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Executive Summary 
The riverine condition assessment is provided as an information tool to Catchment Management 
Boards, River Management Committees and environmental managers.  This report is a data analysis of 
relevant indicators to aquatic ecosystem health.  The study follows on from the stressed rivers reports 
(DLWC 1999) and incorporates some concepts of the Index of Stream Condition (CEAH and ID&A, 
1997).   
 
The assessment is based on five key indicators, water quality, hydrology, physical form, aquatic life 
and riparian vegetation.  These indicators were chosen on the basis of their importance to the 
functioning of aquatic ecosystems and the availability of information at the subcatchment level.  The 
assessment is based on the stressed rivers subcatchments and utilises existing field, laboratory and 
mapped data. 
 
Each of the five sub indexes is given a score out of 10, where 10 represents excellent condition.  The 
water quality indicator includes electrical conductivity, turbidity, total phosphorus and pesticides.  
Each indicator is compared to guidelines for upland and lowland rivers and rated accordingly.  
Assessment of unregulated extraction and the degree of regulation is calculated for each subcatchment 
for the hydrological subindex.  Streambank and gully erosion are significant contributors to 
deteriorating water quality and can accelerate the loss of riparian and instream vegetation and are 
assessed to provide an erosion sub index.  The Australian River Assessment Scheme provides a tool 
for the rapid assessment of ecological health and forms the basis for the macroinvertebrate sub index.  
Finally riparian vegetation is mapped using satellite imagery and is assessed for percentage woody 
vegetation on a 20 metre buffer strip along named waterways within each subcatchment. 
 
The average riverine condition assessment score for the Gwydir catchment is 31/50, with a minimum 
of 21/50 and a maximum of 37/50.  The Barwon, Gingham Watercourse and Gwydir subcatchments 
have been identified as having high conservation value by both National Parks and Wildlife Service 
(NPWS) and NSW Fisheries. 
 
It is recommended that the Rutherford (2000) principles for stream management be considered in 
setting catchment and management targets and in developing river health plans. 
 
This document provides a template for future condition assessment within the Gwydir Valley.  As 
more data is obtained, this report will be updated to reflect the better understanding of the processes 
that drive the ecological and physical condition of the stream and wetlands of the valley. 
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1 Introduction and Rationale 
The riverine condition assessment is a data analysis of relevant indicators to aquatic ecosystem health.  
This study follows on from the stressed rivers reports and incorporates some concepts of the Index of 
Stream Condition methodology (CEAH and ID&A, 1997).  The report draws on new and existing 
information and has the following objectives: 
 to benchmark riverine condition at a subcatchment level; 
 to provide information to the Catchment Management Boards to aid in catchment target setting; 
 to assist River Management Committees in developing river health plans; and 
 to provide information to assess the long term effectiveness of riverine management programs. 

 
The riverine condition assessment is aimed as an information tool to Catchment Management Boards, 
River Management Committees and environmental managers.  The study is based on the stressed 
rivers subcatchments.  This analysis is intended to be as objective as possible, however it does not 
satisfy all the demands of a rigorous scientific assessment.  As such it may be used to flag potential 
problems, assist in setting of catchment targets and broadly indicate possible causes.  Further 
information and monitoring will be required to assess remedial activities and costs. 
 
The riverine condition assessment is based on five main indicators; 
 water quality: the amount of nutrients (phosphorus), turbidity, salinity and pollutants in the water; 
 hydrology: the level of streamflow extraction and extent of regulation; 
 physical form: the extent of streambank and gully erosion; 
 aquatic life: measured using macroinvertebrates; and 
 riparian vegetation: mapped from satellite imagery. 
 
These indicators were chosen on the basis of importance to the functioning of aquatic ecosystems and 
the availability of information at the subcatchment level.  It is further expected that the level of 
extraction and/or regulation of streamflow, state of streambank and gully erosion and the condition of 
the riparian vegetation will be reflected in the water quality and macroinvertebrates within and 
downstream of the subcatchment.   
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2 Methodology 

2.1 OVERVIEW 

The Index of Stream Condition (ISC) methodology (CEAH and ID&A, 1997) has been adopted in 
principle for this assessment of riverine condition.  Information was not available for all of the 
indicators used by ISC, nor was it possible to collect this information within the time frames and 
reported structure required.  Where different indicators have been adopted, or where the indexing 
system used by ISC was not suitable, an indexing system was developed based on existing 
information.  The methodology for each index is explained briefly below.  A full method and data for 
each method is found in the Appendices.  
 
The assessment of riverine condition is based on the stressed rivers subcatchments.  Additional 
information has been incorporated into this assessment that may result in a different classification to 
the stressed rivers reports.  This is likely to be due to the addition of water quality and 
macroinvertebrate data and to the assessment of hydrological stress using water use information and 
an assessment of low, moderate and high flows that was not available at the time of preparation of the 
stressed rivers reports.  Unlike the stressed rivers reports, this assessment is based on actual field or 
mapped data.  No expert panel assessment was conducted, although specialist knowledge was used in 
developing the indexes. 
 

2.2 SUB INDEXES 

Each sub index is given a score out of 10.  A sliding scale is used, with no arbitrary assessment of 
‘poor’ or ‘good’ condition although a score of 0 would be very poor while a score of 10 would be 
excellent riverine condition.  For the purpose of visual representation on catchment maps a scale from 
dark grey (very poor) to white (excellent) is used. 
 

2.2.1 Water Quality 
Water quality is of major concern throughout many catchments in the region with salinity; pesticide 
contamination and high nutrient levels considered major problems.  The aim of the water quality index 
is to highlight potential problems.  Generally it will not provide all the water quality information 
required by managers.  If water quality is identified as a factor limiting overall riverine condition, then 
further investigation may be necessary.  The four indicators used here were chosen because they are 
indicators of catchment-wide water quality issues, are easy to measure, and historical data are 
available for many subcatchments. 
 
The water quality indicators selected are: 
 Electrical Conductivity – salinisation of agricultural land is a problem occurring in some areas of 

the Gwydir Catchment; 
 Turbidity – high turbidity can indicate bed and bank erosion or catchment management concerns; 
 Total Phosphorus – eutrophication and possible blue-green algae; and 
 Pesticides (including both insecticides and herbicides) – direct impact on aquatic ecosystems 

(flora and fauna). 
 
To account for the variability in a river or creek with distance down the catchment, the streams have 
been categorised as either upland or lowland.  Upland rivers are those occurring on the tablelands and 
slopes, generally fast-flowing and high gradient streams.  Lowland rivers occur on floodplain areas, 
generally slow flowing and low gradient. 
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The rating used to assess water quality are based on the Australian and New Zealand Environment and 
Conservation Council (2000) trigger values.  NSW Environment Protection Authority (EPA) and 
Department of Land and Water Conservation (DLWC) derived these trigger values from DLWC data.  
For this reason the rating used here are different to those used in previous studies by Thoms (1999).  
Each indicator is scaled out of 2.5, and added to give a final index out of 10, where 10 represents 
pristine water quality. 
 

2.2.2 Hydrology 
Changes in streamflow have been linked to deteriorating riverine condition including issues such as 
fish passage and breeding, blue-green algal blooms, wetland inundation patterns and premature drying 
of unregulated rivers and pools.  The hydrological sub index is based on the assessment of unregulated 
extraction and the degree of regulation within the subcatchment.  Combining these assessments 
provides an indication of the deviation of flow from natural condition.   
 
The unregulated assessment is based upon the Integrated Quantity and Quality Model NSW (DLWC 
1996).  Modelled extraction is based on the last five years of unregulated irrigation usage reported in 
the Survey of Water Use (DLWC 1999).  Daily measured or modelled streamflow, rainfall, 
evaporation, area planted and crop mix are modelled.  The end of system flow after extraction is 
compared to natural flow under low, moderate and high flow conditions.  Out of best possible score of 
5 (ie no unregulated extraction impact), low flows are the most significant and are scored out of a 
maximum of 2.5, while moderate and high flows are scored out of a maximum of 1.5 and 1 
respectively.  Unregulated assessment of Gwydir, Mehi River and Thalabah subcatchments could not 
be resolved due to difficulties in modelling flow, or in verifying irrigation data.  In these cases, the 
score has been set at 2.5, pending assessment by the board. 
 
Many subcatchments also contain stretches of regulated rivers or dams.  Due to the complexity of 
calculating the deviation from natural flows, a simpler index has been used based upon the degree of 
regulation within the subcatchment.  Out of a possible score of 5, subcatchments which contain no 
regulated rivers score 5.  Subcatchments with a majority of unregulated rivers score 3.75.  Where there 
is a mix of regulated and unregulated streams, the index is 2.5, while those subcatchments that are 
predominantly regulated score at 1.25. 
 
The final score is the addition of the unregulated and regulated assessments, giving a maximum score 
of 10 (no deviation from natural flow conditions as a result of river regulation or water extraction).  A 
score of less than 4 indicates a substantial deviation from natural flow conditions due to a combination 
of extraction and regulation.  
 

2.2.3 Erosion 
Streambank and gully erosion are significant contributors to deteriorating water quality including 
increased turbidity and suspended material and increased nutrient levels.  Often caused by poor 
riparian vegetation, streambank erosion processes can accelerate the loss of riparian and instream 
vegetation.  
 
Streambank and gully erosion were mapped as part of the 1:100 000 Soil Erosion and Land Use 
Survey (SCS 1990).  In some catchments these parameters have been mapped at 1: 25 000 scale as 
part of multi-attribute mapping.  From these surveys, the length of streambank erosion and moderate 
to severe gully erosion is compared to the total streamlength for each subcatchment.  Streambank 
erosion is scored out of 6, where 6 is no streambank erosion, and 0 is 100% of streamlength eroded. 
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Moderate to severe gully erosion is scored out of 4.  A combined score of less than 4 is equivalent to 
streambank and gully erosion of approximately 30% of total streamlength 
 

2.2.4 Macroinvertebrates and AusRivAS 

The biological indicator component of the River Condition Assessment (RCA) is based on 
macroinvertebrate data and results from the First National Assessment of River Health (FNARH) 
project.  The FNARH project was formerly called the Monitoring River Health Initiative (MRHI).  
The objective of FNARH is to assess the ecological health of rivers and creeks across Australia, using 
macroinvertebrates as biological indicators.  Macroinvertebrates are small animals that lack a 
backbone and are visible with the naked eye.  Although macroinvertebrates are commonly referred to 
as water bugs, they also include crustaceans, worms, leeches, snails, mussels, mites, and others. 

The FNARH project involved the collection of macroinvertebrate samples and environmental data like 
water quality, riparian vegetation condition, channel type and structure, and catchment use.  This 
information was collected from a large number of sites across each state, in autumn and spring from 
1994 to 1999.  The information was used to develop an interactive software package called the 
Australian River Assessment Scheme (AusRivAS).  AusRivAS is a tool for the rapid assessment of 
ecological health of any river or creek site. 

The main outputs of AusRivAS used for the RCA are the observed/expected (O/E) taxa values.  The 
O/E-taxa output values can range between 0 and 1, or slightly greater than 1.  These values have been 
multiplied by 10 to provide the RCA sub index value.  O/E-taxa value results are defined below and 
outlined in full in Appendix 4.  RCA O/E - taxa values of greater than 10 are capped to 10 so they are 
consistent with all RCA sub indexes, and are the highest rating that can be achieved for this sub index. 
 
 O/E-taxa value above 9 indicates a site is similar to a reference site; 
 O/E-taxa value than between 6 and 9 indicates a site in fair condition; 
 O/E-taxa value than between 3 and 6 indicates a site is in poorer condition than a reference site; 

and 
 O/E-taxa value than between 0 and 3 indicates a site is in far poorer condition than a reference 

site. 

The lack of undisturbed reference sites in the rivers of western NSW is a limitation to the results of 
AusRivAS.  The reference sites used to make comparisons were selected to represent the best 
available sites for each type of river and in some cases the best available condition is one that includes 
alterations to hydrology, water quality, and instream habitat.  Therefore the results of AusRivAS may 
give a better rating of the site than is actually the case.  The current version of AusRivAS is 
preliminary, being based on the first few years of data so the results must be viewed as indicative only. 

2.2.5 Riparian Vegetation 
The condition of the riparian zone in terms of vegetation cover is considered to be one of the key 
indicators of stream ‘health’. 
 
The riparian zone is defined as ‘that part of the landscape, which exerts a direct influence on stream 
channels or lake margins, and on the water and ecosystems contained within them’(Land and Water 
Australia, 1998).  Several Acts within the states and territories of Australia provide a legislative 
definition of riparian land.  These normally refer to a strip of set width along the banks of defined 
rivers and streams  (20-40 metres), however, this fixed definition does not of course account for 
channel shape, size and seasonal flow patterns (particularly in the western floodplain areas). 
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The remnant vegetation contained within the riparian zone provides: 
 a specialised habitat and a corridor linking other land components; 
 essential functions for stream ecology including; 

- providing a significant proportion of the food (energy inputs) required by aquatic organisms; 
- providing shelter and breeding sites for aquatic organisms; and 
- influencing water temperature through shading. 

 an important buffer/filter strip between land use and watercourses (nutrients, sediments and other 
contaminants; 

 a streambank stabilising function by nature of the soil-binding ability of roots; and 
 cultural, spiritual and aesthetic value. 
 
The assessment of riparian vegetation cover throughout the valley was undertaken with the application 
of remote sensing and image analysis technology. An analysis of each subcatchment within the 
Gwydir Valley was undertaken to determine the respective percentage cover values of woody riparian 
vegetation on each named stream in relation to a nominated buffer width of 20 metres as consistent 
with legislation.  The adoption of a 20 metre buffer width recognises the most critical width in 
providing aquatic ecosystem function.  
 
The percentage cover value is translated to a score out of 10 with a value of 10 signifying excellent 
cover. 
 

2.3 RIVERINE CONDITION ASSESSMENT 

The results of each of the sub indexes is added to give a score out of a possible 50.  
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3 Results 

3.1 SUB INDEXES 

3.1.1 Water Quality 
Of the 32 subcatchments in the Gwydir Valley, Thalaba Creek, Mehi River and the Gingham 
Watercourse had the lowest water quality indexes. All of these are located at the bottom of the Gwydir 
catchment.  The catchments with the best water quality were located in the upper reaches. The highest 
indexes were in Boorolong Creek, Moredun Creek, Upper Gwydir and Rocky Creek. The rankings for 
each subcatchment are shown in Appendix 1.   
 
The electrical conductivity in all catchments meets the stock water and raw water for drinking 
guidelines. Halls Creek was the only subcatchment to have a median electrical conductivity in the high 
salinity range for irrigation water. All other catchments were either medium or low.  
 
Turbidity levels increase with distance downstream. This trend can be related to the changes in land 
use from grazing to cropping as you progress down the catchment. This trend is also reflected in the 
pesticide data, with the catchments at the bottom of the system having pesticides detected regularly. 
 
Total phosphorus concentrations are high right across the Gwydir Catchment. All subcatchments were 
ranked between zero and two, with none meeting the ANZECC (2000) guideline for the protection of 
aquatic ecosystems.    
 

GWYDIR

Water quality sub index

Bakers
Boggy

Boorolong
Carole

Cobbodah
Copeton
Georges
Gingham

Gurley
Gwydir

Halls
Keera
Laura

Lower Horton
Lower Tycannah
Mackenzies Flat

Mehi
Milli

Moredun
Moree

Mosquito
Myall

Rocky Creek
Rocky River

Roumalla
Slaughterhouse

Thalaba
Upper Gwydir
Upper Horton

Upper Tycannah
Warialda

Very Poor Excellent

Pesticides

Turbidity

Elec. cond.

Phosphorus

Figure 1: Bar chart of water quality sub index scores. 
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3.1.2 Hydrology 
The results of the hydrological assessment indicate that a combination of unregulated extractions and 
regulation of the flow are likely to severely impact on riverine condition in the Mehi subcatchment.  
The Mehi River subcatchment was however unresolved in relation to unregulated extractions and 
needs to be assessed more fully.  Figure 5 shows the assessment of all subcatchments in the Gwydir 
catchment. 
 
Other subcatchments that may be of concern include those that have either unregulated or regulated 
scores of less than 2.5 (figure 5).  These subcatchments are shown in table 1. 
 
Table 1: Subcatchments with one hydrology indicator of concern. 
Unregulated score less than 2.5 Regulated score of less than 2.5 
Upper Horton Mackenzies Flat 
Moredun Slaughterhouse  
Boggy Creek Moree 
Myall Carole 
 

GWYDIR

Hydrology sub index

Bakers
Boggy

Boorolong
Carole

Cobbodah
Copeton
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Gingham
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Gwydir

Halls
Keera
Laura

Lower Horton
Lower Tycannah
Mackenzies Flat
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Moree
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Rocky River
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Slaughterhouse
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Upper Tycannah
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Very Poor Excellent

Regulated

Unregulated

Figure 2: Bar chart of Gwydir hydrology sub index scores. 
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Map 1: Gwydir water quality sub index map. 
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Map 2: Gwydir hydrology sub index map. 
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3.1.3 Erosion 
The mid slope subcatchments of the Gwydir catchment generally had the most severe streambank and 
gully erosion.  11 subcatchments rated as poor for the erosion sub index.  Of these subcatchments 
Mosquito Creek, Warialda Creek, Lower Horton, Rocky Creek, Slaughterhouse Creek and Upper 
Horton had gully erosion scores of 0, representing total length of gully erosion in the subcatchment 
greater than 60% of the total streamlength.  Boggy Creek and Halls Creek had the poorest streambank 
scores.   
 

GWYDIR

Erosion sub index
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Gully erosion

Streambank erosion

Figure 3: Bar chart of erosion sub index scores. 
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3.1.4 Macroinvertebrates 
The results of the FNARH assessment indicates that subcatchments in the Gwydir catchment were 
generally close to reference sites.  Keera and Cobbadah were the worse subcatchments with a score of 
4/10.  Eighteen sites were similar to, or better than reference sites (figure 4). 
 
As discussed in the methods, the lack of undisturbed reference sites, particularly for large western 
rivers such as the lower end of the Gwydir catchment, may result in a better score than is actually the 
case.  The spatial results of the macroinvertebrate subindex scores are shown in map 4. 
 

GWYDIR
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Figure 4: Bar chart of macroinvertebrate sub index scores. 
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Map 3: Gwydir erosion sub index map. 
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Map 4: Gwydir macroinvertebrate sub index map. 



 

Riverine condition assessment of the Gwydir catchment.                                       Version 2a Printed 8 May 2001 
12 

3.1.5 Riparian Vegetation 
The satellite data interpretation undertaken for riparian vegetation cover within the Gwydir catchment 
indicates that all subcatchments are generally in a poor condition.  The streams within the Carole 
Creek subcatchment scored the highest, whilst Georges Creek, Upper Horton, Upper Tycannah, 
Gingham Watercourse and Mackenzies Flat scored values slightly lower.  The average score was an 
index value of 3 which indicates that there is only an average 30% tree cover within the riparian zone 
of streams across the Gwydir catchment. 
 

 
Figure 5: Bar chart of riparian vegetation sub index scores. 
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Map 5: Gwydir riparian vegetation sub index map. 
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3.2 RIVERINE CONDITION ASSESSMENT 

In development (requires completion of riparian vegetation sub indexes).  Three subcatchments with 
high conservation value were identified by NPWS and NSW Fisheries as part of the stressed rivers 
assessments (table 2).  
 
Table 2:  Subcatchments with identified high conservation value. 
Subcatchment NPWS justification NSW Fisheries justification 
Barwon Barwon-Darling connectivity (major faunal movements) Threatened species present. 
Gingham 
Watercourse 

Contains Lower Gwydir wetlands, DIPW, SWMDB, 
Ramsar.  Connectivity between Barwon-Darling and 
upper catchments.  Important floodplain remnant 
vegetation. 

Threatened species present. 

Gwydir Contains Lower Gwydir wetlands, DIPW, SWMDB, 
Connectivity between Barwon-Darling and upper 
catchments.  Important floodplain remnant vegetation. 

Threatened species present. 

 
Calculation of the overall riverine condition assessment is determined by adding together each of the 
sub index scores to give a total score out of 50 (figure 6). The Stream Condition Assessment indicates 
that Boggy Creek and Warialda subcatchments are the worst subcatchments in the Gwydir valley, with 
Lower Horton, Mosquito Creek, Slaughterhouse Creek, Cobbadah, Thalaba Creek and Halls Creek 
also of concern.  Upper Gwydir and Georges were the best subcatchments, with Roumalla, Carole 
Creek, Lower Tycannah and Boorolong subcatchments also showing high scores.  The average 
riverine condition assessment score for the Gwydir catchment is 31/50, with a minimum of 21/50 and 
a maximum of 37/50. 
.

GWYDIR
Riverine Condition Assessment

Warialda Creek
Upper Tycannah

Upper Horton
Upper Gwydir River

Thalaba Creek
Slaughterhouse
Roumalla Creek

Rocky River
Rocky Creek
Myall Creek
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Moree

Moredun Creek
Milli Creek
Mehi River

Mackenzies Flat
Lower Tycannah

Lower Horton
Laura
Keera

Halls Creek
Gwydir

Gurley Creek
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Georges Creek
Copeton Dam

Cobbodah Creek
Carole Creek

Boorolong Creek
Boggy Creek
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Riparian Veg
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Erosion

Water Quality

Hydrology
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Figure 6: Overall riverine condition 
assessment 
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Map 6: Gwydir riverine condition assessment map. 
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4 Recommendations 
The obvious assumption when setting priorities for catchment targets and management activities is 
that you should attack the most obvious problem in the worst subcatchments first.  Rutherford (2000) 
suggests that this is not the best strategy if you are aiming at sustainable ecological diversity.   
 
It is far more efficient to preserve subcatchments, and stream reaches, that are still in good condition 
rather than concentrating on fixing what is already degraded.  Rutherford (2000) adopts six principles 
for stream management. 
1. Save reaches that support valuable organisms or communities first. 
2. Protect streams that are in the best general condition before trying to improve those that are in 

poor condition. 
3. Stop streams deteriorating, rather than waiting for them to stabilise and then trying to accelerate 

recovery. 
4. Improve the condition of reaches that are damaged, beginning with those that are easy to fix. 
5. While there are still reaches that need protecting or improving, don’t bother trying to fix reaches 

that are already extremely degraded. 
6. Identify the most important problems.   
 
Using Rutherford’s principles, the subcatchments in the Gwydir have been placed in the following 
management categories. 
 
Table 3: Description of management categories. 
Category Description 
1 Subcatchments with regional (aquatic) conservation value including National Parks 

and Reserves and Ramsar wetlands. 
2 Subcatchments in best general condition 
3 Subcatchments in fair condition, where improvement of only one indicator is 

required to provide substantial benefit. 
4 Subcatchments in fair condition, where improvement in more than one indicator is 

required to provide substantial benefit. 
5 Subcatchments in poor condition that require attention to prevent further 

deterioration. 
 
Table 4 Catchment priorities 
Category 1 
(HCV) 

Category 2 Category 3 Category 4 Category 5 

Barwon Georges Creek Bakers Creek Millie Creek Lower Horton 
Gingham 
Watercourse 

Upper Tycannah 
Creek 

Upper Horton Moredun Creek Boggy Creek 

Gwydir Upper Gwydir 
River 

Rocky River Moree Mosquito Creek 

 Roumalla Creek Laura Rocky Creek  Warialda Creek 
 Mackenzies Flat Gurley Creek Mehi River Cobbadah Creek 
 Carole Creek  Keera Slaughterhouse 
 Boorolong Creek  Copeton Dam  Thalaba Creek 
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Appendix 1 – Water quality methods and data. 
 
Method 
All historical water quality data used to develop the water quality index was taken from TRITON (the 
DLWC water quality database). All data from the one subcatchment (as identified in the Stressed 
Rivers Assessment Report) have been combined for analysis. The median is then given a rating and 
the total of the ratings scaled to give a sub-index score between 0 and 10. 
 
To account for the variability in a river or creek with distance down the catchment, the streams have 
been categorised as either upland or lowland. Upland rivers are those occurring on the tablelands and 
slopes, generally fast-flowing and high gradient streams. Lowland rivers occur on floodplain areas, 
generally slow flowing and low gradient. 
 
The ratings used to assess water quality are based on the Australian and New Zealand Environment 
and Conservation Council (2000) trigger values. NSW Environment Protection Authority (EPA) and 
Department of Land and Water Conservation (DLWC) derived these trigger values from DLWC data. 
 
Electrical Conductivity 
Salinity is a problem common to many parts of Australia. It may be caused by the presence of salts in 
underlying bedrock or unconsolidated sediments, salt deposited in past marine inundation of an area, 
or salt particles being carried over the land surface from the ocean. The measurement for determining 
the level of salinity is called electrical conductivity (EC). Electricity is conducted with increasing ease 
as the concentration of dissolved salt in the water increases. Therefore, a high electrical conductivity 
indicates a high concentration of salts. 
 
For human consumption, a low level of salt can render drinking water unpalatable. Irrigation water 
needs to be of a much higher quality than that required by livestock. The use of saline water for 
irrigation will lead to problems of growth inhibition, mainly due to chloride toxicity, water deficit 
where plants actively restrict salt-water uptake and the burning of leaves. Prolonged irrigation with 
saline water can lead to soil salinity and the breakdown of soil structure.  
 
In many cases, electrical conductivity in the Barwon Region is higher in the upland rivers than the 
lowlands as most of the salt affected land is located on the tablelands and slopes. The ratings for 
electrical conductivity are shown in Table 1.  
 
Table 1: Ratings for Electrical Conductivity (µS/cm) 

Upland Rivers Lowland Rivers Rating 
<280& <280& 4 
<350* <300* 3 
<575 <550 2 
<800# <800# 1 
>800 >800 0 

* = ANZECC (2000) trigger value 
& = ANZECC (1992) upper limit for low salinity irrigation water 
# = ANZECC (1992) upper limit for medium salinity irrigation water. 
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Turbidity 
The suspended sediments in a water body are made up of fine silt, clay particles or organic material. 
The amount of sediment is generally related to the intensity of human activity in the catchment, such 
as land clearing, or accelerated erosion from agricultural land, stream banks or stream channels. 
 
High amounts of suspended sediments have varied effects; the most obvious being the water appears 
muddy. Reduced water clarity can restrict the photosynthesis of aquatic plants. Aquatic wildlife which 
rely on vision to feed will suffer and plants, macroinvertebrate habitat and fish sporning areas can be 
smothered by sediment. Particulate matter is also an important transport medium for other pollutants 
such as heavy metals, nutrients and pesticides. The particles also provide suitable material for the 
growth of bacteria and other pathogenic microorganisms.  The ratings for turbidity are shown in Table 
2. 
 
Table 2: Ratings for Turbidity (NTU) 

Upland Rivers Lowland Rivers Rating 
<5# <5# 4 
<25* <50* 3 
<37 <95 2 

<50& <140$ 1 
>50 >140 0 

* = ANZECC (2000) trigger value. 
# = ANZECC (1992) recreation guideline. 
& = Bek & Robinson (1991). 
$ = 80th percentile of all turbidity data from lowland rivers in the Barwon Region. 
 
Total Phosphorus 
Sources of nutrient contamination include sewage treatment works, farm effluent, runoff from 
agricultural land, septic tanks, industrial effluent and urban storm water runoff. Nutrients can be 
dissolved, bound within sediments, or adsorbed on to suspended particulate matter. The main transport 
mechanism is the movement of the suspended, particle-bound fraction. For this reason there is 
generally a strong relationship between flow and nutrient concentration. The ratings for total 
phosphorus are shown in Table 3. 
 
Table 3: Ratings for Total Phosphorus (mg/L) 

Upland Rivers Lowland Rivers Rating 
<0.01# <0.01# 4 
<0.02* <0.05* 3 
<0.06 <0.1& 2 
<0.1& <0.23$ 1 
>0.1 >0.23 0 

* = ANZECC (2000) trigger value 
# = ANZECC (1992) lower limit for the prevention of nuisance algal growth. 
& = ANZECC (1992) upper limit for the prevention of nuisance algal growth. 
$ = 80th percentile of all total phosphorus data from lowland rivers in the Barwon Region. 
 
Pesticides 
The detection of pesticides is more common in the lower catchment. This is where the greatest 
quantities of agricultural chemicals are applied. The detection of pesticides gives the site an automatic 
ranking of 0. A rating of 2 has been included to indicate those areas where there is no data available, 
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but due to current land use, there is a high risk of pesticides being present in the water. The ratings for 
pesticides are shown in Table 4.  
 
Table 4: Ratings for Pesticides  

Upland Rivers Lowland Rivers Rating 
Pesticides not detected, or no data 

available, but low risk of pesticides being 
detected due to land use. 

Pesticides not detected, or no data 
available, but low risk of pesticides being 

detected due to land use. 

4 

No data available, but high risk of 
pesticides being present due to land use 

No data available, but high risk of 
pesticides being present due to land use 

2 

Pesticides detected Pesticides detected 0 
 
All historical water quality data used to develop the water quality index was taken from TRITON (the 
DLWC water quality database). All data from the one subcatchment (as identified in the Stressed 
Rivers Assessment Report) have been combined for analysis. The median is then given a rating and 
the total of the ratings scaled to give a sub-index score between 0 and 10. 
 
Metadata statements 
The following table lists all the sampling sites that were used to develop the water quality sub-index 
for each sub-catchment. In some cases were there were no data available for a particular catchment, 
the results from an adjacent catchment were used. 
 
Table 5: Water Quality monitoring stations used to develop sub-index. 
Sub Catchment Station No. Station Name 
Bakers Ck 418033 BAKERS CREEK @ BUNDARRA 
Barwon 422003 BARWON R @ COLLARENEBRI 
Boggy Ck  No data available – used Milli Ck and Upper Pain data 
 418060 MOOMIN CREEK @ GLENDELLO 
 419063 GUNIDGERA-PIAN CUTTING @ MERAH NORTH 
 419064 PIAN CREEK @ ROSSMORE 
 41910201 PIAN CREEK @ GRAYLANDS 
Boorolong Ck 418020 BOOROLONG CK @ YARROWYCK 
 418034 BOOROLONG CREEK (NORTH ARM) @ BLACK 

MOUNTAIN 
Carole Ck 418052 CAROLE CREEK @ NEAR GARAH 
 41810111 CAROLE CREEK ON MUNGINDI ROAD 
Cobbadah Ck  No data available – used Keera and Upper Horton data 
 418018 KEERA CREEK @ KEERA 
 418027 HORTON RIVER @ HORTON DAM SITE 
Copeton Dam 418005 COPES CREEK @ KIMBERLEY 
 418008 GWYDIR RIVER @ BUNDARRA 
 418030 COPES CREEK @ TINGHA 
 41810039 GWYDIR RIVER U/S COPETON DAM 
Georges Ck 418022 GEORGES CREEK @ CLERKNESS 
Gingham Watercourse 418064 GINGHAM WATERCOURSE @ WILLOWLEE 
 418077 GINGHAM CHANNEL @ THE WATERHOLE 
 41810035 GINGHAM CHANNEL @ ROOKERY 
 41810038 GINGHAM CHANNEL @ CRINOLYN 
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Sub Catchment Station No. Station Name 
Gurley Ck  No data available – used Lower Tycannah and Milli Creek 

data 
 418032 TYCANNAH CREEK @ HORSESHOE LAGOON 
 418037 MEHI RIVER D/S COMBADELLO WEIR 
 418048 MOOMIN CREEK @ COMBADELLO CUTTING 
 418060 MOOMIN CREEK @ GLENDELLO 
Gwydir 418031 GWYDIR RIVER @ COLLYMONGLE 
 418040 GWYDIR RIVER D/S MEHI OFFTAKE (WEIR SITE 3) 
 418042 GWYDIR RIVER D/S TAREELAR01 WEIR 
 418053 GWYDIR RIVER @ BRAGEEN CROSSING 
 418056 GWYDIR RIVER @ TYREEL (GWYDIR POOL) 
 418063 GWYDIR RIVER (SOUTH ARM) D/S TYREEL OFFTAKE 

REGULATOR 
 418065 GWYDIR RIVER @  TYREEL STORAGE GAUGE 
 418066 GWYDIR RIVER @ MILLEWA 
 418078 GWYDIR RIVER @ ALLAMBIE BRIDGE 
 41810034 BIG LEATHER @ OLD DROMANA 
 41810036 BIG LEATHER @ TROY  
Halls Ck 418025 HALLS CREEK @ BINGARA 
Keera 418018 KEERA CREEK @ KEERA 
Laura 418021 LAURA CREEK @ LAURA 
Lower Horton 418015 HORTON RIVER @ RIDER (KILLARA) 
Lower Tycannah 418032 TYCANNAH CREEK @ HORSESHOE LAGOON 
 418037 MEHI RIVER D/S COMBADELLO WEIR 
 418048 MOOMIN CREEK @ COMBADELLO CUTTING 
Mackenzies Flat 418012 GWYDIR RIVER @ PINEGROVE 
 418026 GWYDIR RIVER D/S COPETON DAM 
Mehi 418041 MEHI RIVER D/S GUNDARE REGULATOR 
 418044 MEHI RIVER D/S TAREELAROI REGULATOR 
 418046 MALLOWA CREEK @ KAMILAROI WEST 
 418049 MALLOWA CREEK @ REGULATOR 
 418054 MOOMIN CREEK @ IFFLEY 
 418055 MEHI RIVER @ NEAR COLLARENEBRI 
 418058 MEHI RIVER @ BRONTE 
 418068 MEHI RIVER U/S BALLIN BOORA CREEK 
Milli Ck 418060 MOOMIN CREEK @ GLENDELLO 
Moredun Ck 418023 MOREDUN CREEK @ BUNDARRA 
Moree 418001 GWYDIR RIVER @ PALLAMALLAWA 
 418002 MEHI RIVER @ MOREE 
 418004 GWYDIR RIVER @ YARRAMAN BRIDGE 
 418007 GWYDIR RIVER @ CAMURRA (BOOLOOROO BRIDGE) 
 418011 CAROLE CREEK D/S REGULATOR(BELLS CROSSING) 
 418036 GWYDIR RIVER D/S BOOLOOROO WEIR (CAROLE CK) 
Mosquito  No data available – used Warialda Creek and Ottleys Ck at 

Coolatai data 
 418016 WARIALDA CREEK @ WARIALDA NO.3 
 416020 OTTLEYS CREEK @ COOLATAI 
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Sub Catchment Station No. Station Name 
Myall Ck 418017 MYALL CREEK @ MOLROY 
Rocky Creek  No data available – used keera and Upper Horton data 
 418018 KEERA CREEK @ KEERA 
 418027 HORTON RIVER @ HORTON DAM SITE 
Rocky River  No data available – used Boorolong Creek and Roumalla 

Creek data 
 418020 BOOROLONG CK @ YARROWYCK 
 418034 BOOROLONG CREEK (NORTH ARM) @B LACK 

MOUNTAIN 
 418024 ROUMALLA CREEK @ KINGSTOWN 
Roumalla Ck 418024 ROUMALLA CREEK @ KINGSTOWN 
Slaughterhouse 418009 GWYDIR RIVER @ GRAVESEND 
Thalabah Ck 418061 MOOMIN CREEK @ ALMA BRIDGE (DERRA ROAD) 
 418067 MOOMIN CREEK @ CLARENDON BRIDGE 

(HEATHFIELD) 
 41810101 THALABAH CREEK @ MERRYWINEBONE 
Upper Gwydir 418014 GWYDIR RIVER @ YARROWYCK 
 418029 GWYDIR RIVER @ STONYBATTER 
Upper Horton 418027 HORTON RIVER @ HORTON DAM SITE 
Upper Tycannah  No data available – used Lower Horton data 
 418015 HORTON RIVER @ RIDER (KILLARA) 
Warialda Ck 418013 GWYDIR RIVER @ GRAVESEND ROAD BRIDGE 
 418016 WARIALDA CREEK @ WARIALDA NO.3 
 

Results  
 
Table 6: Medians, ratings and sub-index for each subcatchment. 
Sub 
Catchment 

Total 
Phosphorus 

Electrical 
Conductivity 

Turbidity Pesticides Total Sub-
index 

 Median Rating Median Rating Median Rating Median Rating   

Bakers Ck No 
data 

2 107.5 4 11 3 Not likely 4 13 8.13 

Barwon 0.13 1 246 4 130 1 Detected 0 6 3.75 
Boggy Ck 0.18 1 459 2 55 2 No data but 

likely 
2 7 4.38 

Boorolong Ck 0.057 2 205.5 4 3 4 Not likely 4 14 8.75 
Carole Ck 0.06 2 333 2 36.5 3 Detected 0 7 4.38 
Cobbadah Ck 0.0595 2 558 2 2.1 4 Not likely 4 12 7.50 
Copeton Dam 0.05 2 220 4 7.9 3 Not likely 4 13 8.13 
Georges Ck 0.05 2 235 4 8.1 3 Not likely 4 13 8.13 
Gingham 
Watercourse 

0.23 0 337 2 46.4 3 Detected 0 5 3.13 

Gurley Ck 0.108 1 435 2 15.25 3 No data but 
likely 

2 8 5.00 

Gwydir 0.088 2 340 2 55 2 Detected 0 6 3.75 
Halls Ck 0.15 0 1024.5 0 1.5 4 Not likely 4 8 5.00 
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Sub 
Catchment 

Total 
Phosphorus 

Electrical 
Conductivity 

Turbidity Pesticides Total Sub-
index 

Keera  2 575 1 1.7 4 Not likely 4 11 6.88 
Laura 0.05 2 215 4 5.2 3 Not likely 4 13 8.13 
Lower Horton 0.04 2 596 1 7 3 Not likely 4 10 6.25 
Lower 
Tycannah 

0.108 1 455 2 13 3 No data but 
likely 

2 8 5.00 

Mackenzies Flat 0.055 2 185 4 5.6 3 Not likely 4 13 8.13 
Mehi R 0.145 1 374 2 106 2 Detected 0 5 3.13 
Milli Ck No 

data 
2 364 2 45.5 3 No data but 

likely 
2 9 5.63 

Moredun Ck 0.05 2 227 4 4.5 4 Not likely 4 14 8.75 
Moree 0.065 2 376 2 21 3 Detected 0 7 4.38 
Mosquito 0.11 0 759 1 5.2 3 No data but 

likely 
2 6 3.75 

Myall Ck 0.102 0 1080 0 2.45 4 No data but 
likely 

2 6 3.75 

Rocky Ck 0.0595 2 520 2 2.4 4 Not likely 4 12 7.50 
Rocky R 0.057 2 205 4 3.7 4 Not likely 4 14 8.75 
Roumalla Ck No 

data 
2 197 4 8.3 3 Not likely 4 13 8.13 

Slaughterhouse No 
data 

2 484 2 1.2 4 No data but 
likely 

2 10 6.25 

Thalabah Ck 0.35 0 456 2 243 0 Detected 0 2 1.25 
Upper Gwydir 0.042 2 289 4 3.3 4 Not likely 4 14 8.75 
Upper Horton 0.0595 2 520 2 2.4 4 Not likely 4 12 7.50 
Upper 
Tycannah 

0.0595 2 520 2 2.4 4 No data but 
likely 

2 10 6.25 

Warialda Ck 0.055 2 431.5 2 22 3 Detected 0 7 4.38 
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Appendix 2 – Hydrological methods and data. 
Method 
The hydrological sub index is based on assessment of unregulated extraction and the degree 
of regulation within the subcatchment. 
 
Unregulated extraction 
Flow duration curves are used as the basic data set for hydrological assessment of unregulated rivers.  
The FDC’s have been produced following the stressed rivers assessment methodology at the outlet, or 
as near as practical, for each subcatchment. The summary of FDC’s produced and their quality codes 
is located on G:/rap/rg/ecomgt/riverqfr/projects/volcon barwon2.xls.  Individual FDC’s are in the 
volcon/catchment name/subcatchment 41X_XX_m_p.xls. 
 
Current extraction (for this benchmarking exercise) is based on the last five years of irrigation usage 
from the Volcon database (DLWC 2000).  Using the maximum area and corresponding crop mix for 
each subcatchment, the monthly peak daily demand (PDD) is calculated (D.A.R.E.N.S / IQQM).  The 
monthly PDD is compared to the monthly 80th (or equivalent ‘low-flow’ in ephemeral streams) 
percentile flows to determine the critical month (ie the month of highest extraction relative to flow).  
The peak daily demand and the critical month is then used to determine the potential impact of 
extraction on river health using some of the river flow objective guidelines. 
 
A, B and C class are set at the 80th, 50th and 30th percentiles in permanent or near permanent streams.  
If the flow in the critical month at the 80th percentile is 0, then the A class is set at 1ML/day and the 
corresponding percentile is determined from the FDC.  The proportion of this percentile to the 80th 
percentile is then used to calculate equivalent B and C classes (unless determined otherwise by 
RMC’s).  No rules are adopted unless already in place.  In subcatchments where significant on-farm 
storages exist, the C class is set at 20% of the on-farm storage volume. 
 
This information is modelled through the Integrated Quantity Quality Model (DLWC 1997) to 
produce a modelled end of system flow after extraction for each of the flow classes (A, B and C).  The 
following index is used to produce the hydrological (unregulated) subindex (out of a possible 5.0). 
 
% End of system flow  Rate   Weighting 
>90%    9   A class = weighting of 2.5 
80-89%    8   B class = weighting of 1.5 
70-79%    7   C class = weighting of 1 
60-69%    6 
50-59%    5    
40-49%    4    Final index out of 5 
30-39%    3   = (A/9*2.5)+(B/9*1.5)+(C/9*1) 
20-29%    2 
10-19%    1 
<10%    0 
 
Degree of Regulation 
Due to the complexities of modelling regulation, a simple approach has been adopted for this report.  
The regulated index is based upon the degree of regulation within the subcatchment as follows: 
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Degree of regulation        Index 
The majority of streamflow within the subcatchment is regulated   1.25 
Streamflow within the subcatchment is partially regulated   2.5 
The majority of streamflow within the subcatchment is unregulated  3.75 
There are no regulated rivers or storages within the subcatchment  5 
 
Example 
Unregulated 
A class  73% end of system flow  7 
B class  83% end of system flow  8 
C class  98% end of system flow  9 
Unreg index = 7/9*2.5 + 8/9*1.5 + 9/9*1 
  = 4.3 
 
Regulated 
Streamflow with the subcatchment is mainly unregulated (for example, the subcatchment is mainly 
unregulated tributaries flowing into a regulated river of which only a small portion is within the 
subcatchment). 
Regulated index = 3.75 
 
Total hydrological sub index 
  = unreg index + reg index 
  = 4.3 + 3.75 
  = 8.05 
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Data Summary 
Table 1: Hydrological data summary. 

Subcatchment   Class (ML/day)     Modelled % EOS 
flow (vs natural) 

Index   Unreg/5 Reg/
5 

total 
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Roumalla 418_01  16.2 Oct  1 80 21 50 72 30 65 95 99 6 9 9 8.3 4.2 5 9.2 
Bakers Ck 418_02                 10.0 5.0 5 10.0 
Laura 418_03  80 Dec  6 80 76 50 251 30 44 93 99 4 9 9 7.2 3.6 5 8.6 
Up Ort 418_04  120 Dec  3 80 17 50 45 30 7 64 92 0 6 9 4.0 2.0 5 7.0 
Cobbadah 418_05  18 Dec  2 80 9 50 23 30 15 86 97 1 8 9 5.2 2.6 5 7.6 
Keera 418_06  12 Jan  1 80 10 50 26 30 76 95 99 7 9 9 8.9 4.4 5 9.4 
Rocky Ck 418_07  24 Jun  3 80 12 50 36 30 92 97 99 9 9 9 10.0 5.0 5 10.0 
Moredun 418_08  452 Jul  1 80 66 50 174 30 8 70 95 0 7 9 4.3 2.2 5 7.2 
Copes Ck 418_09  74 May  2 80 26 50 131 30 19 83 97 1 8 9 5.2 2.6 2.5 5.1 
Boggy Ck 418_10  5386*               0.0 0.0 5 5.0 
Halls Ck 418_11  42 Jan  6 80 12 50 16 30 75 90 95 7 9 9 8.9 4.4 5 9.4 
Thalabah 418_12  220               Unresolv  (2.5) 3.75 3.25 
Mackenzies 418_13  2 Dec  1 65 3 40 6 25 95 98 99 9 9 9 10.0 5.0 1.25 6.3 
Up Tycan 418_14                 10.0 5.0 5 10.0 
Low Hort 418_15  282 Jan  17 80 66 50 169 30 40 82 95 4 8 9 6.9 3.4 3.75 7.2 
Gurley 418_16                 10.0 5.0 5 10.0 
Millie 418_17  248               Unresolv (2.5) 3.75 6.25 
Myall 418_18  124 Dec  2 80 14 50 29 30 10 59 87 1 5 8 4.0 2.0 5 7.0 
Slaughter 418_19                 10.0 5.0 1.25 6.3 
Warialda 418_20  10 Dec  1 65 5 40 13 25 73 89 96 7 8 9 8.6 4.3 3.75 8.0 
Low Tycan 418_21                 10.0 5.0 3.75 8.8 
Mehi R 418_22  250               Unresolv (2.5) 1.25 3.75 
Moree 418_23                 10.0 5.0 1.25 6.3 
Mosquito 418_24                 10.0 5.0 5 10.0 
Gwydir 418_25                 10.0 5.0 2.5 7.5 
Watercourse 418_26                 10.0 5.0 2.5 7.5 
Carole 418_27                 10.0 5.0 1.25 6.3 
Rocky River 418_28  1               10.0 5.0 5 10.0 
Up Gwydir 418_29  2.25 Dec  4 80 48 50 186 30 97 100 100 9 9 9 10.0 5.0 5 10.0 
Boorolong 418_30  12.5 Dec  1 75 8 50 28 30 57 93 99 5 9 9 7.8 3.9 5 8.9 
Georges 418_31                 10.0 5.0 5 10.0 
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Appendix 3 – Erosion methods and data. 
Streambank and gully erosion was mapped as part of the 1:100 000 Soil Erosion and Land Use Survey 
(SCS 1990).  In some catchments these parameters have been mapped at 1: 25 000 scale as part of 
multi-attribute mapping.  From these surveys, the length of streambank erosion and moderate to severe 
gully erosion is compared to the total streamlength for each subcatchment.  Streambank erosion is 
scored out of 6, where 6 is no streambank erosion, and 0 is more than 40% of streamlength eroded. 
Moderate to severe gully erosion is scored out of 4.  A combined score of less than 4 is considered 
poor and is equivalent to streambank and gully erosion of approximately 30% of the total 
streamlength. 
 
Index is scaled as follows: 
100-Erosion (%) Score 
=100   10 
>=97.5   9 
>=95   8 
>=90   7 
>=85   6 
>=80   5 
>=70   4 
>=60   3 
>=50   2 
>=40   1 
<40   0 
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Table 1: Summary of erosion data. 
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Bakers Creek 542 35965 67120 46 1 0.6 99 9 3.6 4.2
Barwon 0 0 212240 100 10 6.0 100 10 4.0 10.0
Boggy Creek 0 91877 110540 17 0 0.0 100 10 4.0 4.0
Boorolong Creek 0 23041 116770 80 5 3.0 100 10 4.0 7.0
Carole Creek 0 0 71490 100 10 6.0 100 10 4.0 10.0
Cobbadah Creek 61821 66299 205700 68 3 1.8 70 4 1.6 3.4
Copeton Dam 3504 51186 430440 88 6 3.6 99 9 3.6 7.2
Georges Creek 25859 32850 202600 84 5 3.0 87 6 2.4 5.4
Gingham Watercourse 0 0 137960 100 10 6.0 100 10 4.0 10.0
Gurley Creek 78821 35680 200730 82 5 3.0 61 3 1.2 4.2
Gwydir 0 0 165490 100 10 6.0 100 10 4.0 10.0
Halls Creek 51014 48606 84970 43 1 0.6 40 1 0.4 1.0
Keera 2915 30851 317540 90 7 4.2 99 9 3.6 7.8
Laura 12317 61930 365590 83 5 3.0 97 8 3.2 6.2
Lower Horton 265382 89575 297050 70 3 1.8 11 0 0.0 1.8
Lower Tycannah 4258 0 51390 100 10 6.0 92 7 2.8 8.8
Mackenzies Flat 7493 27827 211570 87 6 3.6 96 8 3.2 6.8
Mehi River 0 0 541840 100 10 6.0 100 10 4.0 10.0
Milli Creek 5905 17930 234070 92 7 4.2 97 9 3.6 7.8
Moredun Creek 32888 57547 275880 79 4 2.4 88 6 2.4 4.8
Moree (Halls Creek) 0 167 391560 100 9 5.4 100 10 4.0 9.4
Mosquito Creek 169934 108162 235440 54 2 1.2 28 0 0.0 1.2
Myall Creek 86367 145285 409250 64 3 1.8 79 4 1.6 3.4
Rocky Creek 120013 65613 133490 51 2 1.2 10 0 0.0 1.2
Rocky River 75944 83491 277210 70 3 1.8 73 4 1.6 3.4
Roumalla 362 62413 234810 73 4 2.4 100 9 3.6 6.0
Slaughterhouse 229227 38232 223410 83 5 3.0 -3 0 0.0 3.0
Thalabah Creek 0 0 227100 100 10 6.0 100 10 4.0 10.0
Upper Gwydir 4827 93602 268400 65 3 1.8 98 9 3.6 5.4
Upper Horton 329121 69632 319170 78 4 2.4 -3 0 0.0 2.4
Upper Tycannah 51882 59672 351110 83 5 3.0 85 6 2.4 5.4
Warialda (Oaky Creek) 459461 150119 352880 57 2 1.2 -30 0 0.0 1.2  
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Appendix 4 – Macroinvertebrate methods and data. 

AusRivAS Information 

The main outputs of AusRivAS are the observed/expected (O/E) values.  Two types of O/E values are 
generated by AusRivAS: O/E-taxa, and O/E-SIGNAL.  The O in the O/E-taxa is the number of 
macroinvertebrate families predicted to occur at the site that were actually observed in the samples.  
The E value in the O/E-taxa is the sum of the probabilities of finding each of the predicted 
macroinvertebrate families (the probability ranges from 0.5 to 1.0 for each family).  A low value for 
O/E-taxa indicates that many of the macroinvertebrate families predicted to occur at a site (based on 
reference sites) were not observed. 

O/E-SIGNAL is the ratio of the observed to expected average of a pollution sensitivity index for 
macroinvertebrate families, the SIGNAL index (Stream Invertebrate Grade Number – Average 
Level).  A low O/E-SIGNAL value indicates that the macroinvertebrate sample collected is dominated 
by pollution-tolerant families. 

The biological indicator component of the RCA is based on the AusRivAS O/E-taxa value only, 
because the SIGNAL index was not developed for the Rivers of Western NSW, and its application in 
such areas may give misleading results.  In addition to the O/E values AusRivAS also assigns bands of 
impairment to each site based on the O/E values.  The five possible bands of impairment and upper 
thresholds for the O/E-taxa for each AusRivAS model are outlined in Table x.  At many sites riffle 
habitats were not present or only present in one season.  For this reason the O/E-taxa values used for 
the RCA process only included those calculated from samples collected from edge habitats.  For sites 
where data was collected in more than one year, a median O/E value was calculated from the 
combined season O/E-taxa value from each year.  The RCA format requires a rating out of 10 for each 
sub index, and the O/E-taxa results are a ratio close to 1.0.  AusRivAS O/E-taxa values were 
transformed by multiplying by 10, to keep the macroinvertebrate sub index consistent with the other 
sub indexes. 

Table 1:  AusRivAS bands and upper thresholds for the O/E-taxa for each AusRivAS model. 

Band Band Description O/E-taxa value  
Eastern Edge 
Combined Model 

O/E-taxa value Western  
Edge 
Combined Model 

X Better than reference > 1.162 > 1.14 
A Similar to reference 0.862 - 1.162 0.873 - 1.14 
B Fair 0.561 - 0.861 0.605 - 0.872 
C Poorer than reference 0.260 - 0.560 0.338 - 604 
D Far poorer than reference 0.0 - 0.259 0.0 - 0.337 

 

Summary of FNARH / AusRivAS methods 

Suitable reference and test sites are selected in a particular region.  A site is defined as that part of the 
river or creek that is assessed, and covers a 100 m reach.  At each site, one edge habitat, and if 
available, one riffle habitat, are sampled for macroinvertebrates.  If no riffle habitat is present, only the 
edge habitat is sampled.  An edge habitat is defined as an area along a bank with little or no current.  If 
an edge does not have an area of little or no current, note should be made and the results treated with 
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caution.  For a habitat to be sampled there must be at least 10 m or more samplable habitat within the 
100 m reach.  A riffle habitat is defined as an area of broken water with a rapid current that has some 
cobble or boulder substrata. 

Water quality sampling 

Water quality data is collected before macroinvertebrates are sampled to avoid stirring up sediments.  
Water quality data measured are temperature, conductivity, turbidity, dissolved oxygen, pH, alkalinity, 
total phosphorous, total nitrogen, filterable reactive phosphates, and oxides of nitrogen. 

Environmental data 

At each site the following data must be recorded: location name, site code (EPA and/or DLWC site 
codes), site position and map details (using GPS and topographical maps), site details and access 
details, land use, and the name and contact details of the land owner/manager, if required. 

The site attributes to be recorded are stream width, water quality, sketch of birds eye view of site, 
riffle and edge depth, description of the natural substrate, a visual assessment of any disturbance to the 
area from human activities, and upstream and downstream photos of the site. 

Macroinvertebrate sampling – edge habitat 

Macroinvertebrates are sampled in the edge habitat using the sweep net method.  Aquatic dip nets with 
0.25 mm (250 m) mesh size are used to collect the samples.  The 10 m habitat does not have to be 
continuous, but may be comprised of several smaller sections of the 100 m reach that total 10 m.  
Different microhabitats such as tree roots, trailing bank vegetation, under overhanging banks, snags, 
and macrophytes should be sampled if they occur in the edge habitat.  Time required to sample a 10 m 
edge habitat should not exceed 5 minutes. 

Macroinvertebrate sampling – riffle habitat 

Macroinvertebrates are sampled in the riffle habitat using the kick net method.  Aquatic dip nets with 
0.25 mm (250 m) mesh size are used to collect the samples.  Riffle samples are collected by 
commencing at the bottom of a 10 m riffle zone and working back upstream, including faster and 
slower flowing sections of the riffle, and the maximum range of depths.  The substrata are disturbed 
by digging the feet well into the boulders and cobbles to dislodge the macroinvertebrates, so the flow 
washes them into the net. 

Live-sorting of macroinvertebrates 

Macroinvertebrate samples are sorted or “picked” live in the field to enable the collection of greatest 
diversity and abundance.  Experience in recognising or identifying macroinvertebrate families is 
advantageous, refer to the taxonomic keys in Hawking (1994). 
 The minimum picking period is 30 minutes; 
 After 30 minutes picking, if no new taxa were found in the last 10 minutes, or if the number of 

animals exceeds 200, picking is not continued; 
 If by 40 minutes no new taxa are found in the last 10 minutes, picking is not continued, even if 

200 animals have not been picked.  If new taxa are found within the last 10 minutes, picking will 
be continued until 50 minutes have elapsed or 200 animals have been collected; and 

 If new taxa are collected between 40 and 50 minutes, picking will be continued until 60 minutes 
have elapsed or 200 animals have been collected. 
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Guidelines for the live sorting procedure 

 Empty part or all of the contents of the net into a sorting tray, and pick progressively through the 
sample using forceps and/or a pipette.  If there is a large amount of material in the net, sort 
through one portion at a time.  All material must be examined at least once during the 30 minutes; 

 For the first 5 minutes, collect the active common taxa. Try to avoid bias toward the larger or 
colourful taxa; 

 For the next 20 minutes concentrate on finding new taxa, especially small or cryptic animals; 
 If new taxa are not found by 25 minutes concentrate on collecting more animals; 
 Place collected animals into a jar of 70% ethanol with 2% glycerol; 
 Use a hand-held counter to keep a record of the number of animals collected; and 
 Attempt to collect at least 20 Chironomidae to ensure adequate representation of the subfamilies. 

Macroinvertebrate Identification 

The macroinvertebrates in the samples are identified to family level and enumerated using the 
taxonomic keys recommended in Hawking (1994).  Stereomicroscopes are usually sufficient for 
identification at the family level.  Identification of some groups, for example Chironomidae 
subfamilies, may require higher power (compound) microscopy. 

AusRivAS Modelling 

The appropriate AusRivAS model is used to calculate the O/E values from the macroinvertebrate data.  
The analysis of the FNARH used in the AusRivAS modelling for the RCA macroinvertebrate sub 
index was conducted by lead agency for AusRivAS in NSW, the Water Science Section of the NSW 
EPA. 
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Table 2:  AusRivAS O/E-taxa results and RCA O/E values for Macintyre subcatchments. 

Subcat. Name Subcat. No. Site Name Site Code Zone Easting Northing O/E-taxa RCA O/E value 

Bakers Ck 418_02 Laura Ck u/s Bundarra GWYD503 56 319900 6653800 0.87 9 

Boggy Ck 418_10 Moomin Ck @ Clarendon Bridge GWYD573 55 724000 6710000 0.56 6 

Boorolong 418_30 Boorolong Ck @ Georges Mountain GWYD10 56 359000 6644800 0.82 8 

Carole 418_27 Gwydir River @ Yarraman Bridge GWYD501 55 776100 6741300 1.08 11 

Cobbadah 418_05 Gulf Ck  GWYD522 56 277800 6657300 0.43 4 

Copes Ck 418_09 Maids Ck d/s Borah Ck  GWYD520 56 308200 6685100 0.52 5 

Georges 418_31 Georges Ck @ Rumbling Mountain GWYD11 56 334300 6654200 0.96 10 

Gurley 418_16 Terry Hie Hie Ck u/s Terry Hie Hie GWYD572 56 222100 6687300 1.03 10 

Gwydir 418_25 Gwydir River @ Brageen Crossing GWYDM2 55 747000 6745200 0.8 8 

Halls Ck 418_11 Gwydir River u/s Bingara GWYD03 56 269100 6692100 0.87 9 

Keera 418_06 Gulf Ck  GWYD522 56 277800 6657300 0.43 4 

Laura 418_03 Laura Ck u/s Bundarra GWYD503 56 319900 6653800 0.87 9 

Low Hort 418_15 Horton River @ Rider Killara GWYD502 56 244200 6696500 0.67 7 

Low Tycan 418_21 Gwydir River @ Cowell Lagoon GWYD02 56 222100 6687300 1.03 10 

Mackenzies 418_13 Gwydir River u/s Bingara GWYD03 56 269100 6692100 0.87 9 

Mehi R 418_22 Mehi River near Collarenebri GWYD504 55 667000 6733900 0.76 8 

Millie 418_17 Moomin Ck @ Clarendon Bridge GWYD573 55 724000 6710000 0.56 6 

Moredun 418_08 Laura Ck u/s Bundarra GWYD503 56 319900 6653800 0.87 9 

Moree 418_23 Gwydir River @ Yarraman Bridge GWYD501 55 776100 6741300 1.08 11 

Mosquito 418_24 Mosquito Ck @ Melinga GWYD575 56 261700 6740400 0.82 8 

Myall 418_18 Myall Ck @ Sheep Station Ck Rd  GWYD576 56 269781 6701704 0.98 10 

Rocky Ck 418_07 Terry Hie Hie Ck u/s Terry Hie Hie GWYD572 56 222100 6687300 1.03 10 

Rocky River 418_28 Gwydir River @ Yarrowyck Bridge GWYD08 56 352900 6624500 1.01 10 

Roumalla 418_01 Gwydir River @ Torryburn GWYD09 56 329100 6629700 1.08 11 

Slaughter 418_19 Gwydir River @ Gravesend GWYD12 56 243800 6725100 0.72 7 

Thalabah 418_12 Thalaba Ck @ Avondale GWYD574 55 676500 6715500 0.69 7 

Up Gwydir 418_29 Gwydir River @ Torryburn GWYD09 56 329100 6629700 1.08 11 

Up Hort 418_04 Horton River @ Upper Horton Crossing GWYD570 56 253300 6662700 1.08 11 

Up Tycan 418_14 Terry Hie Hie Ck u/s Terry Hie Hie GWYD572 56 222100 6687300 1.03 10 

Warialda 418_20 Gwydir River @ Gravesend GWYD12 56 243800 6725100 0.72 7 

Watercourse 418_26 Gwydir River @ Yarraman Bridge GWYD501 55 776100 6741300 1.08 11 
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Table 3:  AusRivAS sampling sites used to develop the macroinvertebrate sub index for each sub-catchment.  In some subcatchments there was 
no AusRivAS site.  For these subcatchments an adjacent subcatchment was used, and is explained in the comments column. 

Subcat. Name AusRivAS Site Name Comments 

Bakers Ck Laura Ck u/s Bundarra No AusRivAS site in this subcatchment; nearest site used. 

Boggy Ck Moomin Ck @ Clarendon Bridge No AusRivAS site in this subcatchment; nearest downstream site used. 

Boorolong Boorolong Ck @ Georges Mountain AusRivAS site falls in the northern area of this subcatchment. 

Carole Gwydir River @ Yarraman Bridge No AusRivAS site in this subcatchment; nearest site used. 

Cobbadah Gulf Ck  No AusRivAS site in this subcatchment; nearest site used. 

Copes Ck Maids Ck d/s Borah Ck  There are 3 AusRivAS sites in this subcatchment; GWYD520 was used because it is a downstream site. 

Georges Georges Ck @ Rumbling Mountain AusRivAS site falls in the western area of this subcatchment. 

Gurley Terry Hie Hie Ck u/s Terry Hie Hie No AusRivAS site in this subcatchment; nearest site used. 

Gwydir Gwydir River @ Brageen Crossing AusRivAS site falls in the eastern end of this subcatchment. 

Halls Ck Gwydir River u/s Bingara No AusRivAS site in this subcatchment; nearest site used. 

Keera Gulf Ck  AusRivAS site falls on the western edge of this subcatchment. 

Laura Laura Ck u/s Bundarra AusRivAS site falls in the east of this subcatchment. 

Low Hort Horton River @ Rider Killara AusRivAS site falls in the western area of this subcatchment. 

Low Tycan Gwydir River @ Cowell Lagoon No AusRivAS site in this subcatchment; nearest site used. 

Mackenzies Gwydir River u/s Bingara There are 2 AusRivAS sites in this subcatchment; GWYD03 was used because it is the most downstream site. 

Mehi R Mehi River near Collarenebri AusRivAS site falls on the western edge of this subcatchment. 

Millie Moomin Ck @ Clarendon Bridge AusRivAS site falls in the western end of this subcatchment. 

Moredun Laura Ck u/s Bundarra No AusRivAS site in this subcatchment; nearest site used. 

Moree Gwydir River @ Yarraman Bridge AusRivAS site falls in the western end of this subcatchment. 

Mosquito Mosquito Ck @ Melinga AusRivAS site is in the middle of this subcatchment; O/E-value is based on one spring edge sample only. 

Myall Myall Ck @ Sheep Station Ck Rd  AusRivAS site falls in the western end of this subcatchment. 

Rocky Ck Terry Hie Hie Ck u/s Terry Hie Hie No AusRivAS site in this subcatchment; nearest site used. 

Rocky River Gwydir River @ Yarrowyck Bridge AusRivAS site falls in the lower end of this subcatchment. 

Roumalla Gwydir River @ Torryburn No AusRivAS site in this subcatchment; nearest site used. 

Slaughter Gwydir River @ Gravesend AusRivAS site falls on the eastern edge of this subcatchment. 

Thalabah Thalaba Ck @ Avondale AusRivAS site falls in the western (downstream) end of this subcatchment. 

Up Gwydir Gwydir River @ Torryburn AusRivAS site falls in the western side of this subcatchment. 

Up Hort Horton River @ Upper Horton Crossing AusRivAS site falls on the eastern edge of this subcatchment. 

Up Tycan Terry Hie Hie Ck u/s Terry Hie Hie AusRivAS site falls in the western area of this subcatchment. 

Warialda Gwydir River @ Gravesend AusRivAS site falls on the western edge of this subcatchment. 

Watercourse Gwydir River @ Yarraman Bridge No AusRivAS site in this subcatchment; nearest site used. 
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Appendix 5 – Riparian vegetation methods and data. 
 
After consideration of the size, the limited time frames, personnel and equipment limitations, detail 
and available data, LANDSAT Thematic Mapper (TM) imagery was chosen for this mapping exercise.  
TM imagery provides a complete coverage of the Namoi/Gwydir/Macintyre Valley at a cell resolution 
of 30 X 30 metre square and comes in a form suitable for rapid automated processing and digital 
analysis.   
 
TM imagery was chosen over aerial photography for this exercise for a variety of reasons.  The cost 

per square kilometre of satellite data is less than half that of aerial photography and analysed data can 
easily be integrated into the Department’s Geographic Information System (GIS) for presentation and 
interpretation.  Much of the subjectivity of analysis of aerial photography is also eliminated by the 
computer analysis of satellite imagery. 
 

Landsat TM bands 2,3 and 4 were chosen for the spectral analysis of riparian vegetation cover as these 
wavelength bands provide the best discrimination of vegetation.  Digital data analysis was performed 
on one image derived on the 20/10/99 & 14/11/99.  During this period a high level of spectral 
discrimination between tree and herbaceous/grassy groundcover was achievable due to the generally 
dry conditions prevailing within the study area. 
 
The computer-based Arcview Image Analysis program was utilised to perform an unsupervised 
classification of the digital data and classes identified, “ground-truthed” with aerial photography and 
site inspections were mapped as riparian vegetation. 
 
The assessment of riparian vegetation cover throughout the valley was undertaken with the application 
of remote sensing and image analysis technology. An analysis of each subcatchment within the 
Gwydir Valley was undertaken to determine the respective percentage cover values of woody riparian 
vegetation on each named stream in relation to a nominated 20 metre buffer width. 
 
The percentage cover value within the subcatchment ‘stream area’, (ie total stream length within the 
subcatchment X 40 metres) is translated to a score out of 10 with the values below 4 regarded as poor, 
values from 5 – 7 are fair and values greater than 7 regarded as good. 
 
Please note that further analysis will continue as remote sensing techniques are enhanced and as more 
data becomes available. 
 
 
 


