide AusRivAS rank abundance (RK) models (Table 5.3). 

While many of the topographic variables are fixed for each site, many of the other variables 

are measured in situ on each sampling occasion and form the “habitat assessment” 

component of the sampling regime of the RHMP. AusRivAS sampling procedures are 

standardised, but are mostly qualitative and designed to be implemented in rapid 

bioassessments. Issues with the accuracy and repeatability of some habitat measures from 

AusRivAS sampling were noted during the development of the sampling procedures 

(Krasnicki et al., 2002) and in an analysis of the sensitivity of the AusRivAS model outputs 

(Barmuta et al., 2003).  

Box 5.1 Habitat variability and habitat quality 

The habitats that are present in rivers vary greatly across 
different types of rivers (e.g. small upland freestone streams, 
large lowland silt-bottomed rivers), and at different scales 
through time (temporally) and space (spatially). This ‘habitat 
variability’ strongly influences the flora and fauna 
communities that inhabit rivers. Because of this, the nature 
of instream and riparian habitats at sites of interest are 
typically examined in bioassessments (Box 1.1) to gain an 
understanding of the biological communities that are likely to 
be present. Furthermore, measurements of ‘habitat quality’ 
(e.g. measurements of water quality and sedimentation) are 
also taken, as changes in the quality of habitats can strongly 
influence biological communities, and hence the health of a 
river. 
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Figure 5.1 Tasmania has a diverse range of river types including rivers with (a) perennial flow 
(continuous) and (b) intermittent flow (i.e. rivers that cease to flow), and it is important that 
information about habitat characteristics and variability is recorded when assessing river health. 
Furthermore, habitat quality also varies in Tasmanian rivers and strongly influences overall river 
health. Examples of habitat quality issues include (c) modification of river channels by willows and (d) 
algae smothering streambeds. 

 

  

(a) (b) 

(c) (d) 
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Table 5.1 Variables relating to sampling sites and habitat assessments that are recorded in the 
RHMP database. Variables describe the topography of sampling sites, habitat within site reaches 
(100-m stretch of river) and habitat where macroinvertebrate samples are collected (10 m2 of 
benthic substrate). Where applicable, units are given in parentheses and category scores are in 
whole numbers inclusive of specified ranges. See Tables 5.2 and 5.3 for summaries of variables which 
are used as predictor variables in AusRivAS models. 

Variable Abbreviation Description and units 

Site topographic information 

Site number Habitat.no Site “habitat” number in database 

Site code Site.c Site code (allocated by DPIPWE) 

Site name Site.n Site name 

Project Project Project description 

Tasmap 1:100000 Tasmap.100 1:100000 map name 

Tasmap 1:25000 Tasmap.25 1:25000 map name 

Easting* Easting Easting coordinate 

Northing* Northing Northing coordinate 

Projection (datum) Projection Projection name 

Basin name Basin.n Basin drainage name 

Basin number Basin.no Basin drainage number 

Division name Division.n Drainage division name 

Division number Division.no Drainage division number 

Tas 48 catchment Tas.48 Tas 48 catchment name 

Tas 48 catchment number Tas.48.n Tas 48 catchment number 

NRM region NRM.r NRM region name 

Site type Site.t Reference/Test 

CFEV RS_ID RS.id River section ID from CFEV database 

Elevation* Elevation Altitude of site (m a.s.l.) 

Catchment area* Catchment.a (km2) 

Bedslope* Bedslope Rise/run of river reach (m) 

Stream class* Stream.c Strahler stream order from 1:100000 maps 

Distance from source* Dist.s (km) 

CFEV stream class Stream.c.cfev Strahler stream order from CFEV database 

Site reach information (100 m reach) 

Site sample number Site.s.no “Site sample number” in database 

Date Dt Date of sampling 

Time Time Time of sampling 

Collected by Habitat.sampler Person who assessed the reach 

Season Season Spring/Autumn 

Weather Weather Comments 

Cloud cover Cloud.c (%) 

Air temperature Air.temp (°C) 

Rain in last week Rain Yes/No 

Sampling conditions Sampling.c Comments 

Picking conditions Picking.c Comments 

Overhanging vegetation* Veg.o Category score (0-4) 

Trailing bank vegetation* Veg.t Category score (0-4) 
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Average stream width* Avg.stream.width (m) 

Average bank width Avg.bank.width (m) 

Average bank height Avg.bank.height (m) 

Riffle area* Riffle.a (%) 

Run area Run.a (%) 

Pool area Pool.a (%) 

Snag cover Snag.c (%) 

Coarse woody debris CWD Category 

Aquatic plant cover Aq.plant.c (%) 

Riparian vegetation cover* Rip.veg.c Category score (0-3) 

Riparian zone width left bank Rip.zone.width.l (m) 

Riparian zone width right bank Rip.zone.width.r (m) 

Native vegetation composition Native.veg.comp (%) 

Exotic vegetation composition Exotic.veg.comp (%) 

Blackberries Blackberries Presence/absence 

Pines Pines Presence/absence 

Bracken fern Brackern Presence/absence 

Gorse Gorse Presence/absence 

Willow Willow Presence/absence 

Land use left bank Land.use.l Category or comments 

Land use right bank Land.use.r Category or comments 

Water temperature Temp (°C) 

Conductivity* Cond (mS/cm) 

Turbidity Turb (NTU) 

Dissolved oxygen concentration DO.mgl (mg/L) 

Dissolved oxygen Do.p (%) 

pH pH - 

Alkalinity Alka Field titration (mg CaCo3/L) 

Gauge height Gauge.ht (m) 

Disturbance Disturbance Category (1-6) 

Erosion Erosion Category 

Pollution Pollution Category 

Dams Dams Category 

Comments - - 

Site sampled habitat information (10 m2 of substrate) 

Habitat Habitat Riffle/Edgewater 

Sampling method Sampling.m Comments 

Sorting method Sorting.m Comments 

Sorting effort Sorting.e Sorting time (min) 

Preservation method Preserv.m Comments 

Organisation Org Organisation who sampled the site 

Taxa sampled by Taxa.sampler Person who collected the sample 

Taxa identified by Taxa.id Person who identified taxa in the sample 

Bedrock score Bedrock.s (%, category score in database (0-5)) 

Boulder score* Boulder.s (%, category score in database (0-5)) 

Cobble score* Cobble.s (%, category score in database (0-5)) 
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Pebble score Pebble.s (%, category score in database (0-5)) 

Gravel score Gravel.s (%, category score in database (0-5)) 

Sand score Sand.s (%, category score in database (0-5)) 

Silt score Silt.s (%, category score in database (0-5)) 

Clay score Clay.s (%, category score in database (0-5)) 

Dominant substrate class Dom.sub Substrate type 

Algal cover Algal.c (%) 

Detritus cover Detritus.c (%) 

Silt cover Silt.c (%) 

Moss cover Moss.c (%) 

Mean depth* Depth (cm) 

      *Used as a predictor variable in Tasmanian state-wide AusRivAS presence/absence (PA) models (see  
      Table 5.2) 

 

 
Table 5.2 Predictor variables that are used in Tasmanian State-wide AusRivAS presence/absence 
(PA) models. Variables for each model are ordered according to whether they relate to topography, 
reaches or sample sites. See Table 5.1 for details of variable abbreviations and descriptions. 

Riffle models Edgewater models 

Spring 

Easting Easting 

Northing Northing 

Bedslope Bedslope 

Avg.stream.width Dist.s 

Boulder.s Avg.stream.width 

Depth Veg.t 

Autumn 

Easting Easting 

Northing Northing 

Elevation Cond 

Catchment.a Boulder.s 

Dist.s Depth 

Stream.c  

Riffle.a  

Cond  

Cobble.s  

Combined season 

Easting Easting 

Elevation Northing 

Dist.s Stream.c 

Stream.c Rip.veg.c 

Bedslope Veg.o 

Avg.stream.width Cond 

Pebble.s Cobble.s 

 Depth 
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Table 5.3 Predictor variables that are used in Tasmanian State-wide AusRivAS rank abundance (RK) 
models. Note State-wide rank abundance models are only available for riffle habitats. Variables for 
each model are ordered according to whether they relate to topography, reaches or sample sites. 
See Table 5.1 for details of variable abbreviations and descriptions. 

Riffle models 

Spring 

Easting 

Northing 

Bedslope (4th-root transformed) 

Avg.stream.width (In(x+1) transformed) 

Riffle.a 

Autumn 

Elevation 

Catchment.a 

Catchment.a (In(x+1) transformed) 

Bedslope (4th-root transformed) 

Avg.stream.width (In(x+1) transformed) 

Cobble.s 

Alka (In(x+1) transformed) 

Combined season 

Easting 

Northing 

Bedslope (In(x+1) transformed) 

Dist.s (In(x+1) transformed) 

Run.a 

Pool.a 

Snag.c 

Snag.c (In(x+1) transformed) 

Alka 

Alka (In(x+1) transformed) 

Clay.s 
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Recent comparisons between habitat-related data from AusRivAS sampling and other more-

quantitative techniques at the same sites also suggest that there are issues with the 

accuracy, repeatability, and consequentially explanatory power of some habitat measures 

from AusRivAS sampling (DPIPWE, 2014b; DPIPWE, 2016b; DPIPWE, unpublished data). 

Therefore, to inform this review, the habitat-related variables that are currently recorded in 

situ on each sampling occasion were evaluated by examining data that were collected at the 

60 long-term monitoring sites between 1994 and 2016. 

Forty-eight of the 69 habitat-related variables were considered to have sufficient explanatory 

power to warrant evaluation (including nine predictor variables for AusRivAS models). This 

judgement was based on the descriptive (e.g. Weather, Air.temp, Picking.c) or administrative 

(e.g. Preserv.m, Org, Taxa.sampler) nature of some variables, and because the chosen 

variables relate directly to habitat parameters or habitat quality, and/or could be expected to 

correlate with patterns in macroinvertebrate communities (e.g. Cond, Cobble.s, Land.use.r) 

(Table 5.1). 

The 48 variables were a mixture of categorical variables (grouped variables, e.g. riparian 

land use categories) and continuous variables (variables with an infinite number of values, 

e.g. water temperature). Furthermore, the categorical variables included variables that were 

ordered (ordinal) and unordered (unorderable) groups, and percent estimates. Therefore, it 

was not possible to evaluate the 48 habitat-related variables using a systematic statistical 

approach. Instead, all 48 variables were evaluated by subjectively rating their value 

(explanatory power), rigour (likely accuracy and precision of their estimates), and temporal 

variability at sites (by inspection of data collected from 1994 to 2016 at the 60 long-term 

monitoring sites; e.g. Figures 5.2-5.4) (see Appendix 4 for further details). The sum of these 

values was calculated to give an overall rating for each variable, with high overall ratings 

indicating variables are meaningful and provide useful data for characterising habitats at 

sites and/or explaining patterns in macroinvertebrate communities at sites (Figure 5.5). To 

guide interpretation of the results of this evaluation, overall ratings were banded as follows: 

0-5 = poor, 6-10 = moderate and ≥10 = good, out of a possible 12. 

For many variables, temporal variability at the long-term monitoring sites was found to be 

reasonably high (e.g. Figures 5.2-5.4), even though their variation would be expected to be 

low in the absence of substantial habitat alterations (e.g. new roads or bridges, adjacent land 

clearance). For example, the area of riffle habitat, proportion of cobble substrate, 

overhanging vegetation and rated level of disturbance at sites are unlikely to vary much 

temporally, yet values for variables associated with these habitat parameters varied greatly 

at the long-term monitoring sites (Figure 5.3 and 5.4). Flow conditions at the time of 

sampling would influence the values for some variables; however, the high level of variation  
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Figure 5.2 (a) Electrical conductivity and (b) average stream width measured at long-term reference 
and test sites in the RHMP, 1994-2016. 
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Figure 5.3 (a) Riffle area estimates at reference and test sites and (b) cobble score based on 
percent composition estimates in edgewater and riffle habitat at long-term monitoring sites in the 
RHMP, 1994-2016. Values are jittered in both plots to avoid over plotting   
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Figure 5.4 (a) Overhanging vegetation score and (b) disturbance score recorded at long-term-term 
reference and test sites in the RHMP, 1994-2016. Values are jittered in both plots to avoid over 
plotting.  
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Figure 5.5 Evaluation of abiotic and biotic variables measured at the 60 long-term monitoring sites 
in the RHMP. The variables, which are measured at the reach- and sample site-scale, were evaluated 
by rating their value, rigour and temporal variability at sites. The sum of these values was calculated 
to give an overall rating for each variable, with high overall ratings indicating that the variables are 
meaningful and provide useful data (see text and Appendix 4 for further details). Bandings of poor, 
moderate and good are shown to assist interpretation of the overall ratings. Predictor variables in 
the current Tasmanian State-wide AusRivAS presence/absence (PA) models are indicated (*). See 
Table 5.1 for details of variable abbreviations and descriptions. 
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in many variables at reference and test sites are thought to be due to a lack of accuracy and 

precision in measurements due to the qualitative and subjective sampling protocols that are 

employed for some variables. 

Only two (Cond, Avg.stream.width) of the nine predictor variables for AusRivAS PA models 

were rated as good. The seven other predictor variables for these models were all rated as 

moderate, having overall ratings of 7-9. This indicates that there are issues with the 

sampling protocols for these predictor variables. 

In summary, in terms of meaningfulness and usefulness, this evaluation indicates that of the 

48 variables that were assessed: 17 variables (35%) are poor, 23 variables (48%) are 

moderate and 8 (17%) are good (Figure 5.5; Appendix 4). Therefore, in order to revise the 

parameters that are monitored in the RHMP (section 7.4): 

 The variables that were rated as poor are assessed to determine if they should be 

removed from the sampling regime or if their sampling methods can be markedly 

improved. 

 Methods to measure/estimate the variables that were rated as moderate are 

assessed to determine if they can be improved, especially those used as predictor 

variables in AusRivAS modelling. Whether some of these variables (except predictor 

variables for AusRivAS modelling) can be removed from the RHMP should also be 

evaluated. 

 It is advocated that the variables that were rated as good should continue to be 

included in the RHMP using the same sampling protocols. 

 

5.2 Macroinvertebrate data 

Key variables relating to macroinvertebrate (Box 5.2; Figure 5.) samples in the RHMP 

database include outputs from AusRivAS PA models (Simpson and Norris, 2000) and counts 

of taxa for each sampling (Table 5.4; Appendix 5). Sixteen variables in the database are 

provided by outputs from AusRivAS PA models (Table 5.4), and of these, OE score, SIGNAL 

score (Chessman, 1995; Chessman, 2003a; Chessman, 2003b) and impairment band 

ratings (for single-season and combined-season models) are typically used to assess river 

condition. Currently, a total of 142 taxa (including four “unidentified taxa” categories) are 

recorded in the database, and for each taxon, the Victorian EPA code, Order, Family and 

Sub-Family (where applicable) are recorded (Appendix 5). 

As discussed in chapter 3 (and illustrated in Table 3.1), to date, data from the RHMP, and 

AusRivAS sampling in Tasmania more broadly, have been used for various applications at a 
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range of spatial scales. In 

particular, 

macroinvertebrate 

taxonomic data and 

AusRivAS PA model 

outputs provide useful 

information for assessing 

spatio-temporal patterns in 

macroinvertebrate 

communities and river 

condition, and are 

responsive to effects of 

antecedent (preceding) 

flow conditions, dams, mining, land use and water use (Davies and Cook, 2001; DPIPWE, 

2012; DPIPWE, 2014a; DPIPWE, 2014b; DPIPWE, 2016a; DPIPWE, 2016b; Hardie and 

Bobbi, 2017; Magierowski et al., 2012; also see chapter 6). 

In addition, qualitative AusRivAS sampling has been found to provide taxonomic data that 

detect similar bio-geographical patterns and levels of impact from disturbances to those of 

data from quantitative Surber sampling (DPIPWE, 2014a; DPIPWE, 2014b; DPIPWE, 

2016b). This indicates that the rapid AusRivAS sampling protocols provide a reasonable 

representation of community structure, even though their laboratory processing time is 

approximately 300-1500% less than what is required to process pooled Surber samples. 

While variables such as NTE50, NTP50 and NTC50 (Table 5.4) are generally not analysed 

formally to assess river condition, these outputs from AusRivAS models are informative and 

can assist interpretation of changes in macroinvertebrate communities at sampled sites. 

Therefore, all variables relating to macroinvertebrate samples in the RHMP database are 

valuable, provide useful information about river condition, and can be collected/derived with 

limited demands on resources for sampling and laboratory work. For these reasons, it is 

recommended that these variables continue to be included in the RHMP and recorded in the 

database. 

 

  

Box 5.2 Macroinvertebrates and their role in river 
ecosystems 

Waterbugs, or ‘macroinvertebrates’, are animals without 
backbones that can be seen with the naked eye. Common 
freshwater macroinvertebrates include insects, crustaceans, 
worms and snails. Macroinvertebrates are widely used to 
assess river health because they are important components 
of aquatic ecosystems and sensitive to disturbances (like 
‘canaries in a coal mine’; Box 3.1) that occur over different 
lengths of time. In rivers, macroinvertebrates contribute to 
the lower levels of the food web by eating algae, aquatic 
plants, and leaf litter and woody material that enters rivers, 
while some groups also eat other macroinvertebrates and 
other small animals. Macroinvertebrates provide food 
resources for larger aquatic animals, such as fish, platypus 
and waterbirds. 
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Figure 5.6 Examples of macroinvertebrate (waterbug) communities that occur in (a) healthy, (b) 
moderately impacted, and (c) heavily degraded rivers. These images illustrate the appearance of 
macroinvertebrate samples from rivers in these respective states. 
  

(a) 

(c) 

(b) 
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Table 5.4 Variables relating to macroinvertebrates samples and AusRivAS presence/absence (PA) 
model outputs (Coysh et al., 2000; Simpson and Norris, 2000) that are recorded in the RHMP 
database. See Appendix 5 for details of macroinvertebrate taxa that are currently included in the 
database. 

Variable Abbreviation Description 

Taxa Taxa 
Macroinvertebrate taxa counts, including (where applicable) Victorian 
EPA code, Order, Family, Sub-Family and four “unidentified taxa” 
categories. 

NTE50 NTE50 
Sum of the probabilities of all the families predicted with >50% chance 
of occurrence. 

NTP50 NTP50 
Count of the number of invertebrate families predicted with >50% 
probability of occurrence. 

NTC50 NTC50 
Count of the number of invertebrate families that are predicted above 
the threshold probability of 50% which were collected at the site. 

OE50 OE 
The ratio of the number of invertebrate families observed at a site 
(NTC50) to the number of families expected (NTE50) at that site. 

ESignal ESignal 

The expected SIGNAL score for taxa that have a probability of 
occurrence of >50%, which is calculated by multiplying the probability of 
occurrence of each predicted taxon by that taxon's SIGNAL grade, 
summing these and then dividing the total by the sum of the 
probabilities of occurrence (Chessman, 1995; Chessman, 2003a; 
Chessman, 2003b). 

OSignal OSignal 

The observed value of SIGNAL, which is obtained by summing the 
SIGNAL grades for all taxa with expected probabilities of occurrence of 
≥50% that were collected, and dividing by the number of these families 
(Chessman, 1995; Chessman, 2003a; Chessman, 2003b). 

OESignal SIGNAL 
The observed to expected SIGNAL ratio, which is the ratio of ESignal to 
OSignal (Chessman, 1995; Chessman, 2003a; Chessman, 2003b). 

River health rating Band 
Impairment band rating (X, A, B, C, D, or outside of experience of 
model). 

Combined NTE50 NTE50.c As per NTE50 for combined-season (spring/autumn) models. 

Combined NTP50 NTP50.c As per NTP50 for combined-season (spring/autumn) models. 

Combined NTC50 NTC50.c As per NTC50 for combined-season (spring/autumn) models. 

Combined OE OE.c As per OE for combined-season (spring/autumn) models. 

Combined ESignal ESignal.c As per ESignal for combined-season (spring/autumn) models. 

Combined OSignal OSignal.c As per OSignal for combined-season (spring/autumn) models. 

Combined OESignal SIGNAL.c As per SIGNAL for combined-season (spring/autumn) models. 

Combined band Band.c As per band for combined-season (spring/autumn) models. 

Comments - - 

 
  



Review of the RHMP: Program Evaluation and Redirection 

53 

Several other metrics that can be calculated using taxa data from AusRivAS sampling are 

commonly used to describe the structure of macroinvertebrate communities and their 

condition in Tasmanian rivers. For example, the number of taxa belonging to the orders 

Ephemeroptera, Plecoptera and Trichoptera (EPT richness), percent of EPT taxa (%EPT), 

and percent of taxa considered to be flow obligates (%Obligates), facultative users of flow 

(%Facultatives) and flow avoiders (%Avoiders) (i.e. Flow Exposure Groups; DPIPWE, 2010; 

Growns and Davis, 1994; Warfe et al., 2014) have been used in recent bioassessments in 

Tasmania using AusRivAS data (e.g. DPIPWE, 2014b; DPIPWE, 2016b; Magierowski et al., 

2012). Additionally, Functional Feeding Groups (Chessman, 1986; Read, 1999; Read and 

Barmuta, 1999) have also been used to analyse compositional attributes of 

macroinvertebrate communities in Tasmanian rivers (DPIPWE, 2014a). Currently, 

macroinvertebrate taxa in the RHMP database (Appendix 5) are identified as EPT taxa and 

assigned to Flow Exposure Groups and Functional Feeding Groups, and therefore all of 

these metrics can be derived easily using data from the database. 

 

  



Review of the RHMP: Program Evaluation and Redirection 

54 

6. Spatial patterns in macroinvertebrate communities and 

river condition 

In this chapter, spatial patterns in macroinvertebrate communities and the condition of rivers 

across Tasmania are examined using: (1) biological data from the RHMP, and (2) AusRivAS 

sampling that has been undertaken more broadly in Tasmania in recent years. This spatial 

analysis of river condition 

(Box 6.1) provides a 

broad-scale overview of 

the health of rivers across 

Tasmania (spatial patterns 

using data collected 

between 1994 and 2016. 

The findings of this 

analysis are informative for 

water management and 

planning, and land 

management, particularly as results of RHMP are not often examined at a State-wide scale. 

This analysis complements chapter 3 by providing further examples of applications of data 

from the RHMP, and the findings are also used to guide the revision of the program 

(chapter 8). This section of the report focuses on the spatial aspects of the RHMP data. 

6.1 Data collation 

Data describing the composition of macroinvertebrate communities and AusRivAS model 

outputs were extracted from the RHMP database for all recorded samplings in edgewater 

and riffle habitats in rivers across Tasmania. These data encompassed field sampling at 

959 sites (Table 6.1; Figure 2.3) that was undertaken, mostly in spring and autumn, between 

28 July 1994 and 30 November 2016. These sites covered 44 of the 48 commonly-

recognised catchments in Tasmania (‘Tas 48 catchments’; http://dpipwe.tas.gov.au/water/ 

water-licences/surface-water-catchments, accessed 3 October 2018) and a wide range of 

topographic characteristics (e.g. ranges: stream class = 1-6, elevation = 1-1180 m a.s.l., 

catchment area = 0.09-8167 km2) (Table 6.1). Macroinvertebrates were sampled at the 

959 sites on an average of five occasions over this period (range = 1-45; Table 6.1). 

  

Box 6.1 Analysis of river condition data 

The condition of rivers in altered catchments typically varies 
through space (spatially) and time (temporally) in response 
to disturbances (Box 3.1). A monitoring program, such as the 
River Health Monitoring Program, that collects long-term 
information at sites across a region enables ‘spatial and 
temporal analysis of river condition’ to be undertaken. Spatial 
analyses may focus on examining changes in river condition 
in response to disturbances that occur across the monitored 
area (e.g. varying levels of water extraction), while temporal 
analyses may focus on changes in river condition at selected 
sites over time. Both approaches provide important 
information for river management. 
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Table 6.1 Summary of riverine sites in Tasmania where AusRivAS sampling had been conducted 
between 1994 and 2016 according to the RHMP database. Statistics are included for long-term 
monitoring sites in the RHMP and all sites with records in the database. The number of catchments 
refers to how many of the commonly-recognised catchments in Tasmania (‘Tas 48 catchments’) have 
at least one site. Similarly, the number of NRM regions refers to how many of the three NRM 
regions in Tasmania (Cradle Coast, North, South) have at least one site. Mean (minimum-maximum) 
values are provided for topographic variables, except stream class (which is a categorical variable) 
for which only the range is shown. Mean (minimum-maximum) values are also provided for the 
number of samplings per site. 

Variable Long-term sites All sites 

Total no. sites 60 959 

No. reference sites 31 188* 

No. test sites 29 741* 

No. of catchments 36 44 

No. NRM regions 3 3 

Elevation (m a.s.l.) 197 (10-675) 185 (1-1180) 

Catchment area (km2) 295 (7-3285) 192 (0.09-8167) 

Distance from source (km) 33 (5-172) 23 (0.25-231) 

Stream class 2-6 1-6 

Bedslope (m) 0.01066 (0.00050-0.04000) 0.01557 (0.00001-0.20000) 

Mean stream width (m) 13.6 (3.7-47.2) 9.1 (0.1-74.0) 

No. samplings per site 28 (16-45) 5 (1-45) 

                            *30 sites in the RHMP database are not assigned to a site category (reference or test), but have  

                            AusRivAS data records. 

 

Data for the 60 long-term monitoring sites in the RHMP (Table 6.1; Figures 2.2 and 6.1; 

Appendix 2) were included in the extracted dataset. Macroinvertebrates were sampled at 

these sites between 26 September 1994 and 30 November 2016. These sites were also 

distributed over much of Tasmania (Figure 2.2), albeit to a lesser extent than all sites in the 

database (Figure 2.3). The long-term sites were located in 36 of the 48 catchments in 

Tasmania and covered a range of topographic characteristics (e.g. ranges: stream  

class = 2-6, elevation = 10-675 m a.s.l., catchment area = 7-3285 km2) (Table 6.1). 

Macroinvertebrates were sampled at the long-term sites on an average of 28 occasions 

(range = 16-45; Table 6.1). 

6.2 Macroinvertebrate sampling and laboratory procedures 

Benthic macroinvertebrates were sampled and processed following AusRivAS protocols 

(Appendix 1; Krasnicki et al., 2002). Briefly, this involved qualitative sampling over a 10-m2 

area of substrate in riffle habitat using a kick net (250 × 365 mm, 250 µm mesh) and using a 

net with the same specifications to sweep through a 10-m2 area of edgewater habitat. Riffle 

sampling involved disturbing benthic substrate by foot (‘kicking’) and collecting suspended 

material. Edgewater sampling involved sweeping the net in all available marginal habitats 

with minimal or no flow, including macrophytes, backwaters and leaf packs. All invertebrate 
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samples were live-picked in situ for 30 min, maximising the number of taxa collected while 

collecting approximately 200 animals, with additional time allocated for picking if new taxa 

were detected within the final 10 min of the period. The samples were preserved in 90% 

ethanol and transported to a laboratory for identification. 

 

   

   

Figure 6.1 Examples of long-term monitoring sites in the RHMP. (a) Russell River at Russell Pimple 
(reference site, southern Tasmania), (b) Macquarie River off Honeysuckle Road (reference site, 
south-east Tasmania), (c) Great Forester River at Prosperity Road (test site, north-east Tasmania), 
and (d) Duck River at Trowutta Road (test site, north-west Tasmania). 

 

All macroinvertebrate samples were identified to family level using relevant taxonomic keys 

(e.g. Gooderham and Tsyrlin, 2002; Hawking, 2000), except in the following cases: 

Chironomidae (midges) were identified to sub-family level; Nematoda (nematodes), 

Oligochaeta (worms), Hirudinea (leeches), Acarina (mites) and Turbellaria (flatworms) were 

identified to order and class level. For simplicity, the terms ‘family’ and ‘taxa’ are hereafter 

used to describe identifications to all taxonomic levels in the datasets. 

 

  

(a) (b) 

(c) (d) 
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6.3 Data analysis 

AusRivAS model outputs that were extracted from the RHMP database included 

observed/expected taxa scores (‘O/E score’) and O/E Stream Invertebrate Grade Number 

Average Level scores (‘SIGNAL scores’) (Appendix 1), which were calculated using the 

Tasmanian single-season AusRivAS bioassessment models (Krasnicki et al., 2002; 

Appendix 1). Other than summarising the results from edgewater samplings at the long-term 

monitoring sites between 1994 and 2004, all other analyses used data from samplings in 

riffle habitat. This was because sampling in riffle habitat has been conducted throughout the 

RHMP (sampling in edgewater habitats largely ceased in autumn 2007; Figure 2.1) and the 

benthic fauna in this habitat is thought to be more sensitive to anthropogenic impacts (see 

section 6.4). 

The mean and 95% confidence interval (CI) of O/E scores and SIGNAL scores from all 

samplings at each of the 60 long-term monitoring sites site were calculated to summarise 

and rank the condition of the sites.  

Spatial patterns in the condition of rivers across Tasmania were illustrated by: (1) calculating 

approximate AusRivAS impairment bands for all sites based on mean O/E scores from 

sampling in spring and autumn between 2007 and 2016, and (2) mapping the distributions of 

these values for the long-term monitoring sites (n = 60) and all sites in the RHMP database 

that had been sampled during this period (n = 311). Mapping was undertaken using ArcInfo 

v10.5.0 (ESRI, Redlands, CA, USA), while all other analyses were conducted using R v3.4.1 

(R Core Team, 2017). 

6.4 Results and discussion 

6.4.1 River condition at long-term monitoring sites 

Between 1994 and 2004, riffle and edgewater habitat were sampled at long-term monitoring 

sites on each sampling occasion, and therefore results from the RHMP for this period allow 

river condition estimates from these habitats to be compared. During this period, the 

condition of >74% of the 60 long-term monitoring sites were rated as band A (equivalent to 

reference condition) in spring and autumn based on mean O/E scores from sampling in 

edgewater habitat (Figure 6.2a). In addition, in both seasons <7% of sites were rated as 

band X (above reference condition) and 14-18% were rated as band B (significantly 

impaired). 

In contrast, sampling in riffle habitat during this period indicates that the condition of the sites 

was spread more evenly across bands X, A and B, especially in autumn (Figure 6.2b). In 

riffle habitat, in spring 12% of sites were rated as band X, 68% were band A, 15% were band 
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B and 5% were band C (severely impaired) (Figure 6.2b). In riffle habitat, in autumn more 

sites were rated as band X (39%) and band B (21%), and fewer sites were rated as band A 

(38%) (Figure 6.2b). 

These findings support the notion that riffle habitats are more sensitive to anthropogenic 

impacts, with more sites in agricultural catchments being rated as band B or C from riffle 

sampling compared to edgewater sampling. This is further validated by greater proportions 

of test sites – which are likely to be impacted as they are located in disturbed catchments – 

during this period being rated as band X or A from sampling in edgewater habitats compared 

to riffle habitats during spring (70.4% v. 62.1%, respectively) and autumn (69.0% v. 52.0%, 

respectively). Thus, sampling in riffle habitats appears to detect impacts more effectively. 

While AusRivAS impairment bands provide a coarse assessment of river condition at the 

long-term monitoring sites, more detailed information about the condition of the sites is 

possible using additional analyses which will be undertaken in a state wide assessment. 
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Figure 6.2 Proportions of long-term monitoring sites within AusRivAS impairment bands based on 
mean O/E scores from sampling in 1994-2004 in (a) edgewater and (b) riffle habitats, and from 
sampling in (c) 2009-2016 in riffle habitat. Band ratings are: X = above reference condition, 
A = equivalent to reference condition, B = significantly impaired, C = severely impaired and 
D = impoverished. All 60 long-term monitoring sites were visited on multiple occasions within each 
period. However, due to inappropriate flow conditions (i.e. no flow, high flows), during 1994-2004 
samples from edgewater habitats were not collected in spring at two of the sites, and samples from 
riffle habitats were not collected in autumn at four of the sites, and during 2009-2016 samples from 
riffle habitats were not collected in autumn at three of the sites. 
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Figure 6.3 Mean ± 95% confidence interval (closed black triangle and black lines, respectively) of 
O/E scores from long-term sampling in riffle habitat at the long-term monitoring sites, Sites are 
ordered according to their long-term mean O/E scores, with the most impaired sites (i.e. low O/E 
scores) at the bottom and sites that are in good condition (i.e. high O/E scores) at the top. See 
Appendix 2 for details of site abbreviations. 
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Figure 6.4 Mean ± 95% confidence interval (closed black triangle and black lines, respectively) of 
SIGNAL scores from long-term sampling in riffle habitat at the long-term monitoring sites. Sites are 
ordered according to their long-term mean SIGNAL scores, with the most impaired sites (i.e. low 
SIGNAL scores) at the bottom and sites that are in good condition (i.e. high SIGNAL scores) at the 
top. See Appendix 2 for details of site abbreviations. 
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WELC03
JORD07
CLYD01
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PIPE04
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SCAM05
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ARTH03
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RING31
LDER11
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MUSS02
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UDER017
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NESK12
HENT08
SESK08
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HUON028
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HUON046
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MERS25
HENT13
MEAN13
ARTH01
MEAN31
MEAN16
SESK21

0.6 0.7 0.8 0.9 1.0 1.1
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The greater range in the 95% CIs of the more impaired sites (sites with lower mean O/E and 

SIGNAL scores; Figures 6.3 and 6.4) also indicates that river condition is more variable at 

these sites compared to the “healthier” sites (sites with higher mean O/E and SIGNAL 

scores). This may be due to the healthier sites being more resilient to the effects of varying 

climatic and flow conditions (e.g. drought-induced prolonged low flows, large floods). In 

contrast, the poorer sites – which are likely to have compromised riverine ecosystems (i.e. 

lacking riparian vegetation, higher sediment and algal loads, etc.) – are more susceptible to 

impacts from varying climatic conditions. 

Potential causes of the poor condition of some long-term sites were investigated by plotting 

mean O/E score v. mean SIGNAL score at sites from recent sampling (2013-2016) 

(Figure 6.5). Many of these sites are considered to be in reference condition or have 

relatively high biodiversity. However, several moderately-impaired sites (e.g. COAL01, 

MACQ09) are thought to be impacted by factors other than water quality (e.g. poor habitat), 

and the highly-impaired sites (e.g. WELC03, JORD07) are likely to be impacted by water 

quality, habitat or both (Figure 6.5). 
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Figure 6.5 Mean O/E score v. mean SIGNAL score at long-term monitoring sites from recent 
sampling (2013-2016) in riffle habitat at the sites (blue closed circles). Possible interpretations for 
different combinations of values of these indices in relation to the band A (equivalent to reference 
condition) for O/E scores (Barmuta et al., 1998) are indicated. The vertical and horizontal dashed 
lines indicate the upper and lower bounds for the band A for O/E scores and the same values for 
SIGNAL scores. See Appendix 2 for details of site abbreviations. 
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6.4.2 Key findings of analysis of condition at long-term monitoring sites  

The key findings of the analysis of river condition at long-term monitoring sites, presented in 

section 6.4.1 are as follows: 

 In Tasmanian catchments, riffle habitats are more sensitive to catchment 

disturbances (e.g. land use effects) than edgewater habitats. 

 The 60 sites that were monitored in the RHMP between 1994 and 2016 included 

sites with high biodiversity and sites in reference condition, and sites that are likely to 

be impacted by poor water quality, poor habitat or both. 

 Based on long-term monitoring in the RHMP, the catchments with the most impacted 

sites are the: Welcome, Jordan, Coal, South Esk, Ouse and Clyde. 

 River condition at impaired sites is more variable than at healthier sites. This is likely 

to be due to the healthier sites being more resilient to the effects of catchment 

disturbances and varying climatic (and flow) conditions compared to poorer sites, 

which are likely to have compromised riverine ecosystems. 

 Overall, the results of this analysis highlight the ability of the RHMP to detect 

changes in the condition of Tasmanian rivers. 

 

6.4.3 Spatial patterns in macroinvertebrate communities and river condition across 

Tasmania 

The 60 long-term monitoring sites in the RHMP are distributed broadly across Tasmania, 

excluding the south-west region of the State. Therefore, the data from these sites provide 

useful information about spatial patterns in the condition of rivers around Tasmania. Based 

on mean O/E scores from sampling in riffle habitats in spring and autumn between 2007 and 

2016 (which encompasses dry and wet climatic periods), 17 sites (28%) in the south, central 

north and north-west regions of Tasmania were rated as band B (significantly impaired) and 

two sites (JORD07, Jordan River; WELC03, Welcome River) (3%) were rated as band C 

(severely impaired) (Figure 6.6). The remaining 41 sites (68%) were rated as band A 

(equivalent to reference condition) or X (above reference condition) (Figure 6.6). 
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Figure 6.6 Approximate AusRivAS impairment bands of the 60 long-term monitoring sites in the 
RHMP based on mean O/E scores from sampling in riffle habitats in spring and autumn between 2007 
and 2016. Band ratings are: X = above reference condition, A = equivalent to reference condition, 
B = significantly impaired, C = severely impaired and D = impoverished. 
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In comparison to healthy sites (band A and X), impacted sites (band B and C) were located 

in lowland reaches (mean elevation: impacted = 91 m v. healthy = 246 m), with much larger 

catchment areas (mean catchment area: impacted = 581 km2 v. healthy = 162 km2) and 

lesser bedslopes (mean bedslope: impacted = 0.0074 m v. healthy = 0.0122 m). 

These topographic patterns in healthy and impacted sites are illustrated in more detail in the 

larger dataset of the 311 sites that have been sampled using AusRivAS protocols across 

Tasmania between 2007 and 2016 (Figure 6.7). For this dataset, based on mean O/E scores 

from sampling in riffle habitats in spring and autumn, 90 sites (29%) in the south, east, north-

east, central north and north-west regions of Tasmania were rated as band B, 25 sites (8%) 

were rated as band C, and 9 sites (3%) were rated as band D (impoverished) (Figure 6.7). 

The remaining 187 sites (60%) were rated as band A or X (Figure 6.7). 

This larger dataset has similar topographic patterns between healthy and impacted sites to 

those observed at 60 long-term monitoring sites in the RHMP. In comparison to healthy sites 

(band A and X), impacted sites (band B and C) were located in lowland reaches (mean 

elevation: impacted = 150 m v. healthy = 197 m), with much larger catchment areas (mean 

catchment area: impacted = 385 km2 v. healthy = 129 km2) and lesser bedslopes (mean 

bedslope: impacted = 0.0112 m v. healthy = 0.0124 m). 

Typically, the lowland reaches of rivers in many areas of Tasmania are influenced by 

disturbances associated with agriculture, forestry, hydro-electric power generation and 

urbanisation; hence, the distribution of the impacted sites is not unexpected and aligns with 

knowledge of the effects of similar disturbances in other regions (Allan, 2004; Anderson et 

al., 2017; Clapcott et al., 2010; Zuellig and Schmidt, 2012). 
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Figure 6.7 Distribution of all sites (n = 311) across Tasmania that were sampled between 2007 and 
2016 (according to the RHMP database), and their approximate AusRivAS impairment bands based 
on mean O/E scores from sampling in riffle habitats in spring and autumn during this period. Band 
ratings are: X = above reference condition, A = equivalent to reference condition, B = significantly 
impaired, C = severely impaired and D = impoverished. 

 
  



Review of the RHMP: Program Evaluation and Redirection 

68 

6.4.4 Key findings of analysis of spatial patterns in river condition 

The key findings of the analysis of spatial patterns in river condition presented in 

section 6.4.3 are as follows: 

 Analysis of sampling in riffle habitats at the 60 long-term monitoring sites in RHMP 

between 2007 and 2016, and sampling at 311 sites using AusRivAS protocols across 

Tasmania during the same period, indicates that rivers in Tasmania range in 

condition from band X (above reference condition), band A (equivalent to reference 

condition), band B (significantly impaired), band C (severely impaired) and band D 

(impoverished). 

 Healthy sites (band X and A) are generally located in the upper reaches of river 

systems where catchment disturbances are likely to be minimal, while impacted sites 

(bands B, C and D) are generally located in lower reaches where impacts from 

activities in catchments are likely to be more pronounced. 

 Overall, the results of this analysis highlight the ability of the RHMP to detect spatial 

changes in the condition of Tasmanian rivers. 
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7. Revision of the purpose and structure of the RHMP 

Outputs from the RHMP have many applications relating to land and water management at 

varying spatial scales (chapter 3). In addition, several recent studies have used data from 

the RHMP to examine the effects of flow conditions and agriculture on the condition of rivers 

in Tasmania (e.g. DPIPWE, 2014b; DPIPWE, 2016a; DPIPWE, 2016b; Hardie and Bobbi, 

2017; Magierowski et al., 2012). Analyses undertaken in this review provide further evidence 

of the ability of the program to detect spatial changes in river condition (chapter 6). The 

findings of the RHMP enable different sectors (e.g. state and local government, water users, 

community groups, catchment managers) to understand interactions between resource 

management and the health of rivers, and can inform decision-making relating to the 

management of catchments and rivers in Tasmania. 

Agricultural demands on inland water resources in Tasmania have increased substantially 

over the past decade with the development of irrigation schemes by Tasmanian Irrigation 

and an increase in the volume of water that is allocated across the State for consumptive 

purposes (WIMS, 2018). In addition, agricultural land use has intensified in many areas of 

Tasmania and agricultural production is projected to increase in Tasmania by 2050 

(DPIPWE, 2017). Thus, the RHMP is a valuable surveillance and assessment tool, which 

supports State legislation and State Policies of the Resource Management and Planning 

System (RMPS; see Appendix 3) that govern the management of freshwater resources and 

their ecosystems in Tasmania. 

However, the current design of the RHMP has several limitations. At present, the RHMP 

focuses on a single biological indicator group (aquatic macroinvertebrates), along with 

supporting biophysical and habitat-related parameters. As discussed, the accuracy and 

precision of measurements of several habitat parameters is thought to be low (chapter 5). In 

addition, the design of the RHMP is built on objectives and requirements of the program that 

were set in the mid-1990s. These factors, combined with the development of other methods 

to assess river condition in Tasmania (i.e. TRCI) and overseas, highlight the need for a 

review of the RHMP. This chapter focusses on revising the purpose, design and structure of 

the RHMP in order to set a clear direction for the future of the program. 

Nichols et al., (2017) undertook a review of riverine bioassessment programs in Australia, 

the UK, Europe, Canada and the USA and identified five attributes that bioassessment 

programs should have to be successful: (1) a mandate (political or public), (2) political 

context and governance, (3) fit for purpose, (4) clear objectives, and (5) current and relevant. 

While these attributes are aimed at national or multi-national programs, they are also highly 
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relevant to the RHMP in its State-wide context. This revision of the RHMP considers these 

‘attributes for success’, where appropriate. As the current design of the RHMP is providing 

valuable information, wholesale alterations to the program are not proposed. Instead, this 

revision focuses on improving the breadth of monitored parameters in relation to the 

development of new techniques in measuring river health from Tasmania and overseas, as 

well as looking at ways to improve the rigour of methods used to measure some parameters. 

This revision of the RHMP considers current resources within DPIPWE for running the 

program and its recommendations are achievable, given these constraints. 

7.1 Purpose of the program 

7.1.1 Key issues and rationale 

Monitoring of river health provides important information for the sustainable management of 

freshwater resources (Davies et al., 2010; Kuehne et al., 2017; Nichols et al., 2017), which 

has been exemplified by the RHMP in Tasmania since 1994 (chapter 3). Part of the core 

business of the Water and Marine Resources Division of DPIPWE (which runs the RHMP) 

focuses on contributing to the sustainable use and management of Tasmania’s water 

resources in accordance with the Water Management Act 1999 (Figure 7.1). A key 

component of this work involves monitoring and assessment of the condition of the State's 

freshwater resources. The RHMP supports this work and also has strong and direct links to 

other State legislation and Policy (chapter 3). 

 

   

Figure 7.1 The core business of the Water and Marine Resources Division of DPIPWE (which runs 
the RHMP) focuses on contributing to the sustainable use of Tasmania’s water resources. This 
includes managing (a) flows in rivers in agricultural landscapes and (b) extraction of water from 
rivers for irrigation. 

 

  

(a) (b) 
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More specifically, the Water and Marine Resources Division is responsible for managing 

Tasmanian rivers, especially environmental flows, water extraction from rivers, and the 

development of farm dams and their capture of water from river systems. At present, the 

Division has limited responsibilities relating to land management; however, more broadly, 

DPIPWE and Natural Resource Management (NRM) regional bodies (NRM South, NRM 

North and NRM Cradle Coast) do run land management programs in priority catchments 

(e.g. DPIPWE’s Private Land Conservation Program and Agricultural Landscape 

Rehabilitation Scheme). As the RHMP is resourced by the Division, it is imperative that the 

program delivers information that is directly applicable to its objectives and activities, while 

also considering the importance of the information it provides for other agencies and the 

wider community. 

Changes in river condition may occur at varying temporal (e.g. season, multiple years) and 

spatial (e.g. site, catchment, region, etc.) scales (Boulton, 1999; Reid and Ogden, 2006); 

thus, the RHMP needs to be conducted over the long term and at a broad scale to allow 

monitoring results to be analysed at a range of scales. It is also critical that standardised 

bioassessment methods are used (Davies, 2000; Resh et al., 1995) to provide quality 

assurance/quality control (QA/QC) of resulting data, ensure repeatability of field and 

laboratory methods, and allow multiple operators to employ the same sampling regime in a 

consistent way. This ensures robust data are collected and provides confidence in the 

results of the program. 

It is important to recognise that the RHMP is not able to answer all questions relating to the 

health of freshwater-dependent ecosystems. The program focuses on instream components 

of riverine ecosystems (along with some riparian components). It does not monitor extensive 

riparian habitats, such as floodplains, nor other types of freshwater ecosystems (wetlands, 

lakes, etc.). Because of this, the program does not necessarily provide all of the information 

that is required to assess the effectiveness of management strategies across all freshwater 

habitats or river rehabilitation projects. For example, ideally, monitoring that targets 

catchment-specific, flow-responsive components of ecosystems should be undertaken to 

assess ecological responses to environmental flows (e.g. DPIPWE, 2009; King et al., 2009; 

Koster et al., 2016) or prescriptions of Water Management Plans. 
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7.1.2 Revised purpose and objectives 

Since 2012, the RHMP has not been linked to any external funding sources or programs 

(section 2.1) and, partly because of this, the program has not had a clearly-defined purpose 

in recent years. A well-defined purpose and set of objectives is required to guide the design 

and implementation of the RHMP. The revised purpose and objectives of the RHMP are as 

follows: 

Purpose: The purpose of the RHMP is to provide long-term, broad-scale monitoring of river 

health across Tasmania. 

Objectives: The objectives of the RHMP are to provide river condition information that: 

1. Supports management of inland water resources, especially in catchments where 

demand for water is relatively high (e.g. areas managed under Water Management 

Plans). 

2. Has applications at varying temporal (e.g. seasons, years) and spatial (site, 

catchment, region, state, national (if required)) scales, including the ability to detect 

temporal trends and climatic influences. 

3. Can be used to assess the effects of agricultural water use and land use, and other 

diffuse disturbances (e.g. effects of forestry activities). 

4. Is collected using standardised bioassessment methods that can be readily 

employed by DPIPWE and other agencies, and potentially by community groups. 

7.2 Monitoring sites 

7.2.1 Key issues and rationale 

The long-term monitoring sites in the RHMP between 1994 and 2016 were distributed across 

Tasmania (located in 36 of the 48 catchments in the State (Tas 48 catchments); Figure 2.2) 

and covered a range of topographic characteristics (e.g. ranges: stream class = 2-6, 

elevation = 10-675 m a.s.l., catchment area = 7-3285 km2) (Table 6.1). However, a high 

proportion of sites (31 of the 60 sites; 52%) were reference sites (pristine or minimally-

disturbed sites), and the network of sites did not adequately cover catchments that are of 

particular interest to the Water and Marine Resources Division of DPIPWE (i.e. those with 

intensive agricultural land use and water use, areas included in Water Management Plans). 

Therefore, the existing sites in the RHMP were evaluated and a revised network of sites was 

formulated by considering: (1) the revised purpose/objectives of the RHMP, (2) the need for 

a set of strategically-located test sites and regional reference sites, (3) water 

use/development in catchments across Tasmania, (4) historical ecological sampling records 
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at sites in the RHMP database, (5) the location of streamflow gauging stations, and (6) the 

suitability of habitats at sites for monitoring. 

7.2.2 Revised selection of monitoring sites 

A revised selection of 53 long-term monitoring sites for the RHMP is provided (Tables 7.1 

and 7.2; Figure 7.2; Appendix 6). The revised selection of sites includes 27 of the 60 sites 

that were sampled in the program between 1994 and 2016. The revised sites are widely 

distributed across Tasmania, with at least one site in 31 of the 48 catchments in the State 

(Tas 48 catchments), and 12, 14 and 27 sites are in the South, Cradle Coast and North NRM 

regions, respectively (Tables 7.1 and 7.2). Compared to the historical long-term monitoring 

sites, the revised sites are more concentrated in catchments where there is high demand for 

water and a need for river health information to support management and planning 

decisions, and 28 of the sites occur in catchments with current or impending Water 

Management Plans or water planning activities (Table 7.2). Because of this focus in 

catchments with high water demand (and financial constraints), no sites are located in the 

central west or south-west of Tasmania (Figure 7.2), where there is minimal agricultural land 

and water use. 

Forty-three of the revised sites (81%) are test sites and 10 sites (19%) are reference sites 

(Tables 7.1 and 7.2; Figure 7.2). Previously (1994-2016), the network of monitoring sites 

included 31 reference sites (52%) and 29 test sites (48%), and thus the network of revised 

sites is now more focused on test sites. This will enable the RHMP to better inform resource 

managers of river health in areas that are subject to pressures associated with land and 

water use. The reference sites in the RHMP are distributed regionally across the network of 

monitoring sites (Figure 7.2) and are to be used as ‘regional reference’ sites. The revised 

sites cover a range of topographic characteristics (e.g. ranges: stream class = 3-6, 

elevation = 8-440 m a.s.l., catchment area = 11-3285 km2) (Table 7.1), but are on average 

located in less-elevated reaches compared to the historical long-term monitoring sites (mean 

elevation: revised sites = 123 m a.s.l. v. historical sites = 197 m a.s.l.), where impacts from 

land and water use activities are more prevalent. 
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Table 7.1 Summary of long-term sites in the RHMP between 1994 and 2016 and the revised 
selection of sites which are to be monitored by the program. The number of catchments refers to 
how many of the commonly-recognised catchments in Tasmania (‘Tas 48 catchments’) have at least 
one site. Similarly, the number of NRM regions refers to how many of the three NRM regions in 
Tasmania (Cradle Coast, North, South) have at least one site. Mean (minimum-maximum) values are 
provided for topographic variables, except stream class (which is a categorical variable) for which 
only the range is shown. 

Variable Monitored sites 1994-2016 Revised selection of sites 

Total no. sites 60 53 

No. reference sites 31 10 

No. test sites 29 43 

No. of catchments 36 31 

No. NRM regions 3 3 

Elevation (m a.s.l.) 197 (10-675) 123 (8-440) 

Catchment area (km2) 295 (7-3285) 504 (11-3285) 

Distance from source (km) 33 (5-172) 46 (7-172) 

Stream class 2-6 3-6 

Bedslope (m) 0.01066 (0.00050-0.04000) 0.00668 (0.00000-0.02860) 
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Table 7.2 Revised selection of long-term monitoring sites for the RHMP. Habitat refers to the instream habitat(s) in which macroinvertebrates will be 
sampled. WMP area = the current or impending Water Management Plan area in which the site is located. Regions are: N = north, NE = north-east, 
NW = north-west, E = east, S = south, SE = south-east, and Midlands = Midlands area in the central east encompassing the Southern Midlands and 
Northern Midlands municipalities. NRM= Natural Resource Management. See Figure 7.2 for map of the sites and Appendix 6 for topographic information 
about the sites. 

Site code Site name Site type Habitat Existing site WMP area Region NRM region 

ARTH03 Arthur River at Tayatea Bridge Reference Riffle Yes - NW Cradle Coast 

BLAC29 Black River at Dip Rd Test Riffle No - NW Cradle Coast 

BOOB26 Boobyalla River at Banca Rd Test Edgewater No Boobyalla NE North 

CAMR01 Cam River off Back Cam Rd Test Riffle Yes - N Cradle Coast 

CLYD13 Clyde River at Arthur St (Hamilton) Test Riffle No Clyde SE South 

COAL01 Coal River upstream of Richmond Test Riffle Yes - SE South 

DUCK02 Duck River at Kubanks Rd Test Riffle No Duck NW Cradle Coast 

DUCK09 Duck River at Maguires Rd Reference Riffle No Duck NW Cradle Coast 

EMUR01 Emu River at Fern Glade Reserve Test Riffle Yes - N Cradle Coast 

FORT04 Forth River at Pallawah Rd Reference Riffle No - NW North 

GEOR01 George River at St Columba Falls Rd Test Riffle Yes - NE North 

GEOR05 Ransom River at Murdochs Rd Reference Riffle Yes - NE North 

GFOR04 Great Forester River at Old Waterhouse Rd Test Edgewater No Great Forester NE North 

GFOR12 Great Forester River at Prosperity Rd Test Riffle Yes Great Forester NE North 

HOBA01 North West Bay River at Channel Highway Test Riffle No - S South 

HUON018 Mountain River at Ranelagh Bridge Test Riffle Yes - S South 

HUON028 Russell River at Russell Pimple Reference Riffle Yes - S South 

INGL03 Inglis River at Pages Rd Test Riffle Yes - NW Cradle Coast 

JORD07 Jordan River at Mauriceton Test Edgewater + Riffle* Yes - Midlands South 

LDER14 Styx River upstream of Derwent River Test Riffle Yes - SE South 

LDER61 Tyenna River at Newbury Rd Reference Riffle No - SE South 

LEVE01 Leven River at Marshalls Bridge Test Riffle Yes - N Cradle Coast 

LSWA05 Little Swanport River at Daniels Rd Test Edgewater + Riffle* Yes Little Swanport Midlands South 

MACQ03 Macquarie River off Honeysuckle Rd Reference Edgewater + Riffle* Yes Macquarie Midlands North 
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Site code Site name Site type Habitat Existing site WMP area Region NRM region 

MACQ09 Elizabeth River at Campbell Town Test Riffle Yes Macquarie Midlands North 

MACQ36 Macquarie River at Barton Test Edgewater + Riffle* No Macquarie Midlands North 

MACQ81 Macquarie River at Hoggs Ford Rd Test Edgewater + Riffle* No Macquarie Midlands North 

MEAN03 Meander River at Birralee Rd Test Riffle Yes - N North 

MEAN16 Liffey River upstream of Liffey Reference Riffle Yes - Midlands North 

MERS01 Mersey River at Shale Rd Test Riffle No Mersey N Cradle Coast 

MERS05 Mersey River at Kellys Bridge Test Riffle No Mersey N North 

MERS08 Mersey River at C138 Rd bridge Test Riffle No Mersey N North 

MERS37 Don River at Sheffield Rd Test Riffle Yes Mersey N Cradle Coast 

MONT01 Montagu River at Stuarts Rd Test Riffle Yes - NW Cradle Coast 

MUSS06 Ansons River at stream gauging station Test Riffle No Ansons NE North 

NESK03 North Esk River at Corra Linn Test Riffle No North Esk NE North 

NESK07 North Esk River at The Ballroom Test Riffle No North Esk NE North 

NESK12 North Esk River at Ben Nevis gates Reference Riffle Yes North Esk NE North 

NESK19 St Patricks River at Nunamara Test Riffle Yes North Esk NE North 

PIPE04 Pipers River at Security Rd Test Riffle Yes - NE North 

PROS03 Prosser River at Buckland Rd Test Edgewater + Riffle* Yes - SE South 

RING77 Ringarooma River upstream of Branxholm stream gauging station Test Riffle No Ringarooma NE North 

RING31 Dorset River at Ruby Flats Rd Test Riffle Yes Ringarooma NE North 

RUBI01 Rubicon River at Smith and Others Rd Test Riffle Yes - N Cradle Coast 

RUBI06 Panatana Rivulet at Parkes Ford Rd Test Riffle No Sassafras Wesley Vale N Cradle Coast 

SCAM01 Scamander River at upper Scamander Test Riffle No - E North 

SESK01 South Esk River at Perth Test Riffle Yes South Esk Midlands North 

SESK59 South Esk River at Sandhurst Rd Test Riffle No South Esk E North 

SESK54 South Esk River at Llewellyn Test Riffle No South Esk Midlands North 

SESK58 South Esk River at Heffords Rd Test Riffle No South Esk E North 

SWAN01 Swan River at Tasman Highway Test Edgewater + Riffle* No - E South 
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Site code Site name Site type Habitat Existing site WMP area Region NRM region 

SWAN08 West Swan River at Waters Meeting Reference Edgewater + Riffle* No - E South 

TOMA04 Tomahawk River upstream of tidal limit Test Edgewater + Riffle* No Tomahawk NE North 

*Riffle to be sampled if flow conditions enable sampling in this habitat (i.e. the river is flowing and there is sufficient depth in riffles for kick-net sampling). 
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Figure 7.2 Location of the revised selection of monitoring sites in the Tasmanian RHMP. See 
Tables 7.1 and 7.2, and Appendix 6 for further information about the monitoring sites. 
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7.3 Monitoring timing and frequency 

7.3.1 Key issues and rationale 

Temporal changes in the sampling regime of the RHMP between 1994 and 2016 were 

outlined in section 2.2, and it is worth reflecting on these when considering the monitoring 

frequency of the program in the future. Between spring 1994 and spring 2009, 

macroinvertebrate communities and habitat quality were monitored under the RHMP every 

spring and autumn. Between autumn 2010 and spring 2016, sampling was reduced to a 

biennial frequency in alternate spring/autumn periods (e.g. sampling undertaken in spring 

2012 and autumn 2013, then no sampling until spring 2014 and autumn 2015). This 

adjustment was based, partly, on resource constraints and also the assumption that, given 

the longevity of the RHMP, reducing the monitoring frequency would not greatly affect the 

ability of the program to detect long-term temporal variation in river condition. 

It is recommended by this review that macroinvertebrate sampling following AusRivAS 

protocols continues to be a core component the RHMP (section 7.4); therefore, sampling 

should be undertaken in spring and autumn to provide comparable results to historical 

sampling and enable community structure data to be analysed using AusRivAS models. 

Pairing spring and autumn samplings (e.g. sampling in spring 2010 and autumn 2011) is 

also important, as this provides river condition information before and after low-flow periods 

that typically occur in late summer – early autumn when short-term impacts from water 

extraction (e.g. occurrence of high sediment and algal loads, unsuitable hydraulic conditions 

for aquatic fauna; DPIPWE, 2016b; Hardie et al., 2012) are likely to occur. In addition, 

sampling in paired spring and autumn periods allows combined-season AusRivAS model 

outputs to be computed for monitored sites (Krasnicki et al., 2002; Simpson and Norris, 

2000). It is, therefore, not advisable to sample only in spring or only in autumn, as the 

environmental contrasts between spring and autumn can greatly assist assessments of 

drivers of change in macroinvertebrate communities and river condition. 

If sampling is to occur in paired spring and autumn periods, a key consideration for the 

design of the RHMP is the length of intervals between the spring/autumn sampling rounds. 

Two options for sampling intervals are thought to have merit: sampling every spring and 

autumn; or sampling in alternate spring/autumn periods. Sampling every spring and autumn 

equates to sites being monitored at ~6-month intervals (range = 4-8 months), with a long-

term average sampling frequency of twice per calendar year. Sampling in alternate 

spring/autumn periods equates to sites being monitored at ~6-month intervals (range = 4-

8 months), then at ~18-month intervals (range = 16-20 months), with a long-term average 

sampling frequency of once per calendar year. 
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The sampling frequency directly effects the potential applications of data resulting from the 

RHMP. Given the objectives of the program include applying the results at varying temporal 

scales (e.g. seasons, years) and detecting temporal trends (section 7.1.2), a relatively-high 

frequency sampling (sampling in spring and autumn) would be beneficial. The higher the 

frequency of sampling, the earlier improving or degrading trends will be detected (McBride, 

2005; Stansfield, 2001), thus enabling management strategies to be adjusted. However, it is 

acknowledged that sampling frequency, and hence the ability to detect temporal trends, 

must be balanced with resource constraints. 

Sampling every spring and autumn (as occurred in the RHMP between spring 1994 and 

spring 2009; Figure 2.1) would provide the optimum frequency for detecting seasonal 

variation, including climatic effects and impacts of seasonal water extraction for irrigation. 

This would also allow results to be reported consistently on a seasonal or annual basis. 

Sampling in alternate spring/autumn periods (as occurred in the RHMP between autumn 

2010 and spring 2016; Figure 2.1) would provide a reasonable, but less rigorous, frequency 

for detecting long-term temporal changes in river condition. Furthermore, this sampling 

frequency: (1) would limit the ability of the RHMP to identify changes that occur at a 

seasonal scale (e.g. impacts from low flows in summer-autumn periods), (2) could result in 

some sites not being sampled for ≥24 months if a sampling round is not undertaken due to 

unsuitable flow conditions, and (3) would not allow results to be reported consistently on a 

seasonal or annual basis. 

A compromise between these two sampling frequencies would be to sample in alternate 

spring/autumn periods and undertake additional sampling during the ‘in between’ spring and 

autumn seasons, if circumstances that are likely to impact on river condition occur. For 

example, additional sampling could be undertaken if extreme climatic (and flow) conditions 

or substantial increases in water extraction are forecast. Another example of what may 

prompt additional sampling is the implementation of Ministerial Policy 2015/1 ‘Water 

Resource Management During Extreme Dry Conditions’ (DPIPWE, 2016b), with sampling 

being undertaken to assess the effects of low flows on rivers. 

7.3.2 Revised monitoring timing and frequency 

The following options (in order of priority) are recommended for the monitoring timing and 

frequency of the RHMP: 

1. All specified parameters are monitored at all sites every spring and autumn (i.e. 

annual monitoring). 
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2. All specified parameters are monitored at all sites during alternate spring and autumn 

periods (i.e. biennial monitoring), and that additional sampling is undertaken during 

the ‘in between’ spring and autumn periods if extreme climatic (and flow) conditions 

or substantial increases in water extraction occur. 

3. All specified parameters are monitored at all sites during alternate spring and autumn 

periods (i.e. biennial monitoring). 

 

7.4 Monitored parameters 

7.4.1 Key issues and rationale 

Data resulting from the reach- and habitat (patch)-scale parameter measurements, and 

macroinvertebrate sampling that has been included in the RHMP between 1994 and 2016, 

can be used for a range of applications (chapter 3). In particular, the macroinvertebrate data 

can be used to derive several metrics (e.g. AusRivAS model outputs, %EPT taxa, etc.) that 

are highly informative for river condition assessments. However, the accuracy and precision 

of measurements of several habitat parameters is thought to be low (chapter 5), and this 

limits the diagnostic capacity of the RHMP (i.e. its ability to identify drivers of change in 

macroinvertebrate communities and river health). 

Benthic macroinvertebrates will continue to be monitored (i.e. used as bioindicators) 

following AusRivAS protocols in the RHMP. Macroinvertebrate sampling should continue to 

focus on riffle habitats in rivers with perennial (continuous) flow regimes. Currently, 

knowledge of the ability of riffle and edgewater macroinvertebrate sampling to detect climatic 

effects and catchment disturbances is limited for rivers with intermittent flow regimes in 

Tasmania. Until further work is undertaken to address these issues, it is recommended that, 

in rivers with intermittent flow regimes, edgewater samples should be collected on all 

sampling occasions, and riffle samples should also be collected when riffles have sufficient 

wetted habitat for kick-net sampling. The edgewater samples will provide a more consistent 

temporal record of river condition for intermittent rivers, while the riffle samples will allow 

RHMP data from riffle habitats to be analysed at varying temporal and spatial scales 

(meeting objective 2 of the program; section 7.1.2). These sampling protocols for intermittent 

rivers may be refined once the sensitivity of riffle and edgewater macroinvertebrate 

communities to natural and anthropogenic disturbances has been examined. 

While the revised monitoring regime will treat sites with intermittent and perennial flow 

regimes differently, it is acknowledged that defining sites with intermittent and perennial flow 

regimes can be challenging, especially if sites are not located near a streamflow gauging 
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station. To provide guidance in this area, it is recommended that a hydrological analysis be 

undertaken to classify Tasmanian catchments where riffle or edgewater habitats should be 

focused on in the revised RHMP sampling regime, and other samplings that follow the 

revised methods recommended by this review. Previous hydrological classifications of rivers 

in Tasmania (see Hine and Graham, 2003; Hughes, 1988; Kennard et al., 2010; Mackay et 

al., 2012) should be used to guide this analysis. 

To improve the deficiencies of the program, this review: rationalises the reach- and habitat-

scale parameters that are measured currently, recommends using more rigorous methods to 

measure some parameters, and introduces some new parameters to the program that 

primarily focus on benthic sediment and algae. Overall, the methods (desktop, field and 

laboratory) that will be used to conduct the monitoring associated with the RHMP will follow 

existing AusRivAS and TRCI protocols, with some minor adjustments and the introduction of 

some new techniques. 

It is recommended that most reach and habitat variables that were rated as ‘poor’ (overall 

rating for value, rigour and temporal variability = <6; Figure 5.4; Appendix 4) no longer be 

measured at long-term monitoring sites in the RHMP. Examples of these variables include 

Dams, Blackberries and Disturbance. In addition, Detritus.c, Rip.width.l, Rip.width.r, Silt.c, 

Avg.bank.height and Avg.bank.width, which had ‘moderate’ overall ratings (Figure 5.4), will 

also not be measured at sites in the program. Revised methods will be used to improve the 

accuracy and precision of some variables. For example, instead of using broad visual 

estimates of the sampled areas, substrate composition will be estimated using a graduated 

quadrat, and benthic algal cover will be measured using a bathyscope (underwater viewer). 

The new variables mostly 

relate to benthic sediment 

and benthic algae 

(Box 7.1), and are to be 

measured using methods 

based on techniques that 

are employed in 

bioassessments in New 

Zealand rivers (Biggs and 

Kilroy, 2000; Clapcott et 

al., 2011; Kilroy et al., 

2013; Quinn et al., 1997) 

and TRCI protocols (NRM, 

2009a; NRM, 2009c; NRM, 

Box 7.1 Effects of excessive fine sediment and algae 
in river ecosystems 

Fine sediment and algae are important components of 
riverine ecosystems; however, in degraded rivers, the 
processes that control the levels of sediment and algae in 
the river system may be altered (e.g. increased erosion of 
riverbanks, increased nutrients in runoff entering the river). 
This can result in ‘excessive fine sediment and algae’ 
clogging and smothering the riverbed and the surfaces of 
aquatic plants. These changes can be detrimental to aquatic 
flora and fauna, and overall river health. For example in a 
river smothered with fine sediment and algae, waterbugs 
(Box 5.2) that live on the riverbed may not be able to access 
their preferred habitats in the spaces between and 
underneath cobbles, and fish that use the riverbed for 
spawning may no longer have suitable habitat to lay their 
eggs. 
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2009d) (see Figure 7.3). Benthic sediment and algae relate directly to river condition (i.e. can 

be response variables), and also provide information about drivers of change in 

macroinvertebrate communities (i.e. used as predictor variables in analyses focusing on 

macroinvertebrates). Measuring benthic algae also provides direct information about primary 

production, which is a crucial process in aquatic ecosystems (Boulton et al., 2014). 

Furthermore, measuring benthic algae provides indirect information about nutrient regimes 

and light exposure levels, which are likely to be altered by catchment disturbances that 

normally require high-frequency sampling to be accurately assessed by direct measures of 

nutrients (e.g. Bende-Michl et al., 2013). 

 

   

   

Figure 7.3 The revised RHMP sampling procedures include assessing levels of fine deposited 
sediment on riverbeds using the (a) Quorer method and (b) Shuffle index. Excessive fine sediment 
can clog and smother the riverbed (see comparison of low and high levels of sediment in Figures c 
and d, respectively), which is detrimental to aquatic flora and fauna, and overall river health. 

 

  

(a) 

(b) 

(d) (c) 
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This review has shifted the focus of the RHMP to monitoring instream parameters that are 

likely to be impacted by catchment disturbances; however, the program will not routinely 

assess many important ecosystem components. Parameters that could be considered for 

infrequent monitoring at the network of sites include: geomorphologic character (TRCI 

method), nutrients, density of macroinvertebrates (TRCI method) and fish (TRCI method), 

and more rigorous assessments of riparian vegetation (TRCI method), detritus and aquatic 

macrophytes. It should be noted that baseline datasets and reference conditions for many of 

these additional parameters do not currently exist for Tasmanian rivers, and this limits their 

usefulness in bioassessments. 

7.4.2 Revised monitoring parameters and supporting analysis 

Macroinvertebrate sampling using AusRivAS protocols will continue to be a core component 

of the RHMP. This sampling will focus on riffle habitats in rivers with perennial flow regimes. 

In rivers with intermittent flow regimes, edgewater samples will be collected on all sampling 

occasions and riffle samples will also be collected when riffles have sufficient wetted habitat 

for kick-net sampling. 

A revised selection of 104 abiotic and biotic variables relating to sampling sites and habitat 

assessments that are to be recorded in the RHMP database for each sampling occasion is 

provided in Table 7.3. Of these variables, 26 describe the topography of sampling sites (and 

hence are fixed for sites), 46 relate to habitat within site reaches (100-m stretch of river) and 

32 relate to the specific habitat where macroinvertebrate samples are collected (10 m2 of 

benthic substrate). Sixty-four of the variables are to be measured/recorded in the field, with 

the remaining 38 variables being derived from desktop and/or laboratory work (Table 7.3). 

Furthermore, 57 variables were previously measured in RHMP, 34 variables are new to the 

program, and 11 variables are to be measured/estimated using revised methods (Table 7.3). 

The methods that are to be used to measure and record the revised selection of variables 

will be documented in updated field and laboratory manuals for the RHMP, following the 

completion of this review. This will help standardise the methods, and support training for 

staff within DPIPWE, external organisations, groups and individuals who adopt this new 

approach to assessing river health in Tasmania. 

It is envisaged that several of the largely-descriptive variables that were recorded previously 

at sites in the RHMP (e.g. Land.use.l, Aq.plant.c, Native.veg.comp) could be measured at 

new sites, or sites that have not been sampled for a long time (>10 years), to assist 

interpretation of results. These variables will continue to be stored in the RHMP database to 

enable this information to be collected and recorded where necessary in the future. 
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Table 7.3 Revised selection of abiotic and biotic variables relating to sampling sites and habitat assessments that are to be recorded in the RHMP database 
for each sampling occasion. Variables describe the topography of sampling sites, habitat within site reaches (100-m stretch of river) or habitat where 
macroinvertebrate samples are collected (10 m2 of benthic substrate). Where applicable, units are given in parentheses and category scores are in whole 
numbers inclusive of specified ranges. 

Variable Abbreviation Description and units Method of measurement Variable history 

Site topographic information 

Site number Habitat.no Site “habitat” number in database Desktop Existing 

Site code Site.c Site code (allocated by DPIPWE) Desktop Existing 

Site name Site.n Site name Field Existing 

Project Project Project description Desktop Existing 

Tasmap 1:100000 Tasmap.100 1:100000 map name Desktop Existing 

Tasmap 1:25000 Tasmap.25 1:25000 map name Desktop Existing 

Easting* Easting Easting coordinate Field/Desktop Existing 

Northing* Northing Northing coordinate Field/Desktop Existing 

Projection (datum) Projection Projection name Field/Desktop Existing 

Basin name Basin.n Basin drainage name Desktop Existing 

Basin number Basin.no Basin drainage number Desktop Existing 

Division name Division.n Drainage division name Desktop Existing 

Division number Division.no Drainage division number Desktop Existing 

Tas 48 catchment Tas.48 Tas 48 catchment name Desktop Existing 

Tas 48 catchment number Tas.48.n Tas 48 catchment number Desktop Existing 

NRM region NRM.r NRM region name Desktop Existing 

Site type Site.t Reference/Test Desktop Existing 

CFEV RS_ID RS.id River section ID from CFEV database Desktop Existing 

Elevation* Elevation Altitude of site (m a.s.l.) Desktop Existing 

Catchment area* Catchment.a (km2) Desktop Existing 

Bedslope* Bedslope Rise/run of river reach (m) Desktop Existing 

Stream class* Stream.c Strahler stream order from 1:100000 maps Desktop Existing 

Distance from source* Dist.s (km) Desktop Existing 
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Variable Abbreviation Description and units Method of measurement Variable history 

CFEV stream class Stream.c.cfev Strahler stream order from CFEV database Desktop Existing 

Channel orientation Channel.o Compass or spatial analyses (degrees) Field/Desktop New 

Site reach information (100 m reach) 

Site sample number Site.s.no “Site sample number” in database Desktop Existing 

Date Dt Date of sampling Field Existing 

Time Time Time of sampling Field Existing 

Collected by Habitat.sampler Person who assessed the reach Field Existing 

Season Season Spring/Autumn Desktop Existing 

Site photograph number Photo.no “Site photo number” in database Field Revised 

Sampling conditions Sampling.c Comments Field Existing 

Picking conditions Picking.c Comments Field Existing 

Overhanging vegetation* Veg.o Category score (0-4) Field Existing 

Canopy cover Canopy.c Densiometer (%) Field New 

Trailing bank vegetation* Veg.t Category score (0-4) Field Existing 

Average stream width*† Avg.stream.width (m) Field Existing 

Riffle area* Riffle.a (%) Field Existing 

Run area Run.a (%) Field Existing 

Pool area Pool.a (%) Field Existing 

Snag cover Snag.c (%) Field Existing 

Coarse woody debris CWD Category Field Existing 

Riparian vegetation cover* Rip.veg.c Category score (0-3) Field Existing 

Water temperature Temp (°C) Field Existing 

Conductivity* Cond (mS/cm) Field Existing 

Turbidity Turb (NTU) Field Existing 

Dissolved oxygen concentration DO.mgl (mg/L) Field Existing 

Dissolved oxygen Do.p (%) Field Existing 

pH pH - Field Existing 

Alkalinity Alka Field titration (mg CaCo3/L) Field Existing 
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Variable Abbreviation Description and units Method of measurement Variable history 

Suspendible sediment habitat Sediment.s.hab Run/Pool Field New 

Suspendible sediment depth† Sediment.s.dep Measured (mm) Field New 

Suspendible sediment† Sediment.s Quorer method (g/m2) Field/Laboratory New 

Entrained sediment depth† Sediment.e.dep Depth of shuffle tile (mm) Field New 

Entrained sediment velocity† Sediment.e.vel Velocity of over shuffle tile (category score (0-3)) Field New 

Entrained sediment† Sediment.e Shuffle index (category score (1-5)) Field New 

Algal habitat Algal.hab Riffle/run or Edgewater Field New 

Algal load† Algal.l Scour pad scraps (mg/m2) Field/Laboratory New 

Overall algal cover† Algal.c Bathyscope (%) Field/Desktop New 

Film cover† Algal.film.c Bathyscope (%) Field New 

Thin mat cover† Algal.thin.mat.c Algal mats <3 mm thick (bathyscope (%)) Field New 

Thick mat cover† Algal.thick.mat.c Algal mats >3 mm thick (bathyscope (%)) Field New 

Short filamentous cover† Algal.short.fil.c Filamentous algae <2 mm thick (bathyscope (%)) Field New 

Long filamentous cover† Algal.long.fil.c Filamentous algae >2 mm thick (bathyscope (%)) Field New 

Sludge cover† Algal.sludge.c Bathyscope (%) Field New 

Barren substrate cover† Algal.barren.c Substrate with no algae (bathyscope (%)) Field New 

Macrophyte cover† Macrophyte.c Bathyscope (%) Field New 

Moss cover† Moss.c Bathyscope (%) Field New 

Sediment cover† Sediment.c Bathyscope (%) Field New 

Comments - - Field Existing 

Site sampled habitat information (10 m2 of substrate) 

Habitat Habitat Riffle/Edgewater Field Existing 

Sampling method Sampling.m Comments Desktop Existing 

Sorting method Sorting.m Comments Desktop Existing 

Sorting effort Sorting.e Sorting time (min) Field Existing 

Organisation Org Organisation who sampled the site Desktop Existing 

Taxa sampled by Taxa.sampler Person who collected the sample Field Existing 

Taxa sorted by Taxa.sorter Person who sorted (picked) the sample Field Existing 
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Variable Abbreviation Description and units Method of measurement Variable history 

Taxa identified by Taxa.id Person who identified taxa in the sample Laboratory Existing 

Bedrock score† Bedrock.s Quadrat (category score (0-5)) Desktop Revised 

Boulder score*† Boulder.s Quadrat (category score (0-5)) Desktop Revised 

Cobble score*† Cobble.s Quadrat (category score (0-5)) Desktop Revised 

Pebble score† Pebble.s Quadrat (category score (0-5)) Desktop Revised 

Gravel score† Gravel.s Quadrat (category score (0-5)) Desktop Revised 

Sand score† Sand.s Quadrat (category score (0-5)) Desktop Revised 

Silt score† Silt.s Quadrat (category score (0-5)) Desktop Revised 

Clay score† Clay.s Quadrat (category score (0-5)) Desktop Revised 

Bedrock cover† Bedrock.c Quadrat (%) Field New 

Boulder cover† Boulder.c Quadrat (%) Field New 

Cobble cover† Cobble.c Quadrat (%) Field New 

Pebble cover† Pebble.c Quadrat (%) Field New 

Gravel cover† Gravel.c Quadrat (%) Field New 

Sand cover† Sand.c Quadrat (%) Field New 

Silt cover† Silt.c Quadrat (%) Field New 

Clay cover† Clay.c Quadrat (%) Field New 

Dominant substrate class Dom.sub Substrate type Desktop Existing 

Mean depth*† Depth Measured (cm) Field Revised 

Habitat macrophyte cover Habitat.mac Quadrat (category score (0-3)) Field New 

Habitat woody debris cover Habitat.wd Quadrat (category score (0-3)) Field New 

Habitat leaf pack/detritus cover Habitat.det Quadrat (category score (0-3)) Field Revised 

Habitat overhanging vegetation Habitat.ov Quadrat (category score (0-3)) Field New 

Habitat barren substrate Habitat.bs Quadrat (category score (0-3)) Field New 

Comments - - Field New 

                                *Used as a predictor variable in Tasmanian State-wide AusRivAS PA models (see Table 5.2). 

                                †Sampling method involves measurement of replicates at sites. 
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It is also recommended that a hydrological analysis be undertaken to classify Tasmanian 

catchments where riffle or edgewater habitats should be focused on in the revised RHMP 

sampling regime, and other samplings that follow the revised methods recommended by this 

review. 

7.5 River health rating and modelling 

7.5.1 Key issues and rationale 

The RHMP relies heavily on AusRivAS protocols for sampling and assessing river condition. 

Similar to other bioassessment systems (Nichols et al., 2010), AusRivAS uses a referential 

approach whereby comparisons are made between the structure of macroinvertebrate 

communities at test sites and what the expected structure is at the sites according to 

predictive models. For Tasmania, there are six State-wide AusRivAS presence/absence 

(PA) models based on 16 environmental predictor variables (5-9 predictor variables per 

model; Krasnicki et al., 2002). These AusRivAS PA models are for riffle and edgewater 

habitats in spring and autumn, and also combined seasons (i.e. combined spring and 

autumn data). In addition, there are three State-wide AusRivAS rank abundance (RK) 

models for riffle habitats in spring, autumn and combined seasons (Davies, 2002). 

It was envisaged at the outset of the RHMP that reference sites would continue to be 

monitored periodically and that the AusRivAS models would be refined to account for long-

term climatic effects (Davies, 1994). According to Nichols et al., (2017), shifting baselines 

associated with long-term environmental changes (climate change effects, landscape 

alterations such as salinisation and deforestation) need to be considered in bioassessment 

programs that use knowledge of reference conditions to set baselines. To date, some of the 

reference sites that were used to develop the Tasmanian AusRivAS models have continued 

to be monitored, but the predictive models have not been re-examined since their initial 

development. However, overall, most of the reference sites that have been monitored in the 

RHMP have maintained a relatively-stable condition between 1994 and 2016 (see 

chapter 6). Furthermore, average seasonal O/E scores for the reference sites for 2007-2016 

indicate that 94% and 87% of the sites have been equivalent to or above reference condition 

in spring and autumn, respectively. This indicates that broad-scale changes in reference 

condition have not occurred in Tasmanian rivers between 1994 and 2016. 

Therefore, at present, it is not necessary to update the current suite of Tasmanian AusRivAS 

models (AusRivAS PA models and AusRivAS RK models) to account for changes in 

reference condition. The current models provide a valuable baseline for assessing changes 

in macroinvertebrate communities and river condition, which is based on the condition of 

rivers across Tasmania between 1994 and 2000 (i.e. 1994-2000 is the reference period). 
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However, the validity of the Tasmanian AusRivAS models, and what improvements could be 

made to models using contemporary statistical methods (Reynoldson et al., 2012), could be 

re-assessed in future reviews of the RHMP, particularly if broad-scale shifts in the condition 

of reference sites occur (i.e. due to climatic influences). The continued sampling of reference 

sites in the RHMP will enable changes in reference conditions to be detected. 

The State-wide AusRivAS models should continue to be used to derive standardised river 

health ratings for samplings within the RHMP. In particular, the AusRivAS PA models 

(single-season and combined-season models (where possible)) should be the main tool 

used to analyse the results of all samplings within the program. In addition, the value of 

outputs from the State-wide AusRivAS RK models for riffle habitats should be further 

investigated. If the outputs from these models are found to be sufficiently informative, these 

models could also be used routinely to analyse data from samplings within the RHMP. 

The addition of new measures of benthic sediment and algal sampling to the RHMP provides 

an opportunity to develop additional State-wide datasets for variables relating to these 

ecosystem health indicators. The development of predictive models and condition-rating rule 

sets for benthic sediment and algae should be investigated after completion of at least two 

spring/autumn rounds of sampling. For benthic algae, the dataset that was used to develop 

the TRCI and its rule sets (NRM, 2009a; NRM, 2009c; NRM, 2009d) should be considered in 

this analysis. 

While the revised RHMP sampling regime will treat sites with intermittent and perennial flow 

regimes differently, it is acknowledged that defining the condition of rivers with intermittent 

flow regimes is challenging due to naturally-high variability in the state of these rivers (Chiu 

et al., 2017; Leigh et al., 2016). Because of this, it is recommended that the ability of riffle 

and edgewater macroinvertebrate sampling to detect climatic effects and catchment 

disturbances in intermittent Tasmanian rivers be examined. 

7.5.2 Revised river health rating and modelling 

It is recommended that predictive modelling and condition-rating rule sets continue to be 

used to assess river health at sites monitored in the RHMP. To do this, it is recommended 

that: 

 The current State-wide AusRivAS models (AusRivAS PA models and AusRivAS RK 

models) continue to be used as baselines for assessing changes in 

macroinvertebrate communities and river condition. 
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 The State-wide AusRivAS PA models (single-season and combined-season models 

(where possible/applicable)) continue to be used to derive standardised river health 

ratings for all samplings within the RHMP. 

 The value of outputs from the State-wide AusRivAS RK models for riffle habitats be 

further investigated. If the outputs from these models are found to be informative, 

these models could also be used to analyse data from samplings within the RHMP. 

 The value of updating the State-wide AusRivAS models be re-assessed in future 

reviews of the RHMP, particularly if broad-scale shifts in the condition of reference 

sites occur (i.e. due to climatic influences). 

 The development of predictive models and/or condition rating rule sets for benthic 

sediment and algae be investigated after two spring/autumn rounds of sampling of 

the revised RHMP have been completed. 

In addition, 

 The ability of riffle and edgewater macroinvertebrate sampling to detect climatic 

effects and catchment disturbances in intermittent Tasmanian rivers should be 

examined. 

 

7.6 RHMP database management and macroinvertebrate sample curation 

7.6.1 Key issues and rationale 

Maintaining the RHMP database is critical to the successful implemention and management 

of the program. Currently, the RHMP database uses a platform that was built using Microsoft 

Access (Krasnicki et al., 2002) and the database is stored on an internal DPIPWE server. 

This database contains AusRivAS sampling records for approximately 959 sites and 7288 

samplings, including 2679 records for samplings at the 60 existing long-term monitoring sites 

in the program. In addition to data collected by DPIPWE, the database contains AusRivAS 

data from samplings by other agencies that have been provided to DPIPWE periodically or 

collated by DPIPWE during various projects. The database also contains data associated 

with macroinvertebrate Surber sampling, fish sampling, and sampling of some components 

of the TRCI Aquatic Life Sub-index (NRM, 2009c). 

Analysis of data stored in the RHMP database during this review revealed issues with 

duplication, completeness and accuracy of records in the database. Some of these issues 

(especially duplication of variables) relate to the structure of the database, which has 

expanded and become more complex over time. However, most of these issues are likely to 
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have resulted from a lack of quality assurance and quality control (QA/QC) procedures 

relating to the recording of field data, and entry and storage of data in the database. For 

example, at present, field data are recorded on hard-copy data sheets and there are few 

built-in conditional controls in the RHMP database for the entry of variables (e.g. automated 

checks that ensure percent estimates sum to 100%). Furthermore, this review recommends 

that several new variables be measured in the program (section 7.4). Because of this, the 

structure of the RHMP database will need to be modified so that data associated with these 

new variables can be stored in the database. 

It is, therefore, timely that the approach to recording field data and storing the results of the 

RHMP be revised. To this effect, it is recommended that the use of an electronic system for 

recording field data be investigated. This system should be linked to the database and have 

conditional controls for the entry of variables. Information in the RHMP database should also 

be verified and rationalised, and migrated to a more stable platform (e.g. object-relational 

database such as an Oracle Database). In addition, making data in the database available 

online would facilitate public access to the results of the program and help DPIPWE meet 

the objectives of the Tasmanian Government Open Data Policy (eGovernment, 2016). 

To date, AusRivAS and river condition data from other agencies in Tasmania has been 

collated periodically, largely on an ad hoc basis, and included in the RHMP database. There 

are many benefits to having a centralised repository for such data in Tasmania, including 

secure data storage, broad-scale coverage of river condition information, data sharing, etc. 

For these reasons, this review recommends that DPIPWE advocate that other agencies in 

Tasmania that conduct AusRivAS and river condition sampling routinely provide their data to 

DPIPWE so that it can be included in the RHMP database. Where possible, informal/formal 

agreements regarding data-sharing should be developed to support this, especially where 

there are commercial or legal issues associated with river condition data. 

Macroinvertebrate samples that are collected during the RHMP are a key component of 

bioassessments that are associated with the program. These samples are typically identified 

to family/sub-family level (following AusRivAS protocols) during laboratory work that 

supports the RHMP. They are also a valuable resource that could be used for a range of 

purposes outside of the program (e.g. refining taxonomy of certain invertebrate groups). In 

recognition of this, macroinvertebrate samples associated with the RHMP are currently 

curated by DPIPWE (samples are collated for sites) and lodged with the Tasmanian 

Museum and Art Gallery (TMAG), Hobart. This benefits DPIPWE, with catalogued, long-term 

storage of the samples, and TMAG, with the provision of taxonomic material that delivers 

broad spatial and temporal coverage of important freshwater fauna of Tasmania. 
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7.6.2 Revised approach to managing RHMP database and macroinvertebrate curation 

The following recommendations are made for managing field data collection and the RHMP 

database, and curating macroinvertebrate samples collected by the program: 

 The development of an electronic system for recording field data, which integrates 

with the RHMP database, be investigated for the RHMP. 

 The content of the RHMP database be audited to ensure it is complete and accurate. 

 The structure of the RHMP database be modified so that data associated with new 

variables that are to be measured in the program (section 7.4) can be stored in the 

database. 

 Quality assurance and quality control (QA/QC) procedures be developed for 

maintaining the RHMP database. 

 Information in the RHMP database be migrated to a more stable platform (e.g. 

object-relational database, such as an Oracle Database), and that public access to 

these data be made available online. 

 DPIPWE advocate that other agencies in Tasmania that conduct AusRivAS and river 

condition sampling provide their data to DPIPWE so that it can be included in the 

RHMP database. Where possible, informal/formal agreements regarding data-

sharing should be developed to support this. 

 Macroinvertebrate samples that are collected during the RHMP continue to be 

curated and lodged with the Tasmanian Museum and Art Gallery (TMAG), Hobart. 

 

7.7 Approaches to analysing RHMP data 

7.7.1 Key issues and rationale 

Quantitative (Surber) sampling of macroinvertebrate communities is a very useful technique 

that provides rigorous estimates of community structure and abundance (density; number 

per unit area); however, Surber samples are time consuming to process. Comparisons 

between AusRivAS qualitative samples and quantitative (Surber) samples based on traits 

and community structure (and relative abundance) information show that AusRivAS samples 

detect similar responses to flow regimes (DPIPWE, 2014a) and impacts associated with 

agricultural land and water use (DPIPWE, 2014b; DPIPWE, 2016b) to those of quantitative 

samples. This supports the view that AusRivAS sampling provides reasonably robust 

information about macroinvertebrate community structure, despite being a rapid, qualitative 

method. 
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AusRivAS presence/absence (PA) model outputs (such as O/E score, SIGNAL score and 

impairment band ratings) are typically focused upon, when analysing results of the RHMP. 

These data have been used to summarise river health in previous standardised reporting of 

the results of the program at national (State of the Environment reporting; Harrison et al., 

2011), state (TasTogether 2020 plan; Tasmania Together, 2006) and catchment (e.g. State 

of Rivers Reports) scales. AusRivAS PA model outputs from the RHMP have also been 

found to be informative in studies investigating the effects of land use (Magierowski et al., 

2012) and hydrologic alterations (DPIPWE, 2014b; DPIPWE, 2016b; Hardie and Bobbi, 

2017) on macroinvertebrate community structure and river condition in Tasmania. Therefore, 

outputs from AusRivAS PA models should continue to be used to analyse results from the 

RHMP. 

AusRivAS PA models and AusRivAS rank abundance (RK) models can be used to analyse 

the results of sampling and laboratory processing of macroinvertebrates within the RHMP, 

as the sampling and laboratory protocols of the RHMP meet the data requirements of both 

modelling approaches (Davies, 2002; Krasnicki et al., 2002). However, to date AusRivAS RK 

models have not been used as widely as AusRivAS PA models for analysing results from the 

RHMP. Because of this, relative abundance information has not been routinely considered 

when using AusRivAS predictive modelling to assess the condition of sites. Hydro Tasmania 

often uses both AusRivAS PA models and AusRivAS RK models (Davies et al., 1999) to 

assess the condition of rivers influenced by hydro-electric infrastructure (B. Smith, Entura, 

pers. comm.). Furthermore, macroinvertebrate density estimates from quantitative sampling 

(Surber sampling) respond strongly to impacts of land use and water use in Tasmanian 

rivers in agricultural catchments (DPIPWE, 2014b; DPIPWE, 2016b). Therefore, outputs 

from the State-wide AusRivAS RK models (Davies, 2002) could complement those of the 

State-wide AusRivAS PA models by providing condition estimates based on relative 

abundance data from qualitative AusRivAS (kick-net) sampling. 

Single- and combined-season, State-wide AusRivAS PA and AusRivAS RK models have 

been developed for Tasmanian rivers (Davies, 2002; Krasnicki et al., 2002). The single-

season models are for sampling in spring and autumn, and the combined-season models 

require sampling to have occurred in both of these seasons. The use of combined-season 

AusRivAS models for rating the condition of sites was advocated during the development 

and testing of AusRivAS protocols. This was because combined-season sampling provides a 

more rigorous assessment of macroinvertebrate community structure at sites (with more 

predicted taxa being included in the combined-season models) and single-season samplings 

are more prone to errors associated with lower sampling effort (e.g. operator errors with 'live 

picking' samples, chance omissions of predicted taxa; Barmuta et al., 2003; Krasnicki et al., 
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2002). Barmuta et al., (2003) suggested that these issues are of particular concern in rivers 

with low natural diversity, such as rivers in South Australia or southern Western Australia. 

However, DPIPWE’s work in the Ringarooma River catchment (DPIPWE, 2014b; Hardie and 

Bobbi, 2017), and in rivers across Tasmania during the dry climatic period of 2015/16 

(DPIPWE, 2016b), indicates that impacted sites in agricultural catchments can have different 

states in spring and autumn. This work found that test sites in agricultural catchments are 

more susceptible to stressors associated with low flows during autumn (cf. spring) due to 

high sediment and algal loads on streambeds resulting from prolonged low flows during 

summer-autumn. Because of this, it is recommend that results from single-season AusRivAS 

models are used, at least in the first instance, when analysing results from the RHMP. 

While AusRivAS model outputs can be used to detect anthropogenic disturbances, several 

recent studies have used macroinvertebrate data from the RHMP, and AusRivAS sampling 

more broadly, to derive metrics that describe the composition of communities (e.g. 

taxonomic richness, percent EPT taxa, trait-based metrics such as the percent of taxa 

belonging to Flow Exposure Groups) and found these metrics to be highly informative 

(DPIPWE, 2014a; DPIPWE, 2014b; DPIPWE, 2016a; DPIPWE, 2016b; Hardie and Bobbi, 

2017; Magierowski et al., 

2012) (Box 7.2). For 

instance, during a dry 

climatic period in 2015/16, 

macroinvertebrate 

communities at sites with 

low and high levels of 

upstream agricultural land 

and water use had 

significant differences in 

taxonomic richness, 

%EPT, EPT richness, and 

%Obligates and 

%Avoiders (macroinvertebrates that require and avoid flow, respectively) according to 

univariate analyses (DPIPWE, 2016b). Multivariate analyses of these data also revealed 

differences between these groups of sites and indicated that benthic sediment and algal 

loads were associated with the poorer condition of the sites with higher levels of upstream 

agriculture (DPIPWE, 2016b). 

 

Box 7.2 Using traits to analyse AusRivAS data and 
assess river condition 

Historically, reporting of the findings of the RHMP has 
focused on the most simplified results of AusRivAS 
predictive modelling (Box 2.1): O/E scores, SIGNAL scores 
and impairment band ratings (bands X, A, B, C and D). While 
these results provide important information about river 
health, recent studies in Tasmania (and elsewhere in 
Australia) have shown that using traits to describe the 
composition of waterbug (Box 5.2) communities can 
potentially provide greater insight into the reasons for 
changes in river condition. For example, focusing on 
waterbug groups that need or avoid flowing water provides 
information about the direct effects of recent flow conditions 
on river health. 
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Therefore, it is recommended that, where possible, metrics that describe the composition of 

communities and their traits (e.g. taxonomic richness, percent EPT taxa, percent of taxa 

belonging to Flow Exposure Groups) be derived to complement AusRivAS model outputs in 

bioassessments using RHMP data. Using metrics other than those from AusRivAS models 

will also assist assessments of some sites in lowland rivers that are outside the experience 

of the AusRivAS models (due to a lack of suitable reference sites to develop the models). 

One of the key objectives of the RHMP is to provide river condition information that has the 

ability to detect temporal trends and climatic influences (section 7.1.2). Hence, monitoring to 

assess changes in river condition through time, using trend analysis, is an important aspect 

of the RHMP. The presence of increasing or decreasing trends at a monitoring site indicates 

that environmental conditions at the site are changing, which is likely to prompt river 

managers to examine the significance of the changes and their possible cause(s). 

Environmental data, such as those resulting from the RHMP, often have several inherent 

limitations (non-normal distributions, seasonality, missing values, etc.) that need to be 

accounted for in statistical procedures that focus on trend detection. Several methods are 

commonly employed for assessing temporal trends in environmental time series data, 

including moving averages, linear regression, and Mann-Kendall trend tests. Nonparametric 

Mann-Kendall or Seasonal Kendall trend tests (depending on the presence of seasonality in 

the data) provide a rigorous method for assessing the significance of trends, and can be 

coupled with the use of a Sen slope estimator to determine the magnitude of trends over 

time. This approach is commonly used to analyse trends in long-term water quality and 

environmental monitoring data (Helsel and Hirsch, 2002; Hirsch et al., 1982; Larned et al., 

2016). DPIPWE has trialled this approach to examine results of the RHMP (DPIPWE, 

unpublished data), and will use this method in the future to assess temporal trends at sites in 

the RHMP. 

As knowledge of the macroinvertebrate fauna of Tasmania (and Australia) expands, and 

new approaches to macroinvertebrate-based bioassessments are developed, it will be 

important to consider new strategies for analysing RHMP data. Depending on the purpose of 

the analysis, other strategies for analysing macroinvertebrate data from the RHMP include: 

 Examining taxa that were not expected at sites but were observed in samples, and 

missing taxa according to AusRivAS PA models to better understand alterations in 

community structure. 

 Focusing on other trait-based characteristics (morphological, life histories, etc.; see 

Hardie et al., 2012) and functional groups (e.g. Functional Feeding Groups; Read, 

1999). 
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 Calculating various diversity indices (local richness (α-diversity), regional richness (γ-

diversity), difference in composition between localities (β-diversity)) and using these 

to explore impacts at different spatial scales. 

 Excluding rare taxa from samples to help determine sites that are trending towards 

impacted states and explore the spatial extent of impacts in river systems. 

 Accounting for the effects of flow conditions at sites prior to sampling (i.e. antecedent 

flow conditions; DPIPWE, 2014a; DPIPWE, 2016a) when examining drivers of 

change in river health. 

 Examining site-specific differences in macroinvertebrate communities between 

samplings in spring and autumn to assess responses to periods of low flows. 

7.7.2 Recommended approaches to analysing RHMP data 

The following recommendations are made to guide analysis of RHMP data: 

 Outputs from State-wide AusRivAS presence/absence (PA) models, such as O/E 

score, SIGNAL score and impairment band ratings, continue to be used to assess 

river condition at sites in the RHMP. 

 The value of outputs from the State-wide AusRivAS rank abundance (RK) models for 

riffle habitats, such as O/E scores based on rank abundance data (O/Erk), be further 

investigated. 

 Where possible, in the first instance results from single-season (spring, autumn) 

sampling should be analysed instead of combined-season averages or combined-

season AusRivAS model results. 

 Where appropriate, in addition to AusRivAS model outputs, metrics relating to 

macroinvertebrate community structure and traits (e.g. taxonomic richness, percent 

EPT taxa, percent of taxa belong to Flow Exposure Groups) be derived from 

taxonomic data from macroinvertebrate samples and used to assess the condition of 

sites. Storing these additional metrics in the RHMP database should also be 

considered. 

 That non-parametric Mann-Kendall or Seasonal Kendall trend tests be used to 

assess the significance of temporal trends in RHMP data, and, where trends are 

present, the Sen slope estimator be used to determine the magnitude of trends over 

time. 



Review of the RHMP: Program Evaluation and Redirection 

98 

 That new statistical approaches to analysing results from the RHMP continue to be 

explored, especially when these data are used to address specific environmental or 

ecological questions. 

 

7.8 Reporting results of the RHMP and inter-agency communication 

7.8.1 Key issues and rationale 

Since 1994, the RHMP has generally been associated with external funding sources and/or 

programs with reporting requirements (section 2.1; Figure 2.1). Between 1994 and 2000, the 

RHMP was undertaken in accordance with components of the National River Health 

Program (NRHP), which resulted in several publications that documented the development 

of AusRivAS and the results of its use in the RHMP (e.g. Davies, 1994; Krasnicki et al., 

2002). Between 2001 and 2012, the RHMP was associated with the Tasmanian State 

Government’s TasTogether 2020 plan (Tasmania Together, 2006) and the results were used 

to assess the condition of rivers across Tasmania against ‘benchmarks’ set by this plan. 

In addition, between 1999 and 2003, data from the RHMP were used by DPIPWE to produce 

State of Rivers Reports (http://dpipwe.tas.gov.au/water/water-monitoring-and-

assessment/water-monitoring/surface-water-quality/state-of-rivers-reports, accessed 

3 October 2018). Similarly, between 2004 and 2008, DPIPWE prepared Waterways 

Monitoring Reports using the results from the RHMP (http://dpipwe.tas.gov.au/water/water-

monitoring-and-assessment/waterways-monitoring-reports, accessed 3 October 2018). Both 

of these types of reports provided platforms for DPIPWE to engage with stakeholders and 

the wider community about river health and management of water resources in Tasmania. 

It is widely recognised that regular and effective communication of the results of river health 

monitoring programs is critical to their success and ongoing support (Boulton, 1999; Bunn et 

al., 2010; Nichols et al., 2017). The results of the RHMP are frequently used by DPIPWE 

(and other agencies) to assess the condition of rivers in selected catchments (e.g. Water 

Management Plan areas); however, regular reporting of the results of the program has not 

occurred in recent years. 

Regular analysis of the results across the RHMP network of sites would support DPIPWE 

with its surveillance of river condition in Tasmania and assessments of the effects of varying 

flow conditions (e.g. low flows, floods), and land and water management practices. 

Importantly, this would enable DPIPWE to monitor trends in condition more closely and to 

detect and report any sudden changes in river health. Within DPIPWE, regular reporting of 

the findings of RHMP would be of interest to water planners and managers, and operational 
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staff, and will provide important ecological information to support reporting obligations for 

Water Management Plans. More broadly, disseminating the results of the RHMP to other 

agencies, stakeholders (e.g. farmers, water users, natural resource managers, anglers, etc.) 

and the public would help DPIPWE engage with different sectors regarding river health and 

management. 

7.8.2 Recommendations for communicating results of the RHMP 

The results of the RHMP should be analysed regularly and documented to communicate the 

results within the Water and Marine Resources Division of DPIPWE and to other agencies, 

stakeholders and the community. To do this, it is recommended that: 

 A communication plan for the RHMP be developed by DPIPWE to guide analysis, 

presentation and communication of the program’s findings. 

 In accordance with this communication plan, data from the RHMP are analysed after 

each spring/autumn sampling round, and the results are documented and provided to 

relevant agencies, stakeholders and the wider community. 

 

7.9 RHMP future considerations 

7.9.1 Key issues and rationale 

While the structure of the RHMP has been altered occasionally during its 23-year history, it 

has not been formally reviewed until now. Clearly, there is a need for the program’s structure 

to be reviewed periodically to determine if minor amendments are necessary; thus, this 

review has recommended important adjustments be made to the selection of monitoring 

sites and to the parameters that are measured. Moreover, this review demonstrates the 

value of thorough reviews of the program to ensure it aligns with changes in water 

management and policy, alterations in land and water use patterns, and scientific 

developments that relate to the program. 

While this review recommends that some new parameters (e.g. streambed suspendible 

sediment and algal cover) be routinely measured in the RHMP (section 7.4), there is scope 

for the program to be even more holistic in its approach to river condition assessment by 

including additional variables. Several other important ecosystem components, known to be 

influenced by catchment activities, could be considered for infrequent monitoring at the 

network of sites, including: geomorphologic character, daily fluctuations in water temperature 

and dissolved oxygen concentrations, stream metabolism, nutrient regimes and fish 

communities, and more rigorous assessments of riparian vegetation, aquatic macrophytes 

and detritus. It is acknowledged that the inclusion of measurements of any of these 
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parameters in the RHMP will depend on the need for information about these ecosystem 

components at a broad-scale (cf. measurements of these variables in specific catchments) 

and on resource constraints within DPIPWE. 

Taxonomic identification of macroinvertebrates is an important part of processing field 

samples that are collected in the RHMP, but it is also time consuming and requires 

specialised training. DNA sequencing techniques, such as DNA barcoding (Hebert et al., 

2003), are emerging as an alternative to traditional taxonomic identification of biota including 

macroinvertebrates (Carew et al., 2013; Hajibabaei et al., 2011; Keck et al., 2017). Coupled 

with next-generation sequencing (NGS) and DNA barcode databases, DNA barcoding has 

the potential to revolutionise biomonitoring programs by providing rapid, species-level 

identification of samples from biological communities (Baird and Hajibabaei, 2012; 

McInerney and Rees, 2018). However, currently a DNA barcode database does not exist for 

Australia’s freshwater macroinvertebrate fauna (Carew et al., 2017), and this approach to 

identification may be more costly than traditional taxonomic methods (Stein et al., 2014). It 

should also be noted that incorporating data from DNA barcoding of macroinvertebrate 

samples into the RHMP is likely to require different analytical approaches to determine river 

condition (Keck et al., 2017). Notwithstanding these issues, advances in DNA barcoding and 

the applicability of this method to the RHMP should be considered in future reviews of the 

program. 

7.9.2 Recommended future considerations 

To ensure the RHMP remains up-to-date with advances in river health science and 

continues to be relevant to DPIPWE’s management of inland water resources in Tasmania, it 

is recommended that: 

 The RHMP is reviewed every 10 years in light of changes in water management and 

policy, alterations in land and water use patterns, and scientific developments that 

relate to the program. 

 In between 10-yearly reviews of the RHMP, the structure of the program be checked 

periodically, following regular reporting of the results of the program (section 7.8.2), 

and minor adjustments made if necessary (e.g. addition of new sites to the program 

to support water planning). 

 DPIPWE consider including other measures of habitat quality (e.g. temperature and 

nutrient regimes) and sampling of other biological communities (e.g. fish, riparian 

vegetation) in the program at appropriate monitoring frequencies, if and when 

resources allow for this. 
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 The use of genetic sequencing techniques (e.g. DNA barcoding) for taxonomic 

identification of macroinvertebrate samples be considered in future reviews of the 

RHMP. 

 

7.10 Summary of review recommendations 

The recommendations of this review are collated in Table 7.4. This revision of the RHMP 

considers current resources within DPIPWE for running the program. The recommendations 

of the review are achievable; however, approximate timeframes in Table 7.4 may vary due to 

changes in work programs within DPIPWE. 

In summary, the key recommendations of this review are as follows: 

 The formal purpose of the RHMP is to provide long-term, broad-scale monitoring of 

river health across Tasmania. 

 A revised selection of 53 sites (43 test sites and 10 reference sites) will be monitored 

in the RHMP, whereas 60 sites (29 test sites and 31 reference sites) have been 

monitored historically (1994-2016). 

 Monitoring of river condition at all sites will be conducted biennially (every two years) 

in spring and autumn, and additional sampling will be undertaken if warranted. 

 A revised selection of 104 physical and biological variables will be recorded in the 

RHMP database for each sampling occasion. 

 Currently, there is no need to revise the existing State-wide AusRivAS models and 

these models will continue to be used as baselines for assessing changes in river 

condition. 

 In the short-term, the existing RHMP database be maintained, and in the long-term, 

the migration of information in the RHMP database to a more stable, online platform 

will be investigated. 

 River condition at sites in the RHMP will be assessed using outputs from State-wide 

AusRivAS models, and other metrics that describe macroinvertebrate communities 

(e.g. trait-based metrics) and habitat quality. 

 A communication plan for the RHMP be developed to guide analysis, presentation 

and communication of the program’s findings. 
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 The RHMP will be reviewed every 10 years in light of changes in water management 

and policy, and the design of the program will be adjusted periodically (e.g. addition 

of new sites), where necessary, during its implementation. 
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Table 7.4 Summary of recommendations of this review and priorities for managing and undertaking the RHMP. See sections 7.1-7.9 for further information 
about the recommendations. Note approximate timeframes are subject to changes in work programs within DPIPWE and the availability of resources to act 
on recommendations. 

Category No. Recommendation Priority Approximate timeframe 

Purpose of the RHMP 1 The purpose of the RHMP is to provide long-term, broad-scale monitoring of river health across Tasmania. 
The RHMP will be undertaken in accordance with this purpose and the program’s objectives. 

High Autumn 2018 onwards 

Monitoring sites 2 Monitoring of river condition will be undertaken at a revised selection of 53 sites, which comprise 43 test 
sites and 10 regional reference sites. 

High Autumn 2018 onwards 

Monitoring timing and 
frequency 

3 Monitoring of river condition will be conducted biennially in spring and autumn, and additional sampling will 
be undertaken during the ‘in between’ spring and autumn if extreme climatic (and flow) conditions occur (or 
other circumstances warrant additional monitoring). 

High Autumn 2018 onwards 

Monitored parameters 4 A revised selection of 104 abiotic and biotic variables relating to sampling sites and habitat assessments 
are to be recorded in the RHMP database for each sampling occasion. 

High Autumn 2018 onwards 

 5 Macroinvertebrate sampling using AusRivAS protocols will be undertaken in riffle habitats in rivers with 
perennial flow regimes on all sampling occasions. 

High Autumn 2018 onwards 

 6 In rivers with intermittent flow regimes, macroinvertebrate sampling using AusRivAS protocols will be 
undertaken in edgewater habitats on all sampling occasions and riffle samples will also be collected when 
riffles have sufficient wetted habitat for kick-net sampling. 

High Autumn 2018 onwards 

 7 A hydrological analysis be undertaken to classify Tasmanian catchments where riffle or edgewater habitats 
should be focused on in the revised RHMP sampling regime, and other samplings that follow the revised 
methods that are recommended by this review. 

Moderate Deadline: June 2019 

 8 Parameters that could be considered for infrequent monitoring at the network of sites include: 
geomorphologic character, daily fluctuations in water temperature and dissolved oxygen concentrations, 
stream metabolism, nutrient regimes and fish communities, and more rigorous assessments of riparian 
vegetation, detritus and aquatic macrophytes. 

Low NA 

 9 The methods that will to be used to measure and record the revised selection of variables in the RHMP will 
be documented in updated field and laboratory manuals. 

Moderate Deadline: December 2019 

 10 Descriptive variables that were previously recorded at sites in the RHMP could be measured at new sites, 
or sites that have not been sampled for a long time (>10 years) to assist interpretation of results. 

Low NA 

River health rating and 
modelling 

11 The current State-wide AusRivAS models (AusRivAS PA models and AusRivAS RK models) continue to 
be used as baselines for assessing changes in macroinvertebrate communities and river condition. 

High Autumn 2018 onwards 

 12 The State-wide AusRivAS PA models (single-season and combined-season models (where 
possible/applicable)) continue to be used to derive standardised river health ratings for all samplings within 
the RHMP. 

High Autumn 2018 onwards 

 13 The value of outputs from the State-wide AusRivAS RK models for riffle habitats be further investigated. If 
the outputs from these models are found to be informative, these models could also be routinely used to 
analyse data from samplings within the RHMP. 

Moderate Deadline: June 2019 
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Category No. Recommendation Priority Approximate timeframe 

 14 The value of updating the State-wide AusRivAS models be re-assessed in future reviews of the RHMP, 
particularly if broad-scale shifts in the condition of reference sites occur (i.e. due to climatic influences). 

Low 2028 

 15 The development of predictive models and/or condition rating rule sets for benthic sediment and algae be 
investigated after two spring/autumn rounds of sampling of the revised RHMP have been completed. 

Moderate 2020 

 16 The ability of riffle and edgewater macroinvertebrate sampling to detect climatic effects and catchment 
disturbances in intermittent Tasmanian rivers be examined. 

Moderate Deadline: June 2019 

RHMP database management 
and macroinvertebrate sample 
curation 

17 The development of an electronic system for recording field data, which integrates with the RHMP 
database, be investigated for the RHMP. 

Moderate NA 

 18 The content of the RHMP be audited to ensure it is complete and accurate. High Deadline: June 2019 

 19 The structure of the RHMP database be modified so that data associated with new variables that will be 
measured in the program can be stored in the database. 

High Deadline: June 2019 

 20 Quality assurance and quality control (QA/QC) procedures be developed for maintaining the RHMP 
database. 

High Deadline: June 2019 

 21 Information in the RHMP database be migrated to a more stable platform (e.g. object-relational database 
such as an Oracle Database), and that public access to these data be made available online. 

High NA 

 22 DPIPWE advocate that other agencies in Tasmania that conduct AusRivAS and river condition sampling 
provide their data to DPIPWE so that it can be included in the RHMP database. Where possible, 
informal/formal agreements regarding data sharing should be developed to support this. 

High Deadline: June 2019 

 23 Macroinvertebrate samples that are collected during the RHMP continue to be curated and lodged with the 
Tasmanian Museum and Art Gallery (TMAG), Hobart. 

Moderate Autumn 2018 onwards 

Approaches to analysing RHMP 
data 

24 Outputs from State-wide AusRivAS presence/absence (PA) models, continue to be used to assess river 
condition at sites in the RHMP. 

High Autumn 2018 onwards 

 25 The value of outputs from the State-wide AusRivAS rank abundance (RK) models for riffle habitats be 
further investigated. 

Moderate Deadline: June 2019 

 26 Where possible, in the first instance results from single-season (spring, autumn) sampling should be 
analysed instead of combined-season averages or combined-season AusRivAS model results. 

High Autumn 2018 onwards 

 27 Where appropriate, in addition to AusRivAS model outputs, metrics relating to macroinvertebrate 
community structure and traits be derived from taxonomic data from macroinvertebrate samples and used 
to assess the condition of sites. Storing these additional metrics in the RHMP database should also be 
considered. 

High Autumn 2018 onwards 

 28 That non-parametric Mann-Kendall or Seasonal Kendall trend tests be used to assess the significance of 
temporal trends in RHMP data, and, where trends are present, the Sen slope estimator is used to 
determine the magnitude of trends over time. 

High Autumn 2018 onwards 
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Category No. Recommendation Priority Approximate timeframe 

 29 New approaches to analysing results from the RHMP continue to be explored, especially when these data 
are used for new applications. 

Low Autumn 2018 onwards 

Reporting results of RHMP and 
inter-agency communication 

30 A communication plan for the RHMP be developed by DPIPWE to guide analysis, presentation and 
communication of the program’s findings. 

High Deadline: June 2019 

 31 In accordance with this communication plan, data from the RHMP are analysed after each spring/autumn 
sampling round, and the results are documented and provided to relevant agencies, stakeholders and the 
wider community. 

High June 2019 onwards 

RHMP future considerations 32 The RHMP is reviewed every 10 years in light of changes in water management and policy, alterations in 
land and water use patterns, and scientific developments that relate to the program. 

High 2028 

 33 In between 10-yearly reviews of the RHMP, the structure of the program be periodically checked following 
regular reporting of the results of the program, and that minor adjustments to program be made if 
necessary (e.g. addition of new sites to the program to support water planning). 

Moderate Autumn 2018 onwards 

 34 DPIPWE consider including other measures of habitat quality (e.g. nutrient concentrations) and sampling of 
other biotic communities (e.g. fish, riparian vegetation) in the program at appropriate monitoring 
frequencies if and when resources allow for this 

Low NA 

 35 The use of genetic sequencing techniques (e.g. DNA barcoding) for taxonomic identification of 
macroinvertebrate samples be considered in future reviews of the RHMP. 

Low NA 

 

 



Review of the RHMP: Program Evaluation and Redirection 

106 

8. References 

Allan, J. D. (2004). Landscapes and riverscapes: The influence of land use on stream 
ecosystems. Annual Review of Ecology, Evolution, and Systematics 35: 257-384. 

Allan, J. D., Yuan, L. L., Black, P., Stockton, T. O. M., Davies, P. E., Magierowski, R. H. & 
Read, S. M. (2012). Investigating the relationships between environmental stressors 
and stream condition using Bayesian belief networks. Freshwater Biology 57: 58-73. 

Anderson, D., Moggridge, H., Shucksmith, J. D. & Warren, P. H. (2017). Quantifying the 
impact of water abstraction for low head ‘run of the river’ hydropower on localized 
river channel hydraulics and benthic macroinvertebrates. River Research and 
Applications 33: 202-213. 

Baird, D. J. & Hajibabaei, M. (2012). Biomonitoring 2.0: a new paradigm in ecosystem 
assessment made possible by next-generation DNA sequencing. Molecular Ecology 
21: 2039-2044. 

Barmuta, L. A., Chessman, B. C. & Hart, B. T. (1998). Interpreting the outputs from 
AUSRIVAS. Occasional Paper 02/98. Land and Water Resources Research and 
Development Corporation, Canberra, ACT. 

Barmuta, L. A., Emmerson, L. & Otahal, P. (2001). Australian River Assessment System: 
AusRivAS Errors Analysis (Phase I Final Report). Monitoring River Health Initiative. 
Technical Report Number 25. Environment Australia, Canberra, ACT. 

Barmuta, L. A., Emmerson, L. & Otahal, P. (2003). The sensitivity of AUSRIVAS to variations 
of input values, low natural diversity, and temporal variation. Final Report for 
AusRivAS Toolbox Project TB1. Environment Australia, Canberra, ACT. 

Beeton, R. J. S., Buckley, K. I., Jones, G. J., Morgan, D., Reichelt, R. E. & Trewin, D. (2006). 
Australia State of the Environment 2006. Independent report to the Australian 
Government Minister for the Environment and Heritage, Department of the 
Environment and Heritage. Canberra, ACT. 

Bende-Michl, U., Verburg, K. & Cresswell, H. P. (2013). High-frequency nutrient monitoring 
to infer seasonal patterns in catchment source availability, mobilisation and delivery. 
Environmental Monitoring and Assessment 185: 9191-9219. 

Biggs, B. J. F. & Kilroy, C. (2000). Stream Periphyton Monitoring Manual. NIWA, 
Christchurch, New Zealand. 

Birk, S., Bonne, W., Borja, A., Brucet, S., Courrat, A., Poikane, S., Solimini, A., van de Bund, 
W., Zampoukas, N. & Hering, D. (2012). Three hundred ways to assess Europe's 
surface waters: An almost complete overview of biological methods to implement the 
Water Framework Directive. Ecological Indicators 18: 31-41. 

Boulton, A. J. (1999). An overview of river health assessment: philosophies, practice, 
problems and prognosis. Freshwater Biology 41: 469-479. 

Boulton, A. J., Brock, M. A., Robson, B. J., Ryder, D. S., Chambers, J. M. & Davis, J. A. 
(2014). Australian Freshwater Ecology: Processes and Management, John Wiley & 
Sons: Oxford, UK. 

Brooks, A. J., Chessman, B. C. & Haeusler, T. (2011). Macroinvertebrate traits distinguish 
unregulated rivers subject to water abstraction. Journal of the North American 
Benthological Society 30: 419-435. 

Bunn, S. E., Abal, E. G., Smith, M. J., Choy, S. C., Fellows, C. S., Harch, B. D., Kennard, M. 
J. & Sheldon, F. (2010). Integration of science and monitoring of river ecosystem 



Review of the RHMP: Program Evaluation and Redirection 

107 

health to guide investments in catchment protection and rehabilitation. Freshwater 
Biology 55: 223-240. 

Bunn, S. E. & Davies, P. M. (2000). Biological processes in running waters and their 
implications for the assessment of ecological integrity. Hydrobiologia 422/423: 61-70. 

Burrows, R. M., Fellman, J. B., Magierowski, R. H. & Barmuta, L. A. (2013). Allochthonous 
dissolved organic matter controls bacterial carbon production in old-growth and 
clearfelled headwater streams. Freshwater Science 32: 821-836. 

Burrows, R. M., Magierowski, R. H., Fellman, J. B., Clapcott, J. E., Munks, S. A., Roberts, 
S., Davies, P. E. & Barmuta, L. A. (2014). Variation in stream organic matter 
processing among years and benthic habitats in response to forest clearfelling. 
Forest Ecology and Management 327: 136-147. 

Buss, D. F., Carlisle, D. M., Chon, T.-S., Culp, J., Harding, J. S., Keizer-Vlek, H. E., 
Robinson, W. A., Strachan, S., Thirion, C. & Hughes, R. M. (2015). Stream 
biomonitoring using macroinvertebrates around the globe: a comparison of large-
scale programs. Environmental Monitoring and Assessment 187: 4132. 

Carew, M. E., Nichols, S. J., Batovska, J., St Clair, R., Murphy, N. P., Blacket, M. J. & 
Shackleton, M. E. (2017). A DNA barcode database of Australia’s freshwater 
macroinvertebrate fauna. Marine and Freshwater Research 68: 1788-1802. 

Carew, M. E., Pettigrove, V. J., Metzeling, L. & Hoffmann, A. A. (2013). Environmental 
monitoring using next generation sequencing: rapid identification of 
macroinvertebrate bioindicator species. Frontiers in Zoology 10: 45. 

CFEV (2005). Conservation of Freshwater Ecosystem Values Project Database. Version 1.0 
(periodic updating). Water Resources Division. Department of Primary Industries and 
Water, Hobart, Tasmania. 

Chessman, B. C. (1986). Dietary studies of Aquatic insects from two Victorian rivers. Marine 
and Freshwater Research 37: 129-146. 

Chessman, B. C. (1995). Rapid assessment of rivers using macroinvertebrates: A procedure 
based on habitat-specific sampling, family level identification and a biotic index. 
Australian Journal of Ecology 20: 122-129. 

Chessman, B. C. (2003a). New sensitivity grades for Australian river macroinvertebrates. 
Marine and Freshwater Research 54: 95-103. 

Chessman, B. C. (2003b). SIGNAL 2 – A Scoring System for Macro-invertebrate (‘Water 
Bugs’) in Australian Rivers. Monitoring River Heath Initiative Technical Report No. 
31. Commonwealth of Australia, Canberra, ACT, Australia. 

Chessman, B. C. (2009). Climatic changes and 13-year trends in stream macroinvertebrate 
assemblages in New South Wales, Australia. Global Change Biology 15: 2791-2802. 

Chessman, B. C. (2015). Relationships between lotic macroinvertebrate traits and responses 
to extreme drought. Freshwater Biology 60: 50-63. 

Chiu, M.-C., Leigh, C., Mazor, R., Cid, N. & Resh, V. (2017). Chapter 5.1 - Anthropogenic 
Threats to Intermittent Rivers and Ephemeral Streams. Intermittent Rivers and 
Ephemeral Streams, N. Bonada & A. Boulton (eds.). Academic Press: London, UK; 
pp. 433-454.  

Clapcott, J. E. & Barmuta, L. A. (2010a). Forest clearance increases metabolism and organic 
matter processes in small headwater streams. Journal of the North American 
Benthological Society 29: 546-561. 



Review of the RHMP: Program Evaluation and Redirection 

108 

Clapcott, J. E. & Barmuta, L. A. (2010b). Metabolic patch dynamics in small headwater 
streams: exploring spatial and temporal variability in benthic processes. Freshwater 
Biology 55: 806-824. 

Clapcott, J. E., Collier, K. J., Death, R. G., Goodwin, E. O., Harding, J. S., Kelly, D., 
Leathwick, J. R. & Young, R. G. (2012). Quantifying relationships between land-use 
gradients and structural and functional indicators of stream ecological integrity. 
Freshwater Biology 57: 74-90. 

Clapcott, J. E., Goodwin, E. O., Young, R. G. & Kelly, D. J. (2014). A multimetric approach 
for predicting the ecological integrity of New Zealand streams. Knowledge and 
Management of Aquatic Ecosystems 415: 1-10. 

Clapcott, J. E., Young, R. G., Goodwin, E. O. & Leathwick, J. R. (2010). Exploring the 
response of functional indicators of stream health to land-use gradients. Freshwater 
Biology 55: 2181-2199. 

Clapcott, J. E., Young, R. G., Harding, J. S., Matthaei, C. D., Quinn, J. M. & Death, R. G. 
(2011). Sediment Assessment Methods: Protocols and guidelines for assessing the 
effects of deposited fine sediment on in-stream values. Cawthron Institute, Nelson, 
New Zealand. 

Collier, K. J., Clapcott, J. E., Duggan, I. C., Hamilton, D. P., Hamer, M. & Young, R. G. 
(2013). Spatial variation of structural and functional indicators in a large New Zealand 
river. River Research and Applications 29: 1277-1290. 

Coysh, J., Nichols, S., Ransom, G., Simpson, J., Norris, R., Barmuta, L. & Chessman, B. 
(2000). AUSRIVAS Macroinvertebrate Bioassessment Predictive Modelling Manual. 
CRC for Freshwater Ecology, University of Canberra, ACT. 

Davies, P. (1994). National River Processes and Management Program Monitoring River 
Health Initiative: River Bioassessment Manual. Commonwealth Environmental 
Protection Agency, Canberra, ACT. 

Davies, P. & Cook, L. (2014a). Copper mines of Tasmania, stream biota monitoring 
program: 2013 report. Report for Copper Mines of Tasmania Pty Ltd. Freshwater 
Systems, Hobart, Tasmania. 

Davies, P. E. (2000). Development of a national river bioassessment system (AUSRIVAS) in 
Australia. Assessing the Biological Quality of Freshwaters: RIVPACS and Other 
Techniques, J. F. Wright, D. W. Sutcliffe & M. T. Furse (eds.). Freshwater Biological 
Association: Ambelside, UK; pp. 113-124.  

Davies, P. E. (2002). Development of rank abundance based AUSRIVAS models for river 
bioassessment in Tasmania. Freshwater Systems, Hobart, Tasmania. 

Davies, P. E. & Cook, L. S. J. (2001). Gordon River Macroinvertebrate and Aquatic Mammal 
Assessment. Technical Report for Basslink Integrated Impact Assessment 
Statement. Report No. HT7. Freshwater Systems, Hobart, Tasmania. 

Davies, P. E. & Cook, L. S. J. (2014b). Benthic macroinvertebrate monitoring ASC salmon 
standard compliance assessment: Saltas Florentine Hatchery. Freshwater Systems, 
Hobart, Tasmania. 

Davies, P. E., Cook, L. S. J., Mallick, S. A. & Munks, S. A. (2016). Relating upstream forest 
management to stream ecosystem condition in middle catchment reaches in 
Tasmania. Forest Ecology and Management 362: 142-155. 

Davies, P. E., Cook, L. S. J., McIntosh, P. D. & Munks, S. A. (2005). Changes in stream 
biota along a gradient of logging disturbance, 15 years after logging at Ben Nevis, 
Tasmania. Forest Ecology and Management 219: 132-148. 



Review of the RHMP: Program Evaluation and Redirection 

109 

Davies, P. E., Cook, L. S. L. & McKenny, C. E. (1999). The influence of changes in flow 
regime on aquatic biota and habitat downstream of hydro electric dams and power 
stations in Tasmania. Hydro Technical Report No. 95/034. The Hydro-Electric 
Corporation, Hobart, Tasmania. 

Davies, P. E., Harris, J. H., Hillman, T. J. & Walker, K. F. (2010). The Sustainable Rivers 
Audit: assessing river ecosystem health in the Murray-Darling Basin, Australia. 
Marine and Freshwater Research 61: 764-777. 

Davies, P. E. & Nelson, M. (1993). The effect of steep slope logging on fine sediment 
infiltration into the beds of ephemeral and perennial streams of the Dazzler Range, 
Tasmania, Australia. Journal of Hydrology 150: 481-504. 

Davies, P. E. & Nelson, M. (1994). Relationships between riparian buffer widths and the 
effects of logging on stream habitat, invertebrate community composition and fish 
abundance. Australian Journal of Marine and Freshwater Research 45: 1289-1305. 

DPIF (1996). South Esk Basin State of Rivers Report. Technical Report No. WRA 96/02. 
Department of Primary Industry and Fisheries, Hobart, Tasmania. 

DPIPWE (2009). An evaluation of the environmental water release from Parangana Dam to 
the lower Mersey River (1999 to 2009). Water Assessment Aquatic Ecology Report 
Series. Report No. WA 09/09. Water and Marine Resources Division. Department of 
Primary Industries, Parks, Water and Environment, Hobart, Tasmania. 

DPIPWE (2010). Tasmanian Environmental Flows (TEFlows) Project Technical Report. 
Water Assessment Aquatic Ecology Report Series. Report No. WA 09/10. Water and 
Marine Resources Division. Department of Primary Industries, Parks, Water and 
Environment, Hobart, Tasmania. 

DPIPWE (2012). Aquatic bioassessment of the Savage River catchment. Water Assessment 
Aquatic Ecology Report Series. Report No. WA 12/02. Water and Marine Resources 
Division. Department of Primary, Industries, Parks, Water and Environment, Hobart, 
Tasmania. 

DPIPWE (2014a). Biophysical character of rivers in the Arthur River catchment. Water 
Assessment Aquatic Ecology Report Series. Report No. WA 14/02. Water and 
Marine Resources Division. Department of Primary Industries, Parks, Water and 
Environment, Hobart, Tasmania. 

DPIPWE (2014b). Condition of rivers in the Ringarooma River catchment and impacts of 
water use. Water Assessment Aquatic Ecology Report Series. Report No. WA 14/01. 
Water and Marine Resources Division. Department of Primary, Industries, Parks, 
Water and Environment, Hobart, Tasmania. 

DPIPWE (2014c). Ringarooma River Catchment Water Management Plan. Water and 
Marine Resources Division, Department of Primary Industries, Parks, Water and 
Environment, Hobart, Tasmania. 

DPIPWE (2016a). Eco-hydrological assessment to inform the review of the River Clyde 
Water Management Plan 2005. Water Assessment Aquatic Ecology Report Series. 
Report No. WA 16/02. Water and Marine Resources Division. Department of Primary, 
Industries, Parks, Water and Environment, Hobart, Tasmania. 

DPIPWE (2016b). Effects of dry climatic conditions during 2015/16 on rivers in Tasmania. 
Water Assessment Aquatic Ecology Report Series. Report No. WA 16/04. Water and 
Marine Resources Division. Department of Primary, Industries, Parks, Water and 
Environment, Hobart, Tasmania. 

DPIPWE (2017). Growing Tasmanian Agriculture – Research, Development and Extension 
for 2050: Green Paper May 2017. Department of Primary, Industries, Parks, Water 
and Environment, Hobart, Tasmania. 



Review of the RHMP: Program Evaluation and Redirection 

110 

DPIW (2008a). Conservation of Freshwater Ecosystem Values (CFEV) Project Technical 
Report. Conservation of Freshwater Ecosystem Values Program. Department of 
Primary Industries and Water, Hobart, Tasmania. 

DPIW (2008b). River Health of the Macquarie River Catchment. WA 08/53. Department of 
Primary Industries and Water, Hobart, Tasmania. 

DPIW (2009). Annual Waterways Report: Upper Derwent Catchment. Water Assessment 
Branch, Department of Primary Industries and Water, Hobart, Tasmania. 

DPIWE (2003). State of the River Report for the Duck River Catchment. Technical report No. 
WAP 03/08. Department of Primary Industries, Water and Environment, Hobart, 
Tasmania. 

eGovernment, O. o. (2016). Tasmanian Government Open Data Policy. Department of 
Premier and Cabinet, Hobart, Tasmania. 

Furse, M. T., Moss, D., Wright, J. F. & Armitage, P. D. (1984). The influence of seasonal and 
taxonomic factors on the ordination and classification of running-water sites in Great 
Britain and on the prediction of their macro-invertebrate communities. Freshwater 
Biology 14: 257-280. 

Gooderham, J. & Tsyrlin, E. (2002). The Waterbug Book: A Guide to the freshwater 
Macroinvertebrates of Temperate Australia, CSIRO Publishing: Melbourne. 

Govenor, H., Krometis, L. A. H. & Hession, W. C. (2017). Invertebrate-based water quality 
impairments and associated stressors identified through the US Clean Water Act. 
Environmental Management 60: 598-614. 

Growns, I. O. & Davis, J. A. (1994). Longitudinal changes in near-bed flows and 
macroinvertebrate communities in a Western Australian stream. Journal of the North 
American Benthological Society 13: 417-438. 

Hajibabaei, M., Shokralla, S., Zhou, X., Singer, G. A. C. & Baird, D. J. (2011). Environmental 
barcoding: a next-generation sequencing approach for biomonitoring applications 
using river benthos. PLoS One 6: e17497. 

Hardie, S. A. & Bobbi, C. J. (2016). Compounding effects of agricultural land use and water 
use in free-flowing rivers: confounding issues for water management. Paper 26585. 
Proceedings of the 11th International Symposium on Ecohydraulics (eds J. A. Webb, 
J. F. Costelloe, R. Casas-Mulet, J. P. Lyon & M. J. Stewardson). The University of 
Melbourne, Melbourne, Australia. 

Hardie, S. A. & Bobbi, C. J. (2017). Compounding effects of agricultural land use and water 
use in free-flowing rivers: confounding issues for environmental flows. Environmental 
Management. 

Hardie, S. A., Bobbi, C. J. & Barmuta, L. A. (2012). Macroinvertebrate and water quality 
responses to low flows in Tasmanian rivers. National Water Commission, Canberra, 
ACT. 

Harrison, E., Nichols, S., Gruber, B., Dyer, F., Tschierschke, A. & Norris, R. (2011). 
AUSRIVAS: Australia’s in-stream biological health 2003-2010. Report prepared for 
the Australian Government Department of Sustainability, Environment, Water, 
Population and Communities on behalf of the State of the Environment 2011 
Committee. DSEWPaC, Canberra, ACT. 

Hawking, J. H. (2000). Key to Keys: A guide to keys and zoological information to identify 
invertebrates from Australian inland waters, Cooperative Research Centre for 
Freshwater Ecology: Albury, NSW. 



Review of the RHMP: Program Evaluation and Redirection 

111 

Hebert, P. D. N., Cywinska, A., Ball, S. L. & deWaard, J. R. (2003). Biological identifications 
through DNA barcodes. Proceedings of the Royal Society of London. Series B: 
Biological Sciences 270: 313-321. 

Helsel, D. R. & Hirsch, R. M. (2002). Statistical Methods in Water Resources. Book 4, 
Hydrologic Analysis and Interpretation. Chapter A3, U.S. Geological Survey. 

Hine, D. & Graham, B. (2003). A Regionalisation of Tasmanian Catchments. Department of 
Primary Industries, Water and Environment, Hobart, Tasmania. 

Hirsch, R. M., Slack, J. R. & Smith, R. A. (1982). Techniques of trend analysis for monthly 
water quality data. Water Resources Research 18: 107-121. 

Hughes, J. M. R. (1988). Hydrological characteristics and classification of Tasmanian rivers. 
Australian Geographical Studies 25: 61-82. 

Hydro Tasmania (2016). Gordon River Monitoring Annual Report 2015-16. Hydro Tasmania, 
Hobart, Tasmania. 

Jones, J. I., Murphy, J. F., Collins, A. L., Sear, D. A., Naden, P. S. & Armitage, P. D. (2012). 
The impact of fine sediment on macro-invertebrates. River Research and 
Applications 28: 1055-1071. 

Joy, M. K. & Death, R. G. (2004a). Application of the index of biotic integrity methodology to 
New Zealand freshwater fish communities. Environmental Management 34: 415-428. 

Joy, M. K. & Death, R. G. (2004b). Predictive modelling and spatial mapping of freshwater 
fish and decapod assemblages using GIS and neural networks. Freshwater Biology 
49: 1036-1052. 

Keck, F., Vasselon, V., Tapolczai, K., Rimet, F. & Bouchez, A. (2017). Freshwater 
biomonitoring in the Information Age. Frontiers in Ecology and the Environment 15: 
266-274. 

Kefford, B. J., Zalizniak, L., Dunlop, J. E., Nugegoda, D. & Choy, S. C. (2010). How are 
macroinvertebrates of slow flowing lotic systems directly affected by suspended and 
deposited sediments? Environmental Pollution 158: 543-550. 

Kennard, M. J., Pusey, B. J., Arthington, A. H., Harch, B. D. & Mackay, S. J. (2006). 
Development and application of a predictive model of freshwater fish assemblage 
composition to evaluate river health in eastern Australia. Hydrobiologia 572: 33-57. 

Kennard, M. J., Pusey, B. J., Olden, J. D., Mackay, S. J., Stein, J. L. & Marsh, N. (2010). 
Classification of natural flow regimes in Australia to support environmental flow 
management. Freshwater Biology 55: 171-193. 

Kilroy, C., Booker, D. J., Drummond, L., Wech, J. A. & Snelder, T. H. (2013). Estimating 
periphyton standing crop in streams: a comparison of chlorophyll a sampling and 
visual assessments. New Zealand Journal of Marine and Freshwater Research 47: 
208-224. 

King, A. J., Tonkin, Z. & Mahoney, J. (2009). Environmental flow enhances native fish 
spawning and recruitment in the Murray River, Australia. River Research and 
Applications 25: 1205-1218. 

Koster, W. M., Amtstaetter, F., Dawson, D. R., Reich, P. & Morrongiello, J. R. (2016). 
Provision of environmental flows promotes spawning of a nationally threatened 
diadromous fish. Marine and Freshwater Research 68: 159-166. 

Krasnicki, T., Pinto, R. & Read, M. (2002). Australia-Wide Assessment of River Health: 
Tasmanian Bioassessment Report (TAS Final Report). Monitoring River Heath 
Initiative Technical Report No. 5. Commonwealth of Australia and Department of 



Review of the RHMP: Program Evaluation and Redirection 

112 

Primary Industries, Water and Environment, Canberra, ACT and New Town, 
Tasmania. 

Kuehne, L. M., Olden, J. D., Strecker, A. L., Lawler, J. J. & Theobald, D. M. (2017). Past, 
present, and future of ecological integrity assessment for fresh waters. Frontiers in 
Ecology and the Environment 15: 197-205. 

Larned, S. T., Snelder, T., Unwin, M. J. & McBride, G. B. (2016). Water quality in New 
Zealand rivers: current state and trends. New Zealand Journal of Marine and 
Freshwater Research 50: 389-417. 

Lau, K. E. M., Washington, V. J., Fan, V., Neale, M. W., Lear, G., Curran, J. & Lewis, G. D. 
(2015). A novel bacterial community index to assess stream ecological health. 
Freshwater Biology 60: 1988-2002. 

Lavoie, I., Campeau, S., Darchambeau, F., Cabana, G. & Dillon, P. (2008). Are diatoms 
good integrators of temporal variability in stream water quality? Freshwater Biology 
53: 827-841. 

Leigh, C., Boulton, A. J., Courtwright, J. L., Fritz, K., May, C. L., Walker, R. H. & Datry, T. 
(2016). Ecological research and management of intermittent rivers: an historical 
review and future directions. Freshwater Biology 61: 1181-1199. 

Mackay, S., Marsh, N., Sheldon, F. & Kennard, M. (2012). Low-flow hydrological 
classification of Australia. National Water Commission, Canberra, Australia. 

Magierowski, R. H., Davies, P. E., Read, S. M. & Horrigan, N. (2012). Impacts of land use on 
the structure of river macroinvertebrate communities across Tasmania, Australia: 
spatial scales and thresholds. Marine and Freshwater Research 63: 762-776. 

Magierowski, R. H., Read, S. M., Carter, S. J. B., Warfe, D. M., Cook, L. S., Lefroy, E. C. & 
Davies, P. E. (2015). Inferring landscape-scale land-use impacts on rivers using data 
from mesocosm experiments and artificial neural networks. PLoS ONE 10: Article 
e0120901. 

Masese, F. O., Omukoto, J. O. & Nyakeya, K. (2013). Biomonitoring as a prerequisite for 
sustainable water resources: a review of current status, opportunities and challenges 
to scaling up in East Africa. Ecohydrology & Hydrobiology 13: 173-191. 

Matthaei, C. D., Piggott, J. J. & Townsend, C. R. (2010). Multiple stressors in agricultural 
streams: interactions among sediment addition, nutrient enrichment and water 
abstraction. Journal of Applied Ecology 47: 639-649. 

McBride, G. B. (2005). Using Statistical Methods for Water Quality Management: Issues, 
Problems and Solutions, John Wiley & Sons: Hoboken, New Jersey. 

McInerney, P. J. & Rees, G. N. (2018). More (or less?) bounce for the ounce: a comparison 
of environmental DNA and classical approaches for bioassessment. Marine and 
Freshwater Research 69: 992-996. 

Moss, D., Furse, M., Wright, J. F. & D., A. P. (1987). The prediction of macroinvertebrate 
fauna of unpolluted running-water sites in Great Britain using environmental data. 
Freshwater Biology 17: 41-52. 

Nichols, S. J., Barmuta, L. A., Chessman, B. C., Davies, P. E., Dyer, F. J., Harrison, E. T., 
Hawkins, C. P., Jones, I., Kefford, B. J., Linke, S., Marchant, R., Metzeling, L., Moon, 
K., Ogden, R., Peat, M., Reynoldson, T. B. & Thompson, R. M. (2017). The 
imperative need for nationally coordinated bioassessment of rivers and streams. 
Marine and Freshwater Research 68: 599-613. 

Nichols, S. J., Robinson, W. A. & Norris, R. H. (2010). Using the reference condition 
maintains the integrity of a bioassessment program in a changing climate. Journal of 
the North American Benthological Society 29: 1459-1471. 



Review of the RHMP: Program Evaluation and Redirection 

113 

Norris, R. H., Linke, S., Prosser, I. A. N., Young, W. J., Liston, P., Bauer, N., Sloane, N., 
Dyer, F. & Thoms, M. (2007). Very-broad-scale assessment of human impacts on 
river condition. Freshwater Biology 52: 959-976. 

Norris, R. H., Prosser, I., Young, B., Liston, P., Bauer, N., Davies, N., Dyer, F., Linke, S. & 
Thoms, M. (2001). The assessment of river condition (ARC) of Australian Rivers. 
National Land & Water Resources Audit, Canberra. 

NRM (2009a). Tasmanian River Condition Index Aquatic Life Field Manual. NRM South, 
Hobart, Tasmania. 

NRM (2009b). Tasmanian River Condition Index Data Analysis Tools. NRM South, Hobart, 
Tasmania. 

NRM (2009c). Tasmanian River Condition Index Reference Manual. NRM South, Hobart, 
Tasmania. 

NRM (2009d). Tasmanian River Condition Index User Manual. NRM South, Hobart, 
Tasmania. 

NRM North (2007). State of the Region 2007: Water Quality and Stream Condition in 
Northern Tasmania. NRM North and Launceston Environment Centre, Launceston, 
Tasmania. 

Oeding, S. & Taffs, K. (2015). Are diatoms a reliable and valuable bio-indicator to assess 
sub-tropical river ecosystem health? Hydrobiologia 758: 151-169. 

Quinn, J. M., Cooper, A. B., Davies‐Colley, R. J., Rutherford, J. C. & Williamson, R. B. 
(1997). Land use effects on habitat, water quality, periphyton, and benthic 
invertebrates in Waikato, New Zealand, hill-country streams. New Zealand Journal of 
Marine and Freshwater Research 31: 579-597. 

R Core Team (2017). R: A language and environment for statistical computing. R version 
3.4.3. R Foundation for Statistical Computing, Vienna, Austria. 

Read, M. G. (1999). Comparisons of the in-stream fauna and resources of Tasmanian river 
reaches lined with willows or with other riparian types. PhD thesis. School of Zoology. 
University of Tasmania, Hobart, Tasmania. 

Read, M. G. & Barmuta, L. A. (1999). Comparisons of benthic communities adjacent to 
riparian native eucalypt and introduced willow vegetation. Freshwater Biology 42: 
359-374. 

Reid, M. A. & Ogden, R. W. (2006). Trend, variability or extreme event? The importance of 
long-term perspectives in river ecology. River Research and Applications 22: 167-
177. 

Resh, V. H., Norris, R. H. & Barbour, M. T. (1995). Design and implementation of rapid 
assessment approaches for water resource monitoring using benthic 
macroinvertebrates. Australian Journal of Ecology 20: 108-121. 

Reynoldson, T. B., Davies, P., Nichols, S., Townsend, S., Wilson, M., Bouckaert, F., Read, 
M., Goonan, P., Storer, T., Brooks, A., Metzling, L., Krogh, M., Choy, S., Whipp, R., 
Marsh, P. & Martin, J. (2012). A summary of findings and decisions related to the 
implementation of  AUSRIVAS for stream health assessment. Based on discussions 
at a workshop held in Hobart Tasmania, February 23-24 2012. River Health Contact 
Group. 

Rosenberg, D. M. & Resh, V. H. (1993). Freshwater biomonitoring and benthic 
macroinvertebrates. Chapman and Hall, New York. 

Simpson, J. C. & Norris, R. H. (2000). Biological assessment of river quality: development of 
AUSRIVAS models and outputs. Assessing the Biological Quality of Freshwaters: 



Review of the RHMP: Program Evaluation and Redirection 

114 

RIVPACS and Other Techniques, J. F. Wright, D. W. Sutcliffe & M. T. Furse (eds.). 
Freshwater Biological Association: Ambelside, UK; pp. 125-142.  

Smith, B. J., Davies, P. E. & Munks, S. A. (2009). Changes in benthic macroinvertebrate 
communities in upper catchment streams across a gradient of catchment forest 
operation history. Forest Ecology and Management 257: 2166-2174. 

Stansfield, B. (2001). Effects of sampling frequency and laboratory detection limits on the 
determination of time series water quality trends. New Zealand Journal of Marine and 
Freshwater Research 35: 1071-1075. 

Stein, E. D., Martinez, M. C., Stiles, S., Miller, P. E. & Zakharov, E. V. (2014). Is DNA 
barcoding actually cheaper and faster than traditional morphological methods: results 
from a survey of freshwater bioassessment efforts in the United States? PLoS One 9: 
e95525. 

Strahler, A. N. (1952). Hypsometric (area-altitude) analysis of erosional topography. 
Geological Society of America Bulletin 63: 1117-1142. 

Tasmania Together (2006). Tasmania Together 2020: First Five Year Review Summary. 
Tasmania Together Progress Board, Hobart, Tasmania. 

Tasmanian Irrigation (2017). Tasmanian Irrigation 2016/17 Annual Report. Tasmanian 
Irrigation Pty Ltd, Evandale, Tasmania. 

Thomson, J. R., Bond, N. R., Cunningham, S. C., Metzeling, L., Reich, P., Thompson, R. M. 
& Mac Nally, R. (2012). The influences of climatic variation and vegetation on stream 
biota: lessons from the Big Dry in southeastern Australia. Global Change Biology 18: 
1582-1596. 

Warfe, D. M., Hardie, S. A., Uytendaal, A. R., Bobbi, C. J. & Barmuta, L. A. (2014). The 
ecology of rivers with contrasting flow regimes: identifying indicators for setting 
environmental flows. Freshwater Biology 59: 2064-2080. 

Watson, A. (2011). The Impact of 170 years of Flow Regulation on Processes and Patterns 
in an Eastern Tasmanian River System. PhD thesis. School of Zoology. University of 
Tasmania, Hobart, Tasmania. 

WIMS (2018). Water Information Management System Database. Department of Primary 
Industries, Parks, Water and Environment, Hobart, Tasmania. 

Wright, J. F. (1995). Development and use of a system for predicting the macroinvertebrate 
fauna in flowing waters. Australian Journal of Ecology 20: 181-197. 

Wright, J. F., Moss, D., Armitage, P. D. & Furse, M. T. (1984). A preliminary classification of 
running-water sites in Great Britain based on macro-invertebrate species and the 
prediction of community type using environmental data. Freshwater Biology 14: 221-
256. 

Young, R. G., Matthaei, C. D. & Townsend, C. R. (2008). Organic matter breakdown and 
ecosystem metabolism: functional indicators for assessing river ecosystem health. 
Journal of the North American Benthological Society 27: 605-625. 

Zuellig, R. E. & Schmidt, T. S. (2012). Characterizing invertebrate traits in wadeable streams 
of the contiguous US: differences among ecoregions and land uses. Freshwater 
Science 31: 1042-1056. 

 

  



Review of the RHMP: Program Evaluation and Redirection 

115 

9. Appendices 

Appendix 1.  Overview of AusRivAS bioassessment framework 

AusRivAS (the Australian River Assessment System) is an Australian river bioassessment 
framework that uses the RIVPACS approach (the River Invertebrate Prediction and 
Classification System; Wright, 1995; Wright et al., 1984). AusRivAS and RIVPACS allow 
prediction of the invertebrate community composition of a river site based on habitat 
variables and the objective comparison of the predicted 'undisturbed' fauna with what was 
actually found at the site (Furse et al., 1984; Moss et al., 1987; Wright, 1995). 

AusRivAS presence/absence (PA) models are based on large ‘reference’ site datasets that 
contain macroinvertebrate and habitat data from a set of unpolluted, ‘least disturbed’ 
reference sites. Within the models, reference sites were grouped by their biological similarity 
and discriminant function equations were developed to assign a new ‘test’ site to each 
‘reference site’ group. From those equations, the AusRivAS models can then generate a list 
of macroinvertebrate taxa expected to occur at the test site. The models then compare the 
taxa found at test sites and generate two key output statistics (O/E taxa and O/E SIGNAL) 
that are used to report the condition of the test site. Hence, AusRivAS models essentially 
predict the aquatic macroinvertebrate fauna that would be expected to occur at a site in the 
absence of environmental stress, such as pollution or habitat degradation. 

Analyses based on the AusRivAS and RIVPACS approaches use an index based on the 
number of taxa that are found at a particular monitoring site (the observed number of taxa) 
compared with the number of taxa that could be expected at that site. Expected taxa are 
based on which group of reference sites the monitoring site should belong to, according to 
its environmental attributes. This index is referred to as the O/E (“O over E” or “observed 
over expected”). In formulaic terms: 

 O/E taxa

 
= (Observed number of taxa)/(Expected number of taxa) 

In practice, few monitoring sites belong unequivocally to one group of reference sites. 
Classification of a monitoring site using the discriminant functions based on the 
environmental data gives a series of probabilities of the monitoring site belonging to each 
group of reference sites. Accordingly, E, the expected number of taxa, is calculated as the 
sum of the probabilities of finding that taxon in each group weighted by the probability of the 
monitoring site belonging to each group (Moss et al., 1987). 

A further refinement of the index is to restrict the number of taxa that enter the calculation to 
those with a reasonably high expectation of occurrence. Taxa with low values of E could 
reasonably be presumed to be chance occurrences in a sampling event. A threshold of E 
0.5 is applied in the AusRivAS models to deal with this issue. 

The O/E taxa score is a continuous measure with a minimum value of 0 and a theoretical 
maximum value of 1. Taxon richness varies from site to site within a given reference site 
group, since the comparison of a new site is being made with the expectation for the 
average of the reference sites within a group, and in practice, an unusually biodiverse site 
may achieve an O/E taxa score of >1. Elevated taxonomic richness may result from 
environmental factors other than those used to make the prediction. 
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Variations in sampling effort, especially the inclusion or exclusion of habitats under the 
RIVPACS system, or in sorting intensity, could result in unusually high or low values. The 
former is less of a problem with AusRivAS, as implemented under National River Health 
Program (Davies, 1994), because habitats are sampled separately, with standardised 
methods and separate predictive models developed for each habitat. 

In summary, low O/E values indicate impact, values close to 1 indicate the monitoring site 
has as many taxa as would be expected for that site based on reference conditions, and O/E 
taxa >1 may indicate sites which are particularly biodiverse or those which have been 
impacted by artificial enrichment (Moss et al., 1987). 

To help determine the level of impact at sites, this continuous scale was divided into 
categories (impairment bands) from which an inference can be made as to the condition or 
ecological health of the test site. The bands are as follows: 

Band O/E scores* Band name Comments 

X >1.13 Above Reference  More families than expected 

 Potentially biodiverse site 

 Possible mild organic enrichment 

A 0.88-1.13 Equivalent to Reference  Index value within range of the central 80% of 

reference sites 

B 0.63-0.88 Significantly Impaired  Fewer families than expected 

 Potential mild to moderate impact on water quality, 

habitat or both, resulting in the loss of families 

C 0.38-0.63 Severely Impaired  Considerably fewer families than expected 

 Loss of families due to moderate to severe  

 Impact on water and/or habitat quality 

D <0.38 Impoverished  Very few families collected 

 Highly degraded 

 Very poor water and/or habitat quality 

             *O/E scores are for the combined-season Tasmanian State-wide AusRivAS PA riffle model. 

 

The other AusRivAS output, O/E SIGNAL, is the O/E ratio calculated for the site using the 
overall SIGNAL (Stream Invertebrate Grade Number Average Level) scores calculated from 
the lists of expected taxa and observed taxa. SIGNAL is a scoring system developed by 
Chessman (1995; 2003a; 2003b) based on the sensitivities of macroinvertebrate families to 
common types of pollution. Each family of macroinvertebrates is assigned a grade according 
to their tolerance, where a grade of 10 represents a high sensitivity to pollution and a grade 
of 1 represents a high tolerance to pollution. 

The O/E taxa score is sensitive to a wide variety of disturbances, provided they result in the 
loss of families of macroinvertebrates from the habitats sampled at a site. Thus, this index 
should detect not only loss of families due to deteriorated water quality, but also loss 
because of physical habitat degradation. O/E SIGNAL weights the families by their sensitivity 
to water pollution. Accordingly, O/E SIGNAL can detect situations where water pollution has 
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resulted in the loss of only a few, but very sensitive, families of macroinvertebrates. The 
different, but complementary, emphases of the O/E taxa and O/E SIGNAL indices can 
provide additional diagnostic information about samples collected from test sites (Barmuta et 
al., 1998). 

The environmental variables used for the Tasmanian AusRivAS PA models are as follows: 

 Combined season riffle model: pebble, stream width, altitude, distance from source, 
easting, stream order and stream slope. 

 Combined season edgewater model: cobble, conductivity, depth, easting, northing, 
riparian vegetation, overhanging vegetation and altitude. 

 

Further information about the AusRivAS framework and AusRivAS models can be found at: 
http://ausrivas.ewater.com.au/ (accessed 3 October 2018). 
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Appendix 2.  Long-term monitoring sites in the RHMP, 1994-2016 

The details of the 60 sites that were monitored in RHMP between 1994 and 2016 are provided. Tas 48 catchment numbers are shown in 
parentheses, and class refers to stream class. 

Site code Site name Site type Easting Northing Tas 48 catchment NRM region Elevation 
(m a.s.l.) 

Catchment area 
(km2) 

Class 

ARTH01 Arthur River at Pykes Bridge Test 375644 5429086 Arthur (23) Cradle Coast 212 278.9 4 

ARTH03 Arthur River at Tayatea Bridge Reference 348458 5452782 Arthur (23) Cradle Coast 70 1130.7 5 

BLAC02 Black River at Spion Kop Rd Reference 356422 5470910 Black-Detention (28) Cradle Coast 19 298.4 5 

BLAC06 Dip River at Gibsons Creek Rd Reference 357720 5466957 Black-Detention (28) Cradle Coast 47 127.5 4 

BLYT01 Blythe River at South Riana Rd Reference 410395 5434591 Blythe (32) Cradle Coast 261 166.2 4 

CAMR01 Cam River off Back Cam Rd Test 401316 5452648 Cam (30) Cradle Coast 16 221.0 4 

CLYD01 Clyde River at Hamilton Test 485753 5287876 Clyde (11) South 90 977.1 6 

COAL01 Coal River u/s of Richmond Test 536129 5269107 Pittwater-Coal (9) South 10 542.9 5 

DUCK36 Duck River at Trowutta Rd d/s Geales Creek Test 341394 5474289 Duck (27) Cradle Coast 10 339.0 4 

EMUR01 Emu River at Fern Glade Reserve Test 409368 5451287 Emu (31) Cradle Coast 30 234.0 4 

FORT06 Wilmot River at Alma Reserve Reference 435689 5430191 Forth-Wilmot (34) Cradle Coast 30 277.0 4 

GEOR01 George River at St Columba Falls Rd Test 584939 5429106 George (3) North 120 176.6 4 

GEOR05 Ransom River at Murdochs Rd Reference 588337 5434946 George (3) North 165 11.0 3 

GFOR12 Great Forester River at Prosperity Rd Reference 546858 5438069 Great Forester-Brid (46) North 125 61.8 3 

GORD001 Franklin River at Lyell Highway Test 419072 5325870 Gordon-Franklin (19) Cradle Coast 395 96.2 4 

HENT08 Henty River at Zeehan Highway Reference 373412 5349755 King-Henty (20) Cradle Coast 100 116.0 4 

HENT13 Ewart Creek at Zeehan Highway Reference 372629 5351932 King-Henty (20) Cradle Coast 140 7.0 2 

HUON013 Kermandie River at Oigles Rd Reference 490143 5218600 Huon (16) South 110 18.9 2 

HUON018 Mountain River at Ranelagh Bridge Test 503382 5237214 Huon (16) South 10 189.6 4 

HUON028 Russell River at Russell Pimple Reference 482686 5245684 Huon (16) South 130 88.8 3 

HUON046 Esperance River at Esperance River Rd Reference 486676 5211055 Huon (16) South 335 18.3 3 

INGL03 Inglis River at Pages Rd Test 384885 5460241 Inglis (29) Cradle Coast 25 224.0 4 

JORD07 Jordan River at Mauriceton Test 510218 5291673 Jordan (10) South 150 752.9 5 

LDER11 Stony Creek at Plenty Valley Rd Reference 488271 5254818 Lower Derwent (14) South 380 21.8 3 
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Site code Site name Site type Easting Northing Tas 48 catchment NRM region Elevation 
(m a.s.l.) 

Catchment area 
(km2) 

Class 

LDER14 Styx River u/s of Derwent River Test 492075 5271504 Lower Derwent (14) South 20 339.3 4 

LEVE01 Leven River at Marshalls Bridge Test 415795 5428083 Leven (33) Cradle Coast 79 396.9 4 

LSWA05 Little Swanport River at Daniels Road Test 561412 5313560 Little Swanport (6) South 145 384.5 5 

MACQ03 Macquarie River off Honeysuckle Rd Reference 558198 5331930 Macquarie (40) North 310 150.3 4 

MACQ09 Elizabeth River at Campbell Town Test 540536 5357655 Macquarie (40) North 200 308.5 4 

MEAN03 Meander River at Birralee Rd Test 484740 5406302 Meander (37) North 225 494.0 5 

MEAN13 Meander River at Falls Rd Reference 464197 5382572 Meander (37) North 470 29.0 3 

MEAN16 Liffey River u/s of Liffey Reference 481816 5385291 Meander (37) North 380 28.0 3 

MEAN31 Jackeys Creek d/s of Jackeys Marsh Reference 470637 5386642 Meander (37) North 440 29.0 3 

MERS10 Mersey River u/s of Lake Rowallan Reference 432109 5368396 Mersey (35) North 520 203.7 4 

MERS25 Minnow River at Belstone Rd ford Reference 444157 5408963 Mersey (35) Cradle Coast 230 15.0 2 

MERS34 Fish River at Mersey Forest Rd Reference 435595 5375326 Mersey (35) North 540 34.0 4 

MERS37 Don River at Sheffield Rd Test 442895 5429620 Mersey (35) Cradle Coast 135 61.8 4 

MONT01 Montagu River at Stuarts Rd Test 325477 5483099 Montagu (26) Cradle Coast 15 333.0 4 

MUSS02 Great Musselroe River at New England Rd Reference 590109 5442380 Musselroe-Ansons (2) North 150 11.5 2 

NESK12 North Esk River at Ben Nevis gates Reference 544320 5415758 North Esk (42) North 440 45.0 3 

NESK19 St Patricks River at Nunamara Reference 525147 5417972 North Esk (42) North 350 292.0 5 

OUSE01 Ouse River at Ouse Test 476570 5296134 Ouse (12) South 100 1817.8 6 

PIEM02 Whyte River at Waratah Rd Reference 365675 5408154 Pieman (21) Cradle Coast 310 22.0 3 

PIEM03 Heazlewood River at Waratah Rd Test 358691 5407496 Pieman (21) Cradle Coast 219 91.5 4 

PIPE04 Pipers River at Security Rd Test 508068 5447384 Pipers (44) North 30 240.0 5 

PROS03 Prosser River at Buckland Rd Test 558549 5282804 Prosser (7) South 79 130.6 4 

RING11 Ringarooma River u/s of Branxholm Reference 561872 5442088 Ringarooma (48) North 169 279.0 5 

RING31 Dorset River at Ruby Flats Rd Test 562703 5436083 Ringarooma (48) North 205 117.5 4 

RUBI01 Rubicon River at Smiths & Others Rd Test 463533 5426267 Rubicon (36) Cradle Coast 120 239.0 5 

SCAM02 Scamander River at Hogans Rd Reference 591683 5416426 Scamander-Douglas (4) North 90 45.1 3 

SCAM05 Catos Creek at Catos Rd Reference 595924 5409199 Scamander-Douglas (4) North 35 18.9 3 

SESK01 South Esk River at Perth Test 515231 5396568 South Esk (41) North 148 3285.0 6 
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Site code Site name Site type Easting Northing Tas 48 catchment NRM region Elevation 
(m a.s.l.) 

Catchment area 
(km2) 

Class 

SESK08 South Esk River at Cokers Rd Reference 560100 5414398 South Esk (41) North 370 89.0 4 

SESK10 Nile River at Deddington Test 534106 5393925 South Esk (41) North 250 182.0 5 

SESK21 Tower Rivulet at Pepper Hill Rd Test 572370 5392276 South Esk (41) North 270 31.0 2 

SWAN09 West Swan River d/s of Jam Creek Reference 579265 5360731 Swan-Apsley (5) South 320 33.8 3 

UDER008 Florentine River at Florentine Rd Reference 459262 5300871 Upper Derwent (13) South 180 410.0 4 

UDER013 Nive River at Lyell Highway Test 456305 5332660 Upper Derwent (13) South 595 620.0 5 

UDER017 Pine River u/s of Pine Tier Lagoon Reference 456866 5342444 Upper Derwent (13) South 675 376.0 3 

WELC03 Welcome River at Redmarsh Rd Test 311788 5481371 Welcome (24) Cradle Coast 15 135.5 3 
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Appendix 3.  Objectives of the Resource Management and Planning System of 

Tasmania 

SCHEDULE 1 – Objectives of the Land Use Planning and Approvals Act 1993. 
 
 
1.  The objectives of the Resource Management and Planning System of Tasmania are – 
 

(a) to promote the sustainable development of natural and physical resources and the 
maintenance of ecological processes and genetic diversity; and 

 
(b) to provide for the fair, orderly and sustainable use and development of air, land and 

water; and 
 
(c) to encourage public involvement in resource management and planning; and 
 
(d) to facilitate economic development in accordance with the objectives set out in 

paragraphs (a) , (b) and (c); and 
 
(e) to promote the sharing of responsibility for resource management and planning 

between the different spheres of Government, the community and industry in the 
State. 

 
2.  In clause 1(a), “sustainable development” means managing the use, development and 
protection of natural and physical resources in a way, or at a rate, which enables people and 
communities to provide for their social, economic and cultural well-being and for their health 
and safety while – 
 

(a) sustaining the potential of natural and physical resources to meet the reasonably 
foreseeable needs of future generations; and 

 
(b) safeguarding the life-supporting capacity of air, water, soil and ecosystems; and 
 
(c) avoiding, remedying or mitigating any adverse effects of activities on the 

environment. 
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Appendix 4.  Evaluation of abiotic and biotic variables measured at sites in the RHMP 

Forty-eight abiotic and biotic variables, which are measured at the reach- and sample site-
scale, were evaluated by rating their value (1 = not very informative, 2 = informative, 
3 = informative/potential as a predictor variable in Tasmanian AusRivAS PA models, 
4 = predictor variable in current Tasmanian AusRivAS PA models), rigour (1 = visual 
estimate which is difficult to perform, 2 = visual estimate, 3 = measured with an instrument, 
4 = accurately measured with an instrument) and temporal variability at 60 long-term 
monitoring sites (1 = very high, 2 = high, 3 = medium, 4 = low). The sum of these values was 
calculated to give an overall rating for each variable, with high overall ratings indicating that 
the variables are meaningful and provide useful data. To guide interpretation of the results of 
this evaluation, overall ratings were banded as follows: 0-5 = poor, 6-10 = moderate and 
≥10 = good. Predictor variables in Tasmanian AusRivAS PA models are indicated (*). 

Variable Scale Value Rigour Variability Overall rating 

Cond* Reach 4 4 4 12 

Avg.stream.width* Reach 4 4 3 11 

Temp Reach 3 4 4 11 

Turb Reach 3 4 4 11 

DO.mgl Reach 3 4 4 11 

DO.p Reach 3 4 4 11 

pH Reach 3 4 4 11 

Alkalinity Reach 3 4 4 11 

Avg.bank.width Reach 3 4 2 9 

Avg.bank.height Reach 3 4 2 9 

Depth* Sample site 4 2 3 9 

Boulder* Sample site 4 2 2 8 

Cobble* Sample site 4 2 2 8 

Bedrock Sample site 3 2 2 7 

Pebble Sample site 3 2 2 7 

Gravel Sample site 3 2 2 7 

Sand Sample site 3 2 2 7 

Silt Sample site 3 2 2 7 

Clay Sample site 3 2 2 7 

Dom.sub Sample site 3 2 2 7 

Algal.c Sample site 3 1 3 7 

Silt.c Sample site 3 1 3 7 

Veg.o* Reach 4 2 1 7 

Veg.t* Reach 4 2 1 7 

Riffle.a* Reach 4 2 1 7 

Rip.veg.c* Reach 4 2 1 7 

Rip.width.l Reach 3 3 1 7 

Rip.width.r Reach 3 3 1 7 

Run.a Reach 3 2 1 6 

Pool.a Reach 3 2 1 6 

Detritus.c Sample site 2 1 3 6 

Aq.plant.c Reach 3 1 1 5 
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Variable Scale Value Rigour Variability Overall rating 

Moss.c Sample site 1 1 3 5 

Snag.c Reach 2 1 1 4 

CWD Reach 2 1 1 4 

Native.veg.comp Reach 2 1 1 4 

Exotic.veg.comp Reach 2 1 1 4 

Willow Reach 2 1 1 4 

Land.use.l Reach 2 1 1 4 

Land.use.r Reach 2 1 1 4 

Disturbance Reach 2 1 1 4 

Blackberries Reach 1 1 1 3 

Pines Reach 1 1 1 3 

Bracken Reach 1 1 1 3 

Gorse Reach 1 1 1 3 

Erosion Reach 1 1 1 3 

Pollution Reach 1 1 1 3 

Dams Reach 1 1 1 3 
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Appendix 5.  Macroinvertebrate taxa which have been recorded in the RHMP 

database. 

 

Victorian EPA code Order Family Sub-Family 

IB999999 Hydrozoa Cnidaria - 

IF999999 Platyhelminthes Turbellaria - 

II999999 Nematoda Nematoda - 

IJ019999 Nematomorpha Gordiidae - 

KG029999 Gastropoda Hydrobiidae - 

KG059999 Gastropoda Lymnaeidae - 

KG069999 Gastropoda Ancylidae - 

KG079999 Gastropoda Planorbidae - 

KG089999 Gastropoda Physidae - 

KG099999 Gastropoda Glacidorbidae - 

KG999999 Gastropoda Unidentified Gastropoda - 

KP019999 Bivalvia Hyriidae - 

KP039999 Bivalvia Sphaeriidae - 

LH999999 Hirudinea Hirudinea - 

LO999999 Oligochaeta Oligochaeta - 

MM999999 Acarina Acarina - 

OE999999 Notostraca Notostraca - 

OG999999 Cladocera Cladocera - 

OH999999 Ostracoda Ostracoda - 

OJ999999 Copepoda Copepoda - 

ON019999 Syncarida Anaspididae - 

ON029999 Syncarida Koonungidae - 

OP019999 Amphipoda Talitridae - 

OP029999 Amphipoda Ceinidae - 

OP039999 Amphipoda Eusiridae - 

OP049999 Amphipoda Paracalliopiidae - 

OP059999 Amphipoda Corophidae - 

OP069999 Amphipoda Parameletidae - 

OP079999 Amphipoda Neoniphargidae - 

OR059999 Isopoda Phreatoicidae - 

OR139999 Isopoda Sphaeromatidae - 

OR189999 Isopoda Janiridae - 

OR259999 Isopoda Oniscidae - 

OT019999 Decapoda Atyidae - 

OV019999 Decapoda Parastacidae - 

OX019999 Decapoda Hymenosomatidae - 

QA999999 Collembola Collembola - 

QC039999 Coleoptera Microsporidae - 

QC059999 Coleoptera Carabidae - 

QC069999 Coleoptera Halipidae - 

QC079999 Coleoptera Hygrobiidae - 
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Victorian EPA code Order Family Sub-Family 

QC089999 Coleoptera Noteridae - 

QC09999A Coleoptera Dytiscidae adults - 

QC09999L Coleoptera Dytiscidae larvae - 

QC10999A Coleoptera Gyrinidae adults - 

QC10999L Coleoptera Gyrinidae larvae - 

QC119999 Coleoptera Hydrophilidae - 

QC139999 Coleoptera Hydraenidae - 

QC189999 Coleoptera Staphylinidae - 

QC209999 Coleoptera Scirtidae - 

QC34999A Coleoptera Elmidae adults - 

QC34999L Coleoptera Elmidae larvae - 

QC359999 Coleoptera Limnichidae - 

QC369999 Coleoptera Heteroceridae - 

QC379999 Coleoptera Psephenidae - 

QCAH9999 Coleoptera Chrysomelidae - 

QCAH999I Coleoptera Chrysomelidae larvae - 

QCAN9999 Coleoptera Curculionidae - 

QCAO9999 Coleoptera Hydrochidae - 

QD019999 Diptera Tipulidae - 

QD039999 Diptera Tanyderidae - 

QD049999 Diptera Blephariceridae - 

QD059999 Diptera Chaoboridae - 

QD069999 Diptera Dixidae - 

QD079999 Diptera Culcidae - 

QD099999 Diptera Ceratopogonidae - 

QD109999 Diptera Simuliidae - 

QD119999 Diptera Thaumaleidae - 

QD129999 Diptera Psychodidae - 

QD229999 Diptera Athericidae - 

QD239999 Diptera Tabanidae - 

QD249999 Diptera Stratiomyidae - 

QD359999 Diptera Empididae - 

QD369999 Diptera Dolichopodidae - 

QD439999 Diptera Syrphidae - 

QD459999 Diptera Sciomyzidae - 

QD789999 Diptera Ephydridae - 

QD899999 Diptera Muscidae - 

QDAA9999 Diptera Chironomidae Aphroteniinae 

QDAB9999 Diptera Chironomidae Diamesinae 

QDAD9999 Diptera Chironomidae Podonominae 

QDAE9999 Diptera Chironomidae Tanypodinae 

QDAF9999 Diptera Chironomidae Orthocladiinae 

QDAJ9999 Diptera Chironomidae Chironominae 

QDAZ9999 Diptera Unidentified Chironomidae - 

QDZZ9999 Diptera Unidentified Dipteran pupae - 
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Victorian EPA code Order Family Sub-Family 

QE019999 Ephemeroptera Siphlonuridae - 

QE029999 Ephemeroptera Baetidae - 

QE039999 Ephemeroptera Oniscigastridae - 

QE069999 Ephemeroptera Leptophlebiidae - 

QE089999 Ephemeroptera Caenidae - 

QH529999 Hemiptera Mesoveliidae - 

QH539999 Hemiptera Hebridae - 

QH569999 Hemiptera Veliidae - 

QH579999 Hemiptera Gerridae - 

QH609999 Hemiptera Saldidae - 

QH619999 Hemiptera Nepidae - 

QH639999 Hemiptera Belostomatidae - 

QH649999 Hemiptera Gelastocoridae - 

QH659999 Hemiptera Corixidae - 

QH669999 Hemiptera Naucoridae - 

QH679999 Hemiptera Notonectidae - 

QH689999 Hemiptera Pleidae - 

QK019999 Mecoptera Nannochoristidae - 

QL019999 Lepidoptera Pyralidae - 

QM029999 Megaloptera Sialidae - 

QN039999 Neuroptera Osmylidae - 

QN059999 Neuroptera Neurothidae - 

QO029999 Odonata Coenagrionidae - 

QO059999 Odonata Lestidae - 

QO129999 Odonata Aeshnidae - 

QO139999 Odonata Gomphidae - 

QO219999 Odonata Telephlebiidae - 

QO239999 Odonata Synthemistidae - 

QO309999 Odonata Hemicorduliidae - 

QP019999 Plectoptera Eustheniidae - 

QP029999 Plectoptera Austroperlidae - 

QP039999 Plectoptera Gripopterygidae - 

QP049999 Plecoptera Notonemouridae - 

QT019999 Trichoptera Hydrobiosidae - 

QT029999 Trichoptera Glossosomatidae - 

QT039999 Trichoptera Hydroptilidae - 

QT049999 Trichoptera Philopotamidae - 

QT069999 Trichoptera Hydropsychidae - 

QT079999 Trichoptera Polycentropodidae - 

QT089999 Trichoptera Ecnomidae - 

QT109999 Trichoptera Limnephilidae - 

QT119999 Trichoptera Plectrotarsidae - 

QT129999 Trichoptera Oeconesidae - 

QT139999 Trichoptera Tasimiidae - 

QT159999 Trichoptera Conoesucidae - 
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Victorian EPA code Order Family Sub-Family 

QT179999 Trichoptera Helicopsychidae - 

QT189999 Trichoptera Calocidae - 

QT199999 Trichoptera Helicophidae - 

QT209999 Trichoptera Kokiriidae - 

QT219999 Trichoptera Philorheithridae - 

QT229999 Trichoptera Odontoceridae - 

QT239999 Trichoptera Atriplectididae - 

QT249999 Trichoptera Calamoceratidae - 

QT259999 Trichoptera Leptoceridae - 

QT999998 Trichoptera Unidentified Trchopteran pupae - 
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Appendix 6.  Revised selection of long-term monitoring sites for the RHMP 

The details of the 53 sites that are to be monitored in the RHMP from autumn 2018 onwards are provided. Tas 48 catchment numbers are 
shown in parentheses, and class refers to stream class. 

Site code Site name Site type Easting Northing Tas 48 catchment NRM region Elevation 
(m a.s.l.) 

Catchment area 
(km2) 

Class 

ARTH03* Arthur River at Tayatea Bridge Reference 348458 5452782 Arthur (23) Cradle Coast 70 1130.7 5 

BLAC29 Black River at Dip Road Test 359308 5466775 Black-Detention (28) Cradle Coast 58 87.4 5 

BOOB26 Boobyalla River at Banca Rd Test 569100 5457390 Boobyalla-Tomahawk (47) NRM North 92 87.9 4 

CAMR01* Cam River off Back Cam Rd Test 401316 5452648 Cam (30) Cradle Coast 16 221.0 4 

CLYD13 Clyde River at Arthur St (Hamilton) Test 486291 5288646 Clyde (11) NRM South 83 116.0 6 

COAL01* Coal River above Richmond Test 536129 5269107 Pittwater-Coal (9) NRM South 10 542.9 5 

DUCK02 Duck River at Kubanks Rd Test 340798 5475131 Duck (27) Cradle Coast 10 359.2 4 

DUCK09 Duck River at Maguires Rd Reference 342123 5458113 Duck (27) Cradle Coast 75 27.0 3 

EMUR01* Emu River at Fern Glade Reserve Test 409368 5451287 Emu (31) Cradle Coast 30 234.0 4 

FORT04 Forth River at Pallawah Road Reference 427627 5393033 Forth-Wilmot (34) Cradle Coast 240 339.0 5 

GEOR01* George River at St Columba Falls Rd Test 584939 5429106 George (3) NRM North 120 176.6 4 

GEOR05* Ransom River at Murdochs Rd Reference 588337 5434946 George (3) NRM North 165 11.0 3 

GFOR04 Great Forester River at Old Waterhouse Rd Test 552532 5455935 Great Forester-Brid (46) NRM North 25 334.0 4 

GFOR12* Great Forester River at Prosperity Rd Test 546858 5438069 Great Forester-Brid (46) NRM North 125 61.8 3 

HOBA01 North West Bay River at Channel H'way Test 521616 5236794 Derwent Estuary-Bruny (15) NRM South 10 89.5 4 

HUON018* Mountain River at Ranelagh Bridge Test 503382 5237214 Huon (16) NRM South 10 189.6 4 

HUON028* Russell River at Russell Pimple Reference 482686 5245684 Huon (16) NRM South 130 88.8 3 

INGL03* Inglis River at Pages Rd Test 384885 5460241 Inglis (29) Cradle Coast 25 224.0 4 

JORD07* Jordan River at Mauriceton Test 510218 5291673 Jordan (10) NRM South 150 752.9 5 

LDER14* Styx River us Derwent River Test 492075 5271504 Lower Derwent (14) NRM South 20 339.3 4 

LDER61 Tyenna River at Newbury Rd Reference 476145 5271690 Lower Derwent (14) NRM South 175 207.5 4 

LEVE01* Leven River at Marshalls Bridge Test 415795 5428083 Leven (33) Cradle Coast 79 396.9 4 

LSWA05* Little Swanport River at Daniels Road Test 561412 5313560 Little Swanport (6) NRM South 145 384.5 5 

MACQ03* Macquarie River off Honeysuckle Rd Reference 558198 5331930 Macquarie (40) NRM North 310 150.3 4 
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Site code Site name Site type Easting Northing Tas 48 catchment NRM region Elevation 
(m a.s.l.) 

Catchment area 
(km2) 

Class 

MACQ09* Elizabeth River at Campbell Town Test 540536 5357655 Macquarie (40) NRM North 200 308.5 4 

MACQ36 Macquarie River at Barton Test 519956 5371324 Macquarie (40) NRM North 148 2505.0 5 

MACQ81 Macquarie River at Hoggs Ford Rd Test 536438 5355532 Macquarie (40) NRM North 169 1519.0 5 

MEAN03* Meander River at Birralee Rd Test 484740 5406302 Meander (37) NRM North 225 494.0 5 

MEAN16* Liffey River upstream of Liffey Reference 481816 5385291 Meander (37) NRM North 380 28.0 3 

MERS01 Mersey River at Shale Rd Test 451153 5432070 Mersey (35) Cradle Coast 10 1526.0 5 

MERS05 Mersey River at Kellys Bridge Test 456078 5408119 Mersey (35) NRM North 75 1078.0 5 

MERS08 Mersey River at C138 Rd Test 435297 5397050 Mersey (35) NRM North 300 716.0 4 

MERS37* Don River at Sheffield Rd Test 442895 5429620 Mersey (35) Cradle Coast 135 61.8 4 

MONT01* Montagu River at Stuarts Rd Test 325477 5483099 Montagu (26) Cradle Coast 15 333.0 4 

MUSS06 Ansons River at stream gauging station Test 602364 5455308 Musselroe-Ansons (2) NRM North 10 228.9 5 

NESK03 North Esk River at Corra Linn Test 519381 5407015 North Esk (42) NRM North 25 778.8 5 

NESK07 North Esk River at The Ballroom Test 532475 5406272 North Esk (42) NRM North 325 362.6 4 

NESK12* North Esk River at Ben Nevis gates Reference 544320 5415758 North Esk (42) NRM North 440 45.0 3 

NESK19* St Patricks River at Nunamara Test 525147 5417972 North Esk (42) NRM North 350 292.0 5 

PIPE04* Pipers River at Security Rd Test 508068 5447384 Pipers (44) NRM North 30 240.0 5 

PROS03* Prosser River at Buckland Rd Test 558549 5282804 Prosser (7) NRM South 79 130.6 4 

RING77 
Ringarooma River upstream of Branxholm 
stream gauging station 

Test 561705 5441845 Ringarooma (48) NRM North 171 277.8 5 

RING31* Dorset River at Ruby Flats Rd Test 562703 5436083 Ringarooma (48) NRM North 205 117.5 4 

RUBI01* Rubicon River at Smith and Others Rd Test 463533 5426267 Rubicon (36) Cradle Coast 120 239.0 5 

RUBI06 Panatana Rivulet at Parkes Ford Rd Test 461140 5441131 Rubicon (35) Cradle Coast 10 67.7 4 

SCAM01 Scamander River at upper Scamander Test 599742 5411400 Scamander-Douglas (4) NRM North 10 262.9 4 

SESK01* South Esk River at Perth Test 515231 5396568 South Esk (41) NRM North 148 3285.0 6 

SESK59 South Esk River at Sandhurst Rd Test 566785 5409615 South Esk (41) NRM North 301 197.9 5 

SESK54 South Esk River at Llewellyn Test 547145 5370619 South Esk (41) NRM North 176 2286.0 5 

SESK58 South Esk River at Heffords Rd Test 572554 5386058 South Esk (41) NRM North 212 1279.0 5 

SWAN01 Swan River at Tasman Highway Test 589420 5349996 Swan-Apsley (5) NRM South 20 248.5 4 
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Site code Site name Site type Easting Northing Tas 48 catchment NRM region Elevation 
(m a.s.l.) 

Catchment area 
(km2) 

Class 

SWAN08 West Swan River at Old Coach Rd Reference 588937 5357661 Swan-Apsley (5) NRM South 40 99.4 4 

TOMA04 Tomahawk River upstream of tidal limit Test 563407 5473000 Boobyalla-Tomahawk (47) NRM North 8 123.7 4 

*Site was monitored in the RHMP between 1994-2016. 

 


