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Northern Basin connectivity theme 
evidence report 
This evidence report provides an overview of the information that will be used to evaluate the 

effectiveness of the Basin Plan against the objectives and outcomes set out in Chapters 5, 8 and 9, 

and by reference to the matters listed in Schedule 12. 

The scope of this evidence report is the environmental outcomes achieved in the Northern Basin 

through managing environmental water allocations to achieve hydrological connectivity. 

The evaluation process uses the evidence to develop findings about the contribution of the Basin 

Plan to the achievement of a healthy working Basin and the key characteristics identified in the Basin 

Plan. 

Theory of change 
Overall, the theory of change for this theme (Figure 1) within the 2020 Evaluation is: 

‘The restoration of environmentally significant flow events is expected to reduce the stress on the 

system leading to improvements in ecosystem condition.’ 

 

Figure 1 Summary theory of change for the Northern Basin connectivity theme 

A more detailed program logic is provided at Figure 2. 

Key theme findings 
• The period post-Basin Plan has been characterised by very dry climatic conditions across the 

northern Basin.  

• Since 2013–14 a total of 1724.7 GL of environmental water has been delivered across 

122 events in the northern Basin, comprising up to 10% of the total annual flow volume.  

• Hydrological conditions in the northern Basin have largely declined. Increased evaporation 

rates are playing a role in the reduced amount of water making it through the system. 

Catchments are doing better where the Basin Plan is fully implemented and there is capacity 

to deliver water from storages.  

• Native riverine fish in the northern Basin have largely been maintained since the 

implementation of the Basin Plan. There has been a decline in the abundance of some 

species as a result of the continued dry conditions.  

• River Red Gum along the riparian zones of the northern Basin has largely been maintained, 

however the condition of black box communities has declined. The role of the Basin Plan in 

supporting riparian vegetation in the northern Basin is unclear. 



 

 
Murray–Darling Basin Authority  The 2020 Basin Plan Evaluation, Northern Basin evidence report            1 

 

Figure 2 Program logic for the northern Basin lateral connectivity theme 
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Executive summary 
The period post-Basin Plan commencement has been characterised by very dry climatic conditions 

across the northern Basin. Since 2013–14 a total of 1724.7 GL of environmental water has been 

delivered or protected across 122 events in the northern Basin, comprising up to 10% of the total 

annual flow volume. Two-notable collaborative watering events in 2018 and 2019 improved 

hydrological connectivity across large parts of the northern Basin, replenishing waterholes and 

supporting ecological outcomes. However, unlike conditions in the southern Basin, where the 

hydrology of river systems has improved since the implementation of the Basin Plan, hydrological 

conditions in the northern Basin have largely declined. 

While some aspects of the flow regime have been maintained in certain catchments—for example, 

provision of freshes and transmission of flows in the Border Rivers and Gwydir system—there have 

been declines in most hydrological indicators. In particular, there have been large increases in 

cease-to-flow periods in many northern Basin rivers, reflecting the continued dry conditions in the 

northern Basin post-Basin Plan commencement. Additionally, the transmission of flows through the 

northern Basin is declining, despite the addition of environmental water. Increasing temperatures 

and associated evaporation rates are a factor that are likely to be playing a major role in this 

outcome. 

Native riverine fish in the northern Basin have largely been maintained since the implementation of 

the Basin Plan. However, the abundance of some species has declined due to the continued dry 

conditions. Native fish passage and refuges have been maintained in several northern Basin rivers 

through the delivery of environmental water across thousands of kilometres of river channel. 

Although monitoring in the northern Basin is limited, it is highly likely that environmental water 

delivered within channels of the northern Basin during this period has contributed to the growth, 

reproduction and dispersal of riparian plants in this region and made important contributions to in-

channel productivity. 
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Introduction  
This section outlines the context and approaches used in this report. Details of the evaluation are in 

the following sections on: 

• hydrology 

• native fish 

• vegetation 

• productivity. 

The 2020 Basin Plan evaluation 
The 2020 Basin Plan evaluation aims to determine the effectiveness of the Basin Plan in achieving its 

objectives and outcomes. The approach used in the evaluation approach was to develop evidence 

relating to the 13 themes shown in Figure 3. Once the findings had been completed the information 

was drawn together in an overarching evaluation report that addresses the key evaluation questions 

listed in the Basin Plan (Box 1). The evaluation outcomes are intended to inform ongoing 

improvement of the Basin Plan and support the communication of the effectiveness and impacts of 

the Basin Plan. 

 

Figure 3 Basin Plan program logic 
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About this report 
This report compiles the evidence on the effectiveness of the Basin Plan in achieving outcomes 

relating to northern Basin flows and environmental outcomes. It is one of four reports that address 

hydrology and environmental outcomes. The report gives some context around the northern Basin 

and then presents the evaluation findings. Given the complexity of analysis used in parts of the 

hydrology and environmental outcomes reports, specific details on data and analysis methods are 

presented in attachments to the reports. 

Evaluation approach 

The Basin Plan requires that the MDBA’s evaluation reports on the achievement of environmental 

outcomes at the Basin Scale. Basin state governments are required to report on the achievement of 

environmental water at an asset scale. The reporting timeline for these two requirements is parallel. 

Given the different reporting scale and the time requirements, this report focusses on Basin scale 

information (although some small-scale examples are provided). More detailed asset scale reports 

provided by Basin state governments will be made available on the MDBA website.  

Evaluation often incorporates multiple lines of evidence to develop the best possible understanding 

of the value of a program or policy. In the Murray–Darling Basin different types of environmental 

information is being collected for a range of purposes, using varying methods, and at a range of 

spatial and temporal scales. As a result, the information available to assess the environmental 

outcomes of the Basin Plan varies depending on the indicator being assessed. This means that the 

approach used to assess individual indicators and the confidence in the assessment varies depending 

on the information available.  

Box 1: Basin Plan Key Evaluation Questions (Chapter 13) 

a. To what extent has the intended purpose of the Basin Plan set out in section 20 of the 

Act been achieved? 

b. To what extent have the objectives targets and outcomes set out in the Basin Plan been 

achieved? 

c. How has the Basin Plan contributed to the changes to the environmental, social and 

economic condition in the Murray–Darling Basin? 

d. What, if any unanticipated outcomes have resulted from the implementation of the 

Basin Plan? 

e. How could the effectiveness of the Basin Plan be improved? 

f. To what extent were the actions required by the Basin Plan suited to meeting the 

objectives of the Basin Plan? 

g. To what extent has the program for monitoring and evaluating the effectiveness of the 

Basin Plan contributed to adaptive management and improving the availability of the 

scientific knowledge of the Murray–Darling Basin? 
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The Basin Plan evaluation addresses questions relating to changes in the condition of indicators pre- 

and post-Basin Plan implementation. This allows us to understand if we are progressing towards the 

objectives set in the Plan and, in many cases, the more detailed targets set through the Basin-wide 

environmental watering strategy. The evaluation is also addressing questions relating to the extent 

that the Basin Plan has contributed to the observed changes in indicators. 

The analysis approaches used in this report to make an assessment are: 

• Trend analysis against the pre-Basin plan baseline. This approach assesses changes in the 

condition of an indicator where appropriate data is available from before and after the start 

of implementation of the Basin Plan. 

• Comparisons using modelled data. In developing the Basin Plan a number of models have 

been created using the best available information. Models are used to predict what would 

occur under certain circumstances. For some indicators models have been used to compare 

observed results to predicted results.  

• Collation of multiple lines of evidence. Evidence for assessing how the Basin Plan has 

contributed to changes in the condition of indicators largely comes from intervention 

monitoring programs that assess the impacts of environmental water at local and regional 

scales across the Basin. There are also lines of evidence relating to the delivery of flows and 

from research programs. These lines of evidence are drawn together to provide a narrative 

on the contribution of the Basin Plan. 

For some indicators there has been insufficient information to make an assessment at the reporting 

scale. In those cases, where possible, the report provides information in the form of one or more of 

the following: 

• Presentation of preliminary lines of evidence – lines of evidence from monitoring programs 

are provided to provide a narrative on the indicator where the lines of evidence are not 

considered enough to make an assessment.  

• Case studies – to demonstrate how the indicator has responded to intervention 

• Forward opportunities statement – this provides a reflection on the current knowledge 

relating to the indicator and addresses opportunities for assessment in the 2025 Evaluation. 

Background 
The northern Basin encompasses all rivers and catchments of the Darling River upstream of the 

Menindee Lakes on the Darling River, covering an area of approximately 640,000 square kilometres. 

It is the largest interconnected river system in Australia and accounts for almost half of Australia’s 

irrigated agriculture and agricultural water use (Bureau of Meteorology 2019). 

Compared to the rivers in the southern Basin, the northern Basin river system is characterised by a 

highly variable flow regime. Prolonged periods of low flow are periodically interrupted by high-flow 

events that connect the entire river system. In addition, the proportion of flow regulated by dams in 

the northern Basin is much lower than in the southern Basin. The variable climate and limited 

regulatory capacity mean that flow regimes continue to be characterised by periods of boom and 

bust. 
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In the northern Basin, the approach to optimising social, cultural, economic and environmental 

outcomes needs to reflect the system’s characteristics. The approach includes: 

• targeted water recovery combined with protection, active management of environmental 

flows 

• planned complementary infrastructure which will protect or restore key components of the 

flow regime. 

This is expected to result in maintenance and improvements over time to the condition and 

abundance of native vegetation, native fish and waterbirds. 

The unregulated and highly variable flow regimes of the northern Basin, coupled with the fact that 

much of the northern Basin is sparsely populated and remote, present both challenges and 

opportunities. There has been significantly less scientific investigation in the northern Basin 

compared to the relatively well-studied southern Basin, which places limitations on how well the 

water-dependent systems in the north are understood. The variable nature of the flow regimes in 

the northern Basin provides challenges for modelling water recovery and for managing water for 

environmental outcomes. 

Since the implementation of the Basin Plan started in 2012, conditions across the northern Basin 

have been very dry with often the lowest annual rainfall on record (Figure 4). The 2016–17 period, 

when conditions were average across most of the northern Basin, was the exception. In many 

respects the climatic patterns for many of the seven years since 2012 have been similar to the 

conditions during the Millennium Drought. Given that the Millennium Drought saw significant 

declines in river flows and alterations to water regimes (Heberger 2012; Leblanc et al. 2012), any 

changes since the Basin Plan must be considered within this context. 

Non-Basin Plan influences and drivers 
The rivers and floodplains of the Murray–Darling Basin rely on a healthy flow regime and good water 

quality to support the water-dependent ecology of the system (e.g. birds, fish, vegetation etc.). 

Water for the environment, provided by the Basin Plan, is expected to provide tangible benefits for 

the environment by restoring flow regimes that support ecosystem functions. While the Basin Plan 

can support the flows and water quality of the Basin system, there are other factors that influence 

ecology outcomes, including land use and invasive species.  

One of the biggest factors influencing the environmental condition of the Basin is the climate (long 

term) and the weather (shorter term). The climate of the Basin is highly variable and extreme 

weather events, such as prolonged drought and floods, have a significant effect on the Basin’s 

environmental condition. Climatic conditions also significantly influence environmental outcomes. 

They play a critical role in determining the level of environmental water available within a season and 

the types of outcomes that may be targeted in any given year.  

Ecological outcomes are also affected by things that occur instream and within the broader 

catchment. The historical removal of structural habitat in rivers and the obstruction of passage by 

weirs and dams are well-documented threats to native fish populations. Vegetation clearing along 

rivers has affected waterbird populations and had adverse water quality impacts that have affected 
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instream ecology. In some cases, riparian vegetation has been damaged by grazing from either 

invasive or domestic animals. Invasive species have had an impact on native fish and birds through 

increased competition and predation.  

 

Figure 4 Annual rainfall conditions since 2012 (Bureau of Meteorology) 

  

2012–-2016 2016–-2017 

2017–-2019 
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Hydrology 
The approach to the analysis is provided in Attachment 1. Further to this a detailed paper on the 

hydrology analysis and results is located on the MDBA website 2020 Evaluation: reports and data 

page. 

Background and summary findings 
Flow regimes are fundamental to the ecological functioning of riverine systems and, accordingly, 

maintaining hydrological regimes is an objective of the Basin Plan and Basin-wide environmental 

watering strategy (BWS). Key components of the flow regime are base flows, freshes, bankfull flows 

and overbank flows (Figure 5). Each component plays an important role in meeting ecological needs. 

These are described further as they are introduced as indictors in the assessment on condition of 

hydrology.  

 

Figure 5 Illustrative river cross-section showing components of the flow regime 

In the northern Basin, flow regimes in lower, downstream sections of rivers are affected by the 

cumulative extraction and diversion upstream. The extremely variable rainfall and consequently river 

flow in the northern Basin tightly link river flows to climatic conditions. Annual river flow may range 

from just 1% to over 1,000% of the annual mean, and periods of no flow can extend from months to 

years (Saintilan and Overton 2010).  

Hydrological conditions in the northern Basin have largely declined since the implementation of the 

Basin Plan. While some aspects of the flow regime have been maintained in certain catchments—for 

example, the provision of freshes and transmission of flows in the Border Rivers and Gwydir 

system—there have been declines in most hydrological indicators. In particular, there have been 

large increases in cease-to-flow periods in many northern Basin rivers, reflecting the continued dry 

https://www.mdba.gov.au/publications/mdba-reports/2020-evaluation-reports-data
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conditions in the northern Basin post-Basin Plan. The transmission of flows have also declined, 

despite the addition of environmental water. There are a number of factors that could reduce the 

amount of water moving through rivers in the northern Basin. In addition to reduced inflows, 

increased temperatures and associated evaporation are likely to be playing a major role.  

The Basin Plan’s contribution to maintaining hydrology in the northern Basin has been relatively 

small and largely limited to the regulated catchments of the Macquarie and Gwydir rivers. There 

have been contributions in these systems to maintaining baseflows and to a lesser extent, freshes. 

However, the unregulated rivers have not received significant contributions of environmental water, 

reflecting the difficulties in managing water in these systems. There were two large events in the 

northern Basin from April to July in 2018 and 2019 aimed at improving hydrological connectivity. 

These events were successful in over 1,500 km to 2,000 km of river channel. 

Evaluation assessment 
Table 1 Evaluation assessment parameters for hydrology 

Indicator Condition assessment Assessment of contribution of the Basin Plan 

Baseflows No degradation in 
baseflows has been 
achieved 

The contribution of the Basin Plan has been 
limited to the Macquarie River and a small 
amount in the Gwydir River 

Freshes No degradation in 
freshes has been 
achieved  

The Basin Plan has made minimal contribution 

Transmission of flows Transmission ratios 
have not been 
maintained 

The Basin Plan has increased the amount of 
water into some systems but has not improved 
transmissions 

Cease-to-flow No degradation in 
cease-to-flow has been 
achieved 

The Basin Plan has made some contribution by 
reducing the duration of cease-to-flow but in 
regulated systems only 

Basin Plan objectives for hydrology 
The Basin Plan establishes a target for hydrology of ‘no loss of or degradation in flow regimes’ to be 

achieved by June 2019. The BWS provides the following expected outcomes by 2024 for hydrology 

(related to longitudinal connectivity in the northern Basin): 

1. to keep baseflows at least 60% of the natural level—this will be especially important during 

dry years  

2. a 10% overall increase in flows in the Barwon–Darling from increased tributary contributions 

from the Condamine–Balonne, Border Rivers, Gwydir, Namoi and Macquarie–Castlereagh 

catchments collectively. 
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How have we assessed hydrology? 
Table 2 Overview of how hydrology was assessed. EO= expected outcome from the list above. 

EO Indicator Analysis method Location of data 
and analysis 
details Condition assessment Assessment of the 

contribution of the Basin 
Plan 

1 Cease to flow Trend analysis against 
pre-Basin Plan 
baseline 

Lines of evidence collated 
from intervention 
monitoring program 

Appendix 1 

1 Baseflows Trend analysis against 
pre-Basin Plan 
baseline 

Lines of evidence collated 
from intervention 
monitoring programs 

2 Freshes Trend analysis against 
pre-Basin Plan 
baseline 

Lines of evidence collated 
from intervention 
monitoring programs 

2 The transmission 
of flows 

Trend analysis against 
pre-Basin Plan 
baseline 

Lines of evidence collated 
from intervention 
monitoring programs 

Condition of hydrology 

Cease-to-flows 

Cease-to-flow events are when a stream no longer flows at a certain point along its length.  

These events have critical implications for the condition and resilience of river dependent 

ecosystems and critical human water needs. 

How have the characteristics of cease-to-flow events in the northern Basin 
changed since implementation of the Basin Plan? 

Most sites assessed in the northern Basin produced a maintained result for cease-to-flow behaviour 

before and after 2012 when accounting for annual inflow and assessing against a baseline of 

observed conditions from 1994–95 to 2011–12 (Table 3). 

Previous work identified a distinct change in cease-to-flow behaviour in the Barwon–Darling River 

around the year 2000. Charts such as in Figure 6 suggest that this effect is also present in many of the 

tributary catchments of the Barwon–Darling River and warrants further investigation. 
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Table 3 The condition of cease-to-flow events post-Basin Plan implementation 
N

o
rt

h
er

n
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Catchment Cease–to–flow results 

Paroo Unclear 

Warrego Maintained 

Condamine–Balonne Maintained 

Moonie Decreased 

Border Rivers Maintained  

Gwydir Maintained 

Namoi Maintained  

Macquarie–Castlereagh Unclear 

Barwon–Darling Maintained  

Overall north — 

 

 
Figure 6 Cease-to-flow days before and after 2012, Darling River at Wilcannia 
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Baseflows 

Baseflows (or low, in-channel flows) are an important component of the flow regime, maintaining 

aquatic habitat for fish, plants and invertebrates.  

Baseflows comprise long-term seasonal flows that: 

• provide drought refuge during dry periods 

• contribute to nutrient dilution during wet periods or after a flood event.  

These flows are generally maintained by seepage from groundwater, but also, by low surface flows. 

In the northern Basin, maintaining baseflows becomes especially important in dry years to prevent 

excessive cease-to-flow periods and maintain a minimum water quality. 

How have the characteristics of baseflows in the northern Basin changed since 
implementation of the Basin Plan? 

A condition assessment of baseflows has been undertaken using the Lyne and Hollick baseflow index 

(BFI; Figure 7). This index measures the proportion of total flow volume that is made up by 

baseflows. Baseflows were maintained in the Condamine–Balonne, Border Rivers, Namoi, 

Macquarie–Castlereagh and Barwon–Darling. A summary of these results is shown in Table 4. 

 

Figure 7 Lyne and Hollick baseflow index at Brenda (along the Culgoa river) 
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Table 4 Results of baseflow analysis for catchments of the northern Basin. Results are in relation to a pre-Basin Plan 
baseline. 

Catchment Baseflow index results 

Paroo - 

Warrego (Wyandra) Maintained 

Condamine–Balonne (Brenda) Maintained 

Moonie - 

Border Rivers (Mungindi) Maintained 

Gwydir (Yarraman Bridge) Unclear 

Namoi (Bugilbone) Maintained 

Macquarie–Castlereagh (Marebone Break) Maintained 

Barwon–Darling (Bourke) Maintained 

 

There has been an assessment of progress towards the BWS 2024 target that baseflows are kept to 

at least 60% of the natural level (Stewardson and Guarino 2020). The analysis found that there were 

no northern Basin catchments where the target was met annually (2014–19). The Border Rivers and 

Gwydir met the target in 2016–17 and the Macquarie met it in 2015–16 and 2016–17. The Barwon–

Darling and Condamine–Balonne have shown almost no progress towards the target. The low rainfall 

across much of the Basin during the past five years has contributed to the low level of success in 

achieving the targeted improved baseflows (Stewardson and Guarino 2020; Figure 8). 

 
Figure 8 Progress towards meeting the 2024 BWS target for baseflows of 60% of natural level (Stewardson and Guarino 
2020) 
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Freshes 

In-channel fresh events are small-to-medium flow events which inundate benches or small 

anabranches but stay in the river channel. 

Freshes are generally relatively short in duration (i.e. a few days to a month) and typically occur in 

most years. Under natural conditions freshes would occur multiple times a year. These events 

replenish soil water for riparian vegetation, maintain in-stream habitats and cycle nutrients between 

parts of the river channel. They also inundate snags and woody debris, which form important habitat 

for invertebrates. The rise in water level associated with freshes can induce reproductive behaviours 

in native fish. 

How have the characteristics of freshes in the northern Basin changed since 
implementation of the Basin Plan? 

An assessment of the number of days above the fresh flow threshold pre- and post-Basin Plan was 

completed for seven sites in the northern Basin. Sites were selected on the basis of the quality of 

information available. The results for freshes varied across the northern Basin catchments. The 

relationship between inflows and days above a freshes threshold was maintained at four of the 

seven locations analysed post-Basin Plan but declined in the Namoi River (Figure 9). There are two 

unclear results (Table 5). 

 

Figure 9 Decreased result example; freshes pre-Basin Plan and post-Basin Plan in the Namoi River at Bugilbone (fresh 
threshold = 1800 ML/day) 
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Table 5 Changes in provision of freshes (days above the fresh flow threshold) post-Basin Plan implementation 

Catchment Freshes results 

 
Model baseline Observed baseline 

Paroo - - 

Warrego - Maintained 

Condamine–Balonne Unclear Maintained 

Moonie - - 

Border Rivers Maintained Maintained 

Gwydir Unclear Increased 

Namoi Decreased Unclear 

Macquarie–Castlereagh Maintained Increased 

Barwon–Darling Unclear Maintained 

Overall north - - 

 

An analysis of progress towards the 2024 target for freshes was completed as part of the long-term 

intervention monitoring (LTIM) Project (Stewardson and Guarino 2020). This analysis illustrates that 

there has generally been little progress towards meeting the target in most catchments of the 

northern Basin. The best performing valley is the Macquarie, but there has been no progress towards 

the target in the Condamine–Balonne, Barwon–Darling and the Warrego valleys. 

Transmission of flows 

Transmission of flows is the passage of water along the length of a stream from the headwaters to 

the point at which it discharges into another river, a terminal wetland or the ocean.  

The transmission of flows is important for the movement of nutrients and sediments, the dispersal of 

biota and for flushing pollutants and salt out of a system. Water resource use has altered the 

connectivity of the regulated rivers in the northern Basin through physical impediments to flow 

including dams, and in channel structures and all river systems by reducing the volumes of water that 

are transmitted along rivers.  

How has the transmission of flows through the northern Basin (including 
volumes from tributaries) changed since implementation of the Basin Plan? 

Transmission of flows has been assessed using the ratio of inflows to outflows in a river system over 

an annual time scale. In the catchments of the northern Basin, there has been a decrease or 

maintenance in the transmission of flows (a decrease in the proportion of inflows that reach the end 
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of the system) since 2012 compared to the 18 years prior to the implementation of the Basin Plan in 

several catchments (Table 6). The post-Basin Plan period has been characterised by very low inflows, 

making a robust assessment of changes pre- and post- Basin Plan highly uncertain (Figure 10). 

Table 6 Changes in the transmission of flows post-Basin Plan implementation 

Catchment Transmission ratio results 

 
Model baseline Observed baseline 

Paroo Decreased Unclear 

Warrego Unclear Maintained 

Condamine–Balonne Decreased Decreased 

Moonie Maintained Maintained 

Border Rivers Unclear Maintained 

Gwydir Maintained Maintained 

Namoi Decreased Unclear 

Macquarie–Castlereagh Unclear Maintained 

Barwon–Darling - - 

Overall north Unclear Unclear 
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Figure 10 Transmission ratios for the northern Basin (showing pre vs post Basin Plan points). 

Contribution of the Basin Plan to hydrology 
Since 2013–14 a total of 1724.7 GL of environmental water (including water from States and CEWO) 

has been delivered or protected in the northern Basin across 127 events. This has represented on 

average 5.6% of the total volume of surface water in the northern Basin (Figure 11). Of the 

environmental water used in the northern Basin, 55% has been planned environmental water. 

Planned environmental water includes water held in storage and released according to pre-

determined rules and natural flows that are protected as they move through the system. As a result 

of coordination and collaboration between state and Commonwealth agencies 39% of watering 

actions used water from multiple water holders.  
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Figure 11 Volume of environmental water in the northern Basin in the context of other inflows 2013–19 

Cease-to-flow events 

How has the recovery, delivery and protection of environmental water 
contributed to cease-to-flow events in the northern Basin? 

Information for the LTIM report cards (Stewardson and Guarino 2020) has been used to illustrate 

examples of where environmental water has contributed (and has not contributed) to cease-to-flow 

periods at several locations in the northern Basin.  

There are some examples from the northern Basin where there have been extended cease-to-flow 

events with no effect from environmental water in easing the dry spell (Figure 12). These have 

typically occurred in largely unregulated systems where there are limited environmental flows 

available or delivery constraints prevent effective intervention. 

There have been several examples, most often in regulated systems, where environmental water has 

reduced the duration of cease-to-flow periods (Figure 13). Of note, are the two large northern Basin 

connectivity flows delivered in April to July in both 2018 and 2019 (Northern Basin Connectivity Event 

and Northern Basin Fish Flow). These two large, multi-jurisdictional events resulted in between 

1,500 km and 2,000 km of inundated river channel in the Gwydir, Mehi, Dumaresq, Macintyre and 

Barwon–Darling Rivers, connecting isolated in-channel pools. In some of these systems the channel 

dried soon after but water quality in pools and waterholes had been improved (Department of 

Agriculture, Water and the Environment 2020; Eco Logical Australia 2020). 
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Figure 12 Examples of extended cease-to-flow periods in the northern Basin rivers, where there has been no contribution of 
environmental water (Stewardson and Guarino 2020)  
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Figure 13 Examples from the northern Basin, where there have been significant contributions from environmental water in 
preventing cease-to-flow periods (Stewardson and Guarino, 2020) 
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Baseflows 

How has the recovery, delivery and protection of environmental water 
contributed to baseflows in the northern Basin? 

LTIM Hydrology Basin Matter Reporting was used to assess the contribution of environmental water 

to baseflows (Stewardson and Guarino 2020). This analysis considers baseflows in two categories: 

• The very-low flow baseflow score relates to the duration of exceptionally low flows at the 

lower end of range that would have normally occurred before water resource development. 

• The low flow baseflow score relates to the duration of flows below a level that that might 

typically be used as a minimum environmental flow to maintain low flow habitats. 

Stewardson and Guarino (2020) suggest that due to drought conditions, extended periods of very 

low flows were common across much of the northern Basin (Figure 14). Environmental water 

entitlements contributed to avoiding very low flows in the Macquarie Valley only. There were also 

significant periods below the low flow threshold across much of the northern Basin (Figure 15). While 

there were contributions from environmental water—particularly in the Macquarie River system and, 

to a lesser extent in the Gwydir—typically less than half the low flows expected were realised. The 

provision of low flows in the Barwon Darling was minimal across the entire five years and completely 

absent from the Condamine-Balonne in two of the five years. 
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Figure 14 Annual very low baseflow score from 0% (extremely dry) to 100% (average conditions) 
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Figure 15 Annual low flow baseflow score from 0% (extremely dry) to 100% (average conditions) 

Freshes 

How has the recovery, delivery and protection of environmental water 
contributed to the characteristics of freshes in the northern Basin? 

LTIM Hydrology Basin Matter Reporting was used to assess the contribution of environmental water 

to baseflows (Stewardson and Guarino 2020). This analysis considers freshes in three categories: 
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• A low-fresh is defined as a flow spell that raises water levels to at least one-eighth of the 

height of the bank above the low flow level. Such freshes would occur very frequently in both 

the dry and wet seasons under pre-development conditions. 

•  A medium-fresh is defined as a flow spell that raises water levels to at least one-quarter of 

the height of the bank above the low flow level. This threshold would occur very frequently 

in the pre-development regime maintaining moist soils.  

• A high-fresh is defined as a flow spell that raises water levels to at least half of the height of 

the bank above the low flow level. Freshes of this magnitude would have occurred in most 

years in the flow regime that was not affected, often multiple times. 

The LTIM work indicates that environmental water made little contribution to freshes in the northern 

Basin (Figure 16). The valleys where fresh flow regime objectives were realised—for example, high 

freshes in the Condamine–Balonne—did so without the contributions of environmental water. 

 
Figure 16 Annual high-fresh score from 0% (extremely dry) to 100% (average conditions) (Stewardson and Guarino 2020)  
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Transmission of flows 

How has the recovery, delivery and protection of environmental water 
contributed to the transmission of flows in the northern Basin? 

In the northern Basin catchments environmental water contributed to between 0 and 100 % of the 

total annual flow in each river system (Figure 17). The larger contributions have been limited to the 

regulated catchments of the Gwydir and Macquarie. Unregulated systems received very little 

environmental water: typically, less than 10% of the total flow. 

 

 

 

Figure 17 Percentage of annual flow that is sourced from an environmental entitlement (Stewardson and Guarino 2020) 
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Native fish  
See Attachment 2 for information about the analysis approach. 

Background and summary findings 
There are 22 species of freshwater native fish in the northern Basin, noting that genetic studies are 

continuing to increase this number (Ellis et al. 2016). There are several fish species found in the 

northern Basin that do not occur in the south. These include: 

• Rendahl’s tandan and Hyrtl’s tandan (species of catfish)  

• several species that are in decline in the southern Basin such as olive perchlet and purple-

spotted gudgeon, that have more healthy populations in the north (NSW Department of 

Primary Industries 2015).  

While species richness across most of the northern Basin—particularly in the west—is relatively low, 

functional diversity (a combination of richness, dispersion and uniqueness in fish communities) is 

high, especially in the Macintyre, Gwydir and Namoi rivers (Galego de Oliveira et al. 2019). 

Fish play important roles in aquatic ecosystems: 

• They provide a food source to birds, aquatic animals, such as the native water rat, and other 

fish.  

• They regulate numbers of crustaceans, other fish species, and aquatic insects, including 

mosquito larvae.  

• Through their life processes they cycle nutrients and act as ecosystem engineers (Humphries 

and Walker 2013). 

In addition to an important ecological role, native fish are also important to the Basin’s people, 

supporting cultural and social values, and providing an economic resource. Large freshwater species 

of such as the Murray cod, golden perch, silver perch and freshwater catfish have historically 

provided an important food source for Aboriginal people (Rowland 1989; Trueman 2011). The 

northern Basin continues to support important recreational fisheries.  

Since the implementation of the Basin Plan native riverine fish in the northern Basin have mostly 

been maintained when compared to their condition prior to the Basin Plan, particularly species 

richness of the most common and abundant species. The distribution and population structure of 

Murray cod and golden perch have been maintained, although there was a decline in abundance of 

golden perch in 2019, possibly linked to ongoing drought conditions. Intervention monitoring of 

native fish in the northern Basin is limited and inferences that can be drawn on the effect of the 

Basin Plan are highly uncertain. Environmental water has contributed to maintaining fish passages 

and refuges in the northern Basin through connecting flows delivered over three consecutive years 

(2017, 2018, 2019). These large, managed flow events have connected thousands of kilometres of 

river channel across multiple river systems improving fish habitat. 
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Evaluation assessment 
Table 7 Evaluation assessment parameters for native fish 

Indicator Condition assessment Assessment of contribution 
of the Basin Plan 

Species richness Species richness has been 
maintained 

Not assessed: preliminary 
evidence presented 

Murray cod and golden perch 
populations (population 
structure and abundance) 

Murray cod and golden perch 
populations have been maintained 

The contribution of the 
Basin Plan is uncertain  

Fish movement Not assessed Not assessed: preliminary 
evidence presented 

Fish distribution Not assessed: forward 
opportunities statement provided 

Not assessed 

The Basin Plan objectives for native fish in the northern 
Basin 
The Basin Plan establishes a target for biota of ‘no loss of or degradation in recruitment and 

populations of native, water-dependent species including vegetation, birds, fish and 

macroinvertebrates’ to be achieved by June 2019. The BWS provides the following expected 

outcomes for native fish (relevant to longitudinal connectivity in the northern Basin): 

1. no loss of native species currently present within the Basin  

2. improved population structure of key species through regular recruitment 

3. increased movement of key species 

4. a doubling of the current (mostly restricted) distributions of key species in the northern 

Basin. 

The BWS expected outcomes are to be achieved by 2024, illustrating the time scale for expected fish 

responses the Basin Plan (Figure 18). In the first few years post-implementation, it can be expected 

that ecological processes for native fish (for example, spawning, growth, movement) will be 

supported. This could lead to an increase in the number of fish surviving through to adulthood (adult 

recruitment) in the medium term. It will take longer to find evidence of improved population 

structures leading to healthy and resilient populations. 
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Figure 18 Timeline of expected fish responses 

How native fish were assessed  
Only two of the four expected outcomes were evaluated (Table 8) and, of these, population structure 

was only evaluated for two species. In all cases the scope of what could be evaluated was 

constrained by data availability – the data available was not sufficient to undertake a Basin scale 

evaluation. The MDBA acknowledge there are additional research and monitoring data sets at the 

asset scale held by State agencies, NGOs, Universities and consultants, however, challenges in getting 

access, integrating and analysing these data precluded their use in the 2020 Basin scale evaluation. 

Table 8 Overview of how native fish were assessed. EO= expected outcome from the list above. 

EO Indicator Analysis method Location of 
data and 
analysis 
details 

Condition assessment Assessment of the 
contribution of the 
Basin Plan 

1 Species richness Trend analysis against 
pre-Basin plan baseline 
Murray–Darling Basin 
Fish Survey (MDBFS) 
dataset 

Not assessed: 
preliminary evidence 
presented 

Attachment 2 
 

2 Murray cod and golden 
perch populations 
(population structure 
and abundance) 

Trend analysis against 
pre-Basin plan baseline 
(MDBFS dataset) 

Lines of evidence 
collated from 
intervention monitoring 
programs  

3 Fish movement Not assessed Not assessed: forward 
opportunities statement 
provided 

 
4 

Fish distribution Not assessed: forward 
opportunities 
statement provided 

Not assessed 
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Condition of native fish 

Species richness 
The northern Basin supports a diversity of freshwater riverine fish species. Species richness is one of 

the fundamental measures of biodiversity, with loss of species a key concern for maintaining 

biodiversity. As a way to evaluate directional trends in biodiversity under changing environmental 

conditions species richness has its limitations, as it does not reflect how dominance and identity 

change in communities over time (Hillebrand et al. 2018). In addition, there are sampling bias and 

effectiveness issues with most monitoring and assessment programs not recording all species 

present due to the sampling and/or site selection methods employed. Despite this, species richness 

provides a useful way to evaluate temporal trends in species detections. From this it can be 

determined if there has been any loss of native species in the northern Basin since the 

implementation of the Basin Plan in 2012.  

How has the species richness of riverine native fish species in the northern 
Basin changed since implementation of the Basin Plan began? 

Species richness of native species in the northern Basin has been maintained, however there has 

been some variability between river valleys (Figure 19). There was a decline in species richness in the 

Darling  iver system, with Hyrtl’s tandan and olive perchlet recorded pre-Basin Plan implementation, 

but not since 2012. There was an increase in the number of fish species detected in the Gwydir with 

Darling River hardyhead, unspecked hardyhead and rive balckfish all detected since 2014, but not 

during the 2005 to 2013 surveys.  

 

Figure 19 Native fish species richness in the valleys of the northern Basin pre- (2005–13) and post- (2014–19) Basin Plan 
implementation 
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Whilst it is assumed that drought has played a major role in the bust of some species in certain 

valleys, it is important to recognise some other factors at play. For example, the reduced presence of 

Hyrtl’s Tandan in the Darling  iver could be less a result of decline and more a result of this species 

washing into the Darling from the Condamine and Warrego during floods. Further to this species 

such as Hyrtl’s Tandan are cryptic and particularly hard to electro-fish, which is the sampling method 

used in the Murray–Darling Basin Fish Survey.  

While species richness has been maintained between the pre- and post-Basin Plan implementation 

periods, four species that were historically found with limited ranges in the northern Basin have not 

been detected—in both pre- and post-Basin Plan periods—in the datasets used for this analysis (see 

Attachment 2: Native fish analysis approach). These species are the dwarf flathead gudgeon and 

 endahl’s tandan, both known from the  ondamine–Balonne; and flathead galaxias and Macquarie 

perch, both known from the Macquarie. Giving the known limitations of current surveys, increased 

effort is needed to determine the presence of these species.  

Populations of Murray cod and golden perch  
The evaluations of riverine key fish species populations and recruitment are key elements for 

assessing the effectiveness of the Basin Plan in achieving biodiversity and ecosystem function 

outcomes. Determining length–frequency distributions are useful metrics of population dynamics for 

native fish populations. Increases in the abundance of adult fish suggest that fish are breeding and 

successfully recruiting into the population. The overall proportion of adults, sub-adults and young-of-

the-year (YOY) (i.e. life classes) can be used as indicators of population maintenance through time. 

How have Murray cod and golden perch populations and in the northern Basin 
changed since implementation of the Basin Plan began? 

Murray cod population structure has been maintained across the northern Basin since the 

implementation of the Basin Plan. The consistent mix of adult, sub-adult and YOY proportions of the 

population suggests that both spawning and recruitment into the adult population is occurring 

(Figure 20). It is important to note that a normal population structure would have a much higher 

percentage of YOY and smaller fish. The shown population structure for Murray cod highlights a 

known sampling bias of the Murray–Darling Fish Survey. Populations of Murray cod, as evidenced by 

average abundance, have been maintained post-Basin Plan, with some interannual variability. It is 

worth noting that data from the summer of 2019-20 are not included and this period was associated 

with the drying of large river sections. 

The population structure of golden perch in the northern Basin has been maintained in the northern 

Basin since the implementation of the Basin Plan (Figure 21). Unlike the situation in the southern 

Basin, where recruitment been largely absent in the past decade, the length–frequency of golden 

perch from the northern Basin rivers indicates breeding and recruitment into the adult population 

has occurred. There was a decline in average golden perch abundance in 2019, perhaps related to 

prolonged drought conditions. 
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Figure 20 Murray cod abundance (top) and population structure as indicated by proportion of individuals in three life stages 
(middle) and length frequency distributions pre/post Basin Plan (bottom). Darker shading in the bottom plots identifies 
young-of-the-year (< 100 mm in length). 

  



 

 
Murray–Darling Basin Authority  The 2020 Basin Plan Evaluation, Northern Basin evidence report            31 

 

Figure 21 Golden perch abundance (top) and population structure as indicated by proportion of individuals in three life 
stages (middle) and length frequency distributions pre/post Basin Plan (bottom). Darker shading in the bottom plots 
identifies Young-of-the-year (< 75 mm in length).  

Distribution  
The current design of the Murray–Darling Basin Fish Survey (MDBFS) makes it difficult to identify 

meaningful changes in distribution since the implementation of the Basin Plan. The current survey 

only incorporates around 100 sites across the entire Murray–Darling Basin. There are only small 
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differences shown in the comparison of the distribution of the most common large-bodied species—

the Murray cod and golden perch—between 2004 and 2013 (using the comparable sub-set of 

Sustainable Rivers Audit data) and 2013 and 2019 (Figure 22 and Figure 23).  

Before the implementation of the Basin Plan the Sustainable Rivers Audit (SRA) collected a more 

comprehensive dataset that contributed to documenting the distribution of fishes in the Basin 

(Lintermans 2007) and highlighted the poor condition of native fish populations. Yet the methods 

used to collect SRA fish data were inadequate to detect some small, rare and cryptic species, 

resulting in a poor understanding of the distribution of several key native fish species. 

Future opportunities 

With improving technology, including eDNA and other genetic tracking tools, opportunities exist to 

develop a much more comprehensive understanding of native fish distribution for the 2025 

evaluation. This type of monitoring is also likely to overcome challenges with surveying small and 

cryptic species, allowing the distribution of all key native fish species to be assessed. 

 

Figure 22 Murray cod distribution a) 2004–2013 and b) 2013–2019. The full green dots represent sites where the species 
was detected on all sampling occasions and the half green dots are sites where the species was detected on some sampling 
occasions. White dots are the sites sampled where the species where not detected. 

 

Figure 23 Golden perch distribution a) 2004–2013 and b) 2013–2019. The full green dots represent sites where the species 
was detected on all sampling occasions and the half green dots are sites where the species was detected some sampling 
occasions. White dots are the sites sampled where the species where not detected 
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Contribution of the Basin Plan to native fish 
Fish need water to survive. Aspects of water, including its quality and flow regime, maintain the 

critical life history elements and key population processes that support ongoing viable populations of 

Murray–Darling fishes. Flows promote the exchange of nutrients and productivity in aquatic 

ecosystems and provide connectivity between aquatic habitats—for example, rivers and floodplain 

habitats, valleys or reaches within a valley). Flows are also linked to key life history components of 

Murray–Darling fishes such as spawning, survival of young (recruitment), growth, dispersal or 

movement, habitat maintenance (including refuges) and generation of food for survival (Humphries 

et al. 1999, 2020; Koehn et al. 2014; Ellis et al. 2016). 

Factors other than flow 
While flow regimes are the key driver of native fish populations in the southern Basin, there are a 

range of other factors and threats that act together with flow to influence fish diversity, abundance 

and condition.  

The Native Fish Recovery Strategy (MDBA 2020) identifies several non-flow factors that influence 

native fish in the Basin: 

• Climate change 

• Habitat degradation  

• Infrastructure in rivers and floodplains  

• introduced fish species  

• Over-fishing 

• Parasites and disease 

• Poor water quality 

• Translocation and stocking of fish 

Flows delivered for native fish 
While all the 1,724 GL delivered by CEWO and State Waterholders throughout the northern Basin 

from 2013–14 to 2018–19 are likely to have some benefits to native fish, 480 GL of that water was 

delivered across 41 watering events with the primary purpose of achieving outcomes for native fish 

(Figure 24). A further 344 GL was delivered for longitudinal connectivity, most often explicitly for fish 

movement. 
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Figure 24 Flows delivered for fish outcomes and longitudinal connectivity in the context of all environmental water in the 
northern Basin 

Species richness 

Preliminary evidence 

Environmental water has the capacity to support species richness through providing refuges that 

support survival. Flow in much of the northern Basin is highly variable and many of the systems 

experience periods of cease-to-flow, where the channel dries to a series of waterholes. While these 

in-channel pools provide refuges for native fish to survive until flow re-commences, water quality 

and quantity in these pools deteriorates as the pools dry and temperatures increase. High water 

temperatures, increasing salinity and low dissolved oxygen can result in deaths of native fish that are 

confined to these pools. Flow pulses result in connecting pools, allowing fish to move to alternative 

habitats, and also to refresh the water quality within these pools (Sheldon 2017). 

Although there has been no systematic assessment of the effect of the Basin Plan on fish refuges, 

there are multiple levels of evidence that environmental water has improved fish refugia in a number 

of systems in the northern Basin. Water quality in refuges during large multi-river connecting flows in 

the northern Basin was improved by the delivery of environmental water. Before the managed water 

events, water quality in many refuge pools had low dissolved oxygen in the lower parts of the pools. 

Environmental water resulted in improvements in dissolved oxygen to the entire water column. 

However, the effects of the managed flows on water quality, were often short-lived. Anoxic layers of 

water in the bottom waters were relatively quick to re-establish once flows ceased. This suggests 

that these pools thermally stratify even under mild temperature conditions and that the flows 

delivered were of insufficient size to transport the stores of organic material driving bacterial 

deoxygenation processes (Eco Logical Australia 2020). 
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Breeding and recruitment 
Golden perch and Murray cod populations are in poor condition across the entire Basin including the 

north. It is believed that one of the major drivers of the decline has been the effects of flow 

modification on breeding and recruitment of fish to the adult population. Environmental water has 

not been able to restore freshes across much of the northern Basin, with freshes either provided by 

natural flows or absent from the water regime, depending on rainfall and runoff in a given year. 

Freshes are believed to provide spawning and movement cues for golden perch, access to habitat for 

young fish and a stimulation for food production. Environmental water contributed to the provision 

of freshes in the Macquarie and Gwydir river systems, which have large dams and the capacity to 

deliver managed water regimes. It did little for restoring these aspects of the flow regime in the 

unregulated rivers of the northern Basin. 

To what extent has the Basin Plan contributed to breeding and recruitment of 
golden perch and Murray cod?  

There is limited monitoring that links flows to spawning and recruitment in the northern Basin. Two 

examples show that while environmental water is making some contribution to fish populations, it is 

largely insufficient in the northern Basin during dry periods to facilitate recruitment and maintain 

populations. The examples are: 

• In the Macquarie River environmental water was used to link to the Darling River. While it 

did not provide for any recruitment of golden perch it did enable golden perch likely 

spawned in the Barwon River to move into the Macquarie River. Without this facilitated 

movement it is unlikely there would have been any juveniles of the species in the lower 

reaches of this river, due to its poor condition and lack of breeding adults.  

• In the Gwydir River it could be said that the provision of environmental water kept the 

species alive (given they were still present). There was no recruitment of either of these 

species in the Gwydir as the extreme drought made breeding and recruitment highly unlikely. 

The potential exists for their future breeding when higher rainfall occurs.  

Such actions should be effective during severe drought to ensure adult fish remain in these systems 

and can capitalise on conditions when higher flows return by spawning and recruiting. 

Fish movement 
Restoring connectivity through providing appropriately planned flows (that is, flows planned for 

timing, frequency, magnitude) is expected to improve opportunities for fish movement in and 

between channels. It is also expected to provide flows sufficient to drown-out barriers such as weirs 

and operate fishways to provide fish passage. Monitoring the movement of large-bodied species — 

the Murray cod, golden perch, silver perch and fresh-water catfish—throughout the system gives 

insight into the movement and dispersal opportunities provided by the delivery of environmental 

water and other mechanisms of the Basin Plan. 

Longitudinal connectivity is a key outcome in Chapters 5 and 8 of the Basin Plan and is a key lifecycle 

requirement of many native fish species. Many native fish species use different habitats and 

locations to breed, grow as juveniles and sub-adults and to live as adults. As part of their lifecycle 

needs silver perch and golden perch can move both downstream and upstream, sometimes for 
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hundreds to thousands of kilometres for individual animals. Murray cod can make spawning 

migrations of tens to hundreds of kilometres. 

To what extent has the Basin Plan contributed to supporting native fish 
movement in the northern Basin? 

Given the limited monitoring being undertaken in the northern Basin, it is not possible to disentangle 

the contributions of environmental water compared to natural flows for the movement of native 

fish. This has also been exacerbated by the extreme dry conditions throughout the evaluation period, 

and thus lack of movement opportunities in general. 

However, there is evidence of environmental water creating opportunities for improved fish passage 

at a number of locations across the northern Basin. In particular, there were three large 

environmental water events that aimed to connect river systems for the express ecological outcome 

of native fish passage: 

• Macquarie–Barwon (April to June 2017)—environmental water was used to capitalise on a 

natural flow event to connect the Macquarie and Barwon Rivers (Davis et al. 2017). 

• Northern Basin Connectivity Event (April to July 2018)—environmental water was used to 

connect over 2,000 kilometres of the Gwydir, Mehi, Dumaresq, Macintyre and Barwon–

Darling rivers (Department of Agriculture, Water and the Environment 2020). 

• Northern Basin Fish Flow (April to July 2019)—environmental water was used to connect 

waterholes across 1,500 km of river channel from the Gwydir River to the Baron River (Eco 

Logical Australia 2020). 

Monitoring of these three managed events indicated that the habitat conditions created were 

conducive for the movement of native fish. Acoustic arrays and fish sampling before, during and after 

the events found that fish of several species including golden perch and spangled perch moved 

upstream in response to environmental water (Figure 25). Instream barriers to fish movement were 

identified as major mitigating factors in the movement of fish through these systems (Davis et al. 

2017; Department of Agriculture, Water and the Environment 2020). 

Monitoring under the Commonwealth Environmental  ater Office’s (   O) LTIM Project has 

suggested that environmental water has likely contributed to the movement of native fish in the 

Gwydir. Although the data is insufficient to determine the quantitative contribution of the Basin Plan, 

there is evidence to suggest that environmental water delivered as early season stimulus flows can 

trigger movement of freshwater catfish and Murray cod within and between rivers within the Gwydir 

catchment (Eco Logical Australia 2019). 
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Figure 25 Golden perch movement during the Northern Basin Connectivity Event (Department of Agriculture, Water and 
the Environment 2020) 
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fish movement 



 

 
Murray–Darling Basin Authority  The 2020 Basin Plan Evaluation, Northern Basin evidence report            38 

Vegetation  

Background and summary findings 
Riparian vegetation is a critical component of the Murray–Darling Basin’s riverine ecosystems and 

landscapes. In the drier and hydrologically variable northern Basin riparian vegetation, with its mix of 

trees, shrubs and understory plants is often the most diverse and structurally complex vegetation in 

the landscape. It plays an essential role providing habitat for many terrestrial and aquatic fauna and 

supporting many significant ecological functions and highly valued ecosystem services (Capon et al. 

2013). 

Most lowland watercourses in the northern Basin are fringed by woody vegetation communities that 

are dominated by a few, very widespread species (Capon et al. 2016). A mixture of river red gums 

and coolabah trees typically occur on channel banks and immediately adjacent to these, often with a 

mid-storey of river cooba and scattered lignum shrubs.  

Riparian woodlands also support a diverse mixture of understorey plant species. These include: 

• a wide range of life forms—for example, grasses, sedges, rushes, forbs, ferns 

• life histories —for example, annual and perennial 

• aquatic, amphibious and more terrestrial species (Capon and James 2020).  

Observations of riparian coolabah woodlands and river cooba – lignum vegetation in the Gwydir river 

system suggest that these communities often support more plant species than associated floodplain 

and wetland vegetation types (Eco Logical Australia 2019).  

Riparian vegetation in the northern Basin is highly dynamic and shifts in composition and structure 

largely in response to wetting and drying. Understorey vegetation on channel banks may be very 

sparse during dry periods but responds rapidly to wetting with the establishment and growth of 

herbaceous species and growth and reproduction of riparian trees and shrubs. Large, diverse, 

persistent soil seed banks are present in the riparian zones of the northern Basin. These enable many 

grass and forb species to persist during periods of drought and establish in the vegetation in 

response to more favourable conditions, usually following the recession of floodwaters (Capon et al. 

2017). 

The composition and structure of riparian vegetation in the northern Basin tends to reflect the 

hydrological regimes of watercourses, with more variable watering patterns tending to support more 

diverse and complex vegetation. 

Significant proportions of riparian vegetation communities, including river red gum forests and 

woodlands, coolabah woodlands, river cooba woodlands and lignum shrublands, have been 

inundated by environmental water between 2014 to 2015 and 2018 to 2019, especially in the Gwydir 

and Macquarie valleys. There has been relatively little monitoring of riparian vegetation responses to 

environmental watering in the northern Basin since the start of the Basin Plan. It is highly likely that 

environmental water delivered within channels of the northern Basin during this period has 

contributed to the growth, reproduction and dispersal of riparian plants in this region.  
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There is evidence from the Gwydir River system that environmental water has supported riparian 

vegetation growth during the mostly dry period spanning 2014 to 2015 and 2018 to 2019. It was 

observed that inundation of riparian coolabah woodlands and river cooba – lignum associations 

triggered rapid increases in the growth and cover of amphibious plant species. This was followed by a 

steady increase in the cover and diversity of terrestrial plant species with drying.  

Evaluation assessment 
Table 9 Evaluation assessment parameters for vegetation. 

Indicator Condition assessment Assessment of contribution of 
the Basin Plan 

Riparian 
vegetation 

River Red Gum forest and woodland has 
largely improved since implementation of the 
Basin Plan. The condition of Black Box 
communities has declined 

The contribution of the basin Plan 
is unclear 

Basin Plan objectives for riparian vegetation 
The BWS seeks to maintain the extent, and maintain or improve the condition of water-dependent 

vegetation in habitats that can be influenced by environmental water, while recognising the potential 

influence of many external factors; for example, natural flooding, weather conditions, land use and 

fire. Vegetation outcomes are to be achieved under the BWS by reinstating lateral and longitudinal 

connectivity.  

The expected outcomes of the BWS relevant to the northern Basin can be broadly summarised as: 

1. Forests and woodlands 

a. maintain the current extent of forest and woodland vegetation 

b. have no decline in the condition of river red gum, black box and coolibah across the 

Basin 

c. by 2024, have improved recruitment of trees within river red gum, black box and 

coolabah communities, in the long-term achieving a greater range of tree ages. (River 

red gum, black box and coolabah communities are presently comprised primarily of 

older trees which places them at risk.) 

2. Shrublands 

a. maintain the current extent of the large areas of lignum shrubland within the Basin 

b. by 2024, have an improvement in the condition of lignum shrublands across the 

following regions (at a minimum): lower Condamine–Balonne (including Narran 

Lakes), Lower Gwydir, Macquarie Marshes and lower Border Rivers. 

3. Non-woody vegetation 

a. maintain the current extent of non-woody vegetation 

b. by 2024, have increased periods of growth for communities that closely fringe or 

occur within the main river corridors. 
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Table 10 Overview of how vegetation communities were assessed. EO = expected outcome from the list above. 

EO Indicator Analysis method Location of 
data and 
analysis 
details 

Condition assessment Assessment of the 
contribution of the Basin 
Plan 

1b Vegetation condition Trend analysis against 
pre-Basin plan baseline 

Trend analysis against pre-
Basin plan baseline 

N/A 

 

The only indicator for which data was available to undertake a Basin scale condition was tree stand 

condition. The MDBA acknowledge that there are additional research and monitoring data sets at the 

asset scale held by State agencies, NGOs, Universities and consultants, however, challenges in getting 

access, integrating and analysing these data precluded their use in the 2020 Basin scale evaluation. 

What we expect under the current climate 
Frequent and prolonged periods of dry conditions are likely to result in significant declines in the 

cover and diversity of understorey vegetation in the riparian woodlands of the northern Basin. In 

many cases, bare ground will be prevalent in riparian zones during periods of drought. In some cases, 

exotic species such as lippia or Noogoora burr may dominate or native terrestrial shrubs such as 

chenopods may invade. The health of mature woody plants, including eucalypts and lignums, is also 

likely to deteriorate with leaf loss and eventual death due to extended drying. 

Riparian vegetation in the northern Basin is highly resilient to drought. However, a rapid response to 

wetting can be expected to lead to resprouting, opportunistic growth, and reproduction of key 

woody species. Diverse and productive understorey plant communities can also be expected to 

establish from soil seed banks following wetting. Flow characteristics—for example, timing, duration 

and so on—can be expected to have a strong influence on the composition and structure of 

establishing vegetation (Capon et al. 2017). 

Over time, variation in patterns of wetting and drying across riverine landscapes can be expected to 

generate diverse mosaics of vegetation communities that support different species assemblages and 

facilitate vegetation resilience at landscape scales. Large, natural floods act to ‘reset’ vegetation and 

replenish soil seed banks across large areas (Capon 2003). 

Condition of riparian vegetation 

How has the condition of riparian vegetation in the in the northern 
Basin changed since implementation of the Basin Plan began? 
The Normalised Difference Vegetation Index (NDVI) was used to represent change in riparian 

vegetation condition. NDVI is calculated from reflected radiation in the red and near-infrared spectral 

regions (Chen et al. 2014). Productive plants, with healthy green leaves, use the energy available in 

the red part of the spectrum for photosynthesis and reflect the near infrared (Chen et al. 2014; Fu 
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and Burgher 2015). Thus NDVI values represents the phenological cycles of greening (peaks in NDVI 

values) and browning (troughs in NDVI values) (Broich et al. 2014). 

NDVI values (3 month rolling average) along the northern river sections demonstrate strong 

phenological cycles of vegetation greening (peaks in NDVI values) and browning (troughs in NDVI 

values) (see also Broich et al. 2014). NDVI values, representing these cycles of greening and 

browning, are often described as being seasonal and occurring on an annual basis. However, where 

soil moisture is limited and highly variable (from rainfall and / or flooding) phenological cycles may be 

irregular, occur at any time of the year, or not occur at all in a given year (Broich et al. 2014). Broich 

et al. (2014) demonstrated that there is high inter- and intra- annual variability in phenological cycles 

across Australia. Highly variable patterns of greening and browning appears to be characteristic of 

these northern rivers. While peak NDVI values typically occurred in late winter early spring and 

minimum NDVI values typically occurred in summer, both peak and minimum values have been 

recorded in almost every month of the year. It is also common to observe two peaks within a year 

and for peak and minimum values to be highly variable. Fu and Burgher (2015), in their study on the 

Namoi River, have referred to NDVI values of greater than 0.6 as high. Using this value as a guide, 

reference has been made to the number of peak values exceeding 0.6 both pre and post Basin plan 

implementation.   

River Red Gum Forest 

For River Red Gum Forest, the mean NDVI has increased post Basin plan implementation along all 

river sections. Maximum peak NDVI values (3 month rolling average) have been recorded post 2012 

along all river segments except for the Gwydir River at Yarraman Bridge, which recorded its 

maximum peak NDVI value in July 1990. Maximum peak values post 2012 occurred around June, July 

2014 and August 2016. Prior to 2012 there was considerable variability in the number of peak values 

greater than 0.6 recorded along the different river sections. The Macquarie River recorded the 

greatest number of peaks exceeding 0.6 (14 at both Dubbo and downstream of Marebone Weir), 

followed by the Namoi River (with 10, eight and seven peaks greater than 0.6 recorded at Mollee, 

Gunnedah and Bugilbone respectively) and the Gwydir River (with eight peaks greater than 0.6 

recorded at Pinegrove and five at Yarraman Bridge). The Mehi River recorded the least number of 

peaks greater than 0.6 (three). Post 2012 there has been a relatively high proportion of peak NDVI 

values recorded greater than 0.6 across all river sections. The lowest minimum NDVI values were all 

recorded pre 2012 around October, November, December 1994 and December 2002, January 2003. 

All the lowest minimum NDVI values recorded post 2012 were in December 2019 which were the last 

records in the dataset. NDVI values for River Red Gum Forest range from 0.301386 to 0.7260725, 

with values highly variable over time. Visually there is some suggestion that NDVI responses have 

become more regular post 2012, particularly along the Gwydir and Mehi Rivers, however this 

warrants further investigation. There is no clear relationship between flow and NDVI response 

however this also warrants further investigation.  

River Red Gum Woodland 

For River Red Gum Woodland, the mean NDVI has increased post Basin plan implementation along 

all river sections. Maximum peak NDVI values (3 month rolling average) have all been recorded post 

2012 around June, July 2014 (Gwydir River at Yarraman Bridge and Namoi River at Mollee), August 

2015 (Namoi River at Gunnedah) or June, August, September 2016 (Gwydir River at Pinegrove, 
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Namoi River at Buglibone, Mehi River and Macquarie River). The Gwydir River at Pinegrove recorded 

the greatest number of peaks exceeding 0.6 (14 peaks) followed by the Macquarie River (13 at 

Dubbo and 12 downstream of Marebone Weir), the Namoi River (with 10, eight and six peaks greater 

than 0.6 recorded at Mollee, Gunnedah and Bugilbone respectively) and the Gwydir River at 

Yarraman Bridge (with seven peaks greater than 0.6). The Mehi River recorded the least number of 

peaks greater than 0.6 (four). Post 2012 there has been a relatively high proportion of peak NDVI 

values recorded greater than 0.6 across all river sections. As for River Red Gum Forest the lowest 

minimum NDVI values were all recorded pre 2012 ranging from October, November 1994 along the 

Gwydir River, December 1994 along the Macquarie River, to December 2002 along the Namoi River 

and January 2003 along the Mehi River. Again, all the lowest minimum NDVI values recorded post 

2012 were in December 2019. NDVI values for River Red Gum Woodland range from 0.3023586 to 

0.728026, with values highly variable over time. As for River Red Gum Forest, there is some visual 

suggestion that NDVI responses have become more regular post 2012, particularly along the Gwydir 

and Mehi Rivers, however this warrants further investigation. There is no clear relationship between 

flow and NDVI response however this also warrants further investigation. 

Black Box 

In contrast to both River Red Gum Forest and Woodland, the mean NDVI at Black Box communities 

has decreased post Basin plan implementation along all river sections. Maximum peak NDVI values 

(3 month rolling average) have been recorded prior to 2012 along the Gwydir River (September 1996 

at Yarraman Bridge and September 1990 at Pinegrove) and Mehi River (August 1990). Maximum 

peak NDVI values have been recorded post 2012 along the Namoi River (September 2016) and the 

Macquarie River (September 2015 at Dubbo and September 2016 downstream of Marebone Weir). 

The Namoi River and the Gwydir River recorded the greatest number of peaks above 0.6 (with five, 

four and three recorded at Gunnedah, Mollee and Bugilbone respectively and five recorded at 

Yarraman Bridge and two at Pinegrove). The Mehi River recorded four peaks greater than 0.6 while 

the Macquarie River recorded the least, with only one peak in September 1996 greater than 0.6 

downstream of Marebone Weir and no peaks greater than 0.6 at Dubbo. Post 2012 there was a peak 

greater than 0.6 recorded at the Gwydir River, Namoi River and Macquarie River downstream of 

Marebone Weir in September 2016. An additional peak was recorded in August 2015 at the 

Macquarie River downstream of Marebone Weir and along the Namoi River at Mollee and 

Gunnedah. There have been no peaks greater than 0.6 recorded at the Mehi River since August 1998 

and peaks of that value have never been recorded at the Macquarie River at Dubbo. The majority of 

the lowest minimum NDVI values have been recorded post 2012 in December 2019, with the 

exception of the Namoi River at Gunnedah and the Macquarie River at Dubbo, both of which 

recorded the lowest minimum NDVI values for Black Box in December 2002. There is a worrying 

trend of rapid decline from approximately June 2017 to December 2019 at the Mehi River, Namoi 

River and Macquarie River at Dubbo, and from June 2018 at the Gwydir River and Macquarie River 

downstream of Marebone Weir. NDVI values for Black Box range from 0.2190089 to 0.7121554, with 

values highly variable over time. As for River Red Gum Forest and Woodland there is no clear 

relationship between flow and NDVI response however this warrant further investigation. 
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Contribution of the Basin Plan to riparian vegetation 
Significant lengths of watercourses in the northern Basin have been influenced by environmental 

water during the period monitored under the LTIM project, inundating significant areas of riparian 

woodland (Brooks 2020).  

In the Gwydir valley inundations with contributions from Commonwealth environmental water 

between 2014 to 2015 and 2018 to 2019 covered: 

• 2,126 ha or 1.3% of riparian and floodplain coolibah woodlands  

• 1.050 ha or 23.3% of riparian and floodplain river cooba woodland  

• 53 ha or 8.1% of riparian and floodplain lignum shrubland, although less than 0.1% of 

riparian and floodplain river red gum woodland in this valley was inundated by 

Commonwealth environmental water during this period.  

Significant areas of riparian vegetation were also inundated by Commonwealth environmental water 

between 2014 to 2015 and 2018 to 2019 in the Macquarie valley, including: 

• 2,034 ha or 2.8% of riparian and floodplain river red gum forest  

• 688 ha or 4.6% of riparian and floodplain river red gum woodland 

• 175 ha or 0.1% of riparian and floodplain coolibah woodland and forest 

• 107 ha or 0.3% of riparian and floodplain shrubland 

• 84 ha or 3.1% of riparian and floodplain) river cooba woodland (Brooks 2020). 

However, there was no inundation of riparian vegetation by Commonwealth environmental water, 

between 2014 to 2015 and 2018 to 2019 in the Barwon–Darling, Condamine–-Balonne, Border 

Rivers, Namoi or Warrego Paroo (Brooks 2020).  

Observations of riparian vegetation in the Gwydir river system between 2013 to 2014 and 2018 to 

2019, including several riparian coolibah woodland and river cooba – lignum associations sites 

suggest that inundation, including that by environmental water, has promoted higher vegetation 

cover in these communities as well as shifts in composition. This monitoring indicates the cover of 

amphibious plant species in these habitats is highly likely to have been promoted by environmental 

watering during this period. Evidence also suggests that environmental water is likely to have 

reduced the cover of dominant exotic species, especially lippia, during this period. Inundation of 

coolibah woodland and river cooba –lignum associations in the Gwydir river system triggered rapid 

growth of amphibious plants species followed by a steady increase in the diversity and cover of 

terrestrial plant species with drying. However, recruitment of coolibah in these monitoring sites was 

observed to be very patchy and driven by factors other than flows. 

How flows support vegetation 
Flows have an overriding influence on the growth, reproduction, dispersal, germination and 

establishment of plants in riparian habitats (Brock et al. 2006). Plant responses to wetting at different 

life history stages vary between species and will depend on plant age/size as well as flow 

characteristics such as timing, duration and so on. Flood intolerant species, for example, such as 

many chenopod shrubs, will be killed by flows of any significant duration while the germination and 
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growth of aquatic and amphibious plants will be triggered by inundation. The growth, reproduction 

and dispersal of most dominant woody species in riparian habitats of the northern Basin will also be 

triggered by flows (Capon et al. 2016). 

Factors other than flows 
While flow tends to have an important influence on vegetation dynamics in riparian habitats, many 

other factors can modify the capacity of plants and vegetation communities to respond to wetting. 

These include: 

• Weather conditions—for example, temperature and rainfall—before and after flows are 

particularly important in determining which species germinate and survive.  

• Fire will modify wetland vegetation responses to flow as may water and/or soil quality.  

• Grazing influences riparian vegetation in the northern Basin, with high proportions of bare 

ground during dry periods observed in the Gwydir due to livestock grazing (Eco Logical 

Australia 2019).  

• Any disturbances—for example, clearing, topping of trees etc—affecting canopy extent and 

cover are likely to influence understorey vegetation.  

• Local factors influenced by woody vegetation canopies—for example, shading and leaf 

litter—play a significant role in determine plant community responses to wetting (Capon et 

al. 2017). 

Flows delivered for vegetation 
In the northern Basin 232 GL of environmental water (including water from States and CEWO) was 

delivered across 10 events with the specific objective of achieving outcomes for vegetation (Figure 

26). This represented between 2% and 31% of the total amount of environmental water delivered 

each year. It includes flows delivered in channel for riparian vegetation, and wetland inundation for 

floodplain and wetland vegetation communities. 

 

Figure 26 Flows delivered for vegetation outcomes in the context of all environmental water in the northern Basin 
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To what extent has the Basin Plan contributed to riparian vegetation in the 
northern Basin? 

Visually there was no clear relationship between stream flow and NDVI values. The response of 

vegetation to environmental factors is complex and likely to be influenced by multiple factors. NDVI 

values have been shown to respond to rainfall, temperature, soil moisture, surface inundation and 

groundwater (Wen et al. 2012; Chen et al. 2014; Fu and Burgher 2015; Broich et al. 2018). Patterns of 

greening and browning, however, have also been shown to be variable in their response to flooding 

in different parts of the Murray Darling Basin and for flooding to have varying degrees of importance 

in relation to other climatic factors (Broich et al. 2018). Fu and Burgher (2015) found a strong 

relationship between NDVI response and maximum temperature along the Namoi River. The 

relationship between NDVI response and maximum temperature may be related to soil moisture and 

evaporation (Fu and Burgher 2015). However, it is also worth noting that there are complex 

interactions between temperature, CO2, and plant physiological processes such as photosynthesis 

and stomatal conductance and environmental factors such as heatwaves may impact these processes 

(Loik et al. 2017; de Dios et al. 2018). At this stage the interactive effect between heat waves and 

water stress is unknown. 
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Productivity  

Background and summary findings 
Productivity is comprised of two ecological processes:  

• primary production (through photosynthesis) 

• decomposition (recycling of organic matter).  

Stream metabolism is measured through changes in dissolved oxygen, as the process of primary 

production produces oxygen and decomposition uses it. Healthy aquatic ecosystems require both 

processes. Primary production provides the basis of food for organisms higher up the food chain, and 

decomposition provides nutrients to maintain plant growth.  

There are four ways that water regimes can influence rates of primary production and decomposition 

in aquatic systems, through the movement of organic material (Grace 2020): 

1. Habitat availability for primary producers and decomposers—this is strongly influenced by 

flow, with more habitat being associated with increases in the amount of organic material 

produced or recycled in the river. 

2. Entrainment, in which flow introduces nutrients and organic carbon from external sources to 

the river or stream, increasing stream metabolism—nutrients and carbon in backwaters, 

in-channel benches, wetlands and floodplains move into stream channels with inundation. 

3. Mixing or resuspending material within the river or stream—organic material may be stored 

in parts of the stream where it is not readily available; for example, in the sediment, in a 

backwater or low flow area, in the bottom water of stratified pools). Increasing flows may 

mobilise these organic material stores and increase rates of stream metabolism. 

4. Disturbance or scour of biofilms—biofilms comprise algae, fungi and bacteria on sediments 

and plants in the river and can contribute significantly to stream metabolism. Very high flows 

can scour these biofilms, reducing stream metabolism rates temporarily until the biofilms 

re-establish (Ryder et al. 2006). 

Productivity is a critical ecosystem function that influences the amount and type of food available to 

populations of animals further up the food chain. It is expected that increases in productivity will 

increase food availability and is of importance to understanding the responses of taxa in relation to 

flows. There is evidence from intervention monitoring that even small increases in flows, contributed 

by environmental water, can result in increases in productivity. 

Basin Plan objectives for productivity 
While there is no specific productivity objective in the BWS, the Basin Plan objectives include that 

‘water-dependent ecosystems are able to support episodically high ecological productivity and its 

ecological dispersal’ ( hapter 8.05.2c).  

Productivity is sensitive to changes in flow through the effects on the amount and type of habitat 

available, key water quality measures including turbidity and nutrients, and the way these factors 
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interact with depth, turbulence and retention within a reach. Therefore, different flow types—for 

example, baseflow and freshes—are expected to have different patterns of productivity. 

How productivity was assessed 
The lack of pre-Basin Plan data for productivity means that it is not possible to assess changes in 

condition for productivity in the northern Basin.  

Table 11 Overview of how productivity was assessed. 

Indicator Analysis method Location of data and 
analysis details 

Condition assessment Assessment of the contribution 
of the Basin Plan 

Productivity Not assessed  Preliminary lines of evidence and 
future opportunities statement 
presented 

N/A 

 

The MDBA acknowledge that there are additional research and monitoring data sets at the asset 

scale held by State agencies, NGOs, Universities and consultants, however, challenges in getting 

access, integrating and analysing these data precluded their use in the 2020 Basin scale evaluation. 

Contribution of the Basin Plan to productivity 
In view of the lack of pre-Basin Plan data for the northern Basin, this section looks instead at the 

contribution that Commonwealth Environmental Water (CEW) has made to productivity in the 

southern Basin.  

Preliminary lines of evidence 
Intervention monitoring has indicated that even small increases in in-channel flows can stimulate 

primary productivity by inundating new areas of stream habitat and mobilising carbon (Grace 2020). 

While contributions of environmental water to the flow regimes in the northern Basin, when 

considered as a whole, are relatively low (2–10%) in some systems and in some periods of time they 

represent the majority of the water within a channel. For example, in the lower Gwydir system below 

Copeton Dam, and the Macquarie River, up to 70% of the flow is sourced from an environmental 

entitlement (Stewardson and Guarino 2020).  

Grace (2020) assessed the impacts of environmental water on productivity at just one location in the 

northern Basin, the junction of the Warrego and Darling rivers. The outcomes of this suggest that 

environmental water contributed little to primary productions at this site. This is hardly surprising as 

environmental water contributes very little to the flow regime at this location (Stewardson and 

Guarino 2020). However, it is possible that in locations in the northern Basin where environmental 

water represents a substantive proportion of the flow—for example, the Macquarie and Gwydir 

systems—that this is contributing to increased rates of productivity. Continued monitoring at the 
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junction of the Warrego and Darling rivers during periods of higher flows and additional monitoring 

across the northern Basin are required to confirm this hypothesis.  

Future opportunities 
As further data becomes available over subsequent years—particularly watering events that result in 

significant wetland or floodplain inundation—it will be useful to determine whether the 2014 to 

2019 observed stream metabolism rates and organic carbon loads are unusually high or low. Further 

data may also help to determine the extent to which hydrology and/or other factors drive riverine 

productivity within the Basin. Research continues into whether low rates of productivity mean that 

food webs in the Basin are resource- or energy-limited. 

There will also be opportunities to examine the influence of other threats, such as invasive species 

and land use, and how complementary measures can enhance the outcomes of environmental flow 

delivery. Finally, over time, the social and economic benefits of environmental flows and healthy 

ecosystems will become manifest. It will be important that these outcomes are considered in the 

adaption of monitoring programs. 
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Attachment 1: Hydrology analysis 
approach 
In addition to the details below a technical paper on the hydrology analysis for this evaluation can be 

found on the MDBA website 2020 Evaluation: reports and data page.  

What is the reference baseline? 
Schedule 7 of the Basin Plan (2012) outlines the targets to measure progress towards objectives, it 

states that there should be ‘no loss of, or degradation in [flow regimes]’. However, there is no clear 

guidance in the legislation as to what reference conditions should be used to determine whether 

degradation has occurred.  

In 2014 the Basin-wide environmental watering strategy used the Basin Plan modelling as a baseline 

and to anticipate long-term Basin Plan changes against this modelling. However, experience from the 

2017 Evaluation (MDBA 2017) indicated that using a long-term model baseline was only partially 

effective for evaluating the Basin Plan and had significant limitations in certain parts of the flow 

regime related to model performance.  

As part of the 2020 evaluation the MDBA has explored the use of an observed baseline—that is, to 

compare the pre- and post-2012 flows. For the observed baseline a cut-off off 1994 was selected 

based on the Ministerial Council’s decision to introduce a  ap to limit growth in diversions to 1993–

94 levels of development.  

The observed baseline runs for a period of 18 years from 1994–95 to 2011–12 and uses observed 

state gauge data. 

The model baseline and uses a 98-year climate sequence and represents 2008–09 levels of 

development.  

The modelled baseline has the advantage of a much longer and more diverse climatic sequence, (i.e. 

better representation of the diversity of condition the Basin Plan is designed around). However, this 

model baseline does not represent historical flows. 

 The MDBA has used the model baseline in some circumstances and the observed baseline in others. 

The over-arching driver for this approach is to use the best available data that can best inform 

ongoing Basin Plan implementation. Analysis of model performance at different locations and in 

different parts of the flow regime found poor model performance outweighed the shorter climate 

sequence for cease-to-flow and terminal wetland indicators. Hence the relevant baselines are: 

• Cease-to-flow—observed baseline 

• Baseflows—observed baseline 

• Flow thresholds—model baseline 

• Transmissions—model baseline 

https://www.mdba.gov.au/publications/mdba-reports/2020-evaluation-reports-data
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Where model performance is not a significant issue, the results against both baselines are produced 

as the information is still potentially pertinent to the Basin Plan Evaluation.  

Analysis against the overserved baseline tells how/if things have changed in the ‘real world’, i.e. what 

is the actual difference between the period before and after the Basin Plan. This provides a set of 

conclusions around flow changes and the associated tangible on-ground outcomes. 

Analysis against the baseline model tells how the post-Basin plan years compare to the 

representation of 2008–09 levels development that many Basin Plan settings (i.e. the SDL) were set 

against. This comparison can be used to guide long-term policy and planning settings. 

Baseflows 
Rationale: Baseflows (or low, in-channel flows) are an important component of the flow regime—

they maintain aquatic habitat for fish, plants and invertebrates. Baseflows comprise long-term 

seasonal flows that provide drought refuge during dry periods and contribute to nutrient dilution 

during wet periods or after a flood event. These flows are generally maintained by seepage from 

groundwater, but also by low surface flows. In the northern Basin, maintaining baseflows becomes 

especially important in dry years to prevent excessive cease-to-flow periods and maintain a minimum 

water quality.  

Indicator: A comparison of baseflows relevant to the natural or unimpacted flow regime.  

Target: The relevant target for the assessment period (ending June 2019) is that there is no 

degradation in the flow regime (and hence no degradation to baseflows against pre-Basin Plan 

conditions). The target for 2024 is that baseflows are kept to at least 60% of the natural level. 

Baseline/Reference condition: While the desirable baseline would be a comparison of baseflow 

conditions pre- and post-Basin Plan, there was no available modelling able to adequately 

characterise baseflows before the implementation of the Basin Plan. What has been completed is an 

evaluation of the provision on baseflows post-Basin Plan and the contribution of the Basin Plan to 

baseflows in the northern Basin. 

Analysis: This metric measures the Base Flow Index (BFI), the ratio of Baseflow/Stream Flow. As the 

baseflow has already undergone division by site specific streamflow, it was not measured as a 

function of catchment inflows. Baseflow was calculate as defined by Ladson, A. R., Brown, R. Neal, B. 

and Nathan, R. (2013) in A standard approach to baseflow separation using the Lyne and Hollick 

filter. An increase in BFI does not indicate a higher volume of baseflow, rather a higher proportion of 

baseflow relative to flow. For this reason, it is more common to see (counter-intuitively) high BFIs 

under dry conditions. 

Freshes 
Rationale: In-channel fresh events are small-to-medium flow events which inundate benches or 

small anabranches but stay in the river channel. They are generally relatively short in duration (i.e. a 

few days to a month) that typically occur in most years, and under natural conditions would occur 

multiple times within a year. These events replenish soil water for riparian vegetation, maintain in-
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stream habitats and cycle nutrients between parts of the river channel. They also inundate snags and 

woody debris, which form important habitat for invertebrates. The rise in water level associated with 

freshes can induce reproductive behaviours in native fish. 

Indicator: The indicator assessed for freshes is number of days above the fresh flow threshold per 

water year. 

Target: The relevant target for the assessment period (ending June 2019) is that there is no 

degradation in the flow regime and hence no degradation to freshes against pre-Basin Plan 

conditions. The BWS target for 2024 was based on fresh flows in the southern Basin increasing by 

12% to 61% depending on the catchment. 

Baseline/reference condition: The baseline is pre-Basin Plan conditions. For this indicator, this has 

been represented by the Baseline (845) model scenario, representing conditions as at 2009 and the 

pre-Basin Plan observed data from 1994. 

Condition analysis: Seven southern Basin sites (Mid-Murray, Murray, Loddon, Campaspe, Goulburn–

Broken, Campaspe, Lower Darling, Murrumbidgee and Lachlan) were selected to complete the 

freshes analysis. These gauge locations were chosen due to having good data availability (both 

observed and modelled) and flow threshold information available. The number of days above the 

flow threshold for each year was calculated for both the observed and modelled flow data. This was 

carried out on data from 1895 to 2009 water years for the model runs, while the observed data was 

assessed for the pre-Basin Plan period (1994 to 2012) and over the post-Basin Plan period of the 

2012 to 2018 water years. The number of freshes observed each year was divided by the annual 

inflow at the catchment scale. This was used as a proxy for climatic condition when comparing post-

Basin Plan years to pre-Basin Plan years. Both a t-test and a two-sample ks-test were undertaken for 

each site to assess if there was a change in the mean or distribution respectively of the pre- and post-

Basin Plan populations. 

Basin Plan contribution analysis: LTIM Hydrology Basin Matter Reporting was used to assess the 

contribution of environmental water to baseflows (Stewardson and Guarino 2020). This analysis 

considers freshes in three categories: 

• A low-fresh is defined as flow spell that raise water levels at least one-eighth of the height of 

the bank above the low flow level. Such freshes would be a very frequent occurrence in both 

the dry and wet seasons under pre-development conditions. 

•  A medium-fresh is defined as a flow spell that raise water levels at least one-quarter of the 

height of the bank above the low flow level. This threshold would be a frequent occurrence 

in the pre-development regime maintaining moist soils.  

• A high-fresh is defined as a flow spell that raise water levels at least half of the height of the 

bank above the low flow level. Freshes of this magnitude would have occurred in most years 

in the unimpacted flow regime, often multiple times. 

Transmission of flows 
Rationale: The transmission of flows has been chosen as a metric for longitudinal connectivity in the 

Southern Basin, as it indicates the percentage of flows making it through from the top to the bottom 
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of the system. This is important as a measure of the connectivity along the length of the catchment, 

but also to providing connectivity with the Murray.  

Indicator: The indicator assessed for transmission of flows is the transmission ratio measured as 

inflows vs outflows at an annual scale for each catchment. 

Target: The relevant target for the assessment period (ending June 2019) is the Basin Plan Schedule 

7 target that there is no loss of, or degradation in the flow regime and in hydrologic connectivity 

between hydrologically connected valleys (and hence no degradation in transmission of flows against 

pre-Basin Plan conditions). 

Baseline/reference condition: The baseline is given by the indicator results for pre-Basin Plan 

conditions. For this indicator, this has been represented by the post-cap period of 1994–2011 and 

the baseline model run (845). 

Condition analysis: Outflow was compared to inflow for every water year from 1994 to 2018. Post-

Basin Plan years were compared to pre-Basin Plan years and statistically compared using both a t-test 

and two sample ks-test to determine any changes in mean and distribution respectively. 

Basin Plan contribution analysis: LTIM Hydrology Basin Matter Reporting (Stewardson and Guarino 

2020) together with reporting from environmental water holders on water delivery (Basin Plan 

Matter 9.3 reporting). Cease-to-flow 

Rationale: Cease-to-flow periods are events where longitudinal connectivity is no longer maintained 

and the river begins to dry into separate waterholes, preventing the movement of biota. Water 

quality can quickly deteriorate in evaporating pools of water, causing periods of anoxic conditions 

and algal blooms. This can result in a deterioration of condition of obligate aquatic biota such as fish 

and macroinvertebrates.  

Indicator: The indicators for cease-to-flow are the number of cease-to-flow days on an annual basis.  

Target: The relevant target for the assessment period (ending June 2019) is the Basin Plan Schedule 

7 target that there is no loss of, or degradation in the flow regime and in hydrologic connectivity 

between hydrologically connected valleys. 

Baseline/reference condition: The reference condition for cease-to-flow periods were daily gauge 

flows between 1 July 1994 and 30 June 2012. Modelled scenarios could not be used as a reference 

condition due to the limitations of the current hydrological models in accurately representing low 

flows. 

Contribution analysis: The number of cease-to-flows days in relation to inflows was assessed on an 

annual basis for selected sites. A t-test and ks-test were undertaken to give site ratings. 

Basin Plan contribution analysis: There is no systematic analysis of the contribution of 

environmental water on avoiding cease-to-flow periods in the northern Basin. Information for the 

LTIM report cards (Stewardson and Guarino 2020) have been used to illustrate examples of where 

environmental water has contributed (and has not contributed) to cease-to-flow periods at several 

locations in the northern Basin.  
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Attachment 2: Native fish analysis 
approach  

Species richness 
Rationale: The northern Basin supports a diversity of freshwater riverine fish species. Species 

richness is one of the fundamental measures of biodiversity, with loss of species a key concern for 

maintaining biodiversity. Species richness as a metric to evaluate directional trends in biodiversity 

under changing environmental conditions has its limitations, as it does not reflect how dominance 

and identity shift in communities over time (Hillebrand et al. 2018). In addition, there are sampling 

bias/effectiveness issues with most monitoring and assessment programs not recording all species 

present due to the sampling/ site selection methods employed. Despite this, species richness 

provides a useful means of evaluating temporal trends in species detections. This can be used to 

determine if there has been any loss of native species in the northern Basin since the 

implementation of the Basin Plan in 2012. 

 Indicator: Species richness based on presence or absence of native riverine fish species.  

Target: No loss of fish species in the northern Basin and continued presence of key fish species, as 

identified in the BWS (2014). Key fish species were identified by an expert panel during the 

development of the BWS and comprise silver perch, golden perch, Murray cod, freshwater catfish, 

northern river blackfish, river blackfish, Hyrtl’s tandan.  

Baseline/reference condition: Pre-Basin Plan derived from the SRA monitoring over the period 2005 

to 2011. 

Analysis: The SRA fish monitoring and Murray Darling Basin Fish Survey (MDBFS) database was 

analysed for the presence of native fish in the northern Basin. To ensure comparison of a consistent 

sampling effort sites use in the analysis were sites that were only sampled in both the SRA and 

MDBFS programs.  

Population structure and abundance 
Rationale: Evaluation of riverine key fish populations and recruitment are key elements for assessing 

the effectiveness of the Basin Plan in achieving biodiversity and ecosystem function outcomes. 

Assessing length-frequency or life-stage frequency distributions are a useful metrics of population 

dynamics. Increases in the abundance of adult fish suggest that fish are breeding and successfully 

recruiting into the population, and that adults are surviving throughout age classes. The overall 

proportion of adults, sub-adults and young-of-the-year (YOY) (i.e. life classes) can be used as 

indicators of population maintenance through time. 

Population indicator: Abundance and population (life classes) structure for two northern Basin 

riverine key fish species: Murray cod and golden perch. Noting that there was insufficient 

information to complete the analysis for other riverine key fish species in the northern Basin using 

the MDBFS (see Text Box 1) database. 
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Target: The target set for Murray cod and golden perch is that life class structure is maintained 

during the reporting period 2015 to 2019 compared to before the Basin Plan (2005 to 2013).  

Baseline/reference condition: Pre-Basin Plan derived from the SRA monitoring over the period 2005 

to 2013. 

Condition analysis: Data from the MDBFS (see Text Box 1) was analysed for YOY (fish in their first 

year of life), sub-adult and adult life classes of Murray cod and golden perch in the southern Basin. 

The length-frequency life class plots, based on the sizes used for the Sustainable Rivers Audit, were 

used to infer annual population and recruitment outcomes for each SRA and MDBFS sampling round. 

Basin-scale LTIM fish data was analysed for total population abundance, the abundance of YOY and 

spawning outcomes (probability of spawning and larval fish abundance).  

Basin Plan contribution analysis: Basin-scale LTIM fish data was analysed for the abundance of YOY 

and spawning outcomes (probability of spawning and larval fish abundance). King et al. (2020) assess 

the effects of flow and the contribution of Commonwealth Environmental Water during this five-year 

period on key riverine species and key fish metrics. 
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Attachment 3: Riparian vegetation  
Rationale: Riparian vegetation supports a range of important functions, ecosystem services and 

human values (de Groot et al. 2002; Capon et al. 2013; Capon and Pettit 2018) such as the provision 

of habitat (Mac Nally et al. 2011), shading and the regulation of local climates (Rutherford et al. 

2004; Capon et al. 2017), bank stability (Marden et al. 2005; Docker and Hubble 2008), inputs to food 

webs, nutrient and carbon cycling (Giling et al. 2012; Guo et al. 2016; Rees et al. 2020), cultural 

values (Jackson 2008; Moggridge et al. 2019), and the provision of aesthetically pleasing landscapes 

for recreation and tourism.  

Indicator: For this evaluation, the Normalised Difference Vegetation Index (NDVI) was used to 

represent change in riparian vegetation condition. NDVI is calculated from reflected radiation in the 

red and near-infrared spectral regions (Chen et al. 2014). Productive plants, with healthy green 

leaves, use the energy available in the red part of the spectrum for photosynthesis and reflect the 

near infrared (Chen et al. 2014; Fu and Burgher 2015). Thus NDVI values represents the phenological 

cycles of greening (peaks in NDVI values) and browning (troughs in NDVI values) (Broich et al. 2014). 

NDVI values have been correlated with many physical and physiological aspects of vegetation 

including primary productivity, biomass, canopy structure and Leaf Area Index (Sims and Colloff 

2012; Fu and Burgher 2015). Fu and Burgher (2015), in their study on the Namoi River, have referred 

to NDVI values of greater than 0.6 as high. Using this value as a guide, reference has been made to 

the number of peak values exceeding 0.6 both pre and post Basin plan implementation.   

Target: Up to 30 June 2019: Schedule 7 (1) (e): There is no loss of, or degradation in condition, 

diversity, extent and contiguousness of native water-dependent vegetation. One of the expected 

outcomes in the BWS (MDBA 2019) is to ‘maintain the current condition of lowland floodplain 

forests and woodlands.  

Baseline/Reference Condition: Based on the expected outcomes in the BWS, the baseline condition 

for riparian vegetation along the northern rivers is to ‘maintain the current condition’ prior to Basin 

Plan implementation (i.e. condition prior to 2012). Therefore, trajectories of change or assessments 

of condition are based around pre and post Basin Plan implementation (i.e. pre and post 2012). Using 

a remote sensing approach like NDVI enables the trajectory of condition to be assessed over a 

relatively long timeframe (33 years in this case).  

Analysis: NDVI values 

A remote sensing assessment of riparian vegetation condition in eight key locations (Figure 27) 

across the northern Basin was undertaken (following Bureau of Meteorology Stream Gauges (Table 

12). This involved the use of 33-years of Landsat satellite imagery that was interrogated using a 

custom-built tool within the Google Earth Engine environment to determine NDVI greenness for 

pixels close to the main river channels previously considered to contain riparian vegetation from 

existing GIS layers. 

The way in which the measure of NDVI changed over the 33 years for those pixels was intended to 

represent change in condition. The results are graphically presented as i) a three month moving 

average of NDVI values with standard deviation, ii) NDVI values, iii) mean NDVI pre and post Basin 

Plan implementation (2012) and iv) stream flow from the relevant gauge. 
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Table 12 Information on the Bureau of Meteorology Stream Gauges used to assess northern rivers riparian vegetation 

River Gauge Location Info AWRCno 

Gwydir Gwydir @ Yarraman Bridge 
 

418004 

 
Gwydir @ Pinegrove 

 
418012 

Mehi River Mehi @ Bronte Gum Flat Reserve, West of Goondi 418058 

Namoi Namoi @ Gunnedah 
 

419001 

 
Namoi @ Bugilbone South of Riverview 419021 

 
Namoi @ Mollee 

 
419039 

Macquarie Macquarie @ Dubbo North of Warren 421001 

 
Macquarie @ D/S Marebone Weir West of Marebone 421090 

 

For each of these locations an area 100 km upstream and downstream, with a 100 m buffer either 

side of the main river channel was defined as the extent (Figure 28). As a proxy for vegetation type 

the cells within those extents were defined as Black Box, River Red Gum Forest, River Red Gum 

Woodland or No Data, based on the vegetation extent information sourced from the Monash 

Vegetation Layer (Cunningham et al. 2014). 

 
Figure 27 Location of the stream gauges and river segments in the Murray–Darling Basin 
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Figure 28 More detailed location of the stream gauges and river segments assessed as part of the evaluation of riparian 
vegetation along the northern rivers 
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