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7 Ecological, biosecurity, off-site and irrigation-
induced salinity risks 

Authors: Danial Stratford, Justin Hughes, Simon Linke, Linda Merrin, Rob Kenyon, Lynn Seo, Maxine 
Piggott, Peter R. Wilson, Cuan Petheram, Ian Watson 

Chapter 7 discusses a range of potential risks to be considered before establishing a greenfield 
agriculture or aquaculture development. These include ecological implications of altered flow 
regimes, biosecurity considerations, irrigation drainage and aquaculture discharge water, and 
irrigation-induced salinity. 

The key components and concepts of Chapter 7 are shown in Figure 7-1. 

 

Figure 7-1 Schematic diagram of the components where key risks can manifest when considering the establishment 
of a greenfield irrigation or aquaculture development 
Numbers in blue refer to sections in this report. 
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7.1 Summary 

This chapter provides information on the ecological, biosecurity, off-site and downstream impacts 
and irrigation-induced salinity risks to the catchment of the Roper River from greenfield 
agriculture or aquaculture development. It is principally concerned with the risks from these 
developments to the broader environment but also considers biosecurity risks to the enterprises 
themselves. 

7.1.1 Key findings 

Ecological implications of altered flow regimes 

The freshwater, terrestrial and near-shore marine zones of the Roper catchment contain 
important and diverse species, habitats, industries and ecosystem functions supported by the 
patterns, volumes and quality of river flows. Although irrigated agriculture only occupies a small 
percentage of the landscape, changes in the flow regime can have profound effects on flow-
dependent flora and fauna and their habitats. These effects may extend considerable distances 
onto the floodplain and downstream, including into the marine environment.  

Alternative future scenarios for water harvesting, instream dams and groundwater development 
produced a range of water volumes and patterns of flow with a variety of impacts on ecology. In 
summary it was found that: 

• The level of impact resulting from water resource development was highly dependent on the 
type of development, the extraction volume and the mitigation measures implemented.  

• Large instream dams and water harvesting often have a comparable mean impact to surface-
flow-dependent ecology averaged across the Roper catchment, large instream dams result in 
significantly larger local impact to ecology in those reaches below the dam wall than water 
harvesting.  

• Groundwater development resulted in negligible flow regime change to surface flow–dependent 
ecology at the catchment scale, with some moderate changes to assets occurring in some 
reaches of the Roper River. However, changes to groundwater levels, and hence local impacts to 
groundwater-dependent ecology, need specific consideration over suitable timescales of 
change. 

Water harvesting outcomes were sensitive to the volume of extraction, but mitigation measures 
also changed ecology outcomes across the Roper catchment. Harvesting 100 to 660 GL of water 
resulted in minor changes to asset means across the Roper catchment with impacts often 
accumulating downstream past multiple extraction points. Threadfin, prawn species and mullet 
were among the ecology assets most affected by flow change for water harvesting. For low water 
harvest extraction volumes, providing suitable levels of end-of-system flow requirements, 
commence-to-pump thresholds and pump rates improved mean outcomes across ecology assets 
to negligible change at catchment scales compared to without these measures. This demonstrates 
the importance of protecting minimum flows and first flows for many of the ecology assets and 
that mitigation strategies have potential to reduce impacts to water dependent ecosystems. 

For instream dams, the location of the dam in the catchment matters as there is potential for 
extreme risks of local impacts. Improved outcomes were associated with maintaining attributes of 
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the natural flow regime. Single dams on the Waterhouse River and Flying Fox Creek each resulted 
in negligible mean change to assets flows at the catchment scale, but with higher local impacts. 
Combined, impact was greater resulting in minor change across the catchment. Under the highly 
unlikely hypothetical scenario of maximum development, which involved construction of five 
potential instream dams (including Waterhouse River and Flying Fox Creek dams), catchment-scale 
impacts of changed flows on ecology assets increased to moderate change. Local impacts of dams 
were often considerably higher with site impacts for some ecology assets reaching extreme. 
Impacts generally reduced further downstream with accumulating flows from other parts of the 
catchment. Sawfish (Pristis pristis), grunters (Family: Terapontidae), some of the waterbird groups 
and floodplain wetlands were among the ecology assets most affected by instream dams. 
Providing transparent flows (where some flows are allowed to ‘pass through’ a dam for ecological 
purposes) improved flow regimes for ecology at both local and catchment scales: mean outcomes 
for fish assets could be improved from minor to negligible mean change and for waterbird assets 
from moderate to minor mean change across the catchment. 

Beyond flow, other impacts and considerations are also important. At catchment scales, the direct 
impacts of irrigation on the terrestrial environment are typically small. However, indirect impacts, 
such as weeds, pests and landscape fragmentation, particularly to riparian zones, may be 
considerable. Changes in water quality may also affect ecology and are not considered in the 
quantitative analysis. The combined changes of a potentially drier future climate and hypothetical 
water resource development produced greater impacts than did each factor on its own. 

Biosecurity considerations 

Northern Australia is recognised as the biosecurity frontline for many high-risk animal and plant 
pests and diseases. Australia has many advantages in being able to mitigate risks from pests and 
disease. However, serious outbreaks of diseases in agricultural and horticultural crops have 
occurred in recent years across northern Australia, including the fall armyworm (FAW; Spodoptera 
frugiperda) caterpillar, a serious pest of maize (Zea mays); and Panama disease tropical race 4 
(caused by the fungus Fusarium odoratissimum), which affects bananas (Musa spp.) in northern 
Queensland and the NT.  

Although Australia has a world-class biosecurity system, the risk of new diseases and plants 
entering Australia is always present due to international trade and the movement of people. 
Pathogens, pests and weeds have entered the NT from both natural pathways and from human 
activities. High-value agricultural industries tend to have had the most research investment and 
have the most resources to manage biosecurity, and less-valuable industries and environmental 
interests are likely to be in a less-favourable position. Vertebrate pests such as pigs (Sus scrofa) 
can be a significant problem for agriculture and the environment in the NT. They cause direct 
physical damage to crops and wetlands and can also carry and spread a range of exotic diseases, 
including foot-and-mouth disease (FMD). The Roper catchment has a continued risk of new weed 
incursions, both deliberate and accidental. Agricultural development can increase the risk of 
weeds becoming established. A changing climate is likely to create opportunities for new pests and 
diseases to move in and become established. An increase in extreme rainfall events and tropical 
cyclone intensity may increase the risk of pests entering via natural wind-driven pathways. 
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Off-site and downstream impacts 

Agriculture can affect the water quality of downstream freshwater, estuarine and marine 
ecosystems. The principal pollutants from agriculture are nitrogen, phosphorus, total suspended 
solids, herbicides and pesticides. Losses via runoff or deep drainage are the main pathways by 
which agricultural pollutants enter water bodies. Management of irrigation or agricultural 
drainage waters is a key consideration when evaluating and developing new irrigation systems, 
and it should be given careful consideration during the planning and design process. Hence, 
minimising drainage water by using best-practice irrigation design and management should be a 
priority in any new irrigation development in northern Australia. Surface drainage networks need 
to be designed to cope with runoff associated with irrigation and runoff induced by rainfall events 
on irrigated lands. Drainage must be adequate to remove excess water from irrigated fields in a 
timely manner, and hence reduce waterlogging and salinisation, which can seriously limit crop 
yields.  

In best-practice design, surface drainage water is generally reused through a surface drainage 
recycling system where runoff tailwater is returned to an on-farm storage or used to irrigate 
subsequent fields within an irrigation cycle. Hundreds of different chemicals are used in different 
agricultural, horticultural and mining sectors, and in industrial and domestic settings. Releasing 
these chemical contaminants beyond the area of target application can lead to the contamination 
of soils, sediments and waters in nearby environments. Some insecticides are particularly harmful 
to fish and to crustaceans such as prawns. 

Irrigation-induced salinity 

The risk of irrigation-induced salinity over much of the Roper catchment is low. The landscapes 
suitable for irrigation development and at risk of secondary salinisation are restricted to the 
Cenozoic clay plains (soil generic group (SGG 9)) occurring in drainage depressions on the Sturt 
Plateau. These heavy clays are naturally high in soluble salts in the subsoils. Irrigation of the clay 
plains or the surrounding permeable red Kandosols (SGG 4.1) may result in raised watertables and 
increased discharge into the drainage depressions, particularly the clay plains. Natural salinity is 
confined to the freshwater springs originating from the limestones around Mataranka and on the 
marine plains adjacent to the Gulf of Carpentaria. 

7.2 Introduction 

The range of environmental changes that could occur as a result of water and irrigation 
development is as varied as the number of potential developments. Furthermore, water and 
irrigation development can result in complex and in some cases unpredictable changes to the 
surrounding environment and communities. For instance, before the construction of the Burdekin 
Falls Dam, the Burdekin Project Committee (1977) and Burdekin Project Ecological Study (Fleming 
et al., 1981) concluded that the dam would improve water quality and clarity in the lower river 
and that para grass (Brachiaria mutica), an invasive weed from Africa that was then present at 
relatively low levels, could become a useful ecological element as a result of increased water 
delivery to the floodplain. However, the Burdekin Falls Dam has remained persistently turbid since 
construction in 1987, greatly altering the water quality and ecological processes of the river below 
the dam and the many streams and wetlands into which that water is pumped on the floodplain 
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(Burrows and Butler, 2007). Para grass and more recently hymenachne (Hymenachne 
amplexicaulis), an ecologically similar plant from South America, have become serious weeds of 
the floodplain wetlands, rendering innumerable wetlands unviable as habitat for most aquatic 
biota that formerly occurred there (Tait and Perna, 2000; Perna, 2003, 2004). 

Thus, there are limitations to the advice that can be provided in the absence of specific 
development proposals and for this reason this section provides general advice on those 
considerations or externalities that are most strongly affected by water resource and irrigation 
developments. It is not possible to discuss every potential change that could occur. For this 
reason, the remainder of the chapter is structured as follows: 

• Section 7.3 Ecological implications of altered flow regimes: examines how river regulation 
affects inland and freshwater assets in the Roper catchment and marine assets in the near-shore 
marine environment. It also examines how the impacts can be mitigated. 

• Section 7.4 Biosecurity considerations: discusses the risks presented to an irrigation 
development by disease, pests and weeds and the risks new agriculture or aquaculture 
enterprise in the Roper catchment may present to the wider industry and broader catchment. 

• Section 7.5 Off-site and downstream impacts: considers how agriculture can affect the water 
quality of downstream freshwater, estuarine and marine ecosystems. 

• Section 7.6 Irrigation-induced salinity: briefly discusses the risk of irrigation-induced salinity to 
an irrigation development and the downstream environment in the Roper catchment. 

Other externalities associated with water resource and irrigation development discussed 
elsewhere in this report include the direct impacts of the development of a large dam and 
reservoir on: 

• Indigenous cultural heritage (Section 3.4) 

• the movement of aquatic species (Section 5.4) 

• terrestrial ecosystems within the reservoir inundation area (Section 5.4). 

These externalities are rarely factored into the true costs of water resource or irrigation 
development. Even in parts of southern Australia where data are more abundant, it is very difficult 
to express these costs in monetary terms as perceived changes are strongly driven by values, 
which can vary considerably within and between communities and fluctuate over time. Therefore, 
the material in this chapter is presented as a stand-alone analysis to help inform conversations 
and decisions between communities and government. 

It is important to note that this chapter primarily focuses on key risks resulting from irrigated 
agriculture and aquaculture, although the section on biosecurity considers both risks to the 
enterprise and risks emanating from the enterprise into the broader environment. Other risks to 
irrigated agriculture and aquaculture are discussed elsewhere in this report, including risks 
associated with: 

• flooding (Section 2.5) 

• sediment infill of large dams (Section 5.4) 

• reliability of water supply (sections 5.4 and 6.3) 

• timing of runs of failed years on the profitability of an enterprise (Section 6.3). 
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Material within this chapter is largely based on the companion technical reports on ecology 
(Stratford et al., 2022 and Stratford et al., 2023) but also draws upon findings presented in the 
Northern Australia Water Resource Assessment technical reports on agricultural viability (Ash et 
al., 2018) and aquaculture viability (Irvin et al., 2018), Further information can be found in those 
reports. 

7.3 Ecological implications of altered flow regimes 

7.3.1 Water resource development and flow ecology 

The ecology of a river is intricately linked to its flow regime with species broadly adapted to the 
prevailing conditions under which they occur. Impacts from changes in freshwater flows are not 
limited to the persistence or ephemerality of rivers; they are also associated with the volumes of 
river flows and patterns of floodplain inundation and discharges that support species, habitats and 
ecosystem functions. Flow-dependent flora, fauna and habitats are defined here as those sensitive 
to changes in flow and those sustained by either surface water or groundwater flows or a 
combination of these. In rivers and floodplains, the capture, storage, release, conveyancing and 
extraction of water alters the environmental template on which the river functions, and water 
regulation is frequently considered one of the biggest threats to aquatic ecosystems worldwide 
(Bunn and Arthington, 2002; Poff et al., 2007). Changes in flows due to water resource 
development can act on both wet and dry periods to change the magnitude, timing, duration and 
frequency of flows (Jardine et al., 2015; McMahon and Finlayson, 2003). Impacts on fauna, flora 
and habitats associated with flow regime change can often extend considerable distances 
downstream from the source of impact and into near-shore coastal and marine areas as well as 
onto floodplains (Burford et al., 2011; Nielsen et al., 2020; Pollino et al., 2018). 

There is an inherent complexity associated with understanding the environmental risks associated 
with water resource development, and particularly so in northern Australia. This is in part because 
of the diversity of species and habitats distributed across and within the catchments and the near-
shore marine zones, and also because water resource development can produce a broad range of 
direct and indirect environmental impacts. These impacts can include flow regime change, loss of 
habitat, loss of function such as connectivity, changes to water quality and the establishment of 
pest species. Instream dams create large bodies of standing water that inundate terrestrial habitat 
and result in the loss of the original stream and riverine conditions (Nilsson and Berggren, 2000; 
Schmutz and Sendzimir, 2018). Storages can capture flood pulses and reduce the volume and 
extent of water that transports important nutrients into estuaries and coastal waters via flood 
plumes (Burford et al., 2016; Burford and Faggotter, 2021; Tockner et al., 2010). Further, even 
minor instream barriers can disrupt migration and movement pathways, causing fragmentation of 
populations and loss of essential habitat for species that need passage along the river (Crook et al., 
2015; Pelicice et al., 2015). With water resource development and irrigation comes increased 
human activity, which can add pressures, including biosecurity risks associated with invasive or 
pest species transferring into new habitats or increasing their advantage in modified habitats 
(Pyšek et al., 2020). 

This section provides an analysis of the risks associated with flow regime change in the Roper 
catchment to freshwater, estuarine and near-shore marine ecology and terrestrial systems 
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dependent upon river flows. Impacts of the loss of habitat within potential dam impoundments 
and loss of connectivity due to the development of new instream barriers are discussed in 
Petheram et al. (2022) and impacts on groundwater-dependent ecosystems associated with 
changes to groundwater levels is presented in Section 5.3 of this report. Existing and other 
potential threatening processes for assets, including possible synergistic impacts, are discussed 
qualitatively in the companion report Stratford et al. (2022). 

7.3.2 Ecology of the Roper catchment 

The Roper River is a large perennial river that drains one of the largest catchments flowing into the 
western Gulf of Carpentaria (Figure 7-2). The protected areas in the Roper catchment include two 
national parks (Elsey and Limmen), an Indigenous Protected Area and other conservation parks. 
The Roper catchment also includes two sites listed in the Directory of Important Wetlands in 
Australia (Mataranka Thermal Pools and Limmen Bight (Port Roper) Tidal Wetlands System) 
(Environment Australia 2001). In the Gulf of Carpentaria are the Limmen Bight Marine Park and 
Anindilyakwa Indigenous Protected Area. 

The ecology of the Roper catchment is shaped by the region’s wet-dry climate, driven by seasonal 
rainfall, evapotranspiration and groundwater discharge. During the dry season, river flows are 
reduced with water in the catchment’s streams receding, often to isolated waterholes. However, 
in parts of the Roper catchment water persists during the dry season, with some persistent 
waterholes supported by discharge from aquifers including the Tindall Limestone Aquifer and the 
Dook Creek Formation (Faulks, 2001; Taylor et al., 2023). The streams and waterholes that persist, 
including the important groundwater-feed streams between Mataranka Thermal Pools and the 
Red Lily Lagoon, provide critical refuge habitat for many aquatic species (Barber and Jackson, 
2012; Faulks, 2001). During the wet season, flooding inundates significant parts of the catchment 
connecting wetlands to the river channel, inundating floodplains and driving a productivity boom. 
This flooding is particularly evident in the lower parts of the catchment, including the floodplains, 
wetlands and intertidal flats of the Limmen Bight, where floods deliver extensive discharges into 
the marine waters of the western Gulf of Carpentaria. These flood discharges are an important 
resource for marine productivity which in turn supports important fishing industries. 

As discussed in Chapter 3, the Roper catchment has high species richness. It contains an estimated 
270 vertebrate species (Dasgupta et al., 2019), including sawfish (Pristis pristis; Vulnerable), 
marine turtles (superfamily Chelonioidea), dugong (Dugong dugon) and the regionally endemic 
Gulf snapping turtle (Elseya lavarackorum; Endangered). The Roper catchment contains over 
130 species of freshwater fishes, sharks and rays including freshwater, diadromous, estuarine and 
marine vagrant species. Owing to healthy floodplain ecosystems and free-flowing rivers (Grill et 
al., 2019; Pettit et al., 2017), very few freshwater fishes in the study area are threatened with 
extinction. The Roper catchment is an important stopover habitat for migratory shorebird species 
that are listed under the Environment Protection and Biodiversity Conservation Act 1999, including 
the northern Siberian bar-tailed godwit (Limosa lapponica menzbieri; Critically Endangered), 
eastern curlew (Numenius madagascariensis; Critically Endangered) and the Australian painted 
snipe (Rostratula australis; Endangered). Catchment flows also support high-value commercial and 
recreational marine fisheries, such as the Northern Prawn Fishery, as well as fisheries for 
barramundi (Lates calcarifer), mud crab (Scylla serrata and possibly a very small catch component 
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of S. olivacea) and a suite of other species important to commercial, recreational and Indigenous 
fisheries (Smyth and Turner, 2019). 

The ecology of the Roper catchment is further detailed in the companion report Stratford et al. 
(2022). 

7.3.3 Scenarios of hypothetical water resource development and future climate 

The ecology analysis uses modelled hydrology from a river system model (AWRA-R) to explore the 
possible impacts of water resource development in the Roper catchment using a range of 
hypothetical scenarios. The scenarios are configured to explore how different types and scales of 
water resource development such as instream infrastructure (i.e. large dams), water harvesting 
(i.e. pumping river water into offstream farm-scale storages), and groundwater extraction impact 
water dependent ecosystems. In evaluating the likelihood of a hypothetical development scenario 
occurring Section 1.2.2 should be consulted. Scenarios are also used to explore how dry, mid and 
wet future climates might impact water dependent ecosystems (and interactions with water 
resource development and a dry climate future). The scenario terminology used in the Assessment 
is broadly describe in Section 1.4.3 with Table 7-1 providing more specific details as related to the 
ecology analysis. Further details of the river system modelling are provided in Hughes et al. (2023).  

The hydrology generated with the Roper AWRA-R model considers the rainfall and runoff, routing 
of water across subcatchments, losses, irrigation demand and diversion reservoir behaviour 
(Hughes et al., 2023) modelled across 28 nodes within the Roper catchment (node locations 
shown in Figure 7-2). A long time series of daily flow from 1 September 1910 to 31 August 2019 is 
generated and used (except where otherwise stated) as this provides a range of possible 
environmental conditions. These include periods of variability considering both low- and high-flow 
conditions across scales of days and inter-decadal variability and sequencing. Scenario A, 
representing the historical climate with current development, has been calibrated to river gauges 
across the catchment (Hughes et al., 2023). All impacts to ecology are considered as change 
relative to Scenario AN which includes no development and represents natural conditions. In 
considering change, this accounts for the lag effects of existing development as well as the 
scenario development in the analysis. Additional analysis is performed using hydrodynamic model 
inputs, which provide estimates of flood extent, water depth and velocity for a sample of flood 
events of different magnitudes and durations as described in Kim et al. (2023).  
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Figure 7-2 Locations of the river system modelling nodes at which flow–ecology relationships are assessed, showing 
the location of the hypothetical modelled dam locations (A–E), water harvesting nodes and groundwater 
development related changes in surface flow 
The flow ecology of the environmental assets is assessed in subcatchments in which they occur, downstream of the 
river system nodes. The locations of ecology assets across the catchment are documented in Stratford et al. (2022). 



414  |  Water resource assessment for the Roper River catchment 

Table 7-1 Water resource development and climate scenarios explored in the ecology analysis 
Description of the river system modelling is provided in Hughes et al. (2023). FSL=Full Supply Level. EOS=End of system 

SCENARIO DESCRIPTION VERSION (OR EXAMPLE) DETAILS VARIATIONS 

AN Natural 
baseline 

Natural (pre-2019) 
conditions and historical 
climate 

Modelled daily flow from 
1/9/1910 to 31/8/2019. 
The flow regime from 
which ecological change is 
considered 

 

A2060 Current 
groundwater 
development 
to 2060 
baseline 

Existing groundwater 
development with 
changes modelled to year 
2060  

Considers the lag to 2060 
associated with current 
levels of groundwater 
development impacting 
volumes of surface water 

Modelled difference in EOS flow 
volumes between AN and A2060 
shown in Table 7-11 

B-DWR Single dam Waterhouse River dam Waterhouse River dam ‘B’ 
in Figure 7-2 with no 
transparent flow. 
FSL = 21 m 

Other single dam scenarios 
include Flying Fox Creek, Hodgson 
River, Waterhouse River west, 
and Jalboi River with locations 
shown in Figure 7-2. Changes to 
EOS flow volumes associated with 
each dam shown in Table 7-5 

B-DWR+FFC Two dams Waterhouse River and 
Flying Fox Creek dams 
(two dams) 

Waterhouse River and 
Flying Fox Creek dams 
with no transparent flow 

Changes to EOS flow volumes 
shown in Table 7-5 

B-D5 Five dams Five dams cumulative 
(dams A-E in Figure 7-2) 

No transparent flow B-D5-T (with transparent flow). 
Changes to EOS flow volumes of 
five dams with and without 
transparent flows shown in Table 
7-6 

B-W200  Water harvest with 
irrigation target (GL) 

No end-of system (EOS) 
flow requirement.  

W – Irrigation target volume (100, 
200, 330, 440 and 660 GL). 
Changes to EOS flow volumes 
shown in Table 7-10 

B-E100  Water harvest with EOS 
flow requirement (GL) 

EOS flow volume required 
to pass EOS node before 
harvesting 

E – EOS requirement (0, 100, 400 
and 700 GL). Changes to EOS flow 
volumes shown in Table 7-7 

B-P200  Water harvest with 
commence to pump 
thresholds (ML/day) 

Threshold flow at the 
node required before 
pumping 

P – Pump threshold (200, 600, 
1000, 1400, 1800 ML/day). 
Changes to EOS flow volumes 
shown in Table 7-8 

B-R5  Water harvest with pump 
capacities 

Time in days required 
before water extraction 
target achieved 

R – Pump capacity (5, 10, 15, 20, 
30, 40 days to extract volume). 
Changes to EOS flow volumes 
shown in Table 7-9 

B-G35 Groundwater 
development 

Groundwater 
development (35 GL from 
the Larrimah region in 
addition to A2060) to 2060 

Estimated changes at 
node 90300130 with 
changes propagated to 
downstream nodes  

B-G105 105 GL groundwater 
extraction from the CLA to the 
south of Larrimah. Changes to 
EOS flow volumes shown in Table 
7-11 

Cdry Future climate 
streamflow 

Climate dry, mid and wet 
 

Future climate scenarios 
to 2060 

Climate mid and wet 

Ddry-D5 Combined 
future climate 
and WRD 

Dry climate and five dams 
cumulative 

No transparent flow and 
no EOS flow requirement 

 

Ddry-W660  Dry climate and water 
harvesting 

No EOS flow requirement  
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It is important to note that each potential water resource development pathway results in 
different changes to flow regimes, considering rainfall and upstream catchment sizes, inflows, the 
attenuation of flow through the river system (including accumulating inflows with river 
confluences), and also the many ways each water resource development could unfold and be 
implemented and managed. The scenarios are used to explore some of these interactions 
between the location and the types and scale of development, and how these may influence 
ecology outcomes across the catchment. 

Many of the hypothetical scenarios listed in Table 7-1 provide the minimum level of dedicated 
environmental provisions and are optimised for water yield reliability without considering policy 
settings or additional restrictions that may help mitigate the impacts to water dependent 
ecosystems. These scenarios are useful for considering impacts across different development 
strategies in the absence of mitigation strategies or policy settings. Further, as an artefact of the 
model structure, modelling dam development involves extracting water volumes ‘at the dam wall’ 
rather than conveying water for irrigation within the downstream channel. Typically, for the 
purpose of agricultural use, water would either be piped or extracted from conveyancing flows in 
the reaches below the dam; however, the model calculates and removes the extractive take at the 
dam node. Hence, in those scenarios with potential dams, flow volumes directly downstream of 
the dam are likely to have less volume than would occur in a given real-world dam setting that 
involves conveying water to downstream users. Further, management and regulatory 
requirements in a real-world setting would likely provide a range of greater safeguards for 
environmental outcomes, possibly establishing a combination of transparent flows (river flows 
that are managed to pass a regulating structure to support ecology), end-of-system requirements, 
extraction limits and/or minimum flow thresholds. Each of these safeguards, if implemented, 
would likely improve environmental outcomes. Furthermore, many of the scenarios explored, 
while technically feasible, exceed the level of development that would reasonably occur (see 
Section 1.2.2). These scenarios are included as a stress test of the system and can be useful for 
benchmarking or contrasting various levels of change. 

The purpose of the ecology analysis is to provide information about the relative ecological risks 
associated with potential water resource development in the Roper catchment. The goal is to 
support long-term decision making and planning processes for sustainable and responsible 
development in northern Australia informed by scenario analysis. The development scenarios are 
hypothetical and are for the purpose of exploring a range of options and issues in the Roper 
catchment. In the event of any future development occurring, further work would need to be 
undertaken to assess environmental impacts associated with the specific development across a 
broad range of environmental considerations. 

7.3.4 Ecology outcomes and implications 

Changes in flow regimes can have impacts considerable distances downstream from the source of 
the impact, and flow needs (such as the magnitude, timing, during and frequency of both low and 
high flows) of different species and habitats vary. A range of modelling approaches are used to 
understand the impacts of flow regime change on ecological assets in the Roper catchment. These 
approaches are described in the companion technical report Stratford et al. (2023). Modelling 
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considers the location of 20 ecological assets (Table 7-2) across 28 nodes in the Roper catchment 
including the end-of-system node for near-shore marine assets (Figure 7-2). 

Table 7-2 Ecology assets used in the Roper Water Resource Assessment and the different ecology groups used in 
this analysis 
Twenty assets are modelled in the ecology analysis; assets may be assigned to more than one group. Description of 
the ecology assets and their distribution is provided in Stratford et al. (2022). Analysis and interpretation for all assets 
is provided in Stratford et al. (2023). 

It is important to note that this ecology analysis is broad in scale and includes significant 
uncertainty in results. This uncertainty is due to a range of factors including, and not limited to, 
incomplete knowledge, variability within and between catchments, and limitations associated with 
modelling processes and data. Furthermore, thresholds, temporal processes, interactions, 
synergistic effects and feedback responses in the ecology of the system may not be adequately 
captured in the modelling process. There is also uncertainty associated with the possible future 
climate conditions such as rainfall patterns and any additional synergistic and cumulative 
threatening processes that may emerge and interact across scales of space and time. The region 
that the Roper catchment occurs within is vast and diverse, and the knowledge base of species 
occurrences is limited. More broadly, the understanding of freshwater ecology in northern 
Australia is still developing. 

Provided below are a sample of outcomes for barramundi showing the level of change in 
important flow metrics as measured as percentile change from the mean under Scenario AN given 
the historical distribution of flows in the full model time period. Larger values represent greater 
change in the parts of the flow regime that are important for the asset with qualitative descriptors 
shown in Table 7-3. The outcomes consider the flow needs, distribution within the catchment and 
the range of flow conditions occurring under each of the scenarios for the ecological asset. For 
more details and for results on other assets see Stratford et al. (2023). 

ASSET REPORTING GROUP ECOLOGY ASSETS 

Fish Barramundi, catfish (Order: Siluriformes), grunter, mullet (Family: Mugilidae), sawfish and 
threadfin (Polydactylus macrochir) 

Waterbirds Colonial and semi-colonial waders, cryptic waders, swimmers, divers and grazers, and shorebirds 

Other species Banana prawns (Genus: Penaeus), Endeavour prawns (Genus: Metapenaeus), freshwater turtles 
(Family: Chelidae) and mud crabs  

Habitats Floodplain and riparian vegetation, floodplain wetlands, inchannel waterholes, mangroves, salt 
flats and seagrass 

All freshwater assets Barramundi, catfish, colonial and semi-colonial waders, cryptic waders, floodplain and riparian 
vegetation, floodplain wetlands, freshwater turtles, grunter, inchannel waterholes, shorebirds, 
swimmers, divers and grazers and sawfish 

All marine assets Banana prawns, barramundi, Endeavour prawns, mangroves, mud crabs, mullet, salt flats, sawfish, 
seagrass, shorebirds and threadfin 
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Table 7-3 Descriptive values for the flow relationships modelling as rank percentile change of the hydrometrics 
considering the change in mean metric value against the natural distribution observed in the modelled baseline 
series of 109 years. For more information see Stratford et al. (2023) 

VALUE RATING IMPLICATION 

0-2 Negligible The mean for the assets metrics under the scenario has negligible change as 
considered against the modelled historical conditions and well within the normal 
experienced conditions at the model node. The assets hydrometrics are within 2 
percentile of the historical Scenario A mean  

2-5 Minor The change is minor with the mean for the assets metrics for the scenario outside of 
2 and within 5 percentile of Scenario A and the historical distribution of the 
hydrometrics 

5-15 Moderate The change is moderate with the mean for the assets metrics under the scenario 
outside of 5 and within 15 percentile of Scenario A and the historical distribution of 
the hydrometrics 

15-30 Major The change is major with the mean for the assets metrics for the scenario outside of 
15 and within 30 percentile of Scenario A and the historical distribution of the 
hydrometrics 

>30 Extreme The change is extreme with the mean for the assets metrics under the scenario 
having extreme change as considered against the modelled historical conditions 
with metrics occurring well outside of typical conditions at the modelled node. The 
scenario mean is outside of the 30 percentile from the historical Scenario AN mean 
(or equivalent to the new mean being typical of the outside 20% of observations 
from the historical sequence across the metrics important to the asset)  

 
Barramundi 

Barramundi are large opportunistic predatory fish that inhabit riverine, estuarine and marine 
waters in northern Australia, including the Roper River. Adults mate and spawn in the lower 
estuary and coastal habitats near river mouths during the late dry season and early wet season. 
Small juveniles migrate upstream from the estuary to freshwater habitats where they grow and 
mature, before emigrating downstream as adults to estuarine habitats where they reside and 
reproduce. In the Roper catchment, barramundi occupy relatively pristine habitats in both 
freshwater and estuarine reaches, as well as coastal marine waters. Their life history renders them 
critically dependent on river flows (Tanimoto et al., 2012) as new recruits move into supra-littoral 
estuarine and coastal salt flat habitats and juveniles occupy freshwater riverine reaches and 
palustrine (wetland) habitats (Crook et al., 2016; Russell and Garrett, 1983; 1985). 

Barramundi are sensitive to changes in flow regime – some critical requirements affecting growth 
and survival are riverine–wetland connectivity, riverine–estuarine connectivity, passage to 
spawning habitat, and volume of flood flows (Crook et al., 2016; Roberts et al., 2019). In years of 
natural low flows, or flows reduced by anthropogenic activity, the range of beneficial but not 
essential habitat and ecosystem processes available to barramundi is reduced; hence growth and 
survival are reduced (Leahy and Robins, 2021; Robins et al., 2006; Robins et al., 2005). 

Barramundi is an ecologically important fish species that is capable of modifying the estuarine and 
riverine fish and crustacean communities throughout Australia’s wet-dry tropics (Blaber et al., 
1989; Brewer et al., 1995; Milton et al., 2005). It is targeted by commercial, recreational and 
Indigenous fisheries. Barramundi is an important species for Indigenous peoples in northern 
Australia, both culturally (Finn and Jackson, 2011; Jackson et al., 2011) and as a food source 
(Naughton et al., 1986).  
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In the Roper catchment, barramundi were assessed at 19 nodes using flow relationships modelling 
(see Stratford et al. 2023). Modelling of water resource development within the Roper catchment 
resulted in differing degrees of impact on essential flow components for barramundi (shown in 
Figure 7-4 as spatial heatmap and Figure 7-5 for nodes). Mean change in important hydrometrics 
for barramundi was rated as minor (3.59) across the subcatchments for the cumulative five dams 
scenario (B-D5), minor (4.4) for the large water harvesting up to 660 GL scenario (B-W660) and 
negligible (0.54) for the groundwater development scenario (B-G35). For single dams, both the 
Waterhouse River single dam (B-DWR; 1.25) and the Flying Fox Creek single dam (B-DFFC; 1.82) 
scenarios resulted in negligible change when considering the mean change across all 19 
barramundi analysis nodes. In the Roper catchment, the greatest catchment-wide mean impact to 
barramundi water requirements from water resource development was minor (4.4) and was 
associated with the water harvest up to 660 GL scenario (B-W660). Under this scenario, impacts to 
barramundi were greatest at node 90302502 (see Figure 7-2), with a moderate (11.59) percentile 
change from the mean of Scenario AN in important flow requirements at this single node location. 
Across the catchment, two nodes had major changes resulting from the five dams cumulative 
scenario (B-D5; Figure 7-4c). No nodes recorded greater-than-moderate change under the 660 GL 
water harvesting (B-W660) or greater than negligible change under the groundwater development 
(B-G35) scenario.  

 

Figure 7-3 Billabong, Roper catchment 
Photo: CSIRO – Nathan Dyer 
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Figure 7-4 Spatial heatmap of change in important flow metrics for barramundi across the catchment 
Scenarios are a) Waterhouse River dam (B-DWR), b) Flying Fox Creek dam (B-DFFC), c) five dams cumulative (B-D5), d) 
water harvesting up to 200 GL (B-W200), e) dry climate (Cdry) and f) dry climate and water harvesting (Ddry-W660). 
Catchment shading indicates the level of flow regime change of important metrics for each asset from the upstream 
node, considering only the subcatchments where barramundi was assessed. 
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The groundwater development scenario (B-G35) resulted in negligible (1.46 and 1.26) changes at 
the barramundi upper catchment (90300110) and downstream (90300000) reference nodes, 
respectively (Figure 7-5). For barramundi, these changes from groundwater development at the 
downstream node were smaller than changes from both the cumulative five dam scenario (B-D5) 
(2.75) and large water harvesting (B-W660; 9.34) scenarios at the lower reaches of the catchment 
but given the smaller changes in EOS flow resulting from the groundwater development scenario 
this is not unexpected. 

 

Figure 7-5 Changes in barramundi–flow relationships by scenario across the model nodes 
Scenarios are listed on the left vertical axis (see Table 7-1). X-axis lists model nodes (i.e. location). Colour intensity 
represents the level of change occurring in the assets’ important flow metrics with the scenarios at the assets’ nodes. 
Results show the rank percentile change of each scenario relative to the distribution of the modelled natural baseline 
at each node. EOS=End of System. Horizontal grey bars and number correspond to the mean change across all model 
node locations for the asset. 

Comparisons between scenarios that are roughly equivalent in terms of the overall level of 
changes in EOS flow volumes showed the following: 

• The groundwater development scenario (B-G35) results in a similar reduction to groundwater 
discharge near Mataranka at 2070 as the 105 GL groundwater extraction scenario (i.e. ~1%). 
Groundwater development (i.e. B-G35 and B-G105) results in a lower mean impact for barramundi 
across the catchment with negligible (0.54) change compared to the 100 GL water harvesting 
(B-W100) scenario with minor (3.19) change.  

• The Waterhouse River dam scenario (B-DWR) has lower impact on asset flows with negligible 
(1.25) change compared to the 100 GL water harvesting scenario (B-W100) with minor (3.2) 
change. 
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• The two dam scenario (B-DWR+FFC) has lower change (minor; 3.05) than the 200 GL water 
harvesting (B-W200) scenario with minor (3.6) change.  

• At close to maximum feasible water harvest, the mean change across the catchment for the five 
dams scenario (B-D5) is lower (with minor (3.59) change) than the large (up to 660 GL) water 
harvesting scenario (B-W660), though also with minor (4.41) change.  

Thus, for roughly equivalent scenarios, water harvesting typically had larger effects on barramundi 
than did dams, an outcome which varied by asset (Stratford et al. 2023). 

The dry climate (Cdry) scenario resulted in moderate (9.2) mean percentile change across all the 
analysis nodes for barramundi (Figure 7-5). This indicates that the impact under Scenario Cdry was 
greater on average across all the catchment’s analysis nodes than the mean change under the five 
dams scenario (B-D5) (minor; 3.59), water harvesting (B-W100 and B-W660) (minor; 3.19 and 4.41, 
respectively), and groundwater development (B-G35) scenarios (negligible; 0.54), although local 
impacts under some of the water resource development scenarios can be considerably higher. The 
impacts under a dry climate future in conjunction with five dams cumulative (Ddry-D5), and a dry 
climate in conjunction with up to 660 GL water harvesting (Ddry-W660) resulted in larger impacts up 
to moderate (12.5 and 12.69, respectively) when averaged across all 19 of the barramundi analysis 
nodes.  

Some of the impacts of flow regime change on barramundi populations are related to changes in 
ecosystem functions. Barramundi benefit from both longitudinal and lateral habitat connectivity 
being maintained throughout the catchment. Barramundi are known to undertake extensive 
movements across inundated floodplains (Crook et al., 2019) where floodplains are likely to 
represent a major source of high-quality food for fish and are recognised as being important for 
maintaining healthy fish communities (O’Mara et al., 2022). High river flows expand the extent of 
habitats, increase connectivity, deliver nutrients from terrestrial landscapes, create hot spots of 
high primary productivity and food webs, increase prey productivity and availability, and increase 
migration within the river catchment (Burford et al., 2016; Burford and Faggotter, 2021; Leahy and 
Robins, 2021; Ndehedehe et al., 2020; Ndehedehe et al., 2021). Stream fishes including those from 
northern Australia are closely associated with physical habitat attributes including depth and 
velocity (Keller et al., 2019). Modelling of flow-habitat suitability as a function of depth and 
velocity preferences of barramundi showed a small reduction of maximum habitat availability 
across a flood event associated with dam development (Figure 7-6). Any reduction in access to 
upstream habitats and supra-littoral habitats associated with water harvesting or dams could 
contribute to impacts on barramundi populations.  



422  |  Water resource assessment for the Roper River catchment 

 

Figure 7-6 Changes in the weighted maximum flow-habitat suitability for barramundi based upon the species’ 
recognised preferences across a 1:13 year flood event 
A) Mean weighted maximum potential of preferred habitat across the modelled time period (12/2/1991 to 
23/3/1991), B) difference between Scenario A and the five dams cumulative (B-D5) scenario shown as absolute 
change, C) difference between Scenario A and the five dams cumulative (B-D5) scenario shown as percentage change. 
More details and the flow–habitat preference relationships for barramundi are discussed in Stratford et al. (2023). 

Mean catchment outcomes for ecology assets 

This section provides a high-level overview of the scenarios showing aggregated results 
(unweighted mean of assets) and discusses specific differences driven by the scenarios in the 
spatial pattern and magnitude of change given the range of outcomes across the modelled 
environmental assets. Outcomes for specific assets vary depending upon water needs and flow 
ecology and are discussed with implications and interpretation of results in Stratford et al. (2023) 
with the example of barramundi provided above. The values associated with means include but do 
not show the range in outcomes across assets, where impacts for individual assets or at specific 
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locations can be considerably higher or lower than the mean and does not consider the relative 
habitat area downstream of each of the assets assessment nodes. 

Dams, water harvesting and groundwater development each result in different changes in flows 
affecting outcomes for ecology both by different magnitudes of change, but also across different 
parts of the catchment and in different ways (Figure 7-8 and Figure 7-9). Under the five dams 
scenario (B-D5) the largest catchment mean impacts were for floodplain wetlands, grunter, 
inchannel waterholes and sawfish, each with mean moderate change across all their catchment 
nodes. The largest site-based impacts were directly downstream of dams and often resulted in 
node impacts with up to extreme change in asset flow conditions for assets including sawfish, 
shorebirds, floodplain wetlands and inchannel waterholes. Comparatively, for water harvesting 
under Scenario B-W600 the largest catchment mean change in flow regimes for assets was 
associated with assets located towards the end-of-system and included prawns, both tiger and 
Endeavour, mullet and threadfin all with moderate change across their nodes.  

 

Figure 7-7 Roper River 
Source: CSIRO – Nathan Dyer 
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Figure 7-8 Spatial heatmap of mean asset flow regime change across the Roper catchment, considering change 
across all assets in the locations which each asset is assessed 
Scenarios are: a) Waterhouse River dam (B-DWR), b) Flying Fox Creek dam (B-DFFC), c) five dams cumulative (B-D5), d) 
water harvesting – soil limited (B-W200), e) dry climate (CDry) and f) dry climate and water harvesting (Ddry-W660). 
Catchment shading indicates the level of flow regime change of important metrics for each asset from the upstream 
node. 
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Under the maximum development scenarios explored for water harvesting (Scenario B-W660) and 
dams (Scenario B-D5) the impacts towards the end-of-system were greater under water harvest 
compared to dams for all assets excluding seagrass (Figure 7-8c and d shows mean change). This is 
likely not only because the water harvest scenario resulted in higher levels of extraction compared 
to the five dams but also that impacts from dams typically reduced with increased distance 
downstream from the potential dam. Impacts under scenarios with a single dam were often 
negligible towards the end-of-system as unimpacted tributary inflows accumulate with distance 
downstream from the dam (see Figure 7-8a and b). Under a dry future climate flow regime 
impacts on ecology occurred across the catchment (Figure 7-8e), with cumulative impacts from 
water resource development in combination with dry future climate often leading to the greatest 
catchment level impacts on flow ecology (Figure 7-8f showing Ddry-W660). 

 

Figure 7-9 Mean of node changes in asset–flow relationships by scenario across all model nodes 
Scenarios are listed on the left vertical axis (see Table 7-1). X-axis lists model nodes (i.e. location). Colour intensity 
represents the mean level of change occurring in the assets’ important flow metrics with the scenarios. Results are the 
mean rank percentile change of each scenario relative to the distribution of the modelled natural baseline across all 
nodes for the assets. EOS = End of System. Horizontal grey bars and number correspond to the mean change across all 
model node locations. 

7.3.5 Ecosystem functions and processes to support ecology 

Lateral connectivity of floodplain habitats 

Lateral connectivity is the connection of the floodplain to the river channel through inundation 
and is an important ecosystem function which supports many of the assets of the Roper 
catchment. The purpose of the lateral connectivity analysis is to understand the potential impacts 
that development scenarios could have on the connectivity between the river and some specific 
ecological assets, namely floodplain wetlands, mangroves and melaleuca (Figure 7-10) compared 
to Scenario A through a sample of flood events. Full results are provided in Stratford et al. (2023). 
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Figure 7-10 Locations of the wetland, mangrove and melaleuca habitats used to assess lateral connectivity 
Wetlands are identified from imagery. Melaleuca habitats are selected from Department of Environment‚ Parks and 
Water Security (2000). Mangrove habitats are selected from Department of the Environment and Energy (2010). 
Minor and major roads and rivers are from Geoscience Australia (2017). The hydrodynamic model domain is described 
in Kim et al. (2023). 

For the assessed scenarios, a drying climate will result in the largest changes to connectivity across 
wetlands, mangroves and melaleuca habitats in the Roper catchment. Any reduction in high-
magnitude flood events will result in greater connectivity changes to wetlands and melaleuca than 
to changes associated with the more frequent lower magnitude flood events, and impact these 
habitats disproportionately in comparison to mangrove habitats.  

For wetlands, reduced connectivity affects the exchange of nutrients and carbon between the 
floodplain wetlands and the river channel, as well as the movement of biota, also affecting the 
productivity of the system (Brodie and Mitchell, 2005; Hamilton, 2010) and therefore the 
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ecosystem services that the floodplain wetlands provide (Salimi et al., 2021). Loss of wetland 
connectivity will also reduce the available habitat for species such as fish and birds. Under larger 
levels of change there is a risk of permanent disconnection of some wetlands resulting in these 
wetlands transitioning more towards terrestrial environments (Kingsford, 2000; Pettit et al., 2017). 

A reduction in the connectivity of melaleuca habitat can lead to a reduction in the quantity of 
nutrients moving from the floodplain back into the river channel, affecting primary and secondary 
productivity (Hamilton, 2010; Pettit et al., 2017). Melaleuca leaflitter contains high quantities of 
nitrogen and phosphorus, which moves back into the river channel as flood water recedes 
(Finlayson et al., 1993; Finlayson, 2005).  

For mangroves, any reduction of the larger and less frequent flood events results in only 
comparatively small changes to connectivity. This is due to the mangroves dominating low-lying 
areas including the creek and river channels in the intertidal zone in the Roper catchment (Palmer 
and Smit, 2019; Smyth and Turner, 2019). Mangroves provide a range of ecosystem services, 
which if reduced under a future drying climate or due to water resource development would 
impact services such as shoreline stabilisation, carbon capture and storage, storm surge protection 
and provision of nutrients and suspended sediments (Palmer and Smit, 2019). 

Longitudinal connectivity (flow across Roper Bar) 

Biotic movement along the river channel (longitudinal connectivity) is an essential ecosystem 
function of river systems that enables species to access habitat, support meta-population 
processes and complete life-history requirements. This section provides an assessment of water 
levels at Roper Bar, a constructed cement crossing of the Roper River around 130 km from the 
river mouth. Water levels vary through time and under different water resource development 
scenarios and influence the ability of biota to move across the bar.  

The longitudinal connectivity analysis considers three water heights over the bar (0.1m, 0.3m and 
0.5m) representing low, medium and high confidence in providing biotic passage across Roper Bar. 
The analysis indicates that under Scenario AN, a depth of 0.3 m at Roper Bar (representing medium 
confidence of enabling biotic passage) was exceeded on average 99.5 days per year. For the low 
confidence depth of 0.1 m, this increases to 239 days above the required threshold, and for high 
confidence (0.5 m) this decreases to 68 days where depth is sufficient to enable the less capable 
swimmers to pass (Table 7-4). For the modelled water resource development scenarios and future 
climate scenarios and for the three confidence levels, all except Scenario Cwet result in fewer days 
on which movement across the bar is possible compared to under Scenario AN. 
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Table 7-4 The mean number of days per year with depth greater than three depth thresholds over Roper Bar 
representing low, medium and high confidence for allowing biotic passage 

Scenario Low 
confidence 
(0.1 m) 

Medium 
confidence 
(0.3 m) 

High 
confidence 
(0.5 m) 

AN 233.9 99.5 68.2 

B-DWR 221.1 92.7 65.3 

B-DFFC 229.3 94.3 66.1 

B-DWR+FFC 215.6 87.2 63.2 

B-D5 206.5 81.0 60.6 

B-W100 159.3 87.7 65.7 

B-W200  146.1 80.8 62.3 

B-W330 137.2 74.8 58.4 

B-W660 120.6 64.3 50.7 

B-G  226.6 98.4 68.0 

Cdry 187.7 81.6 55.5 

Cwet 259.8 108.7 77.0 

Ddry-D5 161.7 66.8 48.4 

Ddry-W660 84.8 49.0 38.4 

Water resource development risks not only increasing the frequency and duration of low flows, 
but also delaying the timing of initial wet-season flows to later in the wet-season. These changes in 
flow and depth may have impacts on biotic connectivity by limiting the movement of species 
across parts of the catchment at critical times when movement is needed as species movements 
or migrations may be season dependent. Water harvesting scenarios resulted in delays in 
connectivity at Roper Bar to later in the flow year, particularly for the low-confidence (0.1 m 
depth) threshold. In comparison, the high-confidence threshold of 0.5 m resulted in a much more 
restricted (shorter duration) but consistent period of the year (during the wet season) with 
suitable flows for biotic connectivity. Further, when using thresholds with greater depth, the 
sensitivity to changes in the scenarios was lower in terms of the impacts on the number of days 
above these thresholds compared to the impacts seen with the lower depth thresholds. In other 
words, changes to the lower depth thresholds had a more pronounced effect.  

Note that if development were to affect the connectivity of the Roper Bar due to changes in flows, 
a range of potential mitigation strategies may be effective in restoring connectivity across the bar 
and enable passage of fish and other species during lower flows. The Roper Bar is modelled as it 
constructed now and because it may also be an indicator for other changes to longitudinal 
connectivity elsewhere in the river system. Impacts to longitudinal connectivity in the Roper 
catchment would have impacts to assets including fish and turtle species.  

7.3.6 Management of impacts on ecology 

The magnitude and spatial extent of ecological impacts arising from water resource development 
are highly dependent on the type and location of development, the extraction volume and how 
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the type of changes in the flow regime impact different aspects of flow–ecology. Mitigation 
measures seek to protect important parts of the flow regime and can be important for sustaining 
ecology under water resource development. This section explores the effectiveness of different 
mitigation measures including providing transparent flows for dams, different rules for water 
harvesting and different overall targets for water extraction.  

Instream dam development 

Five individual dams were assessed resulted in varying levels of impact to ecology flow 
dependencies with none resulting in changes greater than negligible averaged for all assets across 
the catchment (Table 7-5), although local impacts can be considerably higher. Not all dams are the 
same size, have similar inflows or capture similar volumes, and the location of the dam in the 
catchment influences outcomes. Dam sites closer to the end-of-system may have higher impacts 
on end-of-system flow and connectivity compared to dams in headwater catchments, but when 
considering impacts, the ecology flow changes may affect a smaller proportion of the catchment 
overall. Impacts directly downstream of modelled dams are often high and may cause extreme 
changes in ecology flow dependencies. Areas further downstream have contributions from 
unimpacted tributaries that help support natural flow regimes. Impacts are not equivalent across 
assets and large local impacts may lead to changes in ecology across other parts of the catchment 
due to the connected nature of ecological systems. 

The cumulative impacts of multiple dams (two dams and five dam scenarios) are greater than 
those of individual dams considering both change in EOS flow volumes and ecology flow 
dependencies, as shown in Table 7-5. Cumulative impacts to ecology may be associated with a 
combination of a larger portion of the catchment being affected by changes in flows across 
multiple parts of the catchment, as well as residual flows being lower due to the overall greater 
level of abstraction (Table 7-5 and Figure 7-8c compared to a and b). Assets with higher change 
associated with altered flow regimes from dams include grunters, sawfish, colonial and semi-
colonial nesting waterbirds, cryptic waders, shorebirds and floodplain wetlands (more details are 
provided in Stratford et al. (2023)). 
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Table 7-5 Scenarios of instream dams showing end-of-system (EOS) flow and mean impacts for groups of assets 
across each asset’s respective catchment assessment nodes 

SCENARIO DESCRIPTION EOS NET 
REDUCTION 
IN FLOW 
(GL/YEAR) 

ALL 
ASSET 
MEAN 

FISH WATER
BIRDS  

OTHER 
SPECIES  

HABITATS FRESHWATER 
ASSETS  

MARINE 

ASSETS  

AN Natural 
baseline 

0 0 0 0 0 0 0 0 

B-DWR Waterhouse 
River 

130.9 1.3 1.3 1.7 1.4 1.0 1.5 1.1 

B-DFFC Flying Fox 
Creek 

103.7 1.4 1.8 1.8 1.0 1.3 1.9 1.2 

B-DHR Hodgson 
River 

64.3 0.4 0.4 0.2 0.6 0.3 0.2 0.6 

B-DWW Waterhouse 
West 

72.4 0.8 1.0 1.0 1.0 0.6 1.0 0.8 

B-DJR Jalboi River 66.4 1.1 1.1 1.3 1.0 0.9 1.3 0.8 

B-DWR+FFC Two dams 227.5 2.5 2.6 3.3 1.9 2.1 3.2 1.8 

B-D5 Cumulative 5 
dams 

409.2 3.9 3.8 5.6 2.9 3.6 5.3 2.6 

Higher values represent greater change in flows important to the assets of each group. Values are asset means across their respective catchment 
assessment nodes. Some assets are considered in multiple groups, where the mean across the nodes is used. Asset means include values from all 
nodes that the asset is assessed (see Stratford et al. 2023) including in reaches that may not be affected by flow regime change. EOS net reduction 
in flow includes changes resulting from evaporative losses from dams. 

Instream dams with environmental flows 

Measures to mitigate the impacts of large instream dams, such as transparent flows (inflows let to 
pass the dam wall for environmental purposes), resulted in improved ecological outcomes for 
ecology broadly across all assets, with particularly strong benefits from transparent flows for fish 
and waterbird assets (Table 7-6). Instream dams capture inflows and change downstream flow 
regimes. Transparent flows are a type of environmental flow provided as releases from dams that 
mimic or maintain natural flows, and can be successful in replicating smaller to moderate flood 
events during periods when natural runoff is entering the dam impoundment. Modelling 
transparent flows uses inflow thresholds on dams and was designed primarily to preserve lower 
flows during periods of natural inflow. Inflow thresholds used in the transparent flows analysis 
were similar to the commence-to-pump thresholds used in water harvest, facilitating comparison. 
Transparent flows are provided across all five dams in the five dam scenario (Hughes et al., 2023).  
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Table 7-6 Scenarios of dams with management of environmental flows showing end-of-system (EOS) flow and mean 
ecological change on flows for groups of assets across each asset’s respective catchment assessment nodes 

SCENARIO DESCRIPTION EOS NET 
REDUCTION 
IN FLOW 
(GL/YEAR) 

ALL ASSET 
MEAN 

FISH WATER
BIRDS  

OTHER 
SPECIES  

HABITATS FRESHWATER 
ASSETS 

MARINE 
ASSETS  

AN Natural 
baseline 

0 0 0 0 0 0 0 0 

B-D5 Five dams 
cumulative 
without 
transparent 
flows 

409.2 3.9 3.8 5.6 2.9 3.6 5.3 2.6 

B-D5-T Five dams 
cumulative 
with 
transparent 
flows 

356.5 2.3 1.6 3.4 2.0 2.3 2.9 1.7 

Higher values represent greater change in flows important to the assets of each group. Values are asset means across their respective catchment 
assessment nodes. Some assets are considered in multiple groups, where the mean across the nodes is used. Asset means include values from all 
nodes that the asset is assessed (see Stratford et al. 2023) including in reaches that may not be affected by flow regime change. 

Water harvesting 

For water harvesting, providing an end-of-system (EOS) flow requirement of 100 GL improved 
outcomes from minor at the catchment scale to negligible, considering asset means across all their 
assessment nodes (Table 7-7). Larger volumes of water provided additional benefit; however for 
smaller irrigation targets, the largest gain was achieved with the initial 100 GL requirement. EOS 
flow requirements provide for a specified volume of water to pass through the last node in the 
river system model before pumping for water harvesting can commence. The outcome associated 
with providing end-of-system flow requirements occurs by delaying the start of pumping to later 
in the wet season, thus retaining initial wet-season flows while also reducing the period of time 
available for water harvest (Hughes et al., 2023). In this analysis, different end-of-system flow 
requirement volumes were modelled (ranging from 0 to 700 GL).  

Table 7-7 Scenarios of water harvesting with the benefits of end-of-system (EOS) annual flow requirements 

SCENARIO DESCRIPTION EOS NET 
REDUCTION 
IN FLOW 
(GL/YEAR) 

ALL ASSET 
MEAN 

FISH WATER
BIRDS  

OTHER 
SPECIES  

HABITATS FRESHWATE
R ASSETS 

MARINE 
ASSETS  

AN Natural 
baseline 

0 0 0 0 0 0 0 0 

B-E0 No EOS 53.5 2.5 3.1 1.6 3.8 1.6 1.8 3.2 

B-E100 EOS 100 GL 48 0.2 0.2 0.2 0.4 0.2 0.2 0.3 

B-E400 EOS 400 GL 46.8 0.1 0.1 0.1 0.2 0.1 0.1 0.2 

B-E700 EOS 700 GL 46.3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Higher values represent greater change in flows important to the assets of each group. Values are asset means across their respective catchment 
assessment nodes. Some assets are considered in multiple groups, where the mean across the nodes is used. Asset means include values from all 
nodes that the asset is assessed (see Stratford et al. 2023) including in reaches that may not be affected by flow regime change. 
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Providing minimum flow pump start thresholds improved ecology outcomes across increasing 
threshold levels (Table 7-8). Modelled minimum flow thresholds varied from 200 to 1800 ML/day 
(Table 7-8) and are provided by requiring that flow volume in the river exceeds required 
thresholds before pumping commences. Increasing pump start threshold to 600 ML/day results in 
significant reduction in modelled mean impact (i.e. 2.5 to 1.1). Increasing the pump start threshold 
above 600 ML/day results in incremental ecological improvements without any notable substantial 
improvement to ecology flow dependencies above 1400 ML/day for smaller irrigation targets. The 
outcomes achieved were not as significant as those arising from provision of end-of-system flow 
requirements (Table 7-7), even for the highest minimum flow threshold of 1800 ML/day.  

Table 7-8 Scenarios of water harvesting with different minimum flow pump start thresholds (ML/day) 

SCENARIO DESCRIPTION 
(ML/DAY 
PUMP START 
THRESHOLD) 

EOS NET 
REDUCTION 
IN FLOW 
(GL/YEAR) 

ALL 
ASSET 
MEAN 

FISH WATER
BIRDS  

OTHER 
SPECIES  

HABITATS FRESHWATER 
ASSETS 

MARINE 
ASSETS  

AN Natural 
baseline 

0 0 0 0 0 0 0 0 

B-P200 200 53.5 2.5 3.1 1.6 3.8 1.6 1.8 3.2 

B-P600 600 55.1 1.1 1.3 0.8 1.5 0.9 0.8 1.4 

B-P1000 1000 55.4 1.0 1.1 0.7 1.1 0.7 0.7 1.1 

B-P1400 1400 55.4 0.7 1.0 0.5 0.9 0.5 0.6 0.9 

B-P1800 1800 55.4 0.7 0.9 0.5 0.9 0.4 0.5 0.8 

Higher values represent greater change in flows important to the assets of each group. Values are asset means across their respective catchment 
assessment nodes. Some assets are considered in multiple groups, where the mean across the nodes is used. Asset means include values from all 
nodes that the asset is assessed (see Stratford et al. 2023) including in reaches that may not be affected by flow regime change. 

Setting pump capacity limits on the rate that water can be extracted showed that ecology 
outcomes associated with water harvest are improved when pump rates are slower (Table 7-9) 
despite only minimal reductions in the total water extracted for the irrigation target modelled. As 
water can only be extracted when river flow exceeds the minimum pump threshold, this limits the 
volume of water that can be extracted during a wet season and reduces impact at commencement 
of pumping (i.e. on any day the extraction volume is limited but pumping may extend to later in 
the season). The outcomes achieved were not as significant as those arising through provision of 
end-of-system flow requirements (Table 7-7) or by providing minimum flow thresholds (Table 7-8), 
even for the slowest pump rate (of 40 days of flow above the threshold before water harvest). 
Additionally at larger extraction volumes, limiting the pump capacity often resulted in lower total 
volumes of water extracted (Hughes et al., 2023) which would further limit the extent of change 
for ecology.  
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Table 7-9 Scenarios of water harvesting with different pump capacities (pump rate as days of flow above the 
threshold required to take the extraction target from the river) 

SCENARIO DESCRIPTION 
(DAYS TO 
PUMP 
TARGET) 

EOS NET 
REDUCTION 
IN FLOW 
(GL/YEAR) 

ALL 
ASSET 
MEAN 

FISH WATER
BIRDS  

OTHER 
SPECIES  

HABITATS FRESHWATER 
ASSETS 

MARINE 
ASSETS  

AN Natural 
baseline 

0 0 0 0 0 0 0 0 

B-R5 5 (fastest 
pump rate) 

53.5 2.5 3.1 1.6 3.8 1.6 1.8 3.2 

B-R10 10 53.5 2.4 3.0 1.5 3.7 1.5 1.7 3.1 

B-R15 15 53.6 2.4 3.0 1.5 3.7 1.5 1.7 3.1 

B-R20 20 53.5 2.2 2.8 1.4 3.5 1.4 1.6 2.9 

B-R30 30 53.5 2.0 2.6 1.2 3.1 1.2 1.4 2.6 

B-R40 40 (slowest 
pump rate) 

53.4 1.8 2.3 1.1 2.6 1.1 1.3 2.2 

Higher values represent greater change in flows important to the assets of each group. Values are asset means across their respective catchment 
assessment nodes. Some assets are considered in multiple groups, where the mean across the nodes is used. Asset means include values from all 
nodes that the asset is assessed (see Stratford et al. 2023) including in reaches that may not be affected by flow regime change. 

Ecology outcomes associated with water harvest are worse with larger irrigation targets; this 
applies broadly across all asset groups and throughout the range of explored irrigation targets 
(Table 7-10). Larger extraction volumes resulted in mean outcomes up to moderate change across 
the catchment’s ecology assets. Some assets, including floodplain wetlands and some waterbird 
groups, experienced major change at some locations. While improvements are likely to occur in 
conjunction with providing either minimum flow thresholds or end-of-system requirements, 
greater extraction equates to a greater level of change in important ecology flow metrics.  

Table 7-10 Scenarios of water harvesting with different river system irrigation targets (GL/year) 

SCENARIO DESCRIPTION 
(IRRIGATOIN 
TARGET 
GL/YEAR) 

EOS NET 
REDUCTION 
IN FLOW 
(GL/YEAR) 

ALL 
ASSET 
MEAN 

FISH WATER
BIRDS  

OTHER 
SPECIES  

HABITATS FRESHWATER 
ASSETS 

MARINE 
ASSETS  

AN Natural 
baseline 

0 0 0 0 0 0 0 0 

B-W50 50 53.5 2.5 3.1 1.6 3.8 1.6 1.8 3.2 

B-W250 250 242.3 4.1 4.7 2.9 6.6 2.6 3.2 5.0 

B-W650 650 613.9 5.0 5.4 3.7 8.3 3.3 3.8 6.1 

B-W1050 1050 969.3 6.0 6.0 4.3 10.2 4.2 4.3 7.5 

B-W1450 1450 1301.1 6.9 6.6 5.0 11.8 5.2 4.9 8.8 

B-W2250 2250 1885.2 8.1 7.3 6.2 13.6 6.4 5.8 10.3 

B-W3050 3050 2396.1 9.2 8.0 7.4 15.0 7.7 6.7 11.6 

Higher values represent greater change in flows important to the assets of each group. Values are asset means across their respective catchment 
assessment nodes. Some assets are considered in multiple groups, where the mean across the nodes is used. Asset means include values from all 
nodes that the asset is assessed (see Stratford et al. 2023) including in reaches that may not be affected by flow regime change. 
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Groundwater development 

Groundwater development explored two scenarios relative to the natural baseline (AN) shown in 
Table 7-11. The first, A2060, was current groundwater development extrapolated to the year 2060 
and the second, B-G35, included an additional 35 GL of water extraction from the Larrimah region 
in addition to the current groundwater development to 2060. The additional 35 GL groundwater 
development extractions resulted in small decreases in ecology outcomes compared to the 
current levels of development projected to the year 2060. Groundwater development effects on 
mean annual flow were relatively modest at a catchment scale (Hughes et al., 2023), and the 
resulting impacts to ecology were negligible at the catchment scale, although impacts of some 
species including grunter (which require riffle habitat for some life-stages) were moderate at some 
sites. Groundwater development impacts on hydrology included changes in low flows, particularly 
in areas downstream of Mataranka. This analysis is limited to exploring changes to surface water 
ecology (through changes in modelled streamflow) and not changes to groundwater levels. Hence 
local impacts to groundwater-dependent ecology need specific consideration with suitable 
timescales of change.  

Table 7-11 Scenarios of groundwater development 

SCENARIO DESCRIPTION EOS NET 
REDUCTION 
IN FLOW 
(GL/YEAR) 

ALL 
ASSET 
MEAN 

FISH WATER
BIRDS  

OTHER 
SPECIES  

HABITATS FRESHWATER 
ASSETS 

MARINE 
ASSETS  

AN Natural 
baseline  

0 0 0 0 0 0 0 0 

A2060 Current levels 
of 
development 
to year 2060 

7 0.4 0.6 0.3 0.6 0.2 0.4 0.5 

B-G35 35 GL 
additional 
groundwater 
development 
in the Larrimah 
region 

7.6 0.5 0.7 0.4 0.6 0.3 0.4 0.5 

Higher values represent greater change in flows important to the assets of each group. Values are asset means across their respective catchment 
assessment nodes. Some assets are considered in multiple groups, where the mean across the nodes is used. Asset means include values from all 
nodes that the asset is assessed (see Stratford et al. 2023) including in reaches that may not be affected by flow regime change. 

7.4 Biosecurity considerations 

7.4.1 Introduction 

Northern Australia is recognised as the biosecurity frontline for many high-risk animal and plant 
pests and diseases due to its proximity to neighbouring countries. This is particularly true for the 
northern islands in the Torres Strait, which are only a few kilometres from Papua New Guinea. 
Other considerations unique to the region include ecological and climate conditions that are 
conducive to the introduction and establishment of exotic pests and disease, and the size, 
remoteness and sparse population of this region. Australia has many advantages in being able to 
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mitigate risks from pests and disease through sound regulatory processes controlling 
translocation, technological knowledge and capability, and the greater geographic spread between 
farming operations in many regions. However, serious outbreaks of pests and diseases have 
occurred in agricultural and horticultural crops in recent years across northern Australia, including 
the fall armyworm (FAW) caterpillar, a serious pest of maize; the American serpentine leafminer 
(ASL; Liriomyza trifolii), affecting vegetables and ornamentals; the rice blast fungus (Magnaporthe 
oryzae), affecting rice (Oryza sativa) production in the Ord River Irrigation Area; Panama disease 
tropical race 4, affecting bananas in northern Queensland and the NT; and banana freckle 
(Phyllosticta cavendishii) in the NT. Although Australia has a world-class biosecurity system, the 
risk of new diseases and plants entering Australia is always present due to international trade and 
the movement of people. 

From a biosecurity point of view, risk is defined as the product of the likelihood of an invasion by a 
pest or pathogen and the impact that species will have. With both likelihood and impact there is a 
great deal of uncertainty, and it is difficult to make clear predictions. Although certain exotic pests 
are prioritised nationally as high risk, based on their potential impact on industry, the environment 
and the community, there are many pests of biosecurity concern. Each industry will have their 
priority pest list and preparedness plans for the potential arrival of exotics pests. The best defence 
against pests and diseases is to understand the potential disease, pest and weed risks for the 
industry and implement sound biosecurity practices to reduce and mitigate this risk. The three 
main fronts for achieving good biosecurity outcomes are: 

• Prevention – minimising the likelihood of entry and establishment of new pests through 
monitoring and on-farm biosecurity measures 

• Eradication – detecting and reporting pests and diseases, containing and eliminating significant 
pests where possible 

• Management – reducing the impact of established pests on the economy, environment and 
community such as through pesticide management and integrated pest management. 

7.4.2 Agricultural biosecurity 

This section examines biosecurity risk from an agricultural perspective, with the discussion 
structured around: 

• the biosecurity risk to new farming enterprises in the Roper catchment 

• the biosecurity risk that new farming enterprises in the Roper catchment may present to the 
broader industry across Australia. 

Agricultural production systems can be threatened by generalist or specialised pests. A range of 
endemic pests and pathogens in the NT require management strategies. 

Generally, both dryland and irrigated cropping systems have relatively well-developed pest 
management protocols, and the economics of such systems are such that they can bear the cost of 
controlling the pests that are of concern to them. This is especially the case for high-value crops. In 
addition, research and funding has been invested in high-value crops to produce pest-resistant 
varieties. Less-intensive agricultural industries and environmental interests are likely to be in a 
less-favourable economic position when it comes to pest management. Thus, irrigation and other 
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intensive agricultural industries can increase the risks that less-intensive industries and the natural 
environment face from pests. Many exotic pests and diseases that are not in Australia but are 
present in neighbouring countries pose a serious threat to agriculture in northern Australia. On-
farm biosecurity measures can reduce the risks posed by endemic and exotic diseases, pests and 
weeds entering and becoming established on farms. A farm biosecurity management plan can 
build biosecurity practices into day-to-day activities to reduce the risk of pests and diseases 
entering a property. 

Pathways of entry 

Pathogens, pests and weeds can enter a catchment via human activities or natural pathways. 
Recent exotic biosecurity incursions into the NT from natural pathways are predominantly insects, 
including FAW, ASL and mango shoot looper (Perixera illepidaria). Whereas human activities have 
most likely contributed to the entry of a wider range of pests and pathogens such as browsing ant 
(Lepisiota frauenfeldi), guava root knot nematode (Meloidogyne enterolobii), citrus canker 
(Xanthomonas citri subsp. citri) and banana freckle. Many of these pests and diseases were initially 
detected in the peri-urban regions of Darwin. Biosecurity risks for the Roper catchment are likely 
to enter from within the NT or interstate. For example, FAW was initially detected in Darwin and 
subsequently in the Katherine and Douglas–Daly regions (Piggott et al., 2021). 

Human activities include road transport, ships and planes, and the ‘carriers’ (e.g. humans, animals, 
plants, machinery) that facilitate the movement and incursion of new pests, diseases and weeds. 
Published work has shown that the most likely human-facilitated pathway for bringing invasive 
species is either general trade, or live plant or animal trades. While it is not currently possible to 
determine the actual or relative risk to the Roper catchment from these forms of human-
facilitated trade, it is possible to look at the historical rate of invasions (also referred to as 
incursions) in Australia. Studies have shown that the incursion rate in Australia for four orders of 
insects (beetles, bugs, flies, and moths and butterflies) has been about 15 species/year. Given the 
low human population in the Roper catchment, it is not likely that the catchment will be exposed 
to regular incursions facilitated by humans. However, incursions do occur, so surveillance, 
preparation and on-farm biosecurity are critical to prevent pests and diseases entering and 
becoming established. 

Pests and diseases 

Current risks to broad-scale cropping in the NT include three species recently detected in the NT: 
FAW, ASL and guava root knot nematode. FAW prefers tropical environments and has now been 
detected throughout northern Australia as well as in southern Australia. Adults can fly long 
distances in a night and can also spread through the transport of infested produce. FAW has a 
broad host range; it predominantly affects maize crops but is also a pest on cotton (Gossypium 
spp.), sorghum (Sorghum bicolor), rice and sugarcane (Saccharum officinarum). FAW has high 
levels of resistance to synthetic pyrethroids. ASL is a pest fly species, and the larvae of these flies 
burrow between the upper and lower layers of leaves of vegetables and soft-leaved decorative 
plants. This pest poses a serious threat to Australia’s horticulture, nursery production and 
agricultural plant industries. Guava root knot nematode is one of the most damaging root knot 
nematodes in the world. It is a particularly high risk for sweet potato (Ipomoea batatas) but can 
also affect crop yields of vegetables, fruit and crops such as cotton and soybean (Glycine max). 
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Movement of pests and disease out of the Roper catchment into other locations is most likely to 
occur as a result of human activities. Cotton pests found in the Ord River Irrigation Area and NT 
include pink bollworm (Pectinophora gossypiella), herbicide-resistant barnyard grass (Echinochloa 
spp.) and fungal pathogens in the Alternaria genus. These cotton pests are not found in southern 
Australia. Cotton grown in the NT is currently shipped to Queensland gins for processing, which 
could transport pests and disease into Queensland. A local gin located in Katherine has been 
promoted to service the local industry, which would also reduce movement between the NT and 
Queensland cotton-growing areas. 

Pigs can be a significant problem for agriculture in the NT. In addition to indirect damage, for 
example by carrying weed seed from watercourses to open country, they can also cause direct and 
major physical damage to a wide range of crops and even to cultivated ground. Pigs have a daily 
water requirement, which means that during the dry season their range is generally restricted to 
areas relatively close to water. As the dry season progresses, areas of irrigated crops become 
increasingly attractive. Pig control is expensive and so selection of crops not attractive to pigs (e.g. 
cotton) is desirable where their numbers are high. 

In addition to directly damaging crops and being agents of weed dispersal, pigs can carry and 
spread a range of exotic diseases. Exotic livestock diseases of concern carried by pigs include 
African swine fever, foot-and-mouth disease (FMD) and Japanese encephalitis (JE), which has 
already been detected across the Top End including the Roper River catchment. FMD is of 
particular concern to the northern cattle industry. Swine brucellosis affects pigs, cattle and horses 
and can cause serious illness in humans. It has been detected in feral pigs in the NT, and cattle and 
horses may potentially pick up infection from open waters visited by feral pigs. 

Diseases spread by mosquitoes, ticks and midges include FMD, lumpy skin disease (LSD) and JE, 
and are one of the major risk pathways to the livestock industry. These diseases are usually not of 
concern for human health, except for JE. FMD has been detected in countries close to Australia. 
The risk of an FMD outbreak is increasing and estimated at 11.6% in the next 5 years. Spreading by 
feral pigs is considered a high risk if FMD enters Australia because pigs produce large quantities of 
the virus. LSD is another serious disease in cattle, water buffalo (Bubalus bubalis) and banteng 
(Bos spp.). It has been recently detected in Indonesia and continues to spread through Asia. This 
disease can be spread by insects as well as remaining active on surfaces such as equipment and 
animal hides. 

Cattle tick (Rhipicephalus australis) is a serious pest present in the NT; it can affect a range of 
hooved animals including cattle, water buffalo and horses. There are controls on cattle movement 
implemented by the NT Government depending on which zone cattle are leaving and the zone 
they are going to. Inspection and treatment are required for movement between cattle tick zones. 
The Roper River sits in the ‘The Infected Zone, and livestock require inspection and supervised 
treatment with endorsement from an approved inspector before being moved to another zone. 

Johne’s disease is a serious bacterial wasting disease in cattle caused by Mycobacterium avium 
paratuberculosis and has no known treatment. This disease is not present in the NT but has been 
detected when infected animals have been brought in from interstate. Johne’s disease is found in 
dairy cattle in south-eastern Australia, but it can also occur in beef cattle. 
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Weeds 

The Roper catchment, along with other parts of northern Australia, is at a continued risk of new 
weed incursions and the spread of existing weeds by the deliberate and accidental actions of 
people. Riparian zones and other more mesic parts of the landscape are prone to a greater variety 
of weeds than elsewhere, but even drier parts of the landscape provide niches for some invasive 
species. Greater levels of disturbance, such as those that occur in association with any cropping 
system, provide opportunity for particular types of weeds. Nine weeds in or at risk of entering the 
Katherine region are under statutory management plans that landholders must follow 
(Department of Environment, Parks and Water Security, 2021) including gamba grass (Andropogon 
gayanus), prickly acacia (Vachellia nilotica), mimosa (Mimosa pigra) and grader grass (Themeda 
quadrivalvis). Several of these weeds (e.g. mimosa, prickly acacia and grader grass) can affect the 
environment and pasture production, whereas other weeds can affect livestock directly, such as 
the toxic bellyache bush (Jatropha gossypiifolia), which is widespread along watercourses. Gamba 
grass is a highly invasive Weed of National Significance that creates high fuel loads and make fires 
hotter and more destructive, which can result in a high fire risk to the environment. In addition to 
direct competition with crops, weeds can also be reservoirs for diseases and insects. For example, 
weeds can act as a reservoir for the cucumber green mottle mosaic virus (Tobamovirus). 

Greenfield development 

Accessing new and uncleared areas for agricultural and industrial development can have positive 
economic and social outcomes. However, clearing, creating vehicle access and agricultural 
expansion into natural habitats can create new and unexpected biosecurity threats through new 
pathways or new hosts for pests and diseases. Roads can increase access and movement of people 
and goods as well as feral animals. Increased movement and travel create opportunities for the 
introduction of pests, diseases and weeds into new areas. Weeds especially can colonise cleared 
ground quickly. Natural habitat may contain existing pests and diseases, act as reservoirs and 
create new pathways for agricultural pests and disease. The tropical dry season can act as a 
natural control for agricultural pests and diseases. However, improved water access for irrigation 
throughout the dry season may help to maintain conditions that favour these pests and diseases. 
Irrigation may also increase the risk of vector-borne diseases for livestock with a consistent supply 
of water, as well as increasing the risk of aquatic weeds entering local river systems. Introducing 
pests, weeds and diseases via agricultural expansion into natural habitat may reduce the resilience 
of the environment to pests and diseases. For example, crossover of pathogens between 
cultivated and wild species may occur; this has been identified as a potential risk in wild rice 
(Khemmuk et al., 2016). Many exotic pests and pathogens of concern in the primary industry 
context, such as the bacteria in the genus Xylella and exotic ants, will also have major impacts on 
the environment. Therefore, understanding biosecurity risk is important for sustainable 
agricultural expansion in the Roper catchment. 

7.4.3 Climate change 

A changing climate is likely to create opportunities for the movement and establishment of new 
pests and diseases. An increase in extreme rainfall events and tropical cyclone intensity may 
increase the risk of pests entering via natural wind-driven pathways. A changing climate could 
create conditions that facilitate the establishment or spread of pests, infectious diseases and 
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vectors. Warmer temperatures can create more favourable conditions for mosquitoes, increasing 
their threat as carriers of potential pathogens (Russell, 2009). This may have implications for 
vector-borne diseases of livestock such as FMD, LSD and JE. 

7.5 Off-site and downstream impacts 

7.5.1 Introduction 

Agriculture can affect the water quality of downstream freshwater, estuarine and marine 
ecosystems. The principal pollutants from agriculture are nitrogen, phosphorus, total suspended 
solids, herbicides and pesticides (Lewis et al., 2009; Kroon et al., 2016; Davis et al., 2017). Losses 
via runoff or deep drainage are the main pathways by which agricultural pollutants enter water 
bodies. Climate, location (e.g. soils and topography), land use (e.g. cropping system) and 
management (e.g. conservation and irrigation practices) influence the type and quantity of 
pollutants lost from an agricultural system. 

Most of the science in northern Australia concerned with the downstream impacts of agricultural 
development has been done in the eastern-flowing rivers that flow into the Great Barrier Reef 
lagoon. Comparatively little research on the topic has been done in the rest of northern Australia. 
The development of agriculture in northern Australia has been associated with declining water 
quality (Lewis et al., 2009; Mitchell et al., 2009; De’ath et al., 2012; Waterhouse et al., 2012; 
Thorburn et al., 2013; Kroon et al., 2016). Pollutant loads in north-eastern Australian rivers 
(typically those in which agriculture dominates as a land use) are estimated to have increased 
considerably since European settlement in the 1850s for nitrogen (2 to 9 times baseline levels), 
phosphorus (3 to 9 times), suspended sediment (3 to 6 times) and pesticides (~17,000 kg) (Kroon 
et al., 2016). Degraded water quality can cause a loss of aquatic habitat, biodiversity, and 
ecosystem services. Increased nitrogen and phosphorus can cause plankton blooms and weed 
infestation, increase hypoxia (low oxygen levels) and result in fish deaths. Suspended sediment 
can smother habitat and aquatic organisms, reduce light penetration and reduce dissolved oxygen 
levels. Pesticides may be toxic to aquatic organisms (Pearson and Stork, 2009; Brodie et al., 2013; 
Davis et al., 2017). 

Northern Australian river systems are distinctive as they have highly variable flow regimes, unique 
species composition, low human population densities and, in some cases, naturally high turbidity 
(Brodie and Mitchell, 2005). Primary influences on water quality include increased sediment loads 
associated with land clearing, grazing, agriculture and late dry-season fires, and nutrient pollution 
from agricultural and pastoral land use (Dixon et al., 2011). 

7.5.2 Managing irrigation drainage 

Surface drainage water is water that runs off irrigation developments as a result of over-irrigation 
or rainfall. This excess water can potentially affect the surrounding environment by modifying flow 
regimes and changing water quality. Hence, management of irrigation or agricultural drainage 
waters is a key consideration when evaluating and developing new irrigation systems and should 
be given careful consideration during the planning and design processes. Regulatory constraints 
on the disposal of agricultural drainage water from irrigated lands are being made more stringent 
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as this disposal can potentially have significant off-site environmental effects (Tanji and Kielen, 
2002). Hence, minimising drainage water through the use of best-practice irrigation design and 
management should be a priority in any new irrigation development in northern Australia. This 
involves integrating sound irrigation systems, drainage networks and disposal options so as to 
minimise off-site impacts. 

Surface drainage networks must be designed to cope with the runoff associated with irrigation, 
and also the runoff induced by rainfall events on irrigated lands. Drainage must be adequate to 
remove excess water from irrigated fields in a timely manner and hence reduce waterlogging and 
potential salinisation, which can seriously limit crop yields. In best-practice design, surface 
drainage water is generally reused through a surface drainage recycling system where runoff 
tailwater is returned to an on-farm storage or used to irrigate subsequent fields within an 
irrigation cycle. 

The quality of drainage water depends on a range of factors including water management and 
method of application, soil properties, method and timing of fertiliser and pesticide application, 
hydrogeology, climate and drainage system (Tanji and Kielen, 2002). These factors need to be 
taken into consideration when implementing drainage system water recycling and also when 
disposing of drainage water to natural environments. 

A major concern with tailwater drainage is the agricultural pollutants derived from pesticides and 
fertilisers that are generally associated with intensive cropping and are found in the tailwater from 
irrigated fields. Crop chemicals can enter surface drainage water if poor water application 
practices or significant rainfall events occur after pesticide or fertiliser application (Tanji and 
Kielen, 2002). Thus, tailwater runoff may contain phosphate, organic nitrogen and pesticides that 
have the potential to adversely affect flora and fauna and ecosystem health, on land and in 
waterways, estuaries or marine environments. Tailwater runoff may also contain elevated levels of 
salts, particularly if the runoff has been generated on saline surface soils. Training irrigators in 
responsible application of both water and agrochemicals is therefore an essential component of 
sustainable management of irrigation. 

As tailwater runoff is either discharged from the catchment or captured and recycled, it can result 
in a build-up of agricultural pollutants that may ultimately require disposal from the irrigation 
fields. In externally draining basins, the highly seasonal nature of flows in northern Australia does 
offer opportunities to dispose of poor-quality tailwater during high-flow events. However, 
downstream consequences are possible, and no scientific evidence is available to recommend 
such disposal as good practice. Hence, consideration should be given to providing an adequate 
understanding of the downstream consequences of disposing of drainage effluent, and options 
must be provided for managing disposal that minimise impacts on natural systems. 

7.5.3 Chemical contaminant risk to aquaculture and the environment 

Hundreds of different chemicals, including oils, metals, pharmaceuticals, fertilisers and pesticides 
(i.e. insecticides, herbicides, fungicides), are used in different agricultural, horticultural and mining 
sectors, and in industrial and domestic settings, throughout Australia. Releasing these chemical 
contaminants beyond the area of target application can contaminate soils, sediments and waters 
in nearby environments. In aquatic environments, including aquaculture environments, fertilisers 



Chapter 7 Ecological, biosecurity, off-site and irrigation-induced salinity risks  |  441 

have the potential to cause non-point source pollution. Eutrophication is caused by nutrients that 
trigger excessive growth of plant and algal species, which then form hypoxic ‘dead zones’ and 
potentially elevated levels of toxic un-ionised ammonia (Kremser and Schnug, 2002). This can have 
a significant impact on the health and growth of animals in aquaculture operations, as well as in 
the broader environment. 

Of concern to aquaculture in northern Australia are the risks posed to crustaceans (e.g. prawns 
and crabs) by some of the insecticides in current use. These are classified based on their specific 
chemical properties and modes of action. The different classes of insecticides have broad and 
overlapping applications across different settings. 

The toxicity of organophosphate insecticides is not specific to target insects, raising concerns 
about the impacts on non-target organisms such as crustaceans and fish. Despite concerns about 
human health impacts and potential carcinogenic risks, organophosphates are still one of the most 
broadly used types of insecticide globally, and they are still used in Australia for domestic pest 
control (Weston and Lydy, 2014; Zhao and Chen, 2016). Pyrethroid insecticides have low toxicity 
to birds and mammals, but higher toxicity to fish and arthropods. Phenylpyrazole insecticides also 
pose risks to non-target crustaceans (Stevens et al., 2011). Neonicotinoid insecticides are being 
used in increasing amounts because they are very effective at eliminating insect pests, yet they 
pose low risks to mammals and fish (Sánchez-Bayo and Hyne, 2014). Monitoring data from the 
Great Barrier Reef catchments indicate that the concentration of neonicotinoid insecticides in 
marine water samples is rapidly increasing with widespread use. One significant concern for 
aquaculture is the risk that different insecticides, when exposed to non-target organisms, may 
interact to cause additive or greater-than-additive toxicity. 

7.5.4 Aquaculture discharge water and off-site impacts 

Discharge water is effluent from land-based aquaculture production (Irvin et al., 2018). Discharge 
water is water that has been used (culture water) and is no longer required in a production 
system. In most operations (particularly marine), bioremediation is used to ensure that water 
discharged off-farm into the environment contains low amounts of nutrients and other 
contaminants. The aim is for discharge waters to have similar physiochemical parameters to the 
source water. 

Discharge water from freshwater aquaculture can be easily managed and provides a water 
resource suitable for general or agriculture-specific irrigation. Discharge water from marine 
aquaculture is comparatively difficult to manage, with limited reuse applications. The key 
difference in discharge management is that marine (salty) water must be discharged at the source, 
whereas the location for freshwater discharge is less restrictive and potential applications (e.g. 
irrigation) are numerous. Specific water discharge guidelines vary with species and jurisdiction. For 
example, Queensland water discharge policy minimum standards for prawn farming include 
minimum standards for physiochemical indicators (e.g. oxygen and pH) and nutrients (e.g. 
nitrogen, phosphorus and suspended solids) and total volume (EHP, 2013). 

The volume of water required to be discharged or possibly diverted to a secondary application 
(e.g. agriculture) is equivalent to the total pond water use for the season minus total evaporative 
losses and the volume of recycled water used during production. 
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A large multidisciplinary study of intensive Australian prawn farming, which assessed the impact of 
effluent on downstream environments (CSIRO, 2013), found that Australian farms operate under 
world best practice in regards to the management of discharge water. The study found that 
discharge water had no adverse ecological impact on receiving water and that nutrients could not 
be detected 2 km downstream from the discharge point. 

While Australian prawn farms are reported as being among the most environmentally sustainable 
in the world (CSIRO, 2013), the location of the industry adjacent to the World Heritage listed Great 
Barrier Reef and related strict policy on discharge has been a major constraint to the industry’s 
expansion. Strict discharge regulation, which requires zero net addition of nutrients in waters 
adjacent to the Great Barrier Reef, has all but halted expansion in the last decade. An example of 
the regulatory complexity in this region is the 14-year period taken to obtain approval to develop a 
site in the Burdekin shire in north Queensland (APFA, 2016). Over the last decade, increases in 
production have been due to improvements in production efficiency rather than any expansion of 
the industry footprint. 

In a report to the Queensland Government (Department of Agriculture and Fisheries Queensland, 
2013), it was suggested that less-populated areas in northern Australia, which have less conflict for 
the marine resource, may have potential as areas for aquaculture development. The complex 
regulatory environment in Queensland was a factor in the decision by Project Sea Dragon to 
investigate greenfield development in WA and NT as an alternative location for what would be 
Australia’s largest prawn farm (Seafarms, 2016). 

Today most farms (particularly marine) use bioremediation ponds to ensure that water discharged 
off-farm into the environment contains low amounts of nutrients and other contaminants. The 
prawn farming industry in Queensland has adopted a code of practice to ensure that discharge 
waters do not result in irreversible or long-term impacts on the receiving environment (Donovan, 
2011). 

7.6 Irrigation-induced salinity 

Salinity is a measure of the concentration of soluble salts in soils or water. Soil salinity is the result 
of the complex interactions of geophysical and land use factors such as landscape features 
(geology, landform), climate, soil properties, water characteristics and land management. Salinity 
becomes a land use issue when the concentration of salts adversely affects plant establishment 
and growth (crops, pastures or native vegetation) or degrades soil or affects water quality 
(Department of Environment and Resource Management, 2011). 

The natural salts in the landscape are derived from rainfall, weathering of primary minerals and 
the origin of the geology (such as marine sediments). Most salinity outbreaks result from the 
imbalances in the hydrological systems of a landscape, including secondary salinisation due to 
human-related activities such as clearing of native vegetation, cropping and irrigation. 

Naturally occurring areas of salinity (primary salinity) occur in the landscape with ecosystems 
adapted to these conditions. Natural salinity in the Roper catchment is confined to the freshwater 
springs originating from the limestones around Mataranka and on the marine plains adjacent to 
the Gulf of Carpentaria. The mound springs and associated discharge areas into drainage lines 
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around Mataranka have very high salt concentrations (mainly calcium salts) on the soil surface and 
are unsuitable for development. 

In the dryland salinity (non-irrigated) hazard mapping of the NT, Tickell (1994) determined that the 
dryland salinity hazard over most of the NT is low, predominantly due to the relatively low amount 
of salt stored in the landscape, which is mainly derived from small salt inputs from rainfall. 

In Australia, excessive root zone drainage through poor irrigation practices, together with leakage 
of water from irrigation distribution networks and drainage channels, has caused the watertable 
level to rise under many intensive irrigated areas. Significant parts of all major intensive irrigation 
areas in Australia are currently either in or approaching a shallow watertable equilibrium condition 
(Christen and Ayars, 2001). Where shallow watertables containing salts approach the land surface 
(in the vicinity of 2 to 3 m from the land surface), salts can concentrate in the root zone over time 
through evaporation. The process by which salts accumulate in the root zone is accelerated if the 
groundwater also has high salt concentrations. 

In the case of irrigation-induced salinity in the Roper catchment, the landscapes suitable for 
irrigation development and at risk of secondary salinisation are restricted to the Cenozoic clay 
plains (SGG 9) occurring in drainage depressions on the Sturt Plateau. These heavy clays are 
naturally high in soluble salts in the subsoils. Irrigation of the clay plains or the surrounding 
permeable red Kandosols (SGG 4.1) may result in raised watertables and discharge into the 
drainage depressions, particularly the clay plains. Other soils are generally not at risk from 
irrigation-induced salinity. 

Further investigations on salinity processes and monitoring of watertables are necessary if these 
areas are to be developed. 
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